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Determination of Band Discontinuity in Amorphous Semiconductor Heterojunctions
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A new urethod of determining the band offset in semieond.uetor heterojunctions
has been developed' The valence band spectra for heterojunctj-ons consisting
of ultra thin stoiehiometric amorphous silicon nitride (a-Si3N/r:H) or
si-l-ieon carbi-de (a-Si1-*C*:H) grown on hydrogenated amorphous silicon (a-Si:H)
have been measured by using x-ray photoelectron spectroscopy. The valenee
band diseontinuities in a-Si3N4:H/a-Si:H and a-Si1-x0x:H/a-Si:H systems have
been determined to be 1.7 eV and 0.1 eV (x=0.23), respectivery.

1. fntroducti-on
Characterization of semiconductor
heterojunction interfaces i-n solid state
deviees is getting more and more i-nportant
for desi-gni-ng and fabricating novel deviee
s truc ture s.
Re cently the exi-stence of
quantiz.ed states in a-Si:H well layer has
been directly demonstrated by the resonant

high S/N ratio measurements of the valence
band spectrum for a very thin heterojunction
structure. Since the spectrum can be
deconvoluted into the signals from the
eorresponding heterojuneti.on materials, the
band offset is directly determined.

tunnel-ing through a-Si:H/a-Si3NZr:H double
barrier struetur"s.l ) trt" quantum
mechanical effects
in amorphous
semieonductor multilayers have been utilized
f or improving d.evice perf ormarrc".2 /r)

2.1 Sample PreparatJ-on
Amorphous silicon nitride (tO /u0
thick)/a-Si:H (5OO A) and a-Si1_xCx:H (tO

2. Experimental
A

40 A) / a-Si:H (lOO A) heterojuncti.on
structures were fabrieated on e-Si(100)
substrates by an rf glow dlscharge
techni-que. Monosilane diluted to 10.22 1n H2
was used. for a-Si:H deposition and
SiH4 (0.27" in H2) +NH3 (OoZ) with a molar
fraction of IUltrJ/tS:-tt4]=10 for a-Si3N4:H
growth, while in a-Si1 _*C*:H deposition
Si.H4 (0.27" in H2) +cH4 (ooZ) gas mixtures
with molar fractions of [cH4J/tsitt4] -5 _ zo
were utilized. During the respeeti-ve layer
growth, substrate temperature, rf power and
gas pressure were maintai-ned at 25O"Ct 1 4W and 0.18 0.20 Torrr r€spectively.

Alsor p-type a-Si1 -x0x:H/undoped a-S1:H
heterojunctions are now widely used for high
effieiency thin film solar cel1r.5)
Quantitati-ve knowledge on the band offset of
heterojunctions has eurrently been obtained
by using internal photoemisslon6) or valenee
band. spectra und.er VUV or SOR exeitationTr8)
although the results are not necessarlly
consistent with each other. We have used
x-ray photoelectron spectroscopy (XPS) for
the exaet measurement of the valence band
discontinuity. This new teehnique employs
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In other words, the measured.
speetrum can be deconvoluted to the two
i-n both of the
spe ctra originating
heterojunction naterial-s. When the both
speetral shapes are known from a separate
measurement of the respective material, the
val-ence band. discontinuity can be determined
as a difference of the band ed.ge energi-es of
the deconvol-uted spectra.
materials.

Uniform ultra thin films with desi-red
cheni-ca1 compositions and abrupt
heterojunction interfaces were deposited by
precise control of the depositi-on sequenee
as reported. elsewhe"u.g)
2.2 Spectrum Analysis
An XPS systern (Shimadzu ESCA 75OH) used

in the present study i-s equipped with a
personal computer whieh enables us to make
repetitional measurenents of the core level
and valence band spectra. Si2p, N1 r and C1 t
core level speetra were measured to
characterize the chemical structure of the
heterojunction interfaees and to caleulate
the thickness of a-Si3NZ*:H or a-Si1-*C*:H.
Special care was taken for eliminating
charge-up of samples and the binding energy
was eali-brated by the core 1evel signals of
Si2p from a-Si:H and Au4f from a thin
deposit on the surface. Spectral noise was
reduced. by adaptive smoothing of XPS data.
The valenee band speetrum of a thin
heterojuncti-on structure must be a
eonvoluted spectrum of the two constituent
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3. Results and Discussion
3,1 a-Si3N4:H/a-Si:H Heterojuncti.on
A typical valence band spectrum of 20 A
thick a-Si3N4:H on a-Si.:H is displayed in
Fig. l together wi-th the deconvoluted
spectra. A thin gold layer was evaporated
onto the heterojunction sample after the
valence band measurement. The energy
separation between the Au4f7/2 signal (93.9
eV) and the Si2p peak (99.5 eV) from the
und.erlying a-Si:H was used for the binding
energy ealibration. The valence band edges
for a-Si3N4:H and a-Si:H measured as a
functi-on of a-Si3N4:H film thiekness are
shown in Fig. 2. The resul-t indicates that
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Fig.1 Valence band. spectrum
from an a-Si3N4:H (ZO
A)/a-Si:H heterojunction
and the d.econvoluted

\

0

-2

-

BINDING ENERGY (CV)
2U

speetra.

-4

the valenee band offset AEv is 1.7 eV
regardless of a-Si3N1u:H fil_m thiclcnesses.
This value agrees well with that estiurated.
by internal photoemi-ssion measurements for
the sane systenl ) By taking i-nto aeeount
the optical- band gaps of a-Si3NZn:H (5.e eV)
and a-Si:H (1.8 eV), the band d.iagram of the
heterojuneti-on can easily be d.rawn.

The val-ence band spectrum for a 20 A thick
a-Si1-oCo:H (x=0.2j) on a-Si:H is shown in
Fig, 3. Note that a residual signal appears

in the energy range 1 - 5 eV after
deconvolution. This might arise from states
in the interface. The band offset is again
independent of a-Si1 _*C*;H layer
thicknesses. Figure .{ represents the extent
of the valenee band discontinu.ity neasured
as a functi-on of x. Amorphous silicon
carbide with x=0.23 is used as a window
layer of a-Si:H solar eells. It is clear
that the valence band offset at an a-

3.2 a-Si1 -*C*:H/a-Si:H Heterojunetions
The valence band discontinuities i_n aSi1-*C*:H/a-Si:H systems were deter.mined in
the carbon compositional range 0.2Jsy19.53.
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Fig.2 Valence band discontinuity f or an a-Si3N4 tH/ aSi:H systern as a functlon
of a-Si3N/u3H film
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Fig.3 Valence band. spectrum
from an a-Sig.7 7Cg,23tH/
a-Si:H system and the
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Si0.llCo.23iH/a-Si:H heterojunction is
estinated
to be 0.1 eV which is
signi-ficantly larger than the thermal energy
of photogenerated holes. This irnplies that
the valenee band offset at the aSig.77C O.Z3:H/a-Si:H hetero junction might
aet as a barrier for hole current transport

in a-Si:H solar cells with a silicon

carbid.e

window.

In conclusion,it is demonstrated that
the valence band spectra measured by XPS ean
yield the band offset of semlconductor
hetero j uncti-ons
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Fig./o Valence band off set of
an a-Si1-xCxzlf-/a-Si:H
system as a funetion of
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