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Lecture 10 - MOSFET (II)
MOSFET I-V CHARACTERISTICS (cont.)

March 13, 2001

Contents:

1. The saturation regime

2. Backgate characteristics

Reading assignment:

Howe and Sodini, Ch. 4, §4.4

Announcements: Quiz #1, March 14, 7:30-9:30 PM,
Walker Memorial; covers Lectures #1-9; open book; must
have calculator.
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Key questions

e How does the MOSFET work in saturation?

e Does the pinch-off point represent a block to current
flow?

e How come the MOSFET current still increases a bit
with Vpg in saturation?

e How does the application of a back bias affect the
MOSFET I-V characteristics?
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1. The saturation regime

Geometry of problem:

VBS —

Regimes of operation (Vg = 0):

o Cut-off. Vas < Vi, Vap < Vip:

no inversion layer anywhere underneath gate
Ip =20

o Linear: Vs > Vp, Vap > Vrp (With Vbg > O):
inversion layer everywhere underneath gate

W Vv,
Ip = "7 1nCorlVos - %S — V) Vbs
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e Saturation: Vg > Vi, Vap < Vp (Vpg > 0):
inversion layer " pinched-off” at drain end of channel

|44

[sa:—nox — :
Dsat 2LA6(7 (Vas — Vr)

Output characteristics:

VDSsat=VGS-VT

linear : saturation

VesT

VGs=VT

v

cutoff VDs
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O Review of @), £, and V. in linear regime as Vpg
Increases:
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Ohmic drop along channel debiases inversion layer
= current saturation
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O What happens when Vpg = Vgg — Vip?

Charge control relation at drain:

Q?”L(L) — _OO:U(VGS — VDS — VT) =0

No inversion layer at end of channel??!! = Pinch-off
At pinch-oft:

e charge control equation inaccurate around Vp

e clectron concentration small but not zero

e clectrons move fast because electric field is very high
e dominant electrostatic feature: acceptor charge

e there is no barrier to electron flow (on the contrary!)

inversion layer

depletion regions p
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Voltage at pinch-off point (V' = 0 at source):

G

V(L)=Vpssat~VesVT

Drain current at pinch-oft:
o lateral electric field o< Vpssr = Vag — Vr

o electron concentration o< Vg — Vi
2
= [Dsat X (VGS — VT)

Also, L | — |E,| T:

]Dsat X —=
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O What happens if Vpg > Vigg — Vi?

Depletion region separating pinch-off point and drain widens
(just like in reverse-biased pn junction)

G
| D
_— Fuall
V(L-AL)=Vpssat=Vas VT ‘ P
L-AL L y

To first order, Ip does not increase past pinchoft:

W

e . 2
QLNnCO:c(VGS VT)

ID — [Dsat —

To second order, electrical channel length affected
(”channel length modulation”): Vpg 1= L |= Ip

1 1 AL
14+ —)

Inox ——  ~o
pox A = Ut
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Experimental finding:

AL VDS - VDSsat

Hence:

AL

— = A — sa
7 (Vbs — Vpssat)

Improved model in saturation:

W

]Dsat — ﬁ,uncoxa/GS — VT)Q[l + >\<VDS — VDSsat)]

Also, experimental finding: o \\L/DSsat

1
)\O(Z

Typical value:

01 pm-v—1
A= L

for L =1 um, increase of Vpg of 1 V' past Vpgsar results
in increase in Ip of 10%.
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2. Backgate characteristics
There is a fourth terminal in a MOSFET: the body.

What does the body do?

VBS _—

p } }
0 L y

Body contact allows application of bias to body with re-
spect to inversion layer, Vpg.

Only interested in Vpg < 0 (pn diode in reverse bias).

Interested in effect on inversion layer
= examine for Vg > Vi (keep Vg constant).
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Application of Vg < 0 increases potential build-up across
semiconductor:

—2¢, = —2¢, — Vps

Depletion region must widen to produce required extra

field:

0 Xdmax(VBs)

Qn
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Consequences of application of Vg < 0:

¢ _2¢p = _2¢p — VBS

o |QB| T:> Ldmax T

e since Vg constant, V,, unchanged
= FE,, unchanged
= |Qu = |Qa] unchanged

¢ |Qs] = |@n[+|Qp| unchanged, but |Qp| T = Qx| |

= inversion layer charge is reduced!

Application of Vgg < 0 with constant Vg reduces elec-
tron concentration in inversion layer = Vp
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How does Vi change with Vgg?

In V7 formula change —2¢, to —2¢, — Vps:

VEP(Vps) = Vep—2¢,—

010 : 265 No(—2¢, — Vis)
In MOSFETS, interested in V7 between gate and source:
Vag =Vas — Vs = VE¥ =V§® — Vg

Then:
Vi = Vit 4+ Vg

And:

Vi (Vis) = Vip—20y+ ¢2esqN (—2¢, — Vis) = V(Vas)

In the context of the MOSFET, Vp is always defined in
terms of gate-to-source voltage.
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1
Ve(Vis) = Ve = 205 + & 26:aNal =20, — Vs)

Define backgate effect parameter [units: V=1/2]:

1
7= V2€5q N,
And:
Vo = Vp(Vps = 0)
Then:

Vs

saturation
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Key conclusions

e MOSFET in saturation (Vps > Vpgsat): pinch-off
point at drain-end of channel

— electron concentration small, but
— electrons move very fast;

— pinch-off point does not represent a barrier to elec-
tron flow

® [p. Increases slightly in saturation regime due to
channel length modulation

e Application of back bias shifts Vp



