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Abstract

This project is proposed with two-fold
aims. The first aim is to advance significantly
current understandings of reliability physics
underlying ultrathin oxide films. First of all, a
novel percolation statistical model offers trap
guantity in ultrathin oxides undergoing SILC
(stress induced leakage current) and soft
breakdown, which in turn yields SILC |-V and
soft breakdown I-V. Particularly addressed are
dynamic behaviors in soft breakdown as well
as temperature effects on SLIC and soft
breakdown. Second, we carry out experiment
for exploring the dependencies of SILC and
soft breakdown in p-MOSFETSs on hole energy,
along with theory set up. Third, an improved
means via trap-to-trap tunneling is employed
for sensitively detecting microscopic traps in
ultrathin  oxides during stressing. This
technology is extended to p-channel
counterpart as well. Fourth, RTS (Random
Telegraph Signal) technique is performed to
provide dynamic characteristics of SILC and
soft breakdown. Such characteristics are
amenable for extraction of trap lifetime, trap
position, and trap distribution. Finally,
low-frequency or 1/f noise for scaled oxide
thicknesses, as well as comparisons with other
sensitive characterization means, isthoroughly
examined.

The secondary am is to highlight
promising potential in implementation of
next-generation flash memory, RF and 1/O.
We will show how to apply our trap generation
model, tunneling model, and other means such



as to create design specifications or window
where scaled flash memory can work reliably
during F-N or Direct tunneling for
program/erase cycles. Also explored are
fabrication, characterization, and analysis of a
series of test-key.

Keywords: Oxide, SILC, Soft Breakdown,
Percolation, Random Telegraph Signal (RTS),
L ow-Frequency Noise, Ut Noise,
Trap-to-Trap Tunneling, Hole, Fluctuation,
Reliability, CMOS, MOSFET, Direct
Tunneling, Flash Memory, Nanodevices, RF,
/O

Reliability Physics

CMOS

Gate

Flash memory, RF and 1/0

Cc-v
-V
2 nm ;  Poisson
Markov percolation
Fluctuation
trap
2
HTEM Device C-v
nano-Sphere percolation
soft breakdown
, oxide

trap percolation path

1. Percolation
stress traps
SILC
stress soft breakdown local
percolation path soft breakdown
-V dynamic
trapping-and-detrapping, quantum dot
switching, Poisson process
2. Hole SILC/Soft Breakdown
p-channel MOSFETSs n-channel
MOSFETs SILC Soft
Breakdown Hole

SILC  Soft Breakdown

3. Trap-to-Trap Tunneling/

RTS Random Telegraph

Signa dynamic behavior
trap lifetime,
position, distribution
4. Low-frequency noise
2001 1 JAP paper
3.3nm SILC soft
breakdown L ow-frequency

noise or 1/f noise
2.5nm

SILC  Trap-to-Trap

Tunneling RTS
5. Flash memory, RF, 1/0
design
window Test wafer
1 Percolation
2. Hole SILC  Soft breakdown



3. Trap-to-Trap Tunneling
4.

5.

6. Flash memory
7. RF and I/O

Ll
Wt " You Yo
Wy
L L)
E " r -
) ,,.-r LT
W
o
o |
1 Tl
W = Tl ol
(L 3 &= 2 L TTEY
i r # —, B
ey - W R
I"' i L i " I i i
[T s T [} 1 13 T

Vi 00 Vi (V)

Fig. 1. [Deain cuments memsored o o function of conrel pete s oltage {4 g Hn
ftash memory cell and floaing gaie welage (Vg ) o dammy raemo: | =
0L Vard bV = 0 and 0] ¥, The exteacied comirol gale woliapeshifil S ke
and Meating gate wolmge shilft (57 poy b s labeled o specific subaireshold
corami bevelof 107 4. The edoncied vl of I 3ad n for o sehifiresbold
cumeni-vohage (-4 ) of o dunny mansxier sre shean.

= I b .;-- — . J
— _.-_ =g i =
TN S o
£ B
B ..l'".'_'_ —m— = | ma
E— - T [
Fawr— | S| | 2
I —8— e b
il o —l—h-ln o hw::!.,‘-t: |
i i —c e -
" LT] o
* i-rnl.—l.'-—l-_m i e |
i'{' -u:___h__h_-.:-z___: e = |
ety ]
L 1] - 4
Ut (e Lai: Bigh
Sample Location

Pig. & Giose, drain asd source copling coefficienis cumooted faom van oas
e bada, pleied voms foer different kecisons on the wake lmeolved 'rp.l,r
shifAsare: 51 e g rengges om0 Vo029 W 80 s om0 24 Vo 29V
AW i Trou sl 0% 5 bomd) 08 V0 5L gy TR 0019 Y 00020 W, and AN oy
Fromy OIS Y o D00 Y, The insed of the figue shows the axircied |y veros
Vo Farihe pecdiion =Left™ b (he o immin meeoend i clins: smpolain
and B conslant cumeni freing,

T 1 i il i T
-3 -2 =l 1 | 2 1
VoW
L)
iby
7 L — ey
1w i 8
2 W T =18 sz
=
B 4
10 . 74
E ¥y ]
LN e |
I ; 1
m " :
i T ol 1
-5 o2 =l 1 F a

¥
"H’l_l{"'r":l
{ch

Fig 3 raeed iovmmal cormesis vorsms. geie vidiage (or boih polariies. e
o] vl i THPL w10 g LG jri, Sornce prossshod o 1, e =15V



eight-level Cu metal, FSG low-k inter-metal
dielectric CMOS technology,” I|EEE
Electron Device Letters, vol.22, pp.466-468,
Oct. 2001.

= , IO 3. T. K. Kang, M. J. Chen, et d., “ Numerical
1 o confirmation of inelastic trap-assisted
oyl tunneling (ITAT) as SILC mechanism,”
y I IEEE Trans. Electron Devices, pp.

g = ' ' 2317-2322, Oct. 2001.
ey, — 4. K.N. Yang, H.T. Huang, M. J. Chen, et a,”
Lt e _ Edge hole direct tunneling leakage in
ultrathin gate oxide p-channel MOSFETS,”
' IEEE Trans. Electron Devices, vol. 48,

pp.2790-2795, Dec. 2001.
5.CJ. Chao, M. J Chen, e 4d.,
i “Characterization and modeling of on-chip
. ] []:%% spiral inductorsfor Si RFIC’'s,” |[EEE Trans.
g 3| Semiconductor Manufacturing, pp. 19-29,
1 =3[ Il Feb. 2002.

Eu By Er ' 6. Caleb Y. S. Cho, M. J. Chen, J. H. Lin,C. F.

Fig 5. Fand dusgram drsen abong p ' -podveleon soske'dram vk o The Chen! “A ne/v prOC%_Valatlon-lmmunlty
scctayalifon potent sl bending, Viuy. with 30 bole gas (206161} coacept and method for extracting capacitance coupling
=i el e b gl s coefficients in flash memory cells” IEEE
Electron Device Letters, vol.23, pp.422-424,

July 2002.

7.K. Y. Chou, M. J. Chen, “Réliability of
B AR gl VLSI-level chip assembly for evaluating the
Ve 2 pmnasieerer ] development of back-end technologies using
gl : ' a test chip with a top two-level meta
' e structure,” IEEE  Trans. Device and
Materials Reliability, 2002(accepted).

Ligie Lo A
1

e 8.K. Y. Chou, M. J. Chen, “Active Circuits

E o (B Vicms) under CMOS 1/0 Pads” IEEE Trans.

g B Companss of the calcalibed and enpemmenial e EDT cRmend EI eCtron De\llces' 2002(aCCepted)
voram Moo, The edrxcied affecive FINT rang 12 & nm wids from by gk

o asb o 9.C. J Chao, M. J Chen, e a.,
“Characterization and modeling of on-chip
inductor  substrate  coupling,” IEEE
Microwave Symposium Digest, pp. 157-160,
2002.

(Publications) c 3 Cho M 1 Chen, e 4.
” : “Characterization and modeling of on-chip
1Iu$1ijzr' %?ggn%ne%'\ﬂp\]bgggn balggti)nprgtfgfluomn inductor substrate coupling,” IEEE Radio
eight-level copper metal, fluorinated silicate ~ reauency - Integrated - Circuits  (RFIC)
glass low-k intermetal dielectric CMOS ~ Ymposium, pp. 311-314, 2002(Seattle).
process technology,” |EEE Electron Device
Letters, vol.22, pp.342-344, July 2001.

2. K. Y. Chouand M. J. Chen, "Active circuits
under wire bonding I/O pads in 0.13um



