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Abstract:

Photoluminescence Performance as a Function of Ytterbium Doping
Tan Na Zhang Qingyu

Concentration from Er/Yb Co-Doped Al,O; Films

(State Key Laboratory for Material Modification by Laser, Ion and Electron Beams,
Dalian University of Technology, Dalian 116024)

Er/Yb co-doped Al, O; films with variant Yb concentrations, which are controlled through adjusting the area ratio

of Yb to Er in the surface of the target, are fabricated by radio-frequency (RF) reaction magnetron sputtering technique.
The reliability of composition control of Er/Yb ratio in film prepapration and the influeme of Yb doping concentration on room

temperature photoluminescence (PL) spectral intensity and distribution of Er/Yb co-doped AL Q; films are mainly

investigated. Rutherford backscattering spectroscopy (RBS) and energy dispersive X-ray analysis (EDX) are used to

for 2 h shows that the PL intensity of Er** can be enhanced by Yb doping. The PL intensity and full width at half maximum
but also enhances the channel bandwidth.
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determine the composition of the films. It is shown that the concentration ratio of Yb to Er in the films accorded with the

area ratio of Yb to Er in the surface of the target. The room temperature PL spectrum of the films after annealing at 1000 C
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(FWHM) reaches its maximum when the area ratio of Yb to Er reaches to 4:1. The results of the research show that, as far
thin films; Al,O; film; Er/Yb co-doped; photoluminescence
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as Al; O; films are concerned, appropriate concentration of Yb/Er not only improves the luminescence efficiency of the films,
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Table 1 Analysis results of compositions in Er/Yb co-doped films with variant Yb concentrations
The area ratio of the target RBS analysis EDX analysis
Sy, * Sk Ce: Cs Cy, # G, Ce: Cy, Cyp * G
0:1 0.012 0. 000 0.0:1,0 3.7 0. 000 0.00:1.0
1:1 0.012 0.010 0.8:1.0 3.2 0. 0045 1.41:1.0
2:1 0.012 0.025 2.1:1.0 5.0 0.0127 2.54:1.0
3:1 0,012 0,035 3.0:1,0 5.9 0,0212 3.59:1.0
4:1 0.012 0. 044 3.7:1.0 6.4 0.0299 4.67:1.0
5:1 0,012 0. 044 3.7:1.0 4,8 0, 0286 5.96:1.0
6:1 0.012 0. 055 4.6:1.0 4.5 0.0334 7.42:1.0

g5 LR, ATy « 78 BN 430 9 G S5 ok
Er/Yb 3t ALO, B o 2, BEH Er. Yb i
Sy B 5 SE BRI Er, Yb BE AR LR B A —BUW
8 2 4 S VAT A9 Ex, Y $E T B bR T LA SR
B Er.Yb B s S M. b, RATAR
¥ AL O, BBEE (3. 98 g/em®), A] LASE o 5 B AR 8L
S5V A 55 R Y JEE BE 7E 600~700 nm 5 Bl Y
3.2 HEMEZEH

AR T, W F Er-ALO, ¥, 7E 1. 53 pm
BT B9 30T 4T A X388 7 4G B B B I AR AE & g
W5, L Tk 23 ECY R E & 65 TE, W
Er/Yb3tiB 1 Al, O, 4500 2) L 558 i Bk
Y. B 5 2Yb/Ef A 51k 1:1.2:1,3: 1
MBI . M E ] LIE W& 2 Er* (4R 1E
RN FEL 531 pmil, HRFEE Yb B E
380 & AL, [ I S Y B S0 K i I T Rt BE
R B E A RRE R Y 2 1 4 55 (FWHMD 3
h46 nm, & 6 I IR B BE E 15 2% BN 3 ek A iR
. XULBT LA YD i £ 3R 2R 4R 980 nmi
e HE R,

3.5
—S,.:S, =1:1
3.0 & - -SpiSp=2:1
4 : . ,VYb. vEIr
~ 251 i S Sp=31
5 PN
R,
‘?\3’/ 201 ".(5 ’\ W
7 P ",
é 91 ] i
S 1.0
0.5
1

TR
1650

1550 1600

Amm

B 5 Yb/Er BEMLAHI 191, 2:1,3: 10 i
Er/Yb-AlL O; B HEBIOLHE
Fig. 5 PL spectrum of Er/Yb-Al,O; films with Yb/Er
ratios of 1:1,2:1, and 3:1

B 6 22 Yb/Er #E ALK 4: 1 i & K Er/Yb

1450 1500

3t ALO; ¥ BEM LB POLE, H AR b L&
1.523 pmih, 2 ¥4 5558 60 nm, 5% Yb & B
Er/Yb3t# AL O, WA LL , 52 5t 5 B2 3 i i — 4~
B, SR 30% ., [FAF, RATERS L
BEHOLIE R R TE 1 A5 28 T 1490 nm 11510 nm
ERTHREAKTIMIEE, X—-FR5RNE Ed/
Yb 442 Si B P 4R R MMM, 7 ST EE
B, ME YD WBREKHEM, FHECTH
1490 nm4h i W Wi i 2. 25 54 58, AT BOE B0
HIERRIE. X~ RUIHTERBIREE T, ECT
MYV Z B, AMUEFERET YD -
Er'" Z WA BB AR, MEKET ECT 1 Ly,
BB P I T BB S o3 i .

2.6

— 8,8, =41
2.0
£l
3 151
S
»n
& 1.0
£
0.5
0 T T T
1450 1500 1550 1600 1650
Amm
Bl 6 Yb/Er $EHEFR LA 4: 181 Er/ Yb-AlL O; HEH

Fig. 6 PL spectrum of Er/Yb-Al, O; films with Yb/Er

ratios of 4:1

Bl 7 2 Yb/Er BUREIREL 3 5104 52 170 6 1t il 4
) Er/Yb 38 AL O; MR OEBI G, Kot Eh
7E 1. 531 pm &b, K2 FEAH 8 nm, ZIGIRE 51K
Yb B EGL . X TR Yb W BN RIOEERER T
W, B AR R B i YO WS L T M EF°T
C Ly L) 3 YO CFrpy—>*Fs) W BE B I 1) 1%
B, AR R R YO R E AT RRE R T
“BTXRCBABETRL . RIERR .5 E/Yb



288 Xt &4

1% 25 &

L8 Si I I A, Er/Yb 358 ALO, #JE
HOLER IR B I PR A B B 2 R I TR R AR L.
MEHFELIE 1 :1490 nm F1 1550 nm B i FRES
BRIE = E 8055 , H 2 AH %5 1 B 1530 nm Ff LA E Ak
R A LR R A, X—4 R UL AR
BRI PLECT R YD Z R A AR X ECT RB
LAy MR AR RN .

6.0

5.0+

3.04

Intensity/(a.1n.)

2.0

1.0+

0 . . i *
1450 1500 1550 1600 1650
Afnm

B 7 Yb/Er $YG ALy 5: 180 6: 18 B Er/Yb-AL O,
HERE BRI
Fig. 7 PL spectra of Er/Yb-Al,O; films with Yb/Er

ratios of 5:1 and 6:1

K8 BRAFZ Yb ¥ERK Er/Yb £ ALO,
TR 0 6 B9 ' 1 ) WA JBE TS W 2 S BE Y b/ Ex
RERLK L, NEFATEL: 4Yb/Ecil |
BRI 4: 10, Toib 2GR EiE R F 2R
BARK, T EAE Yb/Er SEHE AR 3:13) 5: 1214,
BB IR BEAE EIE R AL T R . X B
T ALO, BB, Ot 9% o 5 B A3 g P R
Xt FYb/Erf B AL AR R UK R R A

20

75

16 160
- -
3 121 {45 Z
E =
Z 4. -30%
£ .
A= ~~#~~ Intensity /

44 J 115

"
U T T T T T T 0
0o 1 2 3 4 5 6

5
Concentration ratio of Yb/Er

E 8 Er/Yb-AlLO; HEMIEETIELE 1.53 pm 2B &
Gk BE AR XA 24 162 FERE Yb/ Er S R L M7E 1k
Fig. 8 PL intensities and FWHM of variant Er/Yb-Al, O;
films at 1. 531 pm

B Yb/Er ¥ B, A (U] DL 25 303 IR & B3Rk
2,1 HLB] LAY R AR A T
4 4 ®©

1) R A BT S5 430 1 I 9 e AR » 3 o R o T
4B Ec M Yb WHEHALH&HARF Yb &K
Er/Yb 348 AL O, #IE, BB+ Er.Yb B4 LB
552PrM Er.Yb SR H R EA—BKH .

2) HEL ) 1000 CiBk 2 h WEREH AR
R YbBREBERS T EXCT HBB KR
B, Yb/Er U AR 4 16, YR B s B Fn 2l
W2 FERK .

3) XF ALO, i, B NEEJE A T AR
¥ Yb/Er ¥ B FIE Bl AR A BBk . &3EM Yb/Er
W, AUTT DA S 0 R ) R B3R, i EL AT LA
BB HE DL

Bt RMEEKFRTHE N WERBRARRT
XFEETHEARIAGRT ABKRK 5 AN EERK
KA XA f BABE BRI E> T G T HH B,

2 * x W

1P. G. Kik, A. Polman. Cooperative upconversion as the gain-
limiting factor in Er doped miniature Al,Os; optical waveguide
amplifiers[J]. J. Appl. Phys., 2003, 93(9): 5008~5012

2 A. Polman. Erbium implanted thin film photonic materials[J]. J.
Appl. Phys., 1997, 82(1): 1~39

3 Chu-Chi Ting, San-Yuan Chen, Hsin-Yi Lee. Physical
characteristics and infrared fluorescence properties of sol-gel
derived Er¥*-Yb3* codoped TiO:[J]. J. Appl. Phys., 2003,
94(3): 2102~2109

4 Gang Gu, P. P. Onga, Jinhua Cai & a{.. Enhanced luminescence
of silica thin films co-doped with Er¥* and Yb** [J]. Thin Solid
Films, 1999, 340(1~2). 230~232

5 Chen Haiyan, Guan Zhouguo, Liu Yongzhi ez al.. Studies on gain
characteristics of silica waveguide amplifiers with high Er** /Yb3+
concentrations[J]. Chin. J. Quant. Electron., 2001, 18 (5);
391~394 (in Chinese)
B, ERE.KE % BKE ECH /YO BABRETH
BHRBKBHER U] FF€F %K, 2001, 18(5):
391~394

6 Zhang Long, Lin Fengying, Qi Changhong e al.. Spectroscopic
properties of Er** and Yb3t /Er3*-doped LaLiP,Q1s glasses[J].
Acta Optica Sinica, 2001, 21(6): 757~761 (in Chinese)
¥ B, ARRE, MK M % EcT AR YWH/ESY W
LaLiP. O BB b MR LT]. & % F &, 2001, 21(6):
757~761

7S. F. Li, Q Y. Zhang, Y. P. Lee. Absorption and
photoluminescence properties of Er-doped and Er/Yb co-doped
soda-silicate laser glasses[J]. J. Appl. Phys., 2004, 96 (6):
4746~4750



