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Abstract : One group of SiC films are grown on silicon2on2insulator ( SOI) subst rates with a series of silicon2over2
layer thickness. Raman scattering spect roscopy measurement clearly indicates that a systematic t rend of residual

st ress reduction as the silicon over2layer thickness decreases for the SOI subst rates. St rain relaxation in the SiC epi2
layer is explained by force balance approach and near coincidence lattice model.
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1 　Introduction

Due to it s special p roperties related to the

wide bandgap ,SiC is among t he best candidates for

high2power , high2temperat ure , and high2f requency

elect ronics applications. One of the potential ap2
proaches for t he growth of epitaxial 3C2SiC is to

use silicon as subst rate ,taking advantage of it s low

cost and compatibility wit h t he modern CMOS

technology. However , t he large lat tice mismatch

and t hermal mismatch constit ute major obstacles

for the growt h of high quality heteroepitaxial 3C2
SiC films wit h less st rain on Si subst rate.

Silicon on insulator ( SOI) subst rate has been

proposed as a p romising complicate subst rate for

3C2SiC deposition[ 1 ] . The basic idea is to grow SiC

on t hin2film Si ,p hysically isolated f rom the bulk Si

subst rate by buried oxide (BOX) [1～2 ] . It is expec2
ted t hat t he misfit st rain can t herefore be t rans2

ferred f rom t he top epitaxial layer to the under2
neat h silicon2over2layer ( SOL ) t hin film according

to t he principle of st rain partitioning[3 ] . The t hin2
ner t he SOL layer is ,t he less t he top epitaxial layer

will be st rained. Experimental observation of st rain

reduction in SiC on SOI has been a cont roversial

topic[4 ] ,wit h convincing result s reviewed in recent

p ublications[ 1 ,5 ] . The ideal sit uation is that t he

whole SOL layer be converted into SiC during t he

carbonization process. Until now ,few report s have

been p ublished about such case where t he SOL lay2
er and BOX layer were consumed completely after

carbonization. Whet her t his kind of SiC/ Si ( be2
cause t he SOL and the BOX layer have disap2
peared ,the samples have a SiC/ Si st ructure) is t he

same as SiC grown on Si subst rate or not has yet to

be researched.

In this paper ,we investigate t he special sit ua2
tion. One group of SO I subst rates wit h a series of

silicon2over2layer thickness were used to grow SiC.
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The disappearance of the SOL and BOX layers was

achieved by an ext ra high temperat ure heat af ter

t he normal carbonization p rocess. Si subst rate was

used for comparison. The residual st rain in the SiC

films was measured by Raman scat tering spect ros2
copy. Force balance approach and near coincidence

lat tice model were used to explain the st rain relax2
ation in t he large lat tice mismatch system of SiC

and Si.

2 　Experiment

Commercial on2axis (001) Si and (001) SOI

wafers were used for t he SiC growth. The SOI sub2
st rates had 140nm/ 800nm SOL/ BOX. A t hinner

compliant subst rate was expected to achieve more

st rain t ransfer f rom the epilayer [6 ] . Different SOL

t hicknesses were achieved by chemical etching ( HF

∶HNO3 = 1 ∶1 ) . SOI wafers wit h 36nm and

1315nm SOL were obtained. SiC grown on Si sub2
st rates had also been prepared for comparison.

Heteroepitaxial growt h was performed in a

homemade horizontal low2pressure chemical vapor

deposition (L PCVD) [7 ] reactor at a p ressure of 216

×104 Pa using Si H4 and C2 H4 as the p recursors. To

ensure comparative st udies ,samples f rom the same

group were placed side by side in t he growth cham2
ber ,and subst rate holder was rotating during the

growt h.

The growt h conditions were as follows : the Si

surfaces were p re2carbonized by heating t he sub2
st rates f rom room temperat ure to 1100 ℃for 3min.

After carbonization , t he subst rates were heated at

1220 ℃for another 3min under H2 flow of 3L/ min.

The growt h temperat ure ,C/ Si ratio ,and hydrogen

flow were 1200 ℃,4 ,and 3L/ min ,respectively. The

growt h period was 1h and t he sample t hicknesses

were approximately 111μm.

The epilayers were characterized using X2ray

diff raction ( XRD) ,A FM , TEM ,and Raman meas2
urement s. XRD measurement s were performed

with a single2crystal X2ray diff ractometer ( Rigaku2
2400) . The surface morp hology of t he sample sur2

faces after carbonization was analyzed by using a

NanoScope Ⅲa2D3000 A FM wit h contact mode. A

Philip s CM200 super2twin field emission gun

( FEG) TEM was also employed to observe micro2
st ruct ures of t he SiC films wit h point2to2point res2
olution of approximately 0124nm. High resolution

TEM ( HR TEM) examination was performed on

J EM22010. Raman measurement s were performed

with a multichannel modular t riple Raman system

(J Y2T64000) wit h confocal microscopy. A solid2
state diode laser at 488nm (Verdi22 f rom Coherent

Company) was used as an excited source. The out2
p ut power of t he argon ion laser was maintained at

100mW and focused onto t he samples t hrough an

Olymp us micro scope wit h a 100X objective lens.

The spot diameter of t he focused laser beam on t he

sample was approximately 1μm. All measurement s

were taken at room temperat ure. The J Y2T64000

was calibrated using a Hg lamp and a〈100〉silicon

reference sample. The resolution of t he inst rument

was approximately 118cm - 1 , but the peak position

could be fit ted to wit hin ±012cm - 1 .

3 　Results and discussion

Figure 1 shows t he XRD spect rum for the 3C2
SiC film on SO I with SOL t hickness of 36nm.

Three peaks corresponding to Si (200) ,SiC (200) ,

and Si (400) are observed. Broad features are ob2
served at the bot tom of t he Si (200) peak and t he

Si (400) peak. This might be related to t he lat tice

disorder in the st rained SOI subst rate taking into

account the t hinned SOL layer . No ot her peaks are

observed.

HR TEM was used to analyze t he st ruct ure of

t he interface which is more complicated because of

lat tice mismatch. Figure 2 shows t he bright2field

(BF) TEM image and t he HR TEM image of t he

3C2SiC films grown on SOI subst rates for the same

SiC sample used in Fig. 1. Ot her samples have t he

similar BF2TEM and HR TEM images. It is inter2
esting to find in Fig. 2 (a) t hat t he buried SiO2 layer

disappeared ,and t he interface between SiC and Si
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Fig. 1 　XRD spect rum of 3C2SiC/ SOI film on SOI with

SOL thickness of 36nm

Fig. 2 　Bright2field (BF) TEM image (a) and HRTEM

image (b) of 3C2SiC film on SOI with SOL thickness of

36nm 　The inset in (a) is the corresponding selected

area elect ron diff raction ( SA ED) pattern f rom the in2
terface region. In the right top of ( b) is the Fourier

t ransform ( FT) of HRTEM image.

was wavy. No cavity can be found near t he inter2
face. These will be explained later . Micro2twins and

stacking fault s (SFs) can be seen in the SiC epilay2
er clearly. To evaluate t he density of t he micro2

twins and stacking fault s ,t he corresponding select2
ed area elect ron diff raction ( SA ED) pat tern f rom

t he interface region is observed and shown in t he

inset of Fig. 2 (a) . The well alignment of t he SiC

diff raction spot s with t he Si spot s indicates t hat t he

epitaxial relationship between t he SiC film and t he

Si subst rate is almost perfect . The weak twin spot s

corresponding to t he fault s and defect s observed in

Fig. 2 (a) demonst rate that t he density of t he mi2
crotwins and stacking fault s is rat her low.

The HR TEM image in Fig. 2 ( b) shows t he

lattice f ringes of Si and SiC across the interface.

The zig2zag chains are observed between the inter2
face of SiC and Si. The array of periodic st rain con2
t rast along t he interface is marked wit h arrows.

The Fourier t ransform ( F T) of HR TEM image in

t he right top shows t hat t he spacing of t he regions

with perfect lat tice matching corresponds to t he

5 ∶42ratio of t heir lat tice constant s.

The disappearance of t he SOL and t he BOX

might be induced by t he ext ra heat af ter the car2
bonization process ,because we did not find similar

p henomena in t he case of t he normal carbonization

and growt h experiment s. The SiC carbonization

layer was formed by t he silicon out2diff usion[8 ] and

carbon in2diff usion[9 ] . At least 20 % of t he surface

is uncovered by SiC buffer layer when t he SOL

t hickness is less t han 150nm , and nearly 50 % is

uncovered when less than 50nm[8 ] . And t he uncov2
ered BOX was exposed to t he H2 ambient . There2
fore ,t he ext ra heating process can be regarded as

an in2sit u H etching[10 ] . The oxide was removed in

t he form of SiO gas[10～12 ] . The residual SOL which

might be remaining after t he carbonization process

can be decomposed according to t he reac2
tion[8 ,13～15 ] :

Si + SiO2 ] SiO

In addition , t he carbon2containing gas cont ributed

to t he consumption of t he SiO2 t hrough t he interac2
tion of the Si - O - C bonds[16 ] . Finally , SiC f rag2
ment s collap se on t he Si subst rate along wit h t he

consumption of t he SOL and t he BOX. The wavy

interface in Fig. 2 (a) indicates t hat except for t he
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decomposition of the BOX ,the Si subst rate under2
neat h t he SOL and BOX layers had been exhausted

to a degree.

Figure 3 (a) shows t he Raman spect ra for the

four samples. The plot s have been off set for clari2
ty. Curve a corresponds to SiC film on Si sub2
st rate , and curves b, c , and d correspond to SiC

films on SO I wit h SOL t hickness of 100 , 36 , and

1315nm , respectively. By fit ting the TO lines wit h

t he Lorentzian fit f unction ,we get the TO peaks at

79019 ,79018 ,79111 ,and 79210cm - 1 for curves a ,

b , c , and d , respectively. There is no obvious peak

shif t s for curves a and b considering t he repeat2
ability error of ±012cm - 1 . The LO lines of SiC lo2
cate at ～796cm - 1 . The broad peak corresponds to

t he second optical Raman p honon of Si.

Fig. 3 　(a) Raman spect ra for the SiC films 　The plot s

have been off set for clarity. Curve a corresponds to SiC

film on Si subst rate. Curves b, c , and d correspond to

SiC films on SOI with SOL thickness of 100 , 36 , and

1315nm ,respectively ; (b) Dependence of residual st rain

in SiC films on SOL thickness

The dependence of residual st rain in SiC films

on SOL t hickness is shown in Fig. 3 (b) . The resid2
ual st rain was calculated according to t he relation2
ship of Raman shif t wit h hydrostatic st rain[17 ] .

Peak position (79612cm - 1 ) [18 ] of f ree 3C2SiC film

was taken as reference. A negative sign corre2
sponds to tensile st ress. The dot ted line is an expo2
nential fit to t he data ,in an effort to clearly observe

t he residual st rain decrease in SiC film along wit h

t he t hinning of the SOL thickness. This demon2
st rates that these kind of SiC/ Si samples are not

t he same as SiC grown on Si subst rate. The result s

can be explained by t he force balance approach and

t he near coincidence lat tice model.

The force balance p rinciple is p ut forward to

solve t he st rain partition between t he subst rate and

t he lat tice2mismatched epitaxial layer [ 19～21 ] . The e2
lastic st rain in t he epilayer can be calculated by

σf = Δ h s ks

hs ks + hf kf
kf (1)

where Δ is t he lat tice mismatch percentage , hs is

t he thickness of t he subst rate , hf is t he t hickness of

t he epilayer , ks is t he effective coefficient of t he

subst rate ,and kf is t he effective elastic coefficient

of t he epilayer . The lat tice mismatch percentage is

20 % for t he SiC/ Si system. The values of ks and kf

are 7148 and 144 GPa for Si and 3C2SiC ,respective2
ly[ 22 ] .

It should be mentioned t hat Equation ( 1) is

valid only when t he t hickness of the epilayer is less

t han t he critical t hickness. Until now ,none has re2
ported t he experimental or calculated critical t hick2
ness for t he 3C2SiC/ Si system. One reason is t hat

t he critical t hickness for t he large lat tice mismatch

system is so small t hat it is difficult to determine.

And t he presence of double2positioning boundaries

(DPB’s) and/ or stacking fault s ( SF’s) , which

complicates t he definition of t he Burgers vector ,is

anot her reason.

Here we estimate the critical t hickness accord2
ing to t he surface morp hology. For film t hicknesses

above t he critical t hickness , growt h is in the form

of 3D columnar islands. The edges of t hese islands
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are po ssible surfaces for dislocation termina2
tion[23 ] . The A FM image for t he SiC film on SOI

with 36nm SOL after carbonization is shown in

Fig. 4. Many big and small island2shaped SiC

bump s are observed , indicating t he occurrence of

St ranski and Krastanov (S K) growt h mode[8 ] . The

big SiC bump s have t hickness of about 10nm. The

RMs roughness for an area of 2μm ×2μm is found

to be 5168nm ,which is much bigger than a single

Si2C bilayer . Therefore ,t he SiC t hickness af ter car2
bonization is above t he critical t hickness. Here we

assume the critical t hickness is t he carbonization

t hickness (～10nm) [8 ] ,alt hough t he calculated da2
ta may be a lit tle lower.

Fig. 4 　A FM image for the SiC film on SOI with

36nm SOL after carbonization

The residual elastic st rain in t he SiC layer de2
duced f rom Eq. (1) is 9185 ,4154 ,and 1189 GPa for

SiC on SOI wit h SOL thickness of 140 , 36 , and

1315nm ,respectively. The data are shown in Fig. 5

and marked wit h open circles. The data in Fig. 3 (b)

are also shown here for comparison and marked

with filled squares. The two group s of data become

closer when t he SOL thickness decreases. The two

curves cross at SOL thickness of ～10nm or below.

This demonst rates t hat st rain relaxation only dom2
inate when the SOL t hickness is low enough. The

open2circle data is about 10 times of the filled

squared data at SOL of 140nm. However , t he lar2
gest residual st rain difference is only 012 GPa for

t he set of filled square data. Other st rain relaxation

mechanisms should exist except the force balance

principle. We att ribute it to t he near coincidence

lattice model [ 24 ] .

Fig. 5 　Dependence of residual st rain in SiC on SOL

thickness with the theoretical data marked with open

circle and the experimental data marked with filled

square 　The set of the filled square data is the same as

those shown in Fig. 3 (b) ,and is plotted here for com2
parison.

Near perfect coincidence lat tice wit h a lat tice

plane ratio of 5/ 4 can be observed in t he Fourier

t ransform ( F T) of HR TEM image in Fig. 2 ( b) .

The edge type dislocations are observed. This kind

of misfit dislocations is generated at t he interface

during t he formation of t he 3D critical nuclei . The

large lat tice misfit st rain is relieved by t he regular2
ly arranged misfit dislocations. The act ual lat tice

mismatch will be reduced to about 01 4 % ,a reason2
able value to guarantee t he stabilization of epitaxial

growt h. The deviation f rom perfect coincidence is

of great importance because it defines t he amount

of residual st rain in t he epilayer . Therefore ,t he ex2
plaining why t he act ual residual st rain in SiC dif2
fers lit tle is conducted. The large lat tice mismatch

is accommodated mainly through t he coincidence

lattice model when t he subst rate t hickness is above

t he critical t hickness. In our experiment , t he SOI

subst rate wit h 140nm SOL does not play t he role

of compliant subst rate compared wit h t he case of Si

subst rate . And t hen t he similarity of curves a and b

in Fig. 3 (a) is understandable.

In our analysis , t hermal st rain was omitted.
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The t hermal st rain is less t han 0115 GPa for our

growt h temperat ures[25 ] .

4 　Conclusion

Heteroepitaxial SiC films were grown on SOI

with different SOL thickness. The disappearance of

t he SOL and the BOX was observed by HR TEM as

t he result of an ext ra high temperat ure heating af2
ter t he carbonization process. Measurement of Ra2
man scat tering spect roscopy clearly indicates a sys2
tematic t rend of residual st ress reduction as t he sil2
icon over2layer thickness decreases for t he SOI

subst rates. This demonst rates that st rain t ransfer

f rom t he epilayer to t he underneath SOL occurs

during carbonization process. The large lat tice mis2
match is accommodated mainly t hrough t he coinci2
dence lat tice model when t he subst rate t hickness is

above t he critical t hickness.
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SOI衬底对 3C2SiC异质外延薄膜内残存应力的影响 3

王晓峰1 　黄风义1 　孙国胜1 　王 　雷1 　赵万顺1

曾一平1 　李海鸥2 　段晓峰2

(1 中国科学院半导体研究所 , 北京　100083)

(2 中国科学院物理研究所 , 北京　100080)

摘要 : 在一组具有不同厚度表层硅的 SOI衬底上异质外延 SiC 薄膜. Raman 测试结果表明 ,SiC 薄膜中的残存应力

随着表层硅厚度的减薄而降低. 采用力平衡原理和重合位置点阵模型对 SiC 外延层中的应力释放现象进行了解

释.
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