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Transistor Revelution

« Transistor —Bardeen (Bell'Labs) in 1947

« Bipolar transistor — Schockley in 1949

* First bipolar digital logic gate — Harris in 1956
« Eirst monolithic IC — Jack Kilby ini 1959

« First commercial IC logic gates — Fairchild
1960

« TTL — 1962 Into the 1990’s
« ECL — 1974 into the 1980’s
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MOSEET Trechnology

« MOSEET transistor - Lilienfeld (Canada) in 1925
and Heil (England) in 1935

« CMOS — 1960's, but plagued with: manufacturing
problems

« PMOS in 1960's (calculators)
*« NMOS in 1970’s (4004, 8080) — for speed

* CMOS in 1980’s — preferred MOSFET technology
because of power benefits

« BICMOS, Gallium-Arsenide, Silicon-Germanium
* SOI (silicon-on-insulator ), Copper-Low K, ...
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Birth of Modern Electronics -- 1947

AT&T Bell Laborateries -- Invention of Point Contact Transistor
Williami Shockley, Walter Brittain, and John Bardeen
Winners of the 1956 Nobel Prize in Physics

\Vacuum: tubes ruled infirst

half of 201 century: Large, \) & Y g

expensive, power-hungry, Qmi
unreliable ] o

But now, everything
changes!
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Solid-State Electronics Goes
Commercial -- 1950

AT&T Bell'Laboratories -- Junction Transistor
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Microelectronic Revelution - 1958

The First Integrated
Circuit — Jack Kilby,
Texas Instruments

4 Transistor and 4
Other Devices on one
Chip

Winner of the 2000
Noebel Prize
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The Planar Process -- 1959

A Maore Efficient Way.
to Make Transistors

Fairchild Electronics
-- Jean Hoerni and
Robert Noyce
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st Commerciall Planar IC

Fairchild -- One Binary
Digital (Bit) Memory Device
on a Chip

4 Transistors and 5
Resistors

Start of SSI Technology
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A New Form of Transistor -- 1962

Metal-Oxide
Semiconductor Eield-
Effect Transistor

Radio Corporation
of America (RCA)
Sarnofiif Laboeratories
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EFirst Linear IC -- 1964

A

The pA 702 OPAMP —
Fairchild
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First IC Created with CAD -- 1967
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Intell Corporation DRAM

1970's processes
usually'had only,
transistors
Inexpensive, but
CONSUME POWer;
while idle
1980s-present:
processes
for low/idle power;

m —
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The Intel =
2,300 Transistors

THE EIRST
COMPUTER ON A
SINGLE CHIP,

Beginning ofi LSI
Technology:

10um process,

108KHz
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Eirst General-Purpese
Micreprocessor -- 1974

i hdr INE T

8-Bit Intel 8080, Intel
Corporation —
4 500 Trransistors

/7

.‘:(:ﬂ N (YU D]
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EIrst 65,5361 Bit Dynamic
Memory Chlp -~ 1977

IBM Corporation

Introduction to IC Zou Zhige, EST, HUST 18 of 65




One ofi the Most Powerful 16-Bit
Micreprocessors -- 1979

The Motorola 68000

WELL INTO THE LSI
ERA
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A Very Early 32-Bit
Micreprocessor -- 1

The HP Focus Chip,
Hewlett-Packard Co. —
450,000 Transistors

THE VLSI ERA BEGINS

Ia
EEEE
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Intel Pentium pProcessor —
1993 ==3 million transistors
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Moore's Law

In 1965, Gordon Moore noted that the
number of transistors on a chip doubled
every 18 to 24 months.

He made a prediction that
semiconductor technology will double its
effectiveness every 18 months.
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Jransistor Counts:
Intel’s Readmap

Intel’s: CPU Year of introduction Transistors

4004 2,250
8008 221510)0)
8080 5,000
8086 29,000
286 1720)400]0)
386™ processor 215,000
486™ DX processor 1,1:80,000
Pentium®; processol 3,100,000
Pentium; Il processor 7,500,000
Pentium il processor 24140)0)0)10]0)0)
Pentium| 4 processon 17240]0]0)10]0)0)
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1 Billion

K Transistors *

1,000,000

100,000
@ Pentium®lll
® Pentium®Il
Pentium® Pro

1
Transistopé)g&t : 2 @
Intel’'s Roadfaap ®  Pentium®
e 1486
e 1386
Al 80286

Source: Intel

1975 1980 1985 1990 1995 2000 2005 2010

Projected ———
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Mooere's law inf Micreprecessors

2X growth in 1.96 years!

© PQF;'G ®

® 486 entium® proc
© 386

® 236

Transistors on Lead Microprocessors double every 2 years

~ 8008

1970 1980 1990 2000 2010
Year
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Die Size Growth

® ®pe
@ 486 Pentium ® proc

Die size (mm)

80g0es ¥ 8086
8o o &

~7% growth per year
»® 3008 = pery

~2X growth in 10 years

1970 1980 1990 2000 2010
Year

Die size grows by 14% to satisfy Moore’s Law
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Ereguency.

10000

Doubles every |
80 2 years ==

100 A< 6
Pentium ® proc
¢ 486

&

Frequency (Mhz)

*
i 8080
*3004
LRI
1970 1980 1990 2000
Year

d Microprocessors frequenc bles every

Introduction to IC Zou Zhige, EST, HUST 29 of 65

Power Dissipation

Power (Watts)

1971 1974 1978 1985 1992 2000
Year

Lead Microprocessors power continues to increase
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Intel microprocessor Roadmap

Pentiom:

Introduction to IC

Introduction to IC

PentiumPro

Zou Zhige, EST, HUST Pentium (IV) 31 0f 65

Outline
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Manufacturing Process

« CMOS Process
« Photo-Lithographic Process
« Packaging
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CMOS Process

Polysilicon

Basic Process: P-Sub N-well
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A Modern CMIOS Process

gate-oxide

&\\\\\\\\&}\\\& &\\>\\\\\\\\\\N Tisi, WAICU
s ////////////// / _

%

Dual-Well CMOS Process
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Cireuit Under Design Its Layoeut View

Active area
Introduction to IC Zou Zhige, EST, HUST 36 of 65
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Phete-Lithegraphic Process

optical

oxidation

P photoresist photoresist coating
‘ < i removal (ashing)

stepper exposure

Typical operations in a single
photolithographic cycle (from [Fullman]).

photoresist
development
acid etch
process spin, rinse, dry
step
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Patterning ofi SIO0:

Chemical or plasma
0111110 e

Hardened resist

SiO2

Si-substrate

a) Silicon base material .
& Si-substrate
Photoresist

Sio .

2 (d) After development and etching of resist,
. chemical or plasma etch of SiO,
Si-substrate 2

(b) After oxidation and deposition Hardened resist
of negative photoresist SiO.

EE—— 2
Si-substrate
UV-light

Patterned (e) After etching
optical mask

Exposed resist

—
Si-substrate Si-substrate

©) ST EISIE (f) Final result after removal of resist
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CMOS Process at a Glance

Define active areas
Etch and fill trenches

Implant well regions

Deposit and pattern
polysilicon layer

Implant source and drain
regions and substrate contacts

Create contact and via windows
Deposit and pattern metal layers
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Advanced Metallization

LAYERS5 &

LAYER 4

LAYER3

LAYER 2
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\Warter > Die

Single die

Wafer

AMDZ
swion] Going up to 12”7 (30cm)

B e S e e S S A N A
U E R ETTTTTTR

From http:/ /www.amd.com
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MultFProeject \Water( MPW)

« lLow price :
+ Schedule |
« Testing

Introduction to IC Zou Zhige, EST, HUST 42 of 65
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Packaging: Bending Technigues

Substrate

Die

Lead Frame
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Package lypes

Introduction to IC Zou Zhige, EST, HUST 44 of 65

22



Sulrfiace Mount Device Package

BGA: BalllGridl Array: * LCCC: Leaded Ceramic Chip Carrier
BOFP: Bumpered Quadi Flat Pack = PLCC: Plastic LL.eaded Chip Carrier
CBGA: Ceramic Ball Grid Array.  * POFD: ----

CEP: Ceramic Flat Pack * PQFPR: Plastic Quad Flat Pack
CPGA: Ceramic Pin Grid Array * PSOP: Plastic Small-Outline Package
CQFEP: Ceramic Quad Flat Pack: +=QSOP: Quarter Size Outline Package
TBD: Ceramic Lead-Less Chip = SOIC: Small Outline IC

Carrier * SSOP: Shrink Small-Outline Package
DLCC: Dual Lead-Less Chip « TQFP: Thin Quad Flat Pack

Carrier (Ceramic) * TSOP: Thin Small-Outline Package

FBGA: Fine-pitch Ball Grid Array | +550p- Thin Shrink Small-Outline
fpBGA: Fine Pitch Ball Grid Array package

JLCC: J-Leaded Chip Carrier « TVSOP: Thin Very Small-Outline
(Ceramic) Package

LCC: Leaded Chip Carrier « VQFB: Very-thin Quad Flat Pack
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Threugh Hole Device Package

« CERDIP: Ceramic DIP
DIP: Duallln-line Package
TBD: Dual In-line Zig-Zag Package
HDIP: Hermetic DIP
PDIP: Plastic DIP
PGA: Pin Grid Array
SIP: Single In-line Package
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ASIC Definition

a designed for a particular
application (as opposed to the
general application) by defining the
Interconnection of a set of basic
circuit building blocks drawn from a
library provided by the circuit
manufacturer.

Introduction to IC Zou Zhige, EST, HUST
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ASIC Classification 1

General Purpese IC
(8051, 741138, 74161, 8255, 555, CPU)

Application-Specific Integrated Circuit

( . LCD driver and controller,
real time clock, DVD, MP3, USB2.0,
Power Management, IC card, MEMS)

Introduction to IC Zou Zhige, EST, HUST 50 of 65
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ASIC Classification 2

Digital Circuit Implementation Approaches

Cell-Based Array-Based

Standard Cells Pre-diffused Pre-wired

Compiled Cells M3 CelS coie Arrays)  (FPGA)
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Implementation methedelogies

Digital Circuit Implementation Approaches

Cell-Based Array-Based

Introduction to IC Zou Zhige, EST, HUST 52 of 65
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Floating
Branch Point Pipeline
Unit Control

Integer Unit

Integer
1A-32 g

Engine

16KB LI | me
Cache

Advanced |2
Load
Address
Table

16KB LID
Cache

Data
Translation
Lookaside
Buffer

Hardware
Page

256KB L2 Cache  Bus Logic 3MB L3 Cache

and Control
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Glossany

« Full Custom
» Designed at the transistor level. Every transistor is
optimized
= Custom packages
= Highly process technology-dependent

« Standard-Cell

= Designed at the gate (cell) level
= Cell library is pre-characterized

= all cells have fixed height
= Wiring may be restricted to channels

Introduction to IC Zou Zhige, EST, HUST 54 of 65
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Glossary

« Gate Aray
= Like Standard-cell

= transistors prefabricated; customize metal to
generate cells

« FPGA
= Like Gate-Array
= Logic blocks are programmable
= Interconnect is programmable
= chips prefabricated
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Remember: full-custom ASICs

« All mask layers are customized
« Miake sense only if there are no libraries
« Advantages
= the highest performance fast, low power
= the lowest part cost smallest die size
« Disadvantages
increased design time
complexity
design expense
highest risk

= Microprocessors were exclusively full-custom

Introduction to IC Zou Zhige, EST, HUST 56 of 65
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Eull-Custom Application

« Memorny.
« CPU and communication IC
* Analog and Mix-signal IC

« Price, Performance, Market

Introduction to IC Zou Zhige, EST, HUST 57 of 65
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ASIC Classification 3

Chip classification according to number of active
elements

classification # transistors example

100 1k

100K -1M RAM, sig. proc
ULS| = A
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ASIC Classification 4

From the Function of IC
« AnalogIC
« Digital IC
« Mix-Signal IC

Introduction to IC Zou Zhige, EST, HUST 64 of 65
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Outline
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ASIC Design Elow

« Cell Based IC
« Full Custom IC
« Mix-Signal IC

Introduction to IC Zou Zhige, EST, HUST
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Cell' Based Design Elow

Behavioral Level

RTL Level
CELL LIBRARY

Logie Synthesis Comgass().6um/0.35um)
L Smarl modsl

Logic Level Design

Circuit Level Design

Cell-Based IC

= Silicon Ensemble/Cracula,
Layout Level Design Apollo/Hercules

Post Yerification RC Eatraction(Star-RC, Dracula)

GDSII
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EullfCustom Design Flow

Behavioral Level

RTL Level

Logic Synthesis

Logic Level Design

Circuit Level Design Composer

Layout Level Design Virtuoso/Diva, Dracula

Post Verification RC Extraction(Star-RC, Dracula)

GDSII
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Layout Leval Design
Post Verification

Mix-Signall Design Flow

CELL LIBRARY

Compess(0.6un/d.35umi
Smart model

Cell-Based IC

Full-Custom 1C

VirtuosoDracula

Silicon Ensemble/Dracula,

I n-nlloﬂ-lercules

RC ExtraciionStar-RC, Dracula)

GDStI
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Betaviar
RAepreseftati

Laogic
[Gate-level]
Representation

Circuit
Represaga

Layout
Representation

Functional

[Architectura) Design

Simplified VLSI
Design Flow

Top-down

Bottom-up

Fabrication and Testing
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Glessary

« IDM—Fabless—Foundry—Chipless
« \Wafer, die

* EDA tools
« MPW.

« |P (Intelligence Property)
« SPEC (specification)
* “the chain” in economy: 1~2: 10: 100

« Front End: Coding, Simulation, Synthesis.

* Back End: Layout
« Top Down: Digital
« Bottom Up: Analog

Introduction to IC Zou Zhige, EST, HUST
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