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Abstract—The impact of channel width scaling on low-
frequency noise (LFN) and high-frequency performance in multi-
finger MOSFETs is reported in this paper. The compressive
stress from shallow trench isolation (STI) cannot explain the
lower LFN in extremely narrow devices. STI top corner rounding
(TCR)-induced AW is identified as an important factor that is
responsible for the increase in transconductance G,, and the
reduction in LFN with width scaling to nanoscale regime. A
semi-empirical model was derived to simulate the effective mo-
bility (ptem) degradation from STI stress and the increase in
effective width (Weg) from AW due to STI TCR. The proposed
model can accurately predict width scaling effect on G,,, based
on a tradeoff between po and Weog. The enhanced STI stress
may lead to an increase in interface traps density (I[Vi;), but
the influence is relatively minor and can be compensated by the
Weg effect. Unfortunately, the extremely narrow devices suffer
fr degradation due to an increase in Cg.. The investigation of
impact from width scaling on pies, G., and LFN, as well as the
tradeoff between LFN and high-frequency performance, provides
an important layout guideline for analog and RF circuit design.

Index Terms—Effective mobility, effective width, low-frequency
noise (LFN), shallow trench isolation (STI) stress.

I. INTRODUCTION

ITH the aggressive scaling of CMOS technology into

the nanoscale regime, the stress introduced from shal-
low trench isolation (STI) process becomes significant and im-
poses a dramatic impact on not only CMOS device performance
in dc current and ac gate speed [1]-[6] but also high frequency
and analog performance. Among previous work on this subject,
most of research effort and publications have been focused on
the longitudinal stress (o) from STI along the direction of the
channel length [1]-[3]. However, relatively fewer studies were
done for looking into the influence from STI transverse stress
(o) along the gate width and transverse to the channel length
[4]-[6]. In addition, most of the studies on ¢ are limited to
dc characteristics, such as threshold voltage (V) and channel
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current (Ipg), and restricted to long-channel devices, assuming
negligible o/, in the channel region [4]. STI edge effect on
flicker noise was investigated, and negative impact was reported
for NMOS with narrow widths [7], [8]. A minor layout modifi-
cation, i.e., an edge-extended design, was implemented, trying
to reduce the stress and traps introduced by STI and fix the
problem of non-1/f characteristics in the measured flicker noise
[9]. However, the abnormal deviation from 1/f characteristics
as reported for narrow devices cannot be reproduced from
our experiment, even with a much more aggressively scaled
width. A ring-type device was proposed, trying to eliminate o |
and identify the influence on flicker noise [10]. However, the
study is limited to single-polygate MOSFETs, which are not
suitable for analog and RF circuit design, and the impact on
high-frequency performance is unknown [10]. Recent studies
reported a turn around of Ipg with decreasing width of the ac-
tive area and proposed an increase in effective width, i.e., AW,
from STI top corner rounding (TCR) as the potential factor trad-
ing with mobility degradation from STI compressive stress [4],
[5]. Again, most of the works were restricted to single-polygate
MOSFETs for logic circuits, but the influence on multiple-
polygate-finger (i.e., multifinger) MOSFETSs required for RF
and analog circuits, with special concern of high-frequency
performance and flicker noise, remains an open question.

The aforementioned multifinger MOSFETs have been
widely used to reduce the parasitic gate resistance (R,) in RF
circuits for the purpose of improving analog and RF perfor-
mance like higher maximum oscillation frequency ( fyax) and
lower RF noise [11]. Note that the multifinger transistor has
been recognized as the standard layout for RF circuit design.
In this paper, two new layouts derived from the standard one,
i.e., narrow-OD and multi-OD, were implemented, trying to
enhance the transverse stress (o) from STI. The primary ob-
jective is to investigate STI transverse stress effect on effective
mobility (pes ), transconductance (G, ), cutoff frequency (fr),
fmax, and, most importantly, the low-frequency noise (LFN)
for both RF and analog circuit design.

II. DEVICE FABRICATION AND CHARACTERIZATION

In this paper, multifinger MOSFETs were fabricated in
90-nm low-leakage CMOS process with nitrided oxide of target
physical thickness at 2.2 nm. The gate length drawn on the
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Fig. 1. Schematic of multifinger MOSFETs with three different lay-
outs. (a) Standard multifinger device: Wrp X Np =2 pum X 16 (W2N16).
(b) Narrow-OD device: Wrp X Np = 1 pm X 32 (WIN32) and 0.5 um x 64
(WO5N64). (¢) Multi-OD devices: Wop X Nop =2 pm X 1, 0.25 pm X 8,
and 0.125 pm x 16.

layout is 90 nm, i.e., Lqrawn = 90 nm, and the total channel
width Wi is fixed at 32 pm. In order to investigate the stress
and interface traps generated from the STI process, two kinds
of new layouts derived from multifinger MOSFET, i.e., multi-
OD and narrow-OD, were designed and implemented. Note that
OD means oxide diffusion, which is equivalent to active area
(generally denoted as AA). Fig. 1(a)—(c) displays the device
layouts for standard, narrow-OD, and multi-OD, respectively.
The narrow-OD devices illustrated in Fig. 1(b) were designed
with simultaneously varied Ny and W under a specified total
width, i.e., Wiot = Wgr X Np. For this group of structures,
Wrp X Np =2 pumx 16, 1 pym x 32, and 0.5 pm X 64 cor-
responding to finger width Wy, = 32 pm were fabricated in
this work. The multi-OD devices shown in Fig. 1(c) represent
multiple-OD fingers with simultaneously varied OD finger
width (Wop) and OD finger number (Nop) under a specified
finger width, which is Wr = Wop X Nop. For this category
of devices, the polygate finger number Ny is fixed at 16, and
Wop X Nop =2 pm x 1, 0.25 pm x 8, and 0.125 pum X 16,
corresponding to finger width Wy =2 pum. Note that the
polygate-edge/OD-edge distance along the direction of channel
length is fixed at 0.5 pym for both narrow-OD and multi-OD
devices.

S-parameters were measured by an Agilent network analyzer
E8364B for high-frequency characterization and ac parameter
extraction. Open de-embedding was performed to remove the
parasitic capacitances from the pads and interconnection lines,
and short de-embedding was done to eliminate the parasitic
resistances and inductances originated from the metal inter-
connection. Fig. 2 demonstrates the LFN measurement system,
which consists of an Agilent dynamic signal analyzer (DSA
35670) and low-noise amplifier (LNA SR570). The aforemen-
tioned system was employed to measure the power spectral
density of drain current noise, i.e., Sip, which is the so-called
LEN. In this paper, the LFN was measured from multifinger
MOSFETs under various gate voltages (Vigs) and fixed drain
voltage at Vpg = 50 mV. Note that Vg is converted as gate
overdrive, i.e., Vor = Vgs — Vr to offset V- variation among
different devices. The LFN measurement generally covers a
wide frequency range of 4 Hz—10 kHz. The aforementioned
measurement for dc and LFN characterization has been carried
out on 10—15 dies for a statistical analysis.

The charge-pumping (CP) current system was built up, as
shown in Fig. 3(a), for interface trap density (INV;;) measure-
ment. The CP method proposed by Elliot [12] with sweeping
base and fixed amplitude was applied to extract IV;; from the
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Fig. 2. LFN measurement system setup consisting of an Agilent dynamic
signal analyzer (DSA 35670), low noise amplifier (LNA SR570), and Agilent
4156B for dc power supply. The measurement is automatically controlled by
Agilent ICCAP.
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Fig. 3. (a) CP measurement system consisting of dc source Agilent 4156B,
pulse generator 81110A, and switching matrix Keithley 707A. (b) CP pulse
waveform, where ¢, and ¢y are the rising and falling times, and V},a5¢ and Vj,
are swept from accumulation (Viase < Vp) to inversion (Vj > V), under
fixed pulse amplitude Vi, = Vi, — Viage-

maximum CP current (Icp max)- Fig. 3(b) illustrates the pulse
waveform employed for the Elliot method, in which the base
level (Vhase) is swept from accumulation to inversion while
keeping the pulse amplitude (V,,) constant. Note that Icp max
can occur under the condition of Viase < Vep and Viase +
Vo = Vj, > Vp, and the accuracy is justified with a clear plateau
for Icp max and a precise linear dependence on amplitude (V)
and frequency (not shown).

III. LocAL STRAIN ENGINEERING EFFECT ON
NMOS PERFORMANCE

The STI stress introduced in MOSFETs with three different
layouts as previously mentioned (standard, narrow-OD, and
multi-OD) are illustrated in Fig. 4 to assist an analysis and
understanding of layout effect on STI stress and, then, the
electrical characteristics. Note that STI stress is classified as
longitudinal stress, which is denoted as o/, and in parallel
with the channel length, and transverse stress, i.e., o, which is
transverse to the channel length. In this paper, the longitudinal
stress 0/, is considered to be similar for all of the devices with
various layouts, due to fixed gate length and polygate-edge/OD-
edge distance [13]. Regarding the stress favorable for mobility
enhancement, it has a critical dependence on the device types
and orientations. The experimental results in previous work in-
dicate that tensile stress in the longitudinal direction (o,/,) can
enhance electron mobility in NMOS, whereas it will degrade
hole mobility in PMOS. As for the transverse stress o of our
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Fig. 4. Schematic of STI stresses along the longitudinal and transverse
directions, which are defined as o // and o in MOSFETs with three different
layouts. (a) Standard multifinger device. (b) Narrow-OD device. (¢) Multi-OD
devices.

major interest in this paper, the compressive stress from STI is
expected to degrade the effective mobility jieg for both NMOS
and PMOS [6].

A. STI Transverse Stress Effect on DC Performance of
Multi-OD and Narrow-OD NMOS

As previously mentioned, narrow-OD and multi-OD
MOSFETs were designed to study OD width scaling effect
on transverse stress o from STI in different layouts. Narrow-
OD devices are shown in Fig. 4(b), wherein the OD width
(Wop = Wp) is reduced to be extremely narrow and the
polygate finger number (Ny) is simultaneously increased to
keep the total width (Wi, = Wg X Np) unchanged. Multi-
OD devices illustrated in Fig. 4(c) features a matrix of multiple
ploy fingers, as well as multiple OD fingers (Nop ) with narrow
OD width (Wop ). Note that Wop and Nop are simultaneously
varied to keep Wop X Nop the same as the finger width of
standard device, i.e., Wop X Nop = Wp =2 pym.

It has been known that the STI process generally leads to Vi
lowering with channel width scaling, and it is the so-called in-
verse narrow-width effect INWE) [14]. As shown in Fig. 5, the
Vi versus Wop for narrow-OD and multi-OD NMOS presents
an obvious INWE, following a universal curve for different
layouts. Note that INWE is determined by collective effects
from STI TCR (AW), STI stress, corner field crowding, doping
profile, etc. Considering V- variations from the aforementioned
effects, Vo = Vas — Vi is used for electrical characterization
and analysis.

Fig. 6(a) presents the transconductance (G,,,) under varying
Var’s, which are measured from narrow-OD NMOS with two
splits of W X Np,suchas 1 pum x 32 (W1N32) and 0.5 pm x
64 (WO5N64) and the standard one (W2N16) for compari-
son. The result indicates that the smaller Wop (= Wr) leads
to lower G, and the maximum G,, (G max) in WOSNG4
(Wop = Wr = 0.5 um) is degraded by about 8%, compared
with the standard one, i.e., W2N16 (Wop = W = 2 pum), as
shown in Fig. 6(b). The monotonic degradation of G, with
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Fig. 5. Linear Vi versus Wop for narrow-OD and multi-OD NMOSs under
the biases of Vpg = 50 mV and Vgg =0 V.
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Fig. 6. (a) Transconductance G, versus Vgr. (b) Maximum transcon-

ductance G max measured from narrow-OD NMOS WIN32 (Wp =
1 pm, Np = 32) and WO5N64 (Wp = 0.5 pum, Np = 64), and standard
multifinger device W2N16 (Wr = 2 um, Ng = 16). All of the devices have
the same total finger width Wr X Np = 32 pym.

¢ Multi-OD NMOS %0
5 I 4.82
S4 ; 46%
< Y 44E
E3 [ M ] %
>~ /4 Vds=0.05V w1 142 ¢
&2 -+ W2N16_0D1 1 lao &
1t # - Wante_oDS ] Yo
r —+W2N16_0OD16 » 138
o (@] (b)
02 00 02 04 06 0800 05 10 15 20 3°
Vgr (V) Wop (um)
Fig. 7. (a) Transconductance G, versus VgT. (b) Maximum transconduc-

tance G, max measured from multi-OD NMOS OD8 (Nop = 8, Wop =
0.25 pm) and OD16 (Nop = 16, Wop = 0.125 pm), and standard multifin-
ger device OD1 (Nop = 1, Wop = 2 pum). All of the devices have the same
polygate finger number (Np = 16) and total OD width along each gate finger
((Nop x Wop = 2 pm).

Wop scaling in narrow-OD devices suggests that the increase
in STI compressive o, is the dominant factor responsible for
teft degradation and the resulting G,, degradation. As for
multi-OD NMOS shown in Fig. 7, the G, max of OD8 (Nop =
8, Wop = 0.25 um) is degraded by about 20%, compared with
the standard one (OD1), but the continuous scaling of Wop
to 0.125 pm in OD16 (Nop = 16, Wop = 0.125 pm) leads
to an increase in (¢,,,, compared with ODS8, and the G, max
degradation, compared with the standard one, is shrunk to 11%.
The result looks very interesting and cannot be explained by
STI compressive stress alone. Note that the statistical variations
of Vp and G,, remain less than 2% from measurement on
10-15 dies, and it ensures the experimental results a high
confidence level.
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To explain the unusual characteristics measured from multi-
OD devices with extremely narrow Wop, the increase in Weg
due to STI TCR is proposed as the primary mechanism trading
with the STI compressive stress effect to determine the channel
current and transconductance G,,. Note that GG, is the key
parameter responsible for RF and analog circuit performance.
At first, the STT stress effect on mobility is calculated by the
model as follows:

A

i Z—(kJ_O'J_—‘rk//U//) (1)

where

o mobility free from STI-stress-induced degradation;

Ayp mobility variation due to STI stress;

o, transverse stress perpendicular to the direction of the

channel length;

longitudinal stress along with the direction of the channel

length;

k,  first order of coefficient expressing mobility variation
proportional to o | ;

9//

k,, first order of coefficient expressing mobility variation
proportional to o/.
Then
A
=R o, 2)
Ho

where o is a function of gate width expressed by
o, =—k- log(WOD) + ko 3)

and can be written as another expression given by

o, =k log <Mmjf> @)

OD

where
Wop x Nop = Wg. ()

In the preceding expressions, both longitudinal stress o, and
transverse stress o are considered in the original model. For
multifinger MOSFETs, o, limits its effect to the polygate at
the two ends. Therefore, 0,, < o for all of the polygates other
than those at the two ends and it leads to the approximation of
(1) to (2).

According to (3) or (4), it is proposed that G,,, should de-
crease with the reduction in Wop since the mobility decreases
as the transverse compressive stress o increases with Wop
scaling.

However, in this work, we found that OD width scaling
from Wop = 0.25 pm in OD8 to Wop = 0.125 pm in OD16
led to an increase in G, max. as shown in Fig. 7, rather than
degradation predicted by the stress model in (1)—(5). This
observation suggests that the transverse compressive stress o |
from STI, which is maximized in OD16 due to the minimum
Wop, cannot fully explain the largest G, max degradation in
OD8, instead of OD16. The experimental results suggest that
the variation of G,,, with Wop scaling is determined by not
only STI stress effect on mobility (pes) but also STI TCR
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effect on effective width (Weg ), i.e., AW effect [5], [15]. For
both OD8 and OD16, the large compressive stress o, from STI
spreads into the active region and degrades the p.g. However,
for OD16 devices, the AW effect dominates and causes the
increase in G,. To simulate the proposed STI stress and TCR
effects on GG,,, in miniaturized MOSFET, the semi-empirical
formulas are derived as follows [4]:

v
Ins = WegCox(Vas — Vi — aVis) flesr LD; 6)

ang VDS
m — - e Cox eff 77— - 7
MWos ft Cox fleft Lo @)

Let
. Vbs

B =Cox T (8

Wre
pet(Wop) = po + Au(Wob) = ko {1 — k- log < - )]

Wob
©)
Wet = (Wop + AW) X Nop X Np. (10)
Then
Wref
Gm = ﬂ/l,() 1—k- log P (WOD + AW)NODNF
Wop

(1)

where AW is the increase in OD finger width due to STI TCR,
and N, Nop, and Wop are defined in Fig. 1.

In this paper, the standard device with Wrp = Wop = 2 um
is adopted as the reference, i.e., Wi.of = 2 um to minimize the
transverse stress o and its impact on mobility. The derived
model given by (9) and (11) can accurately predict p.g and G,
measured from multifinger devices with various OD layouts,
such as standard, narrow-OD, and multi-OD.

Fig. 8(a) and (b) shows that simultaneous best fitting to
test and G, for multi-OD NMOS can be realized under the
condition of AW =43 nm and k£ = 0.2888. Note that AW
is dependent on the OD layout and varies between the stan-
dard and multi-OD NMOSs. For a standard device with more
gradient trench profile, AW = 24 nm appears to be smaller
than that of multi-OD devices. For narrow-OD devices, even
with minimum OD width in WO5N64, its OD width (Wop =
Wpr = 0.5 ym) is four times larger than that of OD16 (Wop =
0.125 pm), and AW effect is not strong enough to overcome
Lo degradation from STI stress. It can be understood that the
AW ratio calculated by

. AW X NOD X NF AW
A tio = = 12
W _ratio Woa Wob + AW (12)
Wr
Wop = —— (13)
OD NOD

is about 10.6% for narrow-OD device WO5N64 with Wop =
Wg = 0.5 pm, whereas that of multi-OD device OD16 with
Wop = 0.125 pum is significantly increased to 32.1%, which

is about three times larger than that of narrow-OD device
WO5N64.
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Fig. 8. (a) Measured peg and the fitting by model (9). (b) Measured G, and
the fitting by model (11). The simultaneous best fitting for multi-OD NMOS
was realized under the condition of AW = 43 nm and k& = 0.2888.
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Fig. 9. Interface trap density Nj; of W2N16, WIN32, and WO5N64 devices
extracted by using Weg, which is measured at Vp = Vg = Vp =0 V and
Vo = Vamp = 1.2V,
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Fig. 10. Interface trap density /Nj; of OD1 and OD16 devices extracted by
using Weg and W, measured at Vp = Vg = Vp =0V and Vg = Vamp =
1.2V. Weg = (Wop + AW)Nop * NeW = WopNop * Np.

B. Interface Traps of Narrow-OD and Multi-OD NMOS

Strain effect on interface traps and the resulting impact on
carrier mobility is one more critical concern for the deployment
of strain engineering in the state-of-the-art process. Figs. 9 and
10 present the interface trap density [V;; extracted by the CP
current method, according to

Icp_max = QfWeffLNit (14)
for narrow-OD and multi-OD devices, respectively, where
Ip max is the maximum of the measured CP current, f is the
frequency of the applied pulse waveform, and L is the gate
length of the device under test. Note that the effective width
Weg is used to reflect the AW effect.

As shown in Fig. 9, the NVj; extracted from narrow-OD
NMOS indicates nearly the same distribution for W2N16 and
WIN32, and a minor decrease in WO5N64 with minimal
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Fig. 11. LFN SID/I%S measured from the standard NMOS W2N16
and narrow-OD NMOS WO05N64, under the biases of Vpg = 50 mV and
Var =05 V.

Wg(= Wop) in this category. The results just disapprove the
conventional consideration that the narrower OD width may
lead to higher NVj; due to an increase in STI stress o, . As for
multi-OD NMOS in Fig. 10, OD16 with minimal OD width
(Wop = 0.125 pm) reveals apparently larger Nj;, compared
with the standard one (OD1). The result suggests that extremely
narrow OD combined with minimal OD-to-OD space in multi-
OD devices may introduce a significant increase in Nj; due to a
substantially steeper trench profile, compared with narrow-OD
devices. The extra trap density in the sidewall also contributes
to the higher N;; of OD16. Note that AW should be considered
to accurately determine the effective active area and Ny in
devices with extremely narrow Wop. The increase in N;; of
OD16, which is normalized to that of ODI1 and denoted as
ANi¢op16,001)/Nit(op1), is as large as 55% when AW is
neglected and reduced to near 10% when AW is considered
and Wy is taken.

C. LFN Sip/I3g in Narrow-OD and Multi-OD NMOS

Fig. 11 presents LFN in terms of Sip/I2¢ measured from
narrow-OD NMOS with minimum OD width, i.e., WO5N64
(Wop = 0.5 pm) and the comparison with the standard one,
i.e., W2N16 (Wop = 2 pm). Similarly, Fig. 12 makes a com-
parison of Sip/ I%S between multi-OD NMOS with minimal
OD width, i.e., OD16 (Wop = 0.125 pm) and the standard
one (OD1, Wop = 2 pm). Note that the noise spectra for all
of the devices (standard, narrow-OD, and multi-OD) follow 1/f
characteristics over a wide frequency domain from 10 Hz to
10 kHz. The measured LFN manifests itself as a typical flicker
noise.

As shown in Fig. 11, the narrow-OD NMOS WO05N64
presents lower Sip/I3¢ than the standard device W2NI6.
The result looks consistent with the lower [V;; for narrower
OD width, as shown in Fig. 9. More rigorously, the larger
Weg for narrower OD due to the AW effect have to be
considered and will be discussed later. As for multi-OD de-
vices shown in Fig. 12, it is interesting to note that ODI16
with extremely narrow Wop to 0.125 pum presents lower
Sip/ I%S than the standard one (OD1, Wop = 2 pm)), even
though the N;; of OD16 is somewhat higher than that of OD1
(Fig. 10). The reduction in LFN with OD width scaling in both
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Fig. 12. LFN Sip /I]2DS measured from the standard NMOS ODI1

(Nop =1,Wop =2 pm) and mult-OD NMOS ODI16 (Nop =
16, Wop = 0.125 pm) under the biases of Vpg = 50 mV and Vg = 0.5 V.

VDS= 50mV,
109 Vgr=0.1~0.7v

NMOS
= W2N16 |
e WO5N64

102

1073
Drain Current Ipg (A)

Fig. 13. Measured SID/I%S versus Ipg under Vg = 50 mV and vari-
ous Vg (0.1-0.7 V) for standard NMOS W2N16 and narrow-OD NMOS
WO5N64.

narrow-OD and multi-OD NMOS is in contradiction with the
general expectation and suggests that AW from STI and its
effect on W.g appears to be an important factor in explaining
the extraordinary results.

To further explore the mechanism responsible for LEN, the
Sip/I3s measured at 50 Hz and under various Vgr's are
plotted versus Ipg for narrow-OD and multi-OD NMOS, as
shown in Figs. 13 and 14, respectively. Note that LFN data
have been collected from ten devices for each layout to perform
a statistical analysis. Herein, the measured Sip/ 112)5 follows
a function proportional to 1/I34 over the whole range of
bias conditions (Vg = 0.1—0.7 V), which indicates that the
number fluctuation model given by

SID - qzk‘BT)\Nit 1 ng 15
I3 - WegLC2 f I3 (15)
is the dominant mechanism governing NMOS devices’ LFN,
where Vj; is the density of interface traps at quasi-Fermi
level [16].

The proposed number fluctuation model suggests that the
Sip/ 11235 of NMOS is proportional to Nj;/Weg and predicts
the decrease in LFN with increasing effective width Weg. It
was expected that the increase in compressive transverse stress
o, as well as interface traps N suffered by OD16 device
might aggravate interface scattering effect and increase the
flicker noise [17]. However, the larger W,g may compensate or
even overcome these effects. The aforementioned mechanism
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Fig. 15. Statistical distribution of LFN Sip /I, 1235 measured from ten dies for
multi-OD and narrow-OD NMOSs.

can explain why the multi-OD devices with extremely narrow
Wop, such as OD16, can have lower LFN, compared with
OD1. Fig. 15 indicates the statistical distribution of Sip/I3q
measured from ten dies for narrow-OD and multi-OD NMOS
devices to further investigate OD width scaling effect on LFN.
The ratio of OD16:0D1 is in the range of 40%—87%. According
to (15), the AW effect can lead to 32% increase in Wg for
OD16 and then 24% lower LFN, i.e., OD16 : OD1 = 76% from
AW effect alone. Considering the statistical distribution of N
shown in Fig. 10, the increase in Weg of ODI16 leads to a
decrease in N;, and the ratio of OD16:0D1 is about 1.2 for the
mean value and 1.13 for the maximum in the distribution. The
combined effect from AW and N;; indeed leads to 10%—15%
lower LFN in OD16 than ODI1. The statistical data suggest that
the AW effect may not be the only factor but is the primary
factor contributing to lower LFN.

For narrow-OD devices, the IV;; is similar between W2N16
and WO5N64 (Fig. 8), and the larger Weg in WO5SN64 can
significantly overwhelm Nj; and the stress effects. As a re-
sult, the smaller OD width in WO5N64 leads to lower LFN
(S1p/I3g), compared with W2N16. The investigation of layout
effects on LFN in multifinger MOSFETsS discloses an interest-
ing and important phenomenon that STI stress collaborating
with STI TCR-induced AW constitutes the primary mechanism
responsible for the OD width scaling effect on G,,, and LFN.

D. High-Frequency Performance in Narrow-OD and
Multi-OD NMOSs

The potential impact from the aforementioned STI stress and
TCR-induced AW on high-frequency performance is of one
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under Vpg = 1.2 V and varying Vgr. fr is extracted from unit current gain
|Ho1| = 1.

more special concern for multifinger MOSFETSs in RF circuit
design. Fig. 16 illustrates the cutoff frequency fr measured
from standard (W2N16) and narrow-OD (W1N32, WO5N64)
NMOS under varying Vgr. Note that H-parameters were con-
verted from S-parameters after two-step de-embedding (open
and short), and then, fr was extracted from the extrapolation
of |H21| to unity current gain. The experimental results reveal
that narrow-OD devices suffer significant degradation of f7 and
the peak fr drops from 116 GHz for W2N16 to 78 GHz for
WOS5N64. Referring to

Gm
21y [CE, — C3y
which is an analytical model for calculating fr [18], it is pre-
dicted that fr degradation may be originated from degradation
of G, or increase in Cg,. For narrow-OD devices, the smallest
G, appearing in WOSN64 (Fig. 6) suggests one of the factors
responsible for the worst f7. Furthermore, Cy, measured from
narrow-OD NMOS indicates the largest one for WO5N64 (not
shown). The collective effect from G, and Cy, can explain
fr degradation in narrow-OD devices. Regarding OD width
scaling effect on fp in multi-OD NMOS, Fig. 17 demonstrates
that OD16 with the smallest OD width (Wop = 0.125 pm)
reveals the worst f7. The peak f7 drops from 101 GHz for OD1
to 75 GHz for OD16. Cy; measured from multi-OD NMOS
indicates that OD16 suffers about 20% larger Cy, than that
of ODI1 (not shown). The collective effect from smaller G,
(Fig. 7) and larger C,, is responsible for f7 degradation.

fr= (16)

IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 57, NO. 11, NOVEMBER 2010

120  Narrow-OD NMOS ]
VDS=1 2V

./.———4\0\.

110} / g ]
<1001 / A e,
I
O 90+ ]
>
,:s‘ 80 Maximum fyax(GHz) ]

A
70} / —=—W2N16 107.5 |-
&l —e—WIN32 1171 |]
" —a—WO05N64 100

00 02 04 06 08
Ver(V)

50

Fig. 18.  fymax versus Vo measured from narrow-OD NMOS under Vpg =
1.2 V and varying Vgr. fpmax is determined by the unilateral gain method.

140

Multi-OD NMOS
120} Vps=1.2V a—" L] |
100 B e
N —A——aA— L, ]
I
€ sof //‘//A -
:é 60l /// Maximum fyax (GHz) ||
—u—0D1 1241
40} —e—0D8 107.7
—4A—0D16 98.5
2 1 I I
0 .2 04 06 08 1.0
Ver (V)

Fig. 19.  famax versus Vg measured from multi-OD NMOS under Vpg =
1.2 V and varying V. fmax is determined by the unilateral gain method.

The maximum oscillation frequency fyax is another im-
portant performance parameter for RF circuit design, particu-
larly for power amplifiers. The impact of layout variation on
fmax in multifinger MOSFET is investigated as follows: In
this paper, fyiax was determined by the conventionally used
unilateral gain method. Fig. 18 presents fyax extracted from
standard and narrow-OD NMOS. It reveals a very interest-
ing result that WIN32 attains about 10 GHz higher fyiax
than the standard (W2N16), even though WIN32 suffers the
lower fp than W2N16 (Fig. 16). However, WO5N64 with the
lowest fr remains the worst in terms of fyjax. Through an
equivalent circuit analysis on unilateral gain (U), fyiax can be
approximated by

fr
2/Ry(gps + 27 frCqga) + gps(Ri + Rs)

7)

fumax =

in which R, and fr appear as two key parameters controlling
fmax [11]. This expression predicts that the higher fr and
lower R, can increase fyiax. For narrow-OD devices, the
smaller Wr(= Wop) and larger N play a multiplied effect to
reduce R, (not shown). The higher fyrax achieved by WIN32,
compared with W2N16, suggests that the significant reduction
in R, can compensate or even overcome the impact from fr
degradation. However, the advantage of R, suppression cannot
be obtained by multi-OD devices due to the feature of fixed
Np [Fig. 1(c)]. The fypax measured from multi-OD NMOS,
as shown in Fig. 19, proves the expectation that the trend of
Jfuax simply follows that of fr (Fig. 17), i.e., the smaller Wop
leads to the lower fyiax and OD16 suffers worse degradation

in fyax.
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IV. CONCLUSION

The potential impact from layout-dependent STI stress on
LFN and high-frequency performance has been investigated on
multifinger MOSFETSs with various layouts, such as narrow-
OD and multi-OD. The monotonic decrease in G, with fin-
ger width (Wp) scaling in narrow-OD NMOS proves pios
degradation from the compressive STI stress along the trans-
verse direction (o). However, the multi-OD NMOS reveals
an abnormal G,, increase for extremely narrow OD width to
Wop = 0.125 pum. The observed results suggest that STI stress
is not the only mechanism governing the electrical property in
miniaturized devices. STI TCR-induced AW is identified as
another key factor, which may overcome STI stress effect in
determining channel current and GG,,,. Semi-empirical formulas
have been derived to successfully predict Wop scaling effect
on peg and G,,. Taking this method, AW can be precisely
extracted based on a simultaneous best fitting to peg and G,,,
and the resulting increase in effective width (Weg) is dramati-
cally large to about 34% for OD16 with Wop = 0.125 ym. The
larger Weg becomes, the more it contributes to reducing LFN
and overcoming Nj; effect in narrow-OD and multi-OD devices
with sufficiently small Wop. The reduction in LFN with OD
width scaling is the other evidence reflecting STI TCR-induced
AW effect.

Unfortunately, the OD width scaling leads to a negative
impact on high-frequency performance like fr and fyax, due
to G, degradation and undesired increase in C'g,. An improved
open de-embedding method can reduce the parasitic capac-
itances from intermetal coupling but cannot eliminate gate-
related fringing capacitances. The multifinger MOSFETSs with
miniaturized OD width cannot prevent from fr degradation.
The tradeoff between LFN and high-frequency performance
identified from this work provides an important layout guide-
line for analog and RF circuit design.
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