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Abstract − Single crystal cubic SiC(100) thin films were grown on Si(100) at various growth conditions in a home made RF-

inductive chemical vapor deposition system. The orientation of SiC films grown at the temperature range of 1,170-1,300oC fol-

lowed that of Si substrate used in the growth. The increase of the growth pressure (3.4-400 torr) increased the thickness of SiC

films, whereas decreased the size and density of voids formed at SiC/Si interface during the growth. From the experiments in

the growth of SiC film on Si substrate as a function of Si/C atomic ratio (0.25-0.5), it was found that the out-diffusion of Si

atom from Si substrate caused the formation of voids at SiC/Si interface. The stress and strain generated in the grown film were

analyzed using a fourier transformation infrared spectroscopy. The formation of voids was suppressed by adjusting Si/C atomic

ratios during the growth.
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1. � �

��� �����	 
�� 
�� �� ���, ���, �� ��

���� ���� � ��  !"# $%� &' ()� *��� +

,-� !"�� ./. 01 �2 �3�� .� 4�5167 Si8

GaAs� 91 �5: : � .� ;� <�� =>� ?3�@A B

C )� <DE� 3�F  GH ���	� IJ� KF�L, MNO

� PP 1.18 1.4 eV2 �Q��� ;� IJA R�� .S 200oC

�T� ��U VW V� ���	 ?3�� microsensorU microac-

tuator X�� 162 ?3F�: SY/[1]. $Z[ \�]9(silicon

carbide, SiC)� <���(4.9 W/cm̂ K): _� ̀ �a bc(2.2-3.3 eV)8

B� de��(4.0f106 V/cm)A :g	 h%i, �jik2 l� m

n' ho�/[2]. SiC� �Z' �V' hJk2 7Fp ��, �E@,

��d, ��9�� 162 $ "qJ� rP�� ./. st�� �

� microelectromechanical system(MEMS)7 microsensorU microactua-

tor X� 3C-SiC/Si *uv J�ik2 i3+w� .k[[3, 4] �xy

z�i 3C-SiC{|� J}� S~� H�� � SiCv �3' 9��

� T�� S~�A �� ./.

�Z' ���	 01 SiC(100) {|� K��	 z�i �xy {

| J}A y' �*: ��� ���� ./. Wu X[5]� 4" _� Si

(100)��A �3Fp 3C-SiC(100) {|A ��i K�(990-1,280oC)�

	 /�nk2 J}F��, Ishida X[6]� ��i �\' ��A :�

SiC(100){|A �� yFp 4�� �@A ;�S J}F�/.Nagasawa

X[7]� anti-phase boundariesU twin boundaries X8 �� ���A
676



Si(100) �� �� ��� 3C-SiC(100)� 	� 
� 677
s9�Fp SiC(100) {|� xoA �TF�� F� �*v V�F�

/.

$Z[ H�� � z�i Si �� y� �xy SiC {|A J}+

w��� �� S~�� ./. 3C-SiCU Si� � 20%� � c�rn

�A : � .S J}� SiC {| �� �@8 �#� ��  J�

� �� c���� ¡1'/. /¢ �*�£� X-¤ ¥¦8 Raman

§¨�v �3Fp {|�� �@8 �#A ©ªF� .k[ H�� 

�*: «�' ¬n�/[8, 9]. �' H�� � SiC/Si ­��	� R

�N #J ®¯°±� z' �*: ²³� ´µ  � G¶/.

· �*�	� Si(100) ��A �3Fp �xy SiC(100) {|A J

}F� �*v V�F�/. pZ :  J} �V(J}��, J}�@,

4��5� �¸, Si/C uJ� X)� ¹¢ ­��	� R�NU {|�

� �@ n�v �? �� 0«)º(scanning electron microscopy, SEM)

8 »%S�( i¼¤ §̈ �(fourier transform infrared spectroscopy; FT-

IR)A �3Fp PP ªnF��, �v ½Fp SiC {|� IJ �:v

F�/.I� ¾C�57 ¿ÀÁ®Â¬Ã(tetramethylsilane, (CH3)4 Si;

TMS]� SiH4�5(2%)v Ä:Fp Si/C� �v u¦�k2Å, SiC/Si

­��	� R�N #J ®¯°±A Æ+F�/.

2. � �

ÇC' ��A :� �xy 3C-SiC {|A J}F� yFp TMS

v È62 ?3Fp J}uÉA ��+w�	 ¬ÊA V�F�/. ·

�*�	 ?3' ¬Ê}Ë� �« >Ì�[10] R�' Í .� 25 Kw

Î ��d �� �j ÏÐ(rf-inductive chemical vapor deposition) }

Ëv �3Fp SiC {|A Si �� y� J}F�/. ?3� ��� p-

Si(100)��, Si ��A HÑÒ� Ó: 5§ �m ÔÕdÑÖA Fp �

�hA Æ×' Ø N2v ÙZ ÉuF�/. /+ �� ��|A Æ×F

� yFp 5% HF ÚÛ3Ü�	 3§ �m Ót Ø N22 ÉuF�/.

�Ý%� Si ��A 4��� }Ð' Ø Ô� ��A ~10−3 Torr� 

� ' Ø J}¬ÊA V�F�/

· �*�	� 4��52Å Cl �: Þ��  G�, ;� ���	

§�: ß �� T��	 760 Torr� Ï��A � à V .� ��¬

Ã­7 ¿ÀÁ®Â¬Ã[tetramethylsilane((CH3)4Si), TMS]A ?3F�

/. Si/C �� á�� J}� SiC {|� «Ë� á�A u?F� y

Fp TMS� SiH4(2%)v Ä:Fp SiC {|A J}F�/. 4���

��� ¨ ��­(optical pyrometer)v �3Fp ªnF� Ru/Pt <�

�âA �3Fp ��v RnF�/.

J}' SiC� �� «Ñ#T8 {|� ãä� SEMA �3Fp ª

nF�/. X-¤ ¥¦�� SiC {|� *uIJA �:F� yFp ¨

åFæ ?3�� §Û}�2 Cu Kα DEA :� §ç# ¥¦§Û�
(powder diffractometer, RIGAKU D/MAX-IIIA)v �3F�, }Ë� §�

è� 0.05o��/.· �*�	� X¤ ¥¦(X-ray diffraction, XRD)A

�3Fp SiC {|� �nJ8 �n_�v u?F�/. »%S�( i

¼¤§¨�(Fourier transform Infrared spectrometer, FT-IR)v �3Fp

��8 {|?��  J�� �@A ©ªF�/.

3. �� 	 
�

3-1. ����� ��

J}��: SiC {|J}� «Ë� á�A éêF� yFp J}�

�v 1,170-1,300oC åy2 ��+w�	 SiC {|A J}Fp $ I

JA éêF�/.�= TMSv 1 sccm, H2v 1,000 sccm PP Ù~�ë

� 4��� �@� 100 torr, J}+b� 60§k2 �nF�/.

Fig. 1(a)� Si(100)�� y� J}+ì 3C-SiC(100)� �#i7 XRD

éê �8�/. $ �8 Si(100)� X-¤ ¥¦ §Û+ éê�� IJ í

_7 Si(200) ¥¦8 Si(400) ¥¦� PP 2θ=33.1o8 69.2o�	 [î

ï/. ��� á�k2 [îð Si(100) éñ í_�¼�� òDn­ SiC

*u� �7F� IJ í_7 SiC(200)U SiC(400)� ¥¦� 2θ=41.4o

8 89.95o�	 PP éê�ë/. $ó� /¢ SiC ¥¦ í_: ¡1F

  G� ôA RH · �*�	 J}� SiC {|� ¾�n7 ôA õ

V ./[11]./¢ ���	 J}� SiC {|� XRD ªn�8� Fig. 1

(a)U �� SiC(200)8 SiC(400) ¥¦ö R�� .A ÷ /¢ D�A

ø� SiC: J}F  G¶�, í_� yË� �F  G¶/.

»%� �( i¼¤ §¨�� �n ��	 ��-��(vibronic), *u

i IJ� z' nRv Æ�'/. Fig. 1(b)� Si �� y� J}� SiC

{|� �#i7 FT-IR éê�8�/. J}� SiC {|� Si-C ��

� z' 
ù��7 transverse optical(TO) mode� � 795 cm−1 tÝ

�	 éê�ë/. Olego X� 10µm ãä� monolithic òDn­ SiC

{|v FT-IR2 §Û' �8 dV(wavenumber) åy: 770-800 cm−1�	

Si-C� 
ù��(stretching vibration)� �' ú' ûV: CS[�,

Si-C 
ù��� "üyË� 796.2 cm−1Á R�F� ./[12-15]. �£

� FT-IR� TO mode� "ü dV yË� �� {|�� �@ #ýv

©ªà V ./� ÆmF�/. R�� ¹þ� J}� {|� �ù�@

(compressive stress)� � à =� Si-C TO phonon í_� "üyË

: 796.2 cm−1R/ B� dV2 ��'/. �Z' ��� �n�� c

�TV: C-C �� =>� ÿ9�k2	 Si-C� 
ù@ TV(stretch-

ing force constant): Ï:F� =>� CSð/[15]. �� 4Fp 7}�

@(tensile stress)� ¡1F� )�� Si-C TO phonon í_� "üyË

: ;� dV2 ��'/. � )�� SiU SiC� <��­V��� �

� � �/. I� J}���	 T��  �P+ � F×[, �� �r

�@(intrinsic internal stress)� �� � '/. � =>� ;� dV2

í_� "ü� ���/[16]. · �*�	 Si �� y� J}� SiC {

Fig. 1. Typical (a) X-ray diffraction and (b) FT-IR spectra of 3C-SiC(100)
films grown on Si(100) substrate at the temperature range of
1,170-1,300oC.
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)

|� �� J}��(1,170-1,300oC)�	 FT-IR §Û �8 TO mode

í_ yË: ×� ���� 795 cm−1�	 éê�S �xy� SiC {

|� J}�ëÕA õ V .ë/.

Fig. 2� J} �� ��� ¹¢ SiC(200) ¥¦�� XRD í_�

4�ËU ãä� ªn �8�/. SiC {| ãä� J}��: Ï:�

� ¹Á Ï:' 4�, XRD í_� 4�Ë� 1,250oC �F� ���

	� ��: Ï:�� ¹Á 	Hg �nJ� �T�/. $Z[ 1,250oC

�T� ���	� /+ 4�Ë: Ï:�S SiC {|� �nJ� [


�A éêà V ./. C4ik2 SiC {| J}��: Ï:�� ¹Á

SiC {|� �nJ� �T��� �� SiC 
�£� 2�Èk2 J}F

� =>7 ôk2 R��� ./[17]. $Z[ 1,250oC �T�	� TMS

� <§�¸� ÎcFæ Ï:�S SiC 
�£� 3�È J}A F�

=>� {|� �nJ� [
�/� �¾�/. Hong X� SiC 
�£

� ÇC­ �T 4��	  J�S �5 Tý2 Si �� ��� �S

g	 4�� �pF� {|� �nJ� _æ KF�/� R�F� .

/[18].

�' J}�� ��� zFp SiC �n _�v ­�F�/. SiC �n

_�� Sherrer� �� Æm� /Õ �A �3Fp ­�F�/[19-21].

 (1)

(hkl)� �D�, LC� �n� _�, C1/2� szú�� 4� �� �

�	 ªn' IJ ¥¦¤� �,� 4�Ë(full width at half maximum,

FWHM)��, λ(=1.542�)� IJ X-¤� d}�/. �' θ�� IJ

í_� BraggP�/. XRD� SiC(200) í_� 4�Ëv P ���	

ªnFp Sherrer�� zòFp ­�' �8 ©ª� SiC� �n_��

10-20 nm åy� �F�/. �Z' �8� /¢ �*�� �Fp R�

� SiC �n� _�U �?' �k2 Lee X� 10-30 nm� _�v

ø�/� R�F�/[22].

Fig. 3� J}�� ��� z' SiC/Si� ¾� SEM �8�/. Fig.

3(a)-(d)�	 �ã Si Í2 y�� �#i7 ��P# ��� R�Nv

éêF�/. �Z' R�N�  J� /¢ �*�£� ��	� Si�

SiCv J}à = éê�� ôk2 �« R�� Í ./[23-25]. Björketun

X[23]� Si(100)U Si(111) �� y� J}� SiC {|� ­� R�N

� #ýv R�F� ./. $£� SiC(100)/Si(100) *u�	 R�N�

��P# ��A F� .kL, ��(predominant facet)� {111} D��

#ýv  °� ./� F�/. �' Si(100) ��	 ¦¾�� (100)

��Á� R�F� ./. $Z[ SiC(111)/Si(111) *u�	� ­� R

�N: ?/%� ��A  °� .�, R�N� ��� (111)�A  °

� .k[ ¦¾�� (311)�8 (110)�k2 #T�#(shape equilibrium)A

 °� ./� R�F�/. $Z[ �Z' R�N  J ®¯°±� Æ

+F  �F� ./.

· �*�	 éê� R�N� _�U ��� J}��: Ï:��

¹Á Ï:�A õ V .ë/. �' SiC J} ��: Ï:�� ¹Á

SiC {|� ãä� Ï:F�kL, I� Fig. 3(d)� SEM�	 éêà

V .� ÍU �� R�N: ¡1F� Í2 y� SiC {|� R�

N: �� r§� SiC{|� �Fp ãä: � ã��A éêà V

.ë/.��: Ï:�� ¹Á SiC{|� ãä: Ï:F� ô� TMS

� <§�: ���S Si8 C J§�  J¸� Ï:F� ô� �7

F� ôk2  P�/. TMS� 1
� SiÈ�U 4
� CH3 Á !

2 �"Sg .S	 <§� # = Si ' È�U 4
� CH3 J§�

 J�/. ¹Á	 4�Ô��� ����� Si� �� /¸� CH3�

ûÐ�S ����� Si È�U 4�Fp SiC
�v  J'/. ��

� ûÐ� CH3� $ ¾­� 8nA ½Fp C È�2 §��S SiC

 J4�� �pF� ôk2 R��� ./[26, 27]. 4�� ­���

¹Á ���	 SiÈ�: ­� ³��S [U	 TMS�	 �Î�� CH3

U 4�Fp SiC 
�� _�: %�/. �Z' Si È�� ³�� SiC


�: &§� %g	 ��A SiC |k2 'A =�  ­��L Si

È�: ³��S [b �%: R�N2 (æ�/. �� R�N: SiC/

Si ­� )� Si ª� ¡1FL, Fig. 3(d)�	 R7 ôÝ* R�N Í

2 y� Si È�: [b ½27 «Ñ *+(pin hole)� R��, �,æ

³��S [� Si: J}4�� �pFp $ �� r§� SiC {|

ãä: /¢ r§R/ ã�� � ôk2r- ³7à V ./. '.

��: Ï:�� ¹Á TMS� <§� n�U ��k2r- ³��S

[/� Si È� V: Ï:Fp SiC ãäv Ï:+0 ÷ö H°Á R

�N� _�U ��: % � ôA õ V ./. Si(111) ��y� SiC

(111) {| J}+ SiC/Si ­��  J�� R�N� #J ®¯°±�

z' TÑ' 1�� �« R�' Í ./[28, 29].

3-2. ���	� ��

TMSU H2v PP 1, 1,000 sccm Ù~��	 J}+b� 60 min, J

LC hkl( )
0.89λ

C1 2⁄ θcos
----------------------=

Fig. 2. FWHM of XRD peak of SiC(200) and thickness of SiC films
grown as a function of the growth temperature.

Fig. 3. Cross-sectional SEM images of 3C-SiC films grown on Si(100
substrate as a function of the growth temperature; (a) 1,170, (b)
1,200, (c) 1,250, and (d) 1,300oC.
���� �38� �5� 2000� 10�



Si(100) �� �� ��� 3C-SiC(100)� 	� 
� 679
}��� 1,250oC2 �nF��, 4��� �@ ��(3.4-400 torr)� z

Fp J}' SiC {|A éêF�/. J}� SiC {|� XRD ªn

�8 Fig. 1(a)U �CFæ SiC {|� SiC(200)U SiC(400) ¥¦ö é

ê�ë/.

Fig. 4� J} �@ ��� z' SiC(200) XRD ¥¦ í_� 4�

ËU SiC {|� ãäv [î2 $3�/. 4�� �@� 100 torr �

F�	� 4�� �@� Ï:�� ¹Á 4�Ë �� 	Hg �nJ�

�T�A éêF�/. $Z[ 100 torr �T�	 J}� SiC {|� 4

�Ë �� �b Ï:F� ôA RH {| �nJ� �S � ôA é

êF�/. �' 4�� �@� Ï:�� ¹Á J}� SiC {|� ãä

� ¤#ik2 Ï:�A éêF�/. �� 4��� �@� Ï:��

¹Á 4����	 4�4£� �� �Hg SiC {|� ãäv Ï:+

w� ôk2  P�/. �5 4��� �@Ï:� 4��5� ����

v 6%æ F�, 57 +bA 8æ '/. ¹Á	 �Î� �52r- <

§�2  J� Si� �� Ï:Fp SiC {|� ãä: Ï:'/[24]. �

' 4�� �@� Ï:�� ¹Á ­��  J�� R�N� _�U ��

� ÿ9�A ¾� SEMk2 ³7F�/. Sherrer�A �3Fp �@��

� z' J}� SiC� �n _�v ­�' �8 � 17-18 nm�ë/.

FT-IRA �3Fp ªn' TO phonon mode� dV yËv �@�

�� zFp Fig. 5� [î�ë/. �@� Ï:�� ¹Á TO phonon

Fig. 4. Cross-sectional SEM images of 3C-SiC films grown on Si(100)
substrate as a function of the growth temperature; (a) 1,170, (b)
1,200, (c) 1,250, and (d) 1,300oC. Fig. 5. The peak position of FT-IR TO mode for 3C-SiC films grown on

Si(100) substrate as a function of the growth pressure.

Fig. 6. SEM plan views for SiC films as a function of TMS flow rate; (a) 0.5, (b) 1.0, (c) 3.0, and (d) 5.0 sccm.
HWAHAK KONGHAK Vol. 38, No. 5, October, 2000
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mode� �dV: Ï:F/: 100 torr �T� �� /+ ;H�A õ

V .ë/. Fig. 5�	 Rp � SiC {|� FT-IR dVU >Ì[14]�

R�� 9%,:; SiC {|� dV"ü yË(796.2 cm−1)v ��à =,

· �*v ½Fp J}� SiC{|� � 1% «ö� 7}�@A : �

J}�ëÕA õ V ./. �U �� �8� Uchida X� R�U CË

'/[30]. $Z[ 4���� �@� 100 torr�	 J}� SiC {|�

TO phonon mode� dV yË: 796 cm−1�	 éê�S �= J}�

{|� �@� ¡1F  GÕA ³7F�/.

3-3. TMS
�� 
� ���

V9v 1,000 sccmÙ~��	 J}+b� 60 min,J}��� 1,250oC,

4��� �@� 100 torr2 �nF��, TMS �� ��� zFp SiC

{|� IJA éêF�/.

Fig. 6� TMS� ��� ¹¢ �� SEM ?��/. Fig. 6(a), (b)�

	� <�£8 pin hole£� éê�� ./. � pin hole� Si È�:

��k2r- ³��S [/� ½2�L � Si È�: \9J§8 4�

Fp pin hole ��� ãä: Ï:Fp <�Ý* R�� ôk2  P

�/. Fig. 6(c)� �� ?��	� ÇCFæ J}� SiC �n£8 «

Ñ *+£� ¡1�A éêF�/. Fig. 6(d)� 5 sccm� TMSv : 

� J}' SiC {|� �� SEM ?��/. Fig. 6(c)U (d)v ��F

�A =, TMS �¸� Ï:�� ¹Á SiC�n£� _�: %�A é

êF�/. �' ���	 =>(hillock)£� �� ¡1�A éêà V

./.

Fig. 7� TMS � ��� ¹¢ XRD éê �8�/. Fig. 7(a)-(c)�

XRD éê�8, J}� SiC {|� Si ��D�7 {100} D�A ¹Á

J}�ëÕA SiC(200) ¥¦8 SiC(400) ¥¦� í_2r- éêà V

.ë/. $Z[ Fig. 7(d)�	� SiC(200) ¥¦8 SiC(400) ¥¦ �¼�

� 2θ=35.65o�	 SiC(111)� í_: �+� [î(A éêF�/. �

� Fig. 6(d), 7(d)� SEM8 XRD §Û�8�	 ? V .� ÍU ��

5 sccm� TMSA : � J}' SiC {|� ��� =>k2 7Fp
���� �38� �5� 2000� 10�

Fig. 7. XRD spectra of 3C-SiC films grown on Si(100) substrate as a
function of the TMS flow rate; (a) 0.5, (b) 1.0, (c) 3.0, and (d) 5.0
sccm.
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Fig. 9. XRD spectra of 3C-SiC films grown on Si(100) substrate as a
function of Si/C ratio; (a) 0.25, (b) 0.33, and (c) 0.5.
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Fig. 10. SEM plan views for SiC films grown as a function of the Si/C
ratio; (a) 0 25 (b) 0 33 and (c) 0 5

Fig. 11. Cross-sectional SEM images of 3C-SiC films grown on Si(100
substrate as a function of Si/C ratio; (a) 0.25, (b) 0.33, and (c) 0.5
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