Lecture9

MOSFET(I1)
MOSFET |-V CHARACTERISTICS(contd.)

Outline

1. The saturation regime
2. Backgate characteristics

Reading Assignment:
Howe and Sodini, Chapter 4, Section 4.4

Announcements:
1. Quiz#1: March 14, 7:30-9:30PM, Walker; covers
L ectures #1-9; open book; must have calculator

* No Recitation on Wednesday, March 14: instructors
or TAs available in their offices during recitation

times
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1. The Saturation Regime

Geometry of problem

VE.S -

*Er
Key Assumption (thusfar): Vo= 0= Vgg=Vgg

Regimes of operation:

e Cut-off: Vgg< V;
— No inversion layer anywhere underneath the gate

I, =0

e Linear: Vo>V and 0< V< Vgg-Vi:
— Inversion layer everywhere under the gate

W

15 = 4 1inCox| Vos =B _vip eV,
D—L',Un oX | VGS 5 T |® VDS
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The Saturation Regime (contd.)

e Saturation: Vs> V4, and Vs> V- Vo

— Inversion layer “pinched-off” at drain end of
channel
W

Ip =7 inCox[Vos ~Vr I

Output characteristics:

VDssat=Vas-VT
]-D- A
linear : saturation

vasT

Vas=VT

Y
>

0 cutoft VpDs

» Last lecture: To derive the above equations for |5, we
used for Qy(y), the charge-control relation at location y:

Qu(y) =-C,, [VGS =-V(y)-V; ]

for Vos—V(y) =2 V;. Notethat we assumed that (a)
Vgs=0= V5= Vg, and (b) Vs isindependent of y.
See discussion on body effect in Section 4.4 of text.
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The Saturation Regime (contd..)

Review of Qy, Ey, and V inlinear regime asV ¢
|NCreases:

|Qn1 A
« Vps=0
VDsT
0 —
0 LY
Ey -
VvpsT
___.—4;'5:'/ Vpg=0
0 '. L
0 L Y
Vo
G-

0 LV
Ohmic drop aong channel de-biases inversion layer
= current saturation.
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The Saturation Regime (contd.)
What happenswhen Vs =Vgs—V?

Charge control relation at drain:
Qu (L)= -C,, [VGS —Vps — Vs ]: 0

No inversion layer at the drain end of channel 7?2111
= Pinch-off.

At pinch-off:
« Charge control equation inaccurate around V-;
» Electron concentration small but not zero;
» Electrons move fast because electric field is very high;

« Dominant electrostatic feature
— Acceptor charge

e Thereisno barrier to electron flow (on the contrary!).

inversion layer : \
y depletion regions P
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The Saturation Regime (contd...)

Voltage at pinch-off point (V=0 at source):

V(L)=Vpgsat=VGas-VT
Drain current at pinch-off:

lateral electric field oc Vpey = Vs — V1
electron concentration oc Vg —V+

= g &€ [VGS _VT]Z

Also, LYy = E, T:

| oC i
Dsat 1
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The Saturation Regime (contd.)
What happensif Vo>V —V,?

Depl etion region separating pinch-off and drain widens

V(L-AL)=Vpssat=Vas-VT

L-AL Ly

Tofirst order, I, does not increase past pinch-off:

W

IDZIDsat OCZ.luncox .[VGS _VT]2

To second order, electrical channel length affected:
Ly =1, T

1 1[ ALJ
ID oC ~ 1+—
L-AL L L
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The Saturation Regime (contd.)

Experimental finding:

AL
— = A\Vps
L
with
A oci
L
Typically,
,_01 ymL ov 1

For L = 1pum, increase of V5 of 1V past V¢, resultsin
Increasein I, of 10%.

Improved model for the drain current in saturation:

W

Ip =L o 1inCox (Vs — V1 )2[1+/1VDS]
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2. Backgate Characteristics

Thereisafourth terminal in aMOSFET: the body.
What doesit do?

Key Assumption (thusfar): Vo= 0= Vg55=Vg

» Body contact allows application of bias to body with
respect to inversion layer, V..

e Only interested in Vg5 < 0 (pn diode in reverse bias).

* Interested in effect on inversion layer
— examinefor V5> V; (keep it constant).
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Backgate Characteristics (Contd.)

Application of V¢ < 0 increases potential build-up
across semiconductor:

—2¢p = —2¢ — Vas

Depletion region at the source must widen to produce
required extrafield:
P

{}j 0 Xdm ax(VBS)

tox

X

.- _{ENE

Qn

6.012 Spring 2007 Lecture 9

10



Backgate Characteristics (Contd.)

Consequences of application of Vgs < O:

* -20,=-20,- Vgs
* |QB| T — deaxT
e SinceV g isconstant, V,, unchanged

— = E,, unchanged
— = Q4| = |Qg| unchanged

* |Qgl = 1Qy| + |Qg| unchanged, but |Qg| T= IQu "
— = inversion layer charge is reduced!

C‘D‘*’m et
- C+};m i BT Tmect b gak

................... 1t podysilann gabe

///1 el intemaonnect btk V

For the same applied gate-to-source voltage V g,
application of Vg < 0 reduces the density of electrons
in the inversion layer, in other words V, T
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Backgate Characteristics (Contd.)

How does V- changewith Vo ?
In V- formula change —2¢,, to —2¢,, — Vg

GB 1
(Vas)= Ve — 26y ~Vis + = 2550Na(24p —Ves )
OoX

In MOSFETS, interested in V ; between gate and sour ce:

VB =Vas —Ves = VW0 = VP> — Vs
Then:
VESSVE® 1V,
And:

VI (Vs) = Vi - 200+ 1/283qNa( —2¢ - VBS)—Vr(VBs)

In the context of the MOSFET, V; isaways defined in
terms of gate-to-source voltage.
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Backgate Characteristics (Contd.)

1
VT (VBs) =Vre —2¢p + = \/285qNa (—2¢p —VBS)
0X

Define backgate effect parameter [units: V-12]:

1
Y= C_W/ 2650N4
oX
And:
V1o =V1(VBs =0)
Then:

Vr(Vas) =Vro + r-26p — VBs —{24p

|D A
Vos<VDssat

Ve

O wq(vgg) Vas
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Backgate Characteristics (Contd.)

i Measurement Hesults

MEASUREMENT RESULTS
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What did we learn today?

Summary of Key Concepts

« MOSFET in saturation (Vs 2 Vpsy): PINCh-off
point at drain-end of channel
— Electron concentration small, but
— Electrons move very fadt;

— Pinch-off point does not represent a barrier to el ectron
flow

e |y INCreases dightly in saturation regime dueto
channel length modulation

» Backbias affects V; of MOSFET
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