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Two step growth of non-polar GaN substrate by HVPE

Student : Chan-Lin Chen Advisor : Dr.\Wei-| Lee

Department of Electrophysics
National Chiao Tung University

Abstract

In this research, we obtained the non-polar GaN substrate with a thickness of
110um successfully by two step growth method by hydride vapor phase epitaxy
(HVPE). In the step one growth, a-plane GaN were formed triangular stripes along the
[10-10] direction under low growth temperature. The morphology of triangular stripes
along the [10-10] direction is:similar to traditional ELOG GaN. Thus, we use [10-10]
stripe GaN to overgrow subsequently for obtaining advantages of ELOG technology.
In step two growth, we tried to change pressure and temperature to obtain the best
overgrowth condition. Growth direction--will ‘become lateral growth under high
temperature and low pressure and the morphology of surface will trend to flat. Results
measured by SEM, PL, XRD, Raman suggest that the growth time of Step one would
dominantly affect crystal quality and subsequent coalescence. The best growth time of
step one is twenty minutes. In this work, a new method is presented to produce the
voids in a-plane GaN film using two-step growth method without optical lithography
process. We also confirm that voids will release a part of stress and stop some
basal-plane stacking fault. Existence of voids is a key point to grow 110um non-polar
GaN.
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Stepl Step2 Stepl Stepl Stepl Step2

Growth V/IL Pressure HCL HCL Temperature Temperatu  growth growth

condition  ratio  (mbar)

(sccm)  (sccm) (C%) re(C°  time(min) time(min)
Condition 1 40 100 40 20 1000 1100 10 120
Condition 2 40 100 40 20 1000 1100 20 120
Condition 3 40 100 40 20 1000 1100 25 120
Condition 4 40 100 40 20 1000 1100 40 120
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35



Stepl 40min + Step2 120min

B 4-2-2-1 Stepl = & S pF B % +Step2 120min SEM cross-section view

FER P 4-2-2-1 B > Stepl 20 A 4 e Tk R E B 4F A0 KRG B AT
e g RT o @ stepl 25 A 4842 A0min RN e 2o AT GEE RV 4
BIE - PR EEFR LRSS SE SR ET R ¥ o E_% stripe B A&
AT F R R T A RR R AR Pt S RELIET a0 o Y
BEIRF AL N A - B gl i g5 K TG ARy AR R

B Gldhe tf o 16 0 R B ARAU 4 SRS AR AR e B e 1 SR ok

I

B A £ 2RI F gpdng G T AR 42-2-1 A PR g T R
BALEET S - PR LR 20MnpFA L cnitF R AR 0 £ 4-2-2-25 0

PZREEEpIFRE IS ET R AE T RS

Growth time Distance betweentwo  Distance between
void (um) sapphire and void
(um)
Stepl 20min +Step2 120min ~55 ~30
Stepl 25min+Step2 120min ~100 ~40
Stepl 40min+Step2 120min ~200 ~60

242220 RE - RE A EBEI L s AT

36



AT NIRRT AR T ORI B F L APRLIIVFRET
AR AR TR B 5 T GaN 2 EF £ A w2 FHWIE Glch b Arid 2 e
Fg4 o TP pRRAREL KA ARe 2 & 3§42 Ga-face £2 N-face 4% 5 3 & » d 3¢
&= J]?J%“ FrobZe LRt 22 B4 122] &2 K357 o ki
dislocation ¢ % % = & 5 & H{ 4c @ 5 > [23] » Flotdeo kA% 5 456 AR R £ &
BT OHF R b 4% 4 dislocation o feizif d >t condition2 Ak - FEEL S K R (S 4R
7+t condition3 ~ condition4 #. i Bh i B i > Flpt g T R L (SILIFAREZ T €
BE4E sapphire $iiT e f 4-2-3 & 3% 4R 430 2 endt F iR (T3t 0 & 3530 F ¥ strain
e F{e¥F basal-plane stacking fault <982 58 -

j¢_condition2 ~ condition3 ~ condition4 iz = i i & k5 A PF R F - P
PR 20min e £ E 1 S B N R E o e FO2EE - PR pR AR EARYE 0 W
BRI EF - PR R 10min pF §ag s Sample B € g o gt £d
sapphire £2 GaN sh# 3 3k (2 e A e #rad 2 F desilo il F L AXE g AXE B A o
e figi2 condition 1 ch= L g F AR B o BASES S EERGE G
70UM > BEF @ s S B E R e R war A stripe B R B TR A K 2
AR JVF R A R R o T O S RACELR 4-2-2-2 A

TS AL AR AP T T E R EFE AN - RS LT L A

4w

T‘!M\’pﬁ\;ﬂ?;ﬂ S APl Im-stripe o 2 B D FFERAE A R C 2 owanik

T SRR FPEAM S s RT o e - A S E SHH M R

T ¢ A4 R T AR o
z&gg&.zg%;wﬁﬂza‘q PR LR s ebkedddamt T L

™

Pl g g L 4ET 2 3L b s S o Tt Bt dTi ¥ ot C PR S R 2 B - 1Y
FEAEERIRS e EaEd R FE n % - PR~ &R 20min 5 & & = &

37



8] 4-2-2-2. Stepl 10min + step2 120min OM image

4-2-3.= I B = £ 2. Rl
4-2-3-1.3VF H=- pE 2 2 B4 B3

pUog AP g SRR e By high peak k & iRk &-d % sapphire &2 GaN 2
R4 > 4ok 4-2-3-1-1 > 3 peak =% %> 567 % stress-free enff-;% » peak i

B vt 567cm™ & cnpFiE % & £ PR 4 0] 3T 567 % A 58 i 4 [26]- &1 * sapphire

SR BRE V4P d N AORRE G oo 2R R FIF RS E A 2 wafer
bending » 4@l 4-2-3-1-2 #7o1 > e F CAF AR - il - RA s )bt

E- R € % 3| sapphire /& 1ﬁ§_if§ﬁ%’l v & B R B¢ ¥ 5 wafer bending @

wi%RBE4 0 A L E R PR S stress-free o

Mode w(em ™)
Expt. Calc.

E,(high) 567.0+0.1 576

PHYSICAL REVIEW B, VOLUME 64, 035205

#. 4-2-3-1-1.stress free GaN E; peak i #icit & # [26]

38



Bl 4-2-3-1-1.F 45 B9 4 A 7 4 B

B 4-2-3-2-3 % Stepl 20 4~ 45 + Step2 120 4 457 SEM cross-section view » #4
B £ /Pl m 4 sapphire FE4E Oum~ 20pum ~40pum ~ 60pum ~ 80pum ~ 100um =i
B R R R AR Ak A AR o ey B e
B 4-2-3-1-2 % “EiR B %1t ed & 2% E, high peak 3+ > &4 % 567cm’?

g AT 0 F ] Gl AOUM RSB S sk % % A0um FE

pau

R4 0 EEIAR A A 40pum IR stress-free ik fE 0 @ KB 4-2-3-1-3
A PRI I 4F A 40um ¥ o d 3t sample HE A E_100pm - +
B R 50pm T 3R AR 4 o e 2 i gr £ 3 stress-free 48 5 £_F] 5 sapphire
I GREGROEARD IF O BE RS v o @ 3 60um
6 € &2 5% &+ PIE_F] 5 wafer bending > 2t i 5g s » #-f]* XRD %P sample 7z

F 47 bending sk i o

39



569.0

m E2peak|

568.5 |- "

o
-3
o
°
T

567.5 |- ]

Wave number(cm-1)

566.5 |-

566.0 1 1 1 1 1

5670 = == = == === —— L

Oum 20um 40um 60um 80um

The distance from sapphire(um)

Bl 4-2-3-1-2. “giF R % i o § k3 E; high peak 8% @]

111001
__________________>
e e e
2>
AE RS gL | R

{ l 4 ; [
e
So—me o ___>

15.0kV 12.1mm x500 SE(U)

[1120)

l [000-1]

100um

80um
60um
40um
20um

Oum

B 4-2-3-1-3.Stepl 20min + Step2 120min = £ & & P/ @

B 4-2-3-1-4 22 [§] 4-2-3-1-5 ¢ §_{1* XRD & R E B+ LB > v X

Y~Z = @pii w3 X=0-Y=0-~2Z=0>a-planeGaN 7 @ =% = £

e

28°

~30° B F o F HEen? =g X=0-Y=0~2Z=0 # 5 X=3mm-Y=0-2Z=0 -

dek GaN Afrehid R %% 00 viho i § 4% §1 %1 o4k GaN g

A AT > iR ELE O F 2R 5T (4B 4-2-3-1-6)° % 4-2-3-1-2 %

AAE M oo A LT B o

40
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