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Study on the characteristics of non—phosphor white LED

grown by mixed—source HVPE

Hunsoo Jeon
Major in Semiconductor Physics

Graduate School, Korea Maritime University

Supervised by Professor Hyung Soo Ahn

Abstract

The white light emitting diodes (LEDs) of non—phosphor were
fabricated by mixed—source HVPE. The LED structure was made of
p—n junction with double heterostructure. For the growth of the LED
structure, multi—sliding boat system was introduced to the mixed—
source HVPE.

The double heterostructure of the non—phosphor white LED was
composed of Te—doped AlGaN as n—cladding layer, AlGaN as active
layer, Mg—doped AlGaN as p—cladding layer, and Mg—doped GaN as

p—capping layer. Prior to growth of the double heterostructure,



single layers which consist of the LED structure were grown by the
mixed—source HVPE, respectively. The crystal quality and optical
properties of the layers were characterized by XRD, CRI and EL
measurements.

The Al composition of the AlGaN layers was controlled by
variation of temperature of source zone. In case of the LED structure,
the composition of Al was in control of 16%. The -carrier
concentrations of Te—doped AlGaN layer were controlled by change
of Te atomic fractions in the mixed—source. For the LED structure,
the carrier concentration of the Te—doped AlGaN cladding layer was
controlled in the order of 5 X 10 cm™. The hole concentrations of
Mg—doped AlGaN layer and Mg—GaN layer were controlled by Mg
atomic fraction in the mixed—source. The hole concentration of the
Mg—doped GaN was controlled in the order of 3 X 10 cm™®.

The double heterostructure was grown consecutively by the
mixed—source HVPE using the multi—sliding boat system. The
characteristics of the LED were evaluated by I-V, CRI and
electroluminescence. Even though the LED grown by the mixed—
source HVPE need to be more improved in optical and electrical

properties, it is worth to note that newly developed method of II—



Nitride semiconductor LED could be a candidate technology for the

fabrication of low cost LEDs.
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III nitrides Wavelength (nm) Color
AIN 200 — 300 Mid—ultraviolet
300 - 400 Near—ultraviolet
GaN
400 — 450 Violet
450 — 490 Blue
490 - 560 Green
InGaN
560 - 590 Yellow
590 - 630 Orange
InN > 630 Red
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White Light White Light

Seswaw AGB Lot veliow Lights 7+ 7+ T
Downconversion p— | | Downconversion
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(Phosphor) TR R R Light Blue Light ® | 1 1 1 (Phosphor)
|
InGaN LED InGaN LED
1.UV LED & RGB Phosphor 2. Blue LED & Yellow Phosphor
White White
Light t Light
Amber Aqua -
LED LED
3. Binary Complementary 4, Multichip Solution

a9 1.2 WA LEDE Fde7] 98 A4 w
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2.2 342~ (Mixed-source) HVPE
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/ Source Zone Growth Zone \
(700~9007C) (900~11007C)

IlNzﬁ uL
Ilﬁ "
. . aClL, H 1 H;H
W , GaN

K Ga Substrate /

Ga + HCl — GaCl + (1/2)H, GaCl + NH3 — GaN + HCIl + Hy

GaN < Ga + (1/2)N,

Ga + NH3 <~ GaN + (2/3)H2

19 2.2.3 HVPE Wel o)t GaN A%
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top plate

HCl inlet quartz tube

@ Gat+Al+Te
@ Ga+al
€)] GatAl+Mg
@ GatMg

1% 2.3.1 Multi—sliding boat
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(DH) Tx& "33t o]y s T3+ energy bandgap®] & B
claddings © % 3}il energy bandgap®] 2t ZA4S (LF5)= &5l
A 719 ¥ sandwich FEl®E A58k 3%t 72 2214 AlOs
el MOCVD®E GaN/AIN HH#Z¥ 2xm FJ% F7 ¢ undoped GaN%T

n—GaNZo] Z+7t 48 A& A3kt Undoped GaNe| mobility <t
carrier concentration zt7} 230 cm?V - S ¢ 5 x 10" /em?® o]t}
DH A&l oA wafers F71A1% 3% HF &5 o]&ste] IF2id 374
S AAsE Y. w9 DH Aol k4 HVPEY quartzy boatel] HolFsl

dopant 59 93¢ HAS 7] A%kl source’t §Ui quartzE F
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a

3] bakingdltlh. Te—doped AlGaN cladding =9 &2 44

fo
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900 C, A% 99 &%= 1090 C, HCl 729 52 20 scem, NH;
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=
AC)
2
off
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1.0 X 10"¥ ecm™@o 2 439t AlGaN9| active =
o] A2 P9 X 900 T, A 999 &%+ 1090 Ceoli, HCI
7F~9] 32 20 scem, NHy 7FA2 732 800 scem o2 1087 A
43tk Mg—doped AlGaN cladding & &2 999 2%+ 900 T,
A oJolol 2= 1090 T, HCl 7}A9 38 20 scem, NHy 74 2]

f#F2 800 sccm 800 scem ©.% V/II ratio”} 40¢] HE=3e] 10 #

)

A3 th AlGaNZ2 Al 2AH]= 16 9= 430 th p—cladding
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=% Mg—doped AlGaN< 3.3do|X % 5380l A JAIGaNT A
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3% 2.3.1 DH 7% A% profile

n—cladding . p—cladding p—capping
active layer
layer layer layer
Source/growth 900 T 900 T 900 T 900 T
temperature /1090 C /1090 C /1090 C /1090 C
Growth time 10 min 10 min 10 min 40 sec
Growth
~ <0.2 ~ ~1
thickness 0 M 0.2 um 0 M -
Growth rate 5 wn/h 0.01 m/min 3 um/h 5 wn/h
Al
. 10 ~ 15 % 10 ~ 15 %
composition
Carner. 5x 10" /cm?® 1x10"/em® | 3x10'/cm?
concentration
V/II ratio 40 40 40 40
HCI (sccm) 20 20 20 20
NH; (sccm) 800 800 800 800
Main N
A e 800 800 800 800
(sccm)
Back N
ack Tz 600 600 600 600
(sccm)
HCI N, (sccm) 200 200 200 200
NH; N
LN 200 200 200 200
(sccm)
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X
0.4075 (¥ 2Hl, 2856 K)

Source A ; x = 0.4476,y

Source B; x = 0.3485,y = 0.3517 (&2.9] #F 4870 K)
=l

Source C; x = 0.3101,y = 0.3163 (&84 gk 6770 K)

0.3291 (W%, 6504 K)

Source D ; x = 0.3127, y

Source E ; x = 0.3333, y = 0.3333

From Introduction to Solid State Lighting A. Zukauskas, M. S. Shur, and R. Gaska, 27

Copyright © Wiley (2002). Used by permission of John Wiley and Sons, Inc.
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u=4X/(X+15Y+32)

v=6Y/(X+15Y+37) & #o] Ht}.

71 FP o2 HH shiftd AlFFLY (u,v) NFEGS

10.872+0.404%c,, ~492g,_
S da, ”
a = c d
16.518+1.481°2¢,, 24, ,
c, =~ dy

5.520

Vii =

16.518+1.481% ¢, ,~ % q,,
¢, o d, "

o

g o] Atk o714 ki AE FAL JustaL, re 7]

MN
of
o,
S

m gk 919 Ao o= e dE ek I

rE
>,
flo

c=U—-u—-10v)/v
d=(1.708v+0.404—-1.481uw) /v

olt}. mpA O 2 1964 space coordinate©.E W 3tshd

W, = 25(Yr.i)”3 -7 W, = ZS(Yk‘i)IIS -17
Ur.l = 13Wr,i (ur,i —up) Uk,i = 13Wk,t (u\“—u\k)
v, =13W, (v, -v,) V,, =13W,, (v, %))

53



9} o] Hrt},
Space coordinate®l] 9Jste] FallF Fholl 2Jsl Zhzbe]l Ald A=

3t color difference® -84

AE, =\[(AU,)* +(AV,)? +(AW,)’
7} ¥t} Color differenceE AFE-31o9
R, = 100 - 4.6 AE,

g 73hd of gl 7+ A Zel vE 5

o
o
ol
3%
v
N
fuit)
w
w
w
flo
_llN'
0_1.4

Aol AHgE CIE 1931 A#3to|t},

lo, 1\1

FolAFo] e sample #1~#4H2o] MH3L Apofaje
olF= WEth. Pump W vole ol FFA HE volet, 5
3] A FFAE AT AoluA g thol o] FAAES oA
5 BAMA713, RGB 29 w4 vol =9 vlato T2k &S AA

=1}, Scattering® absorption = 7| FAAA JPAXA H

oft _Xl

0>4

SHAIRE, o] Ao mgFgA WA ol e == H71E Aol A

54



-

A

B

=] S
'ﬂ:}{}a '1%

ol
=

e
SN

bl o

3|

Tof H

thol @

=

d|

ol FAmOR o] %

Ry

15 A&

A

—
[¢]

[¢]

= CIE 1931 19

[l
=

7}

=

1% 3.3.3.29 o]
[€)

Rk

o
T

X

N
o

B

oy

AL
;OO

=
T

—Ti—u

‘4/31'1 ooﬂgﬂi_oq AﬁﬂEEJoﬂ a]

o] mixed—source WXl DH A4 A oz 79 Igo]

=

o

o}

o
ol

B!
=K

o]

3.3.3.1& FddF 30 mAlA 29 sample #1~#42]

22!

ol

0

o}

Yo= o

Bl AH

=

55

750]™ 2 WAl 700 cool



1931 2-degree Observer

% 3.3.3.1 & AFelA AHgd CIE 1931 Azt

56



CIE 1931

ss0  sample #2

470 .,
460
0.1420 0.2

a9 3.3.3.2 ARl W CIE 1931 A #3x A3}

57



kd

3.3.3.1 FAAF 30 mAAe] MEA Ay}

Sample No.

#1

#2

#3

#4

Chrom x Chrom y Color Temp. (K)
0.28 0.31 9098
0.28 0.32 8885
0.28 0.31 9139
0.26 0.32 10500

CRI

86.78

84.62

85.85

75.82

58




4. 4 &

2 AFoqME= M2 WSl mixed—source HVPE H& o] £3}¢]
DH +%9] (double heterostructure) 2] H| &3] W @3 rlo] @ =&

A 23 o] & 913te] multi—sliding boatE A4 2 A|&3ste] DH T

EN

= AFg 5 Aok DH %9 234 to]e =+ Te—doped AlGaN
9] n—claddingZ, AlGaN$¢] actived, Mg—doped AlGaN<¢| p—cladding
% 1331 Mg—doped GaN9® p—capping=Cl.% TA%EA}. AlGaNZ29)
Al AP A4 P99 REE WA dAEES Zdste YRS

o] g3t ew LED +x 437 Alel

rlr
&=
1o
PN
oX,
R
i

—
[@))
NS
il
PN
()
_0|L
2
v

1831 Te—doped AlGaNe] A& Zga oA Te A &S =4
o] Aol FE 224 = ded 5.0 X 10"® cm™Po® 2439
t} Mg—doped AlGaN¥ Mg—doped GaN 9A] & = 23 ro]
= Mge faHEEol gsto xdskglvh LED 7% A1l Mg—doped
GaNZ9 & %= 3.0 x 10" em™@o g2 =484

Multi—sliding boat system= °©]g83le] DH 735 A4 o2 A5t
neom T GAE AX FEZY A7 Y F I Hole=F s

ok et E v 9 Wy deler: -V W EL 53& 53

59



I3+ A
S =177

To] 74,

Forol 2

=13
=

source HVPEe] A&=

e

file)
o3
Gl

‘Eék /23]'

DH x9 ZAAA

3

<]

mixed—source HVPE

60



FaEd
[1] C. J. Summers, B. Wagne and H. Menkara, Proceedings of SPIE,
vol. 5187, 123 (2004),
[2] J. S. Kim, Y.H. Park, S. M. Kim, J. C. Choi and H.L. Park, Solid
State Commun. 133, 445 (2005).
[3] R. M. Mach, G. O. Mueller, M. R. Krames and T. Trottier, IEEE J.
Selected Top. Quant. Electron. 8 (2), 339 (2002).
[4] J. K. Park, M. A. Lim, C. H. Kim, H .D. Park, J. T. Park and S. Y.
Choi, Appl. Phys. Lett. 82 (5), 683 (2003).
[5] A. Mills, Adv. Semicond. Mag. 8, 9 (2005).
[6] Y. S. Lin, R. S. Liu and M. Cheng, J. Electrochem. Soc. 152 (6),
J41 (2005).
[7] Y. D. Huh, J. Hoon, Y. Kim and Y. R. Do, J. Electrochem. Soc. 150
(2), H57 (2003).
[8] G. O. Mueller and R. M. Mach, Proceeding of SPIE 2002, vol.
4776, 122 (2002).
[9] 1. Niki, Y. Narukawa, D. Morita, S. Sonobe, T. Mitani, H. Tamaki,
Y. Mruazaki, M. Yamada and T. Mukali, Proceeding of SPIE 2004, vol.
5187, 1(2004).

[10] O. Kryliouk, M. Reed, T. Dann, T. Anderson and B. Chai, Mater.

61



Sci. Eng. B66, 26 (1999).

[11] C. Park, S. Yeo, J.H. Kim, D. Yoon, T.J. Anderson, Thin Solid
Films 498, 94 (2006).

[12] V. Naranyanan, K. Lorenz, W. Kim, S. Mahajan, Applied Physics
Letters 78, 1544 (2001).

[13] E. Aujol, A. Trassoudaine, D. Castelluci and R. Cadoret, Mater.
Sci. Eng. B 82, 65 (2001).

[14] P. R. Tavernier, E. V. Etzkorn, Y. Wang and D. R. Clarke, Appl.
Phys. Lett. 77, 1804 (2000).

[15] T. Paskova, E. M. Goldys, R. Yakimova, E. B. Svedberg, A.
Henry and B. Monemar, J. Crystal Growth 208, 18 (2000).

[16] I. Akasaki, [TII% # 3= ®FEA] (Advanced electronics series, Hl
=¥ 241 (1999).

[17] Y. Ohki, Y. Toyoda, H. Kobayashi, I. Akasaki, Inst. Phys, Conf.
Ser. 63, 479 (1981).

[18] H. Amano, N. Sawaki, I. Akasaki, and Y. Toyoda, Appl. Phys.
Lett. 48, 353, (1986).

[19] H. Amano, M. Kito, K. Hiramatsu, and 1. Akasaki, Jpn. J. Appl.
Phys. 28, L2112 (1989).

[20] I. Akasaki, H. Amano, K. Itoh, N. Koide, and K. Manabe, Inst.

6 2



Phys, Conf. Ser. 129, 851 (1992).

[21] S. Nakamura, N. Iwata, M. Senoh, T. Mukai, Jpn. J. Appl. Phys.
31, 1258 (1992).

[22] S. Nakamura, T. Mukai, and M. Senoh, Appl. Phys. Lett. 64,
1687, (1994).

[23] M. Koike, N. Shibata, H. Kato, S. Yamasaki, N. Koide, H. Amano,
and I. Akasaki, Proceeding of Topical Workshop on III-V Nitrides
(TWN'95), 45 (1995).

[24] M. Koike, N. Shibata, S. Yamasaki, S. Nagai, S. Asami, H. Kato,
N. Koide, H. Amano, and I. Akasaki, Mat. Res. Soc. Symp. Vol. 395,
889 (1996).

[25] M. Koike, S. Yamasaki, S. Nagai, N. Koide, S. Asami, H. Amano,
and I. Akasaki, Appl. Phys. Lett. 68, 1403 (1996).

[26] M. Koike, N. Koide, S. Asami, J. Umazaki, S. Nagai, S. Yamasaki,
N. Shibata, H. Amano, and I. Akasaki, SPIE (The International
Society for Optical Engineerung), Vol. 3002, 36 (1997).

[27] C.R. Lee, J. Crystal Growth 246, 25 (2002).

[28] T. Kato, Y. Honda, Y. kawaguchi, M. Yamaguchi, and N. Sawaki,
Jpn. J. Appl. Phys. 40, 1896 (2001).

[29] F. Fedler, R. J. Hauenstein, H. Klausing, D. Mistele, O.

6 3



Semchinova, J. Aderhold, and J. Graul, Journal of Crystal Growth 241,
535 (2002).

[30] J.K. Gillespie, R.C. Fitch, N. Moser, T. Jenkins, J. Sewell, D. Via,
A. Crespo, A.M. Dabiran, P.P. Chow, A. Osinsky, M.A. Mastro, D.
Tsvetkov, V. Soukhoveev, A. Usikov, V. Dmitriev, B. Luo, S.J.
Pearton, and F. Ren, Solid—State Electronics 47, 1859 (2003).

[31] M. A. Mastro, D. Tsvetkov, V. Soukhoveev, A. Usikov, V.
Dmitriev, B. Luo, F. Ren, K. H. Baik, and S. J. Pearton, Solid—State
Electronics 48, 179 (2004).

[32] J. LaRoche, B. Luo, F. Ren, K. H. Baik, D. Stodilka, B. Gila, C. R.
Abernathy, S. J. Pearton, A. Usikov, D. Tsvetkov, V. Soukhoveev, G.
Gainer, A. Rechnikov, V. Dimitriev, G. T. Chen, C. C. Pan, and J. .
Chyi, Solid State Electronic 48, 193 (2003).

[33] K. Tsubouchi and N. Mikoshiba, IEEE Trans Sonics Uktraon.,
SU-32, 634 (1985).

[34] V. A. Savastenko and A. U. Sheleg, phys. status solidi (a), 48,
K135 (1978).

[35] A. F. Wright , J. Appl. Phys. 82, 2833 (1997).

[36] M. R. H. Khan, Y. Koide, H. Itoh, N. Sawaki and I. Akasaki, Solid

State Commun. 60. 509 (1986).

6 4



[37] P. M. Mooney, J. Appl. Phys. 67, R1 (1990).

[38] S. L. Hwang, K. H. Kim, K. S. Jang, H. S. Jeon, W. J. Choi, J. H.
Chang, H. S. Kim, M. Yang, H.S. Ahn, J.S. Bae and S.W. Kim, Journal
od the Korean Crystal Growth and Crystal Technology Vol.16, No. 4
(2006) 157—161

[39] K. H. Kim, H. S. Ahn, M. Yang, K.S. Jang, S. L. Hwang, W. j.
Choi, C. R. Cho, S.W. Kim, Y. Honda, M.Yamaguchi, and N. Sawaki, J.
Yoo. S. M. Lee, and M. Koike, phys. stat. sol. (¢) 3, No.6,
1461~1465 (2006).

[40] H. S. Ahn, K. H. Kim, M. Yang, J. Y. Yi, H. J. Lee, J. H. Chang, H.
S. Kim, S.W. Kim, S. C. Lee, Y. Honda, M.Yamaguchi, and N. Sawaki,
phys. stat. sol. (a) 202, 1048 (2005).

[41] H. S. Ahn, K. H. Kim, M. Yang, J. Y. Yi, H. J. Lee, J. H. Chang, H.
S. Kim, S. W. Kim, S. C. Lee, Y. Honda, M. Yamaguchi and N. Sawaki,
phys. stat. sol. (a) 202, 1048 (2005).

[42] F. Fedler, R. J. Hauenstein, H. Hauenstein, H. Klausing, D.
Mistele, O. Semchinova, J. Aderhold and J. Graul, J. Cryst. Growth
241, 535 (2002).

[43] T. Kato, Y. Honda, Y. Kawaguchi, M. Yamaguchi and N. Sawaki,

Jpn. J. Appl. Phys. 40, 1896 (2001).

65



[44] S.J. Lee, C. S. Kim and S. K. Noh, K. S. Chung and K. S. Lee, J.
Korean Phys. Soc. 51, 1050 (2007).

[45] Z. Yang, X. Li, Y. Yang and X. Li, J. Lumin. 122-123, 707
(2007).

[46] Y. Guangging, D. Jiefei, R. Min, Y. Haidong, L. J. Hua and Chin, J.
Lumin. 22, 21 (2001).

[47] G. Xia, S. Zhou, J. Zhang and J.Xu, J. Cryst. Growth 279, 357

(2005).

66



	1. 서론
	2. 비형광체 백색 발광 다이오드 설계
	2.1 Hydride Vapor Phase Epitaxy
	2.2 혼합소스 (mixed-source) HVPE
	2.3 비형광체 백색 발광 다이오드 성장

	3. 비형광체 백색 발광 다이오드 특성분석
	3.1 구조분석
	3.2 결정성 분석
	3.3 비형광체 백색 발광 다이오드 제작 및 색특성 평가
	3.3.1 전류-전압 특성
	3.3.2 전류-광특성 특성
	3.3.3 램프의 색특성

	4. 결론
	참고문헌


