CHAPTER V
EXPERIMENTS
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contacts on the same substrate's a&urf&ne, is uscd This measurement is merely
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nature %f Mo/p-CulnSey contact. Reproducible measurements were obtained

however on Au/p-CulnSe) and Ni/p-CulnSe- (see discussion in the section 7.9).

The p-CulnSe) samples prepared by the available technique are not very
homogeneous (see discussion in the section 7.8). This precluded the contact

resistivity measurements which rely on homogeneous semiconductor and/or the




equal properties of each contact, for example, Cox and Strack (1967) method,
and the two terminal contact resistance method (see Schroder, 1990). However,
one is interested in measuring the value of the contact resistivity of the circular
dot. Such measurement of the contact resistivity is described in the section 5.5.
‘The configuration used is a mndJETJ from of Fahrenbruch and Bube (1983)
technique which used three - robes ﬁ measurement. The value of the
g (see Table 4) indicates that the

contact resistivity obtain

| — »
most of total resistanSeE SA 0 t

CulnSes» were grown by the

randomly from mgaﬁ boilad _m thinner : tonc for 5 min, methanol
for 5 min, then flushed with water, and then l}rpt-chuckcd by the hot-probe

method. By ﬂuﬂ%ﬂﬂ W% @-%N coptds] theresisiviy and carrie

concentration Were measured at room in the van der Pauw

contgfutn, blckp ot e SHBATNSAR s iy

(linear) conﬁgm'annn was used. The results were shown in Table 1 below.



TABLE 1
Resistivity and carrier concentration of substrates at room temperature.

#Substrate Composition Resistivity Carrier Concentration
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C3/27 i 0.58 3.8
B6/1 excess Cu 0.45 2.9
B6/3 e 0.34 32
B6/4 - 0.53 2.4




The surface of each substrate was abrasively polished with 1 and 0.3 Llm
alumina powder respectively, until a shiny surface is obtained. The best surface

was chemically etched in fresh (& 25 min after preparation) HCI:HNDB:HZD;
13.5:7.5:5 (by volume) for 15 s, acetone for 15 s, methanol for 15 s, ultrasonic
cleaning in deionised water, I:-lﬁw trogen and subsequently transfered
to a vacuum chamber. Sl:mﬂe% %g many pairs of circular holes,

with a typical area of zﬁtdmﬁouthmapan,wmuwdas
’_—"

E‘clmed for 20 s, then Au or
. The metal film of about 1500

angstroms thickness, mes uﬂE&)‘ﬁy E@ ‘M5, was obtained. This metal

film dot is refcregl as_the small ¢ %

tas; which is the contact of
@ine jmanner, using large hole

mask. On this surfggk the arez which did not get@etal was sandblasted, and
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silver paste.

For Mo/p-CulnSes contacts, dc-sputtering was used. The pressure was
first pumped to about 1x10-3 Torr, then Mo is sputtered at about 30x10-3 Torr.
The sputtering deposition rate was about 150 angstroms /min .
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5.2 Typical Results of DACCT Measurement

To accomplish the DACCT measurement, the device, such as in Fig.2,
was first cooled by liquid nitrogen. While temperature relaxed to room
temperature, the step constant curren
applied, at 0.01 , 0.03, 0.1, 0.3 T}/ 95 mA, respectively. After the
highest current was appli i d without applied voltage for

hich are described in Appendix B were

about 5 seconds. ier yoltage polarity was applied starting at the
lowest current. The app both L,ﬁﬁlariti&s as a function of
thermocouple voltage (iype’ e 48 aph recorder. The example
of the data on the graph' is/shown = temperature-thermocouple
voltage relationship is ng ol temperature values off from
converted to show data points

vs. linear tcmperanuc scale. -
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x and y-axis are the thermocouple voltage (temperature) and the sample's
absolute value of the voltage, respectively. The y-voltage includes voltage across
the resistance used to shift the zero reference voltage of each constant current

(see Appendix B), which shown at the temperature 300 K in this figure.
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Fig.7a The g:ﬁh 0 ﬁplutted at equal x-axis
increments from graph paper like in Fig.§., The x-axis is now the temperature.
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Fig.7b data of #C3/20 for constant current 0.03mA.
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Fig.7¢ chlotteddam f#ES;’Zﬂfor onstant current 0.3mA.
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Fig.7e Replotted data of #C3/20 for constant current 1.03mA.
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Fig 7f Replotted data fﬂﬁﬂﬂform stant current 4.95 mA.
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Fig.8b Replotted data of #C3/25/2 far constant current 0.03 mA.
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5/2 for Gonstant current 0.1 mA.
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5.3 The Total Resistance and the Maximum Contact Resistivity of Au/p-
CulnSeg and Ni/p-CulnSeg

I-V characteristics, at room temperature, between small area metal contact

The typical I-V cha

resistance of the smg

Fig.9 Schematic _ stal resistance measurement.

AuiAneninging
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e = -:.: : 0 : 2 ; 4;
Fig.10 I-V characteristics of #C3/20 and #B4/12/1, measured by the
configuration in Fig.9.




The total resistance values are shown in Table 2. If the contact resistance
of one electrode dominates, then R; is the upperbound value of this contact
resistance, defined here as Dc(max). Hence the values of the maximum contact
resistivity Pc(max), i.e. small contact area multiplied by Ry, are also shown. The
Pc(max) value will be useful as theyupper limit estimate of the contact resistivity
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Total resistance R, measured at room temperature.

TABLE 2

57

#contact P¢(max)
2

(ﬂ.—m )
B3/5 0.88
B6/3/1 0.18
B6/32 0.22
B6/4 0.063
B4 0.060
B492 0.040
B4/11/1 023
B4/112 0.026
B4/1173 0.031
B4/11/4 0.10
B4/11/5 0.048
B4/12/1 0.023
B2z (N : 0.034
c3n6 9k 9055
;arm m 9.5%1€ 0.154
. 0.180
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0.050
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s
G351
c3nsn
D3/3

9.5x10°3
9.5x1073
9.5x10°3
9.5x1073
9.5x1073

118
132

4.0
133

0.112
0.125
0.038
0.126




Here, contacts which the labels differ only the last label were on the same
substrate. For example #B4/17/1 and #B4/17/2 were on the same substrate, i.e.
#B4/17 in Tablel.

I-v chmcmnsyl pe@ecn Mo-semiconductor-Mo,

with equal area contacts.© . :¢ of as-deposited (AD) and after

successive heat treatn -:e,,i ure shown in Fig.11.
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and after 250 OC heat treatments.

For a crude value of contact resistivity, the total resistance is assumed to
be the resistance of two identical Mo contacts, the resistance in the bulk is
neglected. The contact resistivity was calculated, by divided the total resistance

by 2 and then multiply by the contact area, at 0.4 mA which is the current




density that close to the maximum current density of solar cells, i.e. 40 mA
Jem2. It is upper bound value of contact resistivity of Mo/p-CulnSey. The
results are summarized in Table 3. Also shown are the values after subsequent
heat treatment at 450 °C (10 min in Hp ).

W

confct mnr Moj/p-CulnSe;.

Upper boun

#Substrate betwe 250 °C) P, (450 °C)
(§2-cm2)
B4/18 <1.1%
B4/18 <0.2*
C3/26 < (0.2%
C3/27 nd.
C3/27 2€ & 11.4 <0.7%
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q
where * in the last column indicates that after the heat treatment the Mo film

itself became appreciably more resistive with an ohm-meter reading of the order
of 10! €2 across the same dot. So, the ture contact resistivity at 450 OC heat
treatment should be apreciably less than the values in the last column. If low
contact resistance resulted from the 450 ©C heat treatment, this configuration ,i.e.
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using two probes on the same surface yields large error. Another measurement
configuration is needed. Nevertheless, it does show the trend of derease contact

resistivity with incease heat treatment.

5.5 Contact Resistivity by Appro‘)TTnte Measurement

In order to measur tgt Lms:suwtjr) of a circular dot,
! ion employs four probes

the configuration in

arranged slightly diff ‘ ion which employs
three probes. However S 2 sed on the same principle, i.e.
interest directly under one-

Fig.12 Four probes configuration used in measuring the contact resistance of
contact 1 by excluding the spreading conductance. Note the current between 1
and 4 can be forced to be only vertical.
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In the measurement, the adjustable resistance in Fig.12, which was used
to compensate the resistance of ampmeter, was adjusted until there is no current
between probes 1 and 3 , i.e. Vi3 =0. So, V)2 is including the voltage drop
between contact 1 (interested contact) and an equipotential surface extended from
the high resistive layer just beneath this contact on to the surface. Graph between

I) and Vi3 is shown in Fig.13, and confat sesistance Rapprox was determined

a] Suftae '-mmraium is undetermined, its
" contact 1. This resistance

n of the contact resistance.

position indicated by

i/// }\‘

i 1 -t;.f‘_,,

value is therefore good

Note also that the equipg AV can be different in the

depth direction; V(depth) 01' example in the depletion
Vi
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major fraction of the ms' Ince-0f inf and | thesis we beg to use the

Vvolts)

Fig.138 Typical I-V characteristics between I} and V2 .The contact resistance

of contact 1 is calculated from the slope.



Results of the measurement are summarized in Table 4. Also shown are

contact resistivity Pc(approx) which obtained from Rapprox multiplied by the
contact area. Also shown for comparison are Ry and (Rypprox /Rp)-

Contact resisiais conta ﬁof&ufpﬂuh&g
€ %)
# C3/20 92 J;:.;-- 55
#B4/1I3 084 2 LL 0002 76
#Bahdr 7 83
"
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