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�~�"�3¢Ô¥�ù	Ë�, ©Û
"��ú���Ë�A�, �éÙ�+¤Ë��A�Å�3 8—12 µm

�>^Å, À^~�� SiO2 Ú Si �0�, ¿3�Ä�gÚÑ'X�Ä:þ, �O
äk1f¬N(���Ë�æ
�. ê�O�L²: �ü0��� 4 �, ÙAÛþÝ©O� 1330 Ú 825 nm �, 3 8—12 µm ���Sk��î��
�Y. �ü0��AÛþÝO\, �Yù£, °ÝO\, ��½,. ��ü0��AÛþÝCzØÓ��L 10%, ��
Yo´�3. �0��ê� 7—8 �, æ�3þãÅ���S�î��Y®/¤, 0��ê2O\, �Yvk¢�5
�Cz. �Y(�é\���Cz¿Ø¯a.

'�c: 1f¬N, �Y, ù	Ë�, æ�

PACS: 41.20.Jb, 78.67.Pt, 42.70.Qs, 78.20.Bh

1 Ú ó

g1f¬N�Vgd Yablonovitch[1] Ú Jhon[2]

JÑ±5, ÙÕA5�Úå
<�4��ïÄ,
� [3−5]. 1f¬N���A:Ò´äk1f�Y,

ÏdªÇ?3Ù�Y��S�>^ÅØUÏL, <
��´Ï�|^ù�A5��õ«1>ì� [6−9].

,|^1f¬N��YA�, ��±mu�
A
Ï^å�æ�. �Xù	��Eâ�uÐ, �A�
k'ïÄ���5�õ�'5 [10−12]. "���;
.�/¡8I, &ÄÙË�A:Ú�A�¶-�{
äk�©��¿Â. �©�â"�3¢Ô��Ë
�A:, ¿|^1f¬N��YA� [13], �O
�
«d SiO2 Ú Si 0��¤�äk1f¬N(��æ
�. ¿3�Äü0��gÚÑ'X�Ä:þ, �é
"�3¢Ô¥¤Ë��A�Å�, O�
Tæ�3
�½Å���S�ß�Ç©O3ü0��þÝ!
0���êÚ>^Å\��ØÓ��Cz5Æ, �
räk1f¬N(��æ�^uÙ¦�¡�
k
Ã�&?. O�(JL², ��ÀJÜ·�(�ë

ê, d SiO2 Ú Si 0��¤�æ�Ò�±éÐ/¶
-"�3¢Ô¥¤Ë��>^Å.

2 ¢Ô¥"��Ë�A�

?ÛÔNÑ�Ë�>^Å [14], ÙoË�rÝ
d Stefan-Bolwtan ½Æ�Ñ:

M = εσT 4, (1)

Ù¥, M , ε Ú T ©O´ÔN�oË�rÝ!u�
ÇÚL¡ýé§Ý; σ ´ Bolwtan ~ê. ¢Ô^�
¥, "��Ü©Ïõ«�Ï§Ý©ÙØþ, Ïd
�Ü©�oË�rÝ�Ø¦�Ó. "��ëY�Â
���+�§Ýþ,é¯!eü�ú¿²wpu
Ù¦Ü , äkép�ù	Ë�rÝ, l¤�"
���A�Ë�. "��3��ì� 1 h �m
©�Â, ú��Â (z 4 min �u) 10 u��¿ª
� 6000 s �, 3 8—12 µm �Å���S�ù	¤
�Xã 1 ¤« [15]. lã 1 ��, Ï�+²w�	*
A�, ¦�§¤�"�ù	£O��I«��.

â©z [16] ��, °�Ô�¥, �.�Ü©"��
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v¤Ò´l{�uyÙ"��+m©�.

ã 1 ú� 10 u� 6000 s �"��+�ù	�

3 æ��(�9¶-Ån

æ�dü«0���÷þÝ���Oü�
¤, ù¢Sþ´��1f¬N�Ä�(�. 1f¬
N�;.A�Ò´äk�Y¦�
Å��>^
ÅØUÏL. eUÀJT��0�Ú�A�(�ë
ê, ¦"��+Ë�3þãÅ� (8—12 µm) ��
S, K>^Å�ß�Ç�", Tæ�Ò�±¢y�
AÅã�¶-.

æ�(�Xã 2 ¤«. duÙÄ�(�Ú��
1f¬N���Ó, Ïd, O�1f¬N�Y��
{���·^dæ�. � a, b ü0��ò�Ç©O
� na Ú nb, AÛþÝ©O´ da Ú db.

a b a b a b ...

ã 2 æ�(�«¿ã

dDÑÝ
{ [17] ��, þãæ��oDÑÝ

�

M = TaTbTaTbTaTb · · · , (2)

ª¥ Ta, Tb ©O´ a, b ü0���A�Ý
, Ù¥

Ta =

 cos δa i sin δa/ηa

iηa sin δa cos δa

 , (3)

δa = 2πnada cos βa/λ, (4)

(3) ª¥ ηa ´ a 0���B, (4) ª¥ βa ´>^Å
3 a 0�¥�ò��, λ ´>^Å�Å�, é TE

Å ηa =
√

εra/µra cos βa, é b 0��kaq�Ý

. e

M =

 T11 T12

T21 T22

 , (5)

Kß�Ç� [18]

T =
4η2

0

|η0T11 + η2
0T12 + T21 + η0T22|

2 . (6)

4 æ��ß�A�

O�¥ a, b 0�©O�~�� SiO2 Ú Si, �
¦O��(Jäk¢^5, 7L�Äùü«á��
ÚÑ'X, �ë�©z [19] ��, SiO2 Ú Si �ÚÑ
'X�©OL«�

na =1.4862 − 1.4456 × 10−5λ, (7)

nb =3.41696 + 0.138497L + 0.013924L2

− 2.09 × 10−5λ2 + 1.48 × 10−6λ4, (8)

ª¥ L = 1/(λ2 − 0.028), λ ´\�1Å�, ü 
´ µm.

4.1 000���þþþÝÝÝéééæææ���ßßß���ÌÌÌ���KKK���

�?Øã 2 ¤«�æ�3ü0��AÛþÝ
ØÓ�Ùß�Ì�Cz, da Ú db �Ä��©O
� 1330 nm Ú 825 nm, a, b ��êþ� 4. � da, db

3Ä��þCz 5%�, Tæ��ß�ÌXã 3 ¤
«. lã 3 ��, � SiO2 Ú Si �AÛþÝ©O�Ä
�þÝ (1330 nm, 825 nm) �, 3 8—13 µm �Å�
��´��î���Y (=ß�Ç�"). �ü0�
�AÛþÝ3ÙÄ�þÝþÓ�½©OO\�, þ
ã�Y�)ù£, °ÝO\. ��, �Y7£, °Ý
CÄ. lã 3 ���, ��«0� (ÃØ´ SiO2 �
´ Si) �AÛþÝCz, ,�«0��±Ä�þ
Ý�, �Y�Cz�¹�Ó. d	, ü«0��AÛ
þÝÓ�Cz'�«0�üÕCz�é�Y£Ä
�K��. 0��AÛþÝCz��, �Y�A�
Cz��²w. ���ü0��AÛþÝCzØÓ
��L 10%, K3 8—12 µm Å�����Yo´
�3�. 0�AÛþÝéæ�ß�Ì�K�L²,

dæ���"��+�ù	Ë�¶-á�, z�A
ÛþÝ�Ø�7L��3 10%±S.

4.2 000������êêêéééæææ���ßßß���ÌÌÌ���KKK���

�?Ø0��êéþãæ�ß�Ì�K�, ü
0�E�±Ä�þÝØC, � a 0� (SiO2) Ú b 0
� (Si) ��êCz�, þãæ���Y(�Xã 4
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� � � � � � � � � �� � � � � � � � � �� � � � � � � � � �� � � � � � � � � �� � � �� � � � � 	 � � � � � 
� � � � � 	 � 
� 	 � � � � � 

� 	 � � � � �  � �� 
 � � � �  � � � � � � ����������� � � �

� � � � � 	 � � � � � 
� 	 � 
� � � � � 	 � � � � � 

� � � � � 	 � � � � � 
� � � � � 	 � 
� 	 � � � � � 
� � � � � 	 � � � � � 
� � � � � 	 � 
� 	 � � � � � 


ã 3 0�þÝØÓ�æ��ß�Ì

� � � � � � � � � �� � � � � � � � � �� � � � � � � � � �� � � � � � � � � �� � � � � � � �� � �� � 	� � 
� � � �  � � ��  � � � � � �
� �

� � �

����������
ã 4 0��êØÓ�æ��ß�Ì

¤«. lã 4 ��, � a, b ü0��Oü��o�
ê�u 6 �, æ�3 6—16 µm ���Svkî�
��Y. �0�o�ê� 6, =(�� ababab �, T
æ�®3 9—12 µm �m/¤
î���Y. �X
0��ê�?�ÚO\, þã�Y��!áÅ>.
CÍ; >�.Üeü. ��Y�¥%Ú°ÝÑvk
�²wCz. ùL²d SiO2 Ú Si |¤�ù	¶-
æ�± 7—8 ��Z.

4.3 \\\������éééæææ���ßßß���ÌÌÌ���KKK���

�&?þãæ���Ý�A, da Ú db ©O
� 1330 nm Ú 825 nm, a, b ��êþ� 4. \��Ø
Ó�, þãæ��ß�ÌXã 5 ¤«.

lã 5 ��, �\�� θ 3 0◦—80◦ �mC
z�, 8—12 µm m�î��Yo´�3, \��
��, �Y>��Í�. Nã��Ù/L², \�
� θ 6 20◦ �, �Y�CzØ�. �\��?�ÚO

�, �Y�!áÅ>�þ�)7£, ÏáÅ>��
£ÄÇ�u�Å>��, ¤±\����, �Y°
Ý�°. ±þA5L²þãæ�äk�Ð��Ý°
NÝ.

5 nØ©Û

þãæ���Y�z�0��AÛþÝÚ\
�� θ �Cz5Æ, �lnØþ��{�©Û.

lã 3 ¥��, �Y�>.dÙ�!áÅãß
�Ç� 1 ?� �û½. dDÑÝ
�A:, ��
±Ï ab DÑü��DÑÝ
�

TaTb =

 m11 m21

m12 m22

 , (9)

K1�a�'ÈÅõ��nþ [20] �

x = (m11 + m22)/2. (10)
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� � � � � �� � � � � � �� � � � � ��� � �� � �� � �� � �� � � � � 	 
 � � � ��� �� �� � � � � � � � � � � �� � ���� �
ã 5 \��ØÓ�æ��ß�Ì

d (3) ª9 b 0��A:, O���

x = cos δa cos δb − 1
2

η2
a + η2

b

ηaηb
sin δa sin δb. (11)

Ï SiO2 Ú Si � ò � Ç þ � � �, � � é ^ �
Ç µra = µrb = 1. � > ^ Å R � \ � �,

k ηa = na, ηb = nb, δa = 2π
nada

λ
, δb = 2π

nbdb

λ
.

3 SiO2 Ú Si ü 0 � A Û þ Ý © O � 1330 nm

Ú 825 nm , ¿�Ä�§��ÚÑ'X�, ²O�
k δa = δb = δ, K (11) ª{z�

x = 1 − (na + nb)2

2nanb
sin2 δ. (12)

d�'ÈÅõ�ª�5���, � x = 1 �, ü�
DÑÝ
 (9) ª�ü 
, ß�Ç´ 1. - x = 1,

d (12) ªk sin δ = 0, δ = kπ. Ï δ = 2πnd/λ,

k nd/λ = k/2 (k ��ê), =

λ =
2n

k
d. (13)

d (13) ª��, ÃØéu a 0� (SiO2) �´ b 0
� (Si), d O\�, ¦Tª÷v�Å� λ C�; ��,

Å� λ Cá. ùÒ´�Y� a, b �AÛþÝCz
£Ä��Ï.

éu\��´ θ ��¹, a �0�¥�ò�
� θa ÷v

θa = sin−1
(n0

na
sin θ

)
, (14)

K δa = 2πnd cos θa/λ, d (11) ªÚ�þ¡aq�
©Û��, ¦�'ÈÅõ��nþ x = 1 � δa Ú δb

÷v

δa = 2πnada cos θa/λ = kπ, (15)

δb = 2πnbdb cos θb/λ = kπ. (16)

d (14)—(16) ª��, a, b ü0��AÛþÝØC
�, \�� θ O\, θa Ú θb �O\, cos θa, cos θb ~
�, ÷v (15) Ú (16) ª�Å� λ �ÑCá. ùÒ´
\��O��, �Y7£��Ï.

6 ( Ø

©Û
"��ú���+�Ë�A�, À^~
�� SiO2 Ú Si �0�, ¿3�Ä�gÚÑ'X�
Ä:þ, �é"��+3ú��Ë��A�Å�
3 8—12 µm �>^Å, �O
äk1f¬N(�
��Ë�æ�. ê�O�L²Tæ�äkXeA
�: �ü0��� 4 �, �ÙAÛþÝ©O�Ä�
þÝ (1330 nm, 825 nm) �, 3 8—13 µm ���S
k��î���Y. �ü0��AÛþÝO\�,

�Y�)ù£, °ÝO\; ��, �Y7£, °ÝC
Ä; ü«0��AÛþÝÓ�Cz'�«0�ü
ÕCz�é�Y£Ä�K��; ���ü0��A
ÛþÝCzØÓ��L 10%, K3 8—12 µm Å�
����Yo´�3�. �0�o�ê� 7—8 �,

Tæ�®3 8—12 µm �m/¤
î���Y; �
X0��ê�?�ÚO\, þã�Y��!áÅ
>.CÍ, >�.Üeü, ��Y�¥%Ú°ÝÑ
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vk²w�Cz. \�� θ 6 20◦ �, �Y�Cz
Ø�; �\��?�ÚO�, �Y�!áÅ>�þ
�)7£, �Y°ÝO\, \����, �Y�°,

3 0◦—80◦ ���S, 8—12 µm m�î��Yo�
3. ±þA�L², ^ SiO2 Ú Si �0�¤�¤ä
k1f¬N(��EÜæ���"��+�æ�

�, eo�ê�� 8, ü0�AÛþÝ�Ø���
3 10%±S, Tæ�ÒUéÐ/¶-�+¤Ë��
Å�3 8—12 µm m�>^Å, �äkûÐ��Ý
°NÝ. ±þ(Ø�Tæ�ù	¶-�?�Ú¢�
ïÄJø
kÃ�ë�.
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The design of tank coating based on photonic crystal∗

Li Wen-Sheng† Luo Shi-Jun Huang Hai-Ming Zhang Qin Fu Yan-Hua

( Department of Basic Science, Hubei University of Automotive Technology, Shiyan 442002, China )

( Received 16 December 2011; revised manuscript received 11 January 2012 )

Abstract

In order to reduce the infrared radiation of tank in actual combat, characteristics of tank barrel radiation after low speed firing

are analyzed. Common SiO2 and Si are selected as the mediums according to the barrel radiation characteristic wavelength of 8–12

µm. With the consideration of the dispersion relation, an insulating coating with photonic crystal structure is designed. Mathematical

computation indicates that when the two mediums each have 4 layers and their geometric thicknesses are 1330 nm and 825 nm respec-

tively, there will be a strict band gap of 8–12 µm. When the geometric thicknesses of the two mediums increase, the band gap will have

red shifts and the width will increase, and vice versa. As long as the geometry thickness variations of the two mediums are less than

10% , the original band gap will always exists. When the mediums are of 7–8 layers, the coating form a strict band gap in the above

mentioned wavelength range. With the medium layer number increasing, there will be no substantial change with the band gap. The

band gap structure is not sensitive to the change of incidence angle.

Keywords: photonic crystal, infrared radiation, band gap, coating
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