EGES535 Low Power VLSI
Design
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Intrinsic and extrinsic
Semiconductors
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Intrinsic semiconductor

(no carriers at 0° K) Intrinsic semiconductor N type semiconductor

(n; = p; at room temp ) (n; >> p; at room temp)

N type semiconductor P type semiconductor
(n; >> p; at room temp) (p; >> n; at room temp)
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PN Junction

P type semiconductor N type semiconductor
(p; >> n; at room temp) (n; >> p; at room temp)

P-N Junction
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PN Junction — Reverse Biasing

Reverse bias




NMOSFET

p+ silicon

Bulk (substrate) J
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PMOSFET

Polysilicon

Gate /
W Source _ Well

p-silicon
p+silicon

Bulk (substrate) J
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Objective: to have current flow
between Source and Drain
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NMOS Transistor

Gate Substrate
Polysilicon Capacitor

Gate ’Si
] < SIO.Z Gate w
.~ ( Drain

tOX
——

substrate j

p+ silicon

Bulk
(substrate)
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Capacitor Charging

= o=

The MOS Capacitor

Negative Voltage to Poly

7
SiO, !!

Holes accumulate
near the top




The MOS Capacitor

Very Small Positive Voltage to Poly

++ ++ +t+ 4+ + ++F++ + 4
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The MOS Capacitor

Small Positive Voltage to Poly

n << lons
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Threshold Voltage V,,

More Positive Voltage to Poly Vgs = Vin
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Strong Inversion

Much More Positive Voltage Voo >>Vy,

gs

n>>lonsf = -

5000, ¢
: _Q_Q_ :
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Threshold Voltage V,,

Less Positive More Positive
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Much More Positive

gt bk

V;, Minimum Voltage for
Inversion
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Cutoff: I,, =0
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First Approximation:
Threshold Voltage

No surface electrons Plenty of surface
electrons

Damu, 2008 EGES3S5 Fall 08, Lecture 2

Surface Charge with V

Enough electrons Much More electrons
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Cutoff: I,, =0
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Linear: | increases with V

Linear:

Resistive region
]

Vd‘; B Z(Vu‘; - Vlh)
> Neglect V2

lgs = k'n %(Vgs —Vin )Vds

W 1
lgs = kn L[(Vgs =V )Vds _2Vd251|
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l;s Linear :
Resistive region

025.71V

W 1
lgs = kn L[(Vgs = Vi )Vds _2Vd251|
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PlnCh Off: VdS = Vgs-Vth

1 Pinch off, Q =0
Velocity saturation

VdS = VgS —_ Vth —- ng
= Vin
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Saturation: |y, independent of V
Vds > Vgs_Vth

Pinch Off extends
W 1.2 No channel !!
ds =Kn f{(vgs ~Vih )Vds *Evds}

I
For V>V -Vy, T—> Vds = Vgs-V,, s
Velocity saturation: |, constant

lds =%kln %(Vgs —Vth)z
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Regions of Transistor Operation

1. Linear region: V. > V,, Vos < Ves = Vi
V4, - threshold voltage

resistor
W TS | ,. Saturation
ds = Kn f(Vgs —Vin )Vds = Triode =

. ‘ region
1 Triode ‘ o Vg=2v

W j ‘Saturation =
Kn T(Vgs_vth) ‘ 2= Ves 1V

W 1.2
lgs =Kn f{(vgs = Vi )Vds _Evds}

2. Saturation region:
Ves > Vin Vs 2 Vs - Vi,

=

1 W
s :*kn*(vgs—vth)z et R=—S=——17 6
2 L as k'n%[(Vgs—Vth)z]
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"W 1.2 W .
lgs =kp f[(Vgs -Vin )Vds 7§Vds} n —Aspect ratio

k'n = n Cox —Process Transcondietance
#n —Mobilityof surfaceelectrons
Cox —Gate Capacitane/ Unit area

Cox =<, =gy & Permitiviy of S;0;
tOX
& Relative permitiviy =3.9

0—14

&o Permitiviy of freespace = 8.854x10" F/cm

tox Gate Oxide thickness ~200° =20nm

L :k'n % — Devicetranscondetance

Cox =1.725fF/um?
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Channel Length Modulation

Pinch Off extends
channel length reduces

0.005 < A <0.02V-!
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PMOSFET
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PMOSFET: No current

Vi =0

|Vgs | > |V1h |
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PMOSFET: Current flow

| Vas >0

|Vgs | > |V1h |

V,s & V4 Negative voltages

gs
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PMOS Transistor

1. Linear region : Vesl > Vil
Vi, - threshold voltage (Min for inversion layer)

Ids=k'n%(vgs—vm)\/dS IVpsl << |Vgs = Vil Deep Triode

Ids=k'n%[(vgs—vm)vds—§vci} IVosl < 1Vgs = Vil Triode

2. Saturation region: |V | > |Vl

|ds=%k'n%(vgs_vth)2 IVosl 2 Vs - Vil
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N

nFET symbols

PFET symbols

(G = gate; S = source, D = drain; B = bulk; W = well)
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