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Summary

Material Growth

Both n and p-type a-Si:H films with very high conductivities [g> 10 ¢

have been grown by diluting SiHg in Ar or Hp. These films have Fermi ~— -~

levels close to the conduction and valence bands (~ 0.03 eV). The ucs:

these heavily doped films as p* and nt junction layers in a ptint ce:

should increase the diffusion voltage of the diode, thereby increasir

both Jgc and V.

Material Analysis

The analysis of conductivity and thermoelectric power on films of dis—
thickness have revealed no systematic changes. However, the drift mc:—

shows a systematic increase with thickness. We do not yet understanc

these results.

Device Fabrication and Analysis

The analysis of cells by studying QE vs. applied voltage has revealec
the electron (yt) product is limiting transport in nip cells and not

(ut) product. Analysis reveals that typically (ut)p = 10-9 cmé/v.

Device Design

A new device design, Tandem parallel-connected cells, has been evolve
to improve the current collection in a-Si cells. This design may he:

increase Joc to 15-16 mA/cmé in a-Si:H.



-2 -

I. Material Deposition

The yrowth of heavily doped, high conductivity nt and p* layers is a

prerequisite for improving the efficiency of a-Si solar cells. The use of high

conductivity layers confers several advantages.

1)

2)

Reduction in contact resistance.

Increasc in diffusion voltage. *A high conductivity layer with the
Fermi level close to the conduction or valence band, allows significant
increase in diffusion voltage, which is given by Eg- Ef,n - AEf’p,
where Eg is the bandgap and AEf n» AEf’p are the separation between

the Fermi level and the conduction and valence band respeclively on the
n and p sides of a pin cell. With standard doped layers, AEf,n zdfiS -

0.26 oV, and 6E¢,p = 0.3 - 0.4 eV. Cunsequently, the diffusion

voltage Vp is only ~ 1.0 - 1.2 V. If AEf p andAE¢ p can be reduced

to ~ 0.05 eV, Vp would increase to ~1.6 V. This increase in Vp

would have two potentially beneficial effects on solar cell perforﬁance.
i) Increased Vp would lead to increased Vqc.

ii) Increased Vp would lead to increased electric field in the

i layer, and hence, higher collection efficiency.

Consequently, during thiy yuartcr, we have initiated gruwlh of heavily

conducting doped a-Si:H films.(1,2),
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1) n* films. High o n* films were grown from SiHg:Hp and SiHg:Ar mixtures.

w

Typically, SiHg was < 5% of total gas content. PH3 diluted in Ar was
used as the dopant gas. Films were grown by RF plasma deposition.

A typical o(T) curve is shown in Figure 1. The room-temperature
conductivity is o zZO'(Q-cm)'l. The activation energy is 0.032 eV.

The deposition condftions are listed on the figure.

2) pt films. High o p* films were difficult to grow by RF deposition.
However, DC (cathodic) films readily yielded high conductivity films
with heavily diluted SiHgq:Hp mixtures.(3) However, dilution with Ar
did not yield higho, unlike the case for n* films, where Ar seems to

help in achieving high

A typical oT) curve for high op* a-Si:H film is shown in Figure 2.
The room temperature conductivity is 13 (Q—cm)'l, and the activation
energy is 0.031 eV. Thermoelectric power measurements indicate a

p-type layer.

Thus, we have succeeded in growing both n* and p* high o layers.
These layers are probably microcrysta]]ine,(l) but we have not yet

probed the structure of these films.
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II. Material Properties

1. Analysis ¢f Thermoelectric Power in a-Si

A numerical simulation program to study the approximation used by
Dohler(4) was developed. It was shown that Dohler's technique works
well for predicting Fermi level shift with temperature, but is notA
as accurate in determining the shape of conductivity-energy

relationship. Details of this simulation are in Appendix A.

2. Study of Drift Mobi11ty and & (T) wilh Thickuness

It was shown prcviously(5) that electron drift mobility Incredses wilh
thickness of the sample. To study if this increase in mobility is ..
due Lu chanyes in impurity concentration, we studied o(T), S(T) and
mobility on samples prepared at the same time. To do this, films were
grown on 7059 slides half-coated with Mo. The half sample on 7059

was used for o(T) and S(T) studies hy methnds previously described(s).
and the half sample on Mo//05Y was used tor mobility measuremenls usiny

theAlaser time-of -flight technique previously described.

The results are shown in Figure 3, where we plot o(T) for two

different thicknesses. It is seen that there is no significant difference
in Fermi level positions (activation energies) hotween the two films,

and yet, the mnhilities are very different for the films, with the

thicker film having higher uy.
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We do not understand these resu1fs, but we can postulate that the
layers nearest the substrate may,be very different from layers further
away. In such a case, a coplanar measurement technique such as (T)
may not reveal any significant differences, but a through-the~film

measurement technique such as mobility measurement will reveal

differences.

We also studied mobility as a function of growlh rate. We see a
distinct influence of growth rate, with the film with the faster growth
rate having a larger u,. See Figure 4. Once again, we do not under-
stand these results, except to speculate that a faster rate may lead to

less contamination of Lhe film from the walls of the reactor.
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III. Device Fabrication and Analysis

1. Development of ITO Contact.

During this quarter, we have déve]Oped a technology for evapurating
Indium-Tin Oxide (ITO) for use as a transparent contact to nip_ce]]s.
We have used electrori beam evaporation of (90% Inp03, 10% Sn0j) charge
- in an O» leak to achieve good transparency ITO contacts. The pressure
in the bell jar during evaporation is maintained at 10-4 Torr, and the
samples are heat treated in air for b5-bU minutes to achieve 95%

transparent, ~ 200 Q/p resistivify films.

In Figure 5, we show the influence of annealing time on the resistane
and absorption of ITO films. In Figure 6, we show the typical absorption
nt curve for ITO films. It is apparent frrom ligurc 5 that a temperature

of »2209C ‘is needed so as to achieve low resistance and low absorption.

2. Analysis of Quantum Efficiency of a-Si nip Solar Cells,

The results reported during the previous quarter on QE of a-Si cells
have been analyzed using an analytical model which can be used

to estimate (ut) product of minority carriers. The analysis shows
that electrons (and not holes) are the minority carriers in our cells.
The analysis has been used to obtain ut/p = 1-2 x 1079 cm?/v-sec. The

details of the analysis are in Appendix B.
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Figure 5,
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Advanced Device Design

It has been known for some time now that increasing'the current output
of an nip a-Si solar cell will depend upon increasing the optical path in
i layer without decreasing the electric field. During this quarter, we

have designed a new type of a-Si cell structure which can achieve this desired

“increase in optical path without sacrificing the electric field. The structure

is a "Multiple-gap, parallel-connected, tandem cell".

The design of the structure is shown in Figure 7. It consists of two
back-to-back a-Si cells connected by a transparent ITO layer. Thus, the

structure may be a nip/ITO/pin cell.
The following advantages of our novel cell are immediately apparent.

i)  Each cell has a nip configuration, thus allowing for two field

regions in each cell.

ii)  The i layer in each cell can be thin (~0.5 um), thus al]owihg for

efficient current collection and minimum fill factor loss.

i11)  The transparent conductor (ITO) allows for complete photon

transmission into the second cell.

iv)  The low series resistance of ITO (~10 @/i ) allows a wide cell-

strip to be made (~1 cm).

v) Since the cells are electrically in parallel, changes in solar
spectrum or accidental changes in cell thickness due to slight
variations in processing have little influence on cell charac-

teristics, in contrast to tandem, series-connected cells.(7,8)
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" One can calculate the anticipated performanﬁe improvement by usigg
the absorption curve for a-Si and typical collection efficiencies. Using
a typical a-Si absorption curve (Figure 8), increasing the absorption
thickness from 0.5 to 1.0 um Teads to an increase in 2.4 mA/cm2 in photon
current under 100 mW/cmZ illumination. At ~85% collection efficiency,
this translates into ~ 2.1 mA/cm current. Since the typical current |
for a 0.5 um thick single-cell is 12 mA/cmZ, adding a second cell can lead
to ~ 17% increase in current. Of course, if we put a good ref]ector
behind the tandem cell, i.e. grow the cell dn a highly reflecting substrate,
we can further increase the absorption thickness to 2.0 um, from 0.5 um
typical for a single cell on a poorly reflecting substrate (such as
stainless steel). Then we can get ~25% increase in current, to about:.
15 mA/cm external (or real) current. That would be a significant increase

indeed.

Another interesting bossibi]ity is to use the two cells of different
bandgaps, with the first cell having a bandgap larger than the second cell.
In such a case, thé cell outputs would be e]ectrica]]y'isolated and we would
have two solar cells circuits, each individya]1y Toaded. A simple way of
doing this would be to use the connecting ITO layer as the ground contact.
With differing bandgap isolated cells, we get the exciting possibility of
better utilization of solar spectrum without the problems associated with
bandgap and current matching inherent in multiple-gap series connected

ce]]s.(g)

It is noped that both these designs can be used to improve efficiency of

a-Si solar cells in the future.
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ANALYSIS OF CONDUCTIVITY AND THERMOELECTRIC POWER
MEASUREMENTS ON AMORPHOUS SEMICONDUCTORS

Pzaul Nielsen
University of Delaware, Institute of Energy Conversion
Newark, DE 19711

ABSTRACT

Dohler's method of analyzing the results of conductivity and
thermopower of amorphous semiconductors is examined by applying it to
o(T) and S(T) calculated exactly from several models of the density
of states N(E) and mobility u(E). The method works well in determi-
ming the Fermi level shift with temperature, but provides limited ac-
curacy in reproducing the conductivity o(E). The reliability of the
alternative two channel model for o(T) and S(T) is examined by compu-
terized least squares fitting ot the seven parsmeters to data of
Jones, et al. | find quite different parameter sets reproduce the

data equally well.

METHODS

The conductivity o(T)and thermopower S(T) in amorphous semicon-
ductors can be described by the following expressions:1,2,3

o(T;n) =ef __N(EJU(E,T)F(Tin) (1-F(T;n))dE (1)
$(T;n) =kr_:N(E)u(E.T)«E-EFykT)F(T;n)(1-F(T;n))d£/o(T;n) (2)

where F(T;n) is the Fermi function for doping level n and EF is the
Fermi energy at temperature T.

If conduction occurs In extended statecs above E_, and in local-
ized states at energy E| with a hopping activation energy W, the two
channel mode]‘» gives cﬁOC+OL and S=(SCGC+SL0L)/0 where: .

o, = 0. exp(-(Ec-EF)o/kT) (3)
o, = oy exp(-(E -Ep+W) /kT) (4)
S, = -(k/e) (E_-Ep) /kT+S__ : (5)
S, = =(k/e)(F -E.) /KT+S : : (6)

To analyze experimental data requires the determination of the seven
parameters defined above by a curve [illiing. proccdure.

Dohler5 has introduced a method of analyzing conductivity and
thermoelectric power measurements which simultaneously uses both o(T)
and S(T) data to obtain values of the Fermi level shift with tempera-
ture and the differential conductivity-o(E). The method. is..also use-
ful in examining whether doping induced shifts of the Fermi level also
produce changes in the conductivity o(E). Because the Fermi function
is approximated by the Maxwell-Boltzman distribution and the statisti-
cal factor for the final state of the scattering process is set equal
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to 1, the approach is not applicable to situations in which the Fermi
level lies within a region of high conductivity.6

The method relies upon specific relationship between functions
V(T) and W(T) and the experimental values of o(T) and Peltier energy
w(T) = eS(T)T, for various levels of doping np: o

o(Ting) = o, (T)exp{[E,~E¢ (T;ny)1/kT) (7)
OO(T) = 0, exP [-V(T)/kT] (8)
-m(T) = W(T)+E_-Ec(T;np) (9)

where Eo is an arbitrary reference energy which should be independent
of doping.
Equations (7), (8), (9) may be combined as

Ino(T)-eS(T)/k = lncoo +[W(T)-V(T)]/kT _ (10)

Because V(T) and W(T) are defined to be doping independent, the quan-
tity In(o(T)/oy,)-eS(T)/k is independent of doping and hence indepen-
dent of EF(O;nD? if u(E) and N(E) do not change with doping level. A
simple laplace transform allows one to obtain o(E) = eN(E)u(E), if
W(T)-V(T) = nk(T-To).

In order to evaluate the reliability and accuracy of Dohler's
method of analysis it is necessary to have a set of o(T;np) and S(T;np0
values applicable to known density of states N(E), mobility M, and
Ef(0) values. Such values were obtained for a number of N(E) and u(E)
functions by accurate numerical integration of equations (1) and (2) as
described in Ref. 6.

RESULTS AND DISCUSSION

Jones, EE.El:h have presented an analysis by the two channel model
of a number of phosphorous doped amorphous silicon samples. Their :
experimental results are quite similar to the ones analyzed with suc=
cess by Dohler5 using a distributed conductivity.. In order to evaluate’
the uniqueness of thc parameters presented in (4), the S and o points of
their sample 8 were digitized and entered into a computer program which
calculates the RMS deviations of S and of loglo O fran the calculated
points at the same values of T. :

Table |I. Selected parameter sets, and RMS deviations for Sample 8 of
Ref. 4. S, values in mV/K, and RMS AS in uV/K, other energies in eV.

‘set o E-E. o E-E. W Soc S,.  RMS logo RMS AS
0.08 0.12 -0.56 -0,56 0.0178  26.17 !
0.08 0.12 -0.56 -0.56 0.0159 24,17
0.16 -0.5 -0.80 0.0159  24.40 °
0.00 0.20 -0.43 -1,035 0.0159  24.05

Jones 24 0.24
1 23.2 0.24
2 23.2  0.24
3 23.2 0.24

A\VE R VS RVI RV
o
o
=
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-1 — — T — 100 It is evident from Table |
8 that the choice of parameters made
o 8 .
o by Jones, et al is reasonably good.
‘o gyg,'. But by rcloxing their essentially
°°a,’ 4128 arbitrary requirements that Sgc =
° . f ‘688'3 SoL it is possible to vary EL = EF
° from 0.08 to 0, while at the same
time increasing W from 0.12 to 0.20,
and changing Soc and So, to main-
% tain or slightly . improve the fit
. to the S data. Fig. 1 shows that
. the calculated values of S(T) for
parameter sets 1 and 3 differ only
oS3 %o slightly from each other. From
° this example | conclude that one
° cannot expect to get a unique set
S s . of two channel parameters if one
vTHo Kt . allows Sy # Sop, as is physically

Fig. 1 S(T) and o(T) and the two reasonable.
channel fits to the data.
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Let us now consider the results of a Dbhler analysis of calcula-
ted S(T) and o(T) points. Two examples will be considered here. In
both of them N(E) varies from 1017 to 1022 states eV-! cm~3 according
to:

log N(E) = 17(g-h)+22(h-g+1) (11)

with g = [1+exp(E/W)]1~1, h = [l1+exp[(E+Eg)/W11~1, W = 0.15, and Eg =
1.4eV. However an additional peak centered at -0.2eV, with height of
0.699 in log N(E) and Lorentzian half width 0.05 is included in the
second example. This peak has negligible effect on the results. u(E)

Is given by:
[1+exp [|40(0,2-E)|*sign(0.2-E)]1"" (12)

where x is 1.4 for. the second case (CS211) and 20 for the first case
(cS209). Thus the second case has a gradual fall off in o(E), as
shown in Fig. 5, while the first case has a rapid decrease to zero,
also shown in Fig. 5, and thus represents more closely the case of a
crystalline semiconductor. Figs. 2 and 3 give the calculated o(T)
and S(T) for the second case. Also shown on the Figs. are the input
values of EF(0), activation energies in eV for different parts of the
curves, and the values of A (=eS,/k in Eqs. (5) or (6)). The results
for the first case are generally similar to the higher T portion of
these figures, with the activation energies remaining almost constant
as the temperature is decreased,

The DGhler analysis for both cases are shown in Fig. 4, with the
upper set of curves For €S209)displaced vertically 100meV for clarity.
In both cases the curves for W, V, and W-V for the different EF(0)
values from -0.5 to 0.0 lie atop one another, as Dohler predicted for
an unchanging conduction mechanism. The variation of Ef with T cal-
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culated from the Dohler analysis is within 103 of the variation calcu-
lated during the generation of o(T) and S(T). o By

' In order to apply the simple. Laplace transform given by DBhler
in his Eq. 28 (in which the cosine factor should be cos[x(€ + ninx-n)]),
"W-V must be linear in T. This is the case for Model. CS211.

Model C5209 gives a sllghtly curved W-V. The deviations from linear-
ity is, however, relatively small and it is not clear that one would
necessarily decide that W-V was curved if the points also suffered
from experimental ;noise.

The |n5|gn|f|cant deviations of W-V of €5211 from linearity pro-
duces deviations of o7(E) from o(E) of less than a factor of 3 at
‘worst, and mostly less than 25%. However, the small deviation of W-V
from linearity in Model CS209 results in a factor of 10 error above
the mobility edge, and a very large error below it.

| conclude that this method gives good results for the Fermi
level shift with temperature and a reasonable indication that the
transport mechanism is not changing with Fermi level. But it will
not determine o(E) to better than a factor of 3-10 if there Is any
sharp structure in o(E), such as a sharp mobility edge, or narrow
peaks in N{(E) near the mobility edge.
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Abstract

Transport properties of electrons andvholes in i layers of pin a-Si solar
cells are important in determining the current collection efficiency of these
cells. In this paper, we describe a new technique for measuring the (pt) product
of minority carriers in the undoped layer of an a-Si:H cell. It is shown that
the transport properties in depletion layers of sdlar cells can be very diffgrent
from the transport in virgin i layers, and that under certain circumstances,
electrons can become the minority carrier;, in strong contrast to virgin i layers,

where holes are the minority carriers.
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Introduction

The current collection efficiency of a-Si:H solar ce]]g is limited by_the
transpoft properties, particularly (yu+1) products and diffusion lengths L, and Lp
of electrons and holes. Generally speaking, it is assumed that the (1) product
of holes is much smaller than that of electrons (1-3), and hence, holes ére.the
limiting or minority carriers (4,5). However, no reliable evidence exists that
such is indeed the case in the i layer of a pin cell. In this paper, we discuss
a new technique for identifying the limiting carrier and for estimating its (pt)
product in pin cells. We shall show that under certain circumstances, the
electrons may have a lower (ut) product than ho]e§ and may serve as mihority
carriers. It is postulated that such a c0nditioq_can arise because of cross-

contamination between the p* and i layers during the growth of the cell.
Basic Model

The basic model for analyzing the current collection efficiency of pin cells
is shown in Figure 1 (5). The model states that there are two junctions in a
ntip* a-Sf:H solar cells, the front n*i junction and the back ip* junction.
Thus, there are two depletion regions, separated by a neutral region of low field.
The spatial extent of the field regions depends upon the density of stafes (5).
If the density of states in the mid-gap region is high, the depletion thicknesses
t; and tp are small, and neutral region fhickness.tz is large. If the mid-gap

density is low, the depletion thicknesses overlap and there is no neutral region.
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+ In this case, the potential in the i layer can be approximated by a Mott barrier

(6), but with sharp potential profiles at the edges.

Using the basic model of Fighre 1, we can predict the behavior of the
collection efficiency of a-Si solar cells with applied voltage. As the applied
voltage in the forward direction increases, the depletion regions will shrink,
and the neutral region will increase. Consequently, if the diffusion length of
- carriers is small, the carrier collection efficiency will decline. Conversély, for
reverse applied voltage, the collection efficiency will increase. Similar
considérations hold for the Mott-barrier case, where a forward voltage reduces
the field, and a reverse voltage inCréases the field. Since the carriers rely on
field assisted transport, if the range of carriers (qu) is comparable to the film
thickness, the carrier collection efficiency will increase with reverse voltage
and decrease with forward voltage. Therefore, a measurement of co]]ection,;.

efficiency with bias voltage provides a toel for measuring (pug products.

“Analysis

Electric Fleld Profile: The cloctric fiold and potential profiles in the
'i layer depend upon the density of states in the mid-gap (7). Recent results on
the measurement of density of states in a-Si:H by DLTS (8,9) and by mobility
transport (10) show that the density of states in a-Si:H is well represented by
Figure 2, with sharp tails near the band edges and a flat density ~1016/cm3-ev
in the middle. In such é case, for 4 thiﬁ i layer (~ 0.4 ym), the electric

field extends over the entire i layer; i.e., a Mott barrier exists.



- B-4 -
For simplicity, we can assume that the field is uniform, given by E z(vb ffy)/ti»
where V i$ applied volitage, Vp the diffusion voltage, and t; the thickness of i
layer. Vp is given by: Vp = Eg - ¢ p - 6Ef b, where Eg is the bandgap,
k¢ n = (Ec - Eg,n) on the n-side; 8E¢ 5 = (Ey - Ef p) on the p-side. Typically,
we measure AEf n = 0.25V, AEf 5 = 0.4V.and Eg = 1.7V. Thus, Vp = 1.05V and

E <2.5«x 10%v/cm in our sample at zero bias.

For simplicity, we can also assume that only one kind of carrier: is impo?tant;
i.e., (7 product for one carrier << that of the other. Then, the following
equation holds for quantum efficiency QE( A}, of photogenerated carriers, assuming
-a nip/metal cell (light incident from n side) and e]ectrons.the minority carriers
in the i layer.

QE(A) =820 [lexp (- L (1 + g0))] (1)
: 1+ S, Sn .
where a is the absorption coefficient and Sp = (ut)n.E is the range of e1ec£rons.

13

Therefore, from the dependence of QE()) on V, we should be able to obtain

(UT)n-
Experiment

The experiment consisted of measuring the quantum efficiency QE(A) of
nip/metal a-Si solar cells. A typical cell was made by depositing successively
p, i and n layers on a Ti/7059 substrate. The thickness of n layer was 2008
and i layer, 42008. A semi-transparent 758 thick Ti dot of 0.20cm? active area
was deposited on the n layef and monochromatic light was incident on the Ti

dot. The aSsorption of the Ti dot was measured at ~ 10% and the reflection
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from the Ti/a-Si combination was ~45%, allowing ~ 45% light transmission. The
monochromatic beam was chopped and QE( A) measured as a function of voltage in
the presence of a white-light bias at AMl illumination level so as to approximate

the conditions faced by the solar cell in actual operation (l1).

In Figure 3 we show the internal QE(A) of the cell under three voltage
conditions, zero bias and + 0.4V. It is immediately obvious that the range of
carriers is comparable to thickness, so that a reduction in field causes a
reduction in QE. Much more information can be obtained by plotting the ratio
QE(V)/QE(V = 0) vs. wavelength, which is done in Figure 4. A striking feature of
Figure 4 is that the carriers generated deeper in the f layer (long ) photons)
suffer much greater reduction in QE than carriers yenerated nearer the n¥ layer
(short X photons). This can be true only if the minority carrier is of the
type which has to traverse towards the n* layer to be collected; i.e., if the
minority carrier is an electron. Thus, the shape of QE(V)/QE(Q = 0) curve afVes

[

us the type of carrier with the smaller 1 product.

Quantitative information is obtained by measuring QE(A) vs. voltage for
several wavelengths, and then fitting to Equation 1 to determine S,, knowing a.
This is done in Figure 5, where we plot analytical curves from Equation 1 for three
Wave]engths,.O.S, Ot6, and 0.? um. The relation between QE( ) and S, is computed
from the experimental QE( ) vs. voltage data using an iterative process with (uT)
as a fitting parameter. The fit between the analytical expression and the data
points (+ + +) is seen in Figure 5. We obtain an estimate of S, = U.25 um at
V =0, giving (1 for efectrons =10-%cm/v. Note that the fit between experi-
mental and analytical 6urves deteriorates at extreme voltages.because the model is
no Tonger valid at those voltages. This value of {p1) can now be used to fit

Figure 4 (solid lines) and it is seen that the fit is quite good. Thus, our
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.simple model fits the experimental QE curves quite well. Due to the simplicity.. -

of the model, the value of (uv is accurate only to approximately + 25%.
Conclusion’

In conclusion, we have described a new technique for determining the (‘Ja
product of minority carriérs in i layers of nip a-Si:H solar cells. A surprising
conclusion is that the electrons are the minority carriers, a probable consequence
of the severe p-type contamination that exists in i layers made immediately after
depositing the p-layer. Clearly, for making high_qua]ity cells, this cross-

tontamihation problem will have to be addressed and solved.

This work was partially supported by Solar fhergy Research Institute under

subcontract XG-9-9195.



Fig. 1

Band Diagram for a-Si:H nip junction
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. Summary

[_;;t; n. and p-type a-Si:H films with very high conductivities_LgazﬁiﬁfLr
have.been grown by diluting SiHgq in Ar or Hp. These films have Fermi
ieveis close to the conduction and valence bands (,f0.03 eV). The use of

_these heéviiy doped films as p* and nt junction layérs in a ptin* cell

shouid increase the diffusion vo]tage of the diode, theréby increasing

both Jge and Voc- 5

The analysis of conductivity and thermoelectric power on films of diverse .
thickness have revealed no systematic changes. 'Howevér, the drift mobﬂif7~

shows a systematic increase with thickness -~

éhéte*resu%ts%?

(/ : qu.h‘m e-ﬁ*f CASV)C}/
The ana]ySis of cells by studyingAQE*Vs applied vo]tage has revea]ed
the electron (uv) product is Timiting transport in nip cells and not the hole,

(u) product. Analysis reveals that typically (uT)p Z 1079 cm/V.

A—PBeviceDesiga—=

A'new device design, Tandem parallel-connected cells, has been evolved

to improve the current collection-in a-Si cells. This design may help

increase Jge to 15-16 mA/cmé in a-Si;H. l





