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What is a model?

1. An intuitive and conceptual abstraction
of a complex physical process

2. A mathematical abstraction of a

complex physical process that is capable
of predicting experimental observations.
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What is a MODEL?

1. An intuitive and conceptual abstraction
of a complex physical process

2. A mathematical abstraction of a

complex physical process that is capable
of predicting experimental observations.
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MOS fluidic analogy: a conceptual model (1)  Fromwead and conway
MQOS Capacitor MQOS Transistor Varia Bias
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NMOS as a switch/resistor: a conceptual model (II)

No electrical connection
between drain and source

0 1
Source / Drain Source W Drain
NMOS off NMOS on
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PMOS as a switch/resistor: a conceptual model (llI)
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What are the physical values for 0 and 1
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MOS switch model relation to |-V characteristics (I)

Ids
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180nm technology

Vds

With digital input
on gate the

device is either
ON or OFF



MOS switch model relation to |-V characteristics (ll)

Ids

With digital input
on gate the

device is either
ON or OFF

Approximate ON
with the blue line

Vds

180nm technology

Ron ~ 3.3 V/0.55 mA = 6K
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What is a MODEL?

1. An intuitive and conceptual abstraction
of a complex physical process

2. A mathematical abstraction of a

complex physical process that is capable
of predicting experimental observations.
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Conduction —ohmic- vs saturation

Device operation characterized by the form of the current as a function of
the bias voltage between the DRAIN and the source terminals (Vds)
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Above threshold vs sub-threshold behaviour

Device operation characterized by the form of the current
as a function of the bias voltage between the gate and the
source terminals (Vgs)
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MOS transistor mathematical model
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Mathematical model —above threshold-

If Vg <O
I,,=0

If VDS = VGS - VTO

(W \UO ) gue, 2
saturation 1= 7[5 Jos Ve~ ¥0)

If VDS < VGS - VTO

: w £, V2
Ohmic IDSZ(TJUOTOO—)F( (VGS_VT)VDS_ 55

0= 8.85 107" F/m is the absolute permittivity

&= relative permittivity, equal to 3.9 in the case of SiO2 (no unit) VT — VTO + »y( / ¢ — VB — /q) )

Mos Model 1 parameters
Parameter Definition Typical Value 0.12um
NMOS PMOS
VTO Theshold voltage 0.4V -0.4V
U0 Carrier mobility 0.06m’/V-s 0.02m°/V-s
TOX Gate oxide thickness 2nm 2nm
PHI Surface potential at strong inversion 0.3V 0.3V
GAMMA Bulk threshold parameter 0.4V 0.4 V% M Od € | pa ram ete rs
W MOS channel width lum lpym
L MOS channel length 0.12um 0.12um
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Above threshold vs sub-threshold behaviour

Device operation characterized by the form of the current
as a function of the bias voltage between the gate and the
source terminals (Vgs)
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Mathematical model —subthreshold-
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Operating current for an NMOS

Vds(Vi
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Operates on one of two
curves

on

— Looks like a current
source initially (high V

— Looks like a resistor later
(low V)

off
— Open circuit always
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Operating current for a PMOS

] « Same behavior as
NMOS

« Open circuit when
off

 Current source or
resistor when on

-250

-300
2.5
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Computer Aided Design Tools

SPICE
Extraction

Digital Simulation Verilog

Extraction

LTSpice
WindSpice

[ 'SPICE Simulator
(3% Party)

Verilog File

FPGA Tools
Synthesis

Floorplanning
Place & Route

Programming
File

.bit or .ied

Verilog Compiler Constraints

Functional
Simulation ‘

nanoLambda Technology rule
Layout Editor files

1 Analysis
DRC, ERC
Delay Analyzer
Place & Route - Crosstalk Analyzer
2D Cross section
3D Analyzer

ModelSim
/ other

Layout Extraction “
l ProTHUMB
Advance post layout
10 Cards - simulator
Traffic Light Layout Conversion
Controller, SPICE, CIF
Key Pad,
Display
FPGA / CPLD Boards (LCD, 7 segs)

Tape out to FAB.
CIF

http://www.microwind.net

() MICROWIND Tool
() 3%Party Tools
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