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Abstract: A nodic bonding between silicon and glass with double electric fields is presented. By this means, the dam—

age caused by the electric field to the movable part during bonding can be avoided and the experiment results show

that.
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1 Introduction

Bonding technology is one of the key steps for
bulk MEMS'". There are four different technolo-
gies for wafer scale bonding: silicon direct, anodic,
eutectic, and adhesive bonding. Anodic bonding is
often chosen for wafer bonding at moderate tem—
perature (< 5007C), because this technology has
been shown to be reliable and reproducible'* *.

The process of anodic bonding depends heavily
on 800~ 2000V DC voltage put on would-be sealed
and packaged apparatus. The sealed and packaged
parts will bond together under the function of
chemical changes caused by the static power. How -
ever, this DC voltage is also put on the rest of the
movable sensitive parts, which will not be sealed
and packaged, therefore the sealed and packaged
parts may be deteriorated, in quality and property.
So manv improvements have been made on anodic
bonding"” "', but none of them is fairly ideal,

which greatly limits the use of the anodic bonding
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method in the field of MEMS.

Applying double electrie fields in anodic bond-
ing is proposed in this paper, which brings a solu-
tion to the problem mentioned above. In the course
of anodic bonding, to protect the movable sensitive
parts, we balance the electric field power biased on
the movable sensitive parts of the MEMS appara-
tus by two opposite electrodes. T his method is suc-
cessfully applied in the bonding between silicon
with ultrathin sensitive film and glass, and an ideal

result is gotten.

2 Theory of double electric fields
bonding

The schematic of anodic bonding method with
double electric fields is shown in Fig. 1. Assuming
the voltages put on the upper glass (or silicon) and
the lower glass(or silicon) are V1, V2, respectively,
and the distances between the movable sensitive
part and the glass are respectively D1, D2, the elec—

tric power on the sensitive films put by the upper
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and the lower electrie fields will be different. If the
sensitive movable parts of the apparatus are not
damaged in the course of anodic bonding with sin—
gle electric field, the voltage( V) must satisfy the

following condition:

.
2hD, /' 0.

3R \._JI 6@ p - p+ 1

(1

where @ is the dielectric constant, R is the radius
of the membrane, h is the thickness of the film, u is
the coefficient of the film, 0. is the submitted stress

of the silicon film.

Fig. 1

ble electric fields

Schematic anodic bonding method with dou-

When the material is crystalline silicon film,
the parameters are: the submitted stress of the sili-
con film g.= 7GPa, u= 0. 22. The film thickness of-
ten used in MEMS currently is: h= 0.8um, R =
1500pm, D1= 3. 0um. then the following can be ob—

tained:
V = 31.435(V) (2)

However, the voltage biased on conventional
anodic bonding cannot be less than 700V, so under
the condition of Vi= 700V, if there is no special
treatment, the film will be deformed or even dam-
aged by over electric field force. So in the sealing
and packaging of some high sensitive MEMS appa-
ratus, glue has to be adopted, which will greatly af-
fect the property index of the apparatus, therefore
the using range of anodic bonding is greatly limit—
ed'"” "' If an electric field V2 is biased on silicon or
glass in the course of anodic bonding (as shown in
Fig. 1). the result of forces received by the thin
film will be greatly reduced. So, while designing the

film, we need not consider the damage by static

electric force during anodic bonding.

3 Experiment and results

The size of the silicon 100) sample is 1. 5e¢m
X 1.5em X 360um with resistanceover 30Q * em
and with both sides polished. The 3000um X
3000um silicon film with 0.8ym thickness was
made by stopping etching technique of heavy boron
diffusion. The property of the used glass is lem X
lem X Imm Corning Pyrex7740. T he treatment is
as follows: after being brushed, the silicon and
glass to be bonded were ultraromidly cleaned re-
spectively by acetone and ethanol for about 20min
and then were washed several times and dried by
infrared bake.

Based on the above fundamental theory of an-
odic bonding with double electric fields, this thesis
adopts the selffixed equipment (as shown in Fig.
2), which is improved based on the original anodic

bonding equipment with single electric field.
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Fig. 2

double electric fields

Structure of anodic bonding method with

It has a humidistat as its basic body. which
provides the heat it needs. Between the electrode
and the humidistat, there is a flake of china. From
the top to the bottom in turn, there are heat board.
a flake of china, copperplate, glass plated with tita—
nium, silicon slice, and glass would be bonded aim-
ing at the silicon slice.

The needle-mode electrode can increase the
contacting strength at the beginning stage of bond-
ing. The voltage of silicon slice in the middle is put
on by four tungsten probes from sides. Put the di-
rect electric field Vi and V2 respectively between
the glass or the silicon slice and the silicon or the

glass slice. The relation of Viand Vzis V1/Va= D2/
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Di.In the practical course of bonding there are the
following conditions: Di= D2= 3. Oum, the values
of Viand V2 both are 1000V, the voltage is provid—
ed by a high and stable tension mains, and the
property of electric current can be observed on an
ammeter. The temperature in bonding is 350°C.

Put the aimed glass or silicon slice on the chi-
na slice. and increase the temperature to 350C af-
ter adding mass lumps and two pairs of electrodes.
Meanwhile Vi and V2 are increased to 1000V. Un-
der the same conditions, the time needed to com-
plete the bonding with double electric fields is less
than that with a single electric field.

Figure 3 shows the thin film SEM photograph
after anodic bonding with double electric fields.
while Figure 4 shows the thin film stuck to the
glass optical photograph after single electric field

anodic bonding.

Fig. 3

bonding with double eclectics fields

Thin film SEM photograph after anodic

Fig. 4 Thin film stuck to the glass optical photo—
graph ( X50) after single electric field anodic bond-
ing

Figure 5 shows the SEM photograph in a
cross—sectional view of interface after anodic bond-
ing with double electric fields. There are no inter—
spaces at the interface between silicon and glass.
Figure 6 shows the sodium, silicon, and oxygen dis—
tribution across the bonded interface between glass

and silicon after bonding with double electric

fields.

lpm |

Fig. 5 SEM photograph view of interface after an—
odic bonding method with double electric fields
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Fig. 6

across the bonded interface between glass and silicon

Sodium, silicon, and oxygen distribution

after anodic bonding method with double electric

fields

Figure 7 shows changes of the anodic bonding
current density with double electric fields together
with single electric field. T he finished bonding time
is about 20min.

According to Fig. 3 and Fig. 6, we can come to
the following conclusion: after the bonding is com-
pleted, the quality of the bonding is equal to that in
bonding with single electric field, and the ultrathin

sensitive film and its structure are not aberrant.
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