2/3/2010

Welcome to

Introduction, Tuesday 26th of January, 2010

INF4420 — V2010:

+ sa@luke ~ $ ng sinf4420

- fridiha e | eerere:

. rise
o * Amir Hasanbegovic
» haraldsf
« ragulant ° Snorre Aunet
« eivinsam
* natalkov
* nikolahl
o kritr
* sindrso
* mshaugla
* geiraby
» anderhf
« toreivib
* mortenhr
¢ moradi
e anhtv
* michaol
e kklee
3. februar 2010 2

. UNIVERSITETET

© 1 0SLO




Outline — Tuesday 20th of January

* 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,
phase-locked loops)

CMOS Integrated Circuits?

* Digital circuits
exploit mainly
transistors and
interconnect

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

» Work-horse of
modern Information
Technology
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Moore’s law: exponential increase
iINn components per area

Moore’s Law - 2005
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Why ASICs (Application Specific
Integrated Circuits) ??

¢ Advantages:

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

* Reduced power consumption g
* Less radiated noise

¢ Disadvantages:
* Increased start-up cost
» High power density - Heat
» Hard to find top competence
e Time consuming development and production
» Time-to-market

e Transistors
 Several options

e Capacitors
e How to implement
e Linearity

* Resistors
* How to implement
e Area

¢ Inductors
e How to implement
 Quality factor

 Parasitic components
 Calculate
e Minimize
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Design methods; digital from HDL,
full custom analog

* Digital systems:

* Analog systems:

e Automatic
synthesis
* VHDL

» Schematic

* Module based
¢ Full-custom
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KISEL ELLER MJUKVARA
Och rill shat — 3r penddn pi vig
att sviinga frdn mjukvara eill hard-
vara? Idag handlar allk om energi-
forbrukning och i valet mellan
programmerbara  system  och
“hirds® ASIC-Msningas 3r det
ingen stérre tvekan om vad som
ar energieffektivast. Och der blir
samitidigt all [reare art konstrue-
ra med hialp av firdiga IP-block.

Om det hir hade jag e lngt
och intressamt  sameal  med
Kathryn Kranen, vd for EDA-fo-
retaget Jasper. Kathryn Kranen
hivdar med bestimdhet att hon
ser all fler halvledarkonstrulkrio-
ner, inte firee. Till och med Rve-
tag som inte tidigare gort egna
retsar tar mu steget till kisel fie
ant kdara sina krav.

Det hir ir ndgot som vi snart
kommer ant freckomma il
Annu 53 linge saknas hirda data,
men de exploderande mjukvaru-
kosmaderna gr s hardvara inte
nodvandigrvis ar dyrare in mjuk-
vars. Hirdvarukoastrukusrernas
disciplin och effekaiva verifiering
lanake gor an der dll shir Monar
sig med hindvara

Men det Siendran e nm®
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Mandatory design project

Design and implement mixed-mode circuit:
» Example: ADC, SC-filter, PLL, DAC ( 2008 )
» System for automatic removal of mismatch (2009)
» Milestones during the process
» Teaching assistant, Amir Hasanbegovic, will follow
up
Write a project report
» LaTeX or similar
Submission: Early/Mid May
Counts 40 % in the final grading (exam 60%)
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Challenge in 2008: Digital-to-Analog Converter ("DAC”)

INF 4420 - Prosjektoppgave: Digital til Analog
Omformer - 2008 10 S
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INF4420 Project 2009

INF4420 project description

s years from now, you have heen Kired by 3n und p raler s
1 sigmal desigrcr, pritly hocae: of yuor scheive 4330 ¢
The company Is cerremily working haed wwards finishisg shelr new fagship produst.
The eysem desigaens in your growp alrvady Bave wory peossising high level dasulation
ressity of the peoduct. 1rom these simulations they have derived the specific
cach buiking bl
The OTAs ane contral \\::f-ﬂ( 0 this sysem. as a kot of the spesificas
the final product selies o OTA performance. Your group’s analog desigaer alresdy
have 3 working fobded cascode OTA which almos meew the spec. exceps fx the offser
aultage, This is not cadly comrectable in e layeut hecas e scquised ranitie
sizing woald be imprsctical and incur oeher v
At the neut mevting, o g
wllscs vohage, The OTA' designer ad
by i ing 3 compoasation cureeas o 1 Inpa-srige difercasal pa = Wikat b the stasdrd deviation. o of the offct vollage
Fur thés pruaduct sursing
nu calibration. However, if you can make . easier 1o spply 10
e preatucts. with ive redesipn

for

e (AIl NAMIS. are 05005 g

Hear, e b e v [ e L p——
MC) snalysis

variasion, beow mamy percers of the manafacrened OTAs will

1 Measuring the (OFTA perform:

¥
i
[
]

3 -
e the revrks brosncr which pou el sedes e

The exissieg OTA bs svailiblle from /hom. fargenas/cadenc s taot, INF
the Bbrary manapes &0 ackd this path (Fulit —» Library path. . ). Using an
o s load. coneect the OTA in a chosed kop undy g focdback, and measur

* Gain-handwidth product (GIW )

« Phuase margin (PM) 2 ting the calibration loop

1f you like. you can also meaare S P S ——
in M Adeal, and un un\ Arin s the s OTA bt with an sdded

b trimsmiag port. BAC Sddeal is an sl 7 bit [N, comesicr with eadin

- N

w Slew rate (b i this compans g ko, am offct voage will coun the cungt b il
i wefbciens gain). W can we this i desecs § dho offaen volkage 1 b high
* Ouipm swing gt 4 chean digital ovel, we can wM brcrices

T DAC s » il o sppemiomacy ol o e it

o it s v, e rdecncy ). This cormens s applied 1o the wimeniegg pore of

3. februar 2010

UNIVERSITETET
I OSLO

INF4420 project 2009 (n)

Replace the ideal DAC in your calibes

i Ioop west bench with the MM DAL

# How does this alect the performance of the ealibrasion loop?

Dirow layout for the M3M DAC and the current mirror. rememnber b
corrrcimess using DRC and LVS a s

fy it

» Simulaie the calibeation loop with the cxtracied metlisis

4 Project requirements

The tramsiston sizimg given in this docunsnt are seasonable guidelines 1 gt yos
started. You ase frot 1o chunge thi
Drxcumcnt overy

Ry e —
v B ot asable Bus crrwren ol » and simulation resubls. Discuss the choices you have made in designing and testing.
et (SARL The SAR wots . Everything should be clear just from reading the documeniaticn

5 Deliverables

1. Do the firs part of the progect, described ia Soct 1, Deadline March 19,

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

3. Finalize the project by compl
in Sect 3, and write your

g the third and final pan of the profect, described
iad report. Deadlioe May 11,
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Cadence ( http://www.cadence.com/ )

» Widely used IC design tool worldwide, both in
companies and academia

« Very large system cadence R
* PCB-design
° _ i C-to-Silicon Named
IC deSIgn . Huttc;'rult:;fl?:lt.'ofa;gg&
* Synthesis
» Schematic entry BN AR —pu

 Simulator (Analog Environment / Spectre)
* Layout (Virtouso)
* DRC and LVS performed by Calibre (Mentor)

' UNIVERSITETET
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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....

2/3/2010



Cadence forts.

 Start-up:
* Web manual

e Standard libraries:

 tsmcN9Orf

 analogLib
 Design views:

* Symbol

» Schematic

* Layout

% UNIVERSITETET
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Symbol, schematic and layout (cadence

NIVERSITETET

Process

e 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

"§3% UNIVERSITETET
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AND-gate

Challenges regarding the project

* 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

2/3/2010
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Practical information

e Lectures:
e Tuesdays . 9.15 — 11.00 (should not collide with FYS3240).
e From. 26/2: Tuesday . 9.15 — 12.00 ( Might be 9:15 — 11:00 in most cases )
e Syllabus:
» Johns and Martin: Analog Integrated Circuit design (Kap. 2, 8-14, 16. Not bipolar)
» Selected additional material and lecture notes
e LTH: Cadence 4.4
 |Fl: Lokal guide til Cadence
* Exercises

» 2 hours per week — Time will be set next week. Amir Hasanbegovic, amirh@ifi.uio.no

* Projectsupervision/design lab
* 2/4 hours each week — Time may be adjusted. Amir H., amirh@ifi.uio.no .
* Room 3217 (?)
e Software:
» Cadence 5.00 or 6.00 ((?))
e TSMC 90 nm design kit
e 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

NIVERSITETET
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What do we expect from you?

» The course is demanding

» 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

NIVERSITETET
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Final exam — a few words

» Thursday 3rd of June, starting 14:30 (3 hours)

* Problems usually related to every single of the
relevant chapters in the book (2,8,9,...,14,16), and
material from the lectures

*0 X0 = % y(n) yi(t) Ysn(t)

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

Xsn(t) X(n) = x(nT) o) Ysn(®)

X sample AD J DIA analog

€
—» and | DSP converter | )l low-pass |—p v

hold converter with hold filter

» Chapter 8 Sample and Holds, Voltage
references, and translinear circuits

» Chapter 9 Discrete-Time Signals
« Chapter 10 Switched-capacitor circuits
» Chapter 11 Data converter fundamentals

» Chapter 12 Nyquist-rate D/A converters

» Chapter 13 Nyquist-rate A/D converters

» Chapter 14 Oversampling converters

» Chapter 16 Phase-locked loops

¢ UNIVERSITETET

wU¥ . 10SLO

Syllabus; chapters 2,8,9,10,11,12,13,14,16

« Chapter 2 Processing and layout theut psich

2/3/2010
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Syll_abus; chapter 2

* CMOS processing

* Relative matching far better than absolute accuracy in CMOS

* CMOS layout and design rules

» "Matching is the Achilles heel of analog” C. Diorio, Impinj/
Washington State University

» A bad layout can ruin about any analog circuit.

% UNIVERSITETET
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Chapter 8 Sample and Holds, Voltage
References

 Performance of S/H

* S/H basics

» Bandgap voltage reference basics
» Circuits for bandgap references

% UNIVERSITETET
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Chapter 9 Discrete-Time Signals

* Signal spectra

* Laplace transform of discrete-time signals
 Z-transform

* Downsampling and upsampling

* Discrete-time filters

* S/H response W e e e

() ‘ X(t) convert to J convert to analog Yelt)
4,®;> discrete-time || psp impulse 13! hold [ low-pass [—»
sequence train filter

o) X0 = x0T} . Yo
X sample AD J DIA analog o
—  and | DSP p converter L)l Jow-pass _’yc
hold pverter with hold filter

UNIVERSITETET
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Chapter 10 Switched-Capacitor Circuits

* Building blocks
* Operation and analysis
* First-order filters " " 1

* Biquad filters J%lgi;bqs -

B ——
by [
eq
£ £

Vi L,_'I_I'_l_‘I‘L, V, Vi MA—o V2
["

AQ = Cl(Vl_Vz) every clock period & 1

2/3/2010
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Chapter 11 Data converter fundamentals
* Ideal D/A and A/D

e Quantization noise e
* Signed codes
. Performance limitations
- W EIEEED o
coustc  Electrical Binary (digital) flestrical  Acoustic

Digital Signal Processing

£ #8% UNIVERSITETET
“W¥ S 10sLO

Chapter 12 Nyquist-Rate D/A Converters

» Decoder-based converters

* Binary-scaled converters

* Thermometer-code converters
 Hybrid conv.

£ #8% UNIVERSITETET
% V¥ - 10SLO
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Chapter 13 Nyquist-Rate A/D Converters

* Integrating converters
 Successive approx. converters
* Algorithmic converters ™+
« Flash (parallell) conv. 3 oo
» Two-step, interpolating, (
* Folding, pipelined conv.

i B

(2N-1)to N N digital
encoder outputs

i

Comparators

NIVERSITETET
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Two consequences of the Nyquist-
theorem and anti-aliasing filters wipede

« 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.

e 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.

NIVERSITETET

0OSLO

2/3/2010

17



Chapter 14 Oversampling Converters

» 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

Xinlt) % (1) xeplt) Xgemi™ X

than N-order mod. e [ e
« 24 bit Audio conv. e

Chapter 16 Phase-locked loops

 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

Low-pass
iiter

. fil Gain
* Products: TV and wireless Vi o e Ve Vip w
j H HIp(S) H Klp F vora
!

—» detector voltage

Average voltage proportional to phase difference

2/3/2010
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www.akademika.no / www.gnist.no / www.amazon.co.uk

Analog Integrated Circuit Design
(Paperback)
[

UNIVERSITETET

Next week:

« Sample and Hold circuits (chapter 8)

* Questions: sa@ifi.uio.no
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