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+ CMOS Analog
Circuit Design

a151seneu

CMOS analog circuit design, P.E. Allen and
D. Holberg, Oxford university press, 2002

- =%

ANALYSIS DESIGN
ANALOG INTEGRATED CIRCUITS

Analysis and Design of Analog Integrated
Circuits, P. R. Gray and R. G. Meyer, 5th-
edition, Wiley, 2009

Design of CMOS Analog Integrated
Circuits, B. Razavi, McGraw-Hill, 2001
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NMsUsIUKa
aUNaINANA 30 %
davudangna 70 %
N15UY 10 %

719289050 (lagdseun)

A:76-100, B+: 71-75, B: 66-70, C+: 56-65, C: 41-55, D+: 36-40, D: 31-35,
F: 0-30

E-classroom
htttp:/ /www.kmitl.ac.th/ ~ktapinun

http://apinunt.yolasite.com/analogic.php
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1,500 vacuum tubes and 4,000 diodes. 1-MHz clock
20 by 40 foot room, weighed 30 tons, and used more frequency
than 18,000 vacuum tubes, 174,000 watts of heat

http://www.computersciencelab.com/ htFp://museum.ipsj.or.jp/en/heritage/handai-
ComputerHistory/HistoryPt4_htm A. Thanachayanont, Aﬂb!@'@&ké&.hﬁmll 7



The Birth of the Transistor

1947 - John Bardeen (left), Walter H. Brattain (right), William B. Shockley (seated)
at Bell Telephone Laboratories -> The Bipolar Transistor

 1956: the Nobel Prize in Physics “for their researches on semiconductors and their
discovery of the transistor effect”

1950 - William B. Shockley The Junction Transistor

(The theory and operation prmaFIe of transistor was first proposed by Lilienfield back in 1930, but
there was no technology for implementation)



The beginning of ICs

1951 industrial production of the bipolar transistor dev. by Shockley

In 1952, G. Dummer proposed the concept of semiconductor IC
implementation for the first time.

1954 the first transistor-based radio Texas Instruments makes first silicon
transistor (price $250)

In 1958, J. Kilby (Texas Instruments) manufactured the world’s first IC (a phase
shift oscillator)

In 1959, R. Noyce and G. Moore (Fairchild semiconductor) invented the planar
semiconductor fabrication technology for BJTs

Jack S. Kilby

Robert Ngoyce



Early integrated circuits

- Fairchild . . .
+ 1959 - Robert Noyce & Jean Hoerni X o 1 —

- the most efficient way to make transistors | i
-~ the breakthrough for the commercial ICs

10



A New Form of Transistor: MOSFET

« RCA’ research laboratory, Princeton
* 1962 - Steven R. Hofstein & Frederic P. Heiman
« Metal-Oxide-Semiconductor Field-Effect Transistor

O—J ﬁ\;} source _ﬁ .

Qite
n-charne! IG
dram
sJ L_. - MOSFET vs Bipolar

pchanre) + cheaper
+ smaller
+ easier t0 integrate

+ less power hungry
- slower

~ Transfer resistor

590,

conductive chanoe)
dv. Elec. Cct., 2011 11

sRstrate



Early Integration & Computer Aided
Design (CAD)

* In the year 1967, Fairchild markets the semicustom chip shown right.
Transistors (organized in columns) could be easily rewired using a
two-layer interconnect to create different circuits. This circuit contains

~ 150 logic gates.
@& ! ! 11 'f’mmr

« Today's sophisticated ICs are ______ A

quasi impossible to be realised st —
without the use of CAD tools Bl o

T J"Y’lﬂt J & : ',

Sy S gt g™ et

.
B
e
-
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The Microprocessor Revolution
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Moore’s Law

1 Billion
Transistors

Soerce:. inde
‘ﬁ
1975 1900 1965 1990 1994 2000 2008 2070

Projected -
* In 1965, Gordon Moore predicted that the number of transistors in a chip will
double every 18-24 months

* The integrated circuit was invented in 1958.

* World transistor production has more than doubled every year for the past
twenty years.

* Every year, more transistors are produced than in all previous years combined.
* Approximately 10° transistors were produced in a recent year.

* Roughly 50 transistors for every ant in the world .
A. Thanachayanont, Adv. Elec. Cct., 2011 14



Intel core i7

Memory Controller

Shared L3 Cache

4 cores, 2.2-GHz, 6-MB Cache, 32-nm CMOS technology, 1.17Billions transistor

A. Thanachayanont, Adv. Elec. Cct., 2011 15



Transistor — Past and Present

and

* Typical modern sub-micron MOSFET

Shockley, Bell Tabs, 1947)

16



past and present

Computer —




Electronic systems: Cellular telephone

A. Thanachayanont, Adv. Elec. Cct., 2011 18



Inside iPhone 5s

1. Computational processor

- A7 ARM CPU, multi-tasking, 16/32GB Flash memory
2. Communications

- GSM, 3G, 4G LTE, GPRS, WIFI, Bluetooth, GPS
3. Audio/Videos

- Video controllers, 2 Mics, 8MP camera, Flash LED

4. Sensors
- 3-axis gyroscope & accelerometer, Proximity & ambient light sensor,

fingerprint sensor

ARAAlAll]

:U\.ULUUUUJUU

http://www.chipworks.com/en/technical-competitive-analysis/resources/blog/inside-the-iphone-5s/ 28-nm CMOS 19
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2995 W Lazdannsaindn FUAWN LTd5198181IW  Ard1unu
a¥19unemalulagansia AnnulsEy wazunalnwiean
AU m dulang (metal layers) FURUI (silicon

dioxide) HuansReiaLh (doped silicon)

a ¢ = v 3 =
NINUYEILADT YIAINNITINYUATIING
Adduazaudu Neglatulany

B 5uTFdmesuuuseenalulnans (bipolar
junction transistor, BJT)

B nsudamassuuaunulnin (field effect
transistor, FET)
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Technology Directions: SIA Roadmap

1.2 SR luladgneassiy

Year 1999 2002 2005 | 2008 | 2011 | 2014
Feature size (nm) 180 130 100 70 50 35
Mtrans/cm? 7 14-26 47 115 284 | 701
Chip size (mm?) 170 | 170-214 | 235 269 308 | 354
Signal pins/chip 768 1024 1024 | 1280 | 1408 | 1472
Clock rate (MHz) 600 800 1100 | 1400 | 1800 | 2200
Wiring levels 6-7 7-8 8-9 9 9-10 10
Power supply (V) 1.8 1.5 1.2 0.9 0.6 0.6
High-perf power (W) 90 130 160 170 174 183
Battery power (W) 14 2.0 24 2.0 2.2 24

http://www.itrs.net/reports.html

A. Thanachayanont

Analog IC Design
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Supply voltage and threshold voltage

scalings
35 — - :
_, ~©~ High pert,
2 \\ ~ap— Low power
—&— Standby
25 ) “— &«
2 {Thick oxid:‘ vice)
s Digital V, Analog Vi3 O
1.5 |

| 1986 = 2000 205 = 2010 2015
1000 SO0 250 10 20 65 a5 32 22
Technology Node [nm)

http://www.itrs.net/reports.html
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Cost of Integrated Circuits

m NRE (non-recurrent
engineering) costs

m design time and effort, mask
generation

® one-time cost factor

m Recurrent costs

m silicon processing, packaging,
test

m proportional to volume
m proportional to chip area

Mask Sat Costs (8K




Die Cost

Single die

T Wafer

Y’ AMDID
300 mm
1in 90 nm process

From http:/ /www.amd.com



Yield

No. of good chips per wafer

Y x100%

" Total number of chips per wafer
Wafer cost

Dies per wafer x Die yield

Diecost =

TTX (wafer diameter/2 )2 ntx wafer diameter

die area \/ 2 xdie area

=

\// \\r\//

Dies per wafer =
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Defects

\\

NEEVA

_/ \\/

A\
11
A\

defects per unit area x die area )

dieyield=|1+
o

o is approximately 3

die cost = f(die area)4
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Yield Example

m Example

[l
w

m wafer size of 12 inches, die size of 2.5 cm2, 1 defects/cm2, «
(measure of manufacturing process complexity)

m 252 dies/wafer (remember, wafers round & dies square)
m die yield of 16%
m 252 x 16% = only 40 dies/wafer die yield !

m Die cost is strong function of die area

m proportional to the third or fourth power of the die area
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Analog vs. digital signals
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Ettects of noise on analog & digital

signals

v(t) L V(t) + Noise
’
Ka \fj “ S t t
(a) (b)

v(t) ONE V(t) + Noise
ZERO ‘
-
- ¢ ¢
B 2

(a) (b)
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Analog IC market

@ Market Drivers
Automotive electronics
Consumer electronics
Energy
Mobility
Security
Healthcare
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Analog IC market

@ Application Specific Analog Market Main Segmeats - 2011
® Analog ICs thal perform specific i s it i
functions - timing control, RF Eae s

transceivers, touch sensors,
display drivers, LED drivers,

SerDes, efc.
® $26.3Bin 2011, $40.5B in 2016,
CAGR 9%
Analog Market Main Segments . 2096
® General Purpose - o .m
® Analog ICs that fit into multiple i

applications such as amplifiers,
comparaters, data converters, efc.
® $18.8Bin 2011, $32.98B by 2016,

CAGR 12%
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Analog IC applications

Audio and Video
Clock and Timing
Data Conversion - $3.8B in 2010 (iSuppli)
Energy Measurement and Metering
Interface
LED Lighting
Power Management - $9.1B in 2010 (iSuppli)
Signal Conditioning
Thermal Management and Sensors
® Wireless and RF
@ Applications by industry segments
Automotive
Communications
Computing and Storage
Consumer Electronics
Industrial
Medical




Automotive electronics
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Wireless communications
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Digital camera

Infrared
Lens Filter

- -

b«
R

gl
s Color Filters

Cum |:>0

(with IR &
color filter)

Note: Glass in camera
iens blocks most UV
from reaching sensor

A. Thanachayanont Analog IC Design



Digital camera

m Convert light intensity to electrical signal using photodiodes

Photodiode

{a)

(b}

2500 Rows

Amplifier

Signal
Processing

(c)
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Storage — Hard Disk Drive

an ] .
Joyanvnoanny 131y Hard Disk
9

1 Y

YR 1 <
ﬁ@ﬂﬂﬂ@THﬂ’JﬂW’)@THLLNL‘Haﬂﬁ

U

=

AIULIIFN (300-15000 RPM)

v = Y <3 =
ﬁﬂJﬂJﬂWm‘V]’eﬂullmJ“UHWQmﬂ Lazy
mmﬁmﬁaummumﬁauﬁmﬁu

%

A 911A0N

=X 9 9 !
i]\‘]G]’ENGl"])”NEU'E’OH"Ia’Oﬂ U INITUYY
213952999038 2995 Timing

A 9 9) Aan = |
recovery WD INUDYAAINDANGN

9 v A
ABDNNAUAUNN

A. Thanachayanont Analog IC Design



"Storage — Hard Disk Drive
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Read d
Head I > -cﬁ"; f Wl
v (é)rr:a = Y] ?)’l
(Y] = | ala
i e VoA e Equalizer o % " ’ out
W v ? Reset
Stored Data 10191 1 f\ —
‘VF" AGC Thrashold
Vou ™20V * * Datoct
1 9 =~Nq Y
e FLUUMIOUUDYA N 1N
A3799UYAFITAVDITY Y
LT
Data: 1 0 1 1 0
= — —
{ -.) < - - - - |
Track 2™ | < - >l - -
Magnetization

A. Thanachayanont Analog IC Design



_|_
The Google Glass

Display 640x360
High resolution display is the equivalent of a 25 inch high
definition screen from eight feet away.

Camera
Photos - 5 MP
Videos - 720p

Audio
Bone Conduction Transduce

Connectivity
Wifi - 802.11b/g
Bluetooth

Storage
12 GB of usable memory, synced with Google clo
storage. 16 GB Flash total.

Battery 570 mAh

One day of typical use. Some features, like video calls and
video recording, are more battery intensive.

http://www.catwig.com/google-glass-teardown/
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System-on-chip (SoC)

With the continued scaling
down of semiconductor

- B |3 technology, more and more
S N | , devices could be integrated
b2ty Blaens  onto a single chip.

siZze

System on a chip_~— s ‘\\

integration—"/

A. Thanachayanont Analog IC Design
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AAYTUIALALAUNY LATLNN Analog Digital  (Sensors)
U32aNTNINNITNINY

SLUUUUTN (System-On-Chip, |

SOC)

Aaudas (transducer/
actuator)

NYTDUIABDN (Analog
circuits)

13nINDA (Digital circuits)

W W,
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7 7

SN 7
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Functional contact lens for
biomedical sensing

http://wireless.ee.washington.edu/research-2/

- RF power transfer N[/

communication

Vet imenconmects
Communcason

Cemral viswd! gath

Telecommunicaton ard

Pobpmer lem platform energy Mamfer antenta
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Functional contact lens

Second Window: a Functional Contact Lens
for Continuous Health Status Monitoring

University of Washngton, Seattle, WA



Wireless pacemaker

http://spectrum.ieee.org/tech-talk/biomedical/devices/teeny-tiny-pacemaker-
fits-inside-the-heart




Capsule endoscopy

http://www.givenimaging.com/en-us/Innovative-Solutions/Capsule-Endoscopy/Pillcam-SB/PillCam-SB-3/
Pages/default.aspx
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"Fully integrated microsystem

Micropower Circuits, Wireless Interfaces, Environmental Sensors and

Subsystems, Biomedical Sensors and Subsystems, MEMS sensors
Micropackaging
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Autonomous wireless environmental monitoring
system

Dawvd Lernmerhwt

A. Thanachayanont Analog IC Design



Wireless Readout of Intra-Arterial Pressure/Flow

A. Thanachayanont Analog IC Design



TCOCHLEAR PROSTH!

(1]
s
(1]
7

Transmitter B
C(‘l ——

! RecemenStimulator

A ' /Mtlcamdc

|

| \ - To date, over 90,000 cochlear prostheses
"b,. R #peech Processor have been implanted worldwide.
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Analog design challenge

TECHNOLOGY

DIGITAL
DESIGNERS

TECHNOLOGY

ANALOG
DESIGNER

A. Thanachayanont Analog IC Design



+Analog IC design job — where?

Texas Instruments 6,573 15.4%

STMCroalec romes 2 3,637 0.2% 2 4,148 9.8% ~13%

Analog Devices 3 2,252 5.7% B 2,450 5.8% -8%

Inénacn Technologes 4 2,227 5.7% 3 2,510 5.9%  ~11%

Qualcomm s 2,223 5.7% 5 2,086 4.9% 7%
22,411 ' 24,620 $3.2%

X
gilicon craft (wwwsic.co.th)
—

A. Thanachayanont Analog IC Design



