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Fig.1 Schematic diagram of 3-D optical storage



1414 * F

S

33 %

HTHRIERHFR, RITEBCLSATEA
RGBT T . TR WML L
IR TR B e R R . BB K e R 4R 28
RUBIBK mBSERE S 2.1 ps, HEBEIEARKXE . H
P EN R4, EJEMRIRIEE 7. 4 om B, 783 150 fs
AR Bk o s M @ BB HE 0. {ERTSIR R R
BothkE T R AN AL  RERLE XBIH
HKH IR B EK R . SR K b ST R
M 150 fs JRFEP) 400 fs 224 (R TRERL). Bk
PEFEREIE AN, WEHROE A R R S B P 8 A RS R
S, PRERARAE J7 18 O, X 6 T AR AR RO PR BB O REE
R B AR, HIe R M EE R ER
8 cm, {4 H B FTERERE N E R QBUXE; B
EBRE AR BN, T 0 GBI, Mkob R . 5
ISR R RS . RATE oM RO
Rl — 7~ 90% KR S48, B UL RE B 3 90% .
BR—MaiR O RS , BEF MRk A 5L AT LL i
TEANBCtkGER . ROBFHERTREKNF
YR T RLAR , A N Oy )R R A9 e S0 R B A
YR R AR S , OO S — M E R A,
T R M B TR RO E R e AR S RA

2 XRER

BRIk iE B BOEHRA ST PMMA
ARG 3D, LUK 88 7= 4 BT L A5 Y 187 407 X 388,
B RMERER , DI %12 coherence 2\ F] ) Field %Y, Ij]
RUBHRELE 1 oW ~1 mW. #5%F 800 nm 150 fs
R R A Bk v O R UR, IR 148 B PMMA M RO %
B HE R IRIE 43 BI85 F 30 nJ 120 n). SLBrh RAIH
Bk epRER S H12% 32 n) #1140 n) WA EBOCRE
PMMA F#SREG ¥# P4 £ B0 #4078 K5, 814
LR — Bk 10 R SRR 3 pm, B
BIFESNY 10 pm. & T Xt Ho B 55 37 51 R %) b B 09 28
b, RATE PMMA FIIF G X P HERT S
.10 2 .15 E# 20 EREEN AR . B2 28
ALY e B 3B (NA =0. 65,40 x ) i S
BLEEATFA SR mHA R 80 8 Bk s 7 PMMA
MR ARS8 S EREN 85 5 ES, 7T L
F SN EEELLANKD <1 pm, BEERIETE.
A B S A R T8N . I THF
REE  RONESENETALSBEFINR—A B8R
PR . B2 PAAEZEHREAINIERA
BN ERS RN & BERIEA ARSI HEES, 3
REREXBIATTH EIE . TUER, REHNE
FEAL IR AT, SP 2 RIS R E E M
X— SR (A 3.4.5.6) w83 TiF

52, B PMMA FUARE A3 0 R0 & R B A B
FBxT HLBE B )2 ESMZE BT

(@PMMA

(b)Fused silica
B2 PMMA fopigh s 38ty S BEEAL
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Fig.3 Phase contrast of the 5 bits planes written inside
PMMA and fused silica using near-infrared
femtosecond laser pulse
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Fig.4 Optical image and plase contrast change of the
10 bits planes written inside PMMA
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phase contrast read-out of the 15 bits planes written
inside PMMA using 32nJ,150fs near-infrared
femtosecond laser pulse
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Fig.6 The phase contrast of 15 bits planes and 20 bits
planes written inside PMMA using femtosecond laser

hENEILERSL R EXEDBE, £ 2 H5 B
FSER 10 BHMHECHAR TR, BERK
L, PMMA {1 EXTHEE H B ESNEZEEm .

BINEREAMERE 2 x1 mm® K/, E—
B EE B ERR 245 pm, B —EHERE
45 pm. BRICF S5 BUERN A #ER#E CCD L H
¥l RE R LA H DS RE — ALK, 551
iR T¥. E6(b)sEZ PMMA HiER20 BR%&
BEoxt e, 5E 3 fiE 4 M, 504 20T S
BREMERES BIEEERE, K 3 X HEE
HAK(E3(a) PFHXFHERI.6; 8 6(b) B)a
5 BEXTHE KL H 8). X2 AL H SR IR 8
WEN . BRIKBNHM ESET — RIS E
ALK, A B TR, S E RN R L2
FIFRALT e B R 2 18 B M ALxT oA, BRI
575 BiT

515 BUT WA R, fH CE#ERk e
PMMA Py EBFIIE RiA 3 EREH T 19 20 E69%t H
ERAHBNER. Ed X HETHERARE, P
OB ARBIEM X HRATHERE T,
L7 G o £ FE  BH B 38 0 5 1 — 25 A U3 5 B ol
BRI, A WBIEOLIE RN B S ABEFEHRY
DT HAR . X BRI RO TR =4 5
TR . Streltsov 251 R B T KEPBOLA/E I E B B
MHEATBEBRE  EREH, A SLREAENSA
HBOLBRERREFELHERXER . I FPMMA K
BHE R ABRA AN 25% 5 A ENBHOR LN



1416 X F ¥ # 3%

1B PMMA P92 E , ST i B FEZE BRI T AH AL X written waveguides in glasses. JOSA (B), 2002,19(20):

s 2496 ~ 2504
B 52 H H X LR 5 Gemert M J C, Welch A J. Clinical use of laser-tissue
3 &R interactions. IEEE Eng Medicine and Biol,1989,8(4) :10 ~
13

2 SO FH AR 40 BK vh O 7E PMMA. 0 45 Ri 4 3% 6 Cheng Guanghua, Wang Yishan, Whiter ] D, et al.
ity T R =R NBEEFHOTRTR, EE4 Demonstration of high-density three-dimensional storage in
ﬁﬁﬁt%ﬂﬁﬂ,ﬁﬁ%f‘ﬁ;?’—ﬁ\mﬁ*ﬁﬁ fused silica by femtosecond laser pulses. J of Appl Phys,
ERA BT A RO . AT T S RRR 4T 2003,94(3) ;1304 - 1307

. 7 F,EEE, F, % . EBRAEZENHRTR=
CIE Sulad; RN 2 E %%%‘ﬁ:%ﬁﬁﬁm%ﬁ TR R ILHLE . TR 2003,32(3) 1276 ~ 279
53X LB Vi}%@]&l\}%ﬁﬂkiﬁ'ﬂu,ﬂiﬁﬁﬂz, Liu Q,Cheng G H,Wang Y S, et al. Acta Photonic Sinaca,

HATZOXM LETREAE . X0 CBEE=4% 2003 ,32(3) :276 ~279

HBIEFRERAL T —FIfTiRE R . 8 B4 NE, Xz, F. EBBOLKHERNS KA
£ 30k LR HRUEREHR . LT #M,2003,32
1 Cheng Guanghua, Whiter J D, Liu Qing, et al. (11) :1281 ~ 1284
Microstructure on surface of LiNbO;:Fe induced by a single Cheng G H, Liu Q,Wang Y S, et al. Acta Photonic Sinaca,
ultra-short laser pulse. Chin Phys Lett, 2003,20(8) ;1283 2003,32(11) ;1281 ~ 1284
~1285 9 B4, T, NE, % . RIEBROLKE PMMA
2 Jiang Zhongwei, Zhou Yongjun, Yuan Dajun, et al. A two- WERFAZ RPN . YEE¥IR,2004,53(2)
photon femtosecond laser system for three-dimensional 283 ~287
microfabrication and data storage. Chin Phys Lett, 2003,20 Cheng G H, Wang Y S,Liu Q,et al. Acta Physica Sinica,
(12) :2126 ~2129 2004,53(2) :283 ~287
3 Cheng Guanghua,Liu Qing, Wang Yishan, ez al. Writing of 10 Cheng Guanghua, Yu Lianjun, Wang Yishan, et al.
internal gratings in optical glass with a femtosecond laser. Sb Without streticher and compact Ti :sapphire femtosecond
Chin Opt Leiz, 2004 ,2(2) ;119 ~121 pulse amplifier at high repetition rate. Chin Opt Lett,
4 Sultsov A M, Borrelli N F. Study of femtosecond-laser- 2003, 1(4) :256 ~258

Experimental Study of Phase Contrast Reading out of Three-dlmensmnal

Optical Data Storage
Ma Liangeai'® ,Cheng Guanghua', Liu Qing', Wang Yishan', Yu Lianjun’,
Zhao Wei' ,Miao Runcai’,Chen Guofu'
1 State Key Laboratory of Transient Optics and Technology, Xi'an Institute of Optics and Precision Mechanics ,
Chinese Academy of Sciences ,Xi’an 710068
2 Collage of Physics and Information Technology ,Shaanxi Normal University, Xi'an 710062
Received date:2004-05—12

Abstract  Three-dimensional optical data storage in PMMA ( ploymethyl metacrtlate ) and fused silica is
demonstrated by a chirped amplified femtosecond laser pulses at 800 nm,150 fs,1kHz repetition rate. The writing
and reading of the bits in 5,10,15 and 20 layers are presented. The signal/noise ratio (S/N) of multi-layers bits
reading by a phase contrast optical microscope is analyzed experimentally and the phase contrast change of each bits
plane is given. The resulis show that the phase contrast of each layer increases monotonously from interior to surface
of the sample, and the contrast of the interior bits planes will be decreased as the number of written layers
increased. Due to residual stress in the interaction between femtosecond laser pulse and fused silica, PMMA is
more suitable for 3-D optical storage with femtosecond laser pulse.

Keywords Three-dimensional optical storage; Femtosecond pulse; PMMA ; Fused silica; Contrast
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