Chinese Physical Society
Mllﬁﬂ Acta Physica Sinica .

@ Institute of Physics, CAS

ENREUGE LED BEREBEZURERENEEN DR LM REZHNIAR

Foa IR AR KRBT HEAHS AL NEHKR IRE

Changes of stress and luminescence properties in GaN-based LED films before and after transferring
the films to a flexible layer on a submount from the silicon epitaxial substrate

Huang Bin-Bin Xiong Chuan-Bing Tang Ying-Wen Zhang Chao-Yu Huang Ji-Feng Wang Guang-Xu
Liu Jun-Lin Jiang Feng-Yi

5| F{5 &5 Citation: Acta Physica Sinica, 64, 177804 (2015) DOI: 10.7498/aps.64.177804

7 2% 1513 View online:  http://dx.doi.org/10.7498/aps.64.177804
23 N 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/117

AT RERCH B BB S &
Articles you may be interested in

IR AN R B B R ErdT/Eudt 3135 BiOCI %tk
Color-tunableness of Er**/Eu?t co-doped BiOCI phosphors for near ultraviolet excitation
YH 23,2015, 64(17): 177803  http://dx.doi.org/10.7498/aps.64.177803

SRR SR % LED #3410 3 FH A 5T
Application of semiconductor quantum dots to white-light-emitting diodes
YE = 4.2015, 64(13): 137801  http://dx.doi.org/10.7498/aps.64.137801

Eust $57% CaMoOy Tk %tk KOG IET 1t 5t
Luminescence properties of Eu*t doped CaMoQO, micron phosphors
PP 22 4%.2015, 64(10): 107803  http://dx.doi.org/10.7498/aps.64.107803

AR SAEXS Ga 154k ZnO B UM 45 44 KOG TR G BE 5 i

Effects of growth conditions on the microstructures and photoluminescence properties of Ga-doped ZnO
films

PP 2#4%.2015, 64(8): 087803  http://dx.doi.org/10.7498/aps.64.087803

B L TSR AR 3-SrySiO4:Eu?t Ladt KA MRl & 6 1 RE AT 7T
Long persistent and photo-stimulated luminescence properties of 3-Sr,SiO,:Eu?* La3* phosphors
PP 2EH%.2015, 64(1): 017802  http://dx.doi.org/10.7498/aps.64.017802


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.177804
http://dx.doi.org/10.7498/aps.64.177804
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I17
http://wulixb.iphy.ac.cn/CN/abstract/abstract65101.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65101.shtml
http://dx.doi.org/10.7498/aps.64.177803
http://wulixb.iphy.ac.cn/CN/abstract/abstract64615.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64615.shtml
http://dx.doi.org/10.7498/aps.64.137801
http://wulixb.iphy.ac.cn/CN/abstract/abstract64225.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64225.shtml
http://dx.doi.org/10.7498/aps.64.107803
http://wulixb.iphy.ac.cn/CN/abstract/abstract63961.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63961.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63961.shtml
http://dx.doi.org/10.7498/aps.64.087803
http://wulixb.iphy.ac.cn/CN/abstract/abstract62391.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62391.shtml
http://dx.doi.org/10.7498/aps.64.017802

) I8 ¥ 48  Acta Phys. Sin.

Vol. 64, No. 17 (2015) 177804

N RENHELED BIRER EX ML EER
FREN DR LT IWRIR

MY pEERYIT g
x| Y

wAEFD EEED kLY

N

1) (F B K% EFEME LED TREEARM O, 8 330047)
2) (I R IMYE K% LED Jeli 5 Bt e, &M 363000)

(2015 4£ 2 A 14 HYEl; 2015 4E 5 A 5 HIkRIB4R )

ARSCRERE () 4R EAMEA KRR (GaN) 2506 R (LED) RS 2 58 MR 452 K
b, RS T A A IRAN SR SRR A1) LED B M F v 73 5 X ERATI X (HRXRD) #F 78 1 B4 72
I JG B 3484k, Rk HOR BUR O (PL) 6 R IEBEAT T 0FF0. 45 R W]: A i GaN % LED [ 4%
W 2N HAUE, GaN 32 3 (18 /7 2 B 7% /i EOR 5K /2 MRS Ja o IR . 77, InGaN /GaN 1B
SRR R R RS LED #EIR = R JC B A% 28 R VE U InGaN B 89 In 470 A2 3503, SR %8
HRXRD {8 5 2 8] 1 8 v 505 215 P AL A 72246, GaN 2k LED # B AME Fr 7% 22 0k 2k

B PL & R AR B R A .

REEIR): RALER, FRNEHEAR, (815 2518, Jeshol
PACS: 78.55.-m, 78.66.Fd, 61.05.C—, 62.40.+i

1 58 =

GaN % LED 5 £ Hml i (1) 4=t BE R DA R AR R
(P ERA 2 e R, LR BRI | 22 75 S S5 AT
BEZORA IS BT R AMEA K GaN 3t
LED I [0 4 AR A i) £, PRtk GaN 2 LED {8 i
AR FEERF RAME, HATH = &R LT
PLSEL, B AT 43 0 06 A S PR RE RN A R 4R
PRLR, HP I AR RE RN T Y 5A ER
K, AR R F AR B T35 A R, BT
FRB LT 5 A R 5D, (HE R0 8 7R
RN NERASE N 05 S P e < I b = 3 i b S Pl
() AR s AR IS, B AN E A K AFER ), H
GaN & LED #5280 2 2 7l k, H&F
EAFIEECN R RN )] KR, B GaN 2 LED

DOI: 10.7498 /aps.64.177804

R OB T R A, (HIL TR R ) K Rk
B SE A RTE 2, X AR 96 &AM e A K
H S R GaN 2 LED g H R EE ) S
YEF, Ftk GaN % LED # 58 /i 7t B AR

H BT AF 70 LED SN ) EBAH =5k, &
1153 ) 2 & 4 ¥ % XRD, Raman )¢ i DL 7 i it
H PL 8 EL 0% 0 A % K A # S 4 1051 % GaN 3
LED 8 F3 (1R SR 22 ) (HE0 & T AMME A i I
B B A B B O S AR AT e O,
TR, SCPE AT I ) P A 2 B5ORN v B
R 718 2 52 1A 1) AN VS 1 N g, BRI AR AN
JE S5 2 W B 790 2R, it 0 2009 s S 43 Ao i ) 7 i
sz, RESCEk B e A &0 T H S8 GaN
$E LED B B R o if 70 1200 (0BT 70 2 8

w [H 5 HARFLF S (S 51072076, 11364034, 61334001, 21406076, 61040060), [E 5 @& £ AW 7 & &t & (it #E 5
2011AA03A101, 2012AA041002), B F B 1 (#LHES: 2011BAE32B01) % Bh R E.

1 B E/E#. E-mail: chuanbingxiong@126.com

© 2015 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

177804-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.177804
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 17 (2015) 177804

IR PL B EL 135 6 5 I K AR S S5 HE B .
GaN % LED R LEA 52 H SR R M IE LR,
K F HRXRD (1 77 3 I 8 s 4 76 B 7y, DL Kl
To R FEE ) 43 B s (] PRl v SR R SR R A B
InGaN/GaN 1BV 4 7 i 45 R 2 & —#,
A AKX T7 T IR T30 A LR IE .

AR R T ok 2 R R A R ) T,
FE4of JI GaN 25 LED i 5% £% %2 2 M HE bR, 3R 15
TR HAS S SCPE AT R R W 1 GaN 4 LED
fE, KA HRXRD % LED {# #4101 f5 GaN l In-
GaN/GaN &1 BF N /) HEAT T B 7T, [FINR
FH 405 nm 2= 3 RO 285 HOGBUR e i (1R
AT T —E AT

S P A TE A S GaN % LED AME Fi J2 78 3
Thomans Swan 6 / MOCVD £ 4 b 44 K
), B KT A R D10, sz, SR RIS
25 BRI A I 71, B REAT K GaN 2 LED i
M BRI E. GaNJE LED #5537 # 5
kA NP SR IN =T P MR B S S S
PELATLE 110 °CIEAk - i ik Jog Trh v S8 k. [ 150
FF I GaN 45 LED # R4 8 2 2 B iUG, AR
PEREAN 22 52 31 3 HE FEAR (5

A SCH FH HRXRD 43 5 9k 7 #r 17 GaN &
LED 7 i # % 1 J5 GaN 5 & 7 B (0 N 1 28 1k 1%
B, LRI 405 nm = SARBEOG IR T H B AT
J& H PL % )28 4k, HRXRD AT N PANalytical
X'Pert PRO MPD, H /48l Jy Cufll, X 5F 2k 3
K 1.54056 A, X B 288 T/E HLJE 40 kV, HL 40
mA; PL 3% ()06 A SARBOLEE, BN 405
nm, F A HEOEDIE N 300 mW; JGIECH H AT
I SBP500 S A3 MR85 R % i

3 #£RET®

3.1 EoHEXHFEZHMRAEITHW/20
ot

J9iH B HRXRD A7 SO B& 15 51 A B A3

R 28 B o T AR 1 ON B AT S 0 7 fw #2, R TR

— T (hkil) BN [ G 8007 59 07 19k D & GaN i

¥ B U0 1A GaN 3 LED 7 5 7E 4h ZE fif: 4

JBE AR Ew/20 A EE X . B 1 (a)
24 (0002)-(0004) Thi % FR 33 4 % BB B 1 (b) A
(1012)-(2024) TR FRFAFE 0T L .

TERE 1, 25 2040y AR [ /& GaN 2
LED {8 545 7 Efef Aef JiS B AV B & R e 6 AR 1Y
HRXRD =4 fb AT 5T w /20 47138 B, P9 vl & X
W 2R SEBR NS R A [, e F 2 p B GaN 3R,
M%7 J5 2 AIN 22 o =3 0, A1 (a) AT LTS 28
(1) B F210 f5 LED # A AIN 22 012 (0002) TH
(AT SR U, 0B X AR 26 2 57 35 B GaN 2 LED ¥
JELRRT, EAS [ S B A5 R TH AN 22 528 HRXRD 1
P IEEE S

TEE 1A SEE GaN (1 (0002) 5 (1012) [
() X SR AT 56 B — SR AT B WAL 5 AT S A )
ZEAH 53 A Sy AT S, M (0002) TH 5 (0004) TH
ARk A AN (1012) TH 5 (2024) T A7 AR £ 3 2

0(0002) = O(0004) + dw1,
9(1012) = 9(2024) — dwa.
MR AT R4 2 30 2d sin 0 iy = N KNI Al A A8 25
PN
1 [17)

d(hrit) = - - -
% h* + hk + k n L
3 a? c?

A 3 5l i B GaN % LED 3 [ 78 4h & 4 i b
GaN /K V77 [ 5 3 B J7 [ 1 & 4% 5 200 N
3.1939 A M15.1815 A ME:#% % 2 M HE ARG GaN
K5 ) 5 3 L 1) 6 B A B0 i 3.1878 A
151860 A. rH GaN 4 5 i 7K ~F 5 ) A1 3 B 5 )
0 K 5 B4y )R 3.1892 A A 5.1850 A 8], Ff4R
I N 3451 GaN 7K 77 [ R 2 77 1 1D A s o 40
KA R 10 15 R R GaN 3£ LED #
R ERMRERE, CaN Z 2N /1 BT E K
(RI5K B AR R 6 Ja i N R HE 7.

GaN 2& LED ¥ JIi 75 4b 2E 1 44 i b 52 30 7k
71, X5 CER I IRGE A A, EE RN GaN #
b5 A JEC A R 2 TR A7 E K I R T A A 2R
it 119, GaN 2 LED 7 i 5% £ 25 32 1t 554 )5 GaN
SN R R Sy, AR SCIA B T RE R GaN 2
LED i3 # 2 2 50U, R T M EREAT R
X RE e, LR ) N ) AN £ 52 S HE AR ) 5
M B AIN 5 GaN F7 75 ) 5 4 Al AR L 3 2 AIN
2R X GaN 2 P2 A UM R B A PO ek S8
TR 1 GaN 24N 1 RN A7

177804-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % R Acta Phys. Sin. Vol. 64, No. 17 (2015) 177804

2 & Tk 41 i GaN % LED 8 i 55 £ % 2 255 AR T AN ERE A I b RN B 2 S M B A |
FMRJE, GaN % LED # 5 # 5 J5 3 (0002) TH 1) [ GaN % LED 5 (1) fi 5 B
HRXRD = fill & A7 5 X PR w /260 945 &, 4 2 R 41

(@) B T SMEREMIR  —— RN
:|
e dwy
Z,
I
[}
= dwy
=
AIN (0002)
—
1 1 1 1 1 1 1 i | | |
—-0.8—-0.6—-04—-0.2 0 0.2 04 0.6 0.8 1.017.5 18.0 . . . 20.0
(w/26)/(%)
(b) & — AMERERIR —— bR
1=
S 2
Z e 15
[} Z,
<
Swo Y
Eo)
=
1. 1 1 L ! ! 1 1 1
—1.0 —0.5 O 0.5 1.0 1.5 20 25 3.0 29.5 30.0 30.5 31.0 31.5 32.0
(w/26)/(%)

1 (MTPEH) GaN 2 LED HRIESMEREA R EAFVEREMR b w/20 ERIEEX . (a) (0002)-(0004) TH*TFR
LA (b) (1012)-(2024) TR FRIT 0 EL 1A

Fig. 1. (color online) The comparison of w-20 scanning pattern between GaN-based LED thin films grown
on Si substrate and the films transferred to the submount with a flexible layer: (a) the comparison of
(0002)-(0004) symmetric scanning between the two kinds LED films; (b) the comparison of (1012)-(2024)

asymmetric scanning between the two kinds LED films.
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Fig. 2. (color online) GaN(0002) w-20 symmetrical scan of GaN-based LED film on the epitaxial Si substrate

and the flexible submount.
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Fig. 3. (color online) A Reciprocal space maps for the (0002) symmetrical Reflections of GaN-based
LED film: (a) LED films grown on Si substrate; (b) LED films transferred to the flexible submount.
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Fig. 4. (color online) A Reciprocal space maps for the (1015) asymmetrical Reflections of GaN-based LED
film: (a) LED films grown on Si substrate; (b) LED films transferred to the flexible submount.
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Abstract

Due to the lack of GaN substrates, hetero-epitaxial growth of GaN thin films is usually carried out on a foreign
substrate. There are three kinds of substrate for GaN: sapphire, silicon carbide, and silicon; the sapphire substrate is the
chief one, currently. Due to the availability of large scale and low cost of Si substrates, in recent years, extensive research
has been devoted to the development of gallium nitride (GaN) optoelectronic devices on silicon substrates. Because of
the large lattice mismatch and thermal-expansion cofficient difference between Si and GaN, it is difficult to grow thick
enough crack-free GaN LED film on Si substrates. The two main kinds of methods for overcoming the crack problem
are using the patterned Si substate and the thick AlGaN buffer layer. Although the two techniques could solve the
problem of crack by cooling after growth, they will lead to an increase in tensile stress for GaN on Si. When making
vertical-structured LED devices by transferring the GaN-based LED thin films from Si substrate to a new submount,
this tensile stress will be partially released; but few researches have been made about the stress change before and after
the transfer of the film, although the stress in GaN is an important factor that alters the energy band structure and
may influence the vibrational properties. In this paper, we grow the crack-free GaN-based LED films on patterned
Si(111), then light-emitting diode (LED) thin films are successfully transferred from the original Si (111) substrate to
the submount with a flexible layer, and then the LED films without the influence of the submount and substrate are
fabricated. In the following experiments, the strain-stress variation of the LED film is determined by using nondestructive
high resolution X-ray diffraction (HRXRD) in detail, and the variation of photoluminescence (PL) properties of the film
is studied too. Results obtained are as follows: 1) When the LED film is transferred to the flexible submount, the huge
tensile stress will turn into compressive stress, and the latter in the InGaN layers will increase. 2) The In concentration in
the (InGaN/GaN) MQW (multi-quantum well) systems can be evaluated with the help of reciprocal space maps (RSM)
around the symmetric (0002) and asymmetric (1015) Bragg reflections. The In concentration in (InGaN/GaN) MQW
will reduce when the GaN-based LED film is transferred to the flexible submount. 3) The PL spectra of the LED films

will obviously appear red shift, after they are transferred to the flexible submount.

Keywords: GaN, flexible submount, reciprocal space map, photoluminescence
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