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What is analog IC Design?

Analog IC design in the successful
implementation of analog circuits and systems
using integrated circuit technology.

Unique Features of Analog IC Design g{tcglzelncd
. . Ircul
 Geometry is an important part of the Technology

design. Electrical Design -> Physical Design
-> Test Design

e Usually implemented in a mixed analog-

Successful
Solution

dlgltal circuit Function or
* Analogis 20% and digital 80% of the chip Application Fig. 1-
darea

* Analog requires 80% of the design time
* Analog is designed at the circuit level

* Passes for success: 2-3 for analog, 1 for
digital
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The analog IC Design Flow

| Conception of the idea |

. | Definition of the design h
Electrical J 4

Design | Compari i
RIEY mparison Comparison
wn.h_.des_lgn —>| Implementation -F— with design
specifications specifications

1—| Simi’tﬂan .Iq_ x
____________________________ i_____________ S

| Physical Definition |
Physical 4

Design | Physical Verification |

| Parasitic Extraction .I_

____________________________ ¢____________________.

Fabrication | Fabrication |

Testing and |Tesu11g and Verification .I_

Product +
Development | Product |
{ Fig. 1.1-2
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Comparison of analog digital

Circ

UItS

Analog Circuits

Digital Circuits

Signals are continuous in amplitude and can
be continuous or discrete in time

Signal are discontinuous in amplitude and
time — binary signals have two amplitude
states

Designed at the circuit level

Designed at the systems level

Components must have a continuum of values

Component have fixed values

Customized

Standard

CAD tools are difficult to apply

CAD tools have been extremely successful

Requires precision modeling

Timing models only

Performance optimized

Programmable by software

Irregular block

Regular blocks

Difficult to route automatically

Easy to route automatically

Dynamic range limited by power supplies and
noise (and linearity)

Dynamic range unlimited
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Skills Required for Analog IC Design

* In general, analog circuits are more complex than digital

* Requires an ability to grasp multiple concepts simultaneously

* Must be able to make appropriate simplifications and assumptions
* Requires a good grasp of both modeling and technology

* Have a wide range of skills-breadth (along only is rare)

* Be able to learn from failure

* Be able to use simulation correctly
Simulation “truths”:
— (Usage of a simulator) x (Common sense) = Constant

— Simulators are only as good as the models and the knowledge of those models
by the designer

— Simulators are only good if you already know the answer
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Trends in CMOS Technology (1 arto 2)

* Moore’s law: The minimum feature size tends to decrease by a
factor of 1/\/? every three years

* Semiconductor Industry Association roadmap for CMOS

Feature Size —»
035um 025um 0.08um  O0.13um  0.10pum  0.07um

30V \ “““““““““““““““““““““““““““

Power Supply Voltage —»
2 I
h
z 2
H f
1
//

Plortab]e S)f|stems

1995 1998 2001 2004 2007 2010
Year —» Fig. 1.2-1
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Trends in CMOS Technology (2 amo 2)

Trends in CMOS Technology - Continued
Threshold voltages and power supply:

2003-2006
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Trends in IC Technology

Trends in IC Technology
Technology Speed Figure of Merit vs. Time:

Hemts, HBTs

LOOGHZ | i SiGe
() ——k~& 0.01um
W0eHz | RO e R
wocHz | e O a oS
3GHz | e AT
|GHz

CMQS Carrier Frequency of RF
Cellular Telephony .y
75 77 79 81 83 85 87 89 91 93 95 97 99 01 -V
Fig. 1.2-3A

Estimated Frequency Performance based on Scaling:

().35 micron 25GHz 40GHz

().25 micron 40GHz =0(0)-70GHz
().18 micron 60GHz =00-100GHz
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Analog IC Design has reached Maturity

There are established fields of application:

* Digital-analog and analog-digital conversion
* Disk drive controllers

* Modems —filters

* Bandgap reference

* DC-DC conversion

e Buffers

* Codecs

Existing philosophy regarding analog circuits: “If it can be done economically
by digital, don’t use analog.”

Consequently: Analog finds applications where speed, area, or power have
advantages over a digital approach.
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Telog Evotntog

EMIXEIPHYIAKO NMPOTPAMMA
EKMAIAEYZH KAI AlA BIOY MAGHZH j Ez "A
2ZrEvdyon gLV Uowvid TNE ViIoTE 2007-2013

=m
YMOYPTEIO MAIAEIAL & BPHEKEYMATAN, MOAITIZMOY & ABAHTIEMOY  EYPaNAIKO KOINQNIKO TAMEID

Evpwmaikn) Evwon EIAIKH YNHPEZIA AIAXEIPIZHE
Eupunaiks Kowawviké Tapeio

Me ™ ouyxpnparodétnon ¢ EAGSac kat Tng Evpwnalikig Evwang



Xpnuoatodotnon

* To mopov ekmaldeuTLKO UALKO €XeL avarmtuyBel oto mAaiolo Ttou
eKTIALOEVUTLIKOU €pyou Tou SLddokovta.

* To £pyo «Avoiktd Akadnpaika Madnipata oto Maveniotipo ABnvwv»

EXEL XpnuoatodotAoel povo tnv avadlopopdpwon tou ekmatdeutikol
UALKOU.

* To €pyo uhomoleital oto mAaiolo tou Emyelpnotokou Mpoypappotod
«Ekmaidbsuon kot Ata Biou Mabnon» kat cuyxpnpatodoteitatl oo tnv

Evpwraikn Evwon (Eupwmaiko Kowvwviko Tapeio) kat armod eBvikoug
TTOPOUC.

ENIXEIPHEIAKO MPOrPAMMA
EKMAIAEYZH KAI AIA BIOY MAGHZH 5 Ez rIA

ENEVEYON 6TNV UOVWYid TNE. YVWON

Eﬂ
YNOYPTEIO NMAIAEIAL KAl BPHIKEYMATQON

Evpwmnaikr ‘Evwon EIAIKH YNHPEXZIA AIAXEIPIZHE

Ei (KO K 6 Tapeis
sl bl L Me tn ouyxpnpatodotnon tng EAAGSag kat tng Evpwmnaikig Evwong
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>NUElwpa lotoplkovu Ekbooewv Epyou

To tapov €pyo amoteAel tnv €kdoon 1.0.

AN
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>NUElwpa Avadopac

Copyright EBvikov kat Kamodiotplakov Mavemniotipov ABnvwy, AparmoyLavvn
AyyeAikn 2015. «2xedilaon Melktwv VLS| KukAwpatwv. Eloaywyn otnv
avaAoyikn oxediaon.». Ekdboon: 1.0. ABriva 2015. AtaB€otpo amod tn dktuakn
StevBuvon: http://opencourses.uoa.gr/courses/DI1101/ .
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>NUelwpa Adelodotnonc

To apov LALKO SlatiBetal e toug 0poug tneg adestac xpnong Creative Commons
Avadopd, Mn Eumopwkn Xprion MNapopota Atavopn 4.0 [1] A petayevéotepn, ALeBViC
‘Ekboon. E&atpolvtal ta autoTeAn £€pya Tpitwy m.X. pwtoypadiec, dStaypappata
K.A.TT., TOL OTIOLOL EUTTEPLEXOVTOAL OE QLUTO Kall Ta oTtoia avadEpovtal pall Pe Toug
OPOUC XPrONG TOUC OTO «Xnuelwpa Xpnonc Epywv Tpitwv».

[@ocel

[1] http://creativecommons.org/licenses/by-nc-sa/4.0/

Qq Mn Epnopikn OpICETCII N xpnon
nou 0ev neplAapBavel apaoo N EUUECO OIKOVOMIKO OPEANOC anod TNV Xprjon Tou
£pYou, yia To dlavopEa Tou Epyou Kal adeiodoxo

« nou dgv nepIAaPPBavel oikovopikn ouvaAliayn w¢ npolnoBeon yia Tn xpnon N
npooBacn oTo £pyo

« nou &ev npoaonopilel aTo dlavopea ToU £pyou Kal adelodOX0 EUHETO OIKOVOUIKO
O@eAo¢ (n.x. dlapnuioeic) ano Tnv NpoBoAr Tou £pyou o€ dIadIKTUAKO TOMO

O dIKalouyxoG pnopsi va napéxa oTOoV aésloéc')xo EexwpioTn adeia va XpnoIJonolEi TO
s_yo yla EUNOPIKN Xpnon, Epocov auto Tou {nTnoOei.
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Alatpnon ZNUELWHATWVY

Ornoladnmnote avamapoywyn N SLookeun Tou UALKOU Ba TtpeETmeL
va CUUTTEPLALUBAvVEL:

" 10 2nueilwpa Avadopadc

" 10 2nueilwpo Adelodotnong

= N 6nAwon Alathpnong ZNUELWUATWY

= 10 2nueilwpa Xpriong Epywv Tpitwv (epooov umtdpyel)

moll pe touc cuvodEUVOUEVOUC UTIEPOUVOECHOUC.
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>nuelwpa Xpnonc Epywv Tpltwv

To Epyo aUTO KAVEL Xprjon Twv aKOAoUBwv £pywv:

OL ELKOVEC TTIOU XpnolpomoLlouvTal KaBwc Kol To Kelpevo Twv dtadavelwv 4-11 ival
aro to BLBAlo:

Behzad Razavi. 2000. Design of Analog CMOS Integrated Circuits (1 ed.). McGraw-
Hill, Inc., New York, NY, USA ©2000 .
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