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The study of morphology and etching mechanism on N-face

Phosphoric acid treatment free-standing GaN

Student : Jia-Hao Du Advisor : Wei-I Lee

Department of electro-physics
National Chiao Tung University

abstract

In this work, we study the morphology and etching mechanism on N-face
phosphoric acid treatment free-standing GaN. It s well known that
phosphoric acid is good solution . to recognize the surface defect on Ga-
polar GaN, but 1t seldom used for removing native oxide on GaN, and
discussed the etching mechanism. On XPS measurement, we found that the
oxygen content on acid treatment sample was only 30-50% comparing to un-
treatment sample, and the binding energy had been shifted 0.83 eV after
PO« treatment, it meant that the electron concentration was raised. We
infer it be caused by the hydrogen atom. And that was the main reactant on
H:POs etching. This result verified by Raman measurement and KOH etching
mechanism.

Finally, we demonstrated that the pyramids appeared on N-face HsPO:
treatment samples, and v-pits formed on Ga-face by etching pits density

experiment. All the facets after HsPO: etching were Ga-polarity.
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7. i (quantum confinement stark effect, QCSE) » ™ o -8 H zp 2 o

(a) Polar (0001) (b) Nonpolar (1120)
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GaN and AIN etching results in acid and

22005 # » D. Zhuang #3L

5, AIN 2 GaN &7 b ftdk

base solutions

Etching solutions

GaN etch rate (nm/min) AIN etch rate (nm/min)

Citric acid

Succinic acid

Oxalic acids

Nitric acid

Phosphoric acid

Hydrochloric acid

Hydrofluoric acid

Hydroiodic acid

Sulfuric acid

Hydrogen peroxide

Potassium iodide

2% Bromine/methanol
n-Methyl-2-pyrrolidonone

Sodium hydroxide

Potassium hydroxide

AZA00K photoresist developer
Hydroiodic acid/hydrogen peroxide
Hydrochloric acid/hydrogen peroxide
Potassium triphosphate

Nitric acid/potassium triphosphate
Hydrochloric acid/potassium triphosphate
Boric acid

Nitric/boric acid
Nitric/boric/hydrogen peroxide
HCVH,0./HNO;

Potassium tetra borate

Sodium tetra borate

Sodium tetra borate/hydrogen peroxide
Potassium triphosphate

Potassium triphosphate/hydrogen peroxide

0 (75 °C) 0 (75:°C)
0 (75 °C) 0

0 (75 °C) 0

0 (85 °C) 0 (85 °C)
0 (82°C) 0 (82 °C)
0 (80 °C) 0 (80 °C)
0 0

0 0

0 (82°C) 0

0 0

0 0

0 0

0 0

0 50 (75 °C)
0 2265

0 ~6-1000
0 0

0 0
0{75°%C) 0.(75°C)
0 (15°C) 0 (75°C)
0 (75°C) 0(75°C)
0(75°C) 0(5°C)
0:(75°C) 0(75°C)
0 0

0 0

0 (75 °C) Oxide removal
0 (75 °C) 0 (75 °C)
0 0
0.(75°C) 0(75°C)
0 0

(b)

B 15 Bp(IC) e % 4481 §

OB R P S 7R 25C)"
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}
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SiMinm
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it 45 > ()R 4 K pcst (atomic force microscope, AFM)®
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% ¥ gy s\ 3 B st (Scanning Electron Microscopy, SEM)# ik, (%)% 5T 5 Hics

(Transmission electron microscopy, TEM)#: ™

B 16 & % i 49 (KOH) 2 %] {525 % o (a)N-face, (b)Ga-face”

1-4 AR dBAt g LAt

e 1-3-3 &R F I EHLTRE 0§ &ﬁﬂﬁﬁ'fr%%"‘ﬁ%lﬁ’iﬁ & o FlH 5
F(wafer)shiiks (#7553 % @2 # * % S ¥* “HRCA cleaning % #uF ik o i
¥ 4 A {oHCL RO s D 7 Pe gk b F ik - - 407 % & wafer
o A& AI* A 100CH > papk g B s dislocation s 2 k3P 6 Fdb 57 ¢
4@ 15 fe® 17 #m9m 0 F & 6 ’éﬂﬁ b st L dk e 2 MBMpits P EH e

£ A B pits i&8aHk T2 MAL2 % etching pit density o
%7 A B pit fe <2 A tch t density(EPD)

Ay 2pm
~y O —

B 17 EPD &% *
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EPD # 5 i & PR Eadkgdkizizi ﬁ’]’mm?\ % 4% 4 dislocation » #7123+
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H E o

1-5 FEHHPBEP o

AR BEHd A RIE 2 TR g ERF L TR RLY
WAz - 52§ Bilvpp T RURS IR ‘va;Fi inif@“' ° 1 ohmic contact %]+ ki
P § L enp a2k R R 0 18 ehcontact §ORE T R AT RFA R
A3 P REehdgip] 0 5 0 % contact N EEE S, H 2P RV IRET AR & o A
v e p kA %}kﬁ‘&/‘@“’{? R NUE el WU s LR R
E R R |

F b4 P Yy 3 B ABS 4 ﬁ»{pz\m FAsa &40 0 ZR{8 Ak 4a b
FAELEEF AL RS ﬂh(quantum dot)ei i "o b f sl G L seml—polar & o
b’”r."l)*]%‘u% Z & * non-polar & &_semi-polar «hg &5 % TAE - {7V F 5 AF
Mk REe NR SR R (8 ,%&,g htwm NI Ghenbkda o A TR
(epitaxial lateral overgrowth, ELOG):= 2 & &8 & 7 J}‘:é&ﬁ—? 4 %] (inductively
coupled plasma reactive ion etching, [CP-RIE)s¢rikjtre An%tm = B Apd > i{ e
WA > AT REIRRER e de e d Ay Rae AR L AT e gk o

*h?s
¢_.h
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§§ - X l% /""%E—*éi' & r' “wp

2-1 R & A2E F 8K

MOCVD template GaN thick film ?
"""._.____-_‘_"‘"- :
P ————— | H
l‘ I. -. | |
4 : g Condition :

: I H,PO, @ 150°C
MOCVD [ —
ey — N m

44 ~ Application :
_ LED

Bl 18 7 &A it

B 18 5§ kT ~ 2 FHZ DR TA N AR AT ek 5w At MOCVD = &
2um§F i 4 & shc-plane sapphire B * Flo e B BB F b 3V § L e A - B
HpE A AE > AT AP RLE B S template s B DL B L R AR K P Ll L
# 48 % ¢o (hydride,vapor phase epitaxy, HVPE)## - o s = HVPE & &t - A P flie
8 GaN on sapphire % # = & "(thick film) > #& ¥ €iag s34 (Laser-1ift
off, LLO)#-bulk GaN 2 sapphire » &t igztkenbulk GaN # F £ 2 T & > & 4}
hoNE A ’f#.z —«LBB%E:P?]“*F“ corrs g I CMP #-2 6 #7 B2 T FF - % bulk GaN
i W (bowmg).1 < g O] A Bz g A1 TCP & AUR SN T #-bowing "# K
BB s Ao flie® epi-ready F AR BN F LR F
(free-standing GaN) °

F AR A B R AR T BT i 2 5 T R PRI RIE - 2RI S
I50Cwapade 8 > VI @5k G R{Re R o S5 805 5% - 300 L s
e e M= A A 'rﬁ’*}’” CERFFCNAELATRET TR REBHEINE CGA
iR e antdh o E 2 Ard 4o

Etching time
1 min Smin 10min 30min 1 hr

Unpolished T e [T —

N-face

polished 0l x
LT and RT SR vV

layer
removed
Z 4 FREPEZE VAR e
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2-2 o E
d2-1&var, oy SRR T A abty MgAFL Ao d A SR
A ;I,»u; AEER > LT B4R 18 ¢ e HVPE & st~ LLO % ¥ede CMP & stia— & ff H en /)

2o

~p

2-2-1 & “ P F 40 & 5o

B bulk GaN e 2 d3p ki u™ B4 72 L HVPE ~ high pressure
nitrogen solution growth ~ j& f 7 Ammono = # #7#& ! h ammonothermal ;2 frép Jix
2o Bt 2w HVPE b eng fo 202 > 4 b H P L2 gy o

Technique Advantages Challenges
1. High growth rate 1. Stress & bending
HVPE (~100 umvhr) 2. Quality
2. Large scale (TDD > 10% cmr2)
H@gh Pressure. High quality (TDD 1. Growth rate
Nitrogen Solution ~ 102 cmr2) (<1 um/hr)
Growth 2. Scaling

1. Good growth rate
(~20 um/hr)

Na Fi Yield rat
B 2. Good quality e
(TDD ~ 10° cmr2)
Ammono- High quality 1. Growth rate
thermal (TDD < 10¢ em?) (-4 um/hr)
2. Purity

20 L5 F P GAFEMNET R
HVPE & £ * am g iidanaiodm g M 44H H 55k 1 > d % Ga
# Nl 3 42253 GaNo> #r A & R% 5 v 4 § WMACDH 2% 45 £ % (Ga) F g2
+ % M 45(GaCl) »GaCl R 225 # (NHa)F o2 #§ P agAf oA+ - HABF B3
DFc(5)3" 0 7 & BlAem 19 #77 o

2HCl(g) + 2Gamely <> 2GaClg) + Hag) (>850°C) ()
GaCli + NHs( <> GaN) + HCl + H2@  (1000°C~1100°C) (5)
wafer
_
950°C <= GaCl <= HCl
|
1050°C
e - I

Bl 19 kT 5% a i F 40 fo i SUR 3] 6 ]
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F i & &8 GaN o & & R (Source) € 7 *2enNHs » 82 = *2 0 HCL &2 Ga @)
% e1GaCl « HVPE 53 MOCVD 21 £ = 500 » 3824 49 27 % %R-NI3 > & 3 b e
Z g Sk e L HVPE 2@ 2 42 HCL & % GaCl » @ A MOCVD @ * sp| &= 7 4
4% (Trimethylgallium, TMGa) & % & = ¢ A4f (triethylgallium, TEGa)iz#ff 4 & % 1
B kAR TS T RELME B ALHE o 5 HVPE & MOCVD B & epé iz » 7 %
= % g v (VIIT ratio) gl =2t 1 e

HVPE & & 8427 > ' & 4527t > w3 BB RAL 2 50 F st

HClg) + NH3g) — NHaCls) (6)
GaClg) + HClg) — GaClsg) + Hag) (7)
GaClsg) + NH3g) — GaN) + 3HCl(g) (8)

d (6)(7)(B):\ ¥ @ AP ¢ 35 NHiClw ~ GaClsw 2 2 HClw®E » H ¥ & 4425 9
SRR R A RIH AR Bh AR v L A il g R TS Lk
oo B R S8 0r 5 A CaCle ™ fod 4 S 2 § 4 0 d 0 GaCluw &5 i
TARAEFEERGE axthd A e R F e

2 HVPE = £ GaN &g i & %%&»)}*&{HVPE 3 B £ F(~100 ¢
m/hr) » #7303 £ BAERGA §F A AR E S DR TV EL > m A L N F
G SEESEECE AN LS SRR B s FE S S TR RS 2R R
£ &) 4 g7 6 (Grain) o 2 8t — e IR 8 G Bk R I T R
Bhi oG oo

AT R o N g gAY LI AR kg kg T T
PiAAfts ot Eine ARBREOHPE = RF %45 T BE%E - F WER L
Fos Byr kAo B o7 WEHe SRR G RE S 4oR20 0

]
i X
. 1

L3
%

3

W20 kTG FAnGS b s

BEBF PRI IRFME RN A AR ERFRIET fRh Y

BEAMF L EE ) N 2L R R B TR RS PR AL 1100C - 2 EE
A g g kB By 0 MR R E SRS OF 4E(aluninum oxide,
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BB FRBREYT @a@i* AR REEIZFE SRV T2EF RBR Y FiTHF E
FIROE AW F B EK 5 950°C e
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B R ef B (pressure gauge) i B o fe & {1 &0 ® (throttle valve) R & o0
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"% &8 fe4t (Scanning Tunneling Microscope > STM) - 8228 STM e f2i4-1 328 ¢
i RAL 0 3B ST & AT b B b U A L el o 61986 & d [BN 2 2
Binnig £ ¢ * ¥+ F e Quate “TH % R+ 4 BRELE P &0 {1 40 Ttk Gl
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1. #73 #5-5" (Contact Mode)

FEER ST B 4 S x4 5 J* 24 #58 (Constant Force Mode) ‘4%
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2. 22278 #°7% (Non-Contact Mode)

FEAEE A T e 4 L sl 4 Hk P RN B AL enIB R L — IR TR R
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LI ARG M TTEIRE LR R oM FEAPEL TR PRI &
frde & faBA2Y P FEITRARSFOHERSDG L 0 A F ¢ AR E X R
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scanning * L 5 x B4 Hd M (Rocking Curve, XROE R - 2 €2 2 HE 20
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X ok 3 50— dx fLIFL + ¥ 1 § 4 47 &k (electron spectroscopy
for chemical analysis, ESCA) » fI* Xk A BetHE £ 5 > 2 X L £ 23 p K
2T I ARENE) MEZIAFDT I VAFRES LI T F o T E LTS o 4o
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p o | (@ 423
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B 28 X-ray ek o0 WY

wopl v Eplk 3 (photoelectron) ehde sy » T8 m B 3%k T 3 chd &

E, = hv—¢ — Eg (10)
BV W R S R L S A R A ol RS ) o d R X sk
FERD T o T R PRBAEL 2 X Rk I dok r spk g H ok (UV
light,4< hy <50 eV) » Ryfz & B th kT F g # 2 R o
XEEFFamdmrz A8 ka3 > kT IFI LB EEEFA
FAAT o UREAFTARER O I AR o

2-3-4 ;z_ﬂs £

2 1879 & > B (Edwin H.Hall)f|* >~ g8 @ 30 250 B4 E 300t o2
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* Van der Pauwi2 X 2 @ F k&R - AMELEER ERAPR L AL W A E L
o e BE contact b oA B4 » FURIMELE T ORAMEL - ;ﬁd SRR RA
L1

G R
2-3-5 % & B

Hd kigr ¥ - AHBFE O A2 B0 0 L5408 o FH0s L ehi
2o skAp e o RIS § flAcs(Rayleigh scattering) @ # 71 ic & m424F 0 2t 5
"s‘v:ﬁ/’r % 478+ 5 C. V. Raman *t 1928 &7 22 » 34k 7 e afgdtk » L 2 Xk
g4 0 M AR o k34 {Er]'f”/]cf B T ”‘ i B e e o de o
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Incident light

4‘ Tz Wﬂ

-

Raman scattering

hv

Rayleigh scattering

Bl 29 P& 7541 RH

R F R B RCHBFE ) PR - BEF ORAL,FRE O BEA A
§F BARARS DINE S 3 g 2 2 BRI ARG o B s iR R ek S
it B %Y # (wave number) Z9F o P& BB E L R 5
E(& etk £) - E(4gst£a ) = AE/hc = Raman shift (1)

g kB AR S R R & 1 ¢ o (zone center) shE-S RBsHOH o $30
b KRB gl d B g e Bt g 7 H(space group) AR o d 2 E
TEEE - Rl ’s‘{kffaffp/ﬁ»@ﬂ(wavevector)p %o T*a,_l“;!—z&» d 2
(group theory)4 173l &' o B #7 7 v Mgt e 7 £

I =2A+2E +2B+2E; (12)
AHY > - B A - B E S A& L (acoustic) > TR G A EE
BB (optical) @ AHEA2BH2E: o @ H P 3 B Bt &k A a8 & it JDFJ&F

7 &3 a(silent mode) » A2 Ei¥>v 4§ 27 4%t Jo‘a%"ﬁ'? &M en(active mode) o
3B fofem 3 > BEP g AL EME  FILRERE G THET > ¢# AfrEi#E
A~ H 2 TO e LO & fa#050 » TO £ 1 % » £ F & H 5% (transverse optical
vibrational mode); LO #-3¢ & 4 %% L B & #H-7% (longitudinal optical
vibrational mode) > s 2#%% 3 = fad & FE R 08 ALCLO) ~ A1CTO) ~

E1(LO) ~ E1(TO) ~ E2(low) ~ E2(high) -
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d B 32 PAFM Bk f 0 RRBH AL PR SORMS 81 0 o e e SURST 113
SRR AR £ AR R N t+_5 ek 4 R
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¥V before etching V After etching
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Seclion Analysi
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FEX SR Y M (x-ray rocking curve, XRC) % ¢ » Bl g2 02 g 7 (full
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