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Abstract

A new method based on transmission line (TML) moidel
developed for an accurate extraction of the sowsistance (§
in multi-finger (MF) MOSFETs with different poly-tpoly
(PO-PO) spaces and source line routing. Thed&ermined by
TML model can consistently predict the degradatibnormalized
transconductance (§ in MF devices compared to single-finger
(SF) devices with negligibly small RThe wide PO-PO space
used in MF devices intends to increase the tersiiless from
contact etching stop layer (CESL) and yield highéscteon
mobility but leads to the penalty of largek.RThe adoption of
two-end source line can achieve more than 6Q%eRuction and
eliminate the penalty caused by wide PO-PO spabés few
method can realize an efficient and precise extnactf Rs in
various layouts and facilitate MF devices layoutimjzation as
well as simulation accuracy for high performancsigie.

I. Introduction

Multi-finger (MF) layout has been widely used in RiRd
analog circuits for gate resistance)(Reduction to achieve higher
fuax and lower nois¢l]-[3]. Unfortunately, the increase of finger
number (M) and reduction of finger width (¥ for smaller R
lead to larger R due to longer source line and lower effective
mobility (Uex) due to stronger STI transverse tress)( Both of
which result in g degradation and further impact an fi,ax, and
RF noise. The wide PO-PO space is considered aisoliut MF
devices to increase CESL induced tensile stressyimtdi higher
NMOS ¢, Which can relieve the,gdegradatiorj4]. However, the
potential increase of Rdue to extended source line caused by
wide PO-PO space may offset the benefit from tenstress.
Two-end source line is proposed to redugeaRd recover the
performance. Unfortunately, the short deembeddieghod used
in high frequency characterization cannot extrabe tRs
experienced by MF devices incorporating distributeetal line,
stacked vias, and contacts on source/drain. Foffitsietime, a
new method for R extraction, namely transmission line (TML)
model, has been developed in this paper. An exteristnchmark
will be performed on various methods, such as steembedding
method, g method, and our TML model to identify the best
solution in terms of accuracy, efficiency, and cost

I1. Layout Dependence of g, in MF and SF Devices

MF and SF nMOSFETSs with the same splits of (&, 0.5, and
0.25um) were fabricated in 90nm RF CMOS process. Fig.16x)~
illustrate the MF layouts with simultaneously varié/: and N ,
namely W2N16, WO5N64, and W025N128, with fixed totalth,

Wi o=WexNg =32 um. Herein,o;, andc. denote the longitudinal
and transverse stresses introduced from STI. Stdraled wide
PO-PO spaces withp§p50.28um and 0.44um, were designed
to vary the tensiley, from CESL and verify the influence qny

and g, Two-end source line denoted as “2S” was adopted i
WO025N128.2S with standard PO-PO space, and W0O5N62®s
as well as W025N128wsd.2S with wide PO-PO spagingrto
reduce R. Fig. 2(a)~(c) presents a comparison of the normalized
Oms 1.€. gn/Wiot VS. Vot between the SF and MF devices with the
same W. The results reveal an apparent degradation /g, in

WO5N64 and WO025N128 compared to WO5N1 and WO025N1
(Fig.2(b) and (c)). W025N128.2S adopting two-endrse line
can improve g madWiot by 8.3% w.r.t. WO25N128, but still suffer
11.6% degradation compared to WO25N1. The diffezenc
between the SF and MF devices indicates thatidRa key
parameter responsible fog/§V,,; degradation.

I11. TML Model and g, Method for Rg Extraction

In the following, a new method, namely TML modisl
developed for an accurate extraction @fiRMF devicesFig. 3(a)
and (b) illustrate the cross sectional view of M&vides with
single- and two-end source line routing. Taking sthetwo
structures and current flow through the source, IIfdL model
can be represented IByg. 4 (a) and(b) for single- and two-end
source lines, respectively. Thuss &n be calculated according to
(1)~(20) for single-end source line, and (11)~(¥®) two-end
source line.

Vl = ldsat |:IRMS,end (1) Vs,l :V:l + ls DRCT,via (2) Rs,l :Vs,l / Is (3)

Vi :Vi-l + Iifl DRM3 (4) Vs.i :Vi + Is DRCT.via (5) Rs.i :Vs.i / Is (6)
liga ! (Ne 12+2) (7 AR, = (Ve ey ~Vara) /1 ®)

dsat

Rya' =Ry, tAR =Vs,(NF/2+1) I = Ry 12+ (9)
Ry (singie-end) = Rz’ R[] ] Rs,(N;/2+l)l (10) i=2, 3.N. /2+1
Ris' :Vs.(NF/4+l) Iy = Rs.(N;/4+l)’ i=2,3..N./4+1 (112)
Ry’ =VS‘(NF,4+1) /= Rs,(NF/4+1)’ J=Ng /4+1 ... Ne /2 (12)

swo-end) = Rea [l 1 Ronesangy [+ [ R . 1200y (13)

Fig. 5 presents Rvs. N- determined by this TML model for
MF devices with different PO-PO spaces and soungerbuting.
The results for standard MF devices with single-endrce line
demonstrate a perfect linear function and more tBatimes
increase of Rfrom 0.7 for W2N16 to 5.4272 for WO25N128.
As for W025N128.2S using two-end source line, thecBn be
reduced to as small as 1®7which is around 66% reduction
compared to WO025N128. A comparison of W2N26 and
W2N16wsd, both using single-end source line, ing&aaround
14.3% higher Rin W2N16wsd with wide PO-PO space due to
longer source line. Encouragingly, the adoptiovaf-end source
line in wide PO-PO space can realize more than BQ¥eduction
compared to the standard PO-PO space with singlesenrce line,
and reverse the layout dependence, such that WQE6AS <
WO025N128wsd.2S < WO5N64.

In case that SF devices with negligiblg &e available on the
same chip to serve as an ideal referengesaR be extracted by,g
method based on thg,difference between MF and SF devices
with the same W according to (14)~(16). Note thatgepresents
the ideal g, free from R, equal to gsr measured from SF
devices and multiplied by Ngiven by (16).
gm :ng /(1+ ngRS)(14) RS :1/ gm _1/ gm0(15) ng :gm(SF) [NF (16)

As shown inFig. 6, Rs vs. N- achieved by the ,g method
indicates a good consistency with those predictedML model
(Fg.5). Again, the standard PO-PO space with siagté source
line approaches a perfect linear curve. The widePROspace with
two-end source line can yield more 50% smaller tRan the
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standard one with single-end source line and lead turve far
below the standard MF layouts. This good agreerbetween g
method and TML model can validate our new methoteims of
accuracy and advantages such as efficiency and loveg, due to
saving extra chip area and measurement for SFekevic

Moreover, short deembedding method was perfornadngd
S-parameters measured from short- and open-deeimigedd
structures, and extraction flow given by (17)~(&Dgxtract R. As
shown inFig.7, the R vs. N: behaves a perfect linear function but
reveals abnormally small value compared with thadgieved by
using g, method and TML model. The results suggest thattsho
deembedding method cannot extract the actdaxXperienced by
MF devices incorporating distributed metal lingckied vias, and
contacts on source/drain. Besides, short deembeddammot
identify the difference in source line layout angeg nearly the
same R for single- and two-end source line routing.
S . -Y 1S, . oY @ v =Y -Y

open open ? short open short
19)

-z Rs =Re(z3"-)

(18)
(20)

short short _o

Y,

short _o short _o

IV. Conclusion

Our developed TML model can realize an accurateaetion
of Rg in MF devices, without resort to SF devices reegiifor g,
method. The adoption of two-end source line in ied®PO space
can yield more than 50%gsReduction compared to the standard
PO-PO space with single-end source line. This nuetban
facilitate MF layout optimization for g enhancement, due to
higher mobility and lower R
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Fig. 1. Schematics of multi-finger MOSFETs with fixedeXMe =32um
(@) W2N16 : WxNe =2umx16 (b) WO5N64 : WkNr =0.5umx64, (c)

WO025N128 : WxNg =0.25umx128.
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Fig.2 Comparison of gWy vs. Ver (Vps=50mV) measured from
single-finger and multi-finger nMOSFETs (a) W2NhdaW2N16 (b)
WO5N1 and WO5N64 (c) W025N1, WO025N128, WO025N128(d¥ all

single- and multi-finger devices. 2S : two-end seume.
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Fig.3 Schematics of MF devices with (a) single-end seulioe (b)
two-end source lines.
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Fig.4 TML model for calculating Rin MF devices with (a) single-end
source line (b) two-end source lines.
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Fig. 5 Rvs. N- determined by TML method for MF nMOS with standard
PO-PO space : W2N16, WO5N64, W025N128, and WO025KR&8and
wide PO-PO space : W2N16wsd, WO5N64wsd.2S, and W028wsd.2S.
2S : two-end source line.
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Fig.6 Rsvs. N- determined by g method applied SF and MF nMOS with
the same W MF nMOS with standard PO-PO space : W2N16, WO5N64
WO025N128, W025N128.2S. nMOS with wide PO-PO spaa2N16wsd,
WO5N64wsd.2S, and W025N128wsd.2S. 2S : two-endcedire.
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Fig.7. Rs vs. N- extracted from short deembedding structures for MF
nMOS. Standard PO-PO space : W2N16, WO5N64, WO028N&xd
WO025N128.2S. Wide PO-PO space : W2N16wsd, WO5N64&&sdand
WO025N128wsd.2S. 2S : two-end source line.
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