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(57) Abstract

This method of removal of irregularities and highly defected regions of the surface of crystals and epitaxial layers of GaN and
Gaj—x-yAlxIngN characterized by mechano—chemical polishing on the soft polishing pad under pressure in presence of chemical etching
agent of water solution of bases of the total concentration above 0.01N in time longer than 10 seconds after which the agent is replaced by
the pure water without interruption of the polishing and polishing by at least 1 minute and subsequent diminution of the load and stopping
of the machine and then the polished GaN crystal or GaA1InN epitaxial layer is removed of the polishing machine and dried in the stream

of dry nitrogen.




AL

AT
AU
AZ
BA
BB
BE
BF

BG
BJ

BR
BY

CA
CF

CG
CH
CI

CM
CN
Cu

DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Céte d’Tvoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
JP
KE
KG
KP

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Ireland

Israel

Iceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
Sz
TD
TG
TJ
™
TR
TT
UA
UG
Us
Uz
VN
YU
w

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




WO 98/45511 PCT/PL98/00010

Mechano-chemical polishing of crystals and epitaxial layers of GaN and Ga,., yALIn,N

Field of the Invention

This invention relates to the method of mechano-chemical polishing crystals and
epitaxial layers of GaN and GaAlInN in order to remove of irregularities and highly defected
regions from the surface of crystals and epitaxial layers of GaN and GajxyAlInyN used in

manufacturing of optoelectronic devices.

Background of the Invention

There are well known methods of preparation of the surface of substrates of single
GaN crystals for homoepitaxy based on polishing by diamond micropowder and high
temperature annealing in the atmosphere of ammonia and hydrogen gas mixture. The
micropowder polishing leads creation of the surface with ridges of the height of several
atomic layeré with the of the depth of order of 200A i.e. about 100 interatomic distances.The
annealing in amrponia and hydrogen gas mixture do not remove the scratches despite some
change of the surface structure.

The flaw of diamond micropowder polishing and annealing method is creation of
highly defected surface which leads to important disturbances of the growth of epitaxial
layers.

There are also well known methods of removal of surface irregularities. of other

crystals by polishing on the soft pads in presence of chemical etching substances not being the
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water solution of the concentration higher than 0.01 so called mechano-chemical polishing.
The mechano-chemical polishing process proceeds via creation of a thin layer of soft reaction

product which is removed by soft pad polishing.

Object and Summary of the Invention

One object of the Invention is the method of removal of surface irregularities and
highly defected regions from the surface of crystals and epitaxial layers of GaAlInN by
polishing on soft pad in presence of base water solution of the concentration above 0.1 during
10 second and subsequent replacement of the solution by pure water and polishing by at least
1 minute. Subsequently the pressure exerted on the sample is diminished and the polishing
machine is stopped and the polished GaAlInN crystal is removed in a well known method
under the flow of dry nitrogen. As a chemical etching agent the water solutions of the bases
such as sodium base NaOH, potassium base KOH or their mixtures. The polishing is effected
on a soft pad in presence of etching agent and water under the pressure of 0.01MPa and using
angular velocity of 1 to 100 revolutions per minute. The polishing in the presence of etching
agent is effected with the continuos adding of etching agent with the rate of 1 -5 droplets per
second. The water polishing is effected with continuos adding the pure water with the rate
higher than 1 droplet for second. The advantage of the Invention is a possibility of yielding of
atomically smooth large area surfaces of crystals and epitaxial layers of GaAllnN. The crystals
with so prepared surfaces are the optimal substrates for homoepitaxy of thin layers and highest
quality electronic structures. The method of the Invention will not lead to creation of flat layer
of the reaction product but the etching ot the surface into the sharp edged pyramidal structure.

The polishing according to the Invention will lead to abrasion of the pyramids created in the
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etching process because local strain on the sharp edges considerably overcomes the nominal
value of the pressure. The method of the Invention is simple and can be used in room

temperature. The chemical etching agents are easy to prepare, and nontoxic.
The subject of the Invention s demonstrated on the examples of applications.

Example [

GaN hexagonal plate-like crystals, obtained by growth from the nitrogen solution in
liquid gallium under high N, pressure are prepared in the method described by the Invention.
The hexagonal surfaces of the crystals correspond to crystallographic (0001) planes of
wurtzite structure. In order to use the surface of the crystal as a substrate for the growth of
thin homoepitaxial layer it is necessary the surface is atomically smooth. Initially the surface
is polished mechanically using diamond micropowder to the smoothness of several
interatomic distances. So smooth areas are between the scratches of the depth of order of 100
interatomic distances. Moreover the polishing leads to creation of several micron thick,
neighboring layer of highly defected crystal of high dislocation density. The surface of the
crystal is then polished according to the invention. GaN crystal is the located in the holder of
polishing machine equipped with the polishing pad covered with the soft polishing cloth
Politex Supreme type. The 5-n water solution of KOH is injected into the batch meter. The
polishing cloth is saturated with the etching solution. The rotating pad is set into the motion
with the velocity equal to 20 revolutions per minute and brought into the contact with the
crystals with adding the load so that the nominal pressure on the crystal surface is 0.3 MPa.

The polishing proceeds during 20 minutes with the continuous adding of chemical agent on
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the polishing cloth with the rate of 1 droplet per second. After 20 minutes the chemical agent
is replaced by water without interruption of the polishing. The polishing is continued for 60
minuteé with-the gradual adding of the water with the rate of 2 droplet for second and
subsequently the load is diminished and the machine is stopped. The holder with the crystal s

removed is dried in the tream of dry nitrogen in well know way.

Example II

In this example of removal of irregularities by the procedure described in the Invention
will be used for the surface of heteroepitaxial layer of the nominal thickness of 0.6 micron,
obtained by MOCVD deposition of GaN on sapphire substrate. The layer is covered by
hexagonal hillocks of the height up to 0.2 micton resulting from the higher growth velocity in
the neighborhood of screw dislocation.

The substrate with the deposited layer is located in the holder of polishing machine,
equipped with the rotating pad, covered with the polishing cloth of Pellon type. The 2-n water
solution of sodium base NaOH is injected in the batch meter. The polishing cloth is saturated
with the etching agent. The pad is set into the motion with the velocity equal to 30 revolutions
for minute and brought into the contact with the crystal adding the load so that the nominal
pressure on the crystal surface is equal to 0.1 MPa. The polishing last 3 minutes with the
continous addition of chemical etching agent on the polishing pad with the rate of 1 droplet
for second. After 3 minutes the etching agent is replaced by pure water without interruption of
the polishing. The polishing is continued for 80 minutes adding the water with the rate of 2

droplet for second, then the load is diminished and the polishing machine is topped.
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Application

The method can be applied in the manufacturing of electronic and optoelectronic
devices. In particular this can be used in fabrication of light emitting diodes (LEDs) and laser
diodes (LDs) active in green, blue and ultraviolet range of spectrum. The electronic

application include fabrication of high power/ high frequency devices capable to work in high

temperatures.
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We claim;

1. The method of removal of irregularities and highly defected areas from the surface
of crystals and epitaxial layers GaN and GaAlInN by mechano-chemical polishing
characterized by polishing on soft pad under pressure with the presence of chemical
etching agent of water solution of bases of the concentration exceeding 0.0IN
during more than 10 second, and then replacing the etching agent by pure water and
polishing by at least 1 minute and then diminution of the pressure and stopping the
polishing machine. The polished GaN crystal and epitaxial GaAllnN layer is

removed of the polishing machine and dried in the stream of dry nitrogen.

2. The procedure according to Claim 1 with the replacement of water solution of base

by water solution of sodium base NaOH, potassium base KOH and their mixture.

3. The procedure according to Claim 1 with the polishing in the presence of chemical
etching agent and pure water using the angular velocity equal to 1 to 100

revolutions per minute

4. The procedure according to Claim 1 with the polishing with the adding of chemical

etching agent on polishing pad with the rate of 1 - 5 droplets per second.

5. The procedure according to Claim 1 with the polishing with the adding of pure

water on polishing pad with the rate over 1 droplets per second.
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6. The procedure according to Claim 1 with the polishing under the nominal crystal

surface higher than 0.1 MPa.

0 figures

6 claims
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