EE224
Class 3

D .W. Parent

Class 3



A Review of MOSFETSs

Diodes

Symbols

Fabrication

Regions of Operation
|deal Characteristics
Short Channel Effects
Design Perspective

Class 3



Diodes

N-type semiconductors have excess electrons
which behave like electrons in free space with a
modified mobility

P-type semiconductors have excess vacancies
which behave like electrons with a positive charge

When a P region touches an N region the
electrons and holes diffuse to the onsite regions.
recombine and create a depletion region.

Thisis called adiode and current passes more
easlly in one direction than the other.
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MOSFETS

e Put two diodes back to back.
— No current can flow

— change the conductivity type of the material
between the two connected diodes and current
can flow.

— Change it more and more current can flow.

— We change the material by applying an electric
field through a capacitance.
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Symbols
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_Tvo o

' -

R
ke

. S
| £
|\

+VERSION
+EJ

+E1

+K38
+DVTOW
+DvT0

* DATE: Aug
* LOT: T550
* Temperature parameters=Default
-MODEL CMO3N NMOS (

3

5/05

-1

1E-7

a
Z
o
1

-5911956
-3408239

-6194989

Class 3

open close

WAF:

THOM
NCH
EZ

wWo
DVT1wW
DVYT1

(

4004

= 27

= 2.3549E17

= 3.92174ZE-3
= 1E-1

=0

= 0.4434883

LEVEL
TOX
VTHO
E3
NLX
DVTZW
DyTZ

DORROB&

=]

-.1E-9
-3721873
-000151E-3
-631Z14E-7

-0377411



Capacitance Effects and Self-
Aligned Transistors

 There are several capacitances that limit the
high frequency operation of MOSFETS.

 Non-Self Aligned isthe worst case due to

the metal overlapping the source and drain
regions.




Basic Fabrication Steps

NWELL
ACTIVE
POLY
NSEL
PSEL

CC
METAL1
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Modern Enhancements

Thin gates oxides

Lightly doped drains

High K dielectrics for gate

Tungsten plugs

Copper interconnect

Low K dielectrics

Deign for manufacturability at the mask level
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|deal MOSFET

e Cutoff, Linear and Saturation
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Simple Gate Capacitance

 This changes with switching activity but is
usually between 2/3 and 1 of below.

Ci = CoeW-L
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Drain Capacitance

 Thedran bottom and side wall have different
doping gradients and thus different depletion
widths, and thus different capacitances.

— These are lumped into CISW and CJ parametersin the
spice deck.

— Aswe know depletion capacitance changes with
voltage

* We use an averaging method that reduce the drain cap about Y2
the value when Vdiode=0
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Problems

* Reliability problems
— electro-migration
— hot-carrier degradation
— oXide break down
— electrical over stress

 Models stop working!!!!

Class 3

13



Short-Channel Effects

— Any MOSFET that behaves as if its channel
length is short.

o X] closeto Leff
— electron drift characteristics
— modification of the threshold voltage
— Large sub-threshold conduction current
« Mobility
— saturatesif transverse eectric field is more than 10°V/cm
— degrades with increasing vertical electric field as well.

» Electron or holes are “ squeezed” too close to the
surface.
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Current

* The (Vs V1)? relationship changesto one
of (VesVr)3

IDSAT :\NudsatCox(\/GS B VT)

* The mobility degrades with increased gate
voltage

I
(eff ) = o
h 1+h(VGS' VT)
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Threshold Voltage

« Long Channel assumed:

— depletion regions of the source and drain are small compared to the
channel length

— Theregions are rectangular so the threshold voltage would be the
same but the channel length would be effectively reduced.

e Short channel

— depletion regions of the source and drain are large compared to the
channel length

— Theregions are trapezoidal so the threshold voltage would be the
same but the channel length would be effectively reduced.
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Threshold Voltage

* |n practice we use an empirical formula:

VTOSC :VTOLC -

a

L(microns)

microns
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Other Small Geometry Effects

e Short Channeal Width Effects

pxdm
ANy

_ 1
DVion.cw. = Cox \/ 2qes Na‘Zf F‘
e Sub threshold current
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Design Perspective

e Threshold drops
— Pass transistors (Vdd-Vt), body effect
— Need to use complementary gates
 Leakage current
— subthreshold
— tunneling reduces charge storage time
— use more power in standby
— Increase delay
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Design Perspective

VDD
— Velocity saturation limits the benefits of alarge VDD.
— Decreases noise margin

 Delay

— seriestransistors see less Efield so are less velocity
saturation so are faster than you would expect

e Matching
— Keep things close
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Summary
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