EE 434
Fall 2005

Analog and Digital VLSI Design

Lecture Instructor: Randy Geiger
351 Durham
rlgeiger@iastate.edu 294-7745

Lab Instructor: Sagib Malik



Catalog Description

E E 434. Analog and Digital VLS| Design
Semiconductor processes and fabrication,
device models, physical layout, simulation,
synthesis and fabrication. Design and use
of analog and digital building blocks.
Behavioral level descriptions of digital
circuits and synthesis using standard cells.



Topical Coverage

Semiconductor Processes
Device Models (MOS and BJT)
Layout

Simulation and Verification
Basic Digital Building Blocks

Behavioral Design and Synthesis
— Standard cells

Basic Analog Building Blocks



Grading Policy

2 Exams 100 pts each
1 Final 100 pts.
Homework 100 pts.total
Quizzes 15 pts each
Lab and Lab Reports 100 pts.total
Design Project 100 pts.

If for any reason the final examination is waived, the two listed
examinations will be weighted 150 points each.



Cell Phone Policy

Use them !
Hearing them ring represents business opportunity !

Please step outside of the room to carry on your conversations



The Semiconductor Industry

How big is it ?

How does it compare to other industries?



How big is the semiconductor industry?

http://news.designtechnica.com/news_printerfriendly8013.html

Worldwide Semiconductor Sales Up 6.5 Pct
hMonday, August 1st 2005 @ 645 PM POCT

The Semiconductor Industry Association reports worldwide semiconductor sales rose 6.5 percent during the first half of 2005
compared to 2004,

The Semiconductor Industry Association announced today that sales
of semiconductors worldwide were up by 6.5 percent in the first half
of 2005 five compared to the first half of 2004, accounting for a total
of $109 billion in total sales. Although sales declined slightly in June
2005 compared to May 2005, June sales were still nearly 1 percent
higher than sales in June 2004, accounting for over $18 hillion
around the world.

Although the second quarter of 2005 was 2.1 percent weaker than
the first, most industry segments saw sales above expectations for
the second quarter of 2005, including wired and wirele
communications, automotive applications, and p€fsonal computers:
The SIA expects sales worldwide to reach a tgtal of $226 billion as
markets enter the historically strong third quaresagf the year, which
includes back-to-school purchases and presages the d
The SIA also notes the semiconductor manufacturing capacity
increased in the second guarter of 2005 after two sequential quarters
of decline, indicating makers are increasing output in the third quarter
to match utilization rates in industry.




How big is the semiconductor industry?

1984 $25B

1990 $50B

1994 $100B
2004 $200B
2005 $226B (est)

At the current growth rate, it will top $300B before the end of this decade!

Semiconductor sales do not include the sales of the electronic systems in
which they are installed and this marked is much bigger !!



The Semiconductor Industry

How does it compare to other industries?
 Relative to lowa-Centric Commodities

e Relative to Oil Production



lowa-Centric Commodities




lowa-Centric Commodities

In the United States, lowa ranks:

First in Corn production
First in Soybean production
First in Egg production
First in Hog production
Second in Red Meat production

http://www.iowalifechanging.com/travel/iowafacts/statistics.html



lowa-Centric Commodities

Beans

Corn



lowa-Centric Commodities

cCorn

Agricultural Commodities are a Major Part of the lowa Economy



Value of Agricultural Commodoties
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Corn and Beans Dominate the US Agricultural Comodoties



Value of Agricultural Commodities

Corn Production

Soybean Production

Bushels (Billions)

Bushels (Millions)

lowa 2.24 lowa 338
United States 11.8 United States 3,141
World 23.3 World 7,968
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Value of Agricultural Commodities

Corn Production

Soybean Production

Bushels Value (Billion Bushels | Value (Billion
(Billions) Dollars) (Millions) Dollars)
lowa 2.24 $3.63 lowa 338 $1.94
United 11.8 $19.1 United States 3,141 $18.1
States
World 23.3 $37.7 World 7,968 $45.8

World 2004 semiconductor sales of $200B over a factor of 2
larger than total corn and soybean production!




The Semiconductor Industry

How does it compare to other industries?

e Relative to Oil Production



Value of Ol

Barrels/Day (Million)
United States 20
Western Europe 15
Japan 56
China 55
Russia 27
World 80




Value of Ol

Barrels/Year (Billion)

Value (Billion Dollars)

Value (Billion Dollars)

(@$20/barrel) (@$50/barrel)
United States 7.3 $146 $365
Western Europe 5.5 $110 $275
Japan 2.0 $40 $100
China 2.0 $40 $100
Russia 0.99 $19.8 $49.5
World 29.2 $584 $1460

World 2004 semiconductor sales of $200B a factor of 2.5 to
7 smaller than total oil production!

Electronic system sales much larger than semiconductor sales !!




The Semiconductor Industry
How big is it ?
About $225B/Year and growing rapidly

How does it compare to other industries?

Relative to lowa-Centric Commodities
Much larger than major agricultural
commodities

Relative to Oil Production
Factor of 2 to 4 smaller than energy

The semiconductor industry is one of the largest
sectors in the world economy and is rapidly growing



ow IS the semiconductor industry
distributed around the world?

2004 Worldwide Top 50 Semiconductor Sales Leaders - 6/16/2005 - Pur... http://www.purchasing. com/article/ CA609239. html

THE CLOCK IS TICKING...
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2004 Worldwide Top 50 Semiconductor Sales Leaders

By James Carbone

Furchasing June 16, 2005

2004 Worldwide Top 50 Semiconductor Sales Leaders

2004
Rank

1

W ~ O O & W N

10
11
12

2003
Rank

1

oo O O B ~ W N

11
10
13

Company

Intel
Samsung
Tl
Infineon
Renesas
ST
Toshiba
TSMC*
NEC
FPhilips
Freescale
Sony

Headquarters

U.S.
South Korea
U.S.
Europe
Japan
Europe
Japan
Taiwan
Japan
Europe
U.S.
Japan

2003
($M)

27,030
10,400
8,250
2,168
7,970
7,238
7,355
0,855
5,603
4,512
4,654
3,833

2004
($M)

30,900
15,830
10,700
9,180
9,000
8,760
8,531
7,648
6,469
5,692
5519
5,070

04/03 %
change

14%
52%
30%
29%
13%
21%
16%
31%
15%
26%
19%
29%



155
14
15
16
17
18
19
20
21
22

23

24
25
26
27
28
29
30

1
15
20
14
19
18
17
22
16
21

24

28
20
29
27
26
25
38

AMD/Spansion

Micron
Hynix
Matsushita
UMC™*
Fujitsu
Sharp

Qualcomm™®

IBM
Rohm

Analog
Devices

Broadcom™*

Sanyo
Mational
Agilent
Nvidia™*
Agere
ATI*™

U.s.

U.S.

South Korea
Japan
Taiwan
Japan
Japan

U.Ss.

U.s.

Japan

U.s.

u.s.
Japan
U.S.
U.S.
U.S.
U.S.
Canada

3,940
3,975
2,516
3,675
2,740
2955
2,035
2,466
5. T1S
2,490

2,100

1,610
2,245
1,560
1,635
1,820
1.920
1,135

5,001
4. 652
4,648
4,265
3,900
3.440
3,355
3,224
3,150
2,818

2,570

2,401
2,150
2,048
2,011
1,975
1,807
1,725

27%
30%
85%
16%
42%
16%
11%
31%
1%

13%

22%

49%
-4%
31%
23%
9%
-6%
92%



31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

30 Oki
o6 Powerchip
50 Elpida
39 Maxim
31 Atmel
42 Sandisk™*
32 Hilinx™*
33 Fairchild
37 Seiko Epson
52 ProMOS
40 ON Semi
34 LSI Logic
48 Nanya
36 Mitsubishi
49 Marvell**
41 IR
39 MediaTek**
53 Chartered®
45 MagnaChip***
47 Altera™
Top 10 Total
Top 25 Total
Top 50 Total
*Foundry
**Fabless

Japan
Taiwan
Japan
Uu.s.

Uu.s.

u.s.

u.s.

LS
Japan
Taiwan
Uu.S.

Uu.s.
Taiwan
Japan
Uu.s.

u.s.
Taiwan
Singapore
South Korea
Uu.s.

***Includes total from Hynix in '03 & '04

1,360
666
760
1,229
1.3a1
982
1,304
1,273
1.150
729
1.065
1,270
825
1.155
780
1,050
1,104
728
831
827

91,322
138,371

e L o S . . L i, . . . SR, s, s, 1w o (I i, S, 4

720
L16
700
662
653
603
985
458
2D
283
263
248
217
210
,190
185
72
103
085
016

26%
158%
124%
35%
24%
63%
22%
15%
15%
76%
19%
-2%
47%
2%
23%
13%
6%
22%
31%
23%

112,710 23%
168,873 24%
164,860 205,827 25%



Selected Semiconductor Trends

* Microprocessors
« DRAMS
e FPGA



ntel Microprocessor Quick Reference Guide
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http /A intel. com/pressroom/kits/quickreffam htm

Microprocessor Quick Reference Guide

@ rrint

Learn all the significant processor evolution facts. including introduction date, ratings and number of
transistors. Click on the processor family below to view facts on each processor in that family, or scroll
down the page to see them all. For a fun and informative ovendew of Intel processor history, visit the
interactive History of the Microprocessor.

INntel® Pertium@ M Processor

Frocessor

| Clock

Speed(s)

IntelE 213 GH=z

Fentium®E k | 2 GHzZ

Processor 1.868 GH=z

Farai| 1.73 GH=z

TEO 1.60 GH=z

Fi=1i]

740

Facii]

Lt el 210 GH=z

Fentium® kM | 2 GHz

Frocessor 1.80 GHz

il siv) 1.70 GH=z

755 1.60 GH=z

745 1.20 GH=z

TS

T25

)

|t elEl 1.70 GH=z

Fentium® M | 1.680 GH=z

Frocessor 1.80 GH=z
140 GHz
1.20 GH=z

Jan. 149, 2005

Cct. 20, 2004

[ June 2. 2003

Intro Date(s) rATO
FProcessd

Transistors

90 nm

Fra
B0
50
740
Facinl

140 million

90 nm

B
140 million
June 23, 2004
25
715

May 10, 2004
K=l

45
T35

0.1 3-micron
170 GHz
TT million
Mar. 12, 2003
160 GHz
180 GH=z
140 GHz
1.230 GH=z

Cache

Bus
Speed
l2mE | 533
L2 Ml HZ
cache
2 mMB 400
Lz Wl Hz
cache
1mE 400
Lz Ml Hz
cache

Core Woltage

1.2680-1.3 72 W

| Max Perf. Maode
0.988% Battery
Cptimized Mode

Thermal
Design
Fowwer
(TDORP)

[ 27wy

1.278-1 340% Max | 21 W

| Perf. Mode
| 0.988Y Battery
| Dptimized Mode

1.484% in Max.
| Perf. Mode
0.956% Battery
Optimized Mode
| {1 .40-1.70 GHZz)

1.29% in Max
| Perf. Mode
| 0.96% in BEattery
| Optimized Mode
[(1.230 GHz)

[24 5w

Twpical
l=e

Full-size

and thin &
light
mobile
FP=

Full-zize

and thin &
light
maokbile
FPCs

Full-size

and thin &
light
mobile
FPCs



Intel® Itanium® Processor Family

Processor

Intel® ltanium® 2
| Processor

| Intel® Itanium® 2
| Processar

' Intel® ltanium® 2
Processor

Intel® ltanium® 2|
| Processor

Intel® tanium® 2
Processor

Intel® ltanium® 2
Processor

(for dual
processor
systems)

Intel® ltanium® 2
Processor

Intel® ltanium® 2
Processor

Intel® ltanium®
Processor

Clock

Speed(s)
1.60 GHz
1.60 GHz
1.50 GHz

1.60 GHz

.60 GHz
40 GHz

—

1.40 GHz |

1.50 GHz |

1 GHz
900 MH=z

' 800 MHz

733 MHz

Intro Date(s)

| Nov.8, 2004
'Nov.8, 2004
| Nov.8, 2004

' Nov.8, 2004

April 14, 2004

Sept. 8, 2003

July 8, 2002

' May 2001

June 30, 2003

Mfg.

Processf

Transistors

'0.13 micron
592 million

”0.13 micron

592 million

'0.13 micron
592 million

0.13 micron

592 million

0.13-micron

410 million

I0.13—micron

410 million

0.13-micron

| 410 million

| 0.18-micron

220 million

:0.18—micron

25 million

Cache

9 MB L3

Cache

6 MB L3

Cache

4 MB L3
| Cache

3 MB L3
| Cache

3MBL3
Cache

15 MB L3

Cache

6 MB L2

Cache

'3MBand1.5

MB L3 Cache

2 MB and 4

MB L3 Cache

Typical Use

- Demanding enterprise-class servers
and high-performance applications

Demanding enterprise-class servers

and high-performance applications

- Demanding enterprise-class servers
and high-performance applications

For dual processor servers

Technical computing clusters and
entry-level, front-end enterprise
systems

Dual processor servers

Demanding enterprise-class servers,

and high-perforrnance applications

Demanding enterprise-class servers,

and high-performance applications

Demanding enterprise-class servers,

and high-performance applications



Intel® Pentium® 4 Processor

Deskfop

Processor

Intel® Pentium® 4
Processor Extreme
Edition supporting HT
Technology

Intel® Pentium® 4
Processor Extreme
Edition supporting HT
Technology

Intel® Pentium® 4

Processor Extreme
Edition supporting HT

Technology

Intel® Pentium® 4
Processor supporting
HT Techneology
660
650
640
3

Intel® Pentium® 4
Processor supporting
HT Technology

570

560

550

Y
3
2

)
=}

o
o

0
o

o
o

Ww
N B

W W

NOLWLK

| Clock

Speead(s)

3.73 GHz

| 3.46 GHz

0 GHz
0 GHz

.60 GH=z
.40 GH=z
.20 GHz

.80 GH=
.60 GH=z
.40 GHz
.20 GH=z

.80 GH=z

| Intro Date(s)

Feb. 21, 2005

Nov. 15, 2004

| June 21, 2004

3.40 GH=z
(Intel® LGA77TS
package technology)

Feb. 2, 2004

3.40 GH=z
Nowv. 3, 2003
3.20 GHz
Feb. 21, 2005
660

650

640

630

Mov. 15, 2004

570

June 21, 2004
560
550
540
530
520

| Mfg.

Process/

Transistors

90nm

169 million

| 0.13-micron

178 million

0.13micron

178 million
90nm
189 million
90nm
125 million

Cache

2 MB L2 cache

2 MB L3

cache;
512 KB L2
cache

2 MB L3

cache;
512 KB L2
cache

2 MB L2 cache

1 MB L2 cache

' Bus

Speed

1066
MNMHz

| 1066

MHz

' 800

MHz

| 800

MNMHz

| 800

MHz

: Typical Use

Gaming and

Com puting
Enthusiasts

| Gaming and

Computing
Enthusiasts

' Gaming and

Computing
Enthusiasts

: Desktops and

entry-level
workstations

Desktops and

entry-lewvel
workstations



Intel® Pentium®& 4

2. .40 GH=

Feb. 2, 2004

90Nnm

1 MB L2 cache

800

Desktops and

Apr. 23, 2001

1.70 GHz

MNov. 20, 2000

1.50 GH=z
1.40 GH=z

Processor supporting 2. 20E GH= MMHZz entry-leveal
HT Technology 3IE GH= 125 million workstations
2.80E GH=
Intel® Pentium® 4 32.40 GH=z Feb. 2, 2004 0. 13Fmicron 512 KB 800 Desktops and
Processor supporting 3.20 GHz= 3.40 GH= Advanced MMHzZ entry-lewvel
HT Technology 2.80C GH= 55 million Transfer L2 workstations
2.60C GHz | June 23, 2003 cache
2.40C GH=z | 3.20 GH=
May 21, 2003
2.80 GH=z=z
2.60 GH=z=
2.40 GH=z
IntelE Pentium®r 4 3 GH= Apr. 14, 2003 | 0.13-micron 512 KB 800 Desktops and
Processor supporting Advanced MiHZz entry-lewvel
HT Technology 55 million Transfer L2 workstations
cache
Intel® Pentium® <4 3.06 GH= MNow. 14, 2002 0.13micron 5S12 KB 533 Desktops and
Processor supporting Advanced MNMHZz entry-lewvel
HT Technology 55 million Transfer L2 workstations
cache
INntel= Pentium®& <4 2Z2.80 GH= Aug. 26, 2002 O.13micron 512 KB 533 Desktops and
Processor 2.66 GH= 2.80 GH= Advanced MMHz entry-lewel
2.53 GH= 2.66 GH=z 55 million Transfer L2 workstations
2.40 GH= cache
2.26 GH= May 6, 2002
253 GH=
2.40 GH=z
2.26 GH=z
IntelE Pentium & <4 2.60 GH= HSug. 26, 2002 0. 13- micron 5S12 KB 400 Desktops and
Processor 2.50 GH= 2.80 GH= Advanced nHZz entry-lewvel
2 .40 GH= 2.50 GH= 55 million Transfer L2 workstations
220 GH= cache
2 GH= Apr. 2 2002
2. .40 SGH=
Jan. 7, 2002
2.2 GH=z
Aug. 27, 2001
2 GH=
Intel® Pentium®: 4 2 SH=z Aug. 27, 2001 0.18-micron | 256 KB 400 Desktops and
Processor 1.90 GH=z= 2 GH=z Advanced MHZz entry-level
1.80 GH=z= 1.90 GH=z=z 42 million Transfer L2 workstations
1.70 GH=z cache
1.60 GH= Jul. 2, 2001
1.90 GH= 1.80 GH=z
1.40 GH= 1.60 GH=




Intel® Celeron® Processor

Desktop
Processor Clock Intro Date(s) Mfqg. Cache Bus Typical Use
Speed(s) Processf Speed
Transistors
Intel® Celeron® D 3.06 GHz | Nov. 23, 2004 90 nm 256 KB 533 MH=z Value and Mobile
Processor 2.93 GHz | 345 L2 PCs
345 2.80 GHz cache
340 266 GHz | Sep. 22, 2004
335 253 GHz | 340
330 2.40 GHz
325 2.26 GHz | June 24 2004
320 335
330
325
320
Intel® Celeron® Processor | 2.80 GHz | Nov. 5, 2003 0.13-micron 128 KB 400 MHz Value and Mobile
2.70 GHz | 2.80 GH=z L2 PCs
cache
Sept. 24, 2003
2.70 GHz
- Intel® Celeron® Processor 2.40 GHz Mar. 31, 2003 0.13-micron 128 KB 400 MH=z Value PCs
2.30 GH=z 2.40 GH=z 2
2.20 GH=z 2.30 GH=z cache
2.10 GH=z
Nov. 20, 2002
2.20 GH=z
2.10 GH=z
Intel® Celeron® Processor 2 GHz Sept. 18, 2002 | 0.13-micron 128 KB 400 MHz Value PCs
L2
cache
Intel® Celeron® Processor | 1.80 GHz= June 12, 2002 0.18-micron 128 KB 400 MHZ=z Value PCs
1.70 GH=z 1.80 GH= L2
cache
May 15, 2002
1.70 GH=z _
Intel® Celeron® Processor 1.40 GHz May 15, 2002 0.13-micron 256 KB 100 MHz Value PCs
1.30 GHz | 1.40 GH=z L2
1.20 GH=z cache

Jan. 3, 2002
1.30 GH=

Oct. 2, 2001

1.20 GH=z




Intel® Celeron® Processor | 1.10 GH=z
1 GH=z
950 MH=z
990 MH=
850 MH=z
800 MH=z

766 MHz
733 MHz
700 MH=z
667 MHz
633 MH=z=
600 MH=z
566 MHz

. Intel® Celeron® Processor

533 MHz
500 MHz
466 MH=z
433 MH=
400 MH=z
366 MHz
333 MHz
300 MHz

Intel® Celeron® Processor

Intel® Celeron® Processor | 300 MHZz
266 MH=z

' Aug. 31, 2001

1.10 GH=z

Jul. 2. 2001
900 MH=z

May 21, 2001
850 MHz

Jan. 3, 2001

800 MH=z

' Nov. 13, 2000

766 MHz
733 MH=z

June 26, 2000

700 MH=z
567 MHz
633 MH=z

March 29, 2000

600 MH=z
566 MHz

| Jan. 4, 2000

533 MH=z

Aug. 2, 1999
500 MHz

Apr. 26, 1998
466 MHz

Mar. 22, 1999
433 MHz

Jan. 4, 19899
400 MH=z
366 MH=

Aug. 24, 1998
333 MHz

Aug. 24, 1998

300A MHz

June 8, 1998

300 MH=

Apr. 15, 1998

266 MHz

. 0.18-micron

0.18-micron

0.25-micron

19 million

0.25-micron

7.5 million

128 KB

L2
cache

128 KB

L2
cache

128 KB

L2
cache

NA

100 MHz

' 66 MHz

66 MH=z

66 MH=

‘Value PCs

‘alue PCs

Value PCs

Value PCs




Intel® Pentium® Ill Processor

Desktop

Processor

Clock

Speed(s)

' Intel®
Pentium® |l
Processor

Intel®
Pentium® [1|
Processaor

1 GHz

933 MHz
866 MHz
850 MHz

733 MHz

700 MHz
667 MHz
650 MHz
600 MHz
550 MHz
533 MHz

500 MHz

Intel®
Pentium® [1|
Processor

600 MHz |

550 MHz
500 MHz
450 MHz

Mar. 8, 2000

Intro Date(s)

1GHz

Mar. 20, 2000
866 MHz
850 MHz

May 24, 2000

933 MHz

Oct. 25, 1999 |

Aug. 2, 1999
600 MHz

May 17, 1999
550 MHz

Feb. 26, 1999
500 MHz

450 Mhz

Mfg. Process!
Transistors

| 0.18micron

28 million

0.18micron

28 million

0.25-micron

9.5 million

| Cache

256 KB

512 KB

Advanced
Transfer
cache

256 KB Advanced

Transfer
cache

100 MHz

133 MHz

100 MHz
133 MHz

100 MHz

| Bus Speed | Typical Use

Business, consumer PCs;

1- and 2-way servers and
workstations

Business, consumer PCs;

1- and 2-way servers and
workstations

Business, consumer PCs;

1- and 2-way servers and
workstations



Intel® Pentium® Illl Xeon™ Processor

Processor

Intel®
Pentium® |11
Xeon™
Processor

Intel®
Pentium® Il
Xeon™
Processor

Intel®
Pentium® Il
Xeon™
Processor

Intel®
Pentium® Il
Xeon™
Processor

Intel®
Pentium@ |11
Xeon™
Processor

| Clock

Speed(s)

900 MHz

| 933 MHz

| 700 MHz |

| 866 MHz |

800 MHz
733 MHz
667 MHz
600 MHz

| 550 MHz |

500 MHz

| Intro Date(s)

Mar. 21, 2001

'May 24, 2000

May 22, 2000

Apr. 10, 2000
866 MHz

Jan. 12, 2000
800 MHz

Oct. 25, 1989
733 MHz
667 MHz
600 MHz

Mar. 17, 1999

Mfg.
Process/
Transistors

0.18-micron

28 million

0.18-micron

28 million

0.18-micron

28 million

| 0.18-micron

28 million

0.25-micron

9.5 million

.Cache

2 MB
Advanced
Transfer L2
cache

256 KB
Advanced
Transfer L2
cache

1 MB and 2
MB Advanced
Transfer L2
cache

256 KB
Advanced
Transfer L2
cache

512 KB, 1 MB
and 2 MB
Advanced
Transfer L2
cache

[ Addressable
Memory

64 GB

64 GB

64 GB

64 GB

64 GB

[ Bus

Speed

100

MHz

1133

MHz

100

MHz

1133

MHz

| 100

MHz

| Typical Use

High-end servers, 4-

and B-way
multiprocessing

systems

Business and
consumer PCs, 1-
and 2-way servers
and workstations

| 4- and 8-way servers

2-way servers and

workstations

. Business PCs, 2-, 4-

and B-way (and
higher) servers and
workstations



Intel® Pentium® Il Xeon™ Processor

Processor Clock
Speed(s)

Intel® Pentium® | 450 MHz
Il Xeon™
Processor

Intel® Pentium® | 450 MHz
Il Xeon™
Processor

Intel® Pentium® | 400 MHz
Il Xeon™
Processor

Intro Date(s)

Mfg.
Process/

Transistors

Jan. 5, 1999

Oct. 6, 1998

' June 29, 1998

0.25-micron

7.5 million

0.25-micron

7.5 million

0.25-micron

7.5 million

Cache | Addressable

512

KB
1 MB
2 MB

1512

KB

1512

KB

1 MB

Memory

64 GB

64 GB

64 GB

Bus
Speed

100

MHz

100

MHz

100

MHz

Typical Use

4-way servers and
workstations

Dual-processor

servers and

workstations

Midrange and higher
servers and

workstations



Intel® Pentium® Il Processor

Desktop

Processor

Intel® Pentium® Il
Processor

Intel® Pentium® Il |
Processor

Intel® Pentium® 11
Processor

Intel® Pentium® 11
Processor

233 MHz

Clock
Speed(s)

450 MHz

400 MHz
350 MHz

333 MHz

300 MHz

266 MHz

Intro Date(s)

Aug. 24, 1998

Apr. 15, 1998 |

Jan. 26, 1998

May 7, 1997

Mfg.
Process/
Transistors
0.25-micron

7.5 million

0.25-micron

7.5 million

0.25-micron

7.5 million

0.35-micron

7.5 million

Cache

512

KB

512

KB

512
KB

512

KB

Bus
Speed

100

NMHz

100

NMHz

66 MHz

Typical Use

Business and consumer PCs; 1- and

2-way servers and workstations.

Business and consumer PCs; 1- and

2-way servers and workstations.

Business and consumer PCs:; 1- and
Z-way servers and workstations.

High-end business desktops,

workstations and servers.



Intel® Pentium® Processor Family

| Desktop

Processor

Intel® Pentium® Processor with MMX™
Technology

Intel® Pentium® Processor with MMX™

Technology

| Intel® Pentium® Processor

Intel® Pentium® Processor
Intel® Pentium® Processor

Intel® Pentium® Processor

Intel® Pentium® Processor
Intel® Pentium® Processor

Intel® Pentium® Processor

| Clock

Speed(s)

233 MHz

200 MHz
166 MHz

200 MHz

166 MHz
150 MHz

133 MHz |

120 MHz

100 MHz

90 MHz

75 MHz

66 MHz

60 MHz

| Intro Date(s)
June 2, 1997
”Oct. xx, 1996

June 10, 1996 |

Jan. 4, 1996

June 1995

| Mar. 27, 1995 |

Mar. 7, 1994
Oct. 10, 1994

'Mar. 22, 1993 |

Mg,
Process!
Transistors

0.35micron

4.5 million

| 0.35-micron

4.5 million

0.35-micron

3.3 million

0.35-micron

3.2 million

1 0.35-micron

3.3 million

0.6-micron
0.35-micron

3.3 million

0.6-micron

3.3 million

0.6-micron

3.2 million

0.8-micron

3.1 million

| Typical Use

High-performance desktops and
servers

High-performance desktops and
servers

| High-performance desktops and
servers

High-performance desktops and

servers

1 High-performance desktops and

servers

- Desktops and notebooks

Desktops
Desktops and notebooks

- Desktops



Inteld868™ Processors and

Processor

[ Intelags ™
SL
Processor

IntelD>X4™
Processor

[ InteIDX 2™
Processor

Intel486 ™
SX
Processor

[ Inteizss ™
SL
Processor

Inteld486™
D2
Processor

Intel38&™
SX
Processor

IntelZ386™
D2
Processor

Clock
Speed(s)

| 33 MH=z
25 MH=z
50 MHz

100 MH=
75 MHz

| 66
50
40

PMHz
MHz
MHz

33
25
20
16

MHz
MHz
MH=z
MHz

25
Z0

MHz=
MHz

50 MH=
33 MH=z
25 MH=

33 MH=z
25 MHz
20 MH=z=
16 MiH=

33 MHz
25 MHz
20 MH=z
15 hMHz

Intro Date(s)
|Nov. 9, 1992

| Mar. 7, 1994

| Aug. 10, 1992

66 Mhz

Mar. 3, 1992
50 Mhz

June 1993
40MHZz

Sept. 21, 1992
33 MH=z

Sept. 16, 1991
25 MH=

20 MH=z

|16 MH=z

| September 30, 1991 |

25 MH=z

Oct. 15, 1990

20 MH=z
June 24, 1991

e

SO MHz

May 7, 1990
33 MH=

Apr. 10, 1989
25 NMH=z

| oct. 26, 1202

—_—

33 MH=z
25 MH=

Jan. 25, 1989
20 MH=

June 16, 1988
16 MHz=

Apr. 10, 1989
33 MHz

Apr. 4, 1988
25 MH=

Feb. 16, 1987
20 MH=

Oct. 17, 1985
16 MHz=

Earlier

Mfg.

Process/

Transistors

0.8-micron
[ 0.6-micron

| 0.8-mieron

[ 0.8 -micron

33 MH=z
25 MH=z
20 MH=z
16 MH=

1-micron

0. 8-micron

S0 MHz

1-micron

33 MH=z
25 MiH=z

1.5 micron

T-micron

33 MHz

1.5 micron

25 MH=z
20 MHz
15 MiH=z

Transistors
[ 1.4 million
| 1.6 million

1.2 million

[ 0.8-micron

900,000

1-micron
1.2 million

| 855,000

1.2 million

275,000

275,000

Addressable
Memory

| 64 mB

4 GB

4 GB

|4 cB

16 MB

Typical Use

. First CPU specifically

designed for Notebook PCs

High-performance,
entry-level desktops and

value notebooks

' High-performance, low-cost

desktops

Low-cost, entry-level

desktops

| First CPU designed

specifically for portables

Desktops and servers.

Entry-lewvel desktop and
portable computing

Desktops



| 80286

80186

808s

8086

8085

8080

8008

4004

|12 MHz

10 MHz
6 MHz

12 MHz

10 MHz

8 MHz

5 MHz

|10 MHz

8 MHz

5 MHz

2 MHz

|2 MHz

200 KHz

108 KHz

' February 1982

1982

June 1979
' June 8, 1978

March 1976

' April 1974

|
April 1972

'Nov. 1971

1.5-micron

3micron

3micron

3-micron

B-micron

10-micron

| 10-micron

134,000

29,000
29,000

6,500

6,000

3,500

2,300

16 MB

64 KB

64 KB

16 KB

640 Bytes

Desktops (standard CPU for
all IBM PCs clones at the
time)

‘Used mostly in controller

applications

| Desktops (standard CPU for |

all IBM PCs and PC clones

at the time)

Portable computing

Toledo scale. Computed

cost from weight and price.
High level of integration,
operating for first time on a
single 5-volt power supply
{(down from 12 volts).

Traffic light controller, Altair

computer {first PC).

Dumb terminals, general
calculators, bottling
machines, data/character
manipulation

. Busicom calculator,

arithmetic manipulation



Selected Semiconductor Trends

e Microprocessors

— State of the art technology is now 90nm with close to
1Billion transistors on a chip

« DRAMS

— State of the art is now 2G bits on a chip which
requires somewhere around 2.5Billion transistors

. FPGA

— FPGAs currently have over 800Million transistors and
are growing larger

Device count on a chip has been increasing rapidly with
time, device size has been decreasing rapidly with time
and speed/performance has been rapidly increasing



ITRS Technology Predictions

ITRS 2004 Supply Voltage Predictions
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ITRS Technology Predictions
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