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The doping characteristics of Mg—Zn codoped GaN films grown by metalorganic chemical vapor
deposition are investigated. By means of the concept of Mg—Zn codoping technique, we have grown
p-GaN showing a low electrical resistivity0.72 cm) and a high hole concentration (8.5

X 10t cm™3) without structural degradation of the film. It is thought that the codoping of Zn atoms
with Mg raises the Mg activation ratio by reducing the hydrogen solubilitg-@aN. In addition,

the measured specific contact resistance of Mg—Zn codoped GaN filmxsl6.d Q cn?, which

is one order of magnitude lower than that of Mg doped only GaN film X1.9 3 cn?).

© 2000 American Institute of Physidss0003-695(00)02234-9

The realization of a high conductirgtype GaN contact H, ambient at 1080 °C with various molar flow rates of
layer is one of the hot issues in the field of 1lI-V nitrides, Cp,Mg and DEZn. Other growth conditions are the same
because it is a crucial component in achieving current injecwith those of the unintentionally doped G&N.
tion laser diodes with a low series resistance and a high In order to investigate Mg—Zn codoping characteristics
external quantum efficiency. The llI-V nitrides can be madein GaN, first of all, we studied Mg-doped only GaN films by
p type by incorporating divalent elements such as Zn, Beyarying the amount of Gig flow rates> The GaN grown
and Mg. However, all of these divalent elements have beennder a CpMg flow rate of 0.643umol/min ((Mg]/[Ga] ra-
known to form deep acceptors, the shallowest being Mg wittio of 7.6x 10~%) exhibited a resistivity of 0.8Z)cm and a
an activation energy of 160 meV from the valence bandhole concentration of 810" cm™> at room temperature.
Recently, several growth techniques, such as AlGaN/GaNglectrical conducting characteristics of the growrGaN
short period superlattices with modulation dopifgand  films after postgrowth rapid thermal anneali®TA) in N
codoping of two different dopant sources have been sugambient were measured using the four-point probe van der

gested to achieve a IOW resistimGaN |ayer3__5 Pauw technique. A magnetic f|e|d Of 05T and currents be'
Especially, it has been theoreticdlly and tween 10 and 10@A were applied.
experimentall§® suggested that codoping oftype dopants As we change DEZfunder constant GMg flow rate of

etc) in GaN is effective in the fabrication of high- rate of 0.616 nmol/mihmolar flow rates, the variations of
conductivity p-type GaN. However, codoping of two differ- hole densities and resistivities of Mg—Zn codoped GaN films
entp-type dopants in GaN has not been reported. This letteft F00M temperature are shown in Fig. 1. Theoretically, the
describes the codoping characteristicpdfpe GaN. codoping of two differenp-type dopants in GaN is not help-
When zn is the sole dopant, the resulting GaN film be-ful t0 achieve a high conducting-type GaN, because it
comes highly resistive layérit was also reported that the forms @ lot of native defect levels leading to hole
activation energy of Zn370 meVj is deeper than that of compensatiori.In spite of this fapt, in our prepared samples,
Mg.” However, when Mg and Zn are codoped in GaN, theWe observed there exist optimum {4y flow rate of
film shows better electrical and structural properties than
Mg-doped only GaN film. In this study, we have studied the 10

I
@

— [Cp,Mg] = 0.643 p mwi/min —~ [DEZn] = 0.616 nmol/min

codoping characteristics of Zn with Mg. Furthermore, we ¢ o} e o} 20
compare the specific contact resistance of both Mg doped:~ s} £ 5
only and Mg—Zn codoped GaN films. f 7b Jos E f T 1~5§

All samples were prepared in a horizontal metalorganic z sf ~ % 2 Jioz
chemical vapor depositiofMOCVD) reactor. The source £ s} % g .l ] 2
materials of Ga, N, Mg, and Zn are trimethylgallium, ammo- 5 «} (a)‘” 2 —d °'52
nia, biscyclopentadienylmagnesium (®g), and diethyl- 2 FEORRER L =2 “:?3’"9 R (b)S 00
zinc (DEzn)’ respeCtiver' Mg doped and Mg—Zn Codoped DEZI“l Flow .Rate (n.mollmi.n) szM.g Flow'Rate (u.mollm.in)

GaN overlayers with thicknesses of 1x#h were grown in a

FIG. 1. Dependence of hole densities and resistivities for the Mg—-Zn

codoped GaN films fofa) various DEZn flow rate and a constant g

dauthor to whom correspondence should be addressed; electronic maiflow rate of 0.643umol/min and(b) various CpMg flow rate and constant
gyemo@moak.chonbuk.ac.kr DEZn flow rate of 0.616 nmol/min.

0003-6951/2000/77(8)/1123/3/$17.00 1123 © 2000 American Institute of Physics

Downloaded 18 Apr 2013 to 143.248.118.122. This article is copyrighted as indicated in the abstract. Reuse of AIP content is subject to the terms at: http://apl.aip.org/about/rights_and_permissions



1124 Appl. Phys. Lett., Vol. 77, No. 8, 21 August 2000 Kim et al.

) 3a0f (a) 2 e (b)l4go &
_ 10%° g 4so§ % sl 480 §
© Eszo L .440‘5’ G . s
E 19 I § § Jaos
o 10 ool 4zoE S 280f T
~ E \E_" 08 g z
[ [4 Xy 4000
) 18 % 280 :sso>°-s X 240 [
= 10 T T - o
] § 260 [Cp,Mg] = 0.643 1 ml/min {3608y § [DEZn] = 0.616 nmol/min ] 360 %‘,
] =3 " L L L TS 200 . . + + e
- 1017 0.0 0.5 1.0 1.5 & MII).OFI 0.; . 1.0 " 1.'5 -~
g DEZn Flow Rate (nmol/min) P;Mg Flow'Rate (il molimn)
o - =k
5 10" & ©]
o (a) GaN : Mg 3 P
1015 o0 o 0 2 1 ¢ 1 o & o 0 o & o L 2 1l 2
0.0 0.2 04 0.6 0.3 1.0 1.2 14 1.6 1.8
Depth (um)
1020
‘?A
£ 10 FIG. 3. Dependence D02 and(102) HRXRD FWHMs for the Mg—Zn
G 10 codoped GaN films fofa) various DEZn flow rate and a constant &g
- flow rate of 0.643umol/min and(b) various CpMg flow rate and constant
° 10" DEZn flow rate of 0.616 nmol/min. Cross-sectiof@002 bright-field TEM
-s images of(c) Mg-doped only GaN(Cp,Mg]=0.643xmol/min) and (d)
= Mg-Zn codoped GaN [Cp,Mg]=0.643umol/min and [DEZn]
c 10" =0.616 nmol/min).
0 . . .
e 16 pressure of Zn makes Zn unsuited for doping at high tem-
o 10 S e perature. Therefore, at present status, we understand that Zn
o 1 (b) GaN : Mg-Zn contributes to the reduction of solubility of hydrogen during
10 5 ad a4 o f o Lo & bt

the growth at high temperature and mostly desorbs. It should

0.0 0.2 04 06 0.8 1.0 1.2 1.4 1.6 1.8 be also noted that the Zn codoped with Mg might not act as

Depth () a scattering source for transport. However, this needs further
study.
FIG. 2. SIMS depth profiles ofa Mg-doped only GaN [CpMg] From the high resolution x-ray diffractio(HRXRD)

=0.643umol/min) and (b) Mg-Zn codoped GaN [CpMg] measurement as shown in Figéa3and 3b), both (002 and
=0.643umol/min and [DEZn]=0.616 nmol/min). Cross, open square, (102 HRXRD full width at half maximum(FWHM) values
open ci_rcle. and open triangle denote the hydrogen, Mg, carbon, and Zr}are broadened by increasing Sy flow rates but not DEZn
respectively. . .

flow rates. It seems that the Zn codoping with Mg decreases

the FWHM values for theg(102) plane compared to Mg-
0.643 umol/min and DEZn flow rate of 0.616 nmol/min doped only. This is confirmed by transmission electron mi-
showing the higher hole concentration (8.50”cm™3) and  croscopy(TEM) images of Figs. @) and 3d). The total
the lower resistivity(0.72 Q) cm) than those for Mg-doped dislocation densities estimated by TEM arg 10° cm 2 and
only GaN. 2.5x 108 cm 2 for Mg-doped only and Mg-Zn codoped

For the purpose of accounting for these unexpected recaN films, respectively. So we can conclude that the incor-

sults, we measured the depth profiles using secondary igforation of Zn atoms with Mg is the method obtaining high
mass spectroscopySIMS) of the as-grown Mg-doped conductingp-type GaN film without deterioration of the
(6x10cm 3 only and Mg-Zn codoped (8.5 structural qualities of GaN films. It is considered that Zn
X 10'"cm3) specimens as shown in Fig. 2. Mg and C con-might remove some dislocations by acting as a gettering
centrations are similar without respect to the codoping of Zndopant°
but hydrogen concentration in Mg-doped only GaN is 1.5  In order to compare ohmic contact properties for Mg-
times higher than that in Mg—Zn codoped GaN. It is widely doped (6<10'"cm %) only and Mg-Zn codoped (8.5
accepted that hydrogen incorporated during MOCVD growthx 10" cm™3) p-GaN films, we performed transmission line
behaves as a donor and leads to compensation of acceptorsethod (TLM) with ring contact geometry with outer ring
and a postgrowth annealing step is required to render theadius of 200um and gap spacing®—45 um). The surface
acceptor electrically activéWe think that the incorporation of p-type GaN specimens was treated using aqua régia,
of Zn atoms in Mg-doped GaN might reduce the solubility of followed by the deposition of R#50 A)/Au(1400 A ohmic
hydrogen, and thereby it raise the ratio of Mg acceptor actimetals under a vacuum condition of 10Torr. After the
vation by RTA. Another interesting fact is that the Zn con- metal deposition, the photoresist was lifted off. Current—
centration in Mg-Zn codoped GaN was below our SIMSvoltage (-V) characteristics of the prepared samples were
detection limit of 16°cm™3, even though we observed sev- estimated through HP 4155 parameter analyzer.
eral photoluminescence peaks corresponding to donor accep- Figure 4a) shows thel =V characteristics for both the
tor pair in the Zn-doped0.616 nmol/min only GaN(which  Mg-doped only and the Mg—Zn codoped GaN samples, mea-
is not shown hene It is generally known the high vapor sured between the ohmic pads with a spacing gind The
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FIG. 4. (a) Comparison of thd —V characteristics measured between the
contact pads with a gap spacing ofun for Mg-doped only(dashed ling
and Mg—-Zn codopedg-type GaN films(solid line) and (b) variation of
resistance as a function of gap spacing for the Mg-doped @oljd squarg
and Mg—Zn codopedsolid circle p-type GaN films. Solid and dashed lines
in (b) are linear fits of experimental data.
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film. The enhancement of electrical conducting characteris-
tics in Mg—Zn codoping sample might be attributed to the
increase of Mg activation ratio due to the reduction of hy-
drogen solubility. In addition, it seems that the codoping of
Zn with Mg acts like a gettering treatment removing dislo-
cations. The specific contact resistance for Mg—Zn codoped
GaN film measured by TLM is 5010 * Q cn?, which is
lower value by one order of magnitude than that for Mg-
doped only GaN film (1.81073Q cn?).

This work was partially supported by the MOST of
Korea and the BK21 program of the Ministry of Education
of Korea.
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