CHAPTER III
PREVIOUS WORK

is the studies on oh:mc
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ever, in our work, we used the

The related previous w&k}.&wy g in this chapter. The section 3.1

different method,

¢ aufi WTIM measurement technique

and the simple pseudo-Ri€hafd ' are;ntbc section 3.2. Another complex

Although p-CuInS:g}s ﬁmx%munﬂucmr for solar cells, there are
ontact onp-CulnSey. The first one

seems to be the s rﬂy of Matson et " . wﬁa investigated several metals
deposited in dtffcrentd- ways on thin film p-CulnSep. The metalisation may be
et e S b s e
heated cupper magnetron sputtering nickel, magnetron asputtering and rf-
@uneagqbﬂ;}lﬁnm M ma manﬂnng aluminum.
The I-V characteristics of the contacts were measured across pairs of contacts, in
order to look for ohmic behavior. Samples showing non-ohmic behavior were
then examined by the electron beam induced current (EBIC) technique. They
concluded that only gold and nickel gave reproducible ohmic contacts.
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Abou-Elfotouh et al. (1990) compared I-V characteristic of evaporated
gold, evaporated gold-beryllium, electron beam platinum, and rf-sputtering
molybdenum, contacts to p-CulnSe single crystals with different compositions.
Among these, platinum contacts had the most linear I-V. For gold, the linear I-

V were obtained only for cnppcr-n‘I’ Vnpnsmcm crystals.

The first contackm mﬂas@d systematic work was due to
f

“‘contact but excludes other

act. The contact resistivity was
calculated directly Fromi# qgg—nf' the fot. He also performed EBIC
measurement, the electmrr,,quéi_se}, _%al;ggjs, and the Auger electron

spectroscopy. His's

a) according to EBIC measurement, all, as-deposited metals form homojunction

buried aboutﬁi M E]Ltg&ﬂ'nﬂ%ui mmaf the Se out-diffusion,
hich leaves the donor state behifid a.nd
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about 0.6, 0.6, and 5 Q-cmz. respectively,
c) annealing in forming gas, Au contact resistance increases, while annealing at
450 ©°C the contact resistance of both Ni and Mo become less resistive. The

lowest contact resistivity was about 0.008 {-cm2, obtained from a Ni contact

which was annealed at 450 °C, while the lowest value of Mo contact was about




0.02 {2 cm2. The change of the contact resistivity in annealing was attributed
to the out-diffusion of the constituents of the semiconductor,

d) according to the sensitivity limit of AES, as-deposited Au contacts are abrupt
and unreactive. For as-deposited Ni contacts, the out-diffusion and an interfacial

oxide were detected, while with Mn\ Ttam no oxide is formed.

Recently, an;m*ﬂiﬁ. smmplc two equal probes method

to investigate the conlac

single crystals which.Had’ ?'emm]]ykq;‘chcd surfaces. Fresh Br
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methanol, or KCN of these two etches were used. The
L

best ohmic contact w olﬂ‘ontu a Br2 /methanol etched

JIJ.
and 03 {Q-cm2, and g M}L}t gne (within 5 days). Although most
In-Ga contacts showed Mcmffi—?? 'mm? they are more resistive
(between 0.25 and $:60—S2=cm<)—thar AU contacts 1d showed the degradation

with time. For @ contacts, air-annealing (5 @in, 200 ©C) increased the

resistivity, WET ﬁﬁa’aﬂﬁnﬁj ﬁm‘ﬁzgﬁ ‘ﬁ gl]d ﬁ)%hmge the resistivity.

ORI HLdieki1ME ) A
invest;im §lﬂ:ﬁ el IiC s at the Au /CulnSej

interface.  Contradicting Toro's work, they concluded that Au reacts with

CulnSe) during deposition resulting in the formation of interfacial phases. In
addition, the Schottky barrier heights for Au [CulnSep were determined to 0.5 eV
for n-type and 0.6 eV for p-type.
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However, it seems hat contacts mentioned in the works mentioned above
are ohmic only in the sense that the contacts show linear I-V relationships
(mostly at room temperature), not in the sense that contact resistance is negligible
when compared with the bulk. This is not serious for application as large back

ohmic contact on solar cells. It is however questionable when the contacts are

%W/‘{d/‘:;:iw temperature.

b 4

used for measuring bulk

3.2 Determination

e measurement technique.

- %ﬂ'ﬁcts, even for the small

more complex model” which required numerical calglaﬁuns. The latter will be

esmts BB ANENTNYINT
4 O 5 o g

This measurement technique is based on the fact that the barrier
effect does depend on the contact area even when the conduction is only on the
contact area's periphery, while the bulk does not. The Schematic drawing of this

technique is shown below.
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Fig.3 Absolute values of the voltage across a sample of metal-GaAs-metal device
carrying a constant current as a function of the temperature as indicated by the
chromel-alumel thermocouple reading, cooling toward left. Each constant current
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curve at higher temperature splits into two curves at lowcr temperatures. The
splitting indicates the existence of a blocking contact barrier, each branch for one
polarity of the applied voltage. The dashed line separates the pure bulk- property
region, to the right of this line the resistance is due to the bulk properties only

(after Tantraporn, 1970). V
ﬁ&‘ W
Note that the DA nie contact. Furthermore it detects

_ mvarsa bias, when it needs a

{ the small barrier effect.

the existence of the

larger applied voltage.

It will be seff g AMERDE R MBRIA BNtN cfroctive for metal-thin

‘!'
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Iﬁ?g has symmetric [-V

characteristic is regarded as "bulk". So "bulk need not be the same everywhere.
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Thc model assumed that a metal-semiconductor contact, whether forming a
sharp metallurgical discontinuity or diffused region, can be represented by an
effective barrier height Beff. The equilibrium flux across the barrier is given by

a pseudo-Richardson equation with an effective mass m* (Tantraporn, 1970:

Tantraporn and Stephens, 1980). As long as the current demand is less than the




"Richardson" current, the barrier offers no resistance and the contact is "ohmic".
A semiconductor sample with two electrical contacts will sustain the same voltage
for both polarities of the same current as long as both contacts are ohmic,

regardless of the sample's geometry. This ohmic range is on the right hand side of

%,

“carrier flux unless a higher

the dash line in Fig.3.

At sufficiently low temperature, the small
contact in Fig.2, can

electric field near the intéffucedy pre j s Begf of the small contact

each current, there is the spli P 2. T that pseudo-Richardson equation

can be applied, i.e. I,"l"ar:llruggl:ﬁf,,_~ )3

A Vs
[ = 'jc * T2 exp i (3.2.2.1)
ﬂ%&n@%ﬂﬂ‘iﬂﬂ’]ﬂi

Richardson gonstant,

awaaﬁmwmﬁwmaa

where

At temperature lower than split temperature,identifying the blocking by the
small contact, there may be another temperature that pseudo-Richardson equation
can be applied for the large contact as well. This latter's blocking temperature
depends on the ratio of the two areas, and can be readily identified from the
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family of constant-current curves. The reader may recognize the powerful use of
this ratio, in the case of one dot vs. five identical dots in parallel, say, when

. emission of current is not uniform over the dot's area.
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