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What is 5G and its technical standards?

What is Al and its applications?
An example of Al to improve reliability of 3D IC devices
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Recent events in semiconductor technology

Japan has lost its leadership!

Big European countries, England, France, and Russia
have no presence in semiconductor technology.

Taiwan and Korea now have the leadership!

China wants to catch up. (I heard that it may take 10
years; why so long?)

US and China trade war is about advanced
semiconductor technology.

Moore’s law on miniaturization in Si transistor is ending.
5G and Al are here.
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Consumer Mobile Devices
We carry a “mobile computer”, rather than a phone!
5G + Al are changing our society rapidly!
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Civilization Advancements

* The invention of steam engine led to industrial
revolution. Machine power replaces animal
power. Industrial production led to capitalism,
communism, and socialism!

* The invention of transistor and very-large-scale-
integration (VLSI) of transistors led to
intelligence revolution. Data power enhances
machine power; robots can do work for us.

Our society is changing rapidly!



Sustainability; Two major trends

* 15t trend is to sustain energy consumption
and environmental protection; we need
new green energy technologies, and waste
management.

e 2" trend is Moore’s law, which has
sustained the growth of microelectronic
products for over 40 years. Now, Apple
and Amazon both have market value over
USS1 trillion! How to sustain the future
growth?
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. Television, Bt
. Internet, (computer-to-computer) B B3
. Mobile internet, (cell phone-to-cell phone)

BB E B



dot.com (burst)

We recall that in late nineteen nineties,
“dot.com” was unsuccessful, because
mobile phones and mobile internet were
not available!

After cell phones become popular,
Apple, Microsoft, Amazon, Facebook, etc.
now become the biggest companies!



What is 5G?

* 5G means the advanced communication
technology, which combines hardware of
“satellite, optical fiber, server, base stations,
mobile devices, sensor in terminals,” and
software of “operating systems,” together it
enables us to do all kinds of intelligent work.

* 4G has changed our daily life.

* 5G will change our society; politics,
economy, arts & literature, health system,
agriculture, industry, & military.



By 2020+, 5G is going to replace 4G

User experienced data rate (Gbps) Connections density (1 0% /Kkm? )
0.7 to 1 Gbps 1 million connections/Km”
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Why 5G affects national security?

Data and signal can be transmitted,

* Via air by satellites, but satellites can be
shot down easily during war!

* Via underground by optical fiber lines. The
manufacturing of optical fiber needs rare-
earth elements!

* Via land surface by the network of base
stations. Huawei in China is good in building
base stations.
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5G Requirements - 5GZIIEE

Primary requirements: B 2 I HE
End-to-end latency (mille sec) - {EBFIiE

Peak data rate (mobility) - B EZFE
Traffic volume density - B =&
Density of connection stations - jZ7E#3

Internet of everything - B H Kk

Energy efficiency - {EIhFE
Secondary requirements: JREIJEE

Security and reliability - Z2R]§E
Low cost - {EB



End-to-end latency

* Instant response; it depends on time-of —
flight.
* On a human-less vehicle, the “Lidar” not

“Radar”, requires a feed-back time of a
few mille sec in order to avoid accident!

* In a chain of cars, if the leading car stops
suddenly, the time gap to respond for all
the cars behind is only about ten to
hundred mille sec.



Density of connection stations

* China has about 600 x 10% base stations.

* Even rural villages have base stations, so
cell phone can be used everywhere.

* No need to carry cash; you can pay by
cell phone in no-man stores.

* You can make connections to almost
everything, especially your home where
artificial intelligent devices are implanted.



Mobile Big Data traffic growth—
Industry preparing for 1000x increase

10° bits / sec
PREPARING FOR
DATA TRAFFIC

GROWTH "-_ : e

~2X

GROWTH
FROM 2010- 2011

*Global growth, some regions grew more/less



Traffic volume density

 Download is faster than upload.
* Instant download a book is no problem.

* With a high traffic volume density
transfer, images will be much clear with
a much better resolution. Same as
music.

e We have instant news and weather
report.



Internet of Things (loT)

EVERYTHING AROUND US IS BECOMING INTELLIGENT &
CONNECTED

Automotive Industrial

Health &
Fitness

Increasing Man-to-Man, Man-to Machine,
(M2M) Communication
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Mobile Internet

Companies race to create wearable devices for the whole body

THE FAMOUS LINE fiom Socrates that the unexamined life is not worth living has
taken on a new meaning in the modern era. A wave of companies, many of
them start-ups funded through sites such as Kickstarter and Indiegogo, is
creating wearable clectronic tracking devices for nearly every part of the
human body, from brainwave-monitoring headbands to smart socks,
And analysts expect the industry to explode over the next five years.
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measures brainw aves -~ EO0CLE'S CLASS tracks braimvaves and lets users control
and lets users cantral GOPRO'S HERO3+ takes photos, games telepathically {5229, spring 2074).
games with their recardsviden and  jacords vide
minds (42659) carthemounted on  searches the ]

ahelmet ora user's
chest. It's also
= waterproof (54000,

{no price

MISFIT'S SHINE
yet, 2014)

/ monitors activity and can fit
into a necklare or a bracelet
orclip onto 2 shirt {5120)

BODYMEDIA'S WIRELESS LINK ARMBAND -

tracks physical activity, calories ™,
burned, and slezp quality {5119). %

o " NARRATIVE'S
; Y - R shaps two geotasged
SICMO’S TRANSLATOR @ photos every minute
clips to a lapel and
translates speech inta
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smartwatch
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preprogrammed goal {5149),

. Plus, i

Source: Inc Magazine, Juniper Research

LIFE-LDGGING CAMERA &

Retail revenue from wearable technology is predicted to jump from about
£14 hillion in 2013 to as much as §19 hillion in 2014, according to a new
study from Juniper Besearch, Here's a look at the products already on
the market as well as a fow of the items launching in the next year.
If wou want in, move fast; There's hardly any room left on the human
T M« DPodythatisn'tabout to be covered by a device, —RYAN UNDERWOOD
-~ i L 1 1 S

@ RECON INSTRUMENTS'S |ET
I like a Goople Glass for
athletes. It has a camera and
tracks and displays auser's
speed (£599, spring 2014)

~ 77 UNDER ARMOUR'S ARMOUR3S CHEST STRAP
keeps tabs on heart rate, respiration. and calories
burmed. Plus, it wicks away sweat (5150},

" JAVWBONE'S UP
tracks sleep, activity, and calories
It sends an “idle alert” for too much
= time spenton the couch (5130).

LARK TECHMOLOGIES'S LARKLIFE
tracks exercise, calores, and sleep quality

irates towake users up ($150).



9 H 4HZHEHEH

7 —f8 RARR

.OﬁﬁlT_ﬂaﬂﬂ!ii!ﬁm

EKREAR | RSB TR

4

[ ORI \ R | EREEe
BRI (Z00 ) $KERENOOm
RERUEI 08K - S RRNE |

iR - KB - e
mﬁw‘nnana#ﬁwa?.
uﬁitﬂmxnmo = |

| ZUOER&ew AR R

- R RS - RYEEER - o
FMEREE Oy - (%)



Wave frequency in 5G technology

Sub-6; around 3 to 4 GHz, low frequency and long
wave length; less interference.

24 to 300 GHz (B;K), high frequency and short
wave length; more interference due to scattering.

Huawei in China is using sub-6 wave.

US military is using sub-6 wave, then US industry
will have to use high frequency wave.

High frequency wave needs more base-stations
(higher cost).

Things will be clear in next year; 2020.



Integrated Gircuit Complexity

Transistors
Per Die
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Moore’s law: On-chip transistor density doubles every 18
to 24 months, without cost increase.

From 1970 to 1985, it increased from 1K to 1M.

From 1985 to 2005, it increased from 1M to 1G.



Two most important contributions of
Moore’s law

1). It enables the development
of mobile technology because
of physical size reduction.

2). The cost of transistor is dirt
cheap because of density
reduction without cost increase.



B There are 110 Si
chips in the module
of a mainframe
computer in 2002.
IBM J. of R&D.,
Nov., 2002.

b b F i

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

If we can replace the
110 chips by 1 chip,
we can make the
mobile computer!
Physical size reduction Also replace key-
board by finger-
touch.



All 5G requirements depend on a key
factor that transistors is dirt-cheap!!

Average Transistor Price By Year
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Transistor is dirt cheap!

* The cost per transistor is cheaper than the
printing of an alphabet on a news paper!

* The problem in China is how to make transistors
cheaper than those made in US, Taiwan, and
Koreal!

e The problem in US is how to find new and
huge applications in order to use up all the
extremely large amount of transistors.

* After mobile consumer electronic products, new
inventions in bio-medical applications will be
critical in the future use of transistors.
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Global Ageing Population
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In 2050 one person in three will be over 65 m w w
and one person in ten will be over 80
peeefeeeed
2012 - 11% of the world's 6.9bn people are over 60

2050 - 22% of the world's 9bn people will be over 60

Between now and 2050 the fiscal burden of the crisis will
be 10% of the ageing-related costs. The other 90% will be
extra spending on pensions, health and long-term care




i-health is coming!

Vital data of health:

 Body temperature

 Heart beat

* Blood pressure

 Oxygen content in blood for “diabetes”
* Sugar content in blood for “diabetes”

We need non-invasive methods to detect them,
because urine or mouth-water has low oxygen content.

The link between microelectronics and bio-medical
applications will be the most important technology
advance in the future.

Below, we shall discuss Al with an example!



Automatic toilet, B B1 3! B 1§

* Automatic toilet is popular in Japan.

* The sit cover of the toilet can be
warm, and a nozzle can spread
water to clean you.

* It performs a pre-determined set of
functions.

* 3G and 4G technology can do it.



Intelligent toilet, & =& B

* An intelligent toilet can recognize that you
stand in front of it. If you face it, it will
open two covers, but if your back face it, it
will open one cover!

* After you finish urine, the sensor in the
toilet can detect sugar content (diabetes),
and acid content (gout). It can send you
and your doctor an email.

* The toilet can make a right decision; it takes
5G technology to do so!



Al applications
in mobile consumer electronic products

A rapidly growing industry in 5G technology.

Low power consumption (battery-limited), small form
factor, and multi-functionality.

Heterogeneous integration; CMOS and photonic chip, etc.
3-Dimensional Integrated Circuits (3D IC).
What is 3D IC?

Can “Al” help improve reliability in 3D IC?



3-D Integration: Motivation

2D Area=A

Very Long Wire

30 /A

—

horter Wire

(Log-Log Plot)
2-D IC
3-D IC

>

Number of Interconnects ¢

g

Wire-length

2-D System 3-D System
+ Integration of heterogeneous technologies
possible, e.g., memory & logic, optical 1/O
* Reduce Chip footprint

* Replace long horizontal wires by short
vertical wires

* Interconnect length | and therefore R, L, C |
— Delay reduction

—Power reduction
32



Schematic diagram of 3D stacking of chips
CoWoS (chip-on-wafer-on-substrate)

p-Bumps: 5-20pm

Wide /O
memory stack

y-Bumps
20pm _

Digital IC

YYYVYVYVYVYYYY

A2 Al Ai1111.

2.5D Silicon
interposer

Bumps/Cu Pillars: 40-250um

BGA
Laminate

/O memory stacks integrated with IC and CPU on the same package

Courtesy of Yole Development, Lyon, France



Optical image of the cross-section
of a 3D IC test sample (1 cm long)

- = - = T

LR '-._}’ e e
o h’v‘" --'—(' -i' V

o T s e e S SR M e
e . & A 4 LR A RTATE & R

1000.00pm

Courtesy of Miss Yingxia Liu, UCLA



Advanced Light Source
Lawrence Berkeley National Laboratory

About 4 mm long
And 0.5 mm wide and thick




To inspect a 3D IC structure?

e We use x-ray to inspect our lung for cancer
or tuberculosis, but it is 2D projection.

e To inspect the internal of a 3D IC structure,
we nheed x-ray tomography or x-ray
graphic processing unit; X-GPU!

e For machine learning of the tomography,
we use synchrotron radiation facility or
a table top x-ray machine with high
resolution.



3D X-ray Images in IC Packages

bond wire module

TSV failure

Stacnod die @ Pkg on Pkg (PoP) 3D-ICwith TSV
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Courtesy of Dr. YF Hsieh, MA Tek in Hsinchu, Taiwan



3D X-ray Image of Apple Watch

Courtesy of Dr. YF Hsieh, MA Tek, Hsinchu, Taiwan



Kelvin probe: Courtesy of Dr. Y. F. Hsieh, MA Tek, Hsinchu



Goal of Reliability

e 15t To find weak-link or early failure
in the system. They are unacceptable
or abnormal failures.

e 27d: To determine mean-time-to-
failure (MTTF). They are acceptable

or normal failures.



Reliability tests

e \We must pass electric current as a function of

current density, time, and temperature to
induce failure.

e \We must have a large set of data to obtain a
distribution (Weibull), so that mean-time-to-
failure (MTTF) can be determined.

e The kinetic activation energy can be decided
by using irreversible processes.



Second
level
chip
First
level
chip

Substrate -

@ Qualcomm Inc. 2013

System level interconnect electromigration study;
Blue arrows indicate circuit path.
Where is the weak-link in the interconnect?
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Black’s equation of mean-time-to-failure
MTTF = A(j™)exp ()

A is pre-factor

n is current exponential, typically n =2
E is activation energy of atomic diffusion

K. N. Tu and A. M. Gusak," A unified model of mean-time-to-failure for

electromigration, thermomigrationm, and stress-migration based on entropy

production', J. Appl. Phys., 126, 075109 (2019).



Probability - Lognormal
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Goal of Al in 3D IC reliability

* In the future, when a new device is in
production, we examine it by X-GPU and we
can identify quickly the weak-link, where early

failure occurs.

* For MTTF; it is no need to conduct the time-
dependent and time-consuming reliability
tests.

* Al can provide time-independent reliability to
save time of the study.



Summary

* 5G technology will affect our society.
* Al applications are everywhere.

* The successful use of 5G + Al depends
on our basic training in mathematics,
physics, chemistry, biology, Chinese,
and English!!!



Thank you !
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