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Practical issues

Learning goals

Design project, tools and methods

Syllabus

— Very brief introduction to various circuit
building blocks

(sample-and-holds, bandgap references,
switched capacitor circuits, Nyquist- and
oversampling data converters, oscillators
phase-locked loops, CMOS technology
etc)




— Digital circuits
exploit mainly
transistors and
interconnect

—Mixed-Signal
(Digital AND
Analog) also use
resistors, capacitors
and inductors

—Work-horse of
modern Information
Technology

NEIHEE R
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» Challenge to integrate analog and digital (mixed-signal)
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INF4420 - Projects in analogue/mixed-signal CMOS design

e content - Learning outcomes - Admission - Prerequisites - Overlap - Teaching - Exam information - Other informat

Facts about this course: Credits: 10 Level: Foundation course at bachelor's level Teaching semester: Every spring semester Examination semester: Every spring semester Language of instruction
students, otherwise Norwegian Administrated by: Department of Informatics (1f)

Detailed course information - Current and previous semesters: Spring 2011

Spring 2010

Autumn 2003
Course content
he course provides the know-how and skills needed to design analogue and mixed-signal integrated circuit modules using moden program tools. The main focus of the course is complex systems such as data converters (AID, D/A) and
phase focked lops (PLL). An ntoductonis gven to CMOS techology and methods i order 0 mplement pasivecamponerts such s anssor,cannsers and coks. nadcin,mlching, optinisaton and rose deflecion e ll key
cts. The execution of project tasks will be a central part of the teaching,
L&ammg outcomes
‘Students will have the skills needed to design an integrated mixed-signal circuitin CMOS using modern design tools,

Admission
Students who are admitted to study programmes or individual courses at UIO must each semester register which courses and exams they wish to sign up for in StudenWeb,
International applicants, if you are not already enrolled as a student at UIO, please see our information about adission requirements and procedures for international applicants,

Prerequisites.
Formal prerequisites

In addition to fulfiling the basic entrance requirements to higher education in Norway, applicants have to meet the following special admission requirements:
Mathematics R or Mathematics (S1+52)

The special admission requirements may also be covered by equivalent studies from Norwegian upper secondary school or by other equivalent studies. Read more about special admission requirements.
Overlap

10 credits against I\ Prosiekter | analog/mixed-signal CMOS konsiruksjon. 6 credits against INF239. 3 credits against INF238

Teaching
3 hours of lectures and 2 hours of working in groups every week. Some of the teaching will be given as supervision in labs.
There are obligatory tasks to be handed in and passed in order to be admitted to take the exam.

Exam information

Individual grading of project assignment (50%)and final exam (ca 50%). Oralfwritien.

Assessment and gradins

Course grades are awarded on a descending scale using alphabetic grades from A to E for passes and F for fail

Course Auditor: Per Olaf Pahr

Other information

‘The subject is regarded equal to INF3420
Contact us

Department of Informatics (1)

Visiting addres

Informatics hullldng First floor, foom 2316, Gaustadalléen 23
Visiting hou:

Monday-fiday 12:00-15:00

Prosiekter | analog/mixed-signal CMOS konsiruksjon when practicing exam regulations.

Phone: +47 22 8524 10
Fax: +47 22 8524 01

mail: studieinfo@if.uio.ne
Web: vwwwifi.uio.no

Why ASICs (Application Specific
Integrated Circuits) ?7?

Advantages:

Reduced size
Improved performance and functionality
Easier to hide "company secrets”
Reduced cost

Reduced power consumption
Less radiated noise

Disadvantages:

Increased start-up cost

High power density - Heat
Hard to find top competence
Time consuming development and production
Substantial "Time-to-market”




— Transistors
» Several options
— Capacitors
* How to implement
* Linearity
— Resistors
* How to implement
e Area
— Inductors
» How to implement
* Quality factor
— Parasitic components
 Calculate
* Minimize

Design methods; digital from HDL;QEF"* “ \
full custom analog 2 O &

— Digital systems:
* Automatic
synthesis

—VHDL
—Schematic

— Analog systems:
* Module based
* Full-custom




Low Power..
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KISEL ELLER MJUKVARA
Och rill shut — 3r pendeln pi vig
att wvinga frdn mjukvara till hisd-
vara? dag handir all orm energi ,ﬂ NORDIC
Rorbrukning och i valer mellan

rammerbara  system och
E‘Eﬂr ASICMosningar 3¢ det m
ingen stérre tvekan om vad som '
ar energieffektivast. Och der blir
samitidigt all [reare art konstrue- -
ra med hialp av firdiga IP-block. s

Om det hir hade jag en lange B
och intressamt  sameal  med
Kathryn Kranen, vd for EDA-fo-
retaget Jasper. Kathryn Kranen ® ENERGY
hivdar med bestimdhet att hon o
ser all fler halvledarkonstrulkrio- s
ner, inte firee. Till och med Rve-
tag som inte tidigare gort egna
retsar tar mu steget till kisel fie
att kdara sina krav.
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kommer ant freckomma il
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disciplin och effekaiva verifiering -
launske goe amr de oill shur lnar Texas
vig med handvara INSTRUMENTS

Men det dientls ait se. s m @ SUlEsked She i 8- and 32-bit low or, high performance MCUs

Gaer Fagerfiall
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Mandatory design project CQ

— Design and implement mixed-mode circuit:
» Example: ADC, SC-filter, PLL, DAC ( 2008 )
» System for automatic removal of mismatch (2009)
» SAR Analog-to-Digital Converter (2010)
» Milestones during the process
» 2 persons in each group
» Teaching assistant, Kin Keung Lee, will follow up
— Write a project report
» LaTeX or similar
— Submission: Early in May
— Counts 40 % in the final grading (exam 60%)




Challenge in 2008: Digital-to-Analog Converter ("DAC”)

b b Jr— e miern
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INF4420 Project 2009 @)

INF4420 project description

Soms yearns from now, you hav heen Bired by an undiackeed chip maker as theie
minel sigral desigac, paitly hovaue of yoms acheivements in the INF3420 cure.
The company Is cermemby working hard wwands finishisg shelr new flagship product.
The syasm desigees in your grosp lready Bave wery peossising bigh kovel dasulation
resalts of the product. Trom these simulations they have derived e specificasions for

cach buikding blt.
The OTAs ane contral compoadsts in this sysesm, as a bot of the specifications for v i W
the final product selics o OTA performance. Your group’s analog desigaer alresdy
have 3 working folded cascode OTA which almoss meets the spec. exoop for the offse Figure |- Dightal wimesiag of the OTA's offet voltage (All NMOS. are 0505 gm)
aultage, This is not cadly comrectable in e layeut hecas e scquised ranitie
sizing woald be impractical and incur oeher ussccepeshls xide effects
At the newt mareting, e spgedt doisy 3 digital calibration koop' for the OTA'S Neat. st up @ wboach i fnd the varistion in offet volage. L o mosiccads.
ofl=ct vohage, The OTA'S designer advice you that the trimming can be don casily {MIC) maarala with 100 Fos.
by dring 3 compeasation curreat from the Inputstage differermial pair. o Wikt b the stasddard deviation, o of the offet vollage

For dhin pevadoct, timisg b st Sight 30 yos sboukd have plesty of time for runsing
the calibration. However, If you can make it fasier. i will be msch casier 10 spply 10
fsture proaluctn, without having b go dheoegh an exfemive edesipn.

» M g coner fur variasion, bow many porcens of the mamalactered A will
Fancrlon w0 spec?

= Wi s th far valug?

. Homimboring thas g it the irasmisins parameisr ihat ol 4 change in gate
1 Measuring the OFTA performance vohunge 10 o commpemation
. . correee i fygy = 7 = . T el the o Yo co i 20 opeating poées sl
Tha sclitiag OTA bs svallabls frem, /hom/ Jroanan/cudins sstutl/IEFALIS. U temember i vave oporaing poin) and the srus browser which you S snder e
the bibeary manager 5o add this path (Fuit —» Library path. . ). Using an ideal 100 fF [e—
r:u::mﬁm\m the OTA i a chosed boop unity gain fordback, and measure o What s the vakse of g of iransisice M1 or M2 in the OTA?
» W b the v of fgs?
# Gais-handwidth product (GIW )
u Phase margin (PM) 2 Simulating the calibration loop

1f you like. you can also meaare i 10 st the gosie calibemion by ssing the applied compsceE

OTherin DACideal, and SAR OTARri in the same i OTA but with an addad
kel 7

» Nobse bt DA commestcr ik padin

' Slew rate (b s this compane 40 the theory T} 1 we rom e OTA, i o boos, am offct voliage will caunc i cusgst 0 rul
{murming, watlcions gain). Wa can we dhis w0 deiocs & dhe offsm volage I wo high

* Quipm swing o ow. T proprty buflc the cosgost 4 ches digital bl we can add e
butkers

= Setsling behniour The IAC oot o diffcscrsial cutrern appronimsicly proporionsl to e ingut

s i o v ems ey . This comens . applied 0 the wrnesing ot of
O other rekevant parasciers e

i werkings. of the caliration b will e descrifed e 3
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INF4420 project
-

[
il the vy s vty b femcrimaliy
[ T ——
= Wit e e o ot o g s T

My 4 watvnh sl e fo e s ey oy et
performans of the OTA.

= Tt perms et gt 4 1 ERy—

[ LT rep———

3 DAC design

& D kel sl umrions o 8 w3 qusmveriey s iy |77 gy
= e same e

Wi} dephens e schueemsion i o o0 culiod MIAL WAL The s sy o8
e while mgh.

& o s shin sy commpum 4 e oy [assliar 33 DAL

R o compans the ey Rt of e el AL

2009 @n

Replace the ideal DAL in your ealibestion loop test bench wish the MM DAC
# How does this alfect the performance of the ealibrazion loop”

Dy laycut for the MIM DAC and the cursent mirror. remember to verify its
correctness using TRC and LVS. Finally, do a paraitic evaction of the layout

» Simulaie the calibeation loop with the cxtracied metlisis

4 Project requirements

The tramsiston sizimg given in this docunsnt are seasonable guidelines 1 gt yos
searted. You aee froe to change this if necoessary.

Pracumeni everything, inchading but noe limised o, all rehovant whematics, Lyt
and simulation resubls. Discuss the choices you have made in designing and testing.
Everything should be clear just from reading the documentatice.

5 Deliverables

Do the firs past of the prokct, described i Sect |, Deadline March 19,

2. Do the sevond past of the project, described i Sect 2. Deadline Apeil 1

Finalize the peoject by completing the thind and final pan of the project, described
in Sect 3, and write your inal report. Deadline May 11,

I the hiest twns dheliverabiles, write & short sopon cbnerving the guidelins in Sect 4
The final report must be comprebensive and dusument the entire projoct (i, include
all deliverables). Onlby this final report will contribune owards your fisal grade. Please
make all scheniics and layout available fox inspeciive.

JAM, Februagy 12, 209

27. januar 2011
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Project, 2010 .,

INF4420 Project
Amir Hasarbegovic
Februsry 3, 2010

Successive approximation register (SAR) analog to
digital converter (ADC)

Project introduction

Data corverters are one of the fundamental bullging Blocks In Integrated crcun
design. Their purpose & 1o interface the anakog and dignal domains, Data converters can be
realized in many different ways and may be found in a wide variety of applications. Gne
citen used ADC topology i the SAR ADC, see Figure L. This topology uses a DAC, semple and
hold, comparator and digital circuitry in order 1o comvert an andlog signsl into a dignal form
of reprasentation.

Your Task i to design a current stevring digc! To analog converter and an oufpul
register, which Is going to be implemented In 3 SAR ADC topology.

Theris are several (ideal] campanents supplied that may be used in th praject. These

can be found here: .
To get access 1o these components bring up the Libeary Marager in Cadence, go to
(Ede-sLibrary Path). then type in the hbrary name “INFSA20Project™ and the library path
displayed above. ¥ you want to edit the files, copy them to your cadence folder using Library
Manager.

Task 1: Design

*  Make 3 sutable testbench for the DAC.
* Wiite a small report [2 pages masimun) regarding the SAR ADC architectre
and inchadi the following in your repon:
& Deeribe tha funstionalfty of & typical SAR ADC sechitecturs.
@ Pros and cons of the SAR ADC archtecture.
& Other aspects that may be relevant.
[This repeort may be included i your final report a5 parts of the

Introduction of simiba)
* et yourself tamiiar with the supplied SAR ADC components and implement
Task 2: DAC design

Current steering DACs are based on an array of current sowrces that are switched to the
output node depending on the input digital code. There are several different ways of
Ints considerstion. Thi will Be up 1o you &4 designers 12 evaluste. The bae concapt |5
ihstrated in Figure 2,

| ---IM“'R
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Project, 2010

The minimum tpaefication naquiremants for the (AC are:

Wanisrasm b emuzhition
Sampile rate > BMs/s

oL 40558

R ETE

Winisrazm cutput signal rangs of BO0MY, (e O-600mv]

NNV VY

For this particsler implerseraeion the upply woitage 1 1.3 and you may avsme you have a 1u4
eurrent soures waadlable for biating

3) When you heve completed the layout, ren Design Rule Chedk (DRC) and Layout %’-\

Versus Schemuatic (LVS). Thesa checks have to be free af errors. The VS autput log
must be included I the final repart as an appendis.

4) The next step s to do back annatation of parasitic components (R and C) to the
schematic view, or paresdtic extraction as i is alvo called. This will result in a netist
with paresdtic resistances and capacitances.

‘On the basis of the extrected netlist, you may now do post lyaut simulations [Monte
Carto simutations inchided]. Her you mwust carry cat the ppropriste simulations and

Thare DaC that , such a5 poweer ion, settiing
time ete. it yer oo compare them with the previeus simulation results that were scbely based on the
schematics,
Task 3: Implemantation of DAC inte SAR ADC
Report req;
Implement your DAC desig SAR ADC topology. ¥ the

ideal companents If your implementation has Mgher specfications then the minemum [for
cxample reschation).

* Assign a ramp up signal to the ADC input and werdy that you get
cormespanding dighal vakses on the ADC output.

Project requirements

Group members must jeintly g9 through the peoject description and aeugn werk
assigrements. It mast be made visble in the report how the detribution of work has been
assigred throughaus the project. The folkwing (bt nat fimited ta} tasks must be addressed
b e regarded as comphéte:

1} B s expected that all circuits/sub-circults Rave  schematic and sppropriate symbal.
The final DAC should be made up of 8 single symbel,

At the i is cosmplut [ineluding Mot Carks
sinvlations) ane sattsfactory, 2 kyout of the complete system must be made. There

are cerbain dsues that are cflen
layout. Find out what they could be and describe them in your final report. Make an

elerl b imphement counbermeanures.

when deing, analog W

The final report may be written it the text editor of your choice, but the report must be well
arganired and aavy ta rasd. All ceatral aspacts of tha pecject must be supplisd by relevant
figures and plots. It is impartant o document/justify the choices you make regarding both
the schematic and layout. {Impartant topics may be; matching, transetor dimensions, choice
af components etc] Pots of o the schematics and the layout, with dearly wisible
PATAMBTers SUCh 35 AIMBNSICRS MUST B8 ICIUDRE 35 30 3PPANCIX 107 Al CTCLATSSUD CITCIATS.
References that you may have used in the praject must also be included. All schematics and
layouts must be made avallable for imspection, with the exact directory path specified in
your final report, Dverything must be understandable just from reading the final report.

Submissions and approvals

+  Task 1, Mondalery hand-in.
& Schematics [appeoved by lab advisor) Deadline February 15
* Twkl
& Sehamatic (appeoval by (b sdvisce) Desdline Mareh 15,
= Layout fapproval by kab advisor) Beadiime April 12,
Task 3. Deadtine Aprl 10,
Firal Rspart. Deadiine Moy 4.
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Cadence ( http://www.cade.ccé

—Widely used IC design tool worldwide, both in’

companies and academia

—Very large system
* PCB-design
* |C-design
—Synthesis

—Schematic entry

cadence

L —

Froducs & Seltsns  Seeviet  Suppent & Traming  ARmsest

i Digtal mplemartation s | & €3-S Ao A

C-to-Silicon Named
Hot Product of 2008

) Goowen Do Seaets bere

—Simulator (Analog Environment / Spectre)
—Layout (Virtouso)

—DRC and LVS performed by Calibre (Mentor)




— Design and calculation
» Design equations
» Dimensioning for matching
— Schematic entry
» Simulations on cells and top level
» Several interactions
— Layout
* Module interface
« Symmetry/hierarchy
» Post Layout Simulations on

critical modules
— Next module....

Cadence forts.

— Start-up:

* Web manual
—Standard libraries:

e tsmcN9Orf

» analogLib
—Design views:

* Symbol

» Schematic

 Layout

10



Schematic entry and simulations in CE‘H‘

S

%
7

Symbol, schematic and layout

i

27. januar 2011
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Process

—TSMC 90 nm low power CMOS:
e Minimum gate length: 90nm
1 Poly-layer
* 9 Metal-layers
 True triple well
» Three different threshold voltages
» Supply voltage: 1.2 V typ.
 Very advanced process

AND-gate

12



Challenges regarding the project g3 ¢

—Project administration
—Theoretical analysis and circuit design
—Design errors
*LVS
— Parasitic components
* Extraction and Post Layout Simulation
(PLS)
—Process variations
» Simulations (Corner + Monte-Carlo)
—Noise
» Component and crosstalk
—Good layout practice / Symmetry

Practical information

— Lectures:
» Tuesdays . 9.15 — 11.00, Perl 2453 (should not collide with FYS3240).
e From. 22/2: Tuesday . 9.15 —12.00 ( Might be 9:15 — 11:00 in most cases )

— Syllabus:
* Behzad Razavi: Design of Analog CMOS Integrated Circuits (from chap. 11-18.)
» Selected additional material and lecture notes
e LTH: Cadence 4.4
« IFI: Lokal guide til Cadence

— Exercises
* 2 hours per week — Perl 2453, wednesdays 12:15-14. Kin Keung Lee,

kklee @ifi.uio.no
— Project supervision/design lab

* 2/4 hours each week — Time: 12:15-14:00. Martin S. O. Haugland,
mshaugla@ifi.uio.no, Kin Keung ("Kody”) Lee .
* Ole Johan Dahls hus;
— Software:
» Cadence 5.00 or 6.00 ((?))
* TSMC 90 nm design kit
— Where to run the software:
* Win PC running X-Win connected to Linux server /remote desktop and Linux
e Linux computer
— Student reference group
e 1-2 students

13



What do we expect from you?"™

e The course is demanding

e Theoretical background
— INF3410 analog microelectronics, or similar
— FYS3220 linear circuit theory, or similar
— INF3440 signal processing, or similar

» Prepare for the lectures
» Exercises

« Use the reference group and course evaluations to
provide feedback to the INF4420 staff

. . H (RS G
Final exam — a few words €I d ¢

* Thursday 6th of June, starting 14:30 (4 hours)

* Problems usually related to most of the relevant chapters in
the book (11-18), and material from the lectures

*0 X0 =X %40 Yonl)

Xe(t) | x4(t) convert to l convert to analog ye(t)
_>®_> discrete-time [ | psp impulse | 3 hold |-—» low-pass |—p
sequence train filter

Xsn(t) (M) = x(nT) o) Ysn(®)

X sample AD J DIA analog o
—» and | DSP converter |,/ low-pass |—p Yd
hold converter with hold filter

14



converters (Johns & Martin ++)

» Chapter 11 Bandgap references
» Chapter 12 Introduction to Switched Capacitor Circuits
» Chapter 13 Nonlinearity and mismatch

» Chapter 14 Oscillators

» Chapter 15 Phase-locked loops

» Chapter 16 Short-Channel effects and Device models
* Chapter 17 CMOS processing technology
» Chapter 18 Layout and packaging

e Chapter 14 in J&M

» Oversampling converters + additional

AL TR

material on data converters tsgw

Bandgap references (chapter 11 in Razavi)

A High Precision Curvature C

without Resistors

e 2.46630
46602 ———
A High Precision with /__.- ol
Jianghua Chen; Xuewen Ni; Bangxian Ma; Zhanfel Wang; e o~ Y
Sohd-State and Integrated Circust Technology, 2006, ICSICT '06, Bth inte £.48578 e I
23-26 Oct. 2006 Page(s) 1748 - 1750 - ey
Digital Object identifier 10.11081CSICT 2006306414 246540 ,,/ \
AbstractPlus | Full Text: PDF(124 KB) |EEE CNF 246818 |
Rights and Pemissions mikink
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Figure 4 Output reference Verf vs. temperature.
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Figure | General bandgap reference architecture. E e
wsz
e
EX U
28
. “ ar ] “ Ll LB 2 L] e L1
vaa ()

27. januar 2011 Figure 5 Output reference Vreef vs. power supply Vdd.
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Chapter 12 Intro to Switched Cap.gf5 ,/\\\l
circuits rove &, 01 2
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Chapter 13 Nonlinearity and mism®

* Nonlinearity
* Mismatch




Data converter fundamentals

* Ideal D/A and A/D
* Quantization noise S0uND BTRY Mphons I Fecsier SOUNDEXI
» Signed codes
» Performance limitations 1oonoiio 0

o EOMENED |

Acoustic Elestrical Binary (digital) Electrical  Acoustic

Digital Signal Processing

. ® é/ﬂ??{;‘-,o
Nyquist-Rate D/A Convert&é ’l/ %
+ Decoder-based converters
» Binary-scaled converters
« Thermometer-code converters
* Hybrid conv.

D/A »Vout
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Nyquist-Rate A/D Convert&&

* Integrating converters
e Successive approx. converters

« Algorithmic converters Vi
» Flash (parallell) conv. 53 bre o
* Two-step, interpolating, T ANN

(2N-1)to N
encoder

N digital
outputs

+ Folding, pipelined conv. ® 3 %

pre -
1 |t i

#
\ 1. "t Comparators
LN

o
A
YWYV
< <

Two consequences of the Nyquisg
theorem and anti-aliasing filters wieis &

» If the highest frequency B in the original signal is known, the theorem
gives the lower bound on the sampling frequency for which perfect
reconstruction can be assured. This lower bound to the sampling
frequency, 2B, is called the Nyquist rate.

» If instead the sampling frequency is known, the theorem gives us an upper
bound for frequency components, B<fs/2, of the signal to allow for perfect
reconstruction. This upper bound is the Nyquist frequency, denoted fN.

* An anti-aliasing filter is a filter used before a signal sampler, to restrict
the bandwidth of a signal to approximately satisfy the sampling theorem.
Since the theorem states that unambiguous interpretation of the signal
from its samples is possible only when the power of frequencies outside
the Nyquist bandwidth is zero, the anti-aliasing filter would have to have
perfect stop-band rejection to completely satisfy the theorem. Every
realizable anti-aliasing filter will permit some aliasing to occur; the amount
of aliasing that does occur depends on how good the filter is.




Chapter 14 in "Johns & Martin”Oversamplln%ﬁ
Converters &l

e Oversampling ( >> 2 Nyquist bandwidth) relaxes
requirements for matching

» High resolution, low to medium speed

* Noise shaping & oversampling

* N+1 order modulator gives a certain SNR for lower OSR
than N-order mod.

* 24 bit Audio conv.
Anti- Sample- AE Digital
waliasing s and- . —u ~+  low-pass - OSR [
fites hog |1 | Med f, fee |ty * 21,

Decimation fiter
Digital

. ® f,
Chapter 14 ("Razavi”) Oscillators ch_ ';

Oscillators are an integral part of many electronic systems. Applications range from clock
generation in micreprocessors to carrier synthesis in cellular telephones, requiring vastly
different oscillator topologies and performance parameters. Robust, high-performance os-
cillator design in CMOS technology continues to pose interesting challenges. As described
in Chapter 15, oscillators are usually embedded in a phase-locked system.

Figure 14.13 Ring oscillator using
CMOS inverters.
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Chapter 15 Phase-locked |00p5tr7

» Application examples:
 clock multiplication,

* Freq. generation: The PLL output is a signal with frequency N times the input
frequency where N may be a fractional number

e FM demodulation (The input is a FM signal (IF) The output is the demodulated
baseband signal

¢ Products: TV and wireless

Low-pass
filter Gain

\Z
in 0— Phase | (s) K Output
—» detector P P voltage

Average voltage prnporllonal to phase difference

Venu
vco

(voltage controlled oscillator)

. L]

Chapter 16 Short-Channel Effects and Device ModeI;ﬁ gl
The square-law characteristics derived for MOSFETs in Chapter 2 provide moderate accura-
cies for devices with minimum channel lengths of greater than 4 yim, a value corresponding
to technologies in production in the early 1980s. As device dimensions continue to scale
down, reaching below 0.2 jem by the year 2000, higher order effects necessitate more
complex models so as to attain enough accuracy in simulations.

The problem of device models in CMOS technology has constantly haunted analog
designers, manifesting itself as substantial discrepancies between simulated and measured
results. A number of comprehensive books [L, 2, 3] and hundreds of papers deal with the
subject in great detail, but our objective here is to provide a basic understanding of short-
channel effects and review some of the SPICE models developed to refiect such phenomena.
Knowledge of these issues also proves useful in interpreting the anomalies that the designer
may encounter in SPICE simulations.

Without
Velocity Saturation

With
Velocity Saturation

Vos.
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Chapter 17 CMOS Processing Technology

Published: Monday, Jan. 24, 2011/
Updated: Monday, Jan. 24, 2011
08:08 AM

Altera Unveils 28-nm Device
Portfolio Tailored to Customers'
Diverse Design Requirements
Industry's Most Diverse Product
Offering Meets Expanding System
Needs in Performance, Power and
Cost

Figure 1.8 Fabwication sexquence of WIS devioes.

Chapter 18 Layout and Packaging
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Next week:

e Sample and Hold circuits ++

» Messages are given on the INF4420 homepage.

* Questions: sa@ifi.uio.no , 22852703 / 90013264
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