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Abstract

III—V nitrides compound semiconductors have attracted much attention
because of their applications in blue/UV optoelectronic devices high power
and high temperature electronic devices. Indium gallium nitride (InGaN), in
particular, is a promising material for the fabrication of optical devices
emitting photons from 0.7 eV to 3.4 eV.

Especially, for a nano or micro—scale sized structures, the indium
gallium nitride ternary alloys are expected to show novel optical
characteristics by reduced density of states and improved carrier
confinement.

GaN—based devices such as light emitting diodes (LED) are usually
grown on sapphire or SiC substrates. Compared to sapphire and SiC, Si

substrates offer the advantages of low cost, large—scale availability, good



thermal and electrical conductivities, top—down electrode formation and
the feasibility of removing the Si substrate with wet etching.

In this paper, the growth of GaN—based compound semiconductors has
been attempted on Si substrate in experiment of three types

First of all, the thickness GaN layers are grown on GaN(1-101)
template by hydride vapor phase epitaxy (HVPE). The GaN(1-101)
template was selectively grown on a 8—degree off—oriented (001)
patterned Si substrate by metalorganic chemical vapor
deposition(MOCVD). The grown morphology of GaN layers are
investigated by scanning electron microscopy (SEM) and
cathodoluminescence (CL).

Secondly, the structural change of InGaN quantum sized structures on
Si substrate grown by mixed—source HVPE. The grown InGaN structures
are analyzed by X—ray photoelectron spectroscopy (XPS) to characterize
the InGaN ternary crystal alloy.

Finally, the SAG(selective area growth)—LEDs are grown on
GaN/Si(111) substrate by mixed—source HVPE. AlGaN and InAlGaN are
used as active layers. The GaN template layer on Si(111) substrate is
grown by MOCVD and the SAG—double—hetero(DH) structures are grown
by HVPE with multi sliding boat system. The grown SAG—-LEDs are
characterized by SEM, current—voltage(I-V) measurement and

electroluminescence (EL).
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a8 GaAs, St 22 A Z1Ee] (100) A4 flelA AdAd 3¢
AWA FZ<Q! zinc blend TZ2E 7FA A ®t}H(2,3].

GaN+i= 1932W Johnson ol °&f AHeeo= S4=Aa, 19699
Maruska®} Tietjien®] NA| Ga2 boatol] ¥o] HCI¥ HES3e] A
GaCl¥} NH;E AFE3F HVPE (Hydride Vapor Phase Epitaxy)H o=
Atstolel 7l 919 GaN s AEeaivh4.5]. 1980dUiFE =

Akasaki[6] ¢} Suji Nakamura[7]el 2&l 71 &% 38 74

14
of\
B
rE

(MOCVD) 2.2 Alstolo] 7]+ 9]2] AIN®F GaN B HZHS o] f3dlo] <okz

1o

GaN @24 & d=d FFskadth AINgE GaN ¥ #52 =512 MOCVDH &
o] gato] Atztolo] 71 99 GaN A A#S 7b5ebA 89 0™, Amano=
Aol oux] Hzk 7IH (low energy electron beam irradiation LEEBI) ] 2]
= wE A2 (rapid thermal annealing) 2 ©]£3to] vladl&s (Mg) o]

=3% p—type GaN o2 GaN Al FA dFaxt Ade] G



o] F 3k [8—-10].

sodel w1 QAEEVE AW FsHer bty a2 S

dEAME Ao w FAsE a2 Alxel (23] & 1-19]

S e oAUAE 7 A0l E st REEAolY B InN, AlN,
GaN stgsE RlEAlE 2Fste] wEolXs 394 Ev 494 FE
HEAE A2l (ultra violet) G ellA] A9l (infrared) P2 714
2t23= go]lA tlole = (laser diode : LD) % 33 W& A4} (light

emitting diode : LED) & A& & 4= QIth[11].



Quantity Symbol| AIN GaN InN (Unit)
Crystal Structure wurtzite | wurtzite | wurtzite -
Gap: Direct(D) / Indirect (I) D D D -
Lattice constant ao = 3.112 3.191 3.545 A

Co-= 4.982 5.185 5.703 A
Bandgap energy E,- 6.28 3.425 0.77 eV
Thermal expansion coefficient |dJa/a =| 5.5 6 3.59 [107°/K
Effective DOS at CB edge N.- 16.2x10"%2.3x10'9.0x10"] cm™
Effective DOS at VB edge Ny- [4.9x10%/1.8x10"5.3x10" cm™
Electron mobility M= 300 1500 3200 |cm?/Vs
Hole mobility g 14 30 - |em®/Vs
Electron diffusion constant Dy = 7 39 80 cm?/s
Hole diffusion constant D, - 0.3 0.75 - cm?®/s
Electron affinity X = 1.9 4.1 - \%
Electron effective mass me*x = | 040 me | 0.20 m. | 0.11 m, -
Heavy hole effective mass mpp* =| 3.53me | 0.80m, | 1.63 m, -
Relative dielectric constant & - 8.5 8.9 15.3 -
Refractive index near E, n= 2.15 2.5 2.9 -
/Absorption coefficient near E, e = | 3x10° 10° 6x10%" | cm™
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CBE (chemical beam epitaxy)so® Wiz F7F glom o] us 7]
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spontaneous polarization®¥} straine <HFSF piezoelectric polarization?]
FFo R o]F AW (hetero—interface) oA st A7]%-S DAYAIZITh 1] =,
F- Tgo] gl FETY o]x¥d &l electric gas JAo AJA+=
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WolM = FAE T E dlollA AAkel FEol EelE= ddle]l "t of2fd

ANelo] 52 d5do T8 F8)+= radiative lifetimes ©&5A]7
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A 2SS §si = piezoelectric fieldE TAAIZA & A= AA Wk ot
AT7F REEA] o] Folxjof & Aoz AJZbET

GaN+i =33 dao digdel x71 el Si 5 e WEAAHY
Az AGAA D= Zol Fdstt). weba, diAEs 3 ol 5% v
A Aol Siolu} Afglolo] Z|I Qe MOCVD Weo=z w#F2° GaN
4Tse AP 5, uE A2 A vls] RS e

HVPEX 2 GaNg& T84 AZA7I= AF A7l @Yol Ay &=

HU
=
_>L
kit
>~
>
K
o
2
~
&,
o2
O
=
o
=
I
2
N
o
o
i
48

o]
713 Qo] HVPEY o ® A3fE HieA AAo 33 d45S 9o, A

HA 2 dJEXo] 43 G

= e pEN o -

>
2
L
o
do
ol
%
~
)
o
o
oo
ol
ol
2
—
—
(@)
—

Wkl semi—polar GaN A% dist A& kSl AE Si 7
Yo 3k FE9 InGaN mlo]laz %2 AW dle] st AFEA thekst



I & &

-

1.Si 7] 99 &9 (1-101) GaN A A#

1.1 7] &
W EAdo] 9428k FAaak AZS el A MOCVD ¥ MBE 18]

HVPE %<& 9]&3°] semi—polar ¥+ non—polar W3S 7Ix= 2H
AAS A8 B2 A7 o] FHa 3lem MOCVDE g, o} 7kA]

(0001) W&ol Aol nlsto] Aol dashx= AARE A

ofl
+
N
10,
2
-

ASo] dojx 1 gt} 3 HVPEE o]&3le] (0001) HHaF

o
N
)
R
rir
=)
o

FAE GaN AAS A3 Zo] g e my Wk 7Ho g AREEHY)

g8l 54 = A A olgds PWEE AT Ade] Hn Yk

O/
ol
DY
2
o
Ar)
(oL
o
)
=
1o
ok
N
me
1o
H
N
N
)
T
!
2
o
o
o3
ofo
o
i
o
:‘Z‘:,
2
rlr

A o waur ogd U APHLL AE /W 9o A

113 el Ag& (001) 7|#e ©]&3ky

=
o
@]
<
-
i)
o
oX,
o
o
s

23k (1-101) 38 semi—polar GaN template<
AZe & 1 Yo HVPE WHeo=z Fo (1-101) GaN AH AHS

AAlstglon e (1-101) GaNe 54& SEM# CL 3485 §3sho



(1-101)GaN

11>

=)

% 2.1.1 Si (001) 71 $1°9] GaN 3%

1.2 8° —off Si (100) 7]# 92 GaN template A&+

1.2.1 8 —off Si (100) 719 o3 =74 &7

oA 2= Fray] AF ¥4 44, 70 nm = FA9 Si0; Be
43t 10 gm X 10 gm maskE AFE3Fo] SiO, stripe patterns 3AJ st
¥ KOH &9 &% oFds AAlstt. 29 2.1.2¢ oF ARE
e, o gde KOH 8.5 g2 DI water 25 cc °o £3AAA
AFgEIR o o F2E 40 TR 3l o3 AHE 150%A 450%7HA)
Wsts T Atk ol Alztel w29 oY Fe F WgE
Holx i o zZlolE o AlFtel] & EAE Hol= ZAo=E Il
% 2,139 ol Az ool o8 = (111) W] o oo gt
BAE Bk oF A7 150%, 300% 183l 450%9 A% (111) ¢

oA zlol= Z+zF 0.33m, 0.71 gm 183 1.08 g me A= Ko
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1.2.2 MOCVD®l g8t 8° —off Si(100) 7] 92 GaN template #|Z+

2 AFoM = 1 gm (window) X 2 gm (mask) (7] 3 pgm) FH
maskE ARE3te] 8" —off Si (100)= 7+7F olFd A5 $o MOCVD
W o= GaN template A4S A3ttt GaN stripes A43t7] $181A4
%4 1120 T8 F2elA AINS °F 100nm st om 1 Fo GaNe
1070 Ce} 1037 Co F 9AlZ ol AAsdlt. GaNE + 7HA
SLoA yiro] AAIE o] fr= vl E2 2% 1070 TelAe (1-101)
GaN W&Fs 7HAe  stripedAol 4 @d, 27 2w w2
1037 TColXE GaN stripes2 Wg(coalescence)©] HA o]Fo]#]7]
ulFolth, AINY GaNE &35t Yo 24 959 F%S TMA+= 10 scem,
TMGE 8 scem@® 3H3lal AIN ¥l 1070 C GaNe| A9+ dEYel §3&
1500 sccm@® 3k 1037 C GaNe A9+ 500 sccmoZ
19 2.1.49) MOCVDY] 9 A&%E (1-101) GaN templated ©@W E&5S

H AT

79 2.1.4 MOCVDe] 9)&ll AztE (1-101)GaN template 2742 v+ SEM
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1.2.3 HVPEY| ¢t &8 (1-101) GaN A% A%

AAEE A AgE J)we dHL WAT £ 9o sy, 1eu
GaN¥ 1050 T o]Are] oA AAst= H

W&ol MOCVDe 2J3F GaN template #|Z A] AIN/GaN E= AIN/InGaN

A FoF Wuksirh AP E HlwE AoA AFE (1-101)
GaN9l EAdel tsA Lolr 7|2 k. MOCVDel ]3] Az#E (1-101)
GaN template:= FHOZFH 7|3 ofF3} ZHAMY poly GaN AA
Aol JAE  f8Al sputterE o] &3te]  Si0, e F&dt GaN
template®] % F%F SiOE AAt] 7]HE] Fok FioANE A4l
HVPE A% A&o] olFoxxx 33t HVPEe| ¢ (1-101) GaN
AEE fElA =& 870 T, AR AR 3Azte R sGlar ol

A7~ GHS HCIE 70 scem, PR Yol= 1000 scemlZ 545k th.
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79 2.1.8 HVPE®] &3 &2 (1-101) GaN %W SEM % CL A
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1.3 4&

ATl = Si(001) 7]es olgstel MOCVDHH o= (1-101)
ek ol semi—polar GaN template= A Zrst & 71 9o HVPE Wi o2 vt
(1-101) GaN 274 &< A8t
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2.Si 71F 99 InGaN ulola =z Fx9 AHH3S

2.1 7] &

% As}ateAds 58, 8oz fojd oy 7M1 S-S 7IA 2
QJojA] H Z BAL vy QuH[2,17-20]. 1 FAE E3] InGaNE= 0.7

eV oA 3.4 eVel o]2& Y& oux W= IS 7EH Al QloA

ol fZ AF7MA ZnOu GaN9| iz 9 wlo]d@ Fxof td oz A
Ango] RuFa gtk olF v " we]g® FxeAE I7|v 7]skeA
moFell oAl o] 7iA theket 54 Wb gtk Aol wEAa Qlrh
ZnOy GaN v Tx=2 499 rR7HAE InGaN v W wlo]a =
Tz 2429 $4& Y InGaN vlola2 F29] indium AR 9

A7k BFe Alolske Aol wd Ay v Fastvhal & 4 uH[35].

ZHRARo7r Fux srp. &£ AA HVPE HHoAE= InGaN wlo]| A=



EFAaA HVPE AIAEE ZHzte] axE5d 99 7h2 wivke] w2 H o
ARbA Rl HVPE A|&lel el hakst 325 7FA7] wiel] 29 9 &~
B SWelM Ads 7R E9as HVPE AlARlS o8-8t Aas
InGaN wpola= 7259 In 248 81 AAA0 B E8H= Ga w54
In =< 59 Az J2u YFLE 59 Wiz 24 5 gk
Txolde Gadt Inol @ =% ARIA Ga wF5ol WF In 559
AFZnls dAsHA AT AdEeM AdEEel wWE InGaN wholAR
TEES In 24N st AAAA g " =Ar]e WE ol dhel
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WS-y BEOS magin N, #, back Ny, ¥, HCl #, NH; #, Ga HE,
thermocouple ¥, NH; & #of AF£3}= NH; 7 H (tube), wafer tray 183l

B T ke HA &L A= AAE EolstA sl fE W Sol Utk

A

NH; IE 6-zone [furnace
i } D
Nz—'lg: e d‘-ISou e Substrate
N; m ﬁ|T_‘ \éﬂ ‘

‘ Exhaus
. xauqt/

Hal Spurce z*)ne Griowth z4ne
Back N,
a9 2.2.2 £33t~ HVPE #Ax]9] vHb87] HEO 7j=k:

a9 2.2.3 £F4A HVPE FX2 AA AR

2.3 InGaN wlo]|a 2 FZE&E A%

£33 422 HVPE WHORE InGaN wpolA2 FREES r—AFgo]o], c-

Astolol a@m Si(111) 7% Sl 2z Agsgon YA wen
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o ARgstel 233 M-S 722 5 AAlE AL

InGaN wlo]la 2 % A% Ao BOE (buffered oxide etchant) & A}F&3}o]

1% B9 A9 A Asere AASAY S 3% 4224 I 353 Ga

-

v&5a @7 S § HVPE wbed el AAsglor w4 dart HClY
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A InGaN whola2 729 Adds AAEsith HCL 7k29k iy o}
7h~ol fEe 22 20 scem¥ 500 scem@® &l 7l o] (carrier)
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2.24()% °F 100 nm9Y AAL 7IAE= &z 7159 FHE Y 1
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vlolaz Fxe] ARl e RS 4% LEvt veb ARl Hi AxbEel

71 SlelM St = gl @A AuAE FEehA @71 wiE]l Ao
detE Tt 2y c-AFgelo] 7 (1§ 2.2.5() % Si (111) 7] (24

2260 At FAT zANH ARSI BTekL r—ATolo]
Aeoht de WIS delBol Wb FHE Wolgls 2% (o3 torpedo
Tx)9 vlolar TEw A4HE Adt den)m 9tk c-Algolol st

al
Si(111) 71#elX = 71ds FAsks dxhido] i #ol7] wie] r—

C

2.2.4(b), 19 2.25(0b) 283 19 2.26MH) B Ay o] r—Algto]o]
c—Abgtelol Ex Si (111) 71 glel 3F48¥ InGaN wmle]laz Fx&
Zbzkel A7l 24 Aol UARE BF torpedo FHIE 7H= AdE

Bolal itk HIF r—Atgpoloj o] fApujdoe] Mt ol = AN o] 2%

71787 el BAE InGaN e dejux]e] gsiq TRt gk AgE
o3l A 7| § 9 ¥ A surface potential®] R F-EFo] A o]
Aol ALEH7] witel 650 °Ce A& e FHE InGaN wlo]a=
T27F BAAEHE Aox daErh 750 °CeolA AEE InGaN wmRolA=
TERES O9 2.24(0), 29 225 ¥ a9 2.2.6()°] E<l uks}
o] 700 °Colld Adde dejel A AR Reks Holi A B &

FoluiAel s gz HAZol

D
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TEEe A7) wEel A& B AV17F 700°C AF-EU AA AL

23



AR EE AE 270 ANER TR 7 )% dEE Rmoly] Adsti

%0
v
(<
R
[
o
N
N
W
e
[

)
\]
\]
(@]
e
[
Au)

7 a8 226(dddE
800 ToA 3FAE InGaN wlolaz FFXEES BEgS YRSt o]

pEGAE 9o Aedt PY FAR tetrapod WY FEEO)

gl A% Avel s InGaN wlela® FEES AAHQ
2719 Fee] ekt YL P AEAYL 4 5 Ak B =R
A7 WAl WgARE e r-Alvelele] A9E AdH PFLms)

7t Wl InGaN Fx2E59 AAAA Fele 2 A e wE5d

o7 T2z v FE (650 T — 700 C) oA &7 Ve FH FAR
the] o] wol T FH (750 T)E Wakglon HFAoxmE =y v

TAS S7271% YElE MAE tetrapod FE (800 C)E JIAE AL
o1tk nGaN mol A% X5 Fe7t Lxof whehdq Wt o] fi

45 wx=0 Hdgah Ao Wsl 7elar 1o #HbE = InGaN & g #fe
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o
R

TrHe dE=4e 7 WErt & A 4 vk B3 InGaN mRo]A®
T2 3x47 el o84 InGaN vlola=x Fx2E sk Ao &
VS 115 95 549 ¥5 HE& (/I ratio) & Aol 7]1& 4 itk
AREA Rl AstE REEAC] 7] eAe 3xkd A FA ol S47E FE9
gl & 7FA+= tetrapod TFERE HYE AL 1ye wf 750 CHU w2
73 = o
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oA 25S YErT. 29 R HE tetrapod®] HEE FAE &7
59| P42 layer—by—layerd AFRE|A o]fo]dE g 4 gloh,
2 =z
“ jutl Y

2.2.80= o] %o FAE InGaN mlo|aE F+XE59 In
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650 CTHH 750 T 7HA+= InGaN mlola® Fx9o L7t S7HErE
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18KV 7.42KX 1.35F 0067
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01.8#‘11

axv 7.69KX 1.30F 0059

a8 224 AFET wE InGaN wlo| A2 %29 SEM AR

(a)650 C, (b)700 T, (c)750 T, (d)800 T <r—plane Al,05>
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g Aal e »
18KV  7.45KX 18KV 7.49KX 1. 34P 0062

a8 225 AFeT wE nGaN wlo]| A 2% SEM AR

(a)650 T, (b)700 T, (c)750 T, (d)800 T <c—plane Al,Os>

18KU  16.8KX  25n 8872 L L L

.98 m

" 3m

a9 2.2.6 422 WE InGaN mlolAZ 438 SEM ARzl

(a)650 T, (b)700 T, (c)750 T, (800 T <Si(111)>
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A= B4 axE dyE W ow, InGaN mlola2 Fx59 st
2xof webd WEte olft 98 EAEY HAFA A W, agn
o] FHEE InGaN ¥ QiAbe]l FuEHe AsEH §%e WL &
dad S k. T3, AT Zold mE VHI M5 98 249 £
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3.Si(111) 71 ¢ LED

3.1 M8

E 2-2004%= GaN A&l AFREH= ofg 7HA 7189 A4S dEhdl

Atk AAZLA Si 719 2o MOCVDE o] &3 LED A& ojn] 71 AdZ
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AstE NbEAQl GaNE 7|Nbe® gk InGaNe} AlGaNg! 39 &S
0.7 eVeld 6.2 eV7ZExe] & MIEN Jds 7ML Sl AFANE
HEE A2 o], UV/blue light emitters, solar—blind UV detectors, high
power/temperature electronic®l] thekst % go] 7}53517] wEe] HFHO=E
A= HRTH36]. sHAIRE oF Aol AFstalxol Si 7|dI o] ARPLF

3

ON

b7 wl- Y&tk T3k AlGaN AAL 73 piezoelectric [37] 3
spontaneous polarization =¥ [38]& FHbste] A E &S FAAZITH
#Hel AllnGaN 49 AlGaN# InGaN 3¢ ggtE Hth ¢ U 7heA ol
Uth= Zlol HuEgler 49 sgEe] 3¢ IHF=Rv o wiu Ast
FEA]S Hlth =S Al In9 AL W3t AFOSZEMA strain, gap
energy, lattice constant, reducing dislocation densityE EAlo A5

e

O

| 7bsshthal ®aE gith[39,40].

B ATE olefd BAMS ddstel /b4 4ol 9t owA Si %
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& 2Abs W
@A sl

i AlGaN &4

oL
ol

7}

Coefficient of

Lattice Lattice
Substrate Symmetry thermal .
parameters mismatch
expansion
a= 3.189A [5.59 x 10 °K™!
Wurtzite GaN | Hexagonal
c=5185A | 3.17 x 10 °K™!
Zincblende GaN Cubic a= 4.52A
a= 3.112A | 4.2 x 10 °K!
Wurtzite AIN Hexagonal 2.4%
c=4.982A | 53 x 10 °K™!
a= 4.758A | 7.5 x 10 °K™!
a — Al,O3 Hexagonal 16.09%
c=1299A | 857 x 10 °K™!
Si Cubic a= 5.430A | 3.59 x 10 °K™! 17.7%
GaAs Cubic a= 5.653A | 6.00 x 10 °K™! 20.9%
a= 3.08A
6H—-SiC Hexagonal 3.4%
c =15.12A
3C-SiC Cubic a= 4.36A 3.5%
InP Cubic a=5.869A | 45 x 10 °K™! 22.99%
GaP Cubic a=5.451A | 4.65 x 10 °K™! 17.1%
MgO Cubic a= 4.216A | 4.65 x 10 °K™! 6.73%
a= 3.252A | 2.9 x 10 °K™!
Zn0O Hexagonal 1.9%
c=5213A | 475 x 10 °K™!

#£2-2 GaN Aol AFgE = og] 714 7|3 4]

32

STl



3.2 Multi—sliding boat system

Multi—sliding boati= F= LPEe|A Wol g WOz HVPE
o w 344 HVPE 3H ¥ timo] LED A12hs 317] $lste] aebstsich,
Multi—sliding boat®] AAl= 71EH 07 37pA wWold 18 ¥ ojok g},
HA HCI®] metal €93 HFS3}o] chloride® #7333} multi—sliding
boat® AUWA WFE AAPHA AEF AAStelok s multi—sliding
boat A FielA o Freh A WA 7Y stes AAEofof gt

FRo A PAE Ed AA @ Amgo] B Fobd 1 At 2xE
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o
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2.3.12 multi—sliding boat® 7HEFEo|t}. multi—sliding boat:= 3 HHEO =2
T/ Stk WA SARES &S He well FE 1da HE 97

BE (top plate) & & o]Fo]x 9t} olu] top platex= well FES 4H3]

YEstHA  sliding®] 7FsstE== 3l baking A ZF welld EZE9]

718tE o] A2 EEA] deF aglon AW WIRE DA dEF

e

AAEAY. " 2.3.2% Ao Al ARE-8E multi—sliding boat®] A

A BelFR Qe
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(Te+AH-Ga)Cl,

HCl inlet quartz tube

top plate

=

19 2.3.1 multi—sliding boat®] 7HEF%

1% 2.3.2 multi—sliding boat®] A ARz
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3.3 Si 7|# 919 LED A3

B AGo4+= MOCVD W o Z=l GaN templated Si(111) 7

as)

el =gAA HVPE Wie] 9ot Meldas o]g3ste] LED 725

oX,
o

a9 2332 AgAddned sl Ad¥ Al(ln)GaN LEDO] 7HekA<l
TZEoltk, MOCVDe] 9o& A#= GaN templated Si(111) 7] 9ol
A FS 517 98k Atger nfAE A2 REF SputterE o] £3ko] ¢k 3000

A Ee FAE AAE S0 FRY F AEYY patternd EE Y}

quartzt boate] Folle E=HE T FIFES FHA43) 7] st A4V
R boat®l quartzell oA HCl 7}F~E &8 baking 3t ARE3H3ith
Multi—sliding boat®] WA well& n—FHE=F9 221 F4 Ga (6N) 20
g¥ F% Al (BN) 0.55 g, &5 Te (BN) 0.25 g& &a&th. FHA well&
FAZ0 22T F4 Ga 20 goll &% Al 0.33 g& E338to] AlGaN ZAH L

AR F w5 In 0.24g= EFst Al(n)GaN 4SS 473 3tk

AAA welle p—FHEZ2] Lxoln F2 Ga 20 g &5 Al 06 g, 5
Mg (3N) 0.08 g% &3ttt vUWlA welle p—caps &2°lH &% Ga
20g¥ &% Mg 0.11 g& &3l th. Multi—sliding boatel] 245 AL ¥
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FYP=ZF(Te—doped AlGaN)2> 7% 30%, AlGaN A=

Z+zy 105, p—ZFd =% WMg—doped AlGaN)>

Al n-—
10%

Al(In) GaN 8452
—cap=(Mg—doped GaN)< 2% 30%E A #HGY. 34dA, 3 =

83 p
Aol o] Al A WA E 4= Q= ATES Fol7] fst] 24 T o] B

dlo
ofj
1o
oX,
o)
o

>,
)

ofr
o
s
o

5 F83 7)o o v

T

4 N

p-metal

P‘Cap\ Cr/Ni/Aw” p-clad

Mg- dopedGaN

active Mg-doped AlIGaN n-clad

\ AlIGaN or Al(In)GaN n-metal

Cr/Ni/Au -
Te-doped AlGaN

Si (111) substrate

o j

79 2.3.3 SAG-HVPE LED9] /M&AdQ F+x%
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a4 2.3.5 AR olF T 19 Az

Si0.7F 73] AA" olFHTFERE pd HIFY oy HFE HA
$8ted  metal maskE  AFESFY] metal =FAYES ST A4
PR (photoresist) & =3¥371d 7|# ¥WES 25Oz wiyFo] PRIY
714 Aag s A7) Y9Ete] HMDS  (hexamethyldisilane) & WA
EAZE § PR(AZ5214) && Exskglen 3023 3000 rpm e 2 coating
shlth &

PREMNS A3ttt PR coatingst A5+ 90 C 10%3F soft baking

AT += contact WA aligner AH|E o] €3} positive

3t o exposured 8 W/ecm’Z 10 %7+ 3lth. MIF500 developer
fLdlo] A|FE Yo 2% 30%7t develop 3 & 120 TCeollA 10%7F hard

baking 3% metal maskE BT e—beam=S ©| €3] p&E A= nd

)

o7 BT AREE 4 Qi AAFS Omic A=2 dAs 4= 9= Cr /Ni

~

Augs 3 TH41]. 5X107° Torr ©]3t2] W delelA Cr targetell 2F 15
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mA®  currentEs Aol AAVF FE3] 5%= W shutterg do] 1
Alsecd =9 =282 150 A A% =391, Ni targeto 2 vl ¢k 75
mA?% current® &8 A4V TEI] 534S
TAEE 150 A Axe FAR FFsle
v °F 90 mAQ currentE E8 A2A7F FE3] 592 W shutters &

1.5 A/secq &&= 500 A ] FAZ F&5s SHY. =5 SF0
T T AF3E ofAlEd Yo of 533 =S IAFHTE o] 83t metalS
lift—off 3F¢lt}. Ohmic contacts $sted A= $&5 EAHE = thermal

furnaces ©]g€3Fo] 600 T2 2%oA ¢k 587 Ny, £ 7] AA s},

’

T4 Ay 259 oz WYE £1 Tolth. I¥ 2.3.6% 3% dAYES

¢

ANF A mEe #etEng Adolth AlGaN BHEL AL o

N

Bt AlGaN @435 Ine &8 o 24 cracky W AR Aol  Fopxl
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<AlGaN A Z>

<Al(In)GaN 4] 5>

79 2.3.6 -8 E AT A 7o FEALA

% 2375 948" AP Al(In)GaN LEDQ top—view AR Oz

rlr

chip &7]% 350 pm X 350 pum ©]™ pad #7AL 100 pmeltl. SEM =4
A degigel me & HAS5S & 5 AW cracke] WA A ow Hol
Aol FAA HQ3 AdEo] mE Zow dudtt 19 238 HAuAd

of JAIRE A Al

o

Al(In)GaN LEDY wd SEM Aoz 7t =¢] 3Li

AL o 5 umYE FAL = AAT
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* 3y

= Si substrate

18KV 361X 27.7V 8321

19 2.3.7 24 % Al(In) GaN LED2] SEM Azl

10KV 2.51KX 3.98F 8341

19 2.3.8 A9A3#E Al(In) GaN LEDC] wd SEM ARz
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3.4 Si 719 A&¥ HVPE LED &4

A E A= wafer AEIER -V EAS ARG Y 19 2.3.92
AlGaN LED$% Al(In)GaN LED9 1-V 54 A& Bl F3 9t} o]
ANEHEH ngd d5% pd A5 EF Ohmicol ¥4 € Aoz dAddn
o] Ing &3 Al(In)GaN LED9 #7]%

>
= A~
gk 4 qltt,

r3, AlGaN LED Rt} &A=
3}

5ol o Hlold g

T=300K - - - - AlGaN active

0.4 —— Al(In)GaN active

0.2

Current [ mA]

0 5 10 15 0
Applied Voltage [V ]

79 2.3.9 SAG-LEDY 1-V &4 =4

I3 2.3.10& AlGaN LED$ Al(In)GaN LED®] EL EAL HolF1

Attt Ao Q7 HAFE 8 VoltollAd 22 Volt7b#A W3A7|HA ELS

AlGaN LED? 2<% EL =443 440 nm <A olA] 73t main peak®]
B Hon, o]t Hlwate] AlGaN A Ze| Ing F7}3 Al(ln) GaN
LED® A% EL =447 4719 peak (420 nm 4 2] peak, 500 nm &3¢

4 2



peak, 550 nm +* 2] peak 183 600 nm A9 peak)o] #TZEE IO,
A=) Ino] H7F do=ZX 500 nmollAl 600nme AaF 2o peak’}t
ZefAHA 370 nmeld 700 nmel A el AAH W He "HAES
712 += EL 3+ EAS BoF=1 Ao 450 nm WA 480 nm ¥49 33+
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