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Digital Design Principle
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* Number systems
« Boolean algebra
o Switch and CMOS design
« Combinational logic
— Logic gates
— Building blocks: de/mux, de/encoder, shifters,
adder/subtractor, multiplier
— Logic minimization
— Mixed logic
e Sequential logic
— Latches, Flip-flops
— Counters
— State machines: Mealy/Moore machines
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« Memory and Programmable Devices
— Register, RAM, ROM, PLA, PAL

o Architectural concept
— Instruction set architecture (ISA)

— Stored-Program Computer and Sequential Control
(von Neumann architecture)

— Datapath
— Branches
 Processor and Software Convention
— MIPS ISA
— Procedural calls: Stack
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Hierarchy of Computation

| I : | I Programming in ‘ I Compiler/Assembler/
e AGRITIATTE High-Level Language Linker

{

Instruction Set Architecture (ISA) |—> Binary

_ _ Target Machine
Micro-architecture |<— (one implementation)

‘ System architecture

Functional units/
Building blocks

v

Gates Level
Design

Transistors |—> Manufacturing |
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Hierarchy of Computation

| , : Programming in Compiler/Assembler/
Rroblem LIS High-Level Language Linker

Instruction Set Architecture (ISA)

Target Machine
(ene Implementation)

System architecture

Micro-architecture

Functional units/
Building blecks Human Level

System Level

RTL Level
Gates Level

Design

Logic Level

Circuit Level

Silicon Level

Transistors
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Zooming into a System Component

SYSTEM MODULES GATES AND TRANSISTORS
FLIP-FLOPS
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/( First Transistor

GENIUS

THE LIFE AND SCIENCE OF

The Only Winner of
lwo Nobel Prires in Physics
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John Bardeen
William Shockley
Walter Brattain

Circa. 1947, Bell Labs

Nobel Prize in Physics 1956
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John Bardeen
William Shockley
Walter Brattain
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First Transistor
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The inventors of the integrated circuit

Robert Noyce

Jack Kilby
Nobel Prize in Physics 2000
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f The inventors of the integrated circuit —
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Jack Kilby with first integrated circuit
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The inventors of the integrated circuit

PANSuM NN A
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First integrated circuit T LEEEE
tested 12.09.1958 =¥

Jack Kilby first design
of an integrated circuit
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Fairchild
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Gordon E. Moore circa. 1965
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Moore's Law
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Gordon Moore =
Co-founder of Intel in 1968. QE
Moore predicted that the maximum |
number of transistors on a computer = —NHEH'JMP- @D = DT WD
chip would double every year (every 18 5 5 @& 800 0 0 L o m 5 & o

months).

In 1965 Moore was Director at the Research and TEAR
Development Laboratories, Fairchild Semiconductor
division of Fairchild Camera and Instrument Corp.

Ref.:
http://www.intel.com/research/silicon/mooreslaw.htm
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Moore's Law

Transistor count will be doubled every 18 months
%4 Gordon Moore, Intel co-founder transistors

10,000,000,000
Dual-Core Intel® [tanium® 2 Processor
MOORE'S LAW Intel® Itanium® 2 Pr 1,000,000,000
anium® 2 Processor
Irtel Hardum® Processor
intel Pentium® 4 Processor 100,000,000
Intel Pentium® Bl Processor
10 gm
Intel® Pentivm® | Processor 10,000,000

Intel® Pentivm® qu:snr.,..-””’ 42millions
Intel486™ Processor i‘,f”'f

1.000,000
Intel386™ Processor /

286
: 100,000
BOSG Exponential growth

4004 @ -

1,000
1970 1975 1980 1985 1990 1985 2000 2005 2010
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Trends in Computing

The Major Trends in Computing

—Mainframe {one computer, many

16 L people)
—PC {one person, one computer)

14 L
—Uhiquitous Computing {one
person, many computers)

12 1

10 4

L=

1240
1845
1950
1955
1360
1965
1570
1975
1520
1925
1530
1935
2000
2005
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Small Devices

100s
10ks
Millions

100 Millions

Billions

David Culler, U.C. Berkeley
ISRG Retreat
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A Generic Intel-based PC System

<= Your CPU here

1 800 MHz F5B
PCle’ Ose! Sh

| H

£
i
L<E]

10,7 GB/s

2 GB/s DMI
Intel® H 3 .
Dafinition Ausdle o 4 Serial ATA Ports
each
8 rp-?nd 60 82801GR Intel® Matrix
USE" 2.0 Ports MBE/s ICHTR Storage Technology
& PCI ress” x1i 500 133

each x1 LPC ar SM

intel® PRO/1000 LAN

BIOS Support

Intel® Active
Management Technology

- Optional
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Dual-Core Itanium 2 (Montecito)

Technology: S0rim bulk, T
! layers Cu -
-1.T28 transist
-596mm? ;
! =2 HGHz nperagn at
self-selected voltage
=1 DWW elentri::a!_ﬁ_hd
thermal power limit
Two 11 issue, 2 way TMT s

EPIC cores

| =3 level on-chip cache per
| eore — 16K L1I, 16K L1D,

=B i1mMB L21, 256K L2D, 12MB
= unified L3
L5
pap
' 12MB L2
Cache
¥

Digital Design, & Helmut Dispert



China Jiliang University

5-9 FACHHOCHSCHULE KIEL
f . . . »v/ University of Applied Sciences
Integrated Circuit Complexity

Transistors
Per Die

1010
€ 1965 Actual Data 16 26 4G

10° m MOS Arrays A MOS Logic 1975 Actual Data 2561 512M
108 1975 Projection Ita'.‘imgm
Memory Pentium® 4

_ Pentium® I
A Microprocessor Pentium@ll

107

108 Pentium®

10°
104
103
102
101

100
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
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Minimum Feature Size

Feature Size
(microns)

100

== |ntel [update 5/20/02]

=== |TRS [2001 edition]

'60 '65 70 '75

** Planar Transistor; remaining data points are ICs.

Source: Intel, post "98 trend data provided by SIA
International Technology Roadmap for Semicenductors (I TRS)
A ITRS DRAM Half-Pitch vs. Intal “Lithegraphy™]
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Examples

Human hair, 100 um

Amoeba, 15 um

Red blood cell, 7 um

AIDS virus, 0.1 um

'90 '95 00 '05 )
Proj —_—

ected

Buckyball, 0.001 um |

We are currently at 0.065um (65nm) and moving towards 0.045um
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0.01
0.001
0.0001
0.00001

0.000001

0.0000001
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'94 '96 '98 '00 '02

Source: Dataquest
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f Processor Market Segmentation

High Performance
(e.g., Intel 32/64, AMD, Itanium, IBM POWER, BlueGene, Sun T1, etc)

Embedded 7/ low-power
(e.g., ARM, MIPS, Xscale)

Special purpose
(e.g., DSP, NVidia)
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Analog versus Digital Signal

Signal
Value 4 Analog signal

Time
Why Digital?
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Binary Signals

Signal
Value

ot
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Binary signal

0 2 4 6 8 10 12 14 16 18 20 22 24 26
Time

Why Binary?
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Voltage Range of Binary Signals

5.0 Volts
HIGH (1)
HIGH (1) < 4.0 Volts
3.0 Volts -
2.0 Volts -

0.0 Volts
INPUT OUTPUT
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End

Thank you!
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