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Abstract: High quality GaN films on (0001) sapphire substrates were grown by a commercial MOCVD system

(Thomas Swan Corp. ). The etch pits and threading dislocations(TDs) in GaN films have been studied by chemical

etching methods such as mixed acid solution ( H3PO4  HaSO4= 17 3) and molten KOH, HCI vapor etching method,

scanning electron microscope (SEM) and transmission electron microscope( TEM).SEM images of the same posi-

tion of GaN films with HCI vapor etching and wet etching methods show notably different densities and shapes of

etching pits. T he results indicate that HCI vapor etching can show pure edge, pure screw and mixed T Ds, mixed acid

solution can show pure screw and mixed TDs and molten KOH wet etching only can show pure screw T Ds.
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1 Introduction

The large lattice mismatch( 16%) and thermal
expansion coefficient mismatch between GaN and
sapphire substrate generally cause high-density
threading dislocation ( TD) in the GaN epilay-
er' . TDs are very harmful to electronic and op—
toelectronic devices, so TD density is a very critical
parameter to GaN films. There have been a number
of publications on characterization of defects in epi—
taxial GaN films on (0001) sapphire substrates.
Although characterization techniques commonly
EPD [4.5]

TEM'® ", a careful survey of literature shows that

used are ( etch—nits density ) and

there is considerable discrepancy between the re-

Article ID: 0253-4177(2004) 11-1376-05

sults obtained by EPD with different etching meth-
ods. EPD with different etching methods in differ—
ent samples or different regions of the same sample
has been widely studied, however, EPD with differ—
ent etching methods in the same region of the same
sample has been seldom studied, which may give
new idea of property of etch-pits with different

etching methods.

2 Experiment

In this letter, mixed acid solution ( HiPOs :
H2S04= 1 ¢ 3) and molten KOH are used as wet
etchine media. and HCI is supnnlied as vanor etching
medium. Etch pits and TDs are observed by SEM

and TEM, respectively.
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Sample A consisted of 1.3um GaN layer
capped with 2. 7um Si doped n-GaN layer, and
sample B consisted of a 0. 8um GaN layer capped
with a 1.5um Mg doped p-GaN layer. Both sam—
ples were grown by a low—pressure metal-organic
chemical vapor deposition system (Thomas Swan
vertical flow reactor) on c-plane sapphire sub-
strates with diameter of 50mm. The regular two-

"was applied in this experi—

step grown technique'”
ment. TMGa and NHs were used as Ga and N pre-
cursors, respectively. Sample B for SEM were an—
nealed in N2 at 900C for 3min to activate p4type
dopant. In order to observe the same position of
samples, a mark was made on sample B by FIB (fo-
cus ion beam) . The etching conditions are 280°C in
mixed acid solution ( HsPO4 * H2804= 1 3),240°C
in molten KOH"""" and 600°C in mixed HCI vapor
(N2 2 HCl= 5 © )" respectively. The SEM ob-
servations were performed using JEOL130 micro-
scope, operated at 15~ 20kV. TEM observations
were carried out with Hitachi-9000 microscope op—

erated at 300kV.

3 Results and discussion

Figure 1 shows a plan-view SEM image of
GaN film etched in molten KOH. The etch pits, as
clearly shown in Fig. 1, are all in the similar con-
trast, and are all well-developed hexagonal with
plain edges and { 10_11} facets in different sizes from
0.2um to 1.8um (most etch pits in the size of
0. 7um), which means the origin of etch pits is the
same (maybe from pure screw TDs). The smallest
pit A in size of 0. 2um and the largest pit B in size
of 1.8um are both isolated, moderate pits C1 and
C2 in size of 0. 7um and 1. 3um can be seen clearly
as the different pits in the overetched area. So it
shows that the etch pits are not distributed uni-
formly and etch pits density is reliable. Figure 1(b)
shows clearer SEM micrograph with higher magni-
fication. Through Fig. 1(a) the EPD can be esti-
mated about 4 X 10"/cm”. Figure 2 shows a plan—
view SEM image of GaN film etched in mixed acid

solution. The etch pits are also not distributed uni-
formly and they are in different sizes from 0. luym
to 0.5um (most in the size of 0. 4um) with differ—
ent contrast. The EPD estimated from Fig. 2 is
about 5X 10°/em’, which is one order larger than
that in Fig. 1. It shows that there are more origins

of etch—pits in Fig. 2 than that in Fig. L.

WOV  x5.000 Swm RR68 1 7/NEC/O)

Fig. 1
in molten KOH(240C, 13min)

Plan—view SEM images of sample A. etched
The etch-pits den—

sity is measured to be 4X 107 /em”.

Fig. 2 Plan—view SEM images of sample A, etched
in mixed acid solution ( H:POs . H280:= 1 ¢ 3)

(280°C, 15min)
to be 53X 10°/em’.

The etch-pits density is measured

Figure 3 shows a cross—section TEM micro-
graph of GaN film with g= 1100. The GaN tem-
plate on (0001) sapphire consists of a thick sap-
phire layer (zone A), a 50nm GaN buffer layer
(zone B), a 1.3um undoped GaN epitaxial layer
(zone C) and a 2. 7um Si-doped n-GaN epitaxial
layer(zone D). It is highly defective in buffer layer
and T Ds clearly appear near the interface between
buffer layer and GaN epitaxial layer. T Ds lines are
almost normal to the surface of GaN films owing to
the mirror image force between T Ds and free sur—

face of GaN film'". The inset is a selective area
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electron diffraction (SAED) pattern of GaN epi-
taxial layer, which gives the direction of g vec—
tor''"". Based on the contrast-invisibility criteri—
on'”.i.e.,g * b= 0 for pure screw dislocations, g
* b= 0and g * (bXL)= 0 for pure edge disloca—
tions. Here g, b and L stand for the vectors of
diffraction beam, Burgers vector and dislocation
lines, respectively. In GaN epitaxial film grown on
0001) for
pure screw dislocations, 1/3 {120) for pure edge
dislocations and L parallels 0001) for any TDs'"",

so we can conclude that in TEM it is invisible with

(0001) sapphire substrate b parallels

g normal to 0001) for pure screw TDs and paral-
lel to 0001) for pure edge TDs. So in Fig. 3 both
pure edge dislocations and mixed TDs (b =

1/3 1153)) could be observed, but they can not be
distinguished. Supposing T Ds distribute anisotropi-
cally, we can get TDs density about 1.837X 10"/

em” from Fig. 3.

Fig. 3 Cross-section TEM image of sample A with g
= 1100 The inset is an SAED pattern of sample A.
The TDs density is measured to be 1.837X10"/em”.

Figure 4 shows another cross-section TEM
micrograph of GaN film with g= 0332. From dis—
cussion above, all three types of TDs can be ob-
served in Fig. 4 and the TD density is 1. 934X 10’/
em’ from Fig. 4. Comparing the TD densities mea—
sured from Figs. 3 and 4, one can calculate the pure
screw TD density to be 9.7 X 10"/em’, which is
similar as EPD in Fig. 1. It can also be verified that
etch-pits only generate at pure screw TDs etched in
molten KOH. Comparing the TD densities mea—
sured from Figs. 2 and 3, it may reveal that mixed

acid solution can show pure screw and mixed T Ds
and the mixed TD density is about 4.6X10%/cm®,

pure edge TD density is about 1.377X10°/cm’.

Fig. 4 Cross-section TEM image of sample A with g
= 0332 The inset is an SAED pattern of sample A.
The TDs density is measured to be 1.934X 10°/cm’.

Sample B was etched in molten KOH for
Smin, then in molten KOH for more 5min, then in
molten KOH for more Smin, then in mixed acid so-
lution for more than 10min and finally in mixed
HCI vapor for more than 10min. Figs. 5(b). (¢).
(d), (e) and (f) show a plan-view SEM image of
same position of sample B described above. In the
left region of Fig. 5(a) a black orthogonal mark
was made by FIB to track the same position of
sample B.

The etch pits, as clearly shown in Figs. 5(b) ~
(d), are strict hexagonal with plain edges and { 101
1} facets. Through Figs. 5(b) ~ (d), the etch-pits
became bigger with increasing etching time in
molten KOH. but the EPD (about 2.0X10*/cm?)
was not changed which could be revealed by ob-
serving the surroundings of pit M. When etched in
mixed acid solution for more than 10min, etch pits
became bigger and many more small faint etch pits
were produced from Fig. 5(e). The EPD was about
2.5X10”/cm’. Etched in mixed HCI vapor for more
than 10min many more non-hexagonal etch pits
were produced through Fig. 5(f). The EPD was
about 4. 0X10”/cm”.

We can confirm that molten KOH can reveal
one kind of etch pits with strict hexagonal with
plain edges and {1011} facets which correspond
with pure screw TDs'"", and mixed acid solution
can show two kinds of etch pits which correspond

with pure screw and mixed TDs, and mixed HCI



114

Lu Min et al.:

Etch-Pits of GaN Films with Different Etching Methods

1379

vapor can show three kinds of etch pits which cor-

respond with pure screw and mixed and edge

TDs'"™'. So EPD revealed by mixed HCI vapor is

the most credible estimation of TDs in GaN films.

Fig. 5
Fig.5(a) a black orthogonal mark was made by FIB to track the same etch pit M of sample B.

4 Conclusion

The density and characteristic of etch-pits in

GaN films has been studied by wet and vapor etch-
ing methods, SEM and TEM. HCI vapor etching

can show pure screw, pure edge and mixed T Ds,

while wet etching by molten KOH only can show

pure screw T Ds and etching with mixed acid solu-

tion can show pure screw and mixed T Ds.
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