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Semiconductor Integrated Circuit (IC)

Invention of transistors and their integration technology

Evolution of switching devices and

Invention of I C by Jack Kilby

Invention of IC by Robert Noyce

invention of transistors * Transistors are monolithically * Monolithic integration of
* Mechanical, Relays, Vacuum tube, integrated transistors and
Transistor * Wired by jumper line interconnections

* Wired by jumper line

Planer
Technology

Filad Fab. 6. 1950

https://ja.wikipedia.org/wiki/%E3%83%81%E3%83%A
5%E3%33%BCY%E3%83%AA%E3%83%B3%E3%32%B0%
E3%83%9E%E3%82%BT%E3%83%B3

https://ja.wikipedia.org/wiki/ENIAC
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https://www.cqpub.co.jp/interface/toku/2003/2
00310/toku2.htm

https://www.sanosemi.com/history_of Kirby0l.htm

http://www.shmj.or.jp/museum2010/exhibi304.htm
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Moore's Law: Miniaturization of Integrated Circuits

Roadmap of human expectations/desires, not natural law

Intel 4004, 1971

https://ja.wikipedia.org/wiki/%E3%83%A0
%E3%83%BC%E3%82%A2%E3%81%AE%ES
%B3%95%E5%89%87
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Limitations of Semiconductor IC Technology

Moore’s Law slowdown, scalability limits, hetero-integration and Neumann bottlenecks

v Atom size Requires a
form ation)

properties

https: //www2.m etro—cit.ac.jp/” tatsuo/

certain amount of atomic assembly (band

to achieve semiconductor/conductor/insulator

v Single crystal semiconductor wafer Limits to the size of single crystal growth/device that can

=

be produced

size Not expand
https: //ip.techcrunch.com /2019/08/21/2019-08-19-the—five—
technical-challenges—cerebras—overcam e-in-building-the—first—
trillion-transistor—chip//
v Different device structures for Incompatibility with photolithography processes, which

different functions @ i@i‘s V%excel at ba

A

& ~ X https: //www.ferrotec.co.jp/semiconducto

tch planar/identical vertical structures

Not on single

i ORAM « NAND r/semiconductor!.php chip /wafer

v Increasing I nter-chip data transfer Chip-to-chip interconnect technology bottlenecks

rate (limitation of conventiongl (e.g., between memory/ processor)
packaging technology) | = "’\i htps: //sesera23 1 com /archives/4668 -
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Motivation for Chiplet Integration Technology o

Platform 5
Consortium

Scalable integration of functionally optimized chiplets while maintaining connectivity

Die Partitioning / Die Split

High Bandwidth Memory

Chiplet vs. monolithic

DELIVERS HIGHER YIELDS, INCREASES PEAK COMPUTE, MAXIMIZES PLATFORM VALUE

EPYC™ Processors split a

| monolithic die
into 4 tightly coupled
components

More Performance
> reticle limit silicon on the
package

Lower Cost
Inverse-exponential reduction in
yield with die size

2 Flexibility Legacy GDDRS Memory Chip HBM Memory Configuration

32C Die Cost 32C Die Cost produc
1.0X 0.59%! m um‘u(ww“m o, Couigpration
- Split what was originally together, Tightly couples components that
— keeping a tight union. —_— were originally far apart

https://hacarus.com/ja/ai-lab/20210618-chiplette/
v Manufacturing at optimal node/ process for each functi
(performance and cost)
v" Prevention of yield loss due to large area of single chip

Realization of transistor count beyond reticle size

Greg Yeric, arm community, “Three Dimensions in 3DIC - Part 1", April 2, 2018
on v Elimination of the von Neumann
Bottleneck
v Performance improvement, low power

consumption, miniaturization

v' Chiplet reuse, expansion of product lineup (Lego blocks)
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