Nicky Lu, flanked by intently listening Tom
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Antiques from the Innovations Attic

Rousing nostalgia for the IC yes-
teryear, panel organizers Trudy
Stetzler, Bram Nauta, and Anantha
Chandrakasan said in their Confer-
ence Digest overview “When you
clean up your attic you may find
things that you have totally for-
gotten about: old toys you used to
play with, old books with lost sto-
ries. And then you think back to
those past days and view them in
the context of today’'s busy life, and
sometimes find new uses for forgot-
ten items. This panel does a similar
thing.”

The six experts they invited from
academia and industry “to dig into
their memories and find lost trea-
sures in circuit design” were asked
specifically “to reveal circuits and
concepts that they feel are the most
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interesting, intriguing, and under-

appreciated innovations from the Organizer: Trudy Stetzler, Houston,
past” and to “explain why the con- Toxas

cept is significant today and should Moderators: Anantha Chandrakasan,
be pulled from the innovation attic.” Massachusetts Institute of Technology,

Their confab, which drew an Cambricdge, and Bram Nauta, University
estimated 2,000 people on Mon- of Twente, Enscheds, The Netherlands
day evening, offered many notable
remembrances:

Eric Vittoz highlighted “current-
mode analog circuits in weak con-
version” as those seldom used in
the past because of their poor preci- threshold mismatch.
sion due to threshold mismatch. But Coincidentally, Rinaldo Castello
these circuits, he said, may regain also  highlighted current-based

interest in deep submicron pro-
cesses where larger-than-minimum
devices could be used to reduce

From left: Thomas Lee, Micky Lu, Rinalde Castello, Yoshiaki Hagihara, Eric Vittoz, Robert
Brodersen, and panel moderators Anantha Chandrakasan and Bram Mauta.
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as spin-torque transfer magneto-

resistive random-access memory
(STT-MRAM).
Yoshiaki Hagihara shared his

memories of Richard Feynman, his
mentor and educator at Caltech, and
how he learned from him that con-

Lee and Rinaldo Castello.

trol of electrons is at the heart of all
electronic devices. As an example
from his attic, he pointed to the
old p-n-p-n junctions that are now
incorporated in modern-day image
SEensors.

The last speaker of the session,
Thomas Lee, focused on the mys-
teries and misunderstandings sur-
rounding the linear time-varying
(LTV) circuits where the Laplace

Yoshi Hagihara, Eric Vittoz and Bob Brodersen.

transform in its simple form cannot
be used for analysis. Examples from

processing as the antique from the
past with renewed appearance as
what he termed “pipe” processing
and “pipe” filters.

Robert Brodersen offered time-
domain processing as his “basic
attic idea” and how this could be

used to attack the most impor-
tant problems of radio design. He
pointed to impulse radio and active
cancellation as “two time-domain
projects from the attic.”

Nicky Lu picked core memory as
an antique that is now resurfacing

his attic were super-regenerative

amplifiers and parametric systems.

A full-length accounting will

appear in this magazine in the Sum-
mer 2013 issue.

—Ali Sheikholeslami

ISSCC Educational Events Chair
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The p-n-p-n switch diode for a modern linear motor car.

never stops. [t is very hard to catch
an electron because we do not know
exactly where it is. Cur civilization
today is based on a technology that
controls electrons, down to a single
one.

Imagine a photon incident to a
bipolar transistor base region. The
photon energy creates an electron-
hole pair. And the photo-electron
can be stored in the base region as
one single majority carrier. That is,
a bipolar transistor can also func-
tion as a photon detector and/or a
storage container, [ thought that a
room in a hotel must be empty and
clean before the first hotel guest
arrives. So must be this transistor
base region empty and clean with
no guest electrons at the begin-
ning. This transistor in a dynamic
p-n-p capacitor mode is useful since
it can capture, confine, and con-
trol one single electron. But as a

student, I did not know yet how to
move that single photoelectron sit-
ting in the base region to the out-
side world so that we can make use
of it as a signal. I had no way yet to
know whether the hotel guest has
arrived and is resting in the hotel

l Light
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L-Sub o-Sub
T T
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Yoshiaki Higihara: The p-n-p-n
Diode in Future Linear Motor Cars
and in Modern Imagers

John Louis Moll (1921-2011) was
studying a p-n-p-n diode switch in
his Ph.D. dissertation work when
the first 1S5CC was held in 1954. In a
normal operation mode, this device
works as a thyristor, which can
drive a large current and is the key
device structure of an [IGET applied
for a linear motor car of the future
(see Figure @). In a dynamic opera-
tion mode, this device may work asa
simple p-n-p-n dynamic capacitance
that can detect and store one single
electron, which is a key device struc-
ture of the modern image sensor
{see Figure 107,

I recall, when I was taking his
physics course at Caltech, that Feyn-
man once sald that an electron is
always free, moving around rapidly
in free space, even in solid, and it

From €CD to the dynamic p-n-p-n diode capacitors,

room or not. We had no way yet to
ask the hotel guest to come up to
the hotel lobby to meet me. [ had
to wait a few more years (until 1970
in my senior year in college) to find
the answer, We all know now it is
the CCD structure that can store

and transfer one single electron.
With a precharge reset set gate and
a source-follower circuit, a scheme
invented by Walter Kosonocky. We
could finally meet our hotel guest at
the hotel lobhy.
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60 Years of (Em)Powerlng the Future £

Plenary Talks (Monday, February 18)

Sunday, February 17

Rdvanced RF Transeeiver Design Techniques

VLSI Power Management Techniques: Principles and Applications
Thursday, February 21

Emerging Technologies for Wireline Communication

Scientific Imaging

Frequency Generation and Clock Distribution

Mixed-signal/RF Design and Modeling In Next-Generation CMOS

Special Evening Topics

Sunday, February 17

‘“Batteries Not Imhdsd’ —_ Hw Little is Emuuh for Rul Energy Aulnnnrru? E

Much has besn said sba

& epsntial paris of ihe el jicai and praciical issuss
BE sesnir:m both sides, mix in zome 5 el techniques, and then dshmihs izsues of real anengy
autonomy. How much must we generate? How much can we consume? Can we agrea?

Tuesday, February 19
High-speed Communications on 4 Wheels — What's in your Next Car?

E‘,mmlneannn within vehicke B rv:raasmgin suppart emarging eppiications, such gs: Infotainmant, Driver
;b hess ol raqum per-channl datarass bajord s now

o h
heavinst 'ompon—ntm Ihs oo, them iz a claarn:sdin replace e m Iw daba—lst— snumns
igh-rate beckbone retworks. Cumantly, car m*sl\s ol
optical snkutionz. This eaesion will provide an ovarview of the
the car, with emphasiz on present and futurs chalanges for wis

Student Initiafives

Sunday, February 17
Student Research Preview : Poster Session w/ Short Presentations.

Ressarch with Innovation is Power for Promising Carser Growth
Speaker Nicky Lu, Chairman, Etron Technology

Silkroad Award Scholarships awarded for Far East full-fima students!

Evening Panels

Tuesday , February 18
You're Hired — The Top 26 Interview Questions for Circuit Designers.

Rightty or wrongly, circui designers must undergo eeveral technical interviews befors landing their dresm
job. Whils many students and practifione and mhiitive understending
of circuits, even the best can be stumped by exofic circuite o even by & basic misunderstanding o
fundame bal e:n'sms Tms ppanel will challenge and entertain the audience and each other with questions
The audiancs can |udgs which intervigw questions are fair game inthe

SoCs. Emmaﬂng 2020 killer appliuatiuna

Whet ame the SaCs dnung kiler applications in 20207 Can we fors

axperienced the svoluti computers, communications, and

killer applicatian=7 What circuiz and systam innovetions can the solid-stet industry

naw kiler spplications? What tachrology alements, devics structuree, and memary archiectures ere
Should ontinug with siicon, and sesk breskthroughe in sysern archit 5, lgorihms,

SolC intagration, and packeging? Or, should we prapars "beyond-siicon” technalogie: eyand sificon”

technologies reslistic in the forsessble future?

San Fr: Marriott Marquis
San Fre California, USA
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60™ Anniversary Di:
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Thuraday, February 21
RF Blocks for Wireless Transeeivers

Heoman Darabi, Broadcom, IC% for Communicatins
.th.-u Dalft University of Tachnology, WCO's, Mdm&ﬂshwfﬁmﬁw&d

.

Tutorials

Sunday, Febnaary 17

Basics of 60GHz LNA and PA Design in CMOS
Piet Wambacq, imec

High-Bandwidth Memory Interface Design
Chulwoo Kim, Korea University

Circuit Design using FinFETs

Bing Sheu, TEMC

Simulation Technioues for Data Converter Desian

Shanthi Pavan, Indian hatitute of Tachndlogy, Medrs

0On-Chip Voltage and Timing Diagnostic Circuits.
Frank 0'Mahomy, Intsl

SoC Design Methodology for Improved Robusiness
Anthony M. Hill, Texas nstrumante

Wireless Transceiver System Design for Modem Communication Standards

lason Vassiliou, Broadzom

Energy Harvesters and Energy Processing Circuits
Yogesh Ramadass, Taxas Instrumants.

Data and Power Telemetry for Implants

Maurits Ortmanns, Unversity of Uim

Design of Voltage References
‘Wing-Humg ¥, Hong Kong Uniersity of Science and Technalogy

Demonstration Sessions
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Mead co-authored a seminal text on VLS| design.

The professor emeriius of Callech noted his own work and thal of Intel's Gordon
Moore in 1967 predicting advances of more than an order of magnitude in

semiconducior physics. "Most people thought we were crazy. .. [bul] afier a few
vears it bacame the industrv road man * ha said

e TR mraraemes T o o saeaeaet - mememe G STmaperd  TEwe

Mead's keynote followed a talk describing heroic effors to create extreme
ultraviolet lithography syslems that aim o continue progress in chip technology.



News & Analysis
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Micolas Mokhoff
11M19/2012 9:00 AM EST

MAMHASSET, M.Y. — The venerable International Solid-State Circuits
Conference this February will make the most of commemaorating its three-
score history by digging for pastinnovations in its “innovations attic® which are
still pertinent today.

Atthe same time, 133CC organizers also want to look ahead by offering its
young ones tips on getting a circuit designer's job.

Trudy Stetzler, distinguished member of the technical staff at Texas
Instruments and I33CC 2013 program vice-chair, has organized a panel of six
experts from academia and industry to dig into their memaories and find lost
treasures in circuit design.

The panel promises surprises from the past sixty years as panelists explain
why the concepts are significant today and should be pulled from

the “innovation attic™. As the preliminary program states: “When you clean up
your attic you may find things that you have totally forgotten about: old toys you
used to play with, old books with lost stories. And then you think back to those
past days and view them in the context of today's busy life.”

The six panelists include Hobert Braodersen, University of California, Berkeley,
CA Rinaldo Castello, University of Pavia, Pavia, Italy; Yoshiaki Daiman
Hagihara, Sojo University, Kumamaoto, Japan; Thomas Lee, Microsystems
Technology Office, DARPA, Arlington, VA; Micky Lu, Etron Technology, Hsinchu,
Taiwan; and Eric Vittoz, Independent Consultant, Cernier, Switzerland.
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ISSCC 2013 | February 17-21
60 Years of (Em)Powering the Future

60™ Anniversary Distinguished Evening Panel
(Monday, February 18) “Antiques from the Innovations Attic”

Robert Brodersen Rinaldo Castello Yoshiaki Daimon Hagihara
Professor Emeritus Professor Professor

University of California, ] Sojo University

Berkeley

Thomas Lee ] Nicky Lu e Eric Vittoz

Director g 3| Chairman x Independent Consultant
. Microsystems Technology [ Etron Technology

Office, DARPA

The next generation Super High Vision (SHV) Television System around 2020 needs a very low-light sensitive
and high-definitionimage sensor of 33 Mega pixels with 120 picture frames per second. How can we make it ?
John Louis Moll (1921-2011) obtained the B.Sc. in Physics and the Ph.D. in Electrical Engineering in 1943 and
1952 respectively. His well-established Ebers-Molltransistormodel, and the theory of the p-n-p-n switch
( Proc.IRE, vol,44, pp.1174-1182, 1956) came from this effort. Extended concepts of photo-diode and photo-
transistor models became essential to realize image sensors. Now, incorporated with compact column ADCs
and smart real-time comparator shift-registers, possibly in 3D circuit integration, this classical p-n-p-n switch
may help us to obtain a design solution for the high-performance and highly intelligent camera systemthat can
serve us athome in each family as a human-friendly  Artificial Intelligent Partner System (AIPS).
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Sojo University, Kumamoto-city, Japan
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ISSCC2013 San Francisco Yoshiaki Daimon Hagihara

(1) Thank you, Anantha-san.

Good evening, ladies and gentlemen.
And a happy 60t anniversary to ISSCC2013.

| thought | was invited as an old boy for this special occasion
since | had been involved and served for many years in this
ISSCC community . But | received a homework and was asked

to prepare for a short talk on this panel. It was a very difficult
subject. So, the first thing | did was, look around for my old

Al A A 1] - e wEEE Viiwv ww Ay

books and notebooks in my house and office.



out of my old books....
ISSCC2013 San Francisco Yoshiaki Daimon Hagihara

(2) |found some, | sorted them out, and put them together
on my bookshelf. Here they are.

This evening, if | am allowed to introduce you only one unique
circuit application, it would be a circuit application of a p-n-p-n
diode structure.

In a normal operation mode, this device works as a Thyristor,
which can drive a large current and can make even a big linear
motor car float and move very swiftly. On the other hand, when
this is in off-state, it has very, very small leakage current, which
is very important for our modern society seeking for low-power

Energy-saving systems.

And in a dynamic operation mode, this device may work as a
simple p-n-p-n capacitance, that can detect and store one single
electron. | think this is a key device of an image sensor.
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The Feynman Lectures on Physics

ISSCC2013 San Francisco Yoshiaki Daimon Hagihara

(3) There are many physics involved to understand this p-n-p-n
diode structure and its related circuit behaviors.

So | tried to recall my freshman year in college, when | was
taking a physics course.

Prof. Leighton, and sometimes Prof. Feynman himself, gave us
lectures. Their lectures were always fascinating to us.
They always tried to appeal intuitively to our young minds.

Feynman once said that an electron is always free, moving around
rapidly in free space, even in a solid, and it never stops. Itis very hard to
catch. We don’t know exactly where it is. Our civilization is based on the
technology of controlling a single electron.
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(4) So | was always being guided to try to understand physics by paying

a special attention to the behavior of one single electron interacting
with a photon inasolid, ina metal, in aninsulator, in a capacitor,
in a p-n junction and in a transistor.

A p-n junction is also called a diode, arectifier, aLED, a solar cell
or simply a p-n junction capacitor depending on how we want to use
it. If we don’t want to use, but if it is still there, | learned later that itis
also called a parasitic p-n junction capacitance, which is a very
important circuit element for predicting a very complicated VLSI
circuit performance in some cases.
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(5) 1thought | had a very good background in Feynman physics.
Feynman physics always talked about the behavior of one single
electron in free space and in a solid. The situation gets more
complex when an electron interact with a photon.

Well, a picture is worth one thousand words.

This is a picture of boys trying to catch a girl on the hill top
but most of the boys are guided to the collector junction cliff
and fall down to be collected at the collector terminal.

And only a few boys out of say 100 energetic boys
can catch a giri on the hiii top and they can recombine
and become happy. And the pair can produce a baby-photon.

This is in a sense a light emitting photo-transistor
with a very poor efficiency of a few percents...
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ISSCC2013 San Francisco Yoshiaki Daimon Hagihara

(6) And this is a picture of an incoming photon incident to the

bipolar transistor base region. The photon energy creates an electron-
hole pair and the photo-electron can be stored in the base as the majority
carrier. So | see that a bipolar transistor can also function as a photon
detector and/or a storage container. As you know, a room in a hotel
must be empty and clean before the first hotel guest arrives. So must be
this transistor base region empty and clean with no guest electrons

at the beginning. In this way, | thought a transistor is useful since it can
capture, confine and control one single electron. But | did not know yet
how to move that single photo-electron in the base container to the
outside terminal so that we can use it as a signal. Thatis, | had no way

yet to know whether the guest has checked in the hotel and resting in the
hotel room. | had no way \ml' to ask the hotel mmei‘ to come up to the

hotel lobby to meet me. | had to wait a few more years to find the answer.
We all know now it is CCD, a charge coupled device that is a series of
capacitance that can store and transfer one single electron. With a output
circuit of a pre-charge reset set gate and a source-follower circuit we can
finally meet our hotel guest at the hotel lobby !



Pulse, Digital and
Switching Waveforms

Digging lost treasures in circuit design

out of my old books....
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(7) Now, the second book | studied was "Pulse, Digital and Switching
Waveforms*“ by Millman and Taub.

This book introduced me many basic bipolar transistor circuits.

| learned many circuits such as a simple inverter or a linear amplifier
with a simple resistor-load, the concept of load-line.
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(8) This book also introduced me many important electronic
devices and their related circuits such as a negative-resistance
circuits utilizing a device which is called a thyristor, or SCR
( Silicon Controlled Rectifier ), or simply a p-n-p-n diode,
depending how you want to use the device.
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(9) The p-n-p-n diode consists of one p-n-p transistor and one n-p-n
transistor, working together as a team. As you know, when two
people work together hands in hands as a team, we should expect
a good work from them, an entirely new creative, wonderful
performance from the collaboration of the two people.

This p-n-p-n diode can also be called a p-n-p-n thyristor, a SCR
switch, a p-n-p-n double-transistor structure, or simply a p-n-p-n
diode capacitor , depending on the operation modes.

| learned this p-n-p-n diode switch, too. During its OFF-state, it has
a very low leakage current. This device was originally studied and
reporied in details by Prof. John Lewis Molii in his PhD thesis work
and in subsequent papers, which | studied and learned.

During its ON-state, a very, very large electrical current, and can drive
a big heavy train or automobile.
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(10) A slight modification of this p-n-p-n diode gives us another
very useful device, which we call Insulated Gate Bipolar Transistor.
This is a key device for a linear motor car of the future !

This is a simple inverter circuit with an inductance coil

as the load element and the driving device is an Insulated Gate
Bipolar Transistor with the PWM control input.

The PWM, Pulse Width Modulation, techniques is a very powerful
and useful digital circuit system technique now universally applied

for driving servo motors for many mechanical system applications
including Robotics. This PWM circuit technique is useful to control
the On-AND-OFF Digital current flow in the magnetic coil used to

| 2 o ra\V /=~ :“ ‘hn ﬂ:v
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In a special dynamic operation mode, this device also works as
a simple p-n-p-n capacitance that can detect one single electron .
And it works as a key device element in modern imagers.



Physics and
Technology of
Semiconductor
Devices

by A.5.Grove
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(11) Then the third book | studied, with the guidance of Prof. John
McCaldin, was “ Physics and Technology of Semiconductor

Devices“ by Andy S. Grove.
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(12) 1learned MOSFETs and many types of inverters.

Among them, only a CMOS inverter seems surviving now....



Digest of
Technical
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Digging lost treasures in circuit design

out of my old books....
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(13) When | was about to start my graduate work, | learned about a
new device called CCD. |thought we now have a device to detect
the arrival of the first guest electron in our empty hotel room!

With this device | thought | could ask the guest electron to come up
to the hotel lobby to meet us!

| was excited . |thought this is the device we were looking for, that
can transfer one single electron in solid from one place to another
and to the final output circuit stage.

| was excited, and many people were also excited ! Many researchers
worked on this device with great expectations.

| was excited and worked on this device with the guidance
of Prof. T.C. McGill.
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(14) | was specially interested in a buried channel CCD structure
since this device protects a single electron, our important
hotel guest from being trapped by the Si-SiO2 interface states.
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(15) This is a capacitance network that one single electron, our hotel
guest, would see inside a buried channel CCD structure.

The single electron is well protected, and can be transferred safely
along the buried channel by controlling gate voltages.

Originally | expected this device to become a highly sensitive
imaging device, a low-light imaging device with very low noise.
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(16) But soon | found out this is no good for imaging.
It has a metal layer on the top!
The metal layer does not allow light to pass through.

So we still needed the original photo-diode, the photo-transistor, and
the p-n-p-n photo-diode that | had studied when | was an
undergraduate student.

At least they can pass the light through the device and
catch a single electron in the dynamic capacitance mode
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(17)Now going back to 1971 again, right after | finished my
undergraduate work. | was one of the students in
the first year of the VLSI circuit design course
taught by Prof. Caver A .Mead at Caltech in 1971.

Meanwhile, during my graduate work, we had a design project of a
128- bit multi-comparator silicon chip, that has three shift registers
in parallel. They are called the Data, the Key and the Mask registers.
The data in the registers is compared and matched by the comparator
logic circuits, consisting of many EXNOR circuits.
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(18) The three shift registers are conventional ones.

A pair of inverters and three switching pass transistors as
a group are functioning as a one-bit static memory cell or
in other time as a one-bit shift-register element.



Exnor gate is important

to detect the edge-effect. Vd @— | > Exnor(A,B)
We can obtain a edge-
enhanced picture by _

— B

imposing on the
original picture.

A — |- B

@®Exnor gate is important
to detect the edge-effect:

Exnor(AB)= AB + A B
A — @ @

CalTech LSI Design Class, September 1971 Delay(A) _.I

Exor_[A, D_elay(A)] rl @ ﬂ ﬂ @ ﬂ

Yoshiaki Daimon Hagihara

ISSCC2013 San Francisco

(19) The data in the register is compared and matched by the
comparator logic circuits, consisting of many
EXNOR gate logic circuits.

The EXNOR circuits are very useful for matching data
and detecting the edge information.
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(20) This elementary EXNOR logic gate is frequently applied to
compress image-data information.
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(21) This was a project, a challenge to design and build a real chip by
Caltech students, and it was fabricated in Intel.
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(22) It is the VLSI chip built and reported for the first time
in the world by university students with helps of industry.

| think this 128 multi-comparator chip may be still useful .



|
l

Read-out Circuits — CMOS Imager Pixel
— i L, ===-- 1 1 e ——
. ! T — T 5
— — by | ' i =
- 1 I 1 ]
s i ERES E]ii p El
0 17 I 1
0 i | Ty S
S 111 N — "_---ll-—-.__> { g e
I I [ : i H
o 1 I T
0 ! i
o 1 1
1 [}
1

g“ L ________ -:jiilL _________ H—
Precharge Gate and Source
Follower Output Circuits by

[ ] [ ===== [ ] Prof. Walter F. Kosonocky

v v v v

Decimation Filter

A
O ) =
Mask ———2| Multi Comparator Shift Register g |—0 .'l

Data ~ ~ M, gos
Column Decoder -T--T— |-L -T—
CCD Imager
A proposed CMOS Imager with AJADC, Decimation Filter, -

Key and Mask Data input and Multi Comparator Shift Register

ISSCC2013 San Francisco Yoshiaki Daimon Hagihara

(23) 1 am just curious to find out if we can include this
multi-comparator shift registers in the output circuit block
of a CMOS Imager.

The output circuit block is very, very important.

The original output circuit is a simple combination of a pre-charge
reset gate and a source follower.

| believe this output circuit was first proposed and reported by
Dr. Walter F. Kosonocky.

in Caltech. | met him many times. He guided me a lot. He was famous
and great . He was also my mentor.
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(24) Later a very useful and powerful operation mode, called Double
Sampling, was proposed by Prof. Marvin White.

This technique accelerated drastically CMOS imager developments
and revolutionized our imaging device industry.
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(25) I believe these people who worked on MOS Transistors,
Memory Devices and Imaging devices are the ones worth
recognition not only from our solid state circuit society

but from the entire world .

| was surprised and amazed that in this way so many people,
through many yeas of their diligence, contributed so much
for the entire world we live in. Thank you !

Yoshiaki Daimon Hagihara

@ ISSCC2013 Plenary Panel, in San Francisco, California USA

Monday Evening February 18, 2013
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