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Abstract: The research and achievements of high performance polarizer coatings by many scholars a-
round the world are reviewed, including the spectral properties, laser damage threshold and stress
control. For the performance requirements of polarizer coatings in China Shenguang series facilities, it
describes the investigation of spectral properties, laser damage threshold, and figure accuracy of the
polarizer coatings based on electron beam depolarization by Shanghai Institute of Opitcs and Fine Me-
chanics of the Chinese Academy of Sciences(SIOM). Much work and achievements on design, prepa-
ration and past-treatment of the coating are given. On the basis of the research achievements, high
performance thin films polarizer with low defect density and low stress have obtained. The Brewster
angle thin film polarizer developed by our team has participated in the International Laser Damage
Competition held on the SPIE 2012 Laser Damage &. SPIE 2013 Laser Damage Symposium. The p-po-
larized LIDT( Laser Induced Damage Threshold) as well as the average of p-polarized and s-polarized
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LIDT achieves the best results. The stress-induced crazing of large aperture polarizer coating is also

solved, by which the manufacturing of large aperture polarizer is implemented in China, showing the
spectral properties of Tp>>98% , Rs>>99% and the flux property of 17 J/em” (9 ns). Now, the pre-
pared large aperture polarizer has supported the stable operation of ShenguanglI-UP laser facility.
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Fig. 1 Measured spectra of thin film polarizer
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Fig. 2 Damage threshold of multilayer dielectric

coatings by two different HfO, premelt

processes

FERRZ —. MNBBE W8 R kA, L
HIO, 1 SiO, R w146 Al 4 0 52 AR & b i
RS S NES oY o Y= UNHIE AT E (8 i
Fp 8 S b . O T 3 — 2D BR AR AR IR 1 2 v i)
R G EE L FRATIN 2010 4 FF IR A 5T DL 4 8 HI B
& HIO, 1E NV RSE M R PR T 2. e R
HIE 1B 00 16 8 BB LR AR A 1 %8, & )8 HI
b HIO, BA B & i #5354 )8 HIAE R w)
LR bR BE 85 AR 15 25 B T ) HOIR A RE L R AR T B
R R AETE 22 7R LR, YT T 5 S50k ) 5
AUk . Hk .5 HIO, AL 48 Hf A7 3
A afAE 2 D g5 A AR AR i R, AR HIO, MR
—FES R AR R MK, T RS T 6 7 L b 1 T
AE H B A ORI R Sk . B L FE 42 B HE MR
5 K VA SHE IR T B A A 00 A R T R B A A
R R Z A AR A SR, AN R
G J@ HE A g #0046 5 I B4 R g 08 4K 45 35 57 16 b1 Rt
BRI,

fE4JE HE (1 T2 058 Jr . BRI Ol 28
T2 et 2 4 @ HE TR Bk i A 1k
B A SR} 1 28 K M 30 Gt S5 TR — BB R,
T4 E HE BA 8 &S5, 28 & Mk R
FR R, O XE 5 K v AT B 3 5 1 BRSO ) L A M
BB G T A RS AR LS, R
BXE B T B 0 AR T L 7 A Y T R A 8 4 A5 T
FRTE S 50 300 % 4 B BE -0 28 o DTG 76 L2 e 5
AT B . R A X 2 Y R
B 2 B AT RGN L 25 SR an i 3 B, it fi b

10
f"l_ 8‘
g 6
2
3
|-+ ]
c 2‘J_-_-__i
U_
0 1 2 3 4 5

Sweep pattern number

P 3 < i v R AU A TR B R T Y

1/,
AL

Fig. 3 Influence of Hf electron beam scanning track

o

on defect density of samples

TR, TR R 4 pm 2 E T
TR R B 2 N 2. 4 S /mm® FEAEE] 0. 6 4>/
mm? , FF TR T 1 8 SOE A5 405 B9, 2 [&]
4 R .

45] ,
- ®  Sweep pattem |
=
% 36/ —4— Sweeppattem2
% = Sweep pattem 3
£ 771 *— Sweep pattem 4
=
z 18
it .
£ A
e 94 A
= .
0l | WYY & B RSB R
0 25 50 15 100

Fluence/(J-em2)

PR 4 4 Ja 0 v SR 0 030 0 A i O 4545 R (B 1Y
Al
Fig. 4 Influence of HI electron beam scanning track

on laser induced damage threshold of samples

3.3 FariE

INS R ERWNIn DO 4 TR AN T I B i AL e
RED RN 2 B ny R 3547 7 RS M5 5 2
B R IBUT — 2R 91 45 it A 280t 410 ) T ik B
(972 A IR TTAE 4y 1k AT A BE 56 4 30 i A b 1
BRFE . BT XX — R, BIF SN D S Ak B
BOR AR 2 B b 8 7 — e Ot E = R
ot A TR )22 0 it B o AT 8 3] 42 v T8 FRE RO 488 4
B EH W, BRSPS T RN E B T
TR B K ARG 25 TT A O AL 317 & 5 L 4F
W T —METEFIEAIE AR M5 T X



2912 b=

%24

3 AR X S ol ke B RO 45 40 B AL ) 520
3.3.1 mAMmAE

Pl 5 S LT AT A 1 N R AR
FIUFHOL AL B &, BATE B iZ-F S 12 A
FRICTFRE T WOt A #LJ5 T AT 5¢ TAE . Jorksk
o el P A1) e e v, — s RLBE S L P ) A R 4540 A
IA 22 3 R O A A, B 2 1A DL R SR
J5 S B TTAF B 7+ DRI R 450 i B A AR AN 22
X TG 4 fei P A R S P Y B . SO AR
B AR HR 3458 43 1 B A7 AE o AEL 458 03 0 o0 1 R
K PR B THT 32 W o6 0 42 ) 7 2% 8 IE 5 18 AT 3 2L I
L P BIVAS 7 A DI RE AR 46 003 9 TR 1

—

5 iU Y E R G e
JETAL B
Fig. 5 The first set of large-aperture optical compo-
nent laser conditioning platform produced by
SIOM

R B B 23 5 T A A N B Y A R A e
T3 O T A B 2 A F T Y R iR Y
RE B, A A5 A 50 25 B 1 988 SR s o 1 B8 )22 7 52 T g 1Y)
WOtRE . M T LL 50,6 J/em® (1 064 nm, 5
ns, i i) B AR AR AL 2 6 OE AL 2 3
50.6 J/cm?(1 064 nm,5 ns, ME) JGHEMINERS
TR Tk 497 1 K A RS B s b, Rl 6
IR DR % 45 B AR pe ik L AR T —
A B i o 3 3 98T U Ah B R LA AR AR 4 S T 1R b ok
7 L A8 TR T 1 0 S e PR B A . SRS T
PR b IR YT R R o S S i . BIF SR AR R
el b5 OGBS B Y 5 IO U0 AH O 0Ok
o PR B R K, T 4 58 okt DX B RS 4l
N NS S N R R Y SR A+ S ANy o
ot DX 3, 4D 3 1 R % RE N R R TV R R 1Y
400 18 {8 T3 A U R 9 4R T Y RE

PEL 6 A SR i Rl TRAL S S R T A543 1 1L

Fig. 6 Damage morphologies of sample before and

after laser conditioning

i A oty 02251 74090 ke o 7 G o R 30 55 55 T
K o b S UBORITBR b KOS 4 W 7 de /N B JE LN 5 3B
R AR BUAL FRALCR . X T/ B O Ak
PR A B )t 2 5 225 S8 A — A T AL, 4k
B[] AT BT IRAR BT ik 2 45 Ak
HR G E BT RIETT

3 W A e 48 107 32 R ) S T B 22 110 Bk L
e o 5 TR 5 R ) IS 28 e o i JHL 1 {1 R o0 st 55
ZWE IR 26 2 B Bk b /D W RE B B 0 O R BR
BREEEDRMRRE A B, X AT LI B S £
3 [ AR A 3 0L A T AR R ASOR L B RS S R
e B AR T Bl AL FRACR . BOL AL PR AY B
JG—ABER B B 0 1, — R IO R T AR
TORMBER G B, — 05w RL R T
AE HE 1 e B, 53— O 1D ] DS DR i 2 A i A2 T
FEEOR U RE I B AR AR . R T R B B U A E
FRHO TA B T 25 AN (E REAZ 25 B 19 8 BB sl /)
o8 Tl 453 1 ) K E R RUST L i RE A% 3K B S 56 T 1 Y
PUHOLH O TR H 1Y
3.3.2 BTEaR

5O BAL B AR L, BT b B 2
RCULTE A R0 A 9 JE v ) ol e o 8% 82, 488 o v
WA BLHOC B RE J1 . 88 T )5 Ak 3R AL 19 il
A 0 45 2 A 5 g R Ak 2 A T DR 5 R )2
MR BB R . 5 O T BEAE L L B T R Ak B
HATP R s (—) ] UTE B IS ) 25 %
FR S 1 U B R M T AT B T RS AR B fif
FHEE 0 0548 5 () B 1 SR R S A 45 o R — A
ZA B IR AT LU 5 B R AR W T FE I
REL, WFTEs R R W, B 7 J5 ib B AR 4% e IR 15
% TH] 1Y T2 (00 T S ke I 25 B2 5 DAL T o A )22 1k
WA 32 T A 3 4R g R () OB B
TR . A AR RE R TR S o v R T
7 A A L R S A R i S A v I [ 4



%12 4

AR TGRS 45 ¢ P RE D 41k B B4 0T o 2913

SER BT AL FRE RE % 20 R A BOBOL M A
Al i B9 AR 22 114 2 TR KL JBE A0 DA oz ) 2

100
901 1 Tated
80+
704
60+
50
40+
304
204
10+
)+—=— e T T :
10 20 30 40 50
Fluence/(J-cm2)

- i I

7
-

Damage possibility/%

1 064 nm,12 ns

Bl 7 B AR5 A SRS R A A X L
Fig. 7 Damage thresholds of sample before and after

ion treatment

g4 LR wF 5T 0F 09 e B SR 2012 4 RN
2013 4F SPIE #0t #i £ ¥ PR 23 3L (SPIE Laser
Damage) 2H 211 4= BRM: it 41 5 5% 0 458 43 1 7K OF
T B8 I LE IS p 43 0 1 (ECR T 345 47 A
AEMSS SR, SPIE OB EFE SN ESTH
I 50 4R 1 Iy s L AR 3R A G SE RO 45 F 5 4
Sl [ B e i KO SE RS R A L SRR L7
E A s E LA 6 NERMN 17 KRS TR,
A 45 5% [ S W [ 5 90 56 & L A LA RO b
> \CVI MellesGriot, ¥ #§72> &l K & JEHL AT [H
TFKF RRERR 28 7R )1 B B8 B R A BRA
il 45 22 2 W N AMIF S LR B8 ]

4 \mHHEE

BB DT I TR 1) AR A O — R A TR
W 5 T B AR R L LR R A O
2 J2 IR B A G s DL RS S AT i BE 05 S
W2 BATIEE R )88 e T L )2 R g
Pl A LA 22 2 L 108 G 53 M 2 J LA I T
FIOIRSE S BT D 4 B8 T FE 1) A 4 7
4.1 BEREAEHHEAR

HEM IV T R E S IR T 1R N ) R E Y B A
PFAEFERRN S AT E WS 00 T JCiE ] 4 ) o
R ) 6 T2 I G ik A ) 9B G A TR A Ak
BEXS X — AR, b C LT $R T — b R T B
PR Ak B 0% S5 i TR AR A P B ARG 38 5k L o B
PR A PR AR XoF BE R HEAT O 6 o 30 5 A S o
Ao R HE ARV, ) AR RE W R AT R B S T R i

JLIFTE PV R Power A8 fh 4k f) f2 i 42 il 25 2
I 8 R,

el

5 ;

' PR ]

2 A
T 15
£

| |

05

Jdidddadadddddddatdd 11044, 410

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Number
(a) FAAE B4 4b B 17
(a)Before heat recycling treatment

0.16 N

0.14
012
~ 01
= 008
2 006
0.04
0.02
0

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16

Number
(b) TG F 4k B2

(b) After heat recycling treatment
B8 #MAFFRAL PR SF 120 mm X 88 mm Ju 4 i
PV 722 1L 1 4L
Fig. 8 PV values of 120 mm X 88 mm component be-

fore and after heat recycling treatment

4.2 BREENAESKRAR

E VA AR R B A 11 DL T L O
2RO Kb PR 5 e 2 5 R R R R 2 Y A
R X T AR A W L ) R AR R

IR T UURR LS | B R R i I BE 45 TUAR

500

400+ _
300 I /

2001

Residual stress/MPa

100+ —c— Fa 1 LI
—e— BKTHERF LIS

50 100 150 200 250 300 350
Deposition temperature/'C
B9 HIO, B RN ) BE DT R B 19 224k

Fig. 9 Variation of HfO, film stress with deposition

temperature



2914 b=

5 24 &

WE 9 PR ARV EZ 1.0 X107 Pa Y
MR UL BK7 LA 33 K By R 40N
530 nm [ HIO, Hu2 B84 5 Bk ), H S 3K
M BEART 280 “C Y, N Jg B 5 IV Ik B2 1 s i
BRI . YRR B B — P TE s F 350 °C Y,
P2 N 7 T B D DR AE T . 7R A Y 2 G R
T HIO, HREE BAE & A Y I T & #] 350
CHF HEO, RS 20 1 B Rk A 2, W R 285 b (i 75
JRE 22 82 3 A i T o o DOARAE A S R I b ) ik R
N K R A BKT Bl B IS S A — S, E
FIE AR AR

=100
-200f \
g —— .
S =300¢
Z
& —400f
an
~500¢
—600F
180 210 240 270 300 330 360
Deposition temperature/C
(a) p=4.0% 10 Pa
50
o~ 0 I
(=™
% ol /
§ -
= 100
E]
S -150+ *
2
=200 ¢
—250 L L i L " L
2 4 6 8 10 12 14
Oxygen partial pressure( X 107 Pa)
(b)t=400 C
[ 10 SiO, 52 R bl 35 IV T 3 0 4000 R 1 A 4k

KHR
Fig. 10 Variations of SiO; film stress with substrate
temperature and oxygen partial pressure re-

spectively

SE LW

[1] STOLZ C J. Brewster's angle thin film plate polarizer
design study from an electric field perspective[ C]. Op-

tical Systems Design and Production, International

5 HIO, HZEBEAFE, Y SiO, 1T H 25 B
H4.0X 107" Pa i}, B JE R TR BE M 190 °C F+ i
) 350 °C, SiO, B2 52 3 B R B R 1Y R R
J1. 00 10Ca) firs . Y EENCIRE A 400 °C B, Bifl
LV E 25 3. 0X 10 ° Pa 2846 3] 13. 0 X
107° Pa, 52 F7 /1 FE R 77 28 Sk i g, &1 10
(b F7R .

RS R, HIO, 1 SiO, B2 R Y B A1
5T S EOA M K AR DG & L 3 2o 9 5 X 2 T
S ERE A o2 2 2 B N T
4.3 ZEERABEIMEEHEAR

Z 2 W L 1 B T 9 B 3] 22 ol ISR Ak g 4R
WS A A Z I W T 2 A~ P 1 )2 DE
[P R, My B B LE R R TR & 2, AR HAO,
FSIO, B2 BN R L 45 G IR B A B
JR R AT Z R R R ) DR R e TR
7 i 4 B )2 e S ) A R ) L ST R R 1
AR B e M TE B AT (28 . 3% R R 11 4% i
R PV AEME T 0. 7047 1 8 T 3R E ok
II-UP % & AR E BT .

5 BHE&LH5ER

JGIE VR A (A 5 TR B = A 5 T Y
PE BB P& T f 22 8 2y 2RO RS I8 e i)
Jiml. 4ot Z A BRI HLET 7R
AE i B BEAE ) 5 T IROAS T KR I E R . R R4
TR i R TR B [ T 1 JEL B L 5 Ak SR b 5 IR T
—Hit 5 T B VIS A 1 SE R A X 4500 L OF T if 4
T B Ak 35k 6 B i AF 5 BLARL f e T R AR A
P REAE DT Pk B 3 3 10 6 0 iy g 42 A D A B
AR R, A O PR B G 7R A BRSO R v
FErp BUS f g L BT K AR R AR B A
TCB AR, R H AR R R R R
Tp=>98% s Rs=>99 % i Mk g BE oK A1 17 J/em”
(9 ns) Y38 21217 25K . IR EHOE 1T (SGIT-UP)
RO B AR E B TR T PR,

Society for Optics and Photonics, 1999 347 -353.
[2] OLIVER ] B, RIGATTI A L. HOWE J D, et al..

Thin-film polarizers for the OMEGA EP laser sys-

tem[ C]J. Boulder Damage Symposium XXXVII.

Annual Symposium on Optical Materials for High



%12 4

AR TGRS 45 ¢ P RE D 41k B B4 0T o

2915

(3]

(4]

(5]

L6]

[7]

(8]

[9]

Power Lasers, International Society for Optics
and Photonics, 2005: 599119-599119 -8.
DEFORD J F, KOZLOWSKI M R. Modeling of e-
lectric-field enhancement at nodular defects in die-
lectric mirror coatings [ CJ. Optical Materials for
High Power Lasers, International Society for Op-
tics and Photonics, 1993: 455 -472.

GENIN F Y, STOLZC]J, REITTER T A, etal..
Effect of electric field distribution on the morpholo-
gies of laser-induced damage in hafnia-silica multi-
layer polarizers C]. Laser-Induced Damage in Op-
1996,
Optics and Photonics, 1997 342 -352.

SHEEHAN L M, KOZLOWSKI M R, RAINER

F, et al..

tical Materials: International Society for

Large-area conditioning of optics for
high-power laser systems[ C]. Laser-Induced Dam-
age in Optical Materials: 1993. International So-
ciety for Optics and Photonics, 1994 559 -568.
BERCEGOL H. What is laser conditioning? A re-
view focused on dielectric multilayers[J]. SPIE,
1999, 3578:421-426.

WOLFE C R, KOZLOWSKI M R, CAMPBELL ]
H. et al.. Laser conditioning of optical thin films
[J]. SPIE,1990:1-3.

CAMPBELL ] H, HAWLEY-FEDDER R A, STOLZ
CJ, etal.. NIF optical materials and fabrication tech-
nologies: an overview[ CJ. Lasers and Applications in
Science and Engineering, International Society f[or
Optics and Photonics, 2004 ; 84 -101.

LAWSON J K, AIKENS D M, ENGLISH Jr R E,

et al. . Surface figure and roughness tolerances for

EER N

REFEQ9S2 ), . B+, m+4S
U, 32 M T SO B B T 5 T

f£ . E-mai:bree@siom. ac. cn

[10]

[11]

[12]

[13]

[14]

[15]

NIF optics and the interpretation of the gradient,
PV wavefront, and RMS specifications[ ] ]. SPIE’s
International Symposium on Optical Science, En-
gineering, and Instrumentation. International So-
ctety for Optics and Photonics, 1999. 510-517.
LAWSON J K, AIKENS D M, ENGLISH Jr R
E. etal.. Power spectral density specifications for
high-power laser systems[ CJ. Optical Instrumen-
tation & Systems Design, International Society
for Optics and Photonics, 1996: 345 -356.
LAVASTRE E. NEAUPORT J, DUCHESNE J.
et al. . Polarizers coatings for the Laser MegaJoule
prototype [ C 1. Optical Interference Coalings,
Optical Society of America, 2004: TuF3.
ZHU M, YI K, ZHANG W, et al.. Preparation
of high performance thin-film polarizers[J]. Chi-
nese Optics Letters, 2010, 8(6): 624 -626.
ZHU M, YI K, FAN Z, et al.. Theoretical and
experimental research on spectral performance and
laser induced damage of Brewsters thin film polar-
izers[ J]. Applied Surface Science, 2011, 257
(15): 6884 -6888.
ZHANG D, SHAO J, ZHANG D, et al.. Emplo-
ying oxygen-plasma posttreatment to improve the
laser-induced damage threshold of ZrO, films pre-
pared by the electron-beam evaporation method
[J]. Optics Letters, 2004, 29(24); 2870 -2872.
ZHANG D, WANG C, FAN P, et al.. Influence
of plasma treatment on laser-induced damage char-
acters of HfO, thin films at 355 nm[]J]. Optics
Express, 2009, 17(10) . 8246 -8252.





