5549 % 451130 A I & K OF R Vol.49 No. 11
2020 4 11 j JOURNAL OF SYNTHETIC CRYSTALS November,2020

AlGaN &g 2E7 2 SO A BHS 85 1

1 =1,2 g 1,2 >z 1,2 - 1,2 ~ -1,2
WEAR IR L, F AT % F L, eZ4 B AT,
—1,2 1,2 - 1,3
L LR KXET, B R
(1. P EREBE K FOCERE B S YR T, K & 130033; 2. PERMABE R, MRS EHBFE Ful, JEal 100049;
3.REFETI R, KFE  130012)

FEE: AlGaN EAr kL BR AT A iy BT BR S A5 1 SRR, B & 54N (UV) G Fae i sAam kL. a8+
EMTFFE, BT E S AE S IR ICAMEA: K AlGaN FEAP R SAtB 455 HBUS T E Rt . LUCHSERT, AlGaN JE4¢
AR A SR AR B K R R . FEARLZEAR D, EFEANH T @ i AlGaN Skt kY MOCVD AR EA: K 7k 1544
T LA KGR AE SR A RO S NI AR ThI RS 04 1 e

KR AlGaN ELpPl; SMIEAE K 1824 R4 R EA 1 AN

hE 42K E: 047; TN36 XERARIRAEG: A X EHE: 1000-985X(2020) 11204622
DOI:10.16553/j.cnki.issn1000-985x.2020.11.003

AlGaN Based Wide Bandgap Photoelectric Materials and Devices

BEN Jianwei', SUN Xiaojuan'?, JIANG Ke'?, CHEN Yang'?, SHI Zhiming'>, ZANG Hang ',

ZHANG Shanli'*, LI Dabing'*, LYU Wei'”
(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;

2. Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences, Beijing 100049, China;

3. Changchun University of Technology, Changchun 130012, China)

Abstract: AlGaN based materials are promising to fabricate UV photoelectric devices due to the direct, wide and adjustable
bandgap. With decades of research efforts, great progress has been made in improving the quality of AlGaN based materials on
heterogeneous substrates, and the doping efficiency has been greatly improved. As a result, great progress has been made on
the fabrication of UV photoelectric devices. In this review, the growth methods to obtain high quality AIGaN based materials
by metal-organic chemical vapor deposition( MOCVD) and the methods to achieve high doping efficiency are summarized.
Moreover, the recent progress of UV LED and UV photodetectors are also introduced.
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Fig.1 (' a) In situ monitoring curves of four samples, ( b) growth mechanism obtained from the in

Relfectance/a.u.

situ monitoring curves, ( bl) Sample A: 3D growth mode; (b2) sample B: 3D to 2D growth mode;
(b3) sample C: mixed growth mode; (b4) sample D: 2D growth mode >

WNET A A% VIR 5 AL AT AR, At AL R [0 3 S A FHIR B rid s a8, A8 T3



2048 Zpitik NN TR 49 %

AIN FBHE SRR T AR B . A BRI — e FE A B T R /2 SME( Atomic Layer Epitaxy,
ALE) ke %58 AIN SRV E Ko s i@ A T E AT VSRR, 3040 A K B B V/IIL 35 214 R
1B 0 FFSEEM RLE 2 AE K . JRIB W, %0775 T 1988 A5 I A KL A L, IF T 1992 4E4% 5| AF] AIN #4
HHINIE A AT, o R Sy fik v J5E 7 /2 A1 4E 125 ( Pulsed AtomiclLayer Epitaxy, PALE) , A A1 2 (a) By
AR BT BE R %O HE AN E AR KT R R A AIN A R R T AIGaN i vt 3
52990 2(b) P RO 5 G AIN SMEA: K255 2 AN/ K9 AIN BPEF FE(002) 5( 105)
I g XRC ik FWHM 435 AT £ 5 33 arcsec il 136 arcsec , Bf i (i ELARSNMELEF AN 2( ) fims ™ .

1S Sample F XRD
s ) Sample
o (0002)»
ON —— NH, 1E+4 L (1015)0
E
EIESE
ON 5
OFF L TMAI 1E+2 F
> 1E+] BT T e LR
; -06-04-02 0.0 02 04 06
Time/s 5
w/(®)
(a) (b)
= Cracks
G RN EWHIM
A /|
* Plts free
—_— * No crack .
HT-AIN ,H,T’AN, .-Hlf__'h crystal quality =
. AIN nucleation layer
 Increased
{ [thickness Sapphire
(N mcaion er | F—
7 y J
Sapphire LT-AIN AN =
-Al nucleation layer
- LT-AIN

Sapphire

AIN nucleation layer = Reduced thickness to prevent cracking

= HT AIN layer blocked the pits

Sapphire
: :JI(E\SN FWHM
(©)
2 (a) PALE 77 (i AR ( b) RESRA XRC MIHREESL: (o) B I SN ELS Hg

Fig.2 (a) Gas flow mode of PALE; ( b) XRD rocking curves; ( ¢) structure of the sample in reference
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Fig.3 Part 1: flow mode and surface morphology of AIN samples fabricated by (a) MEE, (b) Modified MEE and
(¢) simultaneous flow method; Part 2: model of initial nucleation mechanism of AIN on sapphire with (a) MEE,

(b) modified MEE and ( ¢) simultaneous flow method *”
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Fig.4 (a) Schematic of the interlayer to decrease the dislocation density; the surface morphology of
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Fig.5 Part 1: cross—sectional brightfield STEM images under two-beam conditions for AIN grown on NPSS with
(a) g=1[0002 ], and (b) g= [1120 ], ( ¢ ~e) are the magnified STEM images of three selected typical zones in ('b) ,

( f) mechanism of the main competitive processes influencing TDD of AIN epilayers on NPSS. Part 2: schematic

diagram of in-situ NH; pretreatment growth model of AIN on sapphire: ( a) initial nucleation, ('b) columnar 3D growth,

and (¢) thick film growth after elimination of N-polar columnar domains and coalescence of Al-polar domains. Part 3:

(a) ~(c) schematics of the film polarity and growth mechanism with corresponding 3D AFM images of samples

without TMAI pretreatment, with TMAI pretreatment and with long-time TMAI pretreatment, respectively“ﬂﬂ
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Fig.6 (a) Surface morphology, ('b) enlarged morphology and ( ¢) contour image of PVD-AIN without annealing;

(d) surface morphology, (e) enlarged morphology and (f) contour image of PVD-AIN annealed at 1 700 C ,

(g) schematic diagram of the migration of dislocations during high temperature annealing[ﬂéﬂ
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Fig.7 (a, band ¢) and (d, e and f) are the cross—sectional weak beam dark field ( WBDF) TEM images of regrown

AIN sample under the diffraction conditions of g = ( 0002) and g =( 11 =20) , respectively'™
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Fig.8 (a) Firstprinciples calculation of graphene structure formation energy by N dopant and Al atom absorption energy among
these structures; ( b) schematic diagrams of Al atom migration on graphene and sapphire and ( ¢) calculated migration barrier;
(d) ~(g) schematic diagrams of AIN and GaN growth on graphene; ( h) diffusion barriers for

Ga and Al atom on 2D + sapphire surfaces (59601
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Fig. 10 Schematic illustration of polarization-induced p-type doping in graded polar hetero-structures
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Fig. 17 (a) A structure diagram of polarization-enhanced AlGaN solar-blind ultraviolet detector; ( b) spectral responses under

different biases for the ultraviolet detectors with polarization ( S,) and without polarization ( S;) ( semilog scale in the inset) [1s)
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