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An On-line Accurate Measurement Method
for Nano Film Thickness

JI Hong-zhen, ZOU Juan-juan, CUI Bao-shuang

(Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China)

Abstract: A novel thin film thickness measurement method is proposed. In the method, a transition

layer which is thick enough for interference is used as a substrate. So, the thickness of the deposited layer

can be accurately measured by measuring the shift of an interference peak before and after deposition.

Because the thickness of the transition layer has already induced interference, the interference can be

changed even if the newly deposited layer is very thin. According to the change of the interference in

transmittance or reflectance spectra, the thickness of the layer can be determined accurately and easily

with a measurement limit of 1 nm at least. This method is simple and fast in operation. It is very

suitable for the on-line detection and real-time monitoring in coating industries, particularly for the

thickness measurement of weak absorption ultra-thin films.
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@�5*��AB� $?	��*�<5�
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1 =�(��� �����������

>/B��;H�JC��!�A=B���

	�� nd � λ/4 �K�C�,%�=B;=H

3;LH�C������3Æ��A="�

2 �3 2 ��"�;H4�9M�>7
;,�

������	���?��
;@D�@��

�EN-/0A���F���>A=�0�

0A!�;=H3;LH4���;H�3�

����������*G�D������
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��2���ED�����������E 
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���%�����LG����;H��"

H=�����G�=B;H4�
;���

����	����@�J��D��0A�

�P�!�;H4�*G�D��� 200 nm �

"��7�� 200 nm ���R�>�>?	�

���Q3A���E� $**H�6

=B�$CH�
�P�=BD�64J" �

���S56=BD9�*'��<5��

�����=BD�4$CHP��?��

� ������K/�D�

-!53IR����"IJ*H0�P

�=B�$CH���S�$CH"J� �

�� (IJ 1 ��) ����� / Æ��>�=B

DH,,%/9�A=�P-$,�*' (I

J 2(b)) �64;	>�>?	��;H�3"

H��>7���������)����

K 1 PLJKTQMJKRU�NVK

J 2(a) ���+/H ���J���-

"�LG�� (+/H Nb2O5 J��WS�")

�;:���� 10 nm ����--����

�=C/BD 2%�L�*'�J 2(b) ����

WS���-�� 150 nm ��� Si3N4 �$C

H�� 0 nm � 1 nm � 5 nm � 10 nm ��� 

� Nb2O5 ����"����>���� 0 nm

>=�OJ � Nb2O5 ��� Si3N4 $CH�

WS��-�P�����>��$CH�

4P�=BD (J 2(b) � 0 nm �"��>) �J

" ���4�D9H,L./9��+/H 

���J���-"�LG��>9��E��

�3H�� Nb2O5 -�����>��9M*

M�� 10 nm � 0 nm -��D9/9�4T�

7.6% (0 nm�"�%D� 600 nm�10 nm�"�

%D� 645.6 nm) �M�=�J 2(a) � 10 nm �

���--�����=C/BD 2%�L�*

'��D9XU�=������	���

���>��%�����(�3,NY$�

�, G�Z[�7��.�����*'7

� NKÆ\,����	��������

�L�C6$�����	�����/��

@#Y$��, G�Z[�=: (9I���

(a) PLJK (b) ]POPV

K 2 ^WOXY�Z_[QQ\ Nb2O5 R`]RRSSP
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��LG�>�>?	��;H��"H�>

;	�7����������)����

1.2 456789:;

��U� $OF0�O3=B�$CH

>7=6U��������������

QRÆS"?cdVR��&�$CH^VR

��F��T�cdT^R�0�5</0U

M�)UW���UW$CH���D9/9

�Z[�?IcdUM�A6*V�)V�X

V=B�$CH���64SU_Y*">H�

�� ���4�O3�=BD/9�VW�

4Z�X?4�%�� Si3N4 ���� 150

nm � 220 nm � 360 nm ��UM,,%*V�

)V�XV=BD��WS���-�H���

�	� 1.52	 Si3N4 ���UM� 150 nm � 220

nm � 360 nm �H����	� 2.0 �64�=

B��I"SY*" 1 nm � 5 nm � 10 nm �

20nm��� TiOx ���W_D9�/9�!


;,�"�D9>�/9 δ �

δ =
λ − λ0

λ0

× 100% (1)

*�� λ0 �I/*H$CH��=BD��"

�%;� λ �J" ���4H*V=BD�

�"�%;�J 3 ���
;;:����L<

`(� �������=<`(�D9�>�

/9�

�J 3�7�Y,��$CH��T�*V

=B��D9�>�/9�=��Æ=BV.�

e*�D9�>�/9+XYL�'���cd

$CH�����"
�C�6*V=B��

� $e*D9 �������7�<�=

�D9/9�
��O3�*'*�M��

1.3 4567>?@:;

���83I�[Ja ��������

�	�Z�H�!(3UZ\]�^_��WS

���- (���	� 1.52)�H$CH���	

M� 160 nm �����UM� 1.6 � 1.8 � 2.0 �

2.2 � 2.4 ���[�*V=B� ������

��� 2.0����UM� 1 nm�2 nm�5 nm�

10 nm � 20 nm � $Z�
;�>"���

�>�6456* (1)�D9�>�/9 (I(

1) �J 4 ���
;;:����L<`� �

������=<`�D9�>�/9 (%) �

K 3 bOPV (Si3N4 c\�fS]` 2.0) RQ

\[d` 150 nm�220 nm\ 360nm a�]b^

cRg_^h_defg` (TiOx c\�fS

]` 2.3)Q\Rh`ab (XY`WO�n=1.52)

A 1 BÆaCbcdeDEfghFij

fS]
Q\ /nm 1.6 1.8 2.0 2.2 2.4

1 1.23 0.85 0.63 0.48 0.39

2 2.54 1.68 1.25 0.97 0.78

5 6.8 4.24 3.13 2.44 1.95

10 14.69 8.54 6.25 4.86 3.91

20 32.23 17.12 12.5 9.72 7.84

�J 4 �7�Y,�� �������

����*�H��$CH����#L�D9

�>�/9#M��

2 `klmlnm
2.1 GHIJKL

�aF�e�R������� T �*�

�� n0 (	c) � n
s

(�-) � n (�H) � d � λ
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�a��> T = T (n0 , ns
, n, d, λ)�Æ� n0 �n

s
�

λ *��VWR����C� n � d �a��>

T = T (n, d) ���3����� d ��	�� n

�VWR�7�
;,���%;>�"��

���Æ-�Æ�Dd�������	���

J7 $���Æi��,e"� D�O3

�C/ n � d 0��C80��:>7Dd�@

��b"��������0�3H:��

\]�^_� n 3�*�Z�H���*�,

�%;*'�H (n = n(λ)) �%��f��=g

=��������� =����	��


�*�(���ch��:M$�"=!��

��Dd,�������	���>�>?

	�C����A= T (n, d, λ) Æi� Dd

� n� d ($7
�Æ��A=) �?I-jDd

��� (n, d) 	�ifH��>"����>

T (n, d, λ)��ifH3*����H�<�

,e���> T (n, d, λ) ��b��Æ��>

T0(n, d, λ) -�,0�*�/1� $
;%@

'
;�3de*jDd���H�
,eÆ�

�> T (n, d, λ) ��bH T0(n, d, λ) -��/1T

��LH������H7�g�� Dd�

�����C����A=�>�>?	�a

�����%� [9] �

K 4 bOPVRQ\` 160 nm �fS][d`

1.6 � 1.8 � 2.0 � 2.2 \ 2.4 a�]b^cRg

_^h_defg` (fS]` 2.0) Q\Rh`

ab (XY`WO� n=1.52)

2.2 NO1JPL

���Æ�E����T����;7�

��[J��3���,e
;�>��I

"OF��Ehi>��k��64 $�Z

�?	?X?�E�><5����H���

X?,�b��EVW�@1hi�k�7�

�U�b�E$:���k9!� Matlab j:

��5jY*��ikk���k9� 250l

1 �

f��3 ��������H�E���

LG���������;7���)�9�

2.2.1 CQo (RpST)

(1) b.ch�-H� ��H�	���

H����� ������ h�!H��� h

&�����b��H	

(2)  $Z�
;�,e���> T 	

(3) $-,e���> T *"k��X?

�b��E�>�!H������> T ′ &

����E�6mFZ�	

(4)  $H��&�?	���)?	�

� ����?	�� h′ 	

(5) 	�3H� h H��>"�����

h′ �������@1=� 10% ��>

Δ =
|h′ − h|

h
× 100% ≥ 10% (2)

g�?���4jl������>� ��

��;7�� h
e
�

2.2.2 qro (UsST)

��9M�53 (1) �Y*$CH�!	�

�������� �����b��H h H

�9M��k$:$H�9M�

H��E���LG����;7��

h
e
�)�9�e* ��������
�U

M=� (TiOx) ��� (Si3N4) �L� (SiO2) $C

H�����64UW>"�;7�� h
e
�*

'��gk�

2.3 NO1JVWXYO

2.3.1 Z[\tfgh]ueDEfghFv
w

��WS���-� 150 nm Si3N4 �$C

H� TiOx � ����VW�)X?�56E
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m [10]�WS�� Si3N4 �TiOx ����7UM

BD5� 1.52 � 2.0 � 2.3 �

(1) ���>

J 5 ��� TiOx UM� 0 nm � 1 nm � 2

nm�5 nm� 10 nm��,e���>����J

5(a)���LG��<����>�J 5(b) �

���E��<����>� 0 nm >=�"

���3$CH"OJ ��������>�

(a) ^WOXY�Z_[QQ\R TiOx

(PLJK)

(b) h TiOx g`Z^ 150 nm Si3N4 OP

V� (QMJK)

K 5 RSSP (iYnn=1.52 � Si3N4nn=2.0 � TiOxnn=2.3)

J 5(a) ���+/H TiOx J�WS��

-"����>����L<`�%; (D9�

nm)�%;0+� 400 ∼ 1000 nm	=<`���

��3H����A=�"�3H��� TiOx �

J 5(b)���H TiOx��J� 150 nm Si3N4

$CH"����>��<`	�HJ 5(a) �

(2) ?	;:

A 2 ^Z[\tfgh]ueDEfghx�

yRpSTz[F{_|}vw (`Æ�nm)

ljQ\ h 3 2 1.7 1.5 1 0.5 0.1

lkQ\ h′ 3.1 2.1 1.9 1.7 1.3 0.9 0.8

mo /% 3.3 5.0 11.8 13.3 30.0 80.0 700.0

A 3 ^Z[\tfgh]ueDEfghx�

yUsSTz[F{_|}vw (`Æ�nm)

ljQ\ h 3 2 1.7 1.5 1 0.5 0.1

lkQ\ h′ 3.0 2.0 1.7 1.5 1.0 0.5 0.1

mo /% 0.0 0.0 0.0 0.0 0.0 0.0 0.0

�( 2 �( 3 �7�Y,�LG���?

	;:*/9�b��/=����;7��

� h
eA

≈ 1.7 nm �� ������� 0.1 nm

����E��b6�.��,�l�;7��

h
eB

=0.1 nm �

2.3.2 Z[\tfghaueDEfghFv

w

��H ���m��$CH��n>>

H� Si3N4 ������ 2.0 �

(1) ���>

J 6(a) ���+/H Si3N4 ��J�WS

��-"4�����>��eA=�"�

3H��� Si3N4 ����k	MHJ 5 �

J 6(b)���H � Si3N4 ��J� 150 nm

Si3N4 $CH"4�����>�

(2) ?	;:

A 4 ^Z[\tfghaueDEfghx�

yRpSTz[F{_|}vw (`Æ�nm)

ljQ\ h 10 5 4 3 2.5 2 1 0.1

lkQ\ h′ 10.1 5.1 4.2 3.2 2.8 2.3 1.6 ——

mo /% 1.0 2.0 5.0 6.7 12.0 15.0 60.0 ——
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A 5 ^Z[\tfghaueDEfghx�
yUsSTz[F{_|}vw (`Æ�nm)

ljQ\ h 10 5 4 3 3 2 1 0.1

lkQ\ h′ 10.0 5.0 4.0 3.0 2.5 2.0 1.0 0.1

mo /% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

�J 6(a) �( 4 �7�Y,�
�LG�

���3H��-�����>*'#L���

)��?	��@1#=�LG���;7��

� h
eA

≈ 2.5 nm �
��E�����>*'�

D9/9M��7���� 0.1 nm�l�;7

�� h
eB

=0.1 nm �

2.3.3 Z[\tfgh~ueDEfghFvw

��H ���m� SiO2 ������ 1.46�

(1) ���>

J 7(a) ���H SiO2 ��+/J�WS�

�-"4�����>��k	MHJ 5 �

J 7(b) ���H � SiO2 ��J� 150 nm

Si3N4 $CH"4�����>�

(a) ^WOXY�Z_[QQ\R Si3N4

(PLJK)

(b) h Si3N4 g`Z^ 150 nm Si3N4 OP

V� (QMJK)

K 6 RSSP (iYnn=1.52 � Si3N4nn=2.0)

(a) ^WOXY�Z_[QQ\R SiO2

(PLJK)

(b) h SiO2 g`Z^ 150 nm Si3N4 OP

V� (QMJK)

K 7 RSSP (iYnn=1.52 � Si3N4nn=2.0 � SiO2nn=1.46)
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(2) ?	;:

�J 7(a)�( 6�7�Y,�
�LG��

�����>Gn%	�?	;:�@1 =�

���;7��� 14.0 nm ��b"��m*p

-"J�H;�'����5�2�71��

���>��E����3H�� SiO2 -��

���>1Gb6M��( 7 73��E��

�;7��� 1 nm �50*���;7���

1G>�M���E���;7��9LG�

��� 14 C-!�

�)������ TiO2 ��7I�n�

-/L^_����,e"���^_#=��

��>������*'#:&�>D9��

���O3���>*'#=�5����>

���������U5��/C��'��


��E���LG�������@1�#

L���� Nb2O5 o^_����E�����

���M-/@p�

A 6 ^Z[\tfgh~ueDEfghx�RpSTz[F{_|}vw (`Æ�nm)

ljQ\ h 30 20 14 10 8 7 5 1

lkQ\ h′ 29.3 19.0 12.6 8.0 5.3 3.6 0.5 ——

mo /% 2.3 5.0 10.0 20.0 33.8 48.6 90.0 ——

A 7 ^Z[\tfgh~ueDEfghx�UsSTz[F{_|}vw (`Æ�nm)

ljQ\ h 30 20 14 10 8 7 5 1

lkQ\ h′ 30.0 20.0 14.0 10.0 8.0 7.0 5.1 0.9

mo /% 0.0 0.0 0.0 0.0 0.0 0.0 2.0 10.0

3 �k

�EU,�**�F/*H��0�O3

=B�$CH�p-� $��J" ���

�4��>*'�>7�%�������

�����Æ;:(M�?�����;7�T

1nm�"�ENO�LG�>���/@p�Q

7���������������"�@

D�.B��("��Y�q�-M1��J�

),��=1�������

�rH�7�H�E��so"��J�

 G����%�����=1�����

�����*5U�J� G�+nhi�J

�'��

bc��
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