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Crystal defects in epitaxial InP layers:
electrical and scanning electron microscope
study
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Electrical characteristics of p-type Au/InP Schottky junctions with Pt nanoparticles
sandwiched in epitaxial layer have been studied and compared with reference samples.
Various anomalies have been obtained, some of them are similar to the behavior of
quantum dot structures. However, it is concluded that the obtained electrical anomalies
are connected with pinhole-like defects originated from the break of the epitaxial layer

during preparation.

UccnenoBausl anexrpuueckue xapaxrepuctuxku nepexoxoB Ilorrxku B Au/InP p-rtuma c
HaHouacTuramMu Pt, BBelleHHLIMM B SHIUTAKCHUAJLHBIN CJION; PE3YJIbTATHI COIIOCTABJIEHBI C
XapaKTepUCTUKaMu 00pasioB cpaBHeHus. OO0Hapy’KeHbI pasIMYHble aHOMAJINU, HEKOTOpPHIe
W3 HUX aHAJOTUYHBI MMOBEJAEHUIO CTPYKTYP KBAHTOBBIX ToueK. CmesiaH, OJHAKO, BBIBOM, UTO
HaOJ/II0/laeMble aHOMAJINU CBA3AHBI ¢ fed)eKTaMU TOUYEUHOrO THUIA, O0YCIOBJIEHHBIMY Pa3phIBa-
MU 9UUTAKCUAJBHOIO CJIOS B IIPOIECCE er0 HAHECEeHUS.

Although the formation of Schottky
junctions to InP is widely studied [1, 2], the
question has not been solved until now. It is
very difficult to prepare a Schottky junc-
tion on InP with appropriate barrier height
and ideality factor. The original aim of this
work had been to study the effect of Pt
nanoparticles sandwiched in the epitaxial layer
on the electrical characteristics of p-type InP
Schottky junctions [3]. However, the elec-
trical behavior of the junctions exhibited
various anomalies. For making clear their
origin, the wafers were studied by scanning
electron microscopy. In this paper, the rela-
tion between the defects obtained by this
method and the electrical characteristics is
discussed.

Three different types of epitaxial InP
structures have been studied. One type of
the structures contained Pt nanoparticles.
About 2 pm thick Zn-doped InP layers were
grown on p-type Zn-doped <100> oriented
InP substrates by liquid phase epitaxy. The
growth was interrupted, and Pt nanoparti-
cles of few nm size were deposited by laser
ablation. Then the epitaxial growth was
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continued. The thickness of the upper part
of the epitaxial layer and the nominal value
of free hole concentration therein were 1 or
0.5 pm, and 30016 or 10017 cm™3, respec-
tively, (samples PtA and PtB), selected so
that the Pt nanoparticles would be outside
of the depletion layer at zero bias. Two
types of reference wafers were also grown.
One without breaking the epitaxial growth,
with nominal free hole concentration
30016 cm=3 (sample Ref1), and two wafers
with interruption of the epitaxial growth,
but with nominal free hole concentrations
of 30016 and 1007 cm™3 (samples Ref2A
and Ref2B, respectively). The growth condi-
tions are summarized in Table.

Au-Sn/Au ohmic contacts were prepared
on the backside of the wafers by thermal
evaporation followed by annealing at 350°C
for 10 s. Au Schottky contacts of 0.31 mm
diameter were evaporated through a shadow
mask on the front side of the wafers.
The electrical characteristics were studied
by d.c. current-voltage (I-V) and capacitance
voltage (C-V) measurements in darkness
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Table. The growth conditions, the nominal doping level (N), the apparent free hole concentration
(n) and the apparent barrier height (q¢,y) obtained from the capacitance-voltage measurements,
the apparent barrier height (q¢,;), the ideality factor (n) and the rectifying ratio (R,) obtained
from the current-voltage measurements at 300 K, for the studied p-InP wafers

Wafer Growth Ny (cm™3) n (cm™3) abpe > (€V) | ady; 5 (eV) n R,
conditions
Ref1 No break, 3ol6 3.4[1016 0.70 0.71 1.21 105-107¢
no Pt
Ref2A Break, no Pt 311016 1.4[1016 0.87 0.70 1.4 10-103*
PtA Break + Pt 3016 1.2[016 0.86 0.68 1.4 50-10%*
Ref2B  |Break, no Pt| 1017 - - 0.74 1.3 10-20*
PtB Break + Pt 1017 6.31016 1.1 0.77 1.15 50-10%*

* For forward and reverse biases of 0.6 V.

Fig. 1. Typical defect structure of wafers Ref2B (a) and PtB (b). The areas shown are 714x714 pm2.

within the temperature range of 80 to
320 K. The I-V characteristics were evalu-
ated basing on the thermionic emission the-
ory. The wafers were also studied by scan-
ning electron microscopy.

It was found by the scanning electron
microscope study that there were some pin -
holes in the epitaxial layer on wafer Ref 1,
but their estimated density was less than
100 cm~2. In contrast, the wafers prepared
with breaking the epitaxial growth exhib-
ited a large density of defects as shown in
Fig. 1 for wafers Ref2B and PtB. The esti-
mated defect density is (2 to 8)107 cm™2
and (3 to 6)108 cm 2 for wafers Ref2A,
Ref2B and PtA, PtB, respectively, depending
on the actual wafer area. These defects are
also pinholes, but through the upper part of
the epitaxial layer grown after the break.
They are probably originated from the
breaking the epitaxial growth. Wafers with
Pt nanoparticles, however, also contained
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some deep pinholes probably through the
whole epitaxial layer, as shown in Fig. 1b.

All the diodes exhibited rectifying behav -
ior at room temperature. The parameters
obtained from the room temperature I-V
and C-V characteristics, are also presented
in Table 1. Junctions prepared with break -
ing the epitaxial growth exhibited high
leakage currents due to defects, as shown in
Fig. 2 that presents I-V characteristics of
randomly choosen diodes prepared on wa-
fers PtB, Ref1 and Ref2B. The leakage cur-
rents had a large scatter for different indi-
vidual wafers, as indicated by the large
scatter of the rectifying ratio presented in
Table.

The obtained free hole concentration pre-
sented in Table for wafer Refl agrees well
with the nominal doping level, but it is
much lower for other junctions. This phe-
nomenon is also connected with the presence
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Fig. 2. Room temperature current-voltage char-
acteristics of junctions Ref1, Ref2B and PtB.

of defects acting as compensating deep lev-
els in the upper part of the epitaxial layers.

The apparent I-V and C-V barrier heights
are very close for wafer Ref1, while for
other wafers, the apparent C-V Dbarrier
heights are much higher than the apparent
I-V ones. This effect is also connected with
the doping level reduction near the InP sur-
face due to compensating deep levels [4].
The apparent barrier heights are higher for
wafers with nominal doping level of
11017 ¢cm~3. The origin of this phenomenon
is not understood yet. The high ideality fac -
tors obtained for the junctions PtA, Ref2A,
and Ref2B should be connected with the
leakage currents [3, 5, 6]. The wafer PtB
exhibited much less leakage currents, that
is why it has lower ideality factors.

The I-V characteristics for wafers Ref1,
Ref2A, and Ref2B are presented in Fig. 3 as
a function of the temperature. The leakage
currents through junctions Ref2A and Ref2B
responsible for the reverse I-V charac-
teristics and for the excess currents in the
forward branches at low biases, exhibit very
weak temperature dependence. This indi-
cates that the leakage currents are due to
the field emission (FE). The higher leakage
current level for junctions Ref2B with
higher nominal doping level confirms the
FE predomination. For junctions Ref1, the

378

80 K-320K step 40K

102
107
10§
108
10°®
107

Current (A)

108
10°
10710
10k
1012 ‘

-4 -3 -2 -1 0 1
Voltage (V)

Fig. 3. Current-voltage characteristics of
junctions Ref1, Ref2A and Ref2B obtained in
the temperature range of 80-320 K at 40 K
steps.
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Fig. 4. The apparent I-V barrier heights ¢,
and ideality factors n as functions of tem-
perature: Refl — open triangles, Ref2A —
solid squares, PtA — open squares, Ref2B —
solid circles, PtB — open circles.

current is also dominated by FE in the tem-
perature range of 80 to 120 K, as seen in
Fig. 3. A similar phenomenon was recently
observed for Schottky junctions on n-type
InP [3]. It has to be mentioned that leakage
currents were not reproducible, different
leakage current levels have been obtained
for the same diode at repeated measure-
ments. A similar phenomenon was obtained
recently by us for InAs/GaAs quantum dot
structures and Al/AlAs/GaAs Schottky junc-
tions, where this effect was also interpreted
with the presence of defects [7, 8].
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The apparent I-V barrier heights and ide-
ality factors as functions of temperature
are presented in Fig. 4. The temperature de -
pendences of these parameters can be con-
nected either with the lateral inhomo-
geneity of barrier height [9-11] or with the
domination of the current by the ther-
mionic-field emission (TFE) [11-13]. How-
ever, the domination of the current by TFE
can be connected with the lateral inhomo -
geneity of the junction, that is, with the
local increase of the electric field [12, 13].
The weakest temperature dependence have
been obtained for wafer Ref1, the strongest,
for wafers Ref2A and Ref2B. The tempera-
ture dependence was stronger for structures
with higher nominal doping (Ref2B and
PtB), than for lower nominal doping level
(Ref2A and PtA). This indicates that in the
studied structures, the temperature depend -
ence of the apparent barrier height and ide -
ality factor is mainly due to the TFE.

The apparent C-V barrier height slightly
decreases with increasing temperature for
wafers Refl, Ref2A and PtA in agreement
with the temperature dependence of the
band gap. (Wafers Ref2B and PtB have not
yield reliable C-V results because of high
leakage currents.) This behavior is typical
of n-type Schottky junctions, but unusual
for p-type ones. It indicates that interface
states are bound to the conductance band
edge. (A detailed analysis has been publish -
ed elsewhere [14]).

Step-like capacitance-voltage charac-
teristics have been obtained for some diodes
on wafer PtB as shown in Fig. 5. Such char-
acteristics are typical of quantum struc-
tures [15-17] and were also obtained re-
cently by us for InAs/GaAs quantum well
and quantum dot structures [18]. However,
as this feature is not typical of the whole
wafer, it can be concluded that it is con-
nected with the defects detected by scan-
ning electron microscopy.

To conclude, the defect structure and
electrical characteristics of p-type Au/InP
Schottky junctions with Pt nanoparticles
sandwiched in the epitaxial layer have been
studied and compared with reference sam -
ples. It has been found that the break of the
epitaxial growth yields pinhole-like defects
in the epitaxial layer. Although some elec-
trical features obtained for the structures
with Pt nanoparticles are similar to the be-
havior of quantum dot structures, it has
been concluded that the obtained electrical
anomalies are connected with defects origi-
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Fig. 5. Step-like capacitance-voltage charac-
teristics of a diode on wafer PtB.

nated from the interruption in the epitaxial
layer preparation.
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HNedexTn KpucraxiB B emitakcimaux mapax InP:
OOCHiTKeHHA eJIeKTPUUYHUMHU MeTOoJaMHu Ta
CKAaHYBAJbHOI0 €JEKTPOHHOI0 MiKPOCKOIi€I0

JIC.fI.Xopeam, A.JI.Tom, B.Pakosgiu, 3.Ilacmi, J].Ilemvo

Hocaimkeno enexTpuuni xapakrepuctuku nepexoxnis Illortki B8 Au/InP p-tuny 3 manouac-
TuHKamu Pt, BBegeHuMUy B emiTakcifiHuil 1map; pesyJabTaTy 3icTaBIE€HO 3 XapaKTEPUCTUKAMU
3pasKiB mopiBHAHHsA. BusBiaeno pisHomaHiTHi aHomanii, meAki 3 HMX aHajsoriuHi moBemiHITi
CTPYKTYP KBaHTOBUX TOYOK. 3p0o0JieHO, OJHAK, BUCHOBOK, IO BUABJIEHI aHOoMaJIii moB’A3aHi
3 nedeKTaMU TOYKOBOT'O TUIY, OOYMOBJIEHMMM pO3PHBAMU eNiTaKCiiHOTO Iapy B Ipomeci
MOTO HaHECEHHH.
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