W27 H3M Hh ] b i Vol. A27, No.3
2000 £ 3 J CHINESE JOURNAL OF LASERS March, 2000

CaS: Eu, Sm WBAHIZLAh_E4E R0
BEE B TP AR B A R EAE' § W

VG e A K A A A R AL 7Y % 710049
e [ R B Y G HLT R A H R F R 0 206 % PY 4 710068

RE KM 7R R AR B AR B & T HAT 2050 LR AR R R 1 L 717 3R B CaS
: Eu, Sm R, FHTAS [ bk 5 () 68 220 AR BOG I T e T 040 1 e R, i3t CaS: Eu, Sm i
JBEERT £ 40 b 3 RO B A S 4 T2 IR K TS UM O, i BAF R R L%, &
b 8 A% ) 43 W R WK e W, LA P B AL b A o SRIE I (1 5 ok 4 B % ] 4 e AT S, B
fi10] & #5890 CaS: Eu, Sm B4 2140 53 B8 .

RERIA AR, R, DA R, FEJS

1 5 5

T E IR B (ETM —Electron Trapping M aterial) =il & FLAT PR B 20 2 1350 F1O A7 i
Frtk, AELL AR LA BRI AR OtAF i DGIE AL B R ) S e 5 T I AT R I Y
JHRTR, SR AR AT ERN T SRl O X RN 4~ 5 eV 10k L4
AL AES) K TR 45 258 L B0 700 B (18T BOG T2 MBL AES: Dy, Dy BATLCAMR N AR
W 7 05 Bl 6 T e B R s S s . FUHT ET M sl 1 06 25 Th il IR A g — T b b 8 11
T AR bR, A7 A AT LG I (0 T oG LA A, CCD A DL BB 22 SCHIBIL, 150349 o
ARAE) [N R BT LA BB 0. 8~ 1.6 Bm), SRR LLAMEB(3~ 5 bm), J&—FdE G5
PR LA LR UL RATRL i H, e RAT S B B R A7 R e LA R G R 1) 3
WA S0 AL, THG T A it OSSR 42, AR o] 5 O 5 A7 A BRI — OG-t A 8L

PEAE R L oA AR H173 CaS: Eu, Sm AT 6k TEAHOUW 285 40 016 27 F EWIF 5%
(Rt b, O T RE AN R A ETM B LA A B ETM S B ZT 40 b e 4
BRI B, R L7 R 2R AL PR 26 T AS A BS [ CaS: Eu, Smo B, M T €
I L0AN 33 RO A3 ) 4 g Fg it %

2 5 B

2.1 HEERHE
U FH b R ek B R b2 A B iF ) o Ot 3 (1) 22 80 2 T RERE 3 IR 0 46 3E4T T CaS: Eu,

* [ K BT LRI A O AR S N T O R e ATl O R S Bh I H .
Woks I 1998 09-03; Wi 21005 oofis H 1 1999-01- 11



258 it [ i ¥ 07 %

Sm P AL SLE . T CaS: Eu, Smo g LA JFOMRE, 08K S 400 sl S A0 i A2 5 3 i
[AASEFEEOR (980 mm) , W S Il 14 R HL 32 #8464 20 i B, 18 RAPRF 22 18 1 CaS
» Eu, Sm H A&7 S AR SEFE B U7 i Do XA ME R . S 56 SR W, XA 7 iR I R A B
Zeid it e s T 2L ECH, A7 ar K<, (H 1 0, & Ll SE5e w2 . Jk ik F] 280 4
YORTE I AL B 5 Si v, A ge iy, IEE RS 55, 40 R B ~ 4 em, JE L D 300~ 500
K, I AU AR o< 1L 2% 107 ° Pa. M S 40 Ar “UHER I U0, WEREDIBLE %~ 4
nm/ min( BR 5 AT A, EHCR T Ar SR SIS Th ) AR R ok AR AR, B 1~ 2
Hm .
2.2 MEREMEFEE

6 F AR Sk I ARdE 37 23 0] 20 HE AR MRE R 2 25~ 50 1p/ mm) 3 55 30 158 1) 45
) 73 #4; FIH] U V-3101 PC 439606 BETH( H AR Ryt 0 ki W02 1 42 1 Y — S 1 o % A
( SIMS —secondary ion mass spectrometer) F1 X 3% H 7 fi£ 1% ( XPS —X ray photoelectron spec
troscopy) MAAN [7] s L 2 ERAFAEIBERE ity o S0 7 P04 2 o o LN 2% J3 0 A i L

P 125 CaS: Eu, Sm R ETA0 EAE R OCROCR ISR . ZDAMNIIIE ) Nd: YAG
WO, Tl AR B s ¥ O Q B0 bk b i By 2, Far HE K 98 4 70 s, 15 ns 81 20~
30 ps 19 1. 064 bm WOG . WH P RF7200 BY g Bt vk ( € [F Laser Precision 2y W) A] [W) By iE 4T
B . R 1Rk I RIP-735, BB 2lY) =BT T RN S OGRE R, Ot € ),
I E AT ST O 2 AN O AR . PRk 2(RIP-765, BEHK) EE A TH CaS:
Eu, Sm #BFLLAN ERFOGHE R . 5T RIP-765 X AMHEOE AT CaS: Eu, Sm 3 46
(WEALPEAC~ 672 nm) AT (] 2) , MR ICH ik ob v . A S — AN ik b, RIP-765 M43
Zi R IE 1. 064 Bm B 6K CaS: Eu, Sm MM F 3 40 5 0 I8 e LR 35 AN kb A5, ) —
He1.064 bm ¥EYGH (A= 1.064 Bm, T = 83%; A< 0.8 Um, T = 0) ¥ CaS: Eu, Sm i (1)
RO IER, AT 1. 064 Bm 3B OG e AL, 20l B RN AT A5G B CaS: Eu, Sm
LA BRI AOICRCE .

[
=
L=

1. 064 pm
laser il A X 80
H RIP-735 R;-7200 > |
attenuator energy S 60
{5 meter ‘#
M, S 40f
CaS:Eu,Sm thin film |
o 20
RJP-765 oL
= 200 400 600 800 1000
1. 064 pm filter Wavelength/nm
< 1 CaS: Eu, Sm iiff AT A 4% k0t 0 3 e Bl 2 RIP-765 F4k 50 i mi 157 i 25
Fig. 1 Experimental setup for infrared upconversion Fig. 2 Typical spectral response of RJP-765
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Table 1 Infrared upconversion efficiency and spatial resolution of CaS Eu, Sm thin film

) i Infrared upconversion efficiency Spatial resolution
Preparation T hickness - -
FWHM= 70 #s | FWHM= 15ns | FWHM= 20~ 30 ps /Ip/ mm

2.3 Hm 0.31% 6. 85% | 15.97% > 50

Electron beam 3 Um 0. 30% 6. 41% | 14. 72% > 50

evaporation 4 Um 0.32% 6. 71% | 28.72% > 50

7 Hm 0.34% 7. 93% | 41.47% 35

rf sputlering 2 Hm - - 0.455% > 50

Note: The deposition condition of the sample with 2. 3 Bm thickness is different from others.
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Table 2 Chemical composition of CaS Eu, Sm thin films deposited by the different methods

Preparation Chemical composition | Without S coevap. . With S coevap.
Ca/S 1.247 1.052
Electron beam 0/5 0. 0688 0.0334
evaporation Eu 0. 00264 0.00238
Sm 0.0132 0.0130
Ca/S 8.565 6.797
of sputtering 0/5 [ 0.274 _ 0. 0888
Eu [ 0. 000279 | 0. 000268
Sm 0.00164 _ 0.00157
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Fig. 3 X-ray diffraction patterns of the sputtering films
{a) 350 nm thick CaS: Eu, Sm film on a silicon substrate; ( ) 2 Bm thick CaS: Eu, Sm film on a quartz substrate
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Fig. 4 Transmittance of CaS: Eu, Sm thin film. {a) unannealed: (h) annealed

# 3 CaS Eu, Sm HiR @RI R~
Table 3 Grain size of CaS Eu, Sm thin films

Preparation unannealed annealed
Electron beam evaporation ~ 50 nm ~ 200 nm
rf sputtering ~ 4.3 nm ~ 35.4 nm
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Infrared Upconversion Efficiency of Electromn trapping Thin Film
CaS Eu, Sm
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Abstract Infrared upconversion and optical storage thin film CaS: Eu, Sm has been
successfully developed by electron beam evaporation and radio frequency ( rf) magnetron
sputtering. Infrared upconversion efficiency of CaS: Eu, Sm thin films with different
thickness has been investigated by using the ultrashort infrared laser pulses with differ
ent FWHM. It is shown that upconversion efficiency of CaS: Eu, Sm thin film not only
depends on the growth conditions and the post annealing process, but also has the “ ex-
haustion” phenomenon. By means of measuring transmittance and spatial resolution of
CaS! Eu, Sm thin film, the post annealing process was found to promote grain growth
w hich could obviously improve upconversion efficiency of CaS: Eu, Sm thin film, even
though it had negative influence on transmittance and spatial resolution of CaS: Eu, Sm
thin film.

Key words electromrtrapping thin film, conversion efficiency, infrared upconversion,

exhaustion





