MOSFET models

LECTURE 19

Interim summary of MOSFET
Surface Potential Model

Drain |-V characteristic

SPICE MODEL (LEVEL 1)
Comparison of PSP and SPICE



Secs.
10.1,
10.2

Si MOSFET summary

Ox1de Tox

s I n- Source = L ~\. 1~ Drain I D

. Ey due to V causes
depletion and
mnversion

*E_ due to Vg causes
reduction in inversion
(effect 1s greatest near
the drain)

* Vs gives rise to a

channel voltageV ;(x)

GATE

OXIDE BODY
!
“Tox 0 W
(b)




Sec.

1031 Estimating the drain current
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Surface potential and the PSP model

.1' ~

L / E,\.(:f}
GATE OXIDE BODY

I | I .

I I I v

Tox 0 W 7

n(y) = n; o Er—Eri(y))/kT

n(B) = n;e=1¢8/F i

| 1
OB = E(EFé(B) — Erg)

n(y) = Nye [ (y)—2¢8]/ET

W
Q, = / —qn(y) dy
J 0



Introducing the channel potential V.(x)
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1 One expression for Q.

* Intermediate step in solving Poisson for y, gives the electric field E
* Gauss' Law relates E to Q_, the charge per unit area in the semiconductor

* Q. is f(x) because of V ;(x)
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semiconductor

semiconductor, but also, surface
(see fragment below)
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Sec Vgs = Vg, the flathand voltage
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103.1 Another expression for Q,
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103.1 Implicit expression for

Combine the two equations for Q) :
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See next slide for a plot of surface potential »s. gate bias
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Surface potential vs. gate bias
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* Mark y=0 and y=L on the figure.

* At the source, initially the
relation is linear. Why?

e At higher bias y increases less.
Why?

* Same behaviour at the drain, but
there is a dependence on V.

Why?

* Mark on the graph the regions of
moderate- and strong- inversion.
Note they are not the same for S
and D, and they depend on V.
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10.3.2 The Drain Current
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e Diffusion dominates in weak
Inversion

* Drift dominates in strong
inversion
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e Gate- and Drain- 1-V characteristics
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e Drain characteristic in

strong inversion
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at the drain

Hars A

In Saturation:
* Q,(L) becomes very small. (I=Qv, and v(L) is large).

 Field lines from gate terminate on acceptors in body.

* There is "no" charge at x=L that can be influenced by the drain.

* | saturates.
» Drain end of channel is NOT in strong inversion,

e but SPICE models assume that it is !

Saturation and loss of strong inversion
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From PSP:
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Development of SPICE Level 1 model
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10.4.3 Comparison of PSP and SPICE
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Ip=2Co | Ves — Vo — mi 25|, 205
Threshold-voltage model D= &%ox | PGS T 5| M
Differentiate wrt Vg to find Vg,

Surface—potential model

Vps = Vpssar =

Substitute into I to get Iy,

V4
VDS (V) / Dsat — ICGI [ eff

* SPICE LEVEL 1 has the correct form for the drain characteristic, but is not very accurate.

* However, its use of Vi is very helpful in formulating a simple algorithm for MOSFET operation.
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