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Simulation - Netlist

Netlist and schematic
« Component models

NETLIST:
vdd
ibias o

Source: Johns & Martin, Analog
Integrated Circuit Design
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Simulation - transistor model

Challenges:

- How to model the transition
between the different regions?
« Capacitances
o Output resistance
« Short channel effects
« Mobility degradation
e Ea et « Velocity saturation
Impact « Geometry dependent parameters
« Mobility
« Temperature dependence

rol Channel-Length
Modulation

N

e
Vps

Figure 16.11 Overall variation of output resistance as a
function of Vpg.

Source: B. Razavi, Design of Analog CMOS Integrated Circuits
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BSIM- model

Example: threshold voltage

Long-channel, uniform doping:
Vi, = VTHO + y(V(®s-V,,.) -V®s)

Non-uniform doping:
Vi, = VTHO + K1(V(®s-V,,) -V®s)
- KZVDS
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BSIM4.6.2 MOSFET Model

-User's Manual

Wenwei (Morgan} Yang, Mohan V. Dunga, Xvemei (Jane) Xi, Jin He,
Weidong Liu, Kanyu, M. Cao, Xiacdong Jin, Jeff J. Ou, Mansun Chan,

Ali M. Niknejad, Chenming Hu

Department of Electrical Engineering and Computer Sciences
University of California, Berkeley, CA 94720

BSIM4.6.2 Manual Copyright © 2008 UC Berkeley




BSIM - Summary

e The model is:

- Physics based - some fitting parameters
- Accurate
- Scalable

- > 100 parameters
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Simulation - process corners

« How do we take into account process variations?
- Lot to lot
- Wafer to wafer
- Die to die

« These variations are translated to speed
variations

- Typical sty

- Slow T P

- Fast

Figure 16.17 Process corners based
on speed of NMOS and PMOS devices.
Source: B. Razavi, Design of Analog

CMOS Integrated Circuits
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Simulation - Example

Amplifier:
« 2-stage Opamp
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Simulation - Example

Simulations:
« DC, time domain, frequency domain, noise, RF, ...

Example:

« Opamp in negative w® I
feedback configuration o

A, =V /v =1+90kQ/10kQ=10
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Simulation - Example

Non-inverting amplifier with differentiator

VvV (S) =1+ R/ Z;
=1+ 5sCR,
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Simulation - Example

Open-loop opamp:
Frequency response
« Amplitude

« Phase
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(£i.c/7/0M T.05307) deita: (¥ —131.9135)
(21.8776M --130.86) slope: undefined
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Simulation - Example

Amplifier in unity gain:

« Step response - time
domain

Transient Response
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Simulation - Example

Amplifier in unity gain, AC simulation:
e Linearized circuit parameters!

AC Response
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Simulation - Example

Noise simulation:
« Noise vs frequency
« Referred to input/output
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2 minute question!

Discuss in groups of 2 or 3 the following questions:

- What is the fundamental difference between transient
and AC simulation?

- Which one is more time consuming?
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Layout - Design rules

Geometﬂcai dESign rUIes Ali oumbers are niGimUm

dimensiong in micron

Wire rules

Maximum distance betwean two
substrate contacts = 50
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CAD tool:

o Design rule check
E.g. Cadence Assura

Example of design rules for a
0.35um CMOS
technology:

http://www.eit.Ith.se/fileadmin/
eit/courses/eti063/geometry

035.pdf
(see also Course Material)
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http://www.eit.lth.se/fileadmin/eit/courses/eti063/geometry035.pdf
http://www.eit.lth.se/fileadmin/eit/courses/eti063/geometry035.pdf
http://www.eit.lth.se/fileadmin/eit/courses/eti063/geometry035.pdf

Layout - Comparing layout and schematic

B{#;5CDS: LV3 version 4.3 $2/28/2001 23:53 (cds23) &

LVS:
L ]
=1 ) 2L QMES as <
« Layout vs schematic

- Compare netlists et
- Compare device sizes —

- Compare terminals

CAD tool:
e Assura

Only after running a succesful LVS
the parasitics can be extracted

« Select Assura > Run RCX to do
this
Then, the extracted view can be used
in post-layout simulations

« Tool: schematic view config

ams2008new/ILVS/schematic/netlist
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General information on Cadence & CADtools:
http://www.eit.Ith.se/cadsys/cadence.html

(note that the lab manual precedes over the general
information!)

Simulator used in this course: GoldenGate
http://www.eit.lth.se/cadsys/goldengate.html

Golden gate manuals can be found at
'fusr/local-eit/cad2/agilent/GoldenGate-4-2-0/doc/gg_help.html
(Copy link to the browser on a computer in E:2435)

1
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Extra - BSIM - manual

Contents
Chapter 1: Effective Oxide Thickness, Channel Length and Channel Width
1.1 Gate Dielectric Model
1.2 Poly-Silicon Gate Depletion
Chapter 2: Threshold Voltage Model
2.1 Long-Channel Model With Uniform Doping
2.2 Non-Uniform Vertical Doping
2.3 Non-Uniform Lateral Doping: Pocket (Halo) Implant
2.4 Short-Channel and DIBL Effects
2.5 Narrow-Width Effect
Chapter 3: Channel Charge and Subthreshold Swing Models
3.1 Channel Charge Model
3.2 Subthreshold Swing n
Chapter 4: Gate Direct Tunneling Current Model
4.1 Model Selectors
4.2 Voltage Across Oxide V,,
4.3 Equations for Tunneling Currents
4.3.1 Gate-to-Substrate Current (I = Ippace + Igbiny)
4.3.2 Gate-to-Channel Current (/) and Gate-to-S/D (/g and I,,)
4.3.3. Partition of I,
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BSIM - manual

4.3 Equations for Tunneling Currents
4.3.1 Gate-to-Substrate Current (Igp, = Igpace + Lgpiny)
4.3.2 Gate-to-Channel Current (/;c9) and Gate-to-S/D (I and I,,)
4.3.3. Partition of I,

Chapter 5: Drain Current Model

5.1 Bulk Charge Effect

5.2 Unified Mobility Model

5.3 Asymmetric and Bias-Dependent Source/ Drain Resistance Model

5.4 Drain Current for Triode Region

5.5 Velocity Saturation

5.6 Saturation Voltage Vg,

5.6.1 Intrinsic case

- e TTTTT—————
BSIM4.6.2 Manual Copyright © 2008 UC Berkeley
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5.7 Saturation-Region Output Conductance Model

5.7.1 Channel Length Modulation (CLM)

5.7.2 Drain-Induced Barrier Lowering (DIBL)

5.7.3 Substrate Current Induced Body Effect (SCBE)

5.7.4 Drain-Induced Threshold Shift (DITS) by Pocket Implant
5.8 Single-Equation Channel Current Model

5.9 New Current Saturation Mechanisms: Velocity Overshoot and Source End Velocity
Limit Model

6.9.1 Velocity Overshoot
5.9.2 Source End Velocity Limit Model
Chapter 6: Body Current Models
6.1 I;; Model
6.2 Igpr, and Igis, Model
Chapter 7: Capacitance Model
7.1 General Description
7.2 Methodology for Intrinsic Capacitance Modeling

7.2.1 Basic Formulation

7.2.3 Single Equation Formulation

7.2.4.Charge partitioning
100920 7.3 Charge-Thickness Capacitance Model (CTM
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7.2.3 Single Equation Formulation
7.2.4.Charge partitioning

7.3 Charge-Thickness Capacitance Model (CTM)

7.4 Intrinsic Capacitance Model Equations
71.4.1 capMod =0
7.4.2 capMod = 1

- 7.5 Fringing/Overlap Capacitance Models
7.5.1 Fringing capacitance model
7.5.2 Overlap capacitance model
Chapter 8: New Material Models
8.1 Model Selector

- _______ ________ __ _____ ______ __ ____  __ _ __________________ ______________ ]

BSIM4.6.2 Manual Copyright © 2008 UC Berkeley
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8.4 Non-Poly Silicon Gate Dielectric
Chapter 9: High-Speed/RF Models
9.1 Charge-Deficit Non-Quasi-Static (NQS) Model........c.cccoovniriinrrriineninnenn.
9.1.1 Transient Model
9.1.2 AC Model
9.2 Gate Electrode Electrode and Intrinsic-Input Resistance (IIR) Model ,
9.2.1 General Description
9.2.2 Model Option and Schematic
9.3 Substrate Resistance Network
9.3.1 General Description
9.3.2 Model Selector and TOPOIOZY ....ccecueereuereerieeiieiierearrsessesssesneseesseeseessasseasenses
Chapter 10: Noise Modeling
10.1 Flicker Noise Models
10.1.1 General Description
10.1.2 Equations
10.2 Channel Thermal Noise
10.3 Other Noise Sources Modeled
Chapter 11: Asymmetric MOS Junction Diode Models.........cccooeeriiciriiniinccnncnniiennen
11.1 TIunction Diade TV Madel
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10.3 Other Noise Sources Modeled
Chapter 11: Asymmetric MOS Junction Diode Models
11.1 Junction Diode IV Model
11.1.1 Source/Body Junction Diode
11.1.2 Drain/Body Junction Diode
11.1.3 Total Junction Source/Drain Diode Including Tunneling
11.2 Junction Diode CV Model
11.2.1 Source/Body Junction Diode
11.2.2 Drain/Body Junction Diode
Chapter 12: Layout-Dependent Parasitics Models
12.1 Geometry Definition
12.2 Model Formulation and Options
12.2.1 Effective Junction Perimeter and Area
12.2.2 Source/Drain Diffusion Resistance

12.2.3 Gate Electrode Resistance

BSIM4.6.2 Manual Copyright © 2008 UC Berkeley
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12.2.4 Option for Source/Drain Connections
12.2.5 Option for Source/Drain Contacts
Chapter 13: Temperature Dependence Model ...
13.1 Temperature Dependence of Threshold
13.2 Temperature Dependence of Mobility ..........ccccovvviriiiincniinnnciine,
13.3 Temperature Dependence of Saturation Velocity ..........cocooeciiiiconiniiciccncennnn
13.4 Temperature Dependence of LDD ........c.ccccoiccnimnninininiinnicsneienens
13.5 Temperature Dependence of JUnCtion...........cccovvvvvieiriiiinnininnecccnc e
13.6 Temperature Dependence of Junction Diode CV ..o
13.7 Temperature Dependences of E; and n;
Tyl 14l Si5ems | HEEE WMIEEIE oo s usimomaienosisoanommons
14.1 Stress Effect Model Development............cccoieiieinerieicnieeseenee e sesneesnens
14.1.1 Mobility-related Equations
14.1.2 Vth-related Equations
14.1.3 Multiple Finger Device
14.2 Effective SA and SB for Irregular LOD..........cooiiiiiiinicceccccee
Chapter 15: Well Proximity Effect Model..........cccorviviiiiniiiiiniiiiiiiisine s
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14.2 Effective SA and SB for Irregular LOD
Chapter 15: Well Proximity Effect Model
15.1 Well Proximity Effect Model............coooiiininiicccicccrcccere e
Chapter 16: Parameter Extraction Methodology
16.1 Optimization strategy
16.2 Extraction Strategy
16.3 Extraction Procedure
16.3.1 Extraction Requirements
16.3.2 Optimization
16.3.3 Extraction Routine
Appendix A: Complete Parameter List..........ccivviiiiiinimmiinne,
A.1 BSIM4.6.2 Model Selectors/Controller
A.2 Process Parameters
A.3 Basic Model Parameters
A.4 Parameters for Asymmetric and Bias-Dependent Rds Model

A.5 Impact Ionization Current Model Parameters
S ——

BSIM4.6.2 Manual Copyright © 2008 UC Berkeley
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A.6 Gate-Induced Drain Leakage Model Parameters
A.7 Gate Dielectric Tunneling Current Model Parameters
A.8 Charge and Capacitance Model Parameters
A.9 High-Speed/RF Model Parameters
A.10 Flicker and Thermal Noise Model Parameters
A.11 Layout-Dependent Parasitic Model Parameters
A.12 Asymmetric Source/Drain Junction Diode Model Parameters
A.13 Temperature Dependence Parameters
A.14 Stress Effect Model Parameters
A.15 Well-Proximity Effect Model Parameters
A.16 dW and dL Parameters
A.17 Range Parameters for Model Application
A.18 Notes 1-8
Appendix B: Core Parameters
Appendix C: References
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