Fundamentals of Nanoelectronics

ECEA495 - Session 5, Sept 2, 2009
I-V characteristics
Ref: Chapters 1.3 and 1.4
Professor Supriyo Datta

Class notes taken by: Mehdi Salmani
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The vertical Axis is current | and it
could be assumed like Q.

This is for small Vp.
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For small and negative Vg, the energy window between p; and W,
does not contain DOS which are pulled up out of this window.

If we draw a logarithmic plot for Vg < Vy
the plot will be like above figure.

If Vp is very small then p; = g, =>f; = f, and hence N = _[dED(E -U) f,(E)

Dotted lines show the ideal I-V
characteristic. The continuous
lines show the real I-V.

Vv, =0.0251

0 0.2 04 0.6

Drain Voltage, Vd in volts -

Capacitors
aSN = Do (g°8N) — UgSN first part is for U, and second part is for Up(N-No)

2




Fundamentals of Nanoelectronics, Session 5
Sept 2 2009

6Q = (4"Do)6Ve
C = g°DoF = Coulomb? /Joules
=>06N = 1+DQUQ = DquVG

8Q = 6V qDo/(1+UgDo) = 8V q°/Ug= 8V Ce

Cp < :—A q°D, : quantum capacitance
Uo = qZ/CE E stands on electrostatic
1 6VG & 8V 6Q 1 + UODO & UO 1 1 1 yields 1 +
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Cerr 6Q ¢ 9Dy Dy~ q% Cp =~ q?Dy (g Cerr Co  Cp
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This equation shows which capacitance is smaller has more effect. In smaller device Cqis more

important.

When Vg < V7, Cq is really small and very important we are worry about Ug(N-Np).

N = ZI dED(E — U) fo(E) Here, if we shift f(E) is better than shift in D(E)

U=U,
= N = 2[dE'D(E") f,(E+U)

1
fo(B) = ——F = e~ E=W/KT Boltzman Approximation
1+ e kT

= N =2[dE'D(E") eV

We can get out e/" from integral

Vg
N~ e—U/kT ~e kT

Vg yields qVg

kT
Q~ ekT Q, — LnQ=LnQ0+ﬁ=>VG=7(LnQ—LnQo)

Subthreshold swing: The voltage required to increase or reduce I, (or Q) by one decade

Ln 10 x "q—T =~ 60mV



