Journal of Nop-Crystalline Solids 137& 138 (1% ) 1111-1114
Maoarth-Flasitand
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Curren! bumps in the curreni-voliage characlenstics ol amorphous semiconductor double barrier structuras
have previously baen associated with a resonant lunneling process through quantized lavels in tha well
region of the structure. Wae Investigate the perpendicular transpont through a-5itH/a-SiNy H single (S8} and
double (DB) barrier structures grown by glow discharge. Current bumps are observed in tha |-V
characteristics of both 5B and DB structures at 77 K which suggests a different transport machanism than
previously proposed. We propose thal the lirst currant bump is simply a transition from a low-field {space-
charge-limiled) transpori mechanism to a high-field (multiple hopping) transport machanism. The additional
bumps are assoclated with the energy-dependence of the densily of localized states in the a-SiM, H and

a-Si:H,

Perpendicular transport in  amorphous
samlconductor multilayered structures (a-5C ML)
has been studied so far by many groups' 6. Quanium
confinement eflects have been reporied by several
groups studying the |-V characteristics ol double
barrier (2B} structures. Miyvazaki et al.' associated
current bumps in the |-V characteristics of doped
a-SiiH/a-SiNy:H DB structures 1o a resonant
tunnaling phenomena through quantized levels in
thelr doped amorphous silicon (a-SiH) well layer.
Pareyra et al.? also suggested the presence of
guanium size effects and showed that current bumps
in a-Si:H/a-8iCH DB structures can be accentuated
using fast voltage sweep rates (up ioc 10 V/s) during
the acquisition of the |-V curve, Carrefio et al.3 later
showed that similar current bumps were observed in
a-8i:H/a-8iC,H single barrier {SB) siructures and
structures with rectifying contacts. They sxplained
the dependence of their -V characteristics on the
sweep rate by a capacitive effect instead of a
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quantum size effect.

Howevar, othar groups have explained the
perpendicular transpon in a-SC ML without con-
sidering quantum confinemeant of the alecironic
leveis. Arce et al® did not observe any currant
bumps in the -V curves of their a-5iH/a-SiN,:H DB
structures. Instead, they observed random tale-
graphic nolse which was associaled to the presence
ol microchannels in thair structures, Time-of-dlight
siudiess® have also suggested a disparsiva
transpert mechanism (i.e. multiple trapping) in the
wall region of a-5i:H/a-SiNg:H multilayers,

In this paper, we study the perpandicular frans-
port properties of a-3Si:H/a-SiNH DB structures, We
chose not to dope the a-3i:H well layer since the
maobility of doped a-Si:H decreases with dapant
concentration? indicating an increasa in electron
scattering which reduces the likelihood of resanant
tunneling. We show that the steady-state current
bumps cbserved in both SB and DE structures can
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be explained by a trap-assisted tunneling process.
This transport phenomena is very sensitive to the
dansity of Ipcalized states in the barrier region and 1o
the daensity of Interface staies between the barrier
and well regions,

The 5B and DB structures wera grown cn heavily
deped crystalline Silicon (c-5i) substrates in a
capacitively-coupled rf glow discharge syslem, The
nt ¢-5l acted as the injecting contact to the 5B and
DB structures, Pure SiH4 was used during the
growth of the undoped a-SiH layer, while a gas
mixture of NHa/SIH4 (10:1) was used for the a-
SiMNgH layer. An 8% PHg in SiHs mixture was used
for the heavily doped a-Si:H top layer (360 A thick)
which acted as the collecting contact 1o the struc-
tures. The substrate temperature, if power, and total
prassure wara held at 300 °C, 10W and 200 mTaorr
raspactively, The glow discharge system was
avacuated quickly and purged for 50 min atier each
nitride layar to a base pressure of =3 x 106 Torr. For
the SB structures, an BO A thick a-SiN,:H barrier was
grown on the nt ¢-5i substrate. The DB structure
consisted of a 25 A thick a-Si:H layer placed
between two 40 A thick a-SiN, H layers, The layer
thicknesses for the SB and DB structures were esti-
mated using the grewth rate calculated from thicker
bulk samples. The dark resistivities of these thick
(~0.3 um) bulk samples were approximately
104 Ocm, 1015 Oem and 109 Dem for nt a-SiH, a-
SIMg:H and a-SitH respectively which indicate the
good quality ot our layers.

The deposition of metal contacts and the mesa
definition were performed in a clean-room enviran-
ment (class 1000}, Samples were dipped In diluteg
HF {1:10) and rinsed in DI HpoO immediately pror fo
metallization. Titanium (500 A thick) was used as
contact material to the n* a-Si:H layer fellowed by a
top layer of 1000 A of goid. The AwTi contact was
used as mask during the dry etching of the mesain a
CFa + Oz plasma ([Oz)[CF4] = 0.04). The diametsr of
the mesa was 610 um,

A previous XPS study® of our a-5iN,:H/a-8i:H
interface showed that the interface obtained

betwaean near stoichiomeatric a-SiNgH (x = 1.4) and
a8-5i'H was atomically abrupt since subnitride com-
ponents constituted less than 1% of the interface
bonds. The valence-band offsat for this interface was
also obiained by lollowing a standard analysis of the
XPS valence-band spectra¥. The measured valance-
band offsel of 1.3 eV is consistant with values pre-
viously published for an a-SiiH/a-SiNy:H interface®.
From the bandgap of the bulk matarials, the conduc-
tion-band ocffset was estimated to be 2.0 eV.

Typical |-V charactaristics of the 5B and DB struc-
tures ara shown in Figure 1 for 295 K and 77 K, The
applied bias shown corresponds 1o a positive
voltage o the AwTi top contact. We have verified that
all measuraments are unalfected by changes in
vollage scanning speeds belween 10 mV/s and
1 Vis. Therefore, any current bumps In our |-V
characterstics can not be associated lo capacitive
etlacts similar to those of Carrefio et al.%,

Currant (A)

Vaitage (V)

Figure 1; Typical Current-Voltage characterstics of a
5B and a DE struciure measured at 295 K (dashed
ling) and 77 K (solid ling). The arrows indicate the
current bump positions.
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The 285 K IV curves of the SB and DB structures
prasent no important features. The 77 K |-V curves
show a rapid increase at low V (V < 0.4Y) and a
mera gradual rise for larger voltages which might
sugges! the presence of a bump in the |-V curve
close to 0.1 V. Miyazaki et al.* associated a similar
bump at low applied voltages to a resonant
tunneling process through the first quantized level of
the well layer. However, it is unlikely that this bump
near 0.1 ¥V in the |-V curves of our samples can ba
attributed to a resonant lunneling process since il 15
sean In almaost all 1Y curves of both SB and DB
structures, We propose that this bump can be
mxplained by a transition from a low-field conduction
mechanism to a high-tield conduction mechanlsm

The low-tield transport mechanism in insulaling
material s known 1o exhibil chmic bahavier {1 = V) at
vary low electric fields with an onset ol space-
charge-limited conduction (I = VZ) at a critical field of
typically 103-104 Vicm. In comparison, the figld
across the thin Insulating layer (=80 A) of our SB
structures is =10% Veom at an applied voltage of
0.1 V., Therefore, space-charge-limited currents
should predominate at these low applied voltages.

As tha figld is increased, the transition probability
between localized stales |s increased due to electfic
fiald heating of the localized electrons. Funhermore,
unoccupied states of higher energy are loweared by
the field and can participate in the hopping conduc-
tion. Movaghar et al.'? have shown that this kind of
high field transporl leads to a field dependence of
exp{yF ) with o - 0.5 for many different types ot
density of state distributions (g.g. constant, power
law, exponantial). As shown in Figure 2, the fit using
tha V2-dependence (space-charge-limited) and the
exp(yF2)-dependence (high-field hopping transpon)
reproduces guite well the general behavior of the |-V
‘characteristic of tha 8B structure presented in Figure
1. The best fit was obtained using « = 0.45.

Since hopping conduction dominates at high-
fields, the fine detail in the high-field ragion of the I-V
curve (V = 0.2V) will be vary sensitive to the density
of the localized states in the barrier region as wall as

Current {A)

0 0.5 1 1.8
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Figure 2: Fit {solid line) of the SB |-V charactaristic
{points) at 77 K with a multiple hopping model at
high applied voltage and a space-charge-limitad
model at low applied voltage.

the dansity of interface states at the a-5i:H/a-5iNyH
imertaces. As the applied bias is increased, the
unoccupied gap states in the barrier which are
above the Ferml level are lowared in energy. A
strong energy-dependence of these gap state
densities will produce structure in the |-V
characteristics. Robertson and Powell'! have shown
that the Si dangling bond distribution in a-SiNx:H
{p = 1077 cm3) lies about 2 eV below the mobility
edge of the conduction band. If we approximate the
voltage-position of the current bump as lwice the
energy differance between tha dangling bond
distribution and Eg, the current bump at 0.5V would
carrespond to a Si-dangling bond distribution
located at -0.25 eV above Eg. This corraspands to
~1.75 &V below E. of a-SiN,'H and is consistent with
the value suggestad by Robertson and Powell'!. In
addition to the Si-dangling bond distribution within
the a-5iNyH barrier, the a-5iH/a-5iNH interface
states might alss contribute to current bumps in the
I-\ characieristic.

The |-V curve of the DB structure (Figure 1) has
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current bumps at 0.07 and 0.2 V. Since current
bumps are observed in both 5B and DB structures, it
is unlikely that these bumps result from a resonant
tunneling process. As for the SB structure, the first
bump can be explained by the transition from a
spacae-charge-limited cenduction regime to a high-
field hopping mechanism. The addilicnal bump at
0.2 V is likely caused by the energy-dependence in
the density of localized states in the barrier regions
(Si-dangling bond distribution} or in the distnbution
of interface states al both a-5i:H/a-5INy:H interfaces.

The Intarpretalion proposed here for the perpen-
dicular transporl in a-Si:H/a-5iN,:H 5B and DB
structures s consistent with recent time-ol-flight
studias on similar multilayer structures. Grahn et als
have shown that the transport in the wall layer
(d > 39 A) of a-Si:H/a-SiN,:H multilayers is multiple
trapping for T = 150K, while al lower lemparalures
hopping down in anergy is the predominant
machanism. Furthermore, Hattorl et al® suggest a
modal based on inter-wall tunnaling followed by
multiple trapping within the well 1o explain the field-
dapendance ol the electron drift velocity. These
rasults suggest that the carriers (n a-SitH/a-SiNg H
multilayared structures undergo Inelastic collisions
after travelling a distance less than the well layer
thickness, These collisions would destroy the phase
coharence necessary for the observation of quantum
confinemant effects.

In canclusion, we explain the current bumps in
the |-V eharacteristics of SB and DB a-Si:H/a-SiN, H
structures with a combination of transport macha-
nisms which do not rely on guantum confinement
within the a-Si:H well layer of the DB struciure. We
propose that the first current bump is simply a transi-
tion from 2 low-field {space-charge-limited) transpot
mechanism to a high-field (multiple hopping} trans-
port mechanism. Since hopping transper increasss
with the density of hopping sites (i.e. localized
states), the additional bumps can be associated 10

the energy-dependence of the density of localized
siates in the a-SiNg'H and to the interface state
energy distrioution.
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