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This is a three-years project to explore
new areas of nanoFET and oxide nanowire. In the
nanoFET side - state-of-the-art process
technologies are wused for manufacturing
nanoFETs with mask gate length ranging from 250
nm down to 20 nm and gate oxide thicknesses from
5nmto less than1nm - then followed by I-V/C-V
measurement as well as low temperature
experiment. Our developed quantum mechanical
[-V/C-V simulators are wused to copare
experimental data from which relevant physical
parameters are extracted. Improved channel
backscattering theory including
two-dimensional electron or hole gas 1is
expressed as a function of temperature ° channel
length’oxide thickness’gate voltage anddrain
voltage. Also carried out are promising
potentials : (1) extract carrier velocity
profile 1in order to highlight velocity
overshoot ; (2 ) predict ballistic limit as
channel length is reduced down to extremity
along with literature comparison ; (3) predict
device drive current change due to mobility
change (compare data from strained-Silicon or
Si-Ge channel process ) (4) implementation of



nanoFETs having less
dependencies ; ( 5 ) update SPICE models to
account for improved channel backscattering in
nanoFETs ;5 ( 6 ) realization of integrated
circuits including low temperature circuits ;
and (7) exploration of other applications.
In the oxide nanowire side * we will develop
an automatic electrical control program for
nanowire generation in gate oxide films. Once
a nanowire is created therein ° low-voltage
[-V's are measured. Also performed are random
telegraph signal in time domain * low frequency
noise in frequency domain ° and low temperature
experiment. Quantum point contact model is
used to compare data in order to extract
physical parameters. We will develop out
random telegraph signal version * low frequency
noise version ° and low temperature version of
channel back scattering theory > as well as
experimental comparison and  parameter
extraction. We also examine potential
applications : (1) develop fast equipment or
circuits for nanowire generation ; (2) owing to
100% compatibility with current silicon
processes * combine other conventional silicon
devices to constitute functional circuits with
novel features like negative resistance and
step-like current ; (3) apply low temperature
data and parameters to design and realize low
temperature circuits ; (4) under small area or
low temperature conditions ° expect nanoFETs to

show behaviors of single electron
transistors ; and ( 5 ) explore other
applications.

Key Words : Silicon » nano > FET » oxide » MOS -

nanowire » scatter » low temperature @ random
telegraph signal > low frequency noise » quantum
point contact ’ single electron transistors

~Rd BRih

7 & k% ¥ Si MOSFET =~ & e i 2 5&"?‘1’5] ,
H 4 »2id i (channel )& & (% ** mask gate length
k¥ feE &2 Source/Drain overlap & &)@
X P A mehe A ﬁi’fsg d R
(mean-free-path)p § ¥ % £ /] RTS8
el 3 B (mobility)® & ,a.%: F1H f ot
Az @il F N 84k 5 b gwd (collision) o #&
B E S 4 B g (wave) g3 BT AR
APRE R AR o 4 B~ & ehDatta % $2# Lundstrom #*
oD g Fow %’(ﬁn‘ 2 3 (Channel
Backscattering Theory)# %] & ) » £ it Jf@glg\ﬁ
+ i B 4z4%(Carrier Velocity Overshoot) » s#ig
féﬁie?]“l%F'I(Ballistic Transport Limit) % £ %+

temperature

&g R RE o w3l 23k P & o MIT 0 Antoniadis %

AU W F e 4TI B+ R ERA L G
# i end o [BM «9 Yuan Taur # £ (R4c f}z;}w)

EEFFRERZ IR IEN V2L E T S 0
W wH o w27y #FEi7e TSMC R/D Carlos
Diaz # 1 38F & (587 1 4~ 7 %% I Datta %=

% Lundstrom #4238 % 5 a1 T a4

1. s % (Linear region) ¥ v 43832 % &
Vo << kT/q * &= » e MOSFET S|+ % < 384
W > kT/q-

2. EHRAPF L {oF (Saturation region) #
’ﬁf{kfﬁ:‘pm’é‘f%&ﬂ%ﬁ TRVaNLE T RRT K
R B E N~ G FERE o

3. FHATHILAZE ok AUEN T ME o

’,f+_

RO RS TS RO SRS S TS

o

Btk ® SPICE #7% 2. Device Models

<+ 2 Drift # Diffusion(+
moblllty)ﬁ @ ko A * 3 E K FET ~ 2
F) 2w 1 B BT i i i@gﬁl;fa‘y]v} 2 A IR
BT LA K FETs =~ i 4PN 2 % Bt
SPICE ¢ it Drift-Diffusion s * o

2. ## &% (Tunneling) 7 2 K&+ 23 @
ﬁsﬁﬁ%’ﬁ LR R E Mg Flz 2 5k FETs ~ 2
FRNERRAEMDHFERTHE

1. P#=qLRE
/At'\

Wag o 4rs@ 3, 7 2 5 1) Subbands = &
T+ # (2DEG) & = &7 iF # (2DHG) & Quantum
Confinement »cfis » 2=y Bz & e p 7o B
£ %+ 4 & (Quantum Mechanics) I-V/C-V #i$ %
(e & »~ 2DEG % 2DHG) » ¥tk ehr 843 F {7 4
PP E e @ A2 L FET ~ = pARE & > 4p B e
BEBFICFRGE R A G EREEAR 0 A
A E AN A ’“‘EP‘F AT A R
_ Eg s éj.%

L 1 *#%’fﬁ?ﬁ%ﬁ % % percolation ¥ /T

(Ba 9 Im?, ERH:A TR B R )L KA
nanowire-like {7 5, #3iT Spain Sune % # group
# 9 Quantum point contact Z#% Ho;¢ = 4 B
nanowire {7 & ° Percolation #.Jj& p ¥ 7% £ )
on-off switching # RTS(Random Telegraph
Signal; TR %, A I & ?’éi P" F =

i percolation ¥ /% & nanowires, &t 2. B A& 4 3%
2 & on-off switching & %, Sune ?I#;—:"“ WA
percolation ¥ /& éhnanowire {7 2 ¥ 5 kA kL2 iz
FA2Z-, 5 - ~iEFoEmg Silicon CMOS
R 2APTF, FF HAGZwP IR AT HEHE
LW ieF & percolation ¥ T <323 1’3‘?5‘?5& e

EddFepty, AP E ¥ E% T nanowire L‘_*iﬁii‘i
#h1 Lorentzian nmse(#ﬁ F R RIS %),

% M+ A4 percolation nanowire
3 2 4F

m/)a q—\'&l"lv/[
22 RFES s T~ D F 2 PG



g AR o 2T & 7 3 percolation
nanowire &R T hEBEE MR L FNE, FE
VR I N R e S
Percolation nanowire i % 4 » #-2 f85 3% )
2 QAR m .

R N RR

1% L g3 5§¢ B~ NanoScale MOSFETs z
Channel Backscattering Coefficients % # & 2002
IEEEIEDM > #H & & 4%51?);%:

- BRFEUEF v RS

- I ;LS- ) AN 81 @ﬁ%léﬁ PSS iia

- FOF FET 3 F&E R &Mt

- SPICE@;EF e ieit A of FET #2553

2. t- z k5,6 § % e Gate dielectric
nanowire + § & B % I Eﬂ?%%frv Fluctuations
B0 IR R %7{; 2002 Applied Physics Letters#: = -

o~ BwEEW

1. W"ﬁ(‘*"]’z__pma 53:‘5@ Bt T R o

2. # A% 7| percolation nanowire 2 on-off
sw1tch1ng PF 32 48§ Fluctuations 3 % ©

P 1‘% List of Publications (2002-2003):

1. C. J. Chao, M. J. Chen, et al., “Characterization and modeling of
on-chip spiral inductors for S RF IC's” [EEE Trans
Semiconductor Manufacturing, pp. 19-29, Feb. 2002.

2.Cdeb Y. S. Cho, M. J. Chen, J. H. Lin, C. F. Chen, “A new
process-variation-immunity method for extracting capacitance
coupling coefficients in flash memory cells,” /EEE Electron
Deuvice Letters, vol. 23, pp. 422-424, July 2002.

3.K. Y. Chou, M. J. Chen, C. W. Liu, and B. H. Lin, “Reliability of
VLSI-level chip assembly for evaluating the development of
back-end technologies using atest chip with atop two-level metal
structure,” /EEE Trans Device and Materials Reliability, pp.
50-59, September 2002.

4. M. J. Chen, M. P. Lu, “On-off switching of edge direct tunneling
currents in metal-oxide-semiconductor field-effect transistors,”
Applied Physics Letters, pp. 3488-3490, October 2002.

5.K. Y. Chou, M. J. Chen, and C. W. Liu, “Active Devices under
CMOS I/O Pads,” |EEE Trans. Electron Devices, pp. 2279-2287,
December 2002.

6. C. J. Chao, M. J. Chen, et a., “Characterization and modeling of
on-chip inductor substrate coupling,” [EEE MTT Microwave
Sy/mposium Digest, pp. 157-160, April 2002.

7. C.J. Chao, M. J. Chen, et d., “ Characterization and modeling of
on-chip inductor substrate coupling,” /EEE Radio Frequency
Integrated  Circuits (RFIC) Smposum  pp. 311-314,
2002(Seattl€).

8. M. J. Chen, H. T. Huang, K. C. Huang, P. N. Chen, C. S. Chang,
Carlos H. Diaz, “Temperature dependent channel backscattering
coefficients in nanoscale MOSFETS” [EEE International
Electron Devices Meeting (IEDM), Dec. 2002, (San Francisco).

9.Y. M. Sheu, C. S. Chang, H. C. Lin, S. S. Lin, C. H. Leg, C. C.
Wu, M. J. Chen, C. H. Diaz, “Impact of STI Mechanical Stressin
Highly Scaled MOSFETs,” [EEE Symposium on VLS-TSA,
Technical Digest, 2003, accepted (Hsin-Chu).

10. Y. M. Sheu, Kelvin Y. Y. Doong, C. H. Lee, M. J. Chen, C. H.
Diaz, “Study on STl Mechanici

90-nm CMOSFETs,” [EEE International Conference on
Microelectronic Test Sructures, 2003, accepted (Monterey).

11. caeb Y. S. Cho, M. J. Chen, and C. F. Chen, “Fast and Precise

Subthreshold Slope Method for Extracting Gate Capacitive
Coupling Coefficient in Flash Memory Cells,” /EEE International
Conference on Microdectronic Test Qructures, 2003, accepted
(Monterey).

Figures:

FoitW@nz R 5%

LG ar |—.,|

F (1-r)F

r.F |

Channel

Source Dirain

Fiz. 1 Schematic diagram of chanrel backscattering
theoty in sahwation region. F is the incident fhee and z;
15 the chaime] backscattering probabilty, 7 is the oxtical
length m a ETlg drop. Chammel gate length L 15 mask

gate lemgth minus sourcefdrain extensions.

2.0 T
" u
. - '-.-fD— 0.5 W
L i eme. W =
uﬂ"‘. [ -..fE 1%
1.5F g ]
ot
R |
= ! 'hi:
1.0f el ]
[ [
E '|.,'G= 1.0 0%
0.50 — E—
10 100 1000
L.(nm)
Fig. 2 Extracted 3,0, at Vg = 1.0V versus gate

length For %= 0.5 W oand 1V, Rgand IDIRL are
taken into account.

i inmj

Fig. 3 Scatter plot of published channel backscattering

coefficients versus channel length L.y or mask gate length

L.



2_ on—-off switchirz

B R B.Z T percolation nanowire
]

B! T?&’?LL[ grﬁ'ﬂj [l [ SRR

e TOpSldﬁ View Coulomhb Blocking
2002 = |EEE B[k P
I\ﬁ{% s ?:E LEDI‘
I%ljpf E ¥ |« W, ]
IEDM(International Electron Devices (Crogg Section View
fﬁﬁ‘ﬂ“"ﬁd » 4 (2002) 7 X E E T HIlt | Adbe
e[S %Eﬂjf 1 12/7 ™~ T 3:30 £33 b At
m%lﬁ I}H present PowerPoint % =&k o Lo [}
Extracting Channel Backscattering Parametr  ~§ +

Cun ductnre F]lament

- Q29+ T 1:30 [ F'F” CMOS De. .. ____ _ I
Enhancements '] 57 5 [ m‘;h & > = session ﬂm@ g’gi%j\mmﬁ EL(3) MIT,; (||)
Mitsubishi (Japan); (iii) ASET (Japan); (iv) Matsushita (Japan); (v) NCTU&TSMC
(Taiwan/ROC); (vi) IBM; (vii) Toshiba (.Japan)' PR (viil) IBM o gl = A58
M. F. Lee 75 (A5~ 7[:5@5'?,@’? puEl=" Sy ?'%"MQJ t| IEDM ]%‘A_”d/ -
BE) = ghdaa A NN J’pJIZL )RS %[f ﬁﬁ&u\ﬂjﬂ Toshiba ;! Takagi
(D«‘M—ﬁiﬂ EIS S %T%'Lﬁﬂ‘["iﬁ%‘\” ’$¢ B[P Er s %), STMicroelectronics
Dr. Thomas Skotnicki (Solid-State Sesson Chair), ,i@*éﬁu Lundstrom 5%
Datta 52 B % IEDM 43 )ﬁdﬂmw) IBM fi Philip Wong {f]-1 (IEDM
Publicity Vice Chair) » i )| A28 Austln Prof. D.L.Kwong (high-K gategf%dif o 4
* fﬁﬁ’l—ff"[ Present %] Intel Dr. Jack Kovalieros » IMEC Dr. Malgorzata
Jurczak [V EVSIZ ] o

[ﬁ:a.apj[n«ﬁ A N AT JRIVERE ArfLER] F"éJ* Fs,l;\fg , [ﬁj
Eﬂj’éﬁ st AT g*ﬁ\ L o 57 3 (12/11) 7k 9:00 &4 check out %ﬁ%ﬁﬁﬁ@ =
FSIRE o [gR 0 v bEES B Datta Qﬁﬁ,&}u > Datta F5 V74 foadali it
Silicon Nano CMOS fitsi it YA DRV - oo E = B~ o] (v =

P 3EAPPER RIS DEREAD [ 2 SRR R T

6

(N

(pl—'ig



AT IR PR S LTS -

%;ﬁpgn%fu t

1. ¢4‘|EDM FBRFIP (5 HFE J );1,57.}:1/ g H'FF J’;ﬁaﬁﬁd/ FHE 5%
3R FFI L A= TSMC V4 ff[J
R O R (N 2 [F,JF
1E7F Flr F [J‘E’Hﬁ )ﬂ%,l/:,ﬂ\ fﬂjf =
57 FrTSMC
1Rd E 1 )ﬂ%
PP Er el o ot ™ ] oo S (USRS (difficulty ) ) FsE
<ﬁ&Wmaﬂmr’*w%“%?@iﬂ%fpﬁ-W%ﬁﬂﬁﬁ’W&
FREPIG EAE (U0 MIT = Intel BeF ™ ] P4 [’fﬁfif%?ﬁ‘, (B> MIT F"J:Fﬁ
T[RRI PRE > Intel JTETE T (L FSEIEET) - CMOS Device Session = Fﬁj
Dr. B. Yu (AMD F'JE ET FF,%F[F'H%:%) E %@[F + IEDM TSMC ##f {1
VYRR % (H 8 RE) - 75 FHHRI R ST TSMC — & rjglﬁﬁﬁlv[H\
ﬁﬁﬂt PESHLpIB R e ;-H TSMC R&D i~ #ri g, e
4 PJ J H.rl/ o
2. - A kT 9 &gﬁ@‘ﬁ ’ i%f?ﬁfﬁiﬁ}?}faﬁ%ﬁéﬁ » Hp[IZY Ay IEEE EDS Taipel
Chapter /£ 5~ EDS Chapter of the Year Award EH'F"[;[“—;’} %" %ﬁﬂﬂ\hﬁﬁ\%ﬁrﬁ

lﬁ_”>

R RS (SRR - BASE o SRS S i 9SS Quantum
Electronics & Compound Semiconductor 7 ’TEH@‘«E J]fi,'?[ "JIUI“ i ,ﬁg?v |EEE Fellow
:?ffjl

3. 4% IEDM ’FA—&F—FUTP present H?ﬁ@)ﬂ%’ 10 {[#' sessions fr[ Eﬁ]{w = : CMOS
Devices > Integrated Circuits and Manufacturing > Quantum Electronics and
Compound Semiconductors > Modeling and Simulation - CMOS and Interconnect
Reliability - Solid-State Devices’ Detectors/Sensors/Displays> Process Technology,
and Emerging Technology ° {:ﬁj 5 Session G- Eﬁ?& speaker T i N
present - SRS H 1~ J\ﬁu RESES! -y%a'éf T HIEE DT sessions ZEVRE
?J‘%@FUW,& prwent il WJ\F”FT ] 2 2 L R Al A
% o B ] F'J%’T SR S R I AT ER s DURI B € calib =R
e S TG @mo

4. H *+ El*rﬁi’ﬁ/ﬁ 7f CMOS%@?@QWE s RLIJE L['?“ UEITHY sessions

CMOS Devices: 1 iy Extreme Scaling in CMOSFETs % F I IBM
Solid-State Device : 1 [ IBM “Carbon Nanotube Electrons”
1 fif1 IBM A1 MIT “Short-channel Like Effect in
Schottky Barrier Carbon Field-Effect Transistors”
1 &7 1 Stanford™1-MOS: A Novel Semiconductor Device



with a Subthreshold Slope lower than KT/q”
Modeling and Simulation :
3 & Elfﬁ'ﬂ@*?ﬁ Datta = Lundstrom j"ﬁaf‘;’ﬁm}hfﬁf%’;
Silicon MOSFET and Carbon-NanoFET [/ Channel
Transport '/’FJI”JU
5 ;7 NanoDevices < f I IBM, DIEGM (Italy), Stanford, Osaka
University, #ropiifis A=

ST [11E - I o IR G BT S P g e
VEE Jﬁy{ﬁfjﬁ]‘?ﬁ - Speakers |1 Stanford =% Dr. C. Choi (Dutton #7584 )
vk CEFS A ?‘""'E?’?@*% Datta 7% Lundstrom f’??;’ﬁmitﬁf s
it 4\'%(54\'%(5?1”}[[_‘ RS Sy FI}JFTFF” o

5. 4 * 35 Emerging Technology Session H%’ﬁj IF=session A 1" 5 KyhiL
Bioelectronics i~ JFF ¥ (Electronic Nose chip » DNA CMOS chip » Retina Chip >
Artificia Vision chip - '] % Auditory chip %) » i %#‘aﬁﬁq %4~ = Auditory
chip F?ﬁﬁ:ix Spesker Wise 7547 (] “[m&%fﬁ%ﬂ BB P
o= () e po e it F‘jFrm guidri Efgi.%@ ;" IBM ﬁlaﬁb MIT ﬁlﬁé}%;";}a

6. 5F |EDM Eﬁﬁfzﬁi Intel Chairman of the Board> Dr. Andrew S. Grove [V -T &
I Luncheon Presentation : ”Changing Vectors of Moore'sLaw” = (I [L{i¥
T H?“ ST VEEJ[P Eﬂj |EEE =~ ’mﬂ i~ |EEE Xl {9 Awards: MIT Antoniadis
FP&H Andrew S. Grove Award > Fﬂ@{% Lundstrom 7 Datta [ i 5+ [ﬁJ
JETH Cledo Brunetti Award > Tohoku *-=F Nakazawa 7*1%/£1 Daniel E. Noble
Award - 4 * b [p FUEYE B " )T paper: speaker gy RG] AL [
Naoto Fujishima =" GrovejfEL" Moore's Law fiu p‘ Zﬁﬁgu&;&l[ﬁlﬁw )
pLEE, BARETE Qﬁna%#ﬁ',Devlce Physics . Changing Vectors fi* JT‘¢¢ L
[f Leakage Fid i[5 7 K CMOS = foif it .

RARE R R

1. 4% IEDM Intel {Eh ffi 90nm Strained-Silicon CMOS%@% fi'iE 2003 & F F[ﬁ &
% SRAM Chip I/ 1@ F ISR ] Intel S 7 oF CMOS’TEIJ,@‘«FIj il
= &F o h b HEEEJ TSMC e B 90nm pudhaE o B o ol AL
Strained-Silicon §% High-K V%ﬁ‘éﬁrﬂj[ﬂjf A ”"?]?”'ﬁ o i S Al
ﬁfvﬁ%ﬁﬂ IHR) - HFE TSMC f=HE Intel 19 RD 72 4577 1 B task <172 »
E”f@— o fE'JEW' R R AR o

2. RERIFHFHE Silicon NanoCMOS f ’Jﬁ@r?rﬁ&' Ep de IR A RLEY
Vi SR I AR T ELE LT > PRR s -

3. F[%ﬁff'[ﬁﬁ“ﬁk*?ﬁ”t“ﬂ A :E;'?E‘ Tifﬂ Semiconductor Device and Physics



JV Z i) (macroscopic) knowledge =1 L5 > LD S FESAA e fHRE R fL 2 E
= /i #IPr2E] mesoscopic physics ﬁﬁi@‘i o fLI'JF By = ZF Mainstream Silicon
CMOS Technology fi] (¥ RIFmEH £ 5 £, F,fﬁﬁi CMOS “f #5 3 K Ff
E'lﬁﬁ? %ﬁgnﬁg IS —j,FIJ a2 »[g%[u{?i  isEE 1] »,ang IC Design House }{ﬁ’ﬁ I%EU
Silicon nanoFETs = % % f 7~ F fjﬂﬁﬁ F%mﬁ‘. “RLETVR B P R (DR
fluctuation ~ #£74 noise ~ 7" fiel mismatch )| =37 =

4. HF A Silicon NanoCMOS/Mesoscopic Physics/Noise & Fluctuation 77
KR A R Eﬂ*ﬁ?‘ﬁ At ?%%?%“’?[m’?ﬁf“ﬂl Ve
SR BRI & £ Impact 57 Cutting-edge #1135 «
?ﬁ%}[ﬂ@ﬁé‘l
L IEDM i & 4 Mot



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9

