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ABSTRACT 1.7nm-EQOT SiON gate dielectric with polysilicon gatnd tensile con-

In this study, a new technique to extract the Sébes resistance tact etch stop layer for nMOS mobility op_timizati[ﬁj _(Fig.l). Extrac-
(Rs) from the total resistance versus transconductagmie plot tOn also been performed on FDSOI devices featumeal gate (WN)
Re(1/B) is proposed. The technique only requires the measent of with 2.5nm EOT HfS.JO.yNZ dielectric, 12nm thinned Sl film and ele-
(Vg9 lvg: and B, allowing fast and statistical analysis in an isiial vated S/D [10]. Statistical(V4) measurements (72 dices) have been

context. Unlike the usualgL)-based techniques, it has the advantag erformed Iior I_eng:hs rahngingbfrom 35(;".“ tg 240”@ aN:l“mh
of being insensitive to the channel length and titgbyariations and trong pockets implants have been used in the gsaeincrease the

finally enables to extract very accurate valuesRgfV, and the ef- channel doping and limit the short channel effecthe smgllest de-
fective mobility reduction factor 4(V -)/u.«(0). vices. Vj, and can be extracted from the McLarty’s function [14}
y (V) Her(0) or from theé&-function [12] which have both the advantage ofngei

INTRODUCTION insensitive to ®;, ©,) when Ry has a linear variation withgy
The S/D resistance (R is a major concern for the MOSFET scal- 2 s u3
; i ; ; i 0 Rtot B
ing as it plays a key role in device performance power consumption —s =l =] Vg 4)
[1]. Since the channel length is scaled down, thfRR; ratio becomes ans 2

higher and R, requires improved accuracy in extraction techrscoe Note that, as displayed in the inset of Fig.4, Yeduced from
be assessed within a reasonable error. As desaibédg.1, a transis- \cLarty's functions and-function corresponds to the charge threshold
tor can be modeled in linear regime by a channgbtance &, con- yoltage at strong inversion i.e. wherg, Q= Cox- Vgt Vin(Ler) and
nected to the S/D series resistancg RR + Ry through which the () behavior are displayed on Fig.4 and Fig.5, whegehas been
drain currentd flows (Rot = Rsa+ Ren). Due to pockets implants, strain extracted from C-V measurements [13}, fas been measured for
booster and neutral defects, the effective moblity) changes as a each device at several gate overdrive ranging féointo 1.1V (the
function of channel length €) [2]-[4] (Fig.2). As a consequenceaR nominal voltage for this technology is,de 1.1 V, i.e. \ = 0.4V).

is no more strictly proportional to the geometridainensions of the Ry((Vq) has been extracted from the&(1/) plot, as described pre-

channel and all &(L)-based techniques [5-7] fail whengL) varia-  \iq,sly (2). The linear regression is displayedrag.5, where data has
tions are not properly compensated for [8] (cf..BjgTo solve this been filtered with a recursive normal filter witharr3o-tolerance (99%

issue, a new extraction technique based on _thmi_p betwee_n & __confidence). The points show a very good alignmdrith results in a
and the transconductance g@imf the transistor in linear regime is very small error on the final result: R2>0.99,R (110+ 3) Q.um
proposed. The technique is insensitive_ to tggu), Lew(L) varia_tions Fig.7 shows B(V4), where Vi, has been approximated to
(which generally make the other techniques inat¢eli@nd provides a Vo= Vg + <Vin(L)>, <Ve(L)> being the average for the set of

straightforward way to extractpstatistically. devices: \s= Vg, + 0.69% 0.05 V/ (cf. Fig.4). The behavior of,RV,)
is consistent with previous studies [14]. Resukisaeted for small gate
THE RTOT(.l/B) TECHNIQUE . overdrive (\;=0.2V) show a slight deviation, which might be doe t
The Ry(1/B) te_chnlque relies on th_e BSIM3v3 _model (1) lNh'eh " the limited accuracy in thegyextraction technique and/or non validity
produges the drain curre.nt behavior in linear r@glm (1), Vo = (Vgs of strong inversion approximation close tg.\ntrinsic mobility reduc-
= Vi) is .the gate overdrlveﬂ:ueﬁ(O)..COX.Weﬁ/.L.eﬁ is the transconduc- 4o factors have been extracted from (3) to bepamed with thed(B)
tance gain (whereg(0) is t_he effective mobility extrapc_)l_ated tQ\E _ technique [15],[16]. As shown on Fig.8 and Fig.@thb techniques
0V) and @, 62_) are the first and second order mobility atterarati provide very closed; , values but B extracted from@(B) shows a
factors, respectively. larger dispersion mainly induced by uncertaintiasttee ©, parameter

W BV,.V,, extraction. Finally, error resulting from the g{£)> approximation has
I :ueﬁCOX—Vgt(VdS —deld) = =8 3 (1) also been quantified (Figl0) andyfas been estimated for the two
L 1+0,V, +0,V, extraction techniques. Results for bulk and FDSODSFETs are

summarized in Tab.1. As expected, FDSOI devicegfitdnom a low-
ered Ry thanks to the elevated epitaxial S/D and an impdaaccuracy
is confirmed for the B(1/B) technique compared to ti&[3) one.

The channel resistance is defined ag RVqyd/lq0 (Where the ¢’
subscript refers to the intrinsic value of the paster, for R~0
Q.um). From (1), R, can be expressed as (2).

1 (1+0,V, + G)ZOVQIZ . CONCLUSION AND I.D.ERSPECTIVES .
Roy == - + de(VgS) (2) This study demonstrates the ability of a ney(RpB) technique to
B Vv provide R{Vg) and [V g)/Her(0) values with an improved accuracy
thanks to statistical results. Unlike the.fR)-based technique, the use

of 1/ for the x-axis allows to correct anyglor Lgk variations. The

gt

When V is fixed once for a full set of devices with sealezhannel

lengths, the R, = f(1/8) plot shows a linear behavior which returns th . .
mobility reduction from the slope (3) and thg{Ry from the y-axis ?echnlque only requires to measug@/LJlq andp on several channel

intercept (2). By repeating the same extractionsieveral gate over- lengths. The results match with tB¥[) technique which suffers from

drives, RV and paa(V o)/tieq(0) can be extracted a larger dispgrsion qnd rgquires fuJ(VIgS)-.curve; measurements to
ives, RdVgd iV g)/bet(0) X extract Ry this technique is fully compatible with fast messnent

oR 2 _ Kt (0) techni fferi tives t itoring and |
Vi Gy, T OV *OuVi' =My ©) e anayeis inindusuri emromment
B Vgt ueff gt y .
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Fig.1— Typical bulk NMOSFET with tensile conFig.2 — decrease of the low field mobility for Fig.3 — uncertainty on the L) technique

tact etch stop layer (CESL).
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Fig.4 — Viy(Le) plot for NMOSFETS in linear
regime, in inset: definition of \{.
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Fig.7 — RV ) behaviour extracted from the
Riot(1/B) technique.
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Fig.5 —B(Ler) measurements. Continuous lin€ig.6 — Ry(1/B) plot for NMOSFETSs. Ris

ideal behaviour w/o mobility reduction
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Fig.8 — Mobility decrease (as a function of
V49 from the Ry(1/8) technique.

Rea (Q.Um)] Ry (1/B) (e1())

nMOS bulk 110+3 119+ 10

pMOS bulk 1705 155+ 15
nMOS FDSOI 97 +5 126 + 34
pMOS FDSOI 156 +5 208 +50

extracted from the intercept with the y-axis.
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Fig.9 — Ry .andO, ¢ extracted from th®,(B)
technique. In inset: error distribution
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