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Brief Bio
Education

B. S., National Tsing Hua Univ., 1982.
Ph.D., Electrical Eng.-The University of Michigan, Ann Arbor, April 1989.

Experience

1.Consultant at Solar Cells fab.

2.Visiting Professor, Dept. of Electrical Eng., Nat’'l Univ. of Singapore ( 2003 &
2004 summer, sabbatical leave at 2005); SNDL initial funding team
3.Consultant at IC fabs in Taiwan

4.RF IC Design House Co-founder

5.Semiconductor Process & Device Ctr, Texas Instruments (1996-1997).
6.Electronics Lab., General Electric (1990-1992).

7.AT&T Bell Labs. (1989-1990).

Publication

More than 400 journal/conference papers (>300 in IEEE) have been published.
Premier International conferences:

IEDM (International Electron Devices Meeting)- 22 papers including 1 Invited
paper & 2 times in best student paper award competition (14 finalist).

Symp. On VLSI- 16 papers including 1 Highlight Section paper & Best Student
Paper Award (2005).

Int’l Microwave Symp.- 17 papers & 1 in best student paper award competition.
Citation ranking in World-wide Engineering- #400 (ISI Web of Knowledge).
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How to Get Paper Accepted?

Importance

1.

Good research topic (pioneering work,
hot topic, citation, attending conference)

. Good team (discussion, direction, e.g.,

SNDL, SG)

. Research capability (hard working,

smart, innovation, ....)

. Proper writing with logic and precision



TSMC-SRC GRC Workshop, Jan. 29, 2007

High-x Dielectric Innovation to Logic
and Memory Devices by a
Local/International Team Effort

Albert Chin

Professor, Dept. of Electronics Eng., Nat'l Chiao Tung Univ.
Deputy Director, Nano-Electronics Consortium of Taiwan
Previously with: TI-SPDC, GE- Electronic Lab, AT&T Bell Lab

albert achin@hotmail.com

Acknowledge the collaboration with Prof. M-F. Li, D. L. Kwong, B. J. Cho,
W. J. Yoo, C. Zhu at SNDL Nat’l Univ. of Singapore; Prof. H. L. Hwang, KS
Chang-Liao, M. H. Hong, R. N. Kwo at Nat’l Tsing Hua Univ.; Prof. Shui-
Jinn Wang at Nat’l Cheng Kung Univ.; also the hard working students



How to Create High Quality Paper?

“*High Quality Paper” is the pioneering work and/or in the
area of hot topic.

The High Quality Paper is the paper in high visibility
conferences (ISSCC, IEDM etc) or the invited paper in high
visibility conferences.

The paper citation is the index of High Quality Paper.

Good research funding is useful to do high impact research,
but the innovation is more important.

Hard working is important, but idea is the key.
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Searching Prestigious Journals

What technology area, including academia, would you advise students interested in R&D to get

involved with?
Results are shown in number of votes.
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12

|IEEE Spectrum, Feb. 2007




Attending Premier International Conference
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Attending Premier International Conference

NTU Tops the World in the 2008 International Solid State Circuits
Conference (ISSCC) with Seven Theses Accepted for Presentation

The Intermational Solid State Circuits Conference (ISSCC) is scheduled to take place from
February 3rd -7th 2008 in San Francisco, California. Regional conferences are also scheduled to
be held from November 26th to December 3rd in Japan, Taiwan, Korea and China.Statistics have
shown that NTU ranks the sixth place in global industrial and academic institutions, and starting
from 2005, NTU has occupied the first place in academic institutions for six years in succession.
This year NTU has seven theses accepted for presentation at ISSCC, a feat that remains
unrivalled in the world!

To express his gratitude for Media Tek and TSMC'’s contributions to NTU, President Si-chen Lee
presented Certificates of Appreciation to these two semiconductor companies during the 1SSCC
2008 Press Conference and the ISSCC 2008 Banquet and NTU [SSCC Paper Contribution
Appreciation which were held in Taipei on November 28th.President Lee emphasized that,
although NTU's remarkable performance in ISSCC is largely attributable to the efforts put forth by
faculty and students, the support from Taiwan's semiconductor industry also plays a pivotal role.
He specifically mentioned Media Tek's sponsorship of N.T. 100 million in the past five years to set
up the “NTU/Media Tek Wireless Communication Laboratory” and its offer of scholarships to

students whose papers are accepted for presentation. In addition, President Lee said that the
“International Research Project” was instrumental in the development of the cutting edge 90
nanometer production process. As he pointed out, the research project was a collaboration among
TSMC, UC Berkeley, Stanford and NTU.

www.ntu.edu.tw/engv4/spotlight/2007/e071210 1.html

14



Attending Premier International Conference

International Electron Devices Meeting (IEDM)

S0, what's the correlation between the revenue and the productivity at the IEDM?
Or i1s there a correlation? The table below shows a list of 2004 top-10
semiconductor manufacturers based on |C Insights 2004 revenue projection and

the number of papers they presented at IEDM 2004

Intel a
Samsung 215
Tl 3
Renesas 3

Infinecon 7
Toshiba 11
STMicro 12
TSMC 45
-NEC 55
10.Freescale 45

©E~N DU AWM=

The overall top-10 list for the number of papers presented at IEDM 2004 looks like

this.

Samsung
IEM
STMicro
Toshiba
Intel
Infineon
CEA-LETI
IMEC

L i

0 0o

10.NEC

- National University of Singapore

21
16.

T Ch

5
1
11

o

8
7.5
7.5
7

[~ =~
LR L

www.semitechonline.com/feature article.html#postmortem
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Attending Premier International Conference
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Visibility & Job Connection

International Electron Devices Meeting (IEDM)
Intel Takes 45 nm HKMG Process to I[EDM

David Lanmmers, News Edifor - Semiconductor International, 127122007 5:39:00 AM

Intel Corp. (Santa Clara, Calif.) provided some details of its 45 nm high-kfmetal gate (HKMG) process flow at the International Electron Devices
Meeting (IEDM) in Washington, D.C., although key elements of the pFET electrode metal remained shrouded.

kaizad Mistry, vice president of logic integration, said Intel used a "high-k first, metal gate last” approach. By keeping the
high-temperature annealing steps used to activate the dopants in between the dielectric and metal gate deposition steps,
Intel is able to maintain & good workfunction metric for the electrode of its pFET transistor, which he said was 51% faster
than the previous generation.

' The hafnium-hased gate diglectric has a 1 nm equivalent oxide thickness (EQT) for both n- and p-type transistors, with a 7
o7 A interfacial layer, which Mistry referred o as a “ransition layer.” Although Intel does not provide its inversion thickness,
Kaizad Mistry, wmisiry said in an interview that the difference between the EOT and T, “is about 4 A, plus or minus 1.” The physical

Vice President inickness of the HK layer was 18-20 A, which is thick enough to provide what Mistry said was a 25% improvement in NMOS
of Lugic leakage current, comparad with Si0., and a three orders of magnitude (1000=) improvement in FMOS leakage.
Integration,

Intal _—

The contribution of metal-gate/high-k technology:

according to Intel co-founder Gordon Moore, “The implementation of high-k
and metal materials marks the biggest change in transistor technology since
the introduction of polysilicon gate MOS transistors in the late 1960s.”
Possible for Nobel Laureates! 17




Visibility & Job Connection
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-Go Back to Fundamentals

-Understanding the Problem
-Multi-Disciplinary Capability

(Examples: nano-technology & RF)



Go Back to Fundamentals

Challenge for
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From lIdeal to Realization

F21nm 8'02 '
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C. C. Liao, A. Chin, and C. Tsal, “Electrical Characterization of AIZO3 on Si from MBE-

grown AlAs and Al ,” 10th Int’'l| MBE Conf., August 1998.

A Chin, C.C. Liao, C. H. Lu, W. J. Chenl, and C. Tsai, “Device and Reliability of High-k

Al,O; Gate Dielectric with Good Mobility and Low Dy,” Symp. On VLS| 1999.
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Competition & Speed

J(A/em®) at +1V
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“Ultrathin Hafnium Oxide with low leakage and excellent reliability for alternative gate dielectric
application”, IEDM 1999, UT-Austin (J. C. Lee’s group).
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A Chin, Y. H. Wu, S. B. Chen, et al, “High Quality La,0, and Al,O, Gate Dielectrics with Equivalent Oxide .,

Thickness 5-10A”, Symp. On VLS| 2000, (Highlight paper).




Citied by IBM (IEDM 2000)

80 nm poly-silicon gated n-FE'Ts with ultra-thin Al; 0 gate dielectric for ULSI applications

DA Buchanan', E.P. Gusev', E. Cartier', H. Okorn-Schmidt', K. Rim', M. A. Gribelyuk®, A. Mocuta®, A. Ajmera®, M. Copel', S. Guha', N.
Bojarczuk'. A. Callegari', C. 'Emic’, P. Kozlowski', K. Chan', R. J. Fleming®, P.C. Jamison®, J. Brown®, R. Amdt*

'TBM - Research, Thomas J. Watson Research Center, P.O. Box 218, Yorktown Heights NY, LL5.A.
Acknowledgements
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and M. Tuominen at ASM Microchenustry for supplving the —
AlO; films and the ASTC (IBM-Microelectromics) for the 50
fabrication of the FETs.
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Low D™ VLSI Symposium Technical Digesi, pp. 135-136, 1999,

[2] A _Chin Y. H. Wu, 8. B. Chen, C. C. Liao, and W. I. Chen, “High
Quality La;04 and Al,0, Gate Dielectrics with Equivalent Thickness

-

20 -

Capacitance (pF)

Control
5-10 A" VLST Sympostum Technical Digest, pp. 16-17, 2000, r[t ~2.03nm
[3] C.S. Hwang and H. J. Kim, “Deposition and characterization of Zr0, ki

thin films on silicon substrate by MOCVD.," J. Materials Res., vol. 8
pp. 1361, 1993,

[4] L. Kang, B. H. Lee, Wen-lieQi, Yongjooleon, ReneeNieh, ==
SundarGopalan,  KatsuneriOmishi, and  JackClLee, “Electrical - - . : -

Characteristics of Highly Reliable Ultrathin Hafnium Oxide Gate Gate bias (V)
Mialartrin ™ Flasfran New Forf wal 717w 181 1272 3000
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Confirmed by Other Group (IEDM 2002)

Advanced Gate Dielectric Materials for Sub-100 nom CMOS

H. Iwai, 5. Ohmi®*, 5. Akama, C. Ohshima, A. Kikuchi, . Kashiwagi, J. Taguchi, H. Yamamoto,
J. Tonotani, Y. Kim. L. Ueda. A. Kurivama, and Y. Yoshihara

Frontier Collaborative Research Center,
Tokyo Institute of Technology
However, fortunately, when the
film was covered by the electrode, the moisture absorption
was completely suppressed. The problem will be probably
solved by in-situ deposition of the gate electrode and dry
process. Fig. 12 shows the material dependence of the
moisture absorption. It should be noted that the absorption

tests as shown in Fig. 11,

\\\—\ La:D] Hﬁ:l-l
Interfzctal layer formation Not Yes
Significant
Micro-crystal formation Mo @ 900eC | Yes (= 700C)
Effective eleciron mobiality {em?fy s) 300 230
@ MViem | 1S MViem
Interface state density (eV-'em™) 3.0« 10W g w109
Moisture absarption Yes Yes
significant

*Oiraduate School of Science and Engingering

(1) B, Yu, H, Wang, A, Joshi, (0. Xiang, E. Thok, and M.- R Lin, 15 nm
{Crate Length Planar CMOES Transistor,” [EDM Tech, Dig, Washinglon D.C,
pp.937 939, 2041
{2) A Chin, ¥ H Wu, § B Chen, C. C. Liao, and W | Chen, *High
quality and AlCh pate dielectnes with eguivalent oxide thickness
5-10 A," Symp. on v'leI"I‘ﬁn Dig. Tech., Honolulu, HI, pp.16-17, 2000
(3 5. Ohmi, C. Kobayashi, E. Tokumitsu, H. Ishiwara and H. Iwai, “Low
Leakage La:0: Gate Insulator Film with EOTs of 0812 nm,” Ext. Abs

SSDM, Tokye, Japan, pp. 496-497, 2001 Reparted Data
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Our pioneered La,0O; has potential to achieve EOT <1.0 nm for high-x
beyond HfO, (according to Hwai’s paper @ IEDM 2002).

(previous IEEE ED president, Eber’'s Award owner)
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Highly Cited Papers

Congratulations, Chin A

Since 2000, you have been cited 69 times for your article,

ELECTRICAL CHARACTERISTICS OF HIGH QUALITY LA203
GATE DIELECTRIC WITH EQUIVALENT OXIDE THICKNESS
OF 5 ANGSTROM

This means that the number of cllallona yﬂur article lecewed places it in the top 1%

within its field according to E: ial . Your work is highly
influential, and is making a significant impact among your oolleagues in your fisld of
study.

THOMSON

Congratulations, Chin A

THOMSON

Since 2002, you have been cited 40 times for your article,

HIGH-DENSITY MIM CAPACITORS USING ALZO3 AND
ALTIOX DIELECTRICS

This means that the number of cltahons your article received places it in the top 1%
within its field ding to E ! Indicators™ . Your work is highly
influential, and is making a significant impact among your colleagues in your field of
study.

Highly cited papers: top 1% published papers in Engineering worldwide

http://scientific.thomson.com/isi/

Thomson-Reuters, including ISI Web of knowledge, Science Citation Index (SCI)




Reported by “The New York Times™
Ehe New Hork Fimes
Bits

DECEMBER 15, 2008, 8:08 PM
For Chip Makers, Hybrids May Be a Way Forward

By JOHN MARKOFF

Searching for new ways to make computers that run faster and use less power, the
chip industry is once again eyeing some exotic materials that can offer great speed,
but have been more costly and difficult to manufacture than silicon.

“There are still very serious problems and many challenges, but it looks promising,”

said Jesus A. del Alamo, an electrical engineering professor who is working in the area
and whose research is being partially funded by Intel.

One of the reasons that industry interest is so high is because of the rapidly growing
power consumption of consumer gear.

and a professor at National Chiao Tung University in Taiwan.

The researchers also talked about new research on three-dimensional chip structures
as a way around the increasing challenges of making smaller microelectronic devices.

BFHEL: S BEER[FEFFE  nano-taiwan.sinica.edu.tw/
This is also the reason why | became the IEDM Executive Committee Member.
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Understanding the Problem- Your Opportunity

The challenge- always better performance

Scaling Beyond Si CMOS- Invention of GOI

o Cos W LYV V. Vs —(m/2)V,,°)
1+ (2 Vyo 1V L)

sat

Ids

Gate Length = 10um Universal SiO,
o |0 A0/ Ge/S 150- —v— ALLO/GOI
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bt 2120 ——ALO/S]
S 06 ¢
= ~= 904
3 €
c 04 <
[ 3604
g =
-0.2- 30-
0.0 <RF0-0-0-0-0-0-0-00-0-0-00-0-00-0-00-0-0-00-0- 0000000000000 O+ T T T T T T T T T
00 05 10 15 20 0.0 0.2 04 0.6 0.8 1.0

Drain Voltage (V) E. (MVicm)

C. H. Huang, M. Y. Yanqg, A. Chin, W. J. Chen, C. X. Zhu, B. J. Cho, M.-F. Li, and D. L. Kwong,
Symp. on VLS| Technology, pp. 119-120, 2003. 28




Semiconductors (ITRS)

Cited by International Technology Roadmap for

Emerging Research Davices §

Table 592 Single-gate Non-classical CMOS Technologiss

Davice Transport-enfianced Uitra-thin Body 505 FETs Sonrca/Drain Engineerad FETz
FEI:
Sh'ningdSi. Ga, SiGe
L silicide
burisd cxids L L1
e IO [<Hnm) . =
Silioon Bubstrats ECIK Pl Bulk wafer S \ Meusmrlippsd rgks
Saheotiky barnier
inclution
Cancept Smained 51, Ge. Sie, Fully depleted S01 Ulma-thin chavme] Schottcy Mon-overlapped
SiGel or other with body thinner and localized ulrs- spurca/drain 5D extensions on
semiconductor; on than 10 mmn thin BOX bulk, 301, or DG
bulk or S0I devices
AppiicarionDriver HP HP, LOP, and HE, LOR, and HP HP, LOP, and
CMOS LaTR CMOS LETP CMOS CMOS L5TE CMOS
Adhvaniage: = High mobility v Tmproved S0I-like structure = Low source/drain v Feduced S5CE and

suzthreshold slope
v Mo flosting body
= Potentially lower
Eurr

on falk

Shallow junetion
by Zecimetry
Tmection
silicidation as cn
Tulk

Improved S-slope
and 5CE

resistance

DIBL

v Peduced parasitic

Tate capacitance

Particuiar Strangth

v High mobility
without change in
devics archifecore

* Low diode leakage

» Low junction
capacttance

» Mo significant
changze in desizn
with respect 1o
ulk

Cuasi-DNF
operaticn due 1o
ground plane effect
enablad by the
ulea thin BOX
Bulk compatibla

v Mo peed for sboupt
5D doping or
activation

v Very low Zate

capacitance

R A T

Japan.

T. Mizuno, "{110)-Surface Strained-50I CMOS Devices with Higher Carrier Mobility,” VL5I Techno

[ ——

logy Symposium (June 10-12,

Devices 7

Franciseo,
tars Grown
5,” Applied
on/5iGe on
Technology
lechnique,”
il 1, No. 4,

tics," TLI

n.

2003), Eyoto,

CH Huang “Very Low Defects and Ha'ak-panarman_ce GE-OH-J’??:@J' p-MO.S_'FETs with A{_EOJ" Gate Da’_e{az'm'cs " VLS Technology

Symposium (June 10-12, 2003), Kyoto, Japan.

Our paper published in Symp. on VLSI 2003, has been listed in ITRS roadmap. (first time of

any invention from Taiwan’s academic society)
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Understanding the Problem- Your Opportunity

Challenges for Flash Non-Volatile Memory
Poly-Si floating gate flash  [Metal-gate]-SiO,-Si;N,-SiO,-Si (MONOS)

Sio, AEc=1.1eVS(0,
/ /\ IR
T T A —
zZZZ"| layer Tunnéling | layer Tunndting
Conductive layer aybr
poly-Si SiN
/ / trapping
layer

The charge storage flash has the lowest write current than other new type NVM, but
still has power consumed by

In conventional flash memory, all stored charges can leak out via a single oxide

defect by conductive poly-Si, which can be overcome by using discrete 0D nitride
traps in MONOS device.

The challenges are the small AE. in Si;N,/SiO, and spread trap energy to cause
charge leakage and erase saturation. 30



Go Back to Fundamentals

High-k blocking S, tunnel layer

AIN

In standard MONOS NVM device, the small AE. of 0.7 eV to SiO, will
cause the stored charges to leak out by tunneling.

We pioneered the deep E. high-k AlGaN trapping MONOS.

Further lowering write voltage is obtained using higher « HFON with still

large AE. to barrier SiO,.

K. C. Chiang et al, “Novel SiO,/AIN/HfAIO/IrO, Memory with Fast Erase, Large AV, and Good Retention,” Symp. on VLS. 2005.
A. Chin et al, “Low Voltage High Speed SiO./AlGaN/AlLaO./TaN Memory with Good Retention,” IEDM 2005.
C. H. Lai et al, “Very Low Voltage SiOz/HfOI\I_/HfAIO/TaN Memory with Fast Speed and Good Retention,” Symp. on VLSI 2006, 31




Confirmed by Samsung

-y

EEH — e Beal—ENoam
4 =N R ——
"'l-\.\_\_\_% .
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2p HFGE'HE'{;J.J”' e
< | Em—nrosinsio] .
= I “a_droaiGansio, A0
=" 0 —m— HFO/GaN/SiO, ey
11 Erased Filled : No Cycle ]
21 Hollow : 1Iq{:1_._r_c_l_e_-5 i
5l l=-l—“l Wi
100 10 A0F AC 00 A0 AC 10 A0
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..:'.

Tunnef

oxide

\__\-;:\

/ ::
Charg
trap
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Blocking
oxide
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Control
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Our better performance Al(Ga)N and HfON MONOS reported in Symp. on
VLSI 2005 & IEDM 2005 is also affirmed by Samsung’s IEDM 2006 paper:

>5X better retention than conventional SiN.

IEDM 2006, from Samsung
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Invited Talks/Panelist in Major Devices Conf. in US, EU, ASIA

Tutorial, MRS- Symposium G on Nonvolatile Memories, San Francisco, CA 2010.
Invited talk, Samsung Electronics, 2009, 2003 (Exec. VVP).

Sub-Committee Chair, Asian Arrangement co-Chair, Chair IEDM Exec. Committee,
2008, 2009, 2010.

Invited talk, 3D workshop (Stanford Univ), 2010.

Invited talk, 16" Insulating Films on Semiconductors (INFOS), Cambridge UK, 2009.
Invited talk, 7t Int’l Symp. on High x Gate Stacks (ISHGS)- ECS, Vienna, Austria, 2009.
Reported by “The New York Times” rﬁ“&',%ijﬁaj‘ﬁ; |

Invited talk, Int’l Solid-State Devices & Materials Conf. (SSDM), Japan, 2008.

Invited talk, Int’l Symp. Advanced Gate Stack Tech. (ISAGST), TX USA, 2008.

Invited talk, European Materials Research Society (E-MRS), 2006.

Symposium organizer: 3 Int'l Symp. on High k Gate Stacks (ISHGS)- ECS, 2005.
Panelist, New channel MOSFET workshop, SEMATECH, 2005.

Invited talk, European Solid State Device Research Conf, (ESSDERC), 2005.
Invited talk, Ge technology workshop, IMEC, 2005.

Rump section panelist, 62nd Device Research Conference (DRC), 2004.
Invited talk, International Electron Devices Meeting (IEDM), 2003.
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Multi-Disciplinary Capability
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Capacitance Density (fF/um?)

Applying the existing technology to other field (high-k CMOS to DRAM):
Our Embedded MIM Device in Samsung’s Roadmap

Interfacial

TiTaON

- X
" i .. =
- Fy sl

2
C,, (fFlum®)

60

| 450°C anneal with N* treatment

I | LT A
|—o—100 kHz
| —2—500 kHz
—v— 1M Hz .

R ~28nm

~25nm

1 0 1
Volfa_q e(V)

R Pu——— b AHD. .-
[ STACK I

S A ———— LT
I — TI ................ L agee VI AAUMY

70 80 90
Technoloav node Inml

VLSI Symp. 2005

VLSI Symp. 2006

VP. K. Kim (IEDMOQO5)
Samsung

Our developed stacked DRAM & unified capacitor matches well the
Samsung’s DRAM technology roadmap:

HfO/AIO/HfO IEDM 2003: 70 nm node

TiTaO or TIHfO, VLSI Symp. 2005: 60 nm node
STO, VLSI Symp. 2006: 50 nm node



Energy (eV)

Understanding the Problem

to S

Tioz Ni elg

10° 60 ~
—o—N/ZIO/TIN { ‘g
e . o NTOENMYZO/TIN 1902
&) 1
<10° 140 >
2 1.2
o |
()
2107t 1208
c i =
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8 Gate injection | Bottominjection | g
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3 -2 -1 0 1 2 3
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SO,

Hi K oxide

To continue the scaling trend, higher C density (g k/ty) using higher x dielectric,
low leakage current and low process temperature (<400°C) are needed according

to ITRS, but the fast degraded AE. and leakge current are the challenges.

The higher k ZrTiO has become industry standard for 40 nm node and below
DRAM.

Currently, small 0.65 nm CET and low leakage were reached.
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Citation

Our developed high-k capacitor cited by ITRS roadmap:

http://www.itrs.net/Links/20071TRS/2007 Chapters/2007 Interconnect.pdf, p. 37,
Linked information on Passives
Several papers are published with promising data on the integration of interconnect compatible high k
MIM dielectrics (e.g. Al,O3, Ta;0s5 HfO; NbyOs, TiTaO, TiSiOs, TaZrQ, BST, STO) [3. 20-24, 37, 38,
50-55]. The high k MIM dielectrics are deposited either by PVD followed by an appropriate anneal or
by CVD and especially Atomic Layer CVD processes keeping the overall temperature budget
typically below 400-450°C.
However, not all approaches with record breaking capacitance densities (= 40 fF/um?) may be useful
from a leakage current, voltage- & temperature-linearity or dielectric reliability point of view.
Recently laminated (multi-layered) films off different high k MIM dielectrics are proposed in order to
overcome these problems [37, 39-41, 50]. By proper work-function tuning of the electrode material
(i.e. replacing TaN by Ni) a significant reduction of the leakage current was observed for a MIM

capacitor with STO high k dielectric [541,

[32] A. Chin, et al.; Digest 2003 IEDM, p. 375

[37] S.J. Kim, et al.; Digest 2005 VLSI Technology Symposium, p. 56

[38] K.C. Chiang, et al.; Digest 2005 VLSI Technology Symposium, p. 62
[39] H. Hu, et al.; Digest 2003 IEDM, p. 379

[50] S-J Kim, et al.; IEEE Electron Dev. Lett., Vol. 26, p. 625, 2005

[53] K.C. Chiang, et al.; Digest 2006 VLSI Technology Symposium, p. 126
[54] K.C. Chiang, et al.; IEEE Electron Dev. Lett., Vol. 28, p. 235, 2007

The Ni CVD has been developed for commercial DRAM/CMOS production.



Multi-Disciplinary Capability
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Dual Band VCO Using Passive RF Devices
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Understanding the Problem

e The power consumption of Si RF IC on VLSI-
standard substrate (10Q2-cm) Is mainly in the low Q
passive devices and poor power transistors.

=

="

Insulatlng GaAs IC 1MQ—cm | 40



Multi-Disciplinary Capability

Create traps in Si

EC
EV
Standard Si Standard Si
Substrate SOQ SOQ 10Q2-cm 105%—cm
Implantation type & dose None As* Proton Proton
(cm?) 10% 10%° 1016
Resistivity, (Q-cm) 10 | 36,000 7,200 1.6x108
As implanted ’ ’ '
Resistivity, (Q2-cm) 5
200°C annealed 10 32,000 6,600 1.2x10
SOQ: Si-on-Quartz Semi-insulating GaAs: ~107 Q-cm

A. Chin et al, Appl. Phys. Lett., vol. 69, no. 5, pp. 653-655, 1996.




Low Loss TML on Local Semi-Insulating Si

4,0x10° ime=
'1-mm lon . 1/e decay time=0.9 ps
2.0x10° \
i 00] or 1.1 THz
4 = 1
~ | -20x10°7
S, Ssooiioiiion -4.0x10°7
o °f %-6.0)(10’5-_
o - -
- ) measureq simulated Ey ?&i&_
q.) - . - " B
2 —a— | —=— Wlthilmplanta.tlon 120"
g I —¢— | —— w/o implantation 1.4x10™1
1 —a— GaAs simulation 16x10°1
-1.8x10*1
0 L it A -2.0)(104-|||||||||||
0 20 40 60 80 100 120 0 2000 4000 6000 8000 10000 12000
Frequency (GHz) Time (fs)

Using proton implantation to increase the resistivity of 10 Q-cm into semi-

insulating (10° Q-cm), much improved RF loss to 110 GHz is obtained and
close to GaAs.

The mechanism is due to high-density quantum traps similar to SONOS.
The ultimate frequency of this technology is 1.1 THz.

57 A. Chin, et al.; Digest 2003 IEDM, p. 375
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Improvement in Inductor & Filter
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For L with H* implant, Q-factor improves 60% with higher f.
The filter w/o implant is failed. Using H* implant, small 1.6 dB S,

Insertion loss at 91 GHz and wide 10 GHz bandwidth are close to ideal

EM-simulation (highest freq filter on Si).
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Distributed Antenna & Inter-Chip Communication
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K. T.Chanetal, IEEE MWCL.
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Organic Transistors

Drain current (uA)

00 05 10 15 2.0
Drain Voltage (V)

HfLaO
Gate dielectric 20 nm
Conduction thermally
channel evaporated pentacene
C; (nF/lcm?) 950
V; (V) -1.3
tee (CM?/V/s) 0.71
SS (V/decade) 0.078
1eeC; (NFlecm?) 674.5
(] 1.0x10°

LPCVD SiO,
80 nm [3]

poly-Si by SPC

43.1
5.6

20

1.4

862.8
3.5x10°

PECVD TEOS oxide PECVD TEOS oxide

60 nm [4] 40 nm [5]
poly-Si by SPC poly-Si by SPC
575 86.3

8.14 Not extracted

12.44 3

1.97 2.67

715.7 258.8
2.97x10° Not extracted

Record Best Organic Transistors, IEEE EDL, 2008.




Flexible RF MOSFET on Plastic

i, ¥ ol
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Flexible RF MOSFE
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Summary

Hard working is useful, but not necessary leading to
success.

. Attending premier international conference is
important for new ideas and direction.

. Team work, group discussion, university-industry
and international collaboration are essential for
Success.

Multi-disciplinary capability Is the easy way to do
high impact research.



