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Fig. 1. (a) The SEM image of the Alj3Gay;N Sample; (b) the SEM image of the Aly5GagsN Sample; (c) the SEM image of the
Aly;Gag 3N Sample. The AlGaN and AIN layers in (a), (b) and (c) are marked with red and yellow squares respectively, in addition
with the thickness labeled. (d) From left to right, the curves show the absorption coefficients of Aly3Gag;N, AlysGagsN and
Al ;Gag 3N samples, respectively. The absorption coefficients are measured by an ellipsometer and the band gaps are fitted out and

labeled.

127302-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 12 (2020) 127302

SRS ATRE S B PTI R 0 SIEERECE, k3R
PRI o, T E = 7 A i BT S

XD R F S8 == A EuHR Y —%&
TR HMERERT ] 7 PO R AT, A
HeUE A 195—300 nm AT 815 B9 KA K w4
St 25 5 R Y R AL BIRE R, IR
Pt R P BRI IS, T — R INEE
RAEF] 100 pm WEHFLIE, BOGTEIGE S, TR
LRI KR & ML ZS 0] 4 PR AR
2 um Zef5. BT = R R AT BRES A, AN IR
F 8 K W KA AN TR X Al 3Gag 7N FEd R H
266 nm I K HEOE, FHTPRLA R 1 mW; X
T Aly;Gag 5N BEAE 2R 226 nm K 1 ik oL,
SEITERZ N 1.2 mW; T Al ,Gag 3N BEf R
195 nm P MK 0L, SFTIE 20 0.5 mW.

Ze 1 B #yl i Bruker Multimode JR T /7 %
BeRH AT, G WA AR AT SE B S R X
PEIEE RN, FIFHIRAT A TG R 1Y
XUV ) BRI S R SCHRET BAROR, Al 3R 1
HL A A R R BN T 10 nm. AT/
Fa R AR SR AR I 3 T FE A, 2 A
F— UL SR AL L e R Rk,
WG TESRERE BG4, [RIHE T R it
ISR AR B AS T U, Sl A RO M
BTOQFIAE i [E] (R R 3R 22 | (A5 A I L R 5 | /S ) R A
BUBAR ST k. BT T AMEA raL 382 R Sl 275 3]
F14) 2 T FRL A T AR S PSR FH I SUSBI A 7 B 1 4
Jrid, ISR RIRT, BN RSB 3tk
PRATR it N 7E SRR L, DT SEBEFE Bk 3t vp
[ B ARSI 30 5 R L R TR TR 2 4H R 4R
fen, DRI H S 245 TR SR i] LIS SR A i e 2O
S5 R Bruker 23 #] [ SCM-PIT FHL £14R, B
SAIECR 058 —AMES R 228 67.04 Hz, SR H
PR S ZAES R 2 420.94 Hz. 7EA
SCXF AlGaN H R R AR, %07k DI
AT b 53 B % 1T F AP B LR ) 233 ] 43 B 0T i
F2) 19 nm (FEWLIE 2(b) RAHKITE).

3 EREA
3.1 HEHATEANMEE

P 1(d) R 1 3 A e S A5 3] A R A 2R
BALAHBRISE . AlGaN K HEAT L SR, R
I Tauc 243 2122 WK 2L o FIDEG TREHEE ho 45 LU

TXRFR:
(ahv)? o hv — Ej, (1)
Hrh B, i B, b o8 I i, o G FIRER. XF
(ahv)* B ho 28 AR il 25 P B9 2R P30 40 R AT S0 A
ARl A AR BT R A B NIET 1(d) W LAE
Al 3Gag 7N, Al sGagsN Fil Al ,Gag ;N = ke
fn UL A5 2 B B 43501 8 4.085 eV, 4.743 eV Al
5.254 eV, XJ W 16K 303.5 nm, 261.4 nm
A1 236.0 nm. AlGaNfE N =& 4, 7 LIAR 4
Vegard &8 2 A58 Al 403 e BIRg K/ o
Ey = 2Ean+ (1 — ) Egan — bz (1 —2),  (2)

Hrr, Ean i AIN 7R, BUR 6.20 eV; Egan A
GaN FHFER, BN 3.42 eVERY, b R 5S40 5
BCA 1, WATASE = Al Al 3Gag ,N, Al ;Gag 5N
I Aly-Cag 5N [ Al 414 1 0.32, 0.56 1 0.73.
XSRS A K AT E B 4L e 9] B AR 0.3, 0.5
0.7 4%k

3.2 Aly;Gag ;N BN EFIREESRE

Al sGag N FE S AL 2r LI 29 0.5, %
FE i 1 2R TP TS 34757, 0 3R T AN [R) 437 B
LT AR A B OO, 43 i an il 2(a) AN
3 (a) Bz, X7 A 2 1T 550 1 2% 1T H 344 an
&l 2(c)—(f) FAET 3(c)—(f) .

M 2(a) W] LLE 3 3 D ue i, B 58
W4, WA 43 518 261.0, 305.3 Fl 314.1 nm, AR HE
(2) AT DG 3 A4S K S0 XTI 9 20 53 Eb 4 5l ok
0.57, 0.30 1 0.26. 55— A U8 Y o7 B R T840 1)
0.5 2143 Hiy Al1GaN AOGIE(; B AR —F, LRI
S A5 3 e B A B B AN A =
WEE DU X, T AN & Ga FOZH 4y, 33156 I 3% X 3
AR A B XN TRBE RG] 555 — 1
WEXEYCTRERE FAIIEZY 0.7 eV, HATRERY SR IE
Tk ALE R (BH B 25 -2 it ) Sk, fian
HE— LAY (V0 -200)" 25 D7 SR EG 201 5] 2(c)
FE 2(d) A RTER (10 pm) 42 1 8 5 15 0 4 img
H#E, TR G 2R A SHENIES. &
By 2R TH A R UIT, A 9 2% 1 F A5 R 1 5
T 7 B P L B R TR R 2(e) AT 2(f) /il
il (3 pm) A2 TR S5 A3 i f 4, AR T
UG LUE B ST EARIRAS RN, 230 it i 45
HOIR, NRTHLIRE, 2 M i f 3435 4

127302-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 12 (2020)

127302

(@) 5000 () g 0 I
g B
T AL0.57 3‘1*:(1)'26 = 1 1
: 4000 ' 261.0 nm m S 15 F
L ; (]
5 i
5 3000 |l
= I 0 100 200 300 400
'% 2000 I Distance/nm
= 1000 >
= i s 15
~
0 2 I 2
£ ot i
(0] HEH
260 280 300 320 £ r el 19 nm
Wavelength/ Py
avelength/nm 0 100 200 300 400
Distance/nm

B2 AlgsGagsN A i 2 1A B8 AR 2> 8 LAY X

.

(a) DX A R G (b) b BTN 181 53 31 oA T 550 2 T e, 34 19 190

P, %R TR (e) HARIE 1 BSALE R (f) HrbRic 2 G008 WLLLR PR, T Pl e e A0 P R R SR 224 19 nm, B T K
TSR FH AR OB B0 4 il T 7R SCHR T 0 Rl 1y S B 255 [] 3 35 (c) A (d) 3R ST 10 e B 139 3 18T 550 £ B % 1 26 1 L 3545
(e) A (£) FFHIRAS 2 3 pn B 14 2 TR SRR K 0ok 107 3 1T L 4085 T (e) v 1 EA BE AR 1 RIET (F) FhARIT 2 % R[] — o7

Fig. 2. The area with obvious phase separation phenomenon on the Al;;GagsN sample surface. (a) A typical photoluminescence
spectrum of the area. (b) Profiles of the topography and the surface potential shown in plot 1 and 2, respectively. The profile of the
topography is extracted from mark 1 in panel (e). The profile of the surface potential is extracted from the mark 2 in panel (f). The
width of the falling edge marked by red lines in the profile of the surface potential is about 19 nm. This value presents the typical
spatial resolution of the single-pass Kelvin force probe microscopy we applied. (¢) and (d) The topography image and the surface
potential image, respectively, obtained at the same area with a scan size of 10 pm. (e) and (f) The topography image and the sur-
face potential image, respectively, obtained at the same area with a scan size of 3 pm. The white lines marked by 1 in panel (e) and

2 in panel (f) are picked at the same position.
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Fig. 3. The area without phase separation phenomenon on the Alj5Gag ;N sample surface. (a) A typical photoluminescence spec-

Alg 5Gag 5N A it 2 T A B AH 3 B B 9 DX 8

(b)

g 2r
= L
= or
= L
&2 1
é L
—4r 1 L 1 L 1 L 1 L
0 100 200 300 400
Distance/nm
>E 30
s
'g 15 2
o
5
A or 1 L 1 L 1 L 1 L
0 100 200 300 400

Distance/nm

(a) XA A0 s (b) b 1A [ 23 50 S T8 550 0 25 ThT v 340

trum of the area. (b) Profiles of the topography and the surface potential shown in the plot 1 and 2, respectively. The profile of the

topography is extracted from mark 1 in panel (e). The profile of the surface potential is extracted from the mark 2 in panel (f). (c)

and (d) The topography image and the surface potential image, respectively, obtained at the same area with a scan size of 10 pm.

(e) and (f) The topography image and the surface potential image, respectively, obtained at the same area with a scan size of 3 pm.

The white lines marked by 1 in panel (e) and 2 in panel (f) are picked at the same position.
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Fig. 4. The area on the Alj3;Gag ;N sample surface. (a) A typical photoluminescence spectrum of the area. (b) Profiles of the topo-
graphy and the surface potential shown in the plot 1 and 2, respectively. The profile of the topography is extracted from mark 1 in
panel (e). The profile of the surface potential is extracted from the mark 2 in panel (f). (¢) and (d) The topography image and the
surface potential image, respectively, obtained at the same area with a scan size of 10 pm. (e) and (f) The topography image and

the surface potential image, respectively, obtained at the same area with a scan size of 3 pm. The white lines marked by 1 in panel

(e) and 2 in panel (f) are picked at the same position.
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Fig. 5. The area on the Alj;Gay3N sample surface. (a) A typical photoluminescence spectrum of the area. (b) profiles of the topo-

graphy and the surface potential shown in the plot 1 and 2, respectively. The profile of the topography is extracted from mark 1 in

panel (e). the profile of the surface potential is extracted from the mark 2 in panel (f). (c) and (d) the topography image and the

surface potential image, respectively, obtained at the same area with a scan size of 10 pm. (e) and (f) the topography image and the

surface potential image, respectively, obtained at the same area with a scan size of 3 pm. The white lines marked by 1 in panel

(e) and 2 in panel (f) are picked at the same position.
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Characterization of phase separation on AlGaN surfaces by
in-situ photoluminescence spectroscopy and high spatially
resolved surface potential images”
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Abstract

AlGaN is a key material for deep ultraviolet optoelectronic and electronic devices. With the increase of the
Al composition ratio, the phase separation on the surface, caused by small-scale compositional fluctuations, is
prone to affecting the performance of the device. In order to explore the mechanism of the phase separation on a
nanoscale, the AlGaN wafers with different quantities of Al compositions are investigated by the confocal
photoluminescence spectroscopy and the single-pass Kelvin force probe microscopy. The composition ratios of Al
for the three samples are about 0.3, 0.5, and 0.7, respectively. The single-pass Kelvin force probe microscopy
based on dual-frequency phase-locking is used to obtain high spatially resolved (about 10 nm) surface potential
images. In the area where the phase separation phenomenon is obvious in the photoluminescence spectrum, the
sharp change of the surface potential can be observed at the irregular steps and the edges of the surface pits.
The potential changes can be ascribed to the inhomogeneous composition distribution. In the area where the
topography turns into step flow, the surface pits shrink and merge. No obvious surface potential domain
boundaries appear at the steps nor on the edges of the surface pits. Meanwhile, the phase separation
phenomenon in the photoluminescence spectrum almost disappears. Our experiments show that the steps and
the edges of the surface pits on AlGaN surfaces are main reasons for small-scale compositional fluctuations and
the phase separation in the spectrum. Combining with in-situ confocal photoluminescence spectra, high spatially
resolved surface potential image by single-pass Kelvin force probe microscopy is an effective method to

characterize the phase separation on AlGaN surface on a nanoscale.

Keywords: AlGaN, phase separation, Kelvin force probe microscopy, photoluminescence spectroscopy
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