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* |Introduction
e The MOS Transistor

* Integrated Circuits (IC) Manufacturing
Technologies

 MOS Digital Circuit Families

» Delay Calculation in CMOS Circuits — Logical
Effort

* |C Design Methodologies
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&4 Microelectronics

« MICROELECTRONICS [gr.], branch of
electronics dealing with operation,
construction and technology of — integrated
circuits.

« INTEGRATED CIRCUIT, miniature electronic
circuit, which part or all components are
manufactured together with the
interconnections in one technological cycle in
or on the surface of a common substrate.
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The History of Computing
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{11 Mechanical

« Abacus — 3000 BC

* Adding machine: B. Pascal — 1642

* Multiplying machine: G. Leibniz — 1694

» Difference engine: Charles Babbage 1823
Analytical machine: Charles Babbage 1833

— The mill (CPU), the store (memory), control,
punched card reader, card puncher

— Control from the external source (punched cards)

— Ada (Byron) Lovelace - considered a world's first
programmer
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4 Elektromechanical

» Electromechanical calculator with punched

cards H. Hollerith 1890.

 Electromechanical calculator Mark | 1944

— H. Aiken: 1937-1944, USA,
Harvard University + IBM

— 750 000 components, 900 km of wires,
weight 5 T

— addition 0.3 s, multiplication 6 s




Microelectronics

%* Mark Il - "Computer Bug" (Grace Hopper)

Gos Photo # NH 96566-KN First Computer "Bug", 1945
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A Electronic

[

* 1941 — John Atanasoff and Clifford Berry -
ABC (calculator) — vacuum tubes
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214 Electronic

* 1943 — Colossus - code cracking calculator
(1500 vacuum tubes)

— data on perforated paper tape
* 1944 — Colossus 2 (2500 tubes)
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 1943-1946 — ENIAC — the first electronic computer
— Electronic Numerical Integrator And Computer

— John Eckert, John Mauchly

— 18 000 vacuum tubes, 70 000 resistors, 1500 relais,
weight 30 T,

— Power consumption 174 kW, cost 750 000 $
— Addition: 0.2 ms

— Numbers encoded in decimal, every digit stored in 10-
position counter (36 tubes), 10 digits stored in an
accumulator.

 The whole machine: 20 accumulators.

— The control of the machine operation: setting 10-position
electric switches

12
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Replacing a bad tube meant checking among ENIAC’s 19,000 possibilities.

13
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1944 — 1949 EDVAC John von Neumann et al

» Electronic Discrete Variable Automatic Computer

— stored program machine;
— basic components:

e arithmetical and logical unit, memory, input, output,
control

 binary system
* memory - mercury delay line
1951 — UNIVAC | - first successfull commercial computer

14
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l Il Generation Computers (1954-1964)

* Technology:
— digital circuits: transistors

— memories: drum memory (initially), ferrite
memory

16
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1 1| Generation Computers (1965-1971)

* Technology:

— Digital circuits: low and medium scale of
integration integrated circuits

— Memories: ferrite memory (initially), integrated
circuits

17
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lll Generation Computers

* Interesting dates:
— 1965 — IBM 360
- 1971 - IBM 370 - 70 % of computer market

— 1968 — PDP-8 - 12-bit minicomputer with a bus
architecture

— 1970 — PDP 11 - 16-bit minicomputer with a bus
architecture

— 1972 — llliac |V - matrix computer with 64
processing units
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L IV Generation Computers (1971 - now)

* Technology:

— Digital circuits: very-large scale of integration
digital circuits

— Memories: VLSI circuits

19
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History of Electronics
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Ambrose Fleming at Marconi Company patents
the two-electrode radio rectifier, which he
called the thermionic valve: it is also known as
the vacuum diode, kenotron, thermionic tube,
and Fleming valve.
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A
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Lee De Forest devises a three-electrode tube,
or triode; the device is capable of detecting and
amplifying radio signals. It was also known as

an 'Audion valve'.




Microelectronics 23

On December 23 1947 William Shockley,
Walter Brattain and John Bardeen at Bell Labs
demonstrate their new invention of the point-
contact transistor amplifier. The name
transistor is short for "transfer resistance".
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William Shockley, co-inventor of the transistor seven years eatrlier,
founds Shockley Semiconductor Laboratories in Santa Clara Valley.
He recruits 12 young scientists dedicated to the use of germanium
and silicon for transistors -- his “Ph.D. production line.” Shockley
wins the Nobel Prize for Physics in 1956, but his management style
and disenchantment with pure research causes the eight young
scientists to leave company.
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Sheldon Roberts Eugene Klainer Victar Geinich Jay Last
Julius Blank Robert Moyce  Gordon Moore  Jean Hoerni

Gordon E. Moore, C. Sheldon Roberts, Eugene Kleiner, Robert N. Noyce,
Victor H. Grinich, Julius Blank, Jean A. Hoerni and Jay T. Last - the
“Traitorous Eight” from Shockley Semiconductor - use $3500 of their own
money to develop a method of mass-producing silicon transistors using a
double diffusion technique and a chemical-etching system.

1957

The silicon and germanium mesa allows manufacturers to produce multiple
transistors on a single wafer.

Fairchild Camera and Instrument Corporation invests $1.5 million in return
for an option to buy the company within eight years. On October 1, 1957,
Fairchild Semiconductor is born. The new company is profitable in six
months with the help of its first sale: an order from IBM™ for 100 transistors
at $150 a piece.
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Photo courtesy of Texas Instruments.

At Texas Instruments, Jack Kilby builds the first integrated circuit — an

oscillator consisting of one transistor, two resistors and one capacitor — all
of them made of germanium.

On September 12, 1958, Texas Instruments executives gathered around
Kilby's oscillator, a complete circuit on a chip less than half an inch long.
Kilby pushed the switch, and a bright green thread of light snaked across

the screen. The integrated circuit worked, and a new era in microelectronics
was born.
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1 1959
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Jean Hoerni at Fairchild Semiconductors invents a planar transistor, where
a collector, base and emitter are all on one plane. Using this device, Robert
Noyce develops the monolithic integrated circuit -- a flip-flop consisting of
six devices on a fingernail-size wafer of silicon. Today, nearly fifty years
later, the planar process is the primary method for producing transistors.



L Types of Integrated Circuits

» Hybrid
— Thick-film
—Thin-film
* Monolithic

Microelectronics
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@ Thick-Film Circuits

Unpackaged components Packaged Component

Wire connection
Tape

connections

Ball-grid
Array

7

Substrate Thin-film resistor

Discrete capacitor Solder
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PE?«;L Thick-Film Circuits

Microelectronics
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Palaizer film

Upper glass substrate
- Colar filter
Transparent electrodes
Liguid crystal display
Signal electrodes:

Seanning electrodes
Thin Film Transistar{TFT)

Lower glass substrate
— Transparent electrodes
— Polaizer film
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Monolithic Circuits

Integrated
circuit (Silicomn)

Package (FR4)

. __~"Main printed
imnterconnection
Soldure bumps to

Silicon die (350pm
thick, lem width) link the IC fo the
package (Narrow

Active part of the IC
pitch)
FR.4 package
1T [ [T | [T

AL,

CIVIVL,

Metal interconnects
Soldure bumps to

link the package to
Printed circuit board the printed cirgflit
board (Large pitch)

33
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{21 Advantages of Integrated Circuits

* Low cost

* Low size

* High quality and reliability

« Same temperature characteristics of all the
components

34
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21 |C Development

 The 60’s: First ICs
 The 70’s: Microprocessors

* The 80’s: ASICs (Application Specific
Integrated Circuits)

* The 90’s: Micro Electro-Mechanical Systems
(MEMS)

* The 2000’s: System on Chip
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The 60’s — First ICs

1958 First IC (J. Kilby - T.l.)

1960 First comercial IC - logic RTL circuits
MICROLOGIC - (Fairchild)

1964 TTL circuits (series 54 i 74 - Texas
Instruments)

1965 First Operational Amplifier yA 702 -
(Fairchild)

1967 OPAMP with high input impedance pA 709, first
comparator yA 710

1967 First ROM memory 64 bits - (MOS
technology, Fairchild)

1968 uA 741
1968 OPAMP with input JFET transistors

1968 CMOS technology (RCA), calculators, watches, ...

1968 ROM memory 1024 bits (PHILCO)

36
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-
The 70’s - Microprocessor Development

1971 INTEL first commercial 4 bit
microprocessor 4004, with 45 £
instructions. PMOS Technology, Nt i silaies ¢

2300 transistors = ' -

1972  First 8 bit microprocessor 8008 L[l & ireai g e el
(INTEL). éf;,_'i el

1973  INTEL 8080, NMOS technology, S iaicl |

improved by Zilog - Z80 GEEE i

1974  First CMOS microprocessor- e o
1802 (RCA). 0

1974  MOTOROLA 6800 - single 5V N
supply voltage.

1976  First microcontroller 8048 il = = i
(INTEL). e oLl i
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PL Intel 4004

2,300 transistors

10-micron technology

46 instructions

40,000 instructions per second

4-bit data/address bus.

4-bit accumulator with separate carry and test bits,

Sixteen 4-bit 'scratch-pad' registers (which can be used as eight
8-bit registers),

A 12-bit PC (program counter), and three more 12-bit registers
comprising an address stack

In 1972 on board of Pioneer 10,
until 1998 the most distant
human-made object

(currently Voyager 1)

38



l INTEL Processors

1978
1982
1989
1993
1999
2000
2004
2006
2007

Od i8088... -
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INTEL 8086

INTEL 80286

INTEL 80486

INTEL Pentium

INTEL Pentium Il

INTEL Pentium 4

INTEL Itanium 2

INTEL Core Duo Processor
INTEL Core 2 Quad Processor

Photo of a die of dual-core Intel Penryn processor
(45 nm) introduced in second half of 2007



=14 Number of Transistors in Different Processors

Year of
introduction

1971
1972
1974
1978
1982
1985
1989
1993
1997
1999
2000
2001
2002
2004

2006
2010

Processor

4004
8008
8080
8086
Intel286
Intel386™ processor
Intel486™ processor
Intel® Pentium® processor
Intel® Pentium® Il processor
Intel® Pentium® lll processor
Intel® Pentium® 4 processor
Intel® Itanium® processor
Intel® Itanium® 2 processor

Intel® Itanium® 2 processor (9MB
cache)

Dual-Core Intel Itanium 2

Quad-Core Intel Itanium

Microelectronics 40

Number of transistors

2,300
2,500
4,500
29,000
134,000
275,000
1,200,000
3,100,000
7,500,000
9,500,000
42,000,000
25,000,000
220,000,000
592,000,000

1,720,000,000
2,046,000,000
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A Moore’s Law
transistors
10,000,000,000
Dual-Core Intel® [tanium® 2 Processor
1,000,000,000
MOORE'S LAW Inted* [tanium* 2 Processor
Intel Ranlum® Processor
Intel® Pentium® 4 Processor 100,000,000
Intel Pentium® Bl Processor
Intel® Pentium® Il Processor 10,000,000

Intel® Pentium® Proce HDI'I_,-""/
Intel486™ Processor |

/ 1,000,000
Intel386™ Processor
286 _.f/.

100,000
8085 /
8080 / 10,000
8008 -

4004 @

1,000
1970 1975 1980 1985 1950 1985 2000 2005 2010

Moore’s Law (1965) — number of
transistors in an integrated circuit
doubles every 18 months

http://www.intel.com/technology/mooreslaw/index.htm
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PL Intel Tick-Tock Strategy

Intel* microarchitecture Intel” microarchitecture Intel* microarchitecture
code name Nehalem code name code name Haswell
Sandy Bridge

2010 2011 2012 2013 2014

Westmere | Sandy Bridge | vy Bridge Haswell Broadwell-Y
32nm 32nm 22nm 22nm 14nm

ULV processors Integrated On-die Gfx 22nm Tri-gate Transistor ULT Process Optimization

Turbo More Aggressive Turbo Improved Perf at Low V 2X Battery life

Integrated Gfx on Package Core/Gfx P Balanci 20X Idle power reduction
ore/Gfx Power Balancing | :
Power Control Unit B Configurable TDP Chipset MCP Integration

Power Gates Platform Power Limits Increased 3D Gfx Perf Low Latency Idle States
Increased Parallelism & § More efficient 00O Engine DirectX11 Support New FIVR

Increased Dynamic

Hyper-Threadin
= s Operating Range

42



%% \/L S| Feature Size

10,000 E

A 1994 SIA Roadmap
-g —— 1997 SIA Roadmap
: 1000 L -—— 1999 SIA Roadmap
© — Actual
B
qg_) "~
5 - . '\:;'-lzu.
© L . TSl
0 100 : R Bacteria ca. 0.1 um = ~5‘:§.\_,

| L | L I — — |

10
1980 1985 1990 1995 2000 2005 2010 2015
Year
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s200M $300M $400M

US$ millions

3 500
3 000
500 +

Rising Fab Costs
2 500

2 000

1 500 +

1 000 +

1 2"

12"

8"

8"

6"’]3"

6II
1.0-um | 0.8-um | 0.5-um | 0.35-um| 0.25-um| 0.13-um| 0.09-um

5II!6II

4II’5II
1.2-um

Source: Dataquest, UMC

wafer
process
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PL%L Miniaturization

‘_, MEMS devices

Diced chip

TR on IC Nanotube FET

O \ g“ /
Y .

Grain of sand:
~1 mm

i)

Ant: ~Smm

Ant eye
segment:
~5 um

nnnnnnnnnnnnnnnnnnnn

~0.1 um
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Miniaturization
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1% Microelectronics Technology Parameters

« Basic parameters
— Logic gate delay
— Power dissipation

* Synthetic parameter
— Power-delay product

Microelectronics

47
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211 Monolithic Circuits

e Standard

* Application Specific Integrated Circuits
(ASIC)

* Application Specific Standard Product
(ASSP)

48
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{“} Standard ICs

« Advantages of Standard ICs
— Low cost

— “Off-the-shelf” availability

— Known reliability

— Many suppliers (usually)

» Disadvantages of Standard ICs
— Not optimized for a specific system
— Hard to create a unique product
— High area consumption

49
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A The 80’s — The ASIC Circuits

ASIC
—

CUSTOM SEMI-CUSTOM

CELL-BASED

/\

STANDARD CELLS
COMPILED CELLS

MACRO CELLS

—

ARRAY-BASED

—

CUSTOM ROUTING
(GATE ARRAYS)

PROGRAMMABLE,
FUSABLE (FPGA)

50
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L Classification of ASICs

e Semicustom
— Interconnection masks customized

e Custom

— All masks customized
« Standard Cell
* Full Custom

* Programmable (Field Programmable Logic
Devices)

« Writable (Laser, Fuse, Antifuse, OTP EPROM)

» Writable/erasable (EPROM, EEPROM, Flash memory,
Ferroelectric)

— Volatile (SRAM, FPGA)



l “Field Engineer”

Microelectronics
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1 The MOS transistor

Polysilicon gate Dielectric layer

7’ /] Metal electrode

\ Drain and source islands

Semiconductor substrate




Planar FET and FinFet

Microelectronics

FinFET

Scurce: Intel Corporation

54
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Transistor Fin Improvement

42 nm
60 nm pitch
pitch
42 nm
height

22 nm Process 14 nm Process
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Transistor Fin Improvement

Metal Gate

Metal Gate

56
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Transistor Fin Improvement
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L Interconnects

22 nm Process 14 nm Process

swe
P gl
L -!g--

R l.lllil ll]llllllillill I‘Illli s vegYygwe
.‘ ibl' v v w v [

80 Nnm minimum pitch 52 nm minimum pitch



{1 SRAM Memory Cells
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22 nm Process

(Used on CPU products)

14 nm Process

= — B — e — o

iy 'I

—-— _.Ei.-?' — o .

.0588 um?
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A Transistor Performance vs. Leakage

65 Nnm 45nm 32nm 22nm 14 nm

Server
Computing
Client
Computing
Mobile
Computing
o Mobile
(] Always-0On Circuits

Higher Transistor Performance (switching speed)
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1 NMOS as a switch

L
== \I t t
] | 1 | 1
IiH— == 3.3 IiH— == 3.3
V V
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PL PMOS as a switch
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PMOS

— C. NMOS
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B;ifu CMOS transmission gate

¢ C
i L i
IN T VoD out In out IN out
_'LVSS
Arl T
] C
C




ot

PL Three-state inverter
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&1 Flip-flop

master \ slave
D — Q
Cc— o—| C— J
D — — Q
cC—P - Q




1 Wired NOR

DD

Microelectronics 69




1 Programmable circuit

Potential links

Microelectronics 70

Logic 1

<«— Pull-up resistors

ad ) i —
NOT
b > 2 -

&D—C\ y =1 (N/A)

The Design Warrior's Guide to

AND
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7 Fuses technology

Fuses Logic 1

Fat /
a o N\ «— Pull-up resistors

F

af

NOT - SD—Qy:O(N/A)
1

b
b > W AND
b

Fy

Source: Maxfield C., "The Design Warrior"

i arrior's Guide to F s'



1 Programmed circuit example

F

at

d L

NOT

A/
7]\

A/

b >

NOT

A
F

he Design Warrior's Guide to FPGAS'

VAT

/

—

N

Microelectronics 72

Logic 1

<«— Pull-up resistors

/

| —

AN

o7

8D—<jy:a&!b

AND
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Antifuse technology

Logic 1

<«— Pull-up resistors

8D—<:1 y =1 (N/A)

Unprogrammed
antifuses
a D 9 i —
NOT
b 4 | —

| The De: r's Guide to FPGAS'

AND
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1 Programmed circuit example

Programmed ! Logic 1
antifuses
a = ’ —— <«— Pull-up resistors
v
M\
21 AN
MO . 8D—<:\ y=la&b
Sl 12
o T~ AND

e D Guide to FPGAS'
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®1) Antifuse technology

Amorphous silicon column Polysilicon via
¢ Metal ¢
[ e
2 { 4—— Oxide — ¥ I (
/ -« " /
etal

<«4— Substrate —»

(a) Before programming (b) After programming

Source: Maxfield C., "The Design Warrior's Guide to FPGAs"
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4 Mask programming

Mask-programmed
connection

X
Row \

(word) line \ 1

T Logic 1

e ;
<_ <+— Pull-up resistor

-

K

Transistor

Column

Logic O

Source: Maxfield C., "The Design Warrior's Guide to FPGAs"

(data) line

76
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24 PROM (Programmable ROM)

<— Pull-up resistor

Fusible link >
\ >
Row \ 1
(word) line \ t
\
\\\\
/\\ 5
I\II\ If'; II\"-.\ _,!
Transistor Column
Logic 0 (data) line

Source: Maxfield C., "The Design Warrior's Guide to FPGAs"
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21 EPROM (Eraseable Programmable ROM)

Source Control gate Drain Source Control gate Drain
terminal terminal terminal terminal terminal terminal

v ; /

| control gate ‘

Silicon
dioxide

control gate

floating gate

source drain source drain

Silicon
substrate

(a) Standard MOS transistor (b) EPROM transistor

Source: Maxfield C., "The Design Warrior's Guide to FPGAs"
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#1 EPROM-based circuits

T Logic 1

~
<

__ <— Pull-up resistor

-
P

Row R
(word) line
EPROM/T| Column
Transistor (data) line

Logic O

79
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* First programmable logic devices were called PLD

E_.fffL PLD (Programmable Logic Devices)

 PLDs can be divided into two groups:
— SPLDs : Simple PLDs
— CPLDs: Complex PLDs

« The first programmable circuit (PROM) manufactured in 70-s

« CPLD - late 70-s and early 80-s

_PLDs |

{

)

SPLDs

CPLDs

Microelectronics

!

{

!

!

)

PROMs

PLAs

—

PALs

—

GALs

—

etc. W

Source: Maxfield C., "The Design Warrior's Guide to FPGAs"

80
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« The simplest Programmable Logic Device
* Predefined AND matrix, programmable OR matrix

Predefined AND array

a P _+ Predefined link
- Programmable link
A N4
T la&ba&lc \
Address 0 *— &) ' '
Address 1 = @ la&lbé&c ¢
la& b & Ic S
Address 2 o E a : X X X %
e
Address 3 gj\ la&b &c S
b & | o
Address 4 . @ a&lbdle (o
- I =
Address 5 85} a&béoc| E
' —
Address 6 o @ agbéle ¢ %
- £
Address 7 j‘} a&bé&c T
alablbcle U U L_j
/
I
ARNANG
W X vy

Source: Maxfield C., "The Design Warrior's Guide to FPGAs"



Microelectronics

Programmed PROM

Programmable OR array

? ﬁ L(j ¢+ Predefined link
! \[ -%- Programmabile link
PV DV IV
Address 0| 1—s | o |laslbal §
Ia &I
Address 1 _&> la&lb & c
! |
Address 2 @ la&b &lc
|
Address 3| —¢—9——9—— &) la&b &c
b & |
Address 4| -» > &) a&lb&le
Address 5| -» @ a&lb&c
I | a&b&lc
Address 6| » ﬁ“ \
Address 7| - E} a&bé&c )
alablbclec Eijc—j
]
Predefined AND array é AN
W X vy

w=(a&b)ﬂ
x=I!(a&b)
y=(a&b)rc

Source: Maxfield C., "The Design Warrior's Guide to FPGAs"
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5 § -o— Predefined link
X~ Programmable link
PV
N N/A
KX XK XX X &) X X X
SR ) VAL
N N/A
DEGEOBOEOEOREY, 7
alablbclc i—j —jt—
- h 0 [
Predefined AND array WXy

Programmable

83

OR array
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, Programmed PLA

? 5 § ¢ Predefined link
-%- Programmable link
NG NG NG
) I} @ a&bé&c .
L x| o)y ade
T — b & !
C

N >F @ 1

alablbclc uij/

Predefined AND array

W =

(@a&c)l (b &lc)

x:(a&b&c) (b & Ic)

y:

(@& b&c)

>
:
_ ]

)

-

y

Programmable

84

OR array
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&4 PAL (Programmable Array Logic), GAL (Generic Array Logic)

* Complementary to PROM
* Programmable AND matrix, predefined OR matrix

a b C . .
(] 0 0 ~¢— Predefined link
[ [ | —%- Programmable link
b NG A4
e
KKK —K— & |
X &) ’
—)HHHH(—)%?) - ;
s NS N N _\ﬁ E
/ AN/ AN AN A .&) . o
¥ S S S S S i ’ -
L& O
— P
KK KKK —K— &1 »— =
ey L
— =
XK XXX & | &
1 | | ~ L
alablbcl [_J L_J F_j
: - 4 O 0 0
Programmable WXy

AND array

85



Microelectronics

" Feedback Paths

3
[
=
&
=]
3
5
@
11

. Feedback Faths

macrocells

fully programmable AND/OR array

86
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* Three main components:
— Configurable Logic Blocks (CLB)
— Programmable input/output blocks
— Programmmable connections
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L CLB Slice

Microelectronics 88

* Every slice contains two logic cells

16-0it SR
16x1 RAM

4-input
LUT

LUT

Logic Cell (LC)

LUT

o o T @

e
clock

clock enable

seflreset

16-4it SR
16x1 RAM

4nput
)

MUX

fip-flop

A 4

A 4

—

Source: Maxfield C., "The Design Warrior's Guide to FPGAs"
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7 LUT (Look-Up Table)

Required function

Microelectronics

Programmed LUT

Truth table
a b ¢ [}
00 0 |1
00 1 [0
010 [1
01 1 (1
0 0 |1
01 10
(I I
(N

SRAM cells

000 -
001 -
010 -9

100 -9
101 -

R R W [ e ) RSN S N R W Y s ) N

111 -9

011 9 .

110 9 22

ab ¢
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Stacked Silicon Interconnect technology

High-Bandwidth,
Low-Latency Connections

Microbumps

Through-Silicon Vias (TSV)

Controlled-Collapse Chip Connection (C4)
Bumps

SLR0 ¢— 28 nm FPGA Die (SLR)

65 nm Silicon Interposer
) & 8 "¢ 0% & ¢ o & & & & O ¢

Package Substrate

BGA Solder Balls



{2 | eading FPGA Manufacturers

« Giants
— Xilinx Inc., 47% market share in 2012
— Altera Corp., 41% market share in 2012
* Niche players
— Lattice Semiconductor Corp.
— Microsemi (Actel)
— QuickLogic Corp.
* Legacy devices
— Atmel
— Cypress
o Startups
— Tabula

— Achronix
— SiliconBlue

Microelectronics
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Xilinx

« Main products: FPGA circuits and design software

VIVADO!

« The company does not own a silicon foundry (fabless company)

« Manufactures its chips in the factories of:
— UMC (Taiwan)

» Xilinx owns UMC shares since 1996
— Seiko Epson (Japan)
— TSMC (Taiwan)

92
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£ Xilinx FPGA families

« High-performance families  Low Cost Family

— Virtex (220 nm) — Spartan/XL - derived from XC4000
— Virtex-E, Virtex-EM (180 nm) — Spartan-ll - derived from Virtex
— Virtex-ll (130 nm) — Spartan-lIE — derived from Virtex-E
. — Spartan-3 (90 nm)
— Virtex-ll PRO (130 nm) _
] — Spartan-3E (90 nm) - logic
— Virtex-4 (90 nm) optimized
— Virtex-5 (65 nm) — Spartan-3A (90 nm) — I/O optimized
— Virtex-6 (40 nm) — Spartan-3AN (90 nm) — non-volatile,
— Virtex-7 (28 nm) — Spartan-3A DSP (90 nm) — DSP

optimized
— Spartan-6 (45 nm)
— Artix-7 (28 nm)
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7 Series Xilinx FPGA Families

v

Lowest Power Industry’s Best Industry’s Highest

Maximum Capability TRl Price/Performance | System Performance
Logic Cells 20K - 355K | T0K-480K | 285K-2,000K

Block RAM 12Mb  smp | esMb |
DSP Slices 40-700 240-1,920 700 - 3,960

Peak DSP Perf. 504 GMACS 2,450 GMACs 5,053 GMACS
Transcelvers 4 I T
Transceiver 12.5Gbps,
Performance Il 6.6Gbps and 12.5Gbps | 43 1Gbps and 28Gbps

Memory Performance

/O Pins

1066Mbps
450

1866Mbps

1866Mbps

3.3V and below 3.3V and below 3.3V and below

/0O Voltages

1.8V and below 1.8V and below
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Xilinx 7-series CLB Structure

* Two side-by-side slices per
CLB
— Slice_M are memory-capable

— Slice_L are logic and carry
only

* Four 6-input LUTs per slice

— Single LUT in Slice_M can be
a 32-bit shift register or 64 x 1
RAM

* Two flip-flops per LUT




Block RAM

Microelectronics

» 36K/18K block RAM

—32kx1t0512x72in
one 36K block

— Simple dual-port and true
dual-port configurations

— Built-in FIFO logic
— 64-bit error correction

coding per 36

— Adjacent bloc
to 64K x 1 wit
logic

K block
KS combine

nout extra

96
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L High-Speed Serial I/O Transceivers

Available in all families
GTP transceivers — up to 3.75 Gbps

— Ultra high volume transceiver

— Wire bond package capable

GTX transceivers — up to 12.5 Gbps

— Support for the most common 10 Gbps protocols
GTH transceivers — up to 13.1 Gbps

— Support for 10 Gbps protocols with high FEC
overhead

GTZ transceivers — up to 28 Gbps

— Enables next generation 100—400Gbps system line cards
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Zynq - Extensible Processing Platform

Processing System

Static Memory Controller Dynamic Memory Coniroller Programmable
Quad-SP1, NAND, NOR DDR2, DDR2, LPDDR2 Log|C'

System Gates,
AMBA® Switches DSP, RAM

i |
I 5Pl .
b4l
I 12C .
x
CAN Engine
1] I 2 . -A9MPCore™
MUX I UART . /32 KB I/D Caches
GPID
I 2xSDI0 .
I with DHA .
2xUSB
I with DHA .
2x GIgE

with DMA

| ! |

Multi Stand ards 1/0s (3.3V & High Speed 1.8V)

98
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Zyng-7000 Product Table (Software View)

. ProcessorExensions | NEON™ and Single/ Double Precision Floating Point

| Maximum Frequency 800 MHz

| L1 Cache 32 KB Instruction, 32 KB Data per processor

T ]

| On-Chip Memory 256 KB

| External Memory Support DDR2, DDRZ, LPFDDR2

| External Static Memory Support 2x QSPI-SPI, NAND, NOR

| DMA Channels 8 (4 dedicated to Programmable Logic)
Peripherala Iy USB 2.0 (OTG) w/DMA, 2x Tri-mode Gigabit Ethernet w/DMA, 2x SD/SDIO w/DMA,

2x UART (2), 2x CANZ.0B, 2x 12C, 2x SPI, 4x 32b GFIO
| Peripherals and Static Memory Multiplexed I/O% 54

2x AX] 32b Master, 2x AX] 22b Slave,

Processing System to Programmable Logic Interface Ports 4x AX| 64b/32b Memory
(Primary Interfaces & Interrupts Only) AX| 64b ACP

16 Interrupts

| Xilinx 7 Series Programmable Logic Equivalent | Artix™-7 FPGA Artix™-7 FPGA Kintex™-7 FPGA Kintex™-7 FPGA

B e eeyerl 28K Logic Cells (~430K) 85K Logic Cells (~1.3M) 125K Logic Cells (~1.9M) 350K Logic Cells (~5.2M)
| Extensible Block RAM (# 36 Kb Blocks) | 240KB (60) 560KB (140) 1,060KB (265) 2,180KB (545)

| Programmable DSP Siives (18125 MACCs) | 80 220 400 900

| Peak DSP Performance (Symmetric FIR) | 58 GMACS 158 GMACS 480 GMACS 1080 GMACS
| PCI Express® (Root Complex or Endpoint) - - Gen2 x4 Gen?2 x8

| Agile Mixed Signal (AMS)/XADGC | 2x 12 bit, 1 MSPS ADCs with up to 17 Differential Inputs
| AES and SHA 256b for secure configuration

. Mubi-Standards 3.3V /O | 100 200 250 350

[ SewTascoren] - - : 19
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{1 ASIC Advantages and Shortcomings

« ASIC Advantages

— Optimized for a specific application
— Effective area consumption

— Higher performance (because of replacing a few
circuits by one)

* ASIC Disadvantages
— Higher cost
— Development cost paid by the user
— Single supplier
— Need for own specialists in |IC design
— Long development cycle
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Mechanical Systems)

MEMS (Micro Electro

_
”m
-
(8))

O
£
-




Microelectronics 102

3 Pixel Image
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MEMS Applications

 Automotive sensors
— Accelerometers, force/torque sensors, pressure sensors
e Bio MEMS

— Micro total analysis system (UTAS), DNA sequencing chips,
clinical diagnostics, drug delivery systems

Chemistry
— Lab-on-a-chip, microreactor

* Optics
— Digital micromirror devices (Tl), grating light valve (GLV)
— Optical interconnects, switching

- Data storage

— Precision servo, shock sensors for HDD, new data storage
mechanisms

 RF, microwave for communication
« Power generation
— Micromachined turbine engines, MEMS power generators

Nimit Chomnawang - J.B. Lee, IMS - LSU
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L The 2000’s — System on Chip (SoC)

* Processor core with external hardware
(network, USB, PCI interface ...) on the same
chip

* Intelectual property (IP) -based design

* Design reuse

« Hardware-software co-design

e Custom or FPGA-based
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Altera Excalibur Architecture

Microprocessor FPGA

PLD%to-Stripe PLD
Bridge Master

Peripherals

ARMS22T
Caches -

MMU PLD-to-Stripe

Bridge PLD
Slave

SDRAM Flash Memory

DPRAM
Interface
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L Tasks of A Designer

 Draw the schematic
* Draw the state diagram

* Describe in Hardware Description Language,
e.g. VHDL* or Verilog

* Draw the masks
*VHDL - Very High Speed Integrated Circuits Hardware Description Language



Draw The Schematic
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» Schematic Editor - [SUMATOR SCH] == <]
Eile Edit Mode DOptions Hierarchy View Display Tool: Window Help = |

Bls|(sla] & [5]e] NalE || el [ o
[ | o™

IF ———ir {Z —H—ea = ;|
- ! K o |m ol ss
@ IFC z D2 |mz 2| A8
D o "l 03 |pa (I
= CB3CR e anta_1E
-1 o q a2 R R | | AL] - )
Bl I : B
% ; FDACE 8%2 —
E = - . : -
— ——e | ~
2 o a0
ﬁl sca % w e I _::.__ . :
o AN - 1
o . "' 1
O ., FD4CE
2 oo
o1 |
:;. _:,2 - NANDZ
D30 e S
E Bl /0] .
o c il Bl
[ TBUF -
D1 I
DIBUF FD4CE
oo na ) I
D2
o o A
- D2 |o2 2 =
[:uaur — :_ — E[7.0]
130 __an ) .
) |8 e y;
" sumaToR |

| 35, 21 |

Select and Drag
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A Draw The State Diagram

{

i

ISTART

GATE=1'n0,
EMD_MEASLURE=1'01;
ErABLE=1"h0;

ART

GATE=1'D1,
ErD_MEASURE=1'h0,
ErABLE=1"h0;

GATE=1'n0,
ErD_MEASURE=1'D0,
ErABLE=1"h0;

ISTART

GATE=1"hi,
EMD_MEASURE=1"I0,
EMABLE=1"k1,

GATE=1"hi,
ErD_MEASURE=1"D0,
ErMABLE=1"h0,
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(o

Pi:f?gL Describe in Hardware Description Language

module mux (f, a, b, sel);
3 output f;
input a, b, sel;

f and #5 g1 (f1, a, nsel),
b g2 (f2, b, sel);
sel or #5 g3 (f, f1, 12);
hot g4 (nsel, sel);

endmodule
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Draw The Masks

Microelectronics

METROPOLIS — Your capital city has
now achieved the =status of netro—

polis. The current population is
i68,86868. With your plaming skills,

you should conzider rumming for
gqovernor, or maube VLEI design.
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&2 Masks and Schematic in Cadence

tuoso Heading: testl nand3 compacted

X: -2.0 ¥: 331 {F) Select: 0 dx: d¥ qp

Tools Design Window Create Edit Verify Misc Hit-Kit utilities

o

o

mouse L:mousesSinglesele mousePoplp () F: hiZoomIn ()

AMS HIT-KIT : 3.01 (szaniaw )

omposzer-5chematic Reading: test] nand3 schematic
Cimd: Sel: 0 X: -2.9375 ¥: 1.3125 11

Tools Design Window Edit Add Check Sheet Help

4 |mouse L:schSingleSelect M:schHiMousePopUp E: hiZoomIn)
- AMS HIT-KIT : 3.01 (szaniaw )
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|IC Layout

. Supply pad
Internal ground and power rings Ground and power rings

e, 1 L B G S i A 4

= S5, R G A A A s A A % u pu pa

i s oo et S
i it G

Input pad

T
oA
P,

o 1

Ground pad
Routing channel Row of standard cells
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o

L Design Tools

o Xilinx

* SYnopsys

» Cadence

* Mentor Graphics
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L Functions of the Design Tools

 Edition of text, schematic, layout

* Logic synthesis

» Layout versus Schematic (LVS)

* Design/Electrical Rule Checking (DRC/ERC)
* Place and Route

* Simulation
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19 ASICs in Poland

* Programmable circuits

« EUROPRACTICE

* [IET Experimental Line

» Western/Far East Silicon Foundries
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