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Abstract: Compared with the first and second generation semiconductor materials, the third generation
semiconductor materials exhibit higher breakdown field strength, higher saturated electron drift velocity,
outstanding thermal conductivity, and wider band gap, suitable for manufacturing of electronic devices with high
frequency, high power, radiation resistance, corrosion resistant properties, optoelectronic devices and light emitting

devices. As one of the representatives of the third generation of semiconductor materials, gallium nitride (GaN) is
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an ideal substrate material for preparing blue-green laser, radio frequency (RF) microwave and power electronic
devices. It has broad application prospects in laser display, 5G communication, phased array radar, aerospace, efc.
Hydride vapor phase epitaxy (HVPE) method is the most promising method for growth of GaN crystals due to its
simple growth equipment, mild growth conditions and fast growth rate. Due to the widely used quartz reactors,
unintentionally doped GaN obtained by HVPE method inevitably has donor impurities (Si and O). Therefore, the
grown GaN shows n-type electrical properties, high carrier concentration and low conductivity, which limits its
application in high-frequency and high-power devices. Currently, doping is the most common method to improve
the electrical performance of semiconductor materials, through which different types of GaN single crystal
substrates can be obtained with different dopants to improve their electrochemical characteristics and meet the
different needs of market applications. In this article, the basic structure and properties of GaN semiconductor
crystal material are introduced, and the recent progress of the high quality GaN crystals grown by HVPE method is
reviewed; and the doping characteristics, dopant types, growth process and the influence of doped atoms on the
electrical properties of GaN are introduced. Finally, the challenges and opportunities faced by the HVPE method to

grow doped GaN crystals are briefly described, and the future developments in several directions are prospected.
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Fig. 1 Schematic diagram of GaN[!

(a) Hexagonal unit call (left) and the bond structure of GaN (right),
with green balls indicating Ga atoms and blue balls indicating N atoms;
(b) Polar face (left), non-polar face (middle) and one kind of
semi-polar faces (right) of GaN crystal
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Fig. 3 Photos and characterization of GaN crystals grown by HVPE
(a) 2-inch 2.5 mm thick GaN crystal; (b) (0002) surface high-resolution XRD pattern; (¢) (1012) high-resolution
XRD pattern; (d) Image of GaN wafers; (e) CL image (dislocation density ~5 X 10° cm2);
(f) AFM image (RMS<0.2 nm in the range of 10 pm X 10 pm)
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Table 1 Different types of doped GaN!* 3
Type Impurities Dopant Characteristic Application Ref.
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ntype causing no morphological deterioration, higher current optoelectronic de-
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p type Mg Mg(S) high conductivity Luminescent device [32]
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. . Mn Mn(S) . . . [2]
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C CH4/C2H4/C5H12 ctors

A ATERE R A8 R i AT A R i, B35 4R M 21
Thae fgese, mr T4 o) 2 2l LA

% 2% Si fll Ge /2 523 n 78 GaN 5 A% WL 75 2K
£ HVPE H, Si B:ERIEHFAIRZ . 5 MOVPE
FFE, w LA B e S SRR, H VR E PR,
BRI Z BTk 2 A i, A2 Si B ARtk
o T LME A EE Si/E RSB IES HCL T B AE
B SiHCL, 7E mii R A28 SiCl, 285 #iz i 31 4=
KX, H Si RV TSR AR AR 2 52 e %) 45 A
BIFHl. Lipski®®LL Si-Ga ¥ FII1E A Si YA
Ga i, L HVPE il % 1 Si 45 7% GaN.SiH,Cl,
AAHEEmmHAfEEt, BarlELl SiHClL 1E N
U5, FIF HVPE A K AR 1) GaN B A R4 1 ik
JiR BTN 5 K 7 i T L B 4(a)) - SR T GaN
R, ATLAR R GaN R KAEL, Bt &
IR S 45 44 B T DS e R U4 ik 1 B o T FLOE Y
f) Si 15 44 R4 50 HVPE-GaN [ ) 2 45 46 o &
{H2 Si &l BA PR TS RN, MG BRI E
Fhi, GaN R TE MR T2 SiGaN;, 5l AfF/+
PERO AR AE, PHAS GaN fERTHI4ka K, B3
REESEEAL, FEMRET SRR — SR,
HT Si i F 5L B EER, Si Bikica
T2 GaN PHRL A7 48 75 7 485 22 T b o R A A
AT 51 N TR B 7 9 3 Bl GaN JEL . JF 2445 i)
B, R T e AR B, Si 15 44 51 b S AR
] VZAF{ET GaN. AlGaN Al AIN /1, X5 Firf# H (1)
AKHARTE K AR, Si B AR Tk
JRE S 57 A 7 7 B B i bl /N SR e R R 1R
AT BT LA B AR GaN B RE O Ar i 35 B Il i
RS, MMM Si B8 GaN WIBIITKR ). Xia
SR R DU AR R 3R TIRE R, Si B 4410w
JREPE GaN [EIR T IE 8 20 T B A 8B & A H
EER) GaN . F Si 52407 LIRS E R

__________________ e m -

@ ' Substrates zone 7=850 'C 1! Growth zone 7=1045 C

L H,+HCI 1!

]

1

1

! H,+H,SICl 'l Hr+GaCHHLSICL \ :

L™ "

1| T | " !
1

|

]

|

|

1

- e T

H,*NH;, sl ' H,+GaCl+NH;+H,SiCl,

Susceptor I

Carrier gas: H,

T

Free carrier
concentration / cm™

1x10%8}

0 5 10 15 20 25
Distance / mm
Kl 4 Si#5Z2% HVPE-GaN'™™
Fig. 4 Si-doped HVPE-GaNP®
(a) Structure of Si-doped HVPE-GaN reactor; (b) Image of 800 pm-
thick Si-doped HVPE-GaN; (c) Distribution of free carrier concen-
tration along the diameter of Si-doped HVPE-GaN
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