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Growth Technique Yields P-Type ZnO

mnlti-institulion rescarch ef-
A fort in Japan has resulted in
the production af P«type Z00
using a varianl of molecular beam
epitaxy that the participants suggest
may find application in blue-violet
LEDs and laser dicdes. [n the tech-
nigue, the temperature in the growth
process is rapldly maodulated tw en-
ahble high erystallinity and high con-
centrativns of the nitrogen dopant.
Despite its advantages as a mate-
rlal for short-wavelength emitlers,
ncluding its room-lemperature
bandgap of 3.37 eV and an exciton
binding energy of 60 meV, Znd has
tended to resist P-type doping. it re-
mains a matter of debate whether
this is the result of native defects or
of the preferentlal incorporation of
hydrogen, which acts as a donor ma-
terlal in Zncy.
The scientists employ molecular
beam epilaxy on a Zn0/ScAlMgD,

substrale, peclodically heating the
back side of the targel during depa-
sitlon using a laser diode so the tem-
perature vares between 400 and 950
*C. The lower temperatiire is seleoted
for the growth of 10- Lo 15-nm-thick
nitrogen-doped layers, at which ac-
ceplor concentratons on the order
of 108 /em are obtained, Nitrogen
cannot be incorporated at such con-
centrations at the higher tempera-
Lure, at which another l-nm-thick
layer of Zn is deposited, but the
eoncitions enable the recovery of sur-
[ace smoothness and the eliminalion
of any hydregen that had been in-
troduced into the depogited Hlms.
To investigate the suitability of the
technigue for fabricating emitters,
the researchers produced a PIN-junc-
tlon LED, featuring $00-nm-thick N-
type and 50-nm-thick undoped lay-
crs of Zn0 grown at 950 *C and a
A00-nm-thick layer of the P-tvpe,

Cperating af room (emperature
under 20 mA of direet corrent, the
device had an output spectram with
a peak at approximately 430 nm —
but alse a redshifted peak at ap-
praximately 570 nm, which the sei-
enblsts partly ateribute to the rela-
tHvely low, 2 ¥ 10'%/em hole con-
centration in the P-type layer. Further
work will focus on optimizing the
technilque to increase the hole con-
centration in P-type Zoo.
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