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Development and Applications of Multipass Optical Gas
Cells in Tunable Diode Laser Absorption Spectroscopy
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Abstract: The applications and development of optical gas cells in tunable diode laser absorption

spectroscopy (TDLAS) are overviewed. The structures and principles of several types of absorption

cells including the While, Herriott, matrix and other improved cells are presented. The advantages and

disadvantages of the current cells are analyzed. According to the demand of TDLAS technology, the

trend of optical absorption cells to be smaller, simpler and more stable while measuring multiple gases is

pointed out.
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(a)

(b)

+ 1 (a) White .3/24',+"+65(

3-0'./1)�6017�*80'./

123+24 (b) White .�5+

��6�" B ��
 �4�6� A1 % A2 �

#1�3� B �,6!� B �#1�394�

A1 % A2 �����**��$-� A1 ���

7 B�5� A2 ��A2 ���7�5� A1 ��

-.8� B �/7���-��5� A1 % A2

���899�5� B �46���$: A1 %

A2 ;� B �#1�3':�:�67 B ��8

���+��9:�� A1 % A2 �#1�3+

��9:��! B ����0; N � B "��

�� A1 % A2 #1�3��<+�<�� N ;

�+�10��2�7 l �9 White  ����

� L � N % l �;�7

L = 2(N + 1)l, N = 1, 3, 5 · · · (1)
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1.2 >?@ White 0
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��D. Horn [13] �<' White  �D�&���

�*�$* 2 %&�

E* 2 ��;F��� � A 
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 C "!"<�

���F�� White  � D "��6!�'!

"��6!�>!"�A?� A "�GB�#

E*��>FH@F�;F-��� D "�.


��>� =���!0Æ �8�G C"A

I=�C�2(GD��&���;Æ,��

�A0�E!((Æ,����� Horn �<�


�&�� White  ������ 60 m � 2540

m EH=�HI�)�?1�3�$�JJB

IC���� �
�K�;(� 120K� 300K

+��(�F6����� 1973 /�DuBois [14]

�<�L� White  � B "GJD,� &�

�Æ�G-����E��+ =�E!� B "

�M�I=2(K�4N�O����"!�

M����MF���*K����$=(8

;�� B "�"!�
1 �'PG%!�Q�

�EH%�+����Æ,���(�&��

Æ�#����(�%;�
,#���
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 [6] �$* 3 %&�

+ 3 Horn ? White .',+"+6*8B0
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A C C1)�60BC�Æ0'89BCDD

.EC:�B1DÆ

* 3 �� A 
B 
C 
D 
E �'!"�F

% G �S'&>�:�>!"�GL&��"

H !�������� A 
 B % D � B 
 C
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 G %

B 9M�N"H�� B "�25���> 1T8

5� F % G 87��� B ""!�2�+8O

H* 3 �0I@FFH��> 165 B "�� (�

> 17)8U+� F "��#)5�2(E�!�

�� D "% E "���)5�P�,��> 30

-��7�)MIN��> 18 � 30 �*�,V

I-�8�GD A "" C "-GL�#1�3

HOJ B "�#1�3��;� D "% E "�

J�H ���A0"D0�� m ���)A

*K�A0� n �D0���� k ��( D "

% E "�2(�0�67�+���!0 N �

�JK-


N = (4mn − 2)k + 2 (2)

�H��+�����-=;L(���

$%%=�������,4K,W&0+�

"QR�JS%L)�K��T4N�+���

���� @ 7  "M�*�ML�%M�-�

(�%;��PN
��XO���

Doussin [15] % Grassi [16] �<#M�$�-

.����Doussin �* 1 � B "�2D,�"

 ��Q"�,&;�5�=>%-�=>�

4:��*�$9� B "%��2�Q"PU

PRN����M)A��!��"8�
"!

!-�7�J��F6�
��
��NO��

YO��Doussin #E���!0�"!��1

+��;��,�VQ�� 672 m�NO�
�

�� Grassi �<��$� Doussin ��#-.�

;�G��Q"�4:��� B "�W!�8

�%&��S#E%�>PPTU�Grassi R7

��$��
 +Q�����V�77*�

,4SZPG�

;�"!�
1�4�*�"2J�&;

B "�MF�;,��&
�MF�X T YIM
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2 Herriott pqrstu

2.1 Herriott 0

1964/�Herriott �
� SC�:��@

9�'!" A % B �&����\J2�$* 4

%&��� Pierce ��S [20] �[2� d %�!

"@9 f ��$J (3) %&�������;�

2=/�FH]� !!#E2=^-�

0 < d < 4f (3)

J (3) R:7!�Q���������2R:

7!�2 [21] ��>�52=, !_T8�"

!���T*K��7�,�;��W F��

5�&�%4:��T*K\7,M�$* 5 %

&�HI����T�U&�J (4) <�


cos θ = 1 − d

2f
(4)

� ν ���ST0�9[ θ % ν +���J (5)

��" A ����9+�5���V%`�'

5� (Re-entrant) ��


2νθ = 2π (5)

Herriott ���!0 N�" A����0 n%

 � L +��;�7

N = 2nL (6)

�*�$�!�QLU�����Q"����

!�*�
 '"<U:�&�%GDL),

#
W�R0�V�'5���WX�����

Herriott  RHX8�
�=$�������

�Q"�������H(���%H���

-� Altmann �< [22] 1T-
 Herriott  ��

� SO2 � 3.9843 µm P��
�0�*:6X�


�0#Q��P7 ±0.0013 m−1 �

+ 4(a) Herriott .24',+"+6�BYa

ZEMAXTM ZYVY]^

+ 4(b) Herriott ._ZCZ[1�5[`',

+

2.2 >?@ Herriott 0

7�[< Herriott  ��;N��"!G

B��K"!�
"1#����� Herriott U

;-�� B "6!1N4:D,� �>!"

"W-
5�"a\�!"�]L��V��

�"!�T*K#M7 �SC�,%\^$

*M�����]L�McManus �< [23] �$�

�H�-!"&��#)���:CJb2�

�H��7 100 m ��-7 3 L �4�H��7

36 m ��-7 0.3 L ���H��+\J���

!"2 3 � 4 c���!0�+���;��

X 2(% Y 2()���'5���\��_

-��]]�
�(��^^��< [24] &��

McManus��$�6LGD����-!"�-

� -!"�(C�_S_��!�"!�H
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Silver �< [25] X*�,�`W�����$�

�HH,)*
	aQHa�-!"2��2�

F����'�*d@9���bef#�c

d,#
W�!�QHa�

Robert *1 White  % Herriott  ����

�$��HO� !���
 [26] ��*�

�G Herriott  �" B E��b�� �X8G

��!"N[.�&�GD�;J�46��

Herriott  ��� Herriott  ��C+����

U&�� n �" B ������0� m �" B

�5�$�-�$+����@�0� D ��


 ���67X�� L ��JK-


L = 2n(m + 1)D (7)

�**�+\J���T*K$* 5 %&�

+ 5 Herriott ._ZCZ[1�5[`',+

* 5(a)� Herriott �" B6!�T*K�

* 5(b) �GD8�" B 6!�T*K� C1 %

C1′ #M����C�" B ��_��* 5(c) c

���T5� C1 % C1′ ��8��,GD2(

��&;�* 5(d) TU�"!ec�����

�E 0 5��5� 3 !���!"���!"

�ec8E':�$��-�* 6 cg8f&

� Robert  �#Æ,�
 �-���� �+

?#�
"!!-��]YÆd�e%�gf

�< [27] �
 Robert��$�h���d��7

20 cm 
��� 10∼100 m EH�)� !��

 �*1h�)�
�%0IYgP�
���

�
 +i CO �j��	
�;�� 10−6 �

Q�

dX��� White  � Herriott  ;N
�

��$%&��������+������

������

�eR� Herriott  GZe�

7(f�

3 w%uxyp
1991 /� Chernin[7] � White  ��k��

$��H !������*�$* 7 %&�

(a)

(b)

+ 6 (a)Herriott ._ZCZ[1�5[`'

,+� (b) fgC3[?ig.�5+

�
 ��6��QÆA�\h��"�

= '!"&��\h�8�AT>C"I=

CGD<���!0�4�6�� ("%G

"&��%�"<�#1�%i����>��

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.33, No.12, Dec 2012



6 � � 2012 # 12 $

�6���$�5%�-�("%G"���

��TM����j@����)�;�
N

7���";"�7k�����)�D07

m �A07 n �67��!07

N = 2(mn − 1) (8)

Steyert �< [28] �
�*�$�� 3m ��

��������@ 1km ���� Glowacki �

< [29] 9�
��
 'lj
kh%hl�D

����,#M�� 60 
 80 % 75 ppb ���=

��

�)��
 ����*�lm�SZJ�

� ���!0�)�>��(�0�$%��

��>+�X8PS5e �+����'A?

�E����;,7]>;mm��XOni�

4 w%uxyp
NJ Ofner �< [30] �$��H,� !�

��
 (CMR) ��*�$* 7 %&�

(a)

(b)

+ 7 (a)CMR 24',+� (b)CMR �5+

�>E A P�5�5� 5 !��8E G P

-�����������!07 2n–1 ��� n

7^X0�4 n ��

2nβ = ε (9)

CMR �=%7 6 cm���+J� 17.5!

���V 105 cm���� ��*�)*�Z�

PG�%;�'�����E#��j1�#

N
�+��* n
�,-�=6!i��!

"���2J�,����(��8 Bernacki [31]

% Manninen [32] #M'��D�&�� Bernacki

�,c=E,5���%���,c��
�

,c�66!%(,c�=6!M� !��

2��*�$+J�(� 1000 m ������

Manninen �<�
;�,3':�:� 6  �

'!"&����J.�,c��>5� !

��8E)�$-����+���*�$HS

Z,����$	�D� 13CO2 ������,

��� 4.3 ppb ������

<V;6� Pralle �< [12] �$��H�,

��
 ��E�,���@�P5�����

,�j@FQ���9j�4��@�P�>!

"��E!E!���N8E5��-���*

*�N
�($%�j�k��������

j/�

5 z{

TDLAS 
��+�����-=;L��

��������
 	�7����

A

#����o� TDLAS 
�����(��k

<������
 ����J/#���
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% Herriott  �&��$�����(*�%o

Xpkl+q��
 �$WX_Æ����

��
 �;�"*�� !
 (1) %�l


��-
��77*�HSZPG%nf� (2)

mK�;(
JS
(�lS%kn�o�cd

H����*:!�QH����^PS+q�

(3) K���H2p�p��D%K"�K��

�������o 8q+q�+���8��

 *�� [33] �
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