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The Influence of the Mg—doped p-GaN Layer Activated in the O» Ambient on
the Current-Voltage Characteristics of the GaN-Based Green LEDs
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Abstract

The electrical properties of the (GaN-based green light emitting diodes(LEDs) with the Mg doped
p GaN laver activated in N: or O, ambient have been compared. For the Ns-ambient activation the
current voltage behavior of LEDs has been found to be improved when the Mg dopants activation was
performed in the higher temperature. However, for the O,-ambient activation the current voltage
characteristic has been observed to be enhanced when the Mg dopants activation was carried out in the
lower temperature. The minimum forward voltage at 20 mA was obtained to be 48 V for LEDs with
the p GaN layer activated at 900°C in the N. ambient and 4.5 V for LEDs with the p GaN layer
treated at 700T in the O» ambient, respectively. The forward voltage reduction of the LEDs treated in
the O, ambient may be related to the oxygen co doping of the p-GaN layer during the activation
process. The O. ambient activation process is useful for the enhancement of the LED performance as
well as the fabrication process since this process can activate the Mg dopants in the low temperature.
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Table 1. The fabrication processes of the GaN-
based green light emitting diodes.
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Table 2. The p-GaN epﬂayers grown by varying
the flow rate of Cp2Mg.

Sample MA1|MAZ|MA3|MA4|MA5| MA6

feprMg(imol/min) | 0.72 | 0.85 | 2.0 | 231 | 3.2 | 4.02

Sample MB1|MB2Z| MB3|MB4| MB5 | MB6

fepng(Mmol/min) | 0.34 { 043 | 0.47 | 0.60 | 0.72 | 0.85
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Fig. 4(a). The current voltagc characteristics of the green LEDs with the p GaN laver

activated

in the temperature range from 600T to 900C by the step of 100 in N» or

(02 ambient for 120 sec.

10

oni vl oy ghAEl 8 9007 Lol A

o |\

Activation D GaN o) 4 shsk olstol rkal ¥ 4 Utk

— —=®— O_ambient, 120 s , . -
2 \ —O— N, ambient, 120's VR Oy AS1VIGIA A A e E ael s Ao
2 s 8 V(900 S 63 V80T), 57 V(7007), 55
g \ / VB00TC)iE 5 45IAch O 2917 SEA sholl A]1:
= Ne WSI719) chitd wre ©n #4s 448 4
£ & >4\<, A zbel dib ASHEA el MAE gL ol Ay
g " she 48 AU AR Addel dip S
O 5 o} A= p GaN &l ¥ Mgel gh4 st O,
FaFos v v SNolA ekl wiioi 4
600C 700C 800TC 900°7C Zh¥lvh AR whEv)tel ta Al kol 1] <

Activatio

a# 4b). vt Lol p GaN el g g

Aol @ F

1
A3 20mA ol A F4 e 2k

2k%]

n temperature A7 AQSANE p GaN Sl tiE O, 91V i
At ¥4 3 ddd Aol wivd ohoa
b p GaN o Fe] SIMS Al 9skd p GaN
Foll w3 Hol AsH: Ashiiel Mg Hel
A¢hAltie] H o whEslo] Mgl $H4 st & &o)

—
N

ASHE A el
\

Fig. 4(b). The operation voltages of the green FUhEs Aok BastduH15] wek p GaN >
LED with the p GaN layer ac VEA L Mg A Lol OFF arniag A

tivated at the various temperature # ci’é g & Ny W9lv] HolA A xulshd O]

measured at the current of 20 mA. o olsta]l Mgol $Halsl olu 4|7t 17045

mc\"’ﬂ’ﬂ 1355 meVit Hadle] Mg sHA sla &

A8t Aulgh Alsiel A wbAyl Aul qrol Ay ol Zvhetv] whi-olukir A vHI0L 91e] Y+ A9
ol gkl wel & owlivh Fvbebi: BAda 2O WERvIel s E dFel p GaN Fol v 4
2 Aot Ak Ok age] 491 p GaN 1rogd el dhiE] AMir thit wbdel M Algatal ¢)
sol A el ARl p GaN ol wisf gk bW Aol A O 39171 Ay 07 p GaN

445



J. of KIEEME(in Korean), Vol. 15, No. 5, May 2002.

LA
o=

2o mEBsel ¥ FEE 022 Ni/Au
e 1‘]{“15&% ‘5%—’?"’ E Aol p-GaN %9 A
EEE o7l giEez Azt oot AR O
B2o7]dlA Mge 243 o @2 2= T
agHor FAgstex WP H4HY ¢ A &
T AFE olF7A v 1y mERel o7
B 4HH)(C, compensation ratio)?} & szl &
EpE Yegds 4 P = (1-O-Ny/C-g-
exp(-Ea/kT)S 2AH R A [10] 9714 Eas &AY
olg3l ouyAol:, C = Np/Nat HAH], Ny&
A2 es  vellar gv  EEHX%(degeneracy
factor)elth. & Aol FEE UeEllE AdA
BAE] Co EaE A2 EYPHoE AFAAE #ol
o, Coll wel Ea #t= A3AH, C = 05 €
g A & ¥=E 2evd:s d7EAA/} ExHA
11} 02 BY714 p-GaN 29 Mg &A=
500C A=A O 7} Fatse] =3 & o A
e e E ez B €438 2RE F

of

10
9 Activation -
i1 —#—N, ambient, 30s
E 8 : .{ —O0— O, arrbient, 0s |-
e
2 .|
5 & :'_,>—<u
e a
4 : ; i ;
600C  700C 80T  900C
Activation temperature
a8 5 Ny £ O 2971914 p-GaN 9| &4
8 FAHS &% 600CAA 900T7HA 100
T Ao 302 ¢ FH}T AFH
Ha BPaxe) AF 20 mAdA FAT
T

Fig. 5. The operation voltages of the green LED
measured at the current of 20 mA,
which was fabricated after the p-GaN
layer was activated with increasing the
temperature from 600C to 900C by the
step of 100C
30 sec, respectively.

in N2 or Oz ambient for

446

ANIIE Op 7t B1& o =3 Hol FA d¥=
e 0 =3 o] F7tetA HW Z=Y Ad|
g Adrg o gel & AgE BYA 2
o2 p-GaN F9 "ol £&e AR
-AGEAl YutAE Aoz Hztdd
p-GaN &9 435 FHAAN IA
Azt AL FFES Fat7] AsiA 30% %
g3 dAz THE FAT F AFE 229
E24%-2 23 59 EAh N 97 A
#1493 FP e FIAAEE 48
V(900C)ek 5 V(8O0T), 57 V(700T), 7.1 V(600
T) olgth, & & 2= 8435 3%
GFE 2xte] FAAG] WolAE A
I Atk olAL 1Y 4@l 29 B
ok dxlgl Azke] 30& 1 B¢ 120% 4 W B
ot Aol o vtk ¥ O #9171 &M
g3 T4 TP LANA SR THAY
€ 4.9 V(900TC)ek 4.7 V(800TC), 45 V(700C), 4.8
V(600T) ojAth O #97lelA 30% T EA
g8 wgaate] FAHGE ZE 22 el
A Ny 2971014 423 3 ng weked 7

ol

\(‘

AEEE
A
A 7ol

FA
.
T

Tz o
T3E

o2

ol

g3 Lol dal FHAY WY wie = W
Ag wolx wATh HA BAAAL 0 A

ol 5 600T, 120% Helg 2% 700C, 30 A

121 A:—I—Adivaﬁon(02,1203),post-annealing(02)
B : —0— Activation(N,, 120 s),post-annealing(O,)
11|+ C:—&— Adivation(O, 120 s),post-annealing(N,)
D : —7— Adtivation(N, 120 s).post-annealing(N,)

=
j=)

Operating voltage [ V]

H OO OO N OO O

600C  700C 80T 90T
Activation temperature
a8 6. 8438 27 2 F& dXg 27l @

£ GaN 54 wgate] AL

Fig. 6. The operation voltages of the GaN-
based green LED with the p-layer
annealed in the different activation

condition and the post-annealing ambient.



a5 A9k oA p GaNF S 0 9171014
4 e Heldh W Mgel #4stel Med 4

Alzbeh @ ivh FaAgioli: AL ot} md
Qs 9794 p GaNZ9 st 348 =83t
1= A% p GaN-Foll Eghyl Ad(dislocations) V] 2
oﬂ wet 0.9 S vk ekl 4olew 4
Ay oyl ol S wel HA dMel x7lo]

Wk Qo o Aeivh

1gl 69 p GaN &9 #AE ¥
Fdstal v & -"-f}é‘}

T PER :
A SN FAd FAE

a4k 7]7]

N BT OO0 3917 600Cel A 30 EoF 7Ht
Pakar AAe 4530 szl FAR B
Aot Hodh fiylelA HW O w917 600T
o A 438t TAL rHstar ?“M AL N
el A st w09 Kol g F
gtk met Op WSV Mgel #A43t o4&
Fashal -9l Ay -’*4‘2 ()g I M R Bt g
vE A AHADY: RE AT FdAE AT N
WLl A FaS ’\4((, Uiz Aigo] 7had
S ootk At il FEAE ¥ F
02 7} N/Au +FH5S S8l H £ U] sy w]of
T oA ey wAEY wiql Ao AZtE oA
c},
4. 2 =
Mgol 2% p GaN F9 g3t AAg #4

& O Fir Ny W7ol A Fralstar AR A
Wbk ake]l A A S vl EAEe A
it 20mACl A 48 SR No W97 AL
Aldel uvh o (A AAEC] 90Tl
4 AR A A8 Vi AL 0 251943

3
o] Wy} v

]l 700°ClA Helsk d9- 45
Vi 919l O %ﬁ-%/l gz AAY ¥y F
p GaN Zel O» 7t ,1},_{2&1‘: Fatoll ot F
Mool iiit o Ni/Au 548 4844
3ol p GaN 29 AriiiE o 2 WAES #
ol /] wWii-ox Azrgg ol iE G & &
Al FAL 600C, No B3z O HH VoA 30x%
Sob st 3 A48 axbe] A4 *4°¥‘ A o-
p GaNg2ol #4493k 4t 0p 971 8%
AAIE Aol 7B EdUE p GaN F9 A s
WS e Hou) e oA p GaN F

o skt b sz O wAVINA B

447

A7) AR 3 8h 8] = H%], Vol. 15, No. 5, May 2002.

AR 7F 2ape] A4 FwolA Gele Ao A}

seylvh

2001

[1]

{21

[3]

(4]

[5]

(6

[8]

0:1 :IL 1o
005 DO00007)l

1M H(KRF

o], &M, 248, 4-&

“n+ (J&I\/A 1GaN/GaN

g, ol A,

g, ARz, AN

HFET A#8 $1st vl g el abeh A7,
A7) Az AL ek s =W, 149, 23, p. 123,
2001.

S, “GaN A &7 HAl gk
%]rOP AT, AV AR LB A, 1491, 9
., p. 700, 2001.

M. A. Khan, M. S. Shur, and Q. Chen,
"Hall measurements and contact resistance

in doped GaN/AlGaN heterostructures”, Appl.
Phys. Lett., Vol. 68, No. 21, p. 3022, 1996.
C. G. Van de Walle, C. Stampfle, and ].
Neugebauer, “Theory of doping and defects
in III V Nitrides”, J. Cryst. Growth, 189/190,
p. 505, 1998.

K. J. Kim and S. J. Chung, "The Mg solid
solution for the P type activation of GaN
thin films grown by metal organic chemical
vapor deposition”, Trans. on EEM, Vol
2, No. 4, p. 15, 2001.

P. Hacke, H. Nakayma, T. Detchprohm, K.
and N. Sawaki,
in the upper band gap region
Mg doped GaN”, Appl. Phys. Lett,,
No. 10, p. 1362, 1996.

U. Kaufmann, M. Kunzer, M. Maier, Il
Obloh, A. Ramakrishnan, B. Santic, and P.
Schlotter, of the 28 eV
photoluminescence band in Mg doped (GaN”",
Appl. Phys. Lett.,, Vol. 72, No. 11, p. 1326,
1998.

L. C. Chen, J. K. Ho, C. S. Jong, C. C.
Chiu, K. K. Shih, F. R. Chen, J. J. Kai, and
1.. Chang, "Oxidized Ni/Pt and Ni/Au ohmic

"Deep  levels
of lightly

Vol. 68,

Hiramatsu,

"Nature



J. of KIEEME(in Korean), Vol. 15, No. 5, May 2002.

[9]

10

contacts to p-type GaN”, Appl. Phys.
Lett., Vol. 76, No. 25, p. 3703, 2000.

J. K. Ho, C. S. Jong, C. C. Chiu, C. N.
Huang, K. K. Shih, L. C. Chen, F. R. Chen,
and J. J. Kai, "Low-resistance ohmic
contacts to p-type GaN achieved by the
oxidation of Ni/Au films”, ]. Appl. Phys.,
Vol. 86, No. 8, p. 4491, 1999.

R. Y. Korotkov, J. M. Gregie, and B. W.
Wessels, "Electrical properties of p-type:Mg
codoped with oxygen”, Appl. Phys. Lett,,
Vol. 78, No. 2, p. 222, 2001.

[11] T. Yamamoto and H. K. Yoshida, "Material

{12]

[13]

[14]

[15]

design for the fabrication of low-resistivity
p—GaN using a codoping method”, Jpn. J.
Appl. Phys. Part 2, Vol. 36, p. 180, 1997.

O. Brandt, H. Yang, H. Kostial, and K. H.
Ploog, "High p-type conductivity in cubic
GaN/GaAs(113)A by wusing Be as the
acceptor and O as the codopant” Appl.
Phys. Lett., Vol. 69, No. 18, p. 2707, 2000.
S. Nakamura, and G. Fasol, "The Blue
Laser Diode-GaN Based Light Emitter and
Lasers”, Springer, p. 82, 1997.

S. G. Lee and K. ]J. Chang, "Atomic model
for blue luminescence in Mg-doped GaN”,
Semicond. Sci. Technol., 14, p. 138, 1999.

B. A. Hulll S. E. Mohney, H. S.
Venugopalan, and J. C. Ramer, "Influence
of oxygen on the activation of p-type
GaN”, Appl. Phys. Lett, Vol. 76, No. 16,
p. 2271, 2000.

448



