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e Design Capture
e Simulation
e Full Custom Layout Design

e Parasitic Extraction
e Post Layout Simulation
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Design Flow

VLSI System

<> —

Full Custom Standard Cell
Design based design
Schematic entry HDL entry
Circuit Synthesis
Simulation
Simulation
Layout Drawing
Placement
Extraction
routing
Verification
Verification
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Global Semiconductor Billings
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<+ Vacuum tube

“*An electronic component, predecessor of the
transistor, that consists of a hollow glass tube about
5to 10 cm long from which as much air has been
removed as possible and which uses an electron
beam to transfer data

<+ Transistor
“*An ON/OFF switch controlled by an electric signal

< Very large scale integrated (VLSI) circuit

“* A device containing hundreds of thousands to
millions of transistors
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Invention of the transistor (BJT)
Shockley, Bardeen, Brattain — Bell Labs

Single-transistor integrated circuit
Jack Kilby — Texas Instruments

Invention of CMOS logic gates

Wanlass & Sah — Fairchild Semiconductor

First microprocessor (Intel 4004)
2,300 MOS transistors, 740 kHz clock frequency

Very Large Scale |ntegration
Chips with more than ~20,000 devices
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VLSI
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VLSI : Very Large Scale Integration

ERA DATE COMPLEXITY

(number of logic blocks per chip)

Single transistor 1959 less than 1

Unit logic (one gate) 1960 1

Multi-function 1962 2 — 4

Complex function 1964 5 — 20

Medium Scale Integration 1967 20 — 200 (MST)
Large Scale Integration 1972 200 — 2000 (LSI)
Very Large Scale Integration 1978 2000 - 20000 (VLSI)
Ultra Large Scale Integration 1989 20000 = 2 (ULSI)
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e 2300 transistors, 740 KHz clock (Intel 4004) - 1971
e 16 Million transistors (Ultra Sparc Il1)

e 42 Million, 2 GHz clock (Intel P4) - 2001

e 140 Million transistor (HP PA-8500)
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Intel 4004 owayfo 9 3

1971
2300 transistors
740 KHz operation
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q%} Intel Pentium Pro exdjlo w 3,

P6 . Year 1996

150 to 200 MHz clock rate
196 mm?2

5.5M transistors

0.35 micron Technology
3.3volt VDD

>20W typical
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Intel Pentium 4 ewajfo 9 3,

Intel Pentium 4
0.13u process

55 million transistors
2.4GHz clock

145mm?

Year 2000
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Shown with approximate |
relative sizes -

...............

o]

k)

: S T o e
Intel 8086, 1978, 33mm? Intel 80286, 1982, 47mm?2 Intel 386DX, 1985, 43mm?
3Mhz, 6K transistors, Bu 10Mhz, 29K transistors, 3u 12.5Mhz, 134K transistors, 1.5u 33Mhz, 275K transistors, 1u

Intel 486, 1989, 81mm? Intel Pentium, 1993/1994/19986, 295/147/90mm?2 Intel Pentium II, 1997, 203mm2/104mm?2
50Mhz, 1.2M transistors, .8u 66Mhz, 3.1M transistors, .8u/.6u/.35u 300/333Mhz, 7.5M transistors, .35u/.25u
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2002 130 nm

2003 90 nm

2010: 35 nm (7?)
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Year 1999 2002 2005 | 2008 | 2011 | 2014
Feature size (nm) 180 130 90 65 45 32
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 /-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) 1.4 2.0 2.4 2.0 2.2 2.4
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ASIC Core Memory
Analog S Embedded
Functions ® Processor
= Core
E

Sensor S

Interface
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10+ @ 10 pm
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a VLSI Design methodologies
o Full Custom Design
o Design everything from scratch
o Standard Cell based Design
o Use Library of standard Cells
o Gate Array Design

o Use existing gates and only program connections
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» Every transistor is designed and drawn by
hand

o Typically only way to design analog portions of
ASICs

o Gives the highest performance but the longest
design time

o Full set of masks required for fabrication

aondio 1 Jgl Jad - VLSI b jlawe oo, QY - o Lals suzme



)

S sl T oSl

Standard Cell Based ASIC Design

e or 'Cell Based IC" (CBIC) or 'semi-custom’

¢ Standard Cells are custom designed and then inserted
into a library

® These cells are then used in the design b}* being placed
in rows and wired tc-geﬂier using "plar:e and route’
CAD tools

¢  Some standard cells, such as RAM and ROM cells, and
some datapath cells (e.g. a multiplier) are tiled
together to create macrocells
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qi@% Standard Cell Based Design
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Sample ASIC floorplan:

CPU Standard Cell ‘rows’
‘core’

Datapath
ROM

EAM

o Standard Cell designs are usually synthesized from an
RTL (Register Transter Language) description of the
design

o Full set of masks (22+) still required

Fabless semiconductor company model

o Company does design only. Fab pertormed by another
company (e.g. TSMC, UMC, Global Semiconductor,
IBM).
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Gate Array Based ASIC Design

o In a gate array, the transistors level masks are
fully detined and the designer can not change
them

o The design instead programs the wiring and vias
to implement the desired tunction

o Gate array designs are slower than cell-based
designs but the implementation time is taster as
less time must be spent in the factory

®» RTL-based methods and synthesis, together with
other CAD tools, are often used for gate arrays.
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Gate Array Examples

Chip Express
o Watfers built with sea of macros + 4 metal
layers
¢ 2 metal layers customized for application

® Only 4 masks!

Triad Semiconductor

wl.l.-.!.‘. e VT

¢ Analog and Digital Macros

ARELERELELY
LR

» 1 metal layer for customization (2 week
turnaround)
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%% Programmable logic devices (PLD, FPGA)

FPGA= Field Programmmable Gate Array

Are off-the-shelf ICs that can be programmed by the user to capture
the logic

There are no custom mask layers so final design implementation is a
tew hours instead of a tew weeks

Simple PLDs are used tor simple tunctions.

FPGAs are increasingly displacing standard cell designs.
Capable of capturing 100,000+ designed gates

High power consumption

High per-unit cost

FPGASs are also slow (< 100 MHz)
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LUT (Look Up Tables)

* Look-Up tables are

xxxx|y '—'l_______‘ XXy primary elements for
00011 000 1)1 logic implementation
0011[1 0011(0 ¢ EachLUT can
01001 01000 :

0101][1 01011 implement any
0110][1 0110[0 . :
011141 01111 function of 4 inputs
10011 1001]1 g
10101 1010|0 « Capacity In_'nlted by
1100|0 11001 numberufln_puts,
1110lo % X% 111dl0 not complexity
11110 1111]0

+ Can be configured
as LUT, ROM or
RAM

1
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Comparing Design Methodologies
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Standard Cell ASIC Gate Array FPGA
Positives *Highest performance: ~1 | *Fairly Low *Low design, CAD
Billion transistors at multi- | design, CAD and and up-front costs
GHz rates. Often only way | up-front costs *Time from design
to meet a spec. *Time from design | ready to first part
* Lowest high volume cost | ready to first part 1- | almost zero
(= 5 per die) 2 weeks
* Lowest mid-
volume price
Negatives | *High design, CAD and * Performance not | *Low performance
wafer costs much more than (Millions of
* Long time to first-product | FPGA implemented logic
to market (long design time gates @ 10s to 100s
+ >4 weeks for fab) of MHz)
*High unit cost
($1,000s)
Comments * Often used for * Especially useful
FPGA shrink in markets that
change tast or have
low volumes

QY - ladls s
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Total cost calculation:

$1,000 |

on |

Avg ASP (incl. NRE)
g £
/f

(Average Selling Price)

Ll L 8 LE Ll LS B |

1,000 25,000 250,000
Volume

— FPGA — XPressAmray — .18u SC

v
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Design Flow

Design Procedure starting from the design idea to the
actual design implementations

Consists of Many steps
- Design Specification

- Coding

- Simulation

- Synthesis

- Layout

- Testablility analysis
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ASIC Design Flow

Design Specification

Design Capture

Simulation

Front -end

Synthesis

Functional Timing Verification

Physical Design

Fabrication

aondio 1 Jsl Juad - VLS| b jlae oo ,b

Post Layout Verification

Back-end
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A n-bit adder is constructed by cascading
n 1-bit adders.

A 1-bit adder has
- two operand inputs A and B
- acarryinputC
- a carry output Cy
- a sum output S
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(HDL) 51391 corw o g8 by b (5509 ) imo g

1 module addbit | 9 (! g0 Al JLSLw Jdw gy 0!
2 a - fsu-at ||'||]lIlI.T le'b )‘,' b i § GS)L*' 4.‘."":' %bls
3 b ./ Second input a AL -

4 coi . /O Carmy input 'MQ POy JS‘M ‘5"*
5 sum ./ sum output

6 Cco f carmy output

T )

g8 /Input declaration

9 input a:

et
=

input b:

input ci:

HOuput declaration
output sum;
output co;

//Port Data types
wire a;

wire h;

wire oci;

wire sum;

wire co;

HCode starts here
assigqn {co,sum} =a+h + ci;

R R R S e T N s
R R — TR - R - T RSy Ky Ty

endmodule /7 End of Module addhbit

ha
1%
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* The lowest level of physical
specification.

— Photo-mask information required by the
various processing steps in the
fabrication process.

» At the module level, the physical
layout for the 4-bit adder may be
defined by a rectangle or polygon,
and a collection of ports.
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. fixed cost
cost per IC = variable cost per IC + ----------—--—---

volume
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“The club of people who can
attord an extreme sub-micron

ASIC or COTS design 1s getting

pretty exclusive.”™

Ron Wilson, EE Times (May 2000)
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Process Geametry (Meron)
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70nm ASICs will have $4M

NRE

wiwwi InnovationPevolution.com
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cost of die + cost of die test + cost of packaging

variable cost = ------m-m o
final test yield
_ cost of wafer
costof die = ———m—mmmmmmmmm e
dies per wafer x die yield
_ n X (wafer diameter/2)? n x wafer diameter

dies per wafer = ------=--=mmmommmmr o e mmmmmmmm e

die area V2 x die area
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Chip Metal | Line | Wafer | Defects | Area | Dies/ | Yield | Die
layers | width | cost f[cm2 | (mm?) | wafer cost
386DX 2 0.90 | $900 1.0 43 360 | 71% $4
486D X2 3 0.80 | $1200 1.0 81 181 | 54% | $12
PowerPC 4 0.80 | $1700 1.3 121 115 | 28% | $53
601
HP PA 3 0.80 | $1300 1.0 196 66 27% | $73
7100
DEC 3 0.70 | $1500 1.2 234 53 19% | $149
Alpha
Super 3 0.70 | $1700 1.6 256 48 13% | $272
SPARC
Pentium 3 0.80 | $1500 1.5 296 40 9% | $417
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Cost of die = f(die area }Jr fora = 3.0

ol sl cpl g ams malS lp VU cend wilg oo sl olel 8,8 caas ol e U

aosdio 1 Jgl Juad - VLS| b jlae oo)b WA - Lals suze



)

oS ol Sirio olKisls

Mloss! culil®
Joe slo a5l g b o)F slo bz o b 5Ly 40 diwlesl Ol s g O

»o Elyl O

wiss by 5l oS0 g @ 02 LS e 99 O SiplysS 5l (AU g @
4335 gode jugi @ Gy Jash) G5 Sodyss @
o) ng @ (Ohyz Jlsh il Sodyss @

paN v(t) ‘/_\— Vb M
O T
——I;+ >0— ————+ >0—

e Do T N
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noise

it)

aondio 1 Jsl Juad - VLS| b jlae oo ,b W = o Ladld suze



2

S sl T oSl

Crosstalk vs.

lechnology

Black line quiet
Red lines pulsed -
Glitches strength vs technology
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From Dunlop, Lucent, 2000
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V() — >0— V()

V(y)

Vor=T1(Vy) @

V)RV

) V/ Switching Threshold
M

Vor=1(Vih)
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V1'11

Assume output nominal voltages are:

O \?OH = J_TV
O \FOL = 0 lV
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0.9V =

Vout

0.9V Vi
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Vin Vm:nut f i

0.9V=

1i~rJT-:mt

Assume output nominal voltages are: V. I
in ; ou

Q VOH =17V o /

O VOL =0.1V

NM; = Vi - Vor =0.8 - 0.1 = 700mV
NMy = Vo - Vg = 1.7 - 1.3 = 400mV

aondio 1 Jsl Juad - VLS| b jlae oo ,b WA - Lals suze



ﬁ%@ (Regenerative) gl cwols

);wa&»w|wwtmda> 1)}&9;4561493@,»31,10@@;&}@@50
RYWRE-IER- IRV IS VIS BVON §

Sl 5 by Koy ) REGENERATIVE oy b cools Lile K55l 0020y Jie U
(Sl SG 51 2865

Regenerative Gate Nonregenerative Gate
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A chain of inverters
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0 Fan-out — number of load gates
connected to the output of the
driving gate

e gates with large fan-out are slower

0 Fan-in — the number of inputs to
the gate

e gates with large fan-in are bigger
and slower
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)S% \W; Ring oscillator
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Vour () = (1 —e)V

R where 1 = RC
AN Vou
C
y — L Time to reach 50% point is
in ] 1= |n(2) 1t =0.691

Time to reach 90% point is
t=In(9)t =221
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