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questions regarding the use of any materials presented should be directed to the author(s)
or their companies.
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Outline

Celebrate the Transistor!
Moore
Dennard

Kondratiev

Socket Market
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December 23, 1947

John Bardeen, William Shockley, and Walter Brattain from Bell Laboratories (left), and the first germanium point-contact transistor (right) (Riordan, Hoddeson, & Herring, 1999).
Larki, Farhad. (2018). THESIS. 10.13140/RG.2.2.21745.17766.
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Traitorous Eight — Fairchild Semiconductor

Lemeti B A SIS ST 5 W— -
:m—m——n_

Gordon Moore, C. Sheldon Roberts, Eugene Kleiner, Robert Noyce, Victor Grinich, Julius Blank, Jean Hoerni and Jay Last (1960)
Wikipedia - Magnum Photos for Fairchild Semiconductor
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Cost per Transistor

Gate cost trend

|

Y

$1.42 $1.43 $1.45 $1.52

¢4 320
oo
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90nm 65nm 45/50nm 28nm 20nm 16/14nm 10nm 7nm
Marvel 2020
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Marketplace
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Every 2 Years:
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Populist version of Moore's Law:

2¥

Any parameter related to semiconductors must form a straight line
when plotted on exponential graph paper.

] =
o ] i A\ ST S

- | e St CO nX Marketplace Report - Curves & Waves

11
TestConX Workshop www.testconx.org March 5-8, 2023

Marketplace



http://www.bitsworkshop.org/
http://www.testconx.org/

TeStCO nX 2023 Marketplace

Dennard Scaling

As transistors get smaller,
their power density stays
constant, so that the power
use stays in proportion with
area; both voltage and
current scale (downward)
with |ength (Wikipedia)

Robert H. D‘ennard

Wikipedia
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Planar Transistor

ASML.com
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fin field-effect transistor (FInNFET) — ca. 1995

ASML.com
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gate-all-around field-effect transistors (GAA) — 2020’s

ASML.com
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Vertical-Transport Nanosheet Field Effect Transistor (VTFET)

Increased Performance

‘ i -
%

Improved Energy Flow

|

Reduction in Energy Loss

IBM & Samsung - 2021
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Single atom gate thickness limit?

Source

- - \ - 4‘ S4A Rk, i L {

MoS2 channel

34 nm
gate length
simulated

Tsinghua University in Beijing Monolayer graphene edge gate
Wou, F., Tian, H., Shen, Y. et al. Nature §
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End of Dennard Scaling

40 Years of Microprocessor Trend Data

107 L} 1 T L] . -
Transistors rOP
s s PERFORMANCE DEVELOPMENT 500
106 - 4! usandas
s Single-Thread F36 Ghlagis
10 S 1 Eflop/s 149 PFlop/s
Performance 100 Pflop/s —
104 L J (SpecINT x 10%) 10 Pflop/s St mp. 1.01 PFlop/.
-7 o op/s
1 Pflop/s ™ I 1 PFlop,
103 - — 100 Tflop/s / = /‘_1‘-"/‘
Typical Power (W) 10Tflop/s T
102 b 4 1 Tflop/s - ey
100 Gflop/s g oo e o
o'k | Number of 10 Gflopss |0 GblaRis June 2008
Logical Cores 1 Gflop/s — Slowdown of Dennard Scaling
100 B : .4 . 100 Mflop/s T = | — T T T T T T T T T
‘ i £ i 3 i 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
1970 1980 1990 2000 '.V 2010 2020
Year Dennard Scaling Fails in Here Top500.0rg

Xiu, Liming. (2019). IEEE Solid-State Circuits Magazine. 11. 39-55
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“Knobs” to reduce product cost or
Increase performance

Transistor Scaling
Materials
Device Structure

Substrate Size
cost / area

More than Moore
Architecture
Packaging

4 ! ‘8
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a
: L B
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More than Moore (MtM)

Heterogeneous Integration

More than Moore: Diversification

Non-digital content
System-in-package

Digital content

System-on-chip
(SoC)

§
g
§
5

Baseline CMOS: CPU, Memory, Logic

ITRS “More than Moore” Whitepaper
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Soviet New Economic Policy (NEP)

steam engine railway electrical petrochemicals  information
cotton steel engineering automobiles technology

chemistry
PIRIDIE

1. Kondratiev 2. Kondratiev 3. Kondratiev 4. Kondratiev

1800 1850 1900 1950

P: prosperity

R recession

D: depression

E: improvement

Kondratiev Waves

Hukonan Ovmutprnesundy KoHgpatbes

Nikolai Dmitriyevich Kondratiev
1892-1938 Wikipedia
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Waves of Innovation

6th wave

Waves of Innovation

4th wave
| Sustainability
1 i
1 Radical resource
i productivity
Whole system design
Biomimicry
Green chemistry
Industrial ecology
Renewable energy
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3rd wave

2nd wave Green
nanotechnology

Digital Networks

\ Ny Biotechnology
1st wave \ Staciiciy, Electronics Software
Steam power clhemncalls Aviation Info'l"maltion

Iron : nterna technology

Wer ower Railroad cornbustion Space
pows Steel engine
Mechanisation Cotton
Textiles
Commerce

Petrochemicals

1845
Almgren & Skobelev - Journal of Open Innovation: Technology, Market, and Complexity. 28 March 2020
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Waves of Innovation

Waves of Innovation

3rd wave

2nd wave

%, Electricity

1st wave \ i
Steam power Chemicals

Iron Railroad Internal

4th wave

6th wave

| Sustainability
1 5
1 Radical resource
i productivity
Whole system design
Biomimicry
Green chemistry
Industrial ecology
Renewable energy

Green
nanotechpglogy

Digital Networks .

Petrochemicals
Electronics
Aviation
Space

Biotechnology ===

Information
technology

combustion
Water gow_er Steel engine
Mechanisation Cotton

S Transistors

1845

1990

Almgren & Skobelev - Journal of Open Innovation: Technology, Market, and Complexity. 28 March 2020
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MEPTEC Report Column

WINTER 202

COLUMN

COUPLING &
CROSSTALK

By Ira Feldman

NOtJESt Chips,

| www.meptec.or . - .
.meptec.org Electronic coupling is the transfer of energy

from one circuit or medium to another.
Sometimes it is intentional and sometimes
not (crosstalk). I hope that this column, by
mixing technology and general observations,
is thought-provoking and “couples

your thinking. Most of the time I w
technology, but occasional crosstalk diver-
sions may deliver a message closer to home.

Curves & Waves

meptec.org
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SOCKET MARKET
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Test and Burn-In Socket Market

2016-2021 | 2022-2027

Overall 11.6% 5.3%
Burn-in 4.9% 4.3%
Test 15.1% 5.9%
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2016 2017 2018 2019 2020 2021 2022E 2023E 2024E 2025E 2026E 2027E
Test Socket ® Burn-in Test Socket

Yole Developpement 2021
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Test and Burn-In Socket Market

3,000 2016-2022 | 2023-2027

2,500 Overall 12.5% 8.7%
Burn-in 6.1% 8.5%
2,000 Test 15.8% 8.7%

1,500
Forecast vs Actual

1,000 —i i l i For 2022:

- Test +$110M
N B . $1,462
. Burn-in +$9M

=
&
S
>
-
@)
>
)
Y

0
2016 2017 2018 2019 2020 2021 2022 2023E 2024E 2025E 2026E 2027E

Test Socket ®mBurn-in Test Socket

Yole Developpement 2022
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Segment Revenue ($M)

Test Socket
Package Test
System Level Test
Engineering Test Sockets

Burn-in Test Socket
Package Test
System Level Test
Engineering Test Sockets

Total Sockets

Yole Developpement 2022
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Top Test & Burn-in Vendors 2022

Yamaichi
LEENO

Enplas

Yokowo

Cohu

B TestConX
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LEENO Yamaichi
Yokowo Enplas

Cohu Boyd

Micro Contact

B Solution

Smiths

Okins
Interconnect

Yole Developpement 2022
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Acknowledgements

« Socket Market Data courtesy of Yole Developpement
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