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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 layer activated in N2 or O; ambient have been compared. For the Nz-ambient activation the
current-voitage behavior of LEDs has been found to be improved when the Mg dopants activation was
performed in the higher temperature. However, for the Oz-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 4.8 V for LEDs with
the p-GaN layer activated at 900C in the N2 ambient and 45 V for LEDs with the p-GaN layer
treated at 700°C in the O ambient, respectively, The forward voltage reduction of the LEDs treated in
the Oz-ambient may:be related to the oxygen co-doping of the p-GaN layer during the activation
process. The Oz-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 epilayers grown by varying
the flow rate of CpsMg.

Sampie MAIMAZIMA3|MA4|MA5| MA6

fepemg(Hmol/min) | 0.72°1 085 | 2.0 | 231 | 32 | 4.02

Sample MB1{MB2|{MB3 |MB4|MB5|MB6

feromg{Mmol/min) | 0.34 1 043 { 0.47 | 060 | 0.72 | 0.85
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Fig. 1. The Hall concentration(Py) and Hole
mobility(ug) of the p~-GaN epilayer annealed
in the various activation temperature.
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Fig. 2. SIMS depth profile showing the Mg
concentration(2 x 10° atoms/cm®) in
p-GaN epilayer.
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Fig. 3. The hall concentration(Puy) and Hole
mobility(uu) of the p-GaN epilayer
after annealing at 950C for 30 sec in
the N2 ambient. These epilayers were
grown by  varying the flow rate of
CP:Mg.
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Fig.  4(a). The current-voltage characteristics of the green LEDs with the p-GaN layer
activated in the temperature range from 600TC to 900C by the step of 100C in N2 or

O ambient for 120 sec.
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Fig. 5. The operation voltages of the green LED
measured at the current of 20 maA,
which was fabricated after the p-GaN
layer was activated with increasing the
temperature from 600C to 900C by the
step of 100C in N2 or O2 ambient for
30 sec, respectively.

ZANAE O 7 g A EF HY FA 9%
B O EY Fol FU8A HE 2EF AH9
g AdEYG o Bol & AlE RASHA #
o2 p-GaN %9 AEEE Foldu £4e HF
~AGEAdol Ve sez YEh

p-GaN ¢ @43 FAAM A Ao
azte] HAE AFE AL HEAM 302 G
g4z dxg FAL FYR F ARG 239
FRALE 29 59 RAT N2 £97] FolA
243 FH&¢ 9% A9 F}IYLe 48
V(900C)9t 5 V(800T), 57 V(700T), 7.1 V(600
T) ol¥t) & e =4 A48 AL +Y
48 2o FaHAYe] ol A R
I Aok olRE 1Y 4(a)d B AFH gon,
ok e Azhe] 30& 9 BS 120 ¥ W B
th Babdgtel o wskth W@ Oy EH7] SolA
438 F4L FYE 2AAAN Z2HF A
€ 49 V(900T)$} 4.7 V(800C), 4.5 V(700T), 4.8
V(600T) o1tk O; #4710l 30& B¢ EA
2 dBiAAe] FAAGLE BE 22U W
A Ne 2997144 dA8% A 2o dgten Z
843 £ o FIAAY @) ¥ & 9
AE Bolx @Sttt AAM FFHHYL O 947
oA 600T, 120 A& & A9$9 700C, 30% H

121 A~ Acihation(O, 120 8) postanneaiing(O))
B : O~ Aciivation{N,,120 s).nost-annealing(O,)
11} ©:—a—Activton(O, 120 8) post-annealing(N,)
D ;9 Activaion(N, 120 8),post-annealing(N,)

............

600 700C 800'c 900'c
Activation temperature
a6 8438 24 4 34 A 974 o
& GaN =4 &3 iae) 524AY
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.



g AUt )AL p-GaNZF & 02 971414
A2 AFPY o Mg B4 ¥ HAEE
Azt &E7 EA¥CdE AL fuigd. =@
0: B9714A p-GaNF ol 843 F4E 93
E 3% p-GaNFol 2¥d A F(dislocations) =
of el 09 #at A=st @8l 5 o 4%
Z13 oo Frlel wet HH dAE zdo|
HEg Aew dAatged

18 62 p-GaN 29 €43 T4& N BEE
0z 871 983 29 248 F3AY F
FEAEE FAANT HHM FAAMY FRE
Nz 28 O £97] 600CHA 30 9 274 #
g3tu Y 4772 FL2AM 24 T3
AY-E Bt YoM BH O 47 600T
A 243 FAE Y% FdHE TAL N
B A g 43 LAHO)e EAol Y F
ok B O E97144 Mgl 843 74
FYan F9dHY FAE O 5744 9%
R 2AAE FHEY F FENE FTHT N
7104 #8488 L2AC)RGE AT #4aE
€ w3l AT #FaE FEAME FH F
0: 7t Ni/Au 4% € 5% o o 259 g9
£ A=olE B Wi Aoz ARgHA
}.

4.4 B

Mgol =38 p-GaN 29 #43 €48 334
€ 0 BE Np E97I0lA F83n AFH 549
dgae) AF-AYEHE Hn BHET A
F 0mAdA 2FY FAALE N BV &
gAY 2x7} nLo2 FFE A 90T
A AT B 48 VE AT, O £A71dAME
o] Bt} @& &9l T00TCoM M AL 45
VE& U O 971 #4ste A 3 F
p-GaN ¥l O 7} 2=FSHE A 3o &
AT EE B N/Au S5 HEATgE
WH I p-GaN 39 A=EE &9 714G E &
o]7] WEor Azt o9 % F& ¥ ¥4
Ad FAE 600C, N2 BEx 0 47414 302
Y FUE F HAY 239 HR-IUYFHL
p-GaNZ ¢ 843 AT O, VI 48
227 %ol 71 ¥k p-GaN 9 243
WL aHH B o @2 £EAM%E p-GaN %
o g48E 7HeA e 0 EAVAM 848

a7

A7 HAA RGN =EA, Vol, 15, No. 5, May 2002.

dxert Axg A% FHA FEF AR A}
g2¥94.

ZhAtel 2

€ A7 IR FATY ATI(KRF-
2001-005-DO000T) <j & 3 HAFUTH

&0 28

[1] %3, oA, o1, AN, L4484, IF
£, APE, AFY, “n+-GaN/AlGaN/GaN
HFET A zg 1% 29 FHE T 477,
ANARAEGY =8N, 149, 2&, p. 123
2001.

|34, “GaN &9 £EJ] B4 F49
B G, AVAAABGY=EA, 149, 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 HI-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.
Hiramatsu, and N. Sawaki, "Deep levels
in the upper band-gap region of lightly
Mg-doped GaN", Appl. Phys. Lett., Vol. 68,
No. 10, p. 1362, 1996.

U. Kaufmann, M. Kunzer, M. Maier, H.
Obloh, A. Ramakrishnan, B. Santic, and P.
Schiotter, "Nature 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
L. Chang, "Oxidized Ni/Pt and Ni/Au ohmic

{2

(3l

(4]

[5]

(6]

7

(81



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”, J. 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]

{151

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 using 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 Hull, 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.



