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Abstract

SiC(Silicon carbide) is an excellent candidate for high-temperature
MEMS(micro electro mechanical system) because of its extreme
thermal stabilitv, excellent mechanical properties and wide bandgap at
elevated temperatures. However, the performance of devices using
3C-SiC heteroepitaxial films grown on Si(100) is deteriorated due to
the leakage current and high density of defects between Si and SiC.
One approach to reduce leakage 1s to isolate the SiC layer from the
Si substrate via insulating layers. The wafer bonding and etch-back
technique has been successfully used to create 3C-SiC/Si02/Si
substrate(known as SiCOI structures).

This thesis describes on an advanced technology of 3C-SiC/Si(100)
wafer direct bonding using PECVD oxide to intermediate layer for
SiCO! structure, this is because it has an attractive characteristics
such as a lower thermal stress, deposition temperature, more quick

deposition rate and higher bonding strength than common used



poly-5Si and thermal oxide.

The 3C-SiC epitaxial films grown on Si(100) were characterized
by XRD, AFM, RHEED, XPS and Raman scattering, respectively.
The heteroepitaxially grown films were identified as the single crystal
3C-SiC phase by XRD spectra(28=41.5"). The thermal oxide was
found to be Si0: by XPS analysis. Auger analysis showed them to
be homogeneous with near stoichiometric composition. The PECVD
oxide was characterized by XPS and AFM. The bonding strength
was varied with HF pre-treatment conditions before the pre-bonding
in the range of 5.3 to 155 kef/er’. The bonded interface was analyzed
by using SEM.

From these results, SiCOI structure with single crystal 3C-5iC
thin—film on an insulator is expected to be an alternative for sorting
out problems caused by high density of defects between 3C-SiC and
Si. Therefore, it is expected to usefully apply for the fields of
SIC-MEMS in harsh environments.
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Fig. 2.1. Crystal structures of 3C-, 4H-, and 6H-5iC.
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Table 2.1. Physical properties of several polvtype SiC, GaAs and Si.

temperature(C)

1240

Si [3C-SiC| 4H-SiC | 6H-SiC | GaAs
Bandgap, Eg(eV) 1.10 2.23 3.26 3.02 1.43
. i a=3091a=309| _
Lattice constant({ A) 543 4.36 5.65
S e = 10081 = 1512
Electron mobility
_ 1350 1000 900 450 3000
{cnf/vs)
Hall mohility -
_ 600 70 100 50 400
{c/vs)
Relative dielectric o
11.8 97 9.7 Q.7 12.8
constant o
Breakdown field :
5 0.3 2 3 3 0.4
(x10°cm/s) :
Saturation dnft
_ ) 1 2.7 2.7 2 2
velocity (<10 cm/s) .
Maxi ti
AXUMUM ORETEHNE | a9 1240 | 1240 | 460




Table 2.2. Figure of merit for selected semiconductors.

roperties

E o1(300K) Vs K JFM KFM
V/em | W/em - deg | cm/sec

materials
Si 3x10° 15 1.0x10° | 11.8 1.0 1.0
GaAs | 4x10° 05 20x10° | 128 6.9 0.456
InP 6x10° 0.7 2.0x10° | 14.0 160 | 0.608
GaN | 20x10° 15 25x10° | 95 2816 | 1.76
6H-SiC | 40x10° 5.0 25x10° | 100 | 6954 | 512
3C-SiC | 40x10° | 50 | 25x107 | 97 | 11378 | 581
Diamond | 100x10° 20.0 27x107 | 55 | 82060 | 322
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Fig. 3.1. Schematic diagram of 3C-SiC growth system.
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Fig. 3.2. Temperature and gas flow program for 3C-5iC growth.
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3C-SiC(200}

Intensity{a. u.)

Si(400)

| I

20 30 40 50 60 70 80
2 Theata(deg.)

Fig. 3.3. XRD pattern of single erystal 3C-SiC.

(a) 0.6 m

Fig. 3.4. RHEED patterns of 3C-SiC thin-films grown

on Si(100) wafer with <011> direction. (continue)
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(b) 2.6 m

(c) 43 m

Fig. 3.4. RHEED patterns of 3C-SiC thin—films grown
on Si(100) wafer with [011] direction.
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Si 1p

Si 2p
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Binding Energy (eV)

(a) Wide scan

Intensity (a. u.)

S——

289 5 284.5 579.5 2745
Binding Energy (eV)

(b) C 1s core level

Fig. 3.5. XPS spectra of 3C-SiC thin—film grown on Si{100) wafer.

(continue)
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\V\"‘N‘V“W\«/\N’W
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(c) Si Z2p core level

Fig. 35. XPS spectra of 3C-SiC thin-film grown on Si{100) wafer.
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Fig. 36. Raman spectra of 3C-SiC thin—film grown on Si{100) wafer.
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A
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~
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(b) 2-Dimension

Fig. 3.7. AFM images of 3C-SiC grown on Si(100) wafer.
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(a) Plane

(b) Cross section

Fig. 3.8. TEM images of 3C-SiC grown on Si(100) wafer.
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Fig. 4.1. Schematic diagram of thermal oxidation system

for single crystal 3C-SiC.
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Fig. 4.2. Experiment process sequence of thermal oxidation.
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Fig. 4.3. Thickness changes of thermally oxidized 3C-SiC

with vanation of oxidation time.
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Fig. 44. AFM images of oxidized 3C-51C.
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Fig. 4.5. XPS spectras of oxidized 3C-SiC.
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Fig. 4.6. AES depth profiles of oxidized 3C-SiC.
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Fig. 5.1. Crack opening method.
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Nut

Fig. 5.2. Fabricated sample for bonding strength measurement.

Fig. 5.3. Expeniment system for bonding strength measurement.
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Fig. 5.4. Bonding mechanisms of (a) hydrophilic and
(b) hydrophobic wafers.
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(b} Modeling for direct bonding by combination HF

pre-treatment with DI water rinse.

Fig. 5.5. Modeling of bonding mechanism.
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Fig. 5.6. Molecular structure of TMAH and

mechanism of etching reaction.
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(a) Deposition of 3C—-SiC by APCVD

Handle wafer

(b) Wet and PECVD Oxidation of handle wafer
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{c) CMP of oxidized surface

Active wafer

(d) PECVD oxidation of active wafer

Handle wafer

Active wafer

(e} {c) and {(d) Wafer bonding

sio, [si

B :c-sic

Fig. 5.7. Process sequence of direct bonding for SiCOI structure,
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@ Vacuum chamber @ Leak valve @ Vacuum gauge

@ Stand @ Weight @ Sample
(© Teflon holder Main valve {® Rotary pump
10 Main power @D Temperature controller

Fig. 5.8. Pre-bonding system for direct bonding process.
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@ Reflux condenser (2 Pyrex reactor (3 Teflon holder
@) Thermometer & Etchant & Sample
(@ Magnetic stir bar Hot plate and stirrer

Fig. 5.9. An etching apparatus.
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{a) Surface of 3C-5iC

(b) Wet oxidation

(c) PECVD oxidation

Fig. 5.10. AFM images according to each process sequences.
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Fig. 5.11. Surface roughness of PECVD oxide with variation

of HF concentration.
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Fig. 5.12. ATR-FTIR transmittance spectra of PECVD oxide with

variation of (a) HF concentration and (b) Si-O bonding ranges.
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Fig. 5.13. Pre-bonding strength due to HF concentration.
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Fig. 5.14. Pre-bonding strength with variation of applied pressure.
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Fig. 5.15. SEM image of bonding interface after annealing.
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5.3.5 Etch-back ¥ 54 &4
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Fig. 5.15. XRD pattern of single crystal 3C-5iC after etch—back.
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Fig. 5.16. AFM images of 3C-SiC after etch-back.

....53..



Fig. 5.17(a)% 80T, 20 wt% TMAH o4 #ztgoelr HzpH A
T kel #dS 93 epoxvE MR E ¥ SICOI F£o HYAW T &
S el SEM elmHelth (hE (a)E 1008 e ojmAZ EA
2 oz FAE v2e Si0.-Si0. HEAWe] g ygow
Atz ke PECVD A 9o SiCrh A3k SiCoL 2ot

M M

(a) Cross-section{X 500)

(h) Cross—section(X 5000)

Fig. 5.17. SEM images of bonding interface after etch-back.
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