Journal of the Korean Institute of Electrical and Electronic Material Engineers, Vol. 18, No. 10, p. 945, October 2003.

] 16-10-12 |

In-situ SiN 2tat2 o] 2350 MZEsSE GgN dtat o
LED &Xx EM A
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Abstract

We have grown GaN layers with in-situ SiN mask by metal organic chemical vapor deposition
(MOCVD) and study the physical properties of the GaN layer. We have also fabricate PN junction
light emitting diode (LED) to investigate the effect of the SiN mask on its optical property. By
inserting a SiN mask, (102) the full width at half maximum (FWHM) decreased from 480 arcsec to
409 arcsec and threading dislocation (TD) density decreased from 321x10° em™ to 9.7%10° em™ The
output power of the LED with a SIN mask increased from 198 mcd to 392 mcd at 20 mA. We have
thus shown that the SIN mask improved significantly the physical and optical properties of the GaN

layer.

Key Words : SiN mask, Metal organic chemical vapor deposition (MOCVD), (102) FWHM, TD density,

Output power

M2

GaNAl ¥F= A7} light emitting diodes (LEDs),
laser diodes (LDs), ultraviolet (UV) detector L&
I Azt ARE 7 AAE ARE wm gl
53], LED #oke= 7€ Z2BARE A
HoBA RZAET 9lo
7t g Ao g F718tn
2] el r) LED 9437}
itk 1986 Amano®l
GaNel Z2AAe & A7
Ve AA stk Be
¢} Sapphire 7]#APo]o] AzPE Y X9}
BGA G Aolo] os] wAYsl  threading dis—
location (TD)& #°]7] 8 epitaxial

oo rlo ok ok

lateral

1. Yatcietm M7|MAF U AR aste
(ME ALUA UES 344-2)

a. Corresponding Author : maruchi11@Ilycos.co.kr

HadXt 2005, 7. 12

1A alAF : 2005. 8. 23

AlAtRFZ : 2005. 9. 7

945

overgrowth (ELO)4], pendeo epitaxy(PE)[5],
selective area growth(SAG)[6]9} #& Az v
ATsian. TDE #HAaA71=E A
S AAs 2 548 Y A7

B et} a2, ELO 7

g fo 1 > =R

uom-ﬂ ofl, fio
W e
=

o o

g T3 GaN
RSt AHB] Sakaist 29
A58 Sapphire Yo SIN 94g vz =
SiN 2 9ol nanometer Alo]Z9]

SAAHI]. olE dFAES
10°~10" cm™@ oA 107~ 10°

ool WL ox o I

o o

=

it

Z A7V atomic force microscopy

x-ray rocking curve (XRC), 281



J. of KIEEME(in Korean), Vol. 18, No. 10, October 2005.

transmission electron microscopy (TEM) 42
E3 B2 EHE A ?.3].0:1 o}, w3 FaH EA

2. A 4
GaN =2 metal organic chemical vapor
deposition (MOCVD)el <3 A&t GaN =

L TMGa® NH:& 4227122 H.& g 7t~
2 ARt A ke 200 ~ 500 Torr, AFE%
1060 ~ 1090 CellA AdaaAch * 29l sapphire
714E Hy 971914 1080 T2 EAgs=olg. o
2932 YA Low Temperature(LT) GaN buffer &
< 530 CollA AAA17] 1 High Temperature(HT)
GaNE& AAA7171 93l 1060 T2 255 S#H}
HT GaN& oF 1 mm A= 4% A2 £ gk SIN
28 SiHu9 NHy A2A7b29 He Algle] 7pag
o] &3} 800 T, 500 TorrolA F&3dRc}. ol
SIN &2 A7+ 45%, 18, 5¥o= Hgsg.
2 % thA] HT GaN€ 6%(~200 nm) &< A
A% A7l AFM #2289tk XRCEA #3

2 A% SN %ol % 1 me) GaNg 44 59
3 AAHe GaNg FA+= ¢F 2 mm °)8lck. SiN
atelol] A% GaNuHE AFA77] Y8l GaN
& A (coalescence)= FEUYol *E& F7HA7|R
HE ZaAA 0F dAHHIES F3ch SiN g

o] glv AZolAME GaN —r”ﬂa
of HlWEA AT o] H A é"éfi GaN el 2
m NGaN#} 05 gm PGaN-g A 44 A
A7egd. LED AAAEE 98]
inductively coupled plasma (ICP)E o|&3&to] 7
A2z sty P A=o 2 Ni/Au (5 nm/6 nm) I
g2 N dF2o2 Ti/AUN/Au(25 nm/150 nm/25
nm/150 nm)& F23 Gl viA e R Pad A=
©2 Au(400 nm)E N, P A=l F2A1z1
F71Fol A 500 C, 20—‘5'—7} dAelsle] A2
skacth. AlzkE LED 3 Z7)%E 340x340 m”
o 2 A7AE S A

SIN F3 Atol] W& GaN #W #4hs
As) AFM #3-& sttt GaN BHTRE
371918 TEM &A < sl SiN £33
A% A4E B7IYs 600 nm 39
reflectometry &4 3tk 282 F+x24 54
=4E 93l XRC 4% sy =3, LED
output powert black cavity <ol4 LED meter
£ ol&dte FAH3PY e FF A= 5EQ
EH ZHsto FFHA gE AsA

=

_2__
ol
B
Tzt

GaN
in-situ

- o w el

946

. SIN 3 AJ7tel @& GaNe| AFM

of g

=S

g4 (@) 4Hx, ) 18, ) 5 2. =
92 10x10 pm’.

AFM images of 6-minute grown GaN
layer on top of the (a) 45s, (b) 1 min

and (c) 5 min grown SiN masks. The

Fig. 1.

scan area of images are 10x10 pm’.

,_A
rlo
%
2z w
2 gt
2 oox
) ofj
(i
ol
i

[@)]
) ML
Z o d

1}

[\

<o

<o

=

3

o

o

>

Z

o
&
%
oy M

GaN islan d%ol
7t X9

3k GaN 1Slar1d
GaN islandE ¢ o GaN island®] 2
Agd ¢ e 1 A (1’ 1(b)),

9 GaN islandE°¢] HHd o2 A 5o n
SIN &A% 3 GaN islandE9 W& H = ek

ot
oXx.
o 8
4 2
o =
o2
>{
.
wn
Z 5
e 2
ox Ml
ofje
2
=

il ulo
\_0 to
&
2
=
ir oy

oY
<o

e

2
Mg
FE r_lu

36 %°lQ 2 GaN island9| %15% theF 5x107
cm? o)k, 58 Ao ( 1(¢)), GaN
island o =& U9 F Agol v A #A
3tk SIN &4 Fd gk GaN islandg 9] ™ A
vl g 35 %ol W 2x107 cm o)t
1% o9 SiN 4% Z2 At Ad = GaN
islandg°] #Za¥+E d4o yeyesd o&



@ 480 -
= SiN Growth : GaN Regrowth
C 4604 —8— -
: H
_Q- 440 : WI\‘hOUtiIN R -
= H ™ N I AN
© . ;
d 420 o
>
= 4004
1]
=
O 380
-
[=}
= 360
QO
2 340
‘5 T m1min
é) 220 L . I
Q 3500 4000 4500 5000 5500
o
Time [sec]
a3 2. SIN %S AgdehAl 92 AZH SIN 2
‘% 452_, ]Vt_'“ —%—71]—.?2 GaN Ho o]‘ %?_].'

=A% reflectometry signal.
Fig. 2. Reflectometry signal of sample without
SiN and samples recorded during 45s
and 1 min SIN deposition followe GaN

regrowth.

nanometer—sized hole®] 720l »]218kt}. Sakaij]
Hie] 98 WHGaN island nanometer-sized hole
£ B3 AAsvln » o 9doH9). ©] nanometer-
S SIN Z3 Alzke] UF #oed A
st HAHoR Abg)
e ol AFoAMx BAEHU

I8 2% SIN $& Azl w2 in-situ reflecto-
reﬂectometry signal&-2
e WE JEe® Fds)
B (\%% AEANAE GaN
Agge] AREHEAN SAG wyo)

SIN #h& A9 AL signal A=E
Ag dted ol SIN B A 23
island ¢ @Al 7]AgcH10]. l% i
o}z o] 3D GaN islandE o]
F7kekA |t 45x
o] GaN island E©]
ook /Hx]— S’r_g} o

sized hole

=4 g YANTE
7

Z719l 2

iéﬂﬁ}‘}i‘#[lll 18 Ur,

Ao ey

H
=7t 1714 GaN EH ge
(hillock) Eo] A Aot wpekrd, FHIH NH
FE Watste 308 <t FAF o) FARAEE 3
At 4520 Aol 308t A7 o] Foj A A
T 1E oA E FAZE A Hu Ak o
42 GaN island®] A= 711 %c}

.9__‘5'_

¢

r

947

A7 ARA 8818 =2 %), A18F A0, 20053 104

a3 3. SINE 45% Z&3d ME9 TEM ©wd.
Fig. 3. Cross-sectional TEM image of GaN
layer grown on top of the 45s deposited

SIN mask.

SIN 245 fo g
w7 g8 Hx 2 AF

2 O
=2,
—
=
LA N

e koo
lo o

ol
o

2} ?94 threédjng dislocation (TD) " xe] Wgs

moﬂ 9lstd SiN *é*& ZAE HA3
2 ~ 3x10° em™ 7A=Y £
gMd= Zo ok 33 nm ~ 45 nm ©] Y
b, TEM ©H2 W SIN ZAlZ9 naz] a3
of ofs) TD7F 37}A1 el v SIN 24
Zol 23 2t (A), GaN A4 <3 FHeA
(B) 28} &7]o] 2As TD 7} AAd&As wd
7R A (O ¥ g 2B
1% 4% SIN 24358 ddsA
A g AE9 XRC 54¢ deldc Si a“é
3 A o) (102) FWHM &

.
oo M
)
}.
39,
iy
D]
o
z
fo
H
]
e,
k1
rlr
Lf’.
Z
ofy
B
Mo oo o o o

oo

b4



J. of KIEEME(in Korean), Vol. 18, No. 10, October 2005.

'a‘ % with SiN mask

= (102) FWHM = 409 arcsec
= |

=

D. -

e

)

S, B

2 I

=

‘D without SiN mask

= X10 (102) FWHM = 480 arcsec

] |

£

T T T —r7 T T v T
-4000 -3000 -2000 -1000 © 1000 2000 3000 4000
® scan [arcsec]

% 4. SiNg 462 FHY GaNet F3shA] &
< GaN ¥ahel (102) FWHM.

Fig. 4. (102) FWHM of GaN layer with or
without SiN mask for 45s deposition
time.

[ RT

iy [ @20mA

= . with SiN mask

c - Peak = 473 nm

: =

-]

- [

©

Ll =

>

= [

[’}

: -

2 1

[=3 without SiN mask _ *

_ o Peak = 473 nm

w L

LS L) L) T L B T L L)
380 400 420 440 460 480 500 520 540 560 580 600 620
Wavelength [nm]
O™ 5. SINE 46z & G FAEA %
& WTo EL EA,
The EL property of GaN with or
without SiN mask for 45s deposition

Fig. 5.

time.

oEkA, SIN 84%F Agafd nE2 #3
548 ##EeYsi LED AAE
LED 249 output 54€ FHsUth 19 !
SIN §1—/\"10 ALolzﬂ_ LEDQ‘]' /l\jl-m o}X] ol-o LED
9l eledtroluminescence (EL) 54°ldh. 20 mA-j
A Z2A-E output powers SIN A 2Z Al

948

LEDo} A 392 med 28] A43HA -2 LEDe
Al 198 med ©l%ith oldl, F LED ¢ @7
mAo|A 473 nmZ FY3FAC. SIN &4
A3 AZ ol output power’t AF{IEHx &
B2} 2w) ol &kt o] FAE SIN
GaN ¢ Sapphire AFojoljA]l A7)
HeonA A EHAANY TD ¥EE
, TD+= non-radiative center ZA]
ArH12]l. LED 224582 ¢

168A| 7t aging HI2EE #EZAF HE2E A - F
o,

8

2,

o

g{_g

o
1o
4 I

Aol @ Aol7h dddh wabA, SiN 4%

o]&3F GaN A% W& B3Pz om GaNE o]

3 UV 2xtd -85 sith
4. 2 2
In-situ SiN MaskE& o]&3}o9] GaN 49t
MOCVD w¥ow Alxstn o atute] £48
?‘ﬂﬁ’iﬂr. SIN t_:lj)‘u_}_g] 7\37};—)\){)—% 45_;}__\?_111

F

7 walslglom 4hxoA HHe 4 =7
Qe SIN S4&28 Adst=2 (102) FWHM
480 arcesecol A 409 arcsec® 74 AR TD

EE 321x10" cm’2 o4 9.7x10° em™® B Z2s
Aele AZo PLEARE 7%
Hdcoh SIN "dte] GaNe|
N7|EE 2HE LED Azl

w
mlo & o
" ng m(o e X 2 o

F

.

‘(’)]-

ZAre] 2
o] =R Mg A AddstE distHdEd
FAE $A4 - A DAA(I-2004-0-074-0-00)e ]
s sy

it

gl

Ao
e

[1] S. Nakamura and G. Fasol, "The Blue
Laser Diode GaN Based Light Emitters and
Lasers”, Springer, Berlin, p. 163, 1997.

[2] M. S. Shur, “GaN based transistors for high
power applications”, Solid-State Electorn.
Vol. 42, No. 12, p. 2131, 1998.

[3] H. Amano, N. Sawaki, 1. Akasaki, and Y.
Totoda, "Metalorganic vapor phase epitaxial



14]

(5]

(6]

(7]

growth of a high quality GaN film using -

an AIN buffer layer”, Appl. Phys. Lett.,, Vol
48, No. 5, p. 353, 1986.

A. Ushi, H. Sunakawa, A. Sakai, and A.
"Thick GaN epitaxial growth
with low dislocation density by hydride

Yamaguchi,

vapor phase epitaxy”, Jpn. J. Appl. Phys.,
Vol. 36, No. 7B, p. L899, 1997.

R. F. Davis, T. Gehrke, K. J. Linthicum, T.
S. Zhelva, E. A. preble, P. Rajagapal, C. A.
Zorman, and M. Mehregany, “Pendeo—
epitaxial growth of thin films of gallium
related materials and their
characterization”, J. Crystal Growth, Vol
225, No. 2-4, p. 134, 2001.

Y. Kawaguchi, Y. Honda, H. Matsushima,
M. Yamacuchi, K. Hiramatsu, and N. Sawaki,
"Selective area growth of GaN on Si
substrate using SiO: mask by metalorganic
vapor phase epitaxy”, Jon. J. Appl. Phys.,
Vol. 37, No. 8B, p. 1.966, 1998.

H. Lahreche, P. Vennegues, B. Beaumont,
and P. Gibart, "Growth of high-quality GaN
by low-pressure metal-organic vapour phase
epitaxy (LP-MOVPE) from 3D islands and
lateral overgrowth”, J. Crystal Growth, Vol.
205, No. 3, p. 245, 1999.

nitride and

949

AN AR B ETE =22, A18H A|103, 200543 104

[8] S. Tanaka, M. Takeuchi, and Y. Aoyagi,

"Anti-surfactant in IlI-nitride epitaxy”, Jpn.
J. Appl. Phys., Vol. 39, No. 8B, p. L83,
2002.

[9] S. Sakai, T. Wang, Y. Morishima, and Y.

[10]

Naoi, "A new method of reducing dis-
location density in GaN layer grown on
sapphire substrate by MOVPE", J. Crystal
Growth, Vol. 221, No. 1-4, p. 334, 2000.

S. Figge, T. Bottcher, S. Einfeldt, and D.
Hommel, "In situ and ex situ evaluation of
the film coalescence for GaN growth on
GaN nucleation layers”, J. Crystal Growth,

Vol. 221, No. 1-4, p. 262, 2000.

[11] H. Miyake, A. Motogaito, and K. Hiramatsu,

"Effects of reactor pressure on epitaxial
lateral overgrowth of GaN via low-pressure
metalorganic vapor phase epitaxy”, Jpn. J.
Appl. Phys. Vol. 38, No. 9A/B, p. L1000,
1999,

[12] S. J. Rosner, E. C. Carr, M. J. Ludowise, G.

Girolami, and H. I. Erikson, "Correlation of

cathodoluminescence  inhomogeneity  with
microstructural defects in epitaxial GaN
grown by metalorganic chemical-vapor

deposition”, Appl. Phys. Lett., Vol. 70, No.
4, p. 420, 1997.



