Contact potentials




Contact potentials

“M1and M2 Material are without external i e
field

“ When the two materials are brought together, at
first carriers move from one to the other..

“ No electric field at first and carriers move

= Electric field establishment — Carrier movement ..,
inhabitation!

* Contact potential: Depending on the two
materials, the potential change can occur on both 24
sides of the junction
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Contact potential...

*Work function concept
= Eg: Vacuum energy level
= ®,.m (V): Work function divided by g

= The work function is a measure of how difficult it is for an
electron to leave its host material

M M2

= Electrons move form M1 to M2

* When electron movement finished?
- If electron in M2 material gain q®,, - 9®,,,, Energy! Why2 T f --------- { "G [:R --------------- + ---------
= Contact potential gy ar)

Pyimz = Dwimz — Bw,mi & 9bw.m2
° Work function complexity Ery
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Contact potential...

=Work function in semiconductors:
bws =x+E;/2q + ¢p
= X: electron affinity
= Forsilicon: ¢, ¢ = 4.05 eV
= For degenerate semiconductor:
ntype: dy,s = X
p-type: dys = x + Eg/q

“Example:

] e — T Tl e

Bl ey
E [ R 1

n-type Ptype

* Find the contact potential of aluminum to p-type silicon with a doping of 107 cm3, at room temperature. Assume
that the work function potential of aluminum is 4.1 V.

bws =x +E;/2q + ¢p = 405+ 0.56 + 0.42 = 5.03 V

¢W,Al == 41 V

Pas =503—-41=093V
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Contact potential...

=Several Materials in Series
YL = Omimz + Gmamz + -+ Pumn-1)mn

Y
=K(L¢W,M2 —bwm1) + (DPwmz—dwm2) + -+ (Pwmmn-1)"Pwmmn-2))
+ (¢W,Mn_¢w,M(n—1))

YrL = Gwmn — Pwm
*Can we measure the potential ¢, with a common voltmeter?
Ypc = mumt + Vrr + Punmu = 0

*No matter how many materials are in the loop, the electrostatic potential
difference between its two ends depends only on the first and the last
material and cannot be measured by a common voltmeter.
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Contact potential...

=Consider following case where ideal voltage source connected in
series with other materials:

l/)KL el T ¢W,Mn = ¢W,M1

*Now consider a voltmeter connected to M1 and Mn material  source Voltage

terminals ~ source

lpBC e T

“Contact potentials never seem to enter the picture when one
works with circuits, provided all contacts are at the same
temperature. (c)

“Neglecting contact potentials can lead to serious errors.
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