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From Semiconductor Physics and Devices: Basic Principles (4th Edition), Donald A. Neamen, McGraw
Hill, 2012, ISBN 978-0-07-352958-5.

p type metal(deg.-doped polysilicon)-oxide-semiconductor (MOS)

eV, / ey’ _""—-—-..._,_‘__‘_H_—_
L g E, ex’ e
ey 5 a5 172 F N -
.’#‘_---T---- -F' -
l, ) ¥ ”, '.”';"{ If.ll' \...._ L[
S p'poly ! - |
o | | e == T < 6T FF:
I poly : . L b s i e e e
type e E
E, p-typ '
M O S M O 5
(a) (b) p-type
Figure 10.14 | Energy-band diagram through the MOS structure with a p-type substrate at zero gate bias for (a) ann”

polysilicon gate and (b) a p* polysilicon gate.
» No metal work functions!
» For n+ poly, we get Ops = — (Eq/2e + dpp).
> For p" poly, we get dms = Eq/2¢ - dp.
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Figure 10.15 | Energy-band diagram through the MOS struc-
ture with an n-type substrate for a negative applied gate bias.

» Here, a negative voltage is applied to gate to get inversion.

» The metal-semiconductor work function is ¢pms = 0" — (Y + Eg/2¢€ - Osn).
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Metal-Semiconductor work function for various material and doping
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Figure 10.16 | Metal-semiconductor
work function difference versus doping for
aluminum, gold, and n~ and p~ polysilicon
gates. (From Sze [17] and Werner [20].)

» Note, for p-type substrates, ¢, decreases with increasing substrate doping
concentrations.

» Note, for n-type substrates, ¢,s increases with increasing substrate doping
concentrations.

> bms 18 lower (compared to metals) with degenerately-doped n* polysilicon
used in place of metal.

> bms 1s higher (compared to metals) with degenerately-doped p*™ polysilicon
used in place of metal.



