W4T B 5 1) Xt F % M Vol.47 No.5
2018 £ 5 H ACTA PHOTONICA SINICA May 2018

doi:10.3788/gzxb20184705.0516001
Er’" M Eu®" 2 A GaN #6545 A RE &= 1% 3 P11 il

FARARDT, RS, G AEART, AT R & AA
(1 bR MRB25 TR2ER, Ll 200444)
(2 R 2 B 70 N AR T AR 5 QKA A BFGE BT, L5 9 M 215123)
(3 TR B K2 YR 5H AR R 195 7RM 215009)

M ERAABFTEANFEGINFEEFEATES FEC BFTHES L ARMRELEND LT 24
EFEFRBE RGO FHERERREEHENE AL 300 KBETL.EC 2 B0 #4554 GaN B4k 4% £ AL
GHhRALRGRNAHEEES BFHLEMNENE M EC B FMELREGRERS ECT B F
B HAAREEZBEWEAR D, AR ES R EC  BFTIRNELA A TR EFE . ATFEVTEA
E" —Er" ZEBAMERLLERT.EFX B FH H, 'S, A G 548X 69 3 i 9% A9 2 7% B pb (A kA
ERETHmER, EER AN AZ A GRS FH AT ECT B F oL M E, % H4E GaN:
Ef" /EC H R A FEE LA E R, KA MAT A T Lk B4+

KA A TFF;GaN; ML K AP ke FE

FESES.TQL74 XERFRIAED : A XEHS:1004-4213(2018)05-0516001-6

Optical Properties and Energy Transfer Mechanism in Er’"™ and
Eu’" Co-doped GaN Films

XIA Yong-lu'?, WANG Xiao-dan®, ZENG Xiong-hui*, WANG Jian-feng’, ZHAO Yue', XU Ke?
(1 School of Materials Science and Engineering » Shanghai University, Shanghai 200444, China)
(2 Suzhou Institute of Nano-Tech and Nano-Bionics, Chinese Academy of Sciences, Suzhou, Jiangsu 215123, China)
(3 Department of Physics, Suzhou University of Science and Technology, Suzhou, Jiangsu 215009, China)

Abstract: The samples of Er'™ and Eu’™ co-doped GaN epitaxial films were prepared by ion implantation
technique. Their optical properties and energy transfer mechanism were investigated using
cathodoluminescence. For Er'" and Eu’" co-doped GaN films sample, the mixed color of green and red
light can be realized at 300 K. Moreover, the emission intensity of Eu'" ions and intensity ratio of Er*"
ions were decreased with the increase of Er'" ions implantation dose, which proved the existence of the
energy transfer from Eu’" to Er'" in the GaN host. The result of temperature-dependent
cathodoluminescence spectra shows that the intensity ratio is decreased with the temperature increasing,
which indicates there is a thermal coupling of *H,,,, and 'S, states of Er*" ions. The calculated
chromaticity coordinates and color correlated temperature can be tuned through adjusting the implantation
dose ratio of Er'" to Eu*". This work shows Er'" and Eu*" co-doped GaN films are promising materials
applied in optical devices.

Key words: Optoelectronics; GaN; Cathodoluminescence; Optical properties; Energy transfer

OCIS Codes: 160.2540; 160.4760; 160.5690; 160.6000

0 3|5
i 8 T8 24 FALER (GaND 2 T DL AR 5 i 23 R0k LR R OB SR S 2 B 2 e vE 8 12 i H F
ELTH . F%EH KRB 24 (Nos. 61306004, 51002179) % Bl
F—1EE KRR (1992—) 5 WU 5T A BT O 0] W R L8 F B A A AL B T 9 A FEPE . Email: ylxia2016(@sinano.ac.cn
SH (BIRAEE) MR (1976 —) B RS G WA, EEOFS Iy im0 ok G AR 2 2R A B Email: xhzeng2007 @ sinano.ac.cn

W B 2017-12-20; RAA B #A.2018-01- 26
http : // www .photon .ac .cn

0516001-1



P/ R S 4

BB R 5 SiH Ge 55748 2547 2 5 14 3 5 b RHAR EL L GaN 35 5 R H R B 25 4 58
(~3.4 V) REME A A5 il o B2 e K IR 40 S i = 3 T 0 R OE IR GE L F B £ B T 2 GaN HA K&
) [ R A B T8 4% GaN JE 9 & 6% K RB 05 78 15 58 A B 20 MRS wT DO L 6 40 . 4 -8 F Tm® |
Er'" (Eu'" FHB S GaN HLJ AR IS 4 AR 153 WOk (SR e R4 e R G

HIg L 2R+ BT 154 GaN SRR AR IR & % 16, H Al F 52 3 FI) R w5 Fh 5 35 S s + 81
£ GaN L5 i db4B 2% —Fh oy ik 206 8 T X8 48 ZHANG L S57E [ — W IR i m BAER T =
2 GaN W, F FHANE A K FE RS HIBET Tm® EX M Ed LS ER . WANG Y Q %5 F| H #
B ARTE GaN 38 B B9 A [ K4k 30 A Tm® " JEW® Al Er® T 452 B4 60 Rt 5 — Fh oy vk J& i i 58 1
WASEHH LB T 524 ROQAN T S 258 T Tm® ' Ml Er'” £#8 4% GaN G H " . WANG X D
Bl T Pt Tm® 4682 GaNL s SEHL T 2056 A Y6 [ i 2 5, O ELUE B 7 WA B8 1 22 [a) 17 76 BE &
ik B OWANG X D 45 SGE B T i AR Prt JEET M Tm® B8 A GaN i, 4013 T 41 (44 A
W= E ORI R SY .CHEN F F 4800 1 Prtt # Er* T 048 28 fdb 35 4 AIN JE 5 19 624 45 1k L IEB] 1 Er!
B Fr—>"T5 Fl Pr*™ B9° Po—" H, BEBRIT Z 18] 2 A T LR AE AL 3. Je g BHF A 5L % Er® R Eu®Y B F
BB GaN A F R E A T I AR BT SR ErtT fl Eo® ' 3648 2% GaN 3 i (9 22 15 vk iR
A L SCHik R E

ARIH B FEAFEARE GaN H B LS8 7 EX M Ed® B 7 338 24, JF DLB 96 ok
(Cathodoluminescence, CL) &35 S R B FRAE T B, WFSE T FE M G2 5 ME M e A% 1B L3R,

1 EWHIE

i L 4 JE A ALY AL A S DT TE 7 e B A RIS A9 (0001) J7 ] B AME A K GaN I, GaN i il 119 J2
JEN 4 pm R B T AT B 8 T 440 A GaN Ji % B 71 AR BE RN 200 ke V. £A AL 10°. K
TR E AN, BT B PRI AR RN 5 X 10 em 2L EXYT BRI 4K R4 B8 12X 10" em 2,
1X10" em *Fl 5X 10" em ™. BT o FF i 8 138 koAb VR B B 7 7 A b L 3B KT S 1 000°C L3R K
U NH, % 5254 FiB 'k 30 min. & )5, Al Quantad00FEG 3% & St 3948 f 4% - B B 1 MonoCL3 + B
W 8 G A A 5 Y B AR 28 663 B R B R 5 KV G i K I G R 340~ 700 nm, 1 5 3 1 3 R
i 80~375 K.

2 HRESMH

B 18 78 GaN A% T B A7 B X GaN: RE BB 625 M 5 0 58 f 4% 3 L1 52 ma 4R k. B Al e g & FH )
77 ¥k R A FH P AR A B G R AT B B PR GaN TR T B SR TE. WA HL U 25 F1 H /5 5540 15 80/
B (RBS/OHEARBFE TR A G S D 8 F AL E R ER A M Ed’ &1 54 Ga B0
Fe 9l 100 %, W T A 19 Ex* 87 b4l Ga B P& AL H Bk 78 %61 Bl G . MAKAROVA K S5 58 I A A
K1) GaN:Er # I, £ Ex’" B FAUFEE —F &6, 456 B 5 iz &b O ok I8 F Ga #§f A
LB B T84 GaN WL 7E GaN F kg b 2 5 8 Ga kg2,

Bl 1(a) 2l GaN:5 X 10" Eu’" ¥ & 7E 300 K I T 19 B 28 % 3%, H v, 32 28 i) B A 2% 0 & D6 0 1
623 nm, X W Eu’" B F19° D, > F, BEZERAE ; FoA R B & 581643 54 F 544 nm, 602 nm Fl 666 nm, 53 H Xf
N Ed’T B F°D,—~"F, "Dy~ F, fI°D,—>"F, BERERE. B 1(b) 2 Er’ fl Eu’” B T3 4% GaN £
CL Jei% N T LOLEE 2] Ev* " B F R AS &GN T 539 nm 560 nm, 455 Er*" & F A9 H,, >
s F1Sy =" 1s 0 BEHRIE. 5 AR B T 20 B BB 2% GaN LA H L LB 28 ke S 0 + 30 7 R 6 19 47 B
A KA. A AN N CLOGIE AT LA ] ErY Ml Eu® 32482 GaN FERAE 300 K IR T REMS ST 44Ot
FZLG 1 [l B % 45

0516001~ 2



BHkRE .4 ErT M EC T 2 A GaN iy G2 55 g AL 3 WL

¢ Eu luminescence peak
+ Er luminescence peak
| » Eu luminescence peak

Y G B WY ' S S

400 500 600 700 400 500 600 700

CL intensity/(a.u.)
CL intensity/(a.u.)

Wavelength/nm Wavelength/nm
(a) GaN:5x10"Ev** (b) GaN:5x10"Er**,5x10“Eu*

B 1 #&% 300 K TH CL k%
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Table 1 Effect of Er*" ions content on the intensity ratio of 560 nm with respect to 539 nm of Er** ions

CL intensity/(a.u.)

550 600 650 700
Wavelength/nm

Euv'" /em™? Er'" /em 2 Iseo/Cacu)  Isy/(acu.) Tseo/Iss
1x10" 11 260 11 440 0.98
5X 10" 1Xx10% 32 760 43 980 0.74
5X10% 13 080 19 120 0.68

Eu’" 1 Er®" & 1 Z 8] 14 RE 18 A& 8 W 18] 3. 1% 13 30 36 0
ET1."D,(Eu"") + 'I;;, (Er'")—>"H,,, (Er'") + "F,(Eu*")
ET2:'S;, (Er*") + "F (Ew"" )—>"D, (Eu’") + ‘15, (Er*")
ET3:°D,(Eu’") + 'Ly (Er’ )>'F,, (Er' ) + "F,(Eu®")
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Table 2 Chromaticity coordinates and color correlate temperatures of samples with different Er’t ijons content

Er*" /em ™2 Eu’t /em™? CIE X CIEY CCT/K
110" 5x10'" 0.518 0.458 2 377
110" 5X 10" 0.487 0.458 2714
5X10" 5x10" 0.394 0.431 4 003
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