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Abstract Silicon dioxide thin films were deposited on p-type Si (100) substrates by atomic layer deposition
(ALD) method using alternating exposures of SiH2Cl2 and O3 at 300oC. O3 was generated by corona discharge
inside the delivery line of O2. The oxide film was deposited mainly from O3 not from O2, because the deposited
film was not observed without corona discharge under the same process conditions. The growth rate of the
deposited films increased linearly with increasing the exposures of SiH2Cl2 and O3 simultaneously, and was
saturated at approximately 0.35 nm/cycle with the reactant exposures over 3.6Ý109L. At a fixed SiH2Cl2

exposure of 1.2Ý109L, growth rate increased with O3 exposure and was saturated at approximately 0.28 nm/
cycle with O3 exposures over 2.4Ý109L. The composition of the deposited film also varied with the exposure
of O3. The [O]/[Si] ratio gradually increased up to 2 with increasing the exposure of O3. Finally, the
characteristics of ALD films were compared with those of the silicon oxide films deposited by conventional
chemical vapor deposition (CVD) methods. The silicon oxide film prepared by ALD at 300oC showed better
stoichiometry and wet etch rate than those of the silicon oxide films deposited by low-pressure CVD (LPCVD)
and atmospheric-pressure CVD (APCVD) at the deposition temperatures ranging from 400 to 800oC.

Key word thin films, dielectrics, oxides, X-ray photoelectron spectroscopy (XPS)
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1010L¢ r 0.17 nm/cycle~ ÃO�j áî�, *V' ß

Wf ��>æ p~
.4) Klaus �f SiCl4f H2O¢ ö

òVÚ� �Ï~&º�, 327~527oC~ Nê �*öB ö

òVÚ �/ï� 109L �ç¢ r 0.075~0.11 nm/cycle

~ ÃO�" 1.46Û0.02~ �.�j áî�,5) Lewis

base� pyridine(C5H5N)" NH3¢ /
�B Î&~� �
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� ö¶[ ÃO»ö ~� 
Ò~ Özïj ;W~� Ã

OB ;ï~ ßW
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Ò

~ Özï
" ßWj jv ªC~&
.

SiH2Cl2 5 O3/O2 b�VÚº V� >êÚ B��;

öB 
Ò~ Özï~ LPCVD 5 APCVD ÃO �;ö
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Si öòVÚ�º SiH2Cl2(99.999%)¢ ÒÏ~&� O ö

òVÚ�º H2Of O2(99.999%), �Ò� O2¢ �/~º

VÚ& ÚöB corona O*j ¢bB ¢¦ ª¶¢ O3�

ò� O3/O2 b�VÚ¢ jv~&
. O3/O2 b�VÚ~ ã

Ö � ��~ 
þ��öB >w& Ú¦� F«>º O3

³êº UV O�~ J� ³ê G;V(IN-USA)¢ ÒÏ

~� G;� Ö" O2~ 1.5 at%� G;>î
. ÃOj *

� V6b�º p-type (100) Si wafer¢ 20 mmÜ25 mm

� .�~� ÒÏ~&�, BakerÒ~ 6 : 1 BOE (buffered

oxide etch) Ï�b� V6 ��~ ¶� Özïj B�

� êö >w& Úö Ë«~&
. öòVÚ¢ BN'b

� ªÊ ;�� traveling wave ;�~ >w&ö "«~

� ;ïj ÃO~&
. V6��ö �O~æ pf VÚ

5 >w¦Öbj Î"'b� B�~V *~� ' öòV

Ú
~ ªÊ Ò�ö pumping" N2(99.999%) purge¢

2²O >�� 
r ê³~ öòVÚ ªÊ¢ "«~&
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ÃOB ;ï~ vþf �.�f SentechÒ~ SE400

ellipsometer¢ ÒÏ~� 2Ë 632.8 nm~ .�&¢ 70o

~ 'ê� «Ò�B G;~&
. WªªCj *�Bº

PHI model 5700~ XPS �Ê�j �Ï~&º�, ÒÏB

X-rayº monochromatic Al Kα (1486.6 eV)�î
. ;ï

~ ïîj ç&'b� ï&~V *�B 750 :1� �CB

HF Ï�öB~ Û�'�j G;~&
. ALD O�b�

ÃOB ;ï" V�~ LPCVD 5 APCVD O»b� ;

WB ;ï~ ßWjv¢ *~� TELÒ~ çÏ CVD Ë

j¢ �Ï~� 
Ò~ Özïj ÃO~� ALD ;ï"

~ jv ªCö ÒÏ~&º�, ¶^� �;��f Table

1ö ¾æÚî
.

3. Ö" 5 �V

b& O öòVÚ «~ö V� ÃOßW~ æz¢ �

Ò~&
. Si öòVÚ� SiH2Cl2f O öòVÚ� H2O,

O2, 6º O3/O2 b�VÚ~ �/ïj 1010Lræ Ã&�

Ê�B 300oCöB 
Ò~ Özïj ÃO� Ö", O3/O2

b�VÚ¢ �Ï� ãÖöº ;ï ÃO� ¾ >îb¾

H2O 5 O2¢ ÒÏ� ãÖöº ;ï ÃO� �~ ¢Ú

¾æ p~
. H2O~ ãÖöº �/ïj £ 1011Lb� �

² Ã&�Bê ÃO�� 0.086 nm/cycleö ®"~&� �

.�ê z�·�'� SiO2ö j� 
² ¸f 1.58b� G

;>îb�, O2~ ãÖöº ;WB ;ï~ vþ& .Z

jB vþf �.�j G;� > ìî
. V¢B, O3/

O2 b�VÚ¢ �Ï� ãÖö SiO2 ;ï� ÃO>º ©

f *'b� O3ö ~� ©�¢� º�� > ®
. O2

òb�º ALD ÃO>w� �~ ¢Ú¾æ pº &Nö

Bê O3ö ~�Bº ÃO� ¢Ú¾º ©f O3~ ª�

ö ~� ;W>º O radical� O2ö j� >wW� �

R ;~V r^b� 6�B
.

Fig. 1ö 300oCöB öòVÚ �/ï~ Ã&ö V�

;ï~ WË³ê~ æz¢ ¾æÚî
. öòVÚ~ �/

ï� Ã&�ö V¢ ;ï WË�� Ã&~
& 3.6Ü109L

Table 1. Deposition conditions of various SiO2 thin films in
this study.

Deposition method Precursors
Processing 

Temperature (oC)

Thermal oxidation Si, H2O 900

LPCVD SiH4, N2O 820

LPCVD Si(OC2H5)4, O2 740

APCVD Si(OC2H5)4, O3 430

ALD SiH2Cl2, H2O 300

ALD SiH2Cl2, O2 300

ALD SiH2Cl2, O3 300

Fig. 1. Growth rate and refractive index of the deposited film
as a function of exposures of SiH2Cl2 and O3/O2.
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�çöB £ 0.35 nm/cycle� �z>î
. � 
þöB á

j > ®î~ �& ÃO�� 0.35 nm/cyclef j;î

SiO2öB Si-O-Si~ �Ò� £ 0.32 nm2)f �~ ?f

8�
. �Þ, ;ï~ �.�f öòVÚ �/ïj Ã&

�Úö V¢B £ 1.7öB £ 1.5ræ 6N 6²~&
.

�¾" öòVÚ �/ï� ·j r z�·�'� SiO2

;ï~ �.�� 1.46�
 ¸f �.�� G;B ©b�

" r öòVÚ �/ï� ·j röº ÃOB 
Ò~ Ö

zï~ �W� z�·�'� SiO2fº 
¢ ©b� 6

�>î
.


rb�º SiH2Cl2~ �/ïj 1.2Ü109Lb� �;~

� O3/O2 b�VÚ~ �/ïj 6N Ã&�Ê�B ÃO

³êf ;ï~ �.�j �Ò~&
. Fig. 2ö ¾æÞ :

f ?� O3/O2 b�VÚ~ �/ï� 0.4Ü109L, 1.2Ü

109L, 2.4Ü109L, 6.0Ü109Lb� Ã&�ö V¢B ;ï

WË�f 6N Ã&~
& £ 0.28 nm/cycleöB �z>

º ãËj ��"î�, ;ï~ �.�f 1.7 �çöB 6

N 6²~
& z�·�'� SiO2~ �.�" jÝ�

1.50öB �z>î
. ß® O3/O2 b�VÚ~ �/ï� Ã

&�>� ÃO³ê 5 �.�~ �&ÞN& 'f �¢�

;ïj áj > ®î
.

O3/O2 b�VÚ~ �/ïö V¢ �.�� æz~º *

ç~ ö�j C®V *~� Fig. 2öB O3/O2 �/ï�

'j r (0.4Ü109L)f O3/O2 �/ï� jv' ôj r

(2.4Ü109L)~ ;ïö &�B '' XPS¢ �Ï� �W

ªCj 
�~&
. Fig. 3ö Si 2p peakj ¾æÚîº

�, O3/O2 �/ï� jv' ôj röº z�·�'�

SiO2f ÿ¢� binding ö.æ 8j ¾æÚæò O3/O2

�/ï� 'j röº binding ö.æ& Ôf 8b�

shift>Ú Si-rich Özï� ÃO>îrj {�� > ®


.8) V¢B, Fig. 2öB O3/O2 b�VÚ~ �/ï� '

j r �.�� Ã&~º *çf O3/O2 b�VÚ~ �

/ï� 'j r Si :O �Wj& æz~V r^b� 6

�B
. 6�, z�·�'� SiO2 ;ïj ÃO~V *�

Bº O3/O2 b�VÚ~ �/ï� Ïª® 
¢~�, ò¢

O3/O2 b�VÚ~ �/ï� Ïª~æ á~� Si-rich ;

ï� ;W>� �ö V¢ ;ï Ú~ �¢ö¶[~ vþ

ê 6²~V r^ö ÃO ³êê 6²~º ©b� 6�

B
.

6�, O3¢ ÒÏ~� ÃO� �.�� 1.50� ;ï"

H2O¢ ÒÏ~� ÃO� �.�� 1.58� ;ï~ �Wj

XPS¢ �Ï~� ªC~&º�, Fig. 4öB " > ®�

� �.�� 1.50� ;ï~ Si 2p peakf �Öz»ö ~

� B�B SiO2 ;ï~ peak" �~ ?f ÎÛj ��

æò, �.�� 1.58� ;ï~ ãÖöº Si 2p peak�

Ôf binding ö.æ 8b� shift >º ©b� " r

Si-rich oxide ;ïb� �'B
. 6�, Fig. 1öB öò

VÚ �/ï� ·j r �.�� Ã&� ©ê Si-rich

oxide ;ï� ÃO>îV r^� ©b� 6�B
. 

� ��öB ALD O»ö ~� ÃOB ;ï~ ßWj

V�~ LPCVD 5 APCVD silicon oxide ;ï" jv

~V *~� �W, Û�'� �j jv~&
. b& XPS

ö ~� �Wj ªC� Ö", O3/O2 b�VÚ¢ ÒÏ�

ALD ;ï, �Özï 5 Î� LPCVD ;ï~ ãÖöº

Si 5 O ��ö C¾ Cl" ?f ®Bbf ¦Â>æ p

~� Fig. 4ö ¾æÞ :f ?� Si 2p peak� 103.2

eV~ binding ö.æ¢ &ææ� z�·�'� SiO2 ;

ïªj r > ®î
. ��¾ .³FVb� Si(OC2H5)4

j öòVÚ� ÒÏ� APCVD ;ï~ ãÖöº ;ï�

�j sputter cleaning� êöê ê³ C peak� ¦Â>

î� Fig. 4öB Si 2p peak� Ôf binding ö.æ 8

b� shiftB ©b� �j Si-rich ;ï� ;WB ©b�

6�B
. �Þ, ' ;ï~ XPS Ê¿Þ"b�¦V Si

peak" O peak~ �'~ j¢ êÖ~� [O]/[Si]~ �

Fig. 3. Chemical shift of Si 2p peak in the deposited films with
varying O3/O2 exposure.

Fig. 2. Growth rate and refractive index of the deposited film
as a function of O3/O2 exposure at a fixed SiH2Cl2 exposure
of 1.2Ü109L.
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Wj¢ G;� Ö", O3/O2 b�VÚ¢ ÒÏ� ALD ;

ï, �Özï 5 Î� LPCVD ;ï~ ãÖ [O]/[Si] j

º £ 2� G;>Ú z�·�'� 
Ò~ Özïªj Ò

N {�� > ®�, APCVD ;ï~ ãÖöº [O]/[Si]

j& £ 1� G;>Ú Si-rich� jz�·�'� 
Ò~

Özïªj {�� > ®î
. 750 :1� �CB HF Ï

�j Û�'Ï�b� ÒÏ~� Û�' *ê~ 
Ò~ Ö

zï~ vþ N�¢ Û� Û�'�j G;� Ö", Fig.

5öB " > ®�� �Özï� 0.17 nm/minb� &Ë

Ôf 8j ¾æî�, ALD ;ïf LPCVDf APCVD

;ïö j� Ôf 0.35 nm/min~ 8j ¾æÚî
. V¢

B ALD ;ïf Ôf ÃO Nêöê ®�~� LPCVD

5 APCVD ;ïö j� ~&� ïîj &ê ©b� 6

�B
.

4. Ö  �

Si öòVÚ� SiH2Cl2, O öòVÚ� H2O, O2, O3/

O2 b�VÚ¢ �Ï~� 300oCöB ö¶[ ÃO O»b

� ;ïj ;W~&
. �� &æ O öòVÚ 7öB

O3/O2 b�VÚ& ;ï ÃOö &Ë Î"'�îb�, O3/

O2~ �/ï� SiH2Cl2~ �/ï�
 2V �ç¢ r z

�·�'� 
Ò~ Özï ;W� &Ë~&�, O3/O2~

�/ï� ��
 'j röº Si-rich ;ï� ÃO>î


. O3öB �ÒB >wW ;� O radicalö ~� V�

~ ��B ALD SiO2 Ö"
ö j� Ôf öòVÚ �

/ïöB /
¢ ÒÏ~æ p�ê z�·�'� 
Ò~

Özïj ÃO� > ®î�, V�~ Ö"
ö j� �R

¸f �� 0.35 nm/cycle~ ÃO ³ê¢ {�� > ®î


. � ��öB ö¶[ ÃOB ;ï~ �W 5 Û�'

�j V�~ LPCVD 5 APCVD O»ö ~� ÃOB

;ï
" jv� Ö", Ôf ÃONêöBê Ö>� b

Ò' ßWj <º 
Ò~ Özïj ;W� > ®î
.

6Ò~ &

� ¢^f ;�Û�¦ ;�Û���ê�ööB æö~

� ®º ;�Û�V.��æöÒë~ ��Ö"«î
.
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Fig. 4. XPS Si 2p peaks of various silicon oxide thin films.

Fig. 5. Wet etch rate properties of silicon oxide thin films.


