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Abstract

A SOl technology is promising for micromachining: high
temperature operation, the fabrication easiness of
sophisticated and 3D microstructures, radiation
hardness, integrated sensors etc. This paper describes
reviews of S0l technologies, and their applications to
microsensors and microactuators

I. Introduction

In comparison with widely used junction isolation
technology, dielectric isolation technology using thin
S0 {semiconductor or Si-on-insulator) structure
offers particular advantages such as latch-up free in
CMOS device, high-speed operation, high packing
density, lower power consumption, and high temperature
operation, Owing to these advantaegs, the S0l
structure has been investigated for device appli-
cations such as 3-D IC, power, radiation-hard and new
TFT's. Recently, combined with micromachining techno-
logies, the SOl structure has also cencentrated on
applications such as microsensors, microactuators and
microstructures. Possible applications of the S0I
structure to a variety of microelectronic devices are
summarized in Fig, 1.

In this paper, the reviews of the SOI technologies,
and their application to microsensors and microactu-
ators such as several types of SOl pressure sensors,
haii device, pressure swith and microvalve etc are
presented.

2. SOI Techologies

When various advantages of a SOl structure are
willing to utilize the application of many devices,
first of all, the formation of the excellent SOI
structure is wore and more important, and is indispen-
sable to stack it monolithically. In order to form
this SO0l structure during recnet years, a number of
different SOl formation technologies such as recrystal
-lization, epitaxial, insulator buring, and direct
bonding have been developed.

D Recrystallization method

Recrystallization is usually accomplishied by
heating the substrate to a fixed bais temperature.
Lsing laser scanning or electron beam irradiation,
additisnal enmergy then directed to the surface of the
wafer melts the thin S0l layer of deposited amorphous
or polycrystalline Si.

@ Epitaxial growth method

A single heteroepitaxial growth of S0S, and a
double hetercepitaxial growth of insul- ator and Si
films on Si substrate have been worked to form the S0!
structure, SO0S has been under investi- gation for the
last fifteen years and has been used to fabricate
several special devices. On the other hand, double
hetercepitaxial SOl structures using epitaxial insu-
lator materials such as Mg0.Aldh, CaFz, (Y:0)alZr(n)ia, Sr0
ard Ald; has been reported.

@ insulator buring method

SiMOX, the formation of buried insulator layer by
the energetic implantation of oxygen or nitrogen ion
is another method of fabricating the SO! structure.

FIFOS is a technique for forming individual of Si
surrounded by insulating material. The process is
based on forming porous Si by anodic dissolution of a
portion of the crystalline Si in an aquecus HF
solution,

@ Adhesion method

During the past decade, wafer-bonding technology
have become the focus of a great deal of research.
Among various wafer-bonding techniques, anodic bonding
has been widely used for making pressure sensors and
other devices, However, this technology has various
limitations,

Two pieces of Si-wafer without any additonal glue
and with or without surface layer of themally grown
Si0; can be bonded together at room temperature without
any additional force applied. The bonded wafer is
thinned by mechanical-chemical polishing or planari-
zation etchants, The SDB technology offers a number of
advantages, and these merits will be appears potenti-
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ally attractive in many arcas of applicationas shown
in Fig. 2 for new functional devices and process.

tach technelogy has various advantages depending on
the applications. To Jjudge the relative merits of
these technologies, Table 1 lists the important 50
technologies and compares their sarious characteri
stics includingg substrate and film formation, cost,
material quality for integrated circuit applications,

3. Application to Miromachining

{D Pressure sensors

501 pressure sensors using double ST structures, io,
SR SIASIST substrate which verc formed hy combining
S8 technology with epitaxial growth was fabricated ns shown
in Fig3. A first SO layer is employed as an eteh stop
tayer during KOH selective anisotropic etching and  for
controlling the thickness of the thin membrane. epi taxinl iy
grown second S0 layer on the first S0 layer is used as the
dielectrically isolated piezoresistors, Typical chapacteri
stics of S0l pressure transcducers fabricated on the doubrie
S0l structures are summarized in Table 2.

) Hall devices

Ha!l devices that can be used in high temperature
emviroment are particularly in demand for automotive
aircraft engine and F3 system. The performance of most
planar Si hall devices using junction isolation method
deteriorates at temperature abive roughly 200 U due to the
leskage current of a pn juxtion. s ae of vehicle for
solving of limitations menticned, hatt devices using a S01
structure seem to effective, vhich are possible to operate
in a higher temperature region because hall dovices are
dielectrically isolated by the insulutor of a SUP struciure
as shown in Fig. 4. Typical ouput charecteristics of the
fabricated S0f hall devices against magrentic field without
any compensation are summarizod in Table 3

3) Pressure switch

Seitches which close or open at predetermined
pressure levels have a number of applications in
consumer products, automotive systems, tire pressure
monitoring tactile sensor arrays, keybords, scales,
and industria! controls. In which it is often desir-
able to have hysteresis in the behavior of these

switches to prevent switching during small fluctu-
ations of the parameter being sensed. Michae! et al
was reported on a Si micromachined thresheld pressure
switch using mechanical hysteresis. Fig. 5 is a schem-
atic illustration of the pressure switch which is com-
posed of a mechanically compliant upper Si electrode
separated from the lower 5i electrode by an insulating
layer(Si0z). It was tested the threshold pressure
switch and found that ot exhibits approximately 2 psi
of hysteresis,

@ Microvalve

Using the basic concept to have the pressure of the fluid
provide a balaning forve o the moving part of the value,
micromachined microvalue as shown in Fig 6 was fabricated
by i Schmidt et al. his structure is designed to enhance
the limited actuation forces available in microfabricated
devices with inegated actuation mechanisms. The fluid
pressure produces an upward directed force tending to close
the valwe and simultanecusly a downward directed  torce
tending to open the valve Typical characteristics is as
foltowing. First, is the very abrupt change in flow at a
threshold pressure for both opening {from an initial value
of 12 psi to 5.1 psi at &) psi across the valve) and closing
(from 12 psi to 22 psi at 60 psi across the valve) Second,
is hysteresis in the flow-pressure characteristics that
begins to appear as the pressure across the valve is
increased.

4. Conclusion

The combining the SOf techologies and micramachining
techrologies is powerful and versatile alternative process
for  realizing electrical devices, microsensors and
microactuators with a new function: 1 good dielectrical
isolation between the device elements and the substrate
offers high temperature operation, high speed, high power
and high density,
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Table 1 Comparison of typical SUL technologies
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quality exetlent
Mobility high high very high very high very high
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current low low
Circuits LST : VLST LSI MST LSI
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sable small full wafer full wafer smal i full wafer:
S01 area
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Fig. 2 Application of a SDB technology
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Fig. 3 Schematic cross-section of pressure
sensors using double SOl structures,
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Fig. 4. Schematic cross-section of the
S0l Hall sensors,
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Fig. 5 Schematic cross-section of microswitch,

Table 2. Typical characteristics of SOl pressure transdu
cers fabricated on double SGi structures,

Pressure range

Supply voltage

Sensitivity

Nonlinearity

Hysteresis

Presuure sensitivity variation
Temperature range

Dependence of sensitivity
Depentence of offset voltage

insulator of a S0I structure
isolated layer of hall devices,

Si/41205/51/810,/81

0-700 mmHg
5Vd.c

0.04 o\'/VoeHg
+ 0.15 »FS

+ 0.05 %FS

t 2.4 %.d
-20to + 358 T
-0,2 %

Table 3. Typical characteristics of S0l hall devices using the

as the dielectrically

Temperature range  + 20 to + 260 ©C
(1=0.05mA, B=1kG)
Dependence of sensitivity Q.55 %/C
Depentence of offset voltage 1,92 %/ T
Product sensitivity _ L. .480 [wary .
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Fig. 6 Schematic cross-section of
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