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Á� |^“>få�u�È��)�Eâ+lfåí��È��)�Eâ”!“HfO2/SiO2 +Al2O3/

SiO2 +M-SiO2”EÜ1Æ�X�OEâ!400◦C×4hp§?nEâ, ï��SR-FEL°�nº1Æ�

X3355nm¥%Å��ýé1Æ��Çÿþ��R(355nm)=99.45%, ��1Ì�°ÿþ��∆λ

(R > 99.00%)=75nm; ï��355nm/248nmV�nº1Æ�X, 3355nm¥%Å�, Ùýé1Æ��

Çÿþ��R (355nm)=99.69%, ��1Ì�°ÿþ��∆λ (R > 99.00%)=59nm; 3248nm¥%Å�,

R (248nm)=98.21%, ýé1Æ��Ç1Ì�°ÿþ�∆λ (R >99.00)=9mm, ∆λ (R >98.00%)=33nm.
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 � « E Ü . ° � � V � n º 1 Æ � X.

“HfO2/SiO2+Al2O3/SiO2+M-SiO2”, ±B¦ù«n

º1Æ�XÓ�äk�pýé1Æ��Ç!��-1

Å�N���!�p|-1�úK�!��Ð�|

ÓÚË�Øòz5U. éu¥%Å��355nm�°�

nº1Æ�X, Ù1Æ�X(��“Sub-LL(0.5H-L-

0.5H) 12/88.75nm-(0.5H′-L′-0.5H′) 25L′L′-4L′/80nm”,

Ù¥�SubL«nºÄ.á��LK�=, HÚH′ ©

OL«ØÓ1ÆþÝ�HfO2 1Æ��ÚAl2O3 1Æ

��, LÚL′ L«ØÓ1ÆþÝSiO2 1Æ��. Ù

nØ�O��ýé1Æ��ÇR=99.90%, nº1

Ì�°�∆λ (R>99.00%)=80nm; éuV�nº1Æ

�X, Ù1Æ�X(��“Sub-LL(HL)11/88.75nm-

H(LH)11/62nm-H′ (L′H′)20L′L′-4L′/53nm”. Ù n Ø

� O � �, 3 355nm � 248nm, R=99.90%, ∆λ

(R>99.00%)=40nm. nº|-1�úK���ED

=5J/cm2.
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. ¤±, 3��8ïÄó�¥, À^
>få

�u�È��)�Eâ�lfåí��È��)�
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5�È)�nº1Æ�X±¼�k�1Æ����

|-1�ú1Æ��; |^lfåí��È)�E

â, 5�È)�nº1Æ�X�|ÓÚË�1Æ��

(M-SiO2), ¦nº1Æ�X�Ôn�O�ï�Eâ�

�KÜ3�å.

Ó�, du1ÆÛ�ÅØ=´|^���È)�

Eâ�¤nº1Æ�XÔn�O, ��´k���

���È)�L§ëê!¢ynº1Æ�XÔn�

O�I!¼�E5Ð�¢�êâ��y. Ïd, 3

SR-FELnº1Æ�X¢�ïÄ�ï�¥, ¦^
�

I)��LEYBOLD-APS-1104.>få�u�È1

ÆÛ�Å, �{I)��VECO-SPECTRA-IBS.l
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�L1. 31Æ���È)�L§¥, �
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, 3���È)�L§�

ý�Û�¿'\�½Ør��í, �L1.

L 1 SR-FEL-1��nnº1Æ�X��È)

�Eâ�ëê

�ª ëþ ê�

V (HfO2) 0.5nm/s

V (Al2O3) 0.5nm/s

>få�u�È)��ª V (SiO2) 0.6nm/s

TD 185◦C

P (O2) 1.5×10−4mbar

V (M-SiO2) 0.3nm/s

lfåí��È)��ª TD 120◦C

P (O2) 4×10−4mbar

p§9?n^� 400◦C×4h

��, 3�¤
nº1Æ�Xá���È)��

�, é�¬?1
400◦C×4h�p§?n. Ù�Ïk3:

(1) du3��n.ó��ªe, SR-FEL�Äª1å

3nºþ�1��»31—3mmêþ?. Ïd, p·

�õÇ�Ý!pEªÇ!SR-FEL-1óÀò¬3

nºþ4���S�)AzÝ�p§�p§ÝFÝ.

ùÒ�¦nº1Æ�Xäk4Ð�§Ý½5; (2)

3��1ÆEâïÄ¥, <�uyü�1Æ��3p

§?n�, 1ÆßLÇO\
[8]

, =1ÆáÂÑ�eü,

�|-1�úK�O\
[9]

. ù�:�´SR-FELu

Ð�áÅ�-1¤Ï��; (3) p§?n��±ü$

nº1Æ�X���3�9Aå�9AåØ²ïÝ,

Uõnº1Æ�X�åÆ5U. Äuù
Ïê, éu

�¤Û��nº�¬?1
p§9?n. 9?nL

§�ëê�, 3�í�¸e, ò���¬�p§¬l

¿§\9�400◦C, §Ýþ,FÝ�70◦C/h. ,�, 3

400◦C^�e, ð§4h�, 4Ùg,e%�¿§, gF

<Ñ?1ÿþ.

4 Ônëêÿþ�1Ì©Û

3UV/DUV-1Å���, du1Æá�é1�

áÂO�, nº1Æ�X�ß�1Ì®²ØU��k

�/�Anº1Æ�X�ýé��1Ì. ¤±, �
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4.1 °�nº

éu°�nº1Æ�X, 3400◦C×4hp§9?

nc��ýé��Ç1Ìÿþ(J�ã1�L2. dã

1ÚL2��, 3p§9?n�, 3355nm¥%Å��

ýé1Æ��Çÿþ��R(355nm)=99.45%, 1Ì�

°ÿþ��∆λ (R >99.00%)=406nm−331nm=75nm;

3p§9?nc, 3355nm¥%Å��ýé1Æ�

�Çÿþ��R
′ (355nm)=99.60%, ��1Ì�°�

ÿþ��∆λ
′ (R′ >99.00%)=401nm−333nm=68nm.

d¢�ÿþ(J��, nº39?n�, 3R >99.00%

���1Ì��S (406nm—331nm), Ùýé��Ç

Oþ��â²þ��0.39%, ýé��1Ì��°O

þ�∆λ−∆λ
′=7nm, �ã1(b). ùL²¤ï���

¬, Ø=F4
400◦Cp§�¸, �ÏLp§9?n

3k���1Ì��Sü$
nº1Æ�X�ýéá

ÂÇ, Jpnº1Æ�X�ýé��Ç!*Ð
nº

1Æ�X�1Ì�°, ¦SR-FELäk
�°�-1

Å�N�����p�-1J��Ç.

ã 1 ¥%Å��355nm�SR-FEL°�nºýé

��Ç1Ìÿþ(J(a)�3400◦C×4hp§?n

c��ýé��ÇÚ1Ì�°�Cz(b)

Ù¥RL«�¬3²{400◦C×4hp§9?n��ý

é��Çÿþ(J, R′ L«Ã9?n�¬�ýé��

Çÿþ(J.

L 2 ¥%Å��355nm�SR-FEL°�nº1Æ�X3�
Å��ýé��Çÿþ(J

λ/nm 406 405 401 400 355 341 333 332 331 330

R/% 99.02 99.10 99.55 99.67 99.45 99.73 99.67 99.64 99.38 98.88

R′/% 97.89 98.02 99.01 99.25 99.60 98.65 99.02 98.53 97.73 97.17

∆λ/nm ∆λ(R > 99.00%)=406−331=75nm, ∆λ′ (R′ > 99.00%) = 401–333=68nm

Ù¥�RÚ∆λL«�¬3²{400◦C×4hp§9?n��ýé��Çÿþ(J, R′ Ú∆λ′ L«Ã9?n�¬�ýé��Çÿþ(J.

4.2 V�nº

3°�SR-FEL-1��n1Æ�XïÄó�

�Ä:þ, mÐ
V�nº1Æ�X�ïÄó�.

nºÄ.á�E,�LK�=. 3400◦C×4h9?

n c � � ý é � � Ç 1 Ì ÿ þ ( J � ã 2 � L 3.

d ã 2(a) � L 3 � �, n º � ¬ 3 p § 9 ? n �

�, 3¥%Å�λ=355nm�1����1Ì�S,

ý é 1 Æ � � Ç R � � � 1 Ì � ° ∆λ � ÿ þ �

�R (355nm)=99.69%�∆λ (R >99.00%)=373nm−

314nm=59nm, Ôn�I�ã1(a)��; 3¥%Å�

λ=248nm�1�����S, R >99.00%���1Ì

 u (275nm—272nm)� (240nm—234nm)Å���

S, ∆λ (R >99.00%)=9nm. 3248nm¥%Å��ý

é��Çÿþ��R(248nm)=98.21%. Ú1���

�1Ì��'�, 31�����S, ýé��Ç©

Ùu98.05%—99.17%��S. Ù¥R >98.00%���

1Ì u (283nm—259nm)Ú (241nm—232nm), k�

1Ì�°�∆λ (R >98.00%)=33nm. ù
�OL²,

3DUV1Ì��S, á��1ÆáÂ�AO�.

�éu9?nc�ÿþ(J (ã2(b)�L3), 3

373nm—314nm��S, 9?n���¬Ùýé�

�ÇOþ��â²þ��0.73%; 3283nm—259nm

��S�1.04%. dd��, ±LK�=�nºÄ

.á��, Ùnº1Æ�X, 3²{p§9?n�

�, äk�c���-1Å�N���!�pý

é1Æ��Ç!�Ð�Fp§5U, �±÷vSR-

FELé-1��nnº1Æ�X�Ä��¦. d	,

3∆λ (R >99.00%)=240nm—234nm�1Ì��S,

R(λ=234nm)=99.12%�p��Ç`²Al2O3 E,´

DUVÅ���S��Ð1Æ�Xá�, ´?�ÚïÄ

�ï��áÅ��SR-FELnº1Æ�X�Àá�.

ã 2 ¥ % Å � � 355nm Ú 248nm � V � SR-

FELnº�ýé1Æ��Ç1Ìÿþ(J

Ù¥RL«�¬3²{400◦C×4hp§9?n��ý

é��Çÿþ(J, R′ L«Ã9?n�¬�ýé��

Çÿþ(J.
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L 3 V�SR-FELnº1Æ�X��1Ìÿþ(JÚ��1Ì�°

λ/nm 373 364 363 355 330 323 322 316 314 283

R/% 99.17 99.73 99.79 99.69 99.46 99.30 98.97 99.09 99.07 98.22

R′/% 97.54 98.83 99.01 99.14 99.04 98.87 98.77 97.81 98.39 96.45

∆λ/nm ∆λ (R > 99.00%)=373−314=59nm, ∆λ′ (R′ > 99.00%) = 363−330=33nm

λ/nm 275 272 271 259 248 241 240 234 233 232

R/% 99.19 99.12 98.89 98.05 98.21 98.83 99.17 99.12 98.82 98.09

R′/% 98.16 98.42 98.19 97.41 97.01 93.61 98.11 98.53 97.98 96.72

∆λ (R >98.00%)=(283−259)nm+(241−232)nm=33nm, ∆λ (R >99.00%)=(275−272)nm+(240−234)nm=9 nm,
∆λ/nm

∆λ′ (R′ >98.00%)=(275−271)nm+(240−234)nm=10 nm, ∆λ′ (R′ >99.00%)=0.0 nm

5: RÚ∆λL«�¬3²{400◦C×4hp§9?n��ýé��Çÿþ(J, R′ Ú∆λ′ L«Ã9?n�¬�ýé��Çÿþ(J.

5 (Ø

lþ¡�¢�ïÄó�(J��, |^EÜnº

1Æ�X�OEâ!>få�u�È�lfåí��

È��)�Eâ, ±9'�Eâ, p§9?nEâ, ï

��“HfO2/SiO2+Al2O3/SiO2+M-SiO2”V�nº1

Æ�X�°�nº1Æ�X, 3248nm�355nm¥%

Å�, Ùýé1Æ��Ç�-1Å��N���, Ñ

®²���c��ÐïÄY². ?�Ú���ó�´

UõV�nº1Æ�X3244nm?�ØëY5, �Ñ

HfO2 1Æá�3220nmáÂ��?�5�Ø|K�.
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Development of the Broadband and Dual-band Cavity Mirrors for

SR-FEL at 355nm and 248nm *

GAO Huai-Lin1 WANG Nai-Yan2 WANG Dong-Lei1 WANG Yong1

1 (Institute of Electronics, Chinese Academy of Sciences, Beijing 100080, China)

2 (China Institute of Atomic Energy, Beijing 102413,China)

Abstract The cavity mirrors of the storage-ring free-electron laser (SR-FEL) at 355nm and 248nm central wavelengths

have been developed with the technologies of electron-beam evaporation deposition and ion-beam sputter deposition.

The mirror coatings consists of “HfO2/SiO2+Al2O3/SiO2+M-SiO2”.The absolute reflectance and frequency-tunable

range at 355nm are R=99.45% and ∆λ (R >99.00%)=75nm, respectively, for the broadband resonator mirror. For the

mirror with the dual-central wavelengths, R=99.69% and ∆λ (R >99.00%)=59nm for the first band at 355nm; For the

second band at 248nm, R=98.21%, ∆λ (R>99.00%)=9nm and ∆λ (R >98.00%)=51nm.

Key words storage-ring free-electron laser, cavity mirror coatings, electron-beam evaporation deposition, ion-beam

sputter deposition
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