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B-4-10 Surface States and Barrier Height at Metal-Gals Interface

M. 3. Tyagi
Deparitment of Electrical Engineering
Indian Institute of Pechnology, Eanpur 208016,India

Schottky Barrier contacts have been fabricated by vacuum evaporatien of
thin films of six different metals (Mg,In,Al,Au,Bi and Sb.) onte chemically
cleaned n-type Gads substrates. Barrier height measurements for Bi and Sb con-
taots on Gaks have been presented for the first time and have not been reported
earlier.

The Gaks slices were lapped and pelished in bromine-methanel solution and
ohmic contgets were made to the surface containing Ga atoms by evaporating In-An
alley and heating the same in inert ambient, The barrier metals were evaporated

at a typiczl pressure of 10'6

Porr using either a tungsten filament or = moly-
bdenum boat ento the surface oppesite to that having the ohmic contact.

Most of the fabricated diodes exhibit nesr ideal I-V characteristies with
the value of ideality factor n ranging from 1l.06 to l.l. The barrier height on
each contact was determined from the usual C-V and I-V measurements. In the C-V
method the intercept V_ of 1/C? versus applied voltage plet was determined and

the barrier height 9p was obtained from the relations

9g = a (¥, + V) + kT (1)
Where qV, represents the depth of the Fermi-level below the conduction band
edge. In the I-V methed the saturation current density J - of the contact was
determined from the measurement of the forward I-V characteristios and then ?3

was caleulated from J a°

J’,-fr‘axp[-'—n;g—] (2)
The value of the Richardsons constant A" has been estimated from the setivation
energy plot of I /13 versus 1/T shown in Pig. 1. Prom this plot 4 = 131 smp/
oem? °K‘, which is significantly different from that reported earlier,

One of our significant ebservations has been that the values of 9 Obtained
from equation (2) could be brought into sgreement with these obtained from the
C-V method only whemn the men ideal nature of the diodes was taken into considera-
tion and the measured value of n was substituted inte equation (2). When this
was not done and n was put egual to unity, as has been dione by the previous
werkers, the values eof 9 Obtained from equation (2) were about 10 to 12%
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less than those obtained from eguatien (1).

In an effort te correlate the barrier height values with the metal work
function and the surface properties of Gads the average ?5 values are plotted
againgt the metal work function Px in Fig. 2. In chosing the Py values we have
put reliance on the most recently determined values. Frem the analysis of this
plot the following results are obtained
(a) If we disregard the point represented by Al, then the equation of the plotted
data ean be represented by the straight line

Pp = 0.12 g + 0.37 (3)

With the known values of the electron affinity, thickness and permittivity
measured on the chemically etched surfaces of Gads this equation leads to a
density of 3.4xloustatea/ou‘ ev at Gads surface and the pimning of the Fermi=
level at 0,32 Eg above the valence band edge. These results alongwith egua—
tion (3) are significently different from the esrlier results.

(b) From Fig. 2 one notes that ¢p Value for Al is smaller than those for In
and Sb although Al is reported to have the largest work function among the three
metals, It is thus clear that the more recently determined value of "'H"‘"H ev
for Al is too large to prediet the correct value of 9p On Gals and the older

value of 3,75 ev is more consistent with our experiment results.
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