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Abstract

This study reviews related studies on the impact of the layout dependent effects on high
frequency and RF noise parameter performances, carried out over the past decade. It specifically focuses
on the doughnut and multi- finger layouts. The doughnut style involves the polygonal and the 4- sided
techniques, while the multi-finger involving the narrow-oxide diffusion (OD) and multi-OD. The polygonal
versus 4-sided doughnut and the narrow-OD with multi-fingers versus multi-OD with multi- fingers are
reviewed in this study. The high frequency parameters, which are of concern in this study, are the cut- off
frequency (fr) and the maximum frequency (fuax), whereas the noise parameters involved are noise
resistance (Rn) and the minimum noise figure (NFmin). In addition, MOSFET parameters, which are
affected by the layout style that in turn may contribute to the changes in these high frequency, and noise
parameters are also detailed. Such parameters include transconductance (Gm); gate resistance (Rg);
effective mobility (uer); and parasitic capacitances (cgg and cgq). Investigation by others has revealed that
the polygonal doughnut may have a larger total area in comparison with the 4- sided doughnut. It is also
found by means of this review that the multi-finger layout style with narrow-OD and high number of fingers
may have the best performance in fr and fuax, owing partly to the improvement in Gm, Uefr, Cqg, Cgd @nd low
frequency noise (LFN). A multi-OD with a lower number of fingers may lead to a lower performance in fr
due to a lower Gn. Upon comparing the doughnut and the multi-finger layout styles, the doughnuts
appeared to perform better than a standard multi-finger layout for fr, fuax, Gm and pest but are poorer in
terms of LFN. It can then be concluded that the narrow-OD multi-finger may cause the increase of cqg as
the transistor becomes narrower, whereas a multi-OD multi-finger may have high Rg and therefore may
lead to the increase of fr and fuax as the transistor becomes narrower. Besides, the doughnut layout style
has a higher Gy, and fr, leading to larger pe from the elimination of shallow trench isolation (STI) stress.

Keywords: layout-dependent effects, high frequency parameters, RF noise parameters, doughnut layout
styles, multi-finger layout styles.
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1. Introduction

The purpose of this paper is to review the closely related studies on the layout impact
on the high frequency and noise parameters of the MOSFET, carried out over the past decade.
It is hypothesized that the layout style may affect the high frequency parameters (i.e., f+ and
fuax) and also the noise parameters (i.e., Ry and NF,;,) due to the impact which it may have on
the parameters of the MOSFET (such as Gn, He and parasitic capacitances, cqg and cqq). This
hypothesis has been developed based on the equations governing these parameters.

Upon comprehensively reviewing the literature, it was found that several layout styles
have been looked into for this purpose. One such study which looked into the doughnut layout
style with polygonal pattern was reported by Lopez in 2005 [5] . Five years on, Yeh et al. [3], [4],
reported some insights on the determination of the effects of channel width scaling on both low
and high frequency noise when shallow trench isolation (STI) stress was imposed on the multi-
finger MOSFET. Besides the multi-finger, the report also included a discussion zooming in on
the impact of the layout dependent stress on transistor parameters such as p¢s and Gy, for a
90nm doughnut MOSFET. This impact was then compared to the impact of the standard multi-
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finger type (see Figure 1(a)). In the following year, Yeh & Guo [6], by means of their work,
identified a new method which is capable of determining the impact of layout-dependent
parasitic capacitances, such as the gate finger sidewall, Cy and finger-end fringing
capacitance, C¢(poly-end), on the inversion carrier density, Q;,, and [t Of a nanoscale multi-
finger MOSFET.
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Figure 1. (a) Standard single poly-gate and (b) odd number finger layout style for MOS
transistor [5]

As Yeh pursued his interest in the area, in the year of 2012 [7], he reported his work on
the impact of narrow width effects on fy, fyax and radio frequency (RF) noise in 35nm multi-
finger NMOS [7]. In another research report published in the same year [8], the work described
was similar to that of the former but the investigation was extended to both NMOS and PMOS.
The research was to investigate the layout- dependence effects on ft, fyax, and RF noise (i.e.
NFnmin) and noise resistance (Ry)) in sub-40nm multi-finger MOSFETSs.

In the year of 2013 [9], [10], another member in Yeh’s group, Ku published a study on
the impact of layout dependent stress on the gate capacitance, cqq, and gate resistance, Ry,
subsequently affecting fr, fuax, NFmin, Ry and optimum admittance (Re(Yqn) and [Im(Yqp0l))
performances in multi-finger and doughnut MOSFETSs [9]. This study can be considered as an
extension of another study carried out in the year of 2010 which only focused on the impact of
the layout dependent stress on G, Mer and LFN. In addition, another related study was
published in the same year following up the work of the former which was conducted on both
sub-40nm PMOS and NMOS between standard multi-finger and narrow-OD layout style [10].

2. Research Method
In this section, a brief study on different layout styles, which are multi-finger and
doughnut layout.

2.1. An Investigation Into the Impact of Multi-Finger Layout

The aggressive scaling of CMOS technology being incorporated into the nanoscale has
made the studies on the layout stress impact on CMOS performances an important focus. The
impact of channel-width scaling on f; and fyax performances in multi-finger MOSFETs has
extensively been studied by Yeh and his research team [7]-[11].

Referring to Figure 1, the equations which deal with the total area of the standard
transistor and the total area of the transistor with fingers, with the transistor width, channel
length, number of fingers and distance between center of contact and the edge of the gate are
as follows [5]:

AFinger: NKF ((Ng+1)2a+LNg) 1)

Astandard =W (4a+ L) (2)
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where Aginger aNd Agiangard are the total area of the multi-finger and standard MOSFETS,
respectively, a is the distance between center of contact and the edge of the gate, L is the
length of polygate, and W is the width of the layout (W = W1 + W2 + W3).

Multi-finger MOSFETs have widely been used to reduce Rg. In this regard, Yeh [3]
implemented narrow-OD and multi-OD which were derived from a standard multi-finger
transistor (see Figure 2(a)). Fixed was L at 90 nm and total channel-width (W) at 32 um.

N¢ N
r . 1 N¢ r A \
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W‘:‘ct
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Figure 2. Layout of multi-finger MOSFETSs (a) standard, (b) narrow-OD, (c) multi-ODJ3].

Figures 2(a)-(c) indicate the layouts for standard, narrow-OD, and multi- OD transistors
respectively, where W is the finger width, N is the number of fingers, Wqp is the OD width and
Nop is the OD finger number.

In the study carried out by Yeh [3], the standard multi-finger as can be seen in Figure 2
(a) has a fixed finger width, Wg, of 2 um and an Ng of 16. Therefore, the total channel width,
Wiot= WEXNE = 2 ymx16 = 32 pym. In the same study, the narrow-OD (as shown in Figure 2(b)),
displayed a layout design similar to that of Wtot as can be seen in Figure 2(a), but only with a
smaller Wqop. For the narrow-OD designs, two layouts with WexNg = 1umx32 and 0.5umx64
were administered. Finally, for the multi-OD as shown in Figure 2(c), Yeh [3] constructed three
designs i.e., N and W were fixed at 16 and 2um, respectively while the variations of OD width
observed for Wqop, and OD finger number, Nop were Wr = WopXNgp = 2umx1, 0.25umx8, and
0.125umx16.

By means of using the same layout styles as shown in Figure 2, Yeh [7] continued
investigating the impact of narrow-OD width effect on high frequency performance and RF noise
in 35 nm multi-finger NMOS. Narrow- OD and multi-OD were meant to improve the narrow-OD
width effects like STI stress, Ry, and parasitic capacitances (i.e., Cgg and cqq), and also to assess
if they had any impact on NF.,,, Gn, fr, fuax. The devices were fabricated in 65nm CMOS
process with gate length (Lg) of 35nm and Wtot = 64 um. Noise analysis was conducted for the
frequencies level of up to 18 GHz.

Yeh and Guo, [8] further fabricated the standard multi-finger, narrow-OD and multi-OD
on not just the NMOS but also on the PMOS. In earlier related studies reported in the literature,
the RF noise parameter characterization was focused on the flicker noise for the NMOS. Only in
the year of 2013 publications looking into the impact on high frequency noise performance from
narrow-OD width transistors were observed [10]. The investigation was carried out on 65 nm
NMOS and PMOS with Lg aggressively scaled to below 40nm.

2.2. Investigations on the Impact of Doughnut Layout

The doughnut layout is normally used as a ring transistor, as the corners are considered
insignificant to the drain current (IDS) but it may have more effects on the gate input
capacitance, Cgg [12]. In the study reported by Lopez [5], a doughnut transistor was
characterized and its performance was subsequently compared with several other layout styles
in terms of the speed capability and layout area. It is a known fact that the reduction of parasitic
capacitance can help improve the switching speed of a transistor, and layout of a transistor
affecting this capacitance. This is clearly shown in Equation 3, in which parasitic capacitance is
in inverse proportion to the switching speed of a transistor [5]:
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s=YA 3)

Cout
Cout = CabtCqyq 4)

Where S is the switching speed of transistor, C, is the capacitance at the output node
and WI/L being the size ratio of transistor. On the other hand, cq, is the drain-body capacitance
and cyq is the gate-drain capacitance. The doughnut transistor has been known as an efficient
way of reducing the parasitic capacitance; i.e., cq, and cqq, for a high speed application while
maintaining large W/L ratios at the same time.

Lopez et al. [5], focused on assessing the impact of the doughnut transistor on the high
frequency parameters and noise performances. Lopez studied the doughnut layout with multi-
sides polygonal shape (see Figure 3). In their study, expressions were derived for the general
WI/L n-sides (n is the constant of side number) regular polygonal-shape doughnut transistor for
determining IDS and total layout area (refer to Equations 5 and 6), [5]:

tan(ﬂ/n)

w
(Deq = 2N mamz; S ®)
tan(M/y) 1
Ips = 2n m; MCox (Vps)? (6)
A=:Pa @)
N
a= E +d (8)

Where C, is the oxide capacitance and Vps is the drain-source voltage of transistor. A
is the total area, P is the perimeter of the whole layout, a is the distance between center of
contact and the edge of the gate (a = X1 or X2), s is the size of contact, and d is the minimum
distance between the drain contact and edge of the gate.
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Figure 3. Polygonal-shape for doughnut layout transistor [5]

Meanwhile, the doughnut layout by Yeh [4], was for 4-side polygons with two layout
dimensions that were implemented with different space between poly-gate and STI edge; i.e.,
SA, as shown in Figure 4. Figure 4 (a) shows that a doughnut MOSFET with space from poly-
gate to STI edge follows the minimum rule, i.e. 0.3 ym (D1), and Figure 4 (b) displays a
doughnut MOSFET with 10 times larger space between poly-gate and STI edge, i.e. 3 ym. It
was found from the investigation [3] that the doughnut layout gave higher pes and fr , which may
solve the potential degradation of fyax due to large cgq in @ doughnut layout larger than standard
multi-finger (Figure 2(a)). This can be deduced from Equations (9) and (10), i.e. from the f; and
capacitances relationship and the fyax and fr equation [7]

fr=——2 )

Zﬂ,f(cggz_cgdz)
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fuax = s (10)

2 R + R;+R
g(Gm"'ZT[fTng) 9ds(Ri+Rs)

Where R; and Rg are the input and source resistance of the transistor and g¢s is the
source-drain conductance. Using the same doughnut layout in Figure 4, Yeh and Guo,[8]
focused on the layout-dependency stress effects, i.e. STl stress (o, and g;) for high frequency
on the transistor’s Ips, G, Hesf @nd fr on the NMOS and PMOS in their work. The expression that
describes the relationship between the STI stress and the mobility is given by Equations (11)
and (12): [3]

Ap

o = ~EKop (11)

oy = .Log S‘:%f (12)

where 0y is the longitudinal stress of STl stress, k| is the equivalent mobility variation, yg
is the mobility reference, Ap is the mobility variation due to STI stress, and SA is reference of
SA, which is 3 ym.

The equations above are true assuming that transverse stress, o, is negligibly small
and may be neglected. In other words, the doughnut layout is free from transverse stress effect.
The study conducted was concentrated on the layout effects to G, Wesr, fr, and flicker noise. The
NMOS and PMOS doughnut layouts had the advantage over the standard multi-finger transistor
in terms of lower flicker noise and an increase in f;. Further study on the 4-sides polygon
doughnut in the aspect of its impact on Ry and RF noise parameter, NF,, performance was
conducted by Ku [9].

oD
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- = - : [=E s Source (S)

Figure 4. A simple representation of the MOSFET doughnut layout with two major layers, i.e.
active region (or oxide diffusion, OD) and poly gate (POLY) (a) SA = 0.3um, (b) SA = 3um [3],[4]

3. Results and Analysis
In this section, explanation and comprehensive discussion are given on the results
obtained from the research work conducted on multi-finger layout style.

3.1. Multi-finger Impacts

Work by Yeh from [7],[4] and [6] includes varying Wg and N of the narrow-OD, and
varying Wop and Nop of the multi-OD MOSFETS, to study the effect of stress on Y, G, fr and
fuax- The two designs were benchmarked against a standard multi-finger layout transistor (refer
to Figure 2a). For all three layout styles, Wtot was fixed at 32 ym. When comparing with the
standard layout design, it is found that when the W of the narrow-OD was decreased, the G,
will also decrease which consequently gave negative impact on high frequency performance, f;
(from Equation (9)). It was found that G,, degradation was caused by STI compression [3].

Another work by Yeh demonstrates cqq and cqq extracted using measured S-parameter
with open-M1 de-embedding and the Raphael simulation [6]. This simulation precisely
determines the parameters associated with the intrinsic channel and realize accurate extraction
of Perr in multi-finger MOSFETSs with various narrow We. From the narrow-OD multi-finger (refer
to Figure 2b) experiments, with Wtot fixed at 32 ym while W and Ng varied, the narrower We
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will result in lower Ips and G,,,. The G,, degradation was due to the reason stated before and the
increase of Cyy was due to finger-end fringing capacitance. Reduction in G,, was the reason for
the lowering in Ips. Per Equation (9), these factors are responsible for the f; degradation in
narrow-OD devices.

The multi-OD experiments gave results which oppose the ones obtained from the
narrow-OD. The experiments for the multi-OD have Nr and Wg fixed at 16 and 2um,
respectively, while Wop and Ngp were varied. The results show that Ips and G, increase while
Merf decreases when Wop is reduced. A higher G, is due to the dominance of W effect over STI,
but unfortunately cannot prevent the degradation of f. This is because when Wgp becomes
smaller, Ry and Cgy, will also be higher, consequently leading to the penalty in fr, fyax and NFmn.
This is shown by Equations (13) to (16):[7]

Fmin =1+ ZRNRe(Yopt)[l + RNRe(Yopt)] (13)
NFpin = 10Log (Finin) (14)
Ry = Rg +v 2% for (y>1) (15)

_ Re(yll) (16)

97 (Im(111)?

where Re(Y1,) is the real value of Y-parameter, Im(Y,) is the imaginary value of Y-
parameter, F., is the minimum noise factor, g4 is the gate conductance at zero Vps, and
Re(Yop) is the real value of optimum source admittance of NF .

The narrow-OD devices present low Ry, when compared to the multi-OD as multi-OD
has higher stress STI than narrow-OD. However, this does not prevent it from suffering low f;
and high NFy,. This is because the narrow-OD has large Cyq which will cause fr to degrade
(shown by equation (9)) and when combined with a low Ry cannot guarantee a lower Ry due to
G, degradation (from equation (15)).

3.1.1 Narrow-OD Multi-Finger

DC analysis was also done by Kuo Ling Yeh and his team [1-2], and Ips follows the
trend of G,, for narrow-OD multi- finger, while a smaller W leads to lower lps (per equation
(18)). The decrease in Wqp leads to a decrease in V4, which present an inverse narrow-width
effect (INWE) that comes from an increase in STI stress process [3]:

14
Gn = effCox(inv)p-effﬁ a7

Ips = G (Vs — Vi — AVps) (18)

Where W is the effective channel width, Cqyiny is the equivalent oxide thickness under
inversion and L is the effective channel length.

Experiments were conducted on the layout impacts on for high frequency parameters,
i.e., fr and fuax, by [7], [8], [10], [4], Rq by [7], [8], [10], [11] and cyy by [8], [10]. A standard multi-
finger (Figure 2(a)) at Wg = 2 ym has the highest f; compared to when W decreases. The high
fr can also be related to the high G,, as shown in equation (9). The results of experiments on the
device show that a standard multi-finger (Figure 2(a)) at We = 2 ym has the smallest cyq. This
explains why a standard multi-finger (Figure 2(a)) has the highest f; since it has the highest G,
and smallest cq. Parameter fyax has the same trend as fr, the lower f; leads to low fyax when
referring to equation (10).

For RF noise parameter performance analysis, there are two types of RF noise; high
frequency noise, such as NFmin, Ry, Re(Yop) and Im(Yep). As for the results from the high
frequency noise parameter (i.e., NFnin, Rn, Re(Yop) and Im(Yep)) experiments conducted by [7],
[8], [10], the decrease in W causes an increase in NFy, and Re(Yq,) but decreases in Ry and
Im(Yop). Theoretically from equations (13) — (15), a low R leads to lower Ry, low Ry which then
leads to low F,, and therefore NF;,. But the result shows an opposite from theory which can
only be explained by one reason i.e. the increase in Re(Y,p) overcomes the reduction in Ry.

Layout Effects on High Frequency and Noise Parameters (Asmaa Nur Agilah Zainal Badri)
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3.1.2 Multi-OD Multi Finger

The fr and fyax NMOS of a multi-OD NMOS increases accordingly with of Wqp. This is
because cyq increases with the Wop increase, causes Gy, to decrease and thus affects fr and
fuax (refer to equation (9) and (10)). In addition, a DC performance analysis of the multi-OD
NMOS was conducted by Yeh [11]. The trend of Ips, G, and V1 are the same where all three
increase with the increment of Wqp.

RF noise parameter analysis in multi-OD NMOS was also performed for high frequency
noise. The investigation on the high frequency noise parameter by [7] shows that Ry and NFy,
have trends which are the same as Gp,, which is inversely proportional to Ry. While Ry of multi-
OD with Wop = 0.125 pm is higher than multi-OD with Wop = 0.25 um. This can be due to the

decrease in % in equation (15) which offsets the increase of Ry in a reverse correlation
m

between Ry and Ry [10].

3.2. Doughnut Impact
In this section, explanation and comprehensive discussion are given on the results
obtained from the research work conducted on doughnut layout style.

3.2.1. Impact on the Transistor Size

Lopez found that a ring layout has drain diffusion surrounded by the transistor channel
and source (referring to Figure 2(b) in [12]) [5]. This style reduced transistor layout area and the
values of the output parameters, here the switching speed of device. Consequently, a large W/L
ratio can be realized through parallel connection of the doughnut with minimal dimension cells.
A demerit of the doughnut layout is that this style has a bad effect (tendency to break) on the
source diffusion when under very high power operation [5]. The solution proposed was a circle-
like layout transistor, a polygonal doughnut, with as many numbers of sides as possible (shown
in Figure 3). For a polygonal doughnut layout style, the drain area will decrease with the
increase of the number of sides.

Besides the polygonal doughnut, Lopez performed a comparison between standard
single poly-gate transistor with an odd Ng finger layout style in terms of its drain area and total
area as in Figure 1. Equations (7) and (8) show the total area calculation for a general number
n- side of a regular doughnut layout, while equations (2) and (1) show the total area calculation
of an odd number of finger layout and standard single poly-gate layout transistor, respectively.

Theoretically, for a fixed s and d of the polygonal doughnut layout, a higher number of
sides (n) will lower the drain area, even lower than the drain area of a standard transistor of
equivalent W/L (refer to Figure 2(a)). The decrement of drain area will result in better switching
speed of the transistor [13]. In Lopez’s work [5], the result shows that the total layout area was
bigger for the polygonal doughnut transistor regardless of the number of sides than of the
standard or finger transistor. Hence, a reduced drain area does not contribute to a reduced total
layout area of the whole transistor. It has been found that the polygonal doughnut transistor
reduces 81% of its drain area while it increases the total layout area by less than 10% [5] when
compared to the standard transistor (in Figure 1(a)). This demonstrates that a polygonal
doughnut layout can reduce the drain area with only a small increase in the total layout area.

3.2.2. Impact on Transistor’s Parameters
3.2.2.1 NMOS
(i) Gm and V¢

Other works on doughnut transistor layout were conducted by [9], [4], [6] for the
purpose of eliminating the transverse stress from STl on NMOS and PMOS. The layouts were
of the 4-side doughnut style (Figure 4). In NMOS, It was found that the G,, of the doughnut
layout is degraded when the space between STI edge and poly (SA) is made smaller than of a
standard multi-finger (Figure 2(a)). Doughnut with SA= 0.3 ym has 9.7% reduced G, than the
doughnut layout with SA= 3 pm, however, the latter has 7.5% higher G,, as compared to
standard multi-finger (Figure 2(a)) [4]. V1 for doughnut layout with SA= 0.3 pym is larger than the
V1 of the doughnut layout with SA= 3 uym, but the latter has a larger or the same V; as that of a
standard multi-finger (Figure 2(a)). Ips for a standard multi-finger (Figure 2(a)) is larger than
doughnut layout with SA = 0.3 ym but smaller than doughnut layout with SA = 3 ym. This is
because V5 rolls of due to the narrow-width effect in doughnut layout [6].
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(ii) High frequency and noise

Analysis of fr, fyax, Cgg and Ry are discussed below. The performance of fr is the same
as of Ips performance, where doughnut layout with SA= 0.3 um is lower than a standard multi-
finger (Figure 2(a)) and doughnut layout with SA= 3 pm is the highest. This follows the
expression of equation (9), where fr is directly proportional to G, under a fixed cgg and cgyg.
Hence, the flow is descending with a SA= 3 ym doughnut layout, followed by standard multi-
finger, and finally by the SA= 0.3 um for f; performance. In addition to that, fyax for a doughnut
layout with SA= 0.3 um is 4 to 6 times slower and doughnut layout with SA= 3 ym is more than
6 times slower than a standard multi-finger (Figure 2(a)). The fyax trend is not consistent with
the fr, this might be due to the influence of Ry . The Ry of the doughnut layout with SA= 3 um is
27 times higher than doughnut layout with SA= 0.3 pm; the latter is 17 times higher than the
standard multi-finger (Figure 2(a)). This is proven by equation (10), in which a high Rq will lead
to lower fyax. For high frequency noise, i.e. NFn, it is found that it follows the flow of Ry with
according to equation (13) to (15). A high Rq will lead to higher Ry, and this eventually leads to
higher NFn.

3.2.2.2 PMOS
(i) Gm and V¢

On the other hand, the PMOS doughnut layout has higher G,, and ue¢ than the standard
multi-finger MOSFETSs device (Figure 2(a)). Doughnut layout with SA= 0.3 um has 12.2% higher
Gm and doughnut layout with SA= 3 ym has 7.6% higher G, than the standard multi-finger.
While doughnut layout with SA= 0.3 um has 12.5% higher peff and doughnut layout with SA= 3
pum increase has 6.3% higher peff than the standard multi-finger. DC performance, i.e. V1 and
Ips, of PMOS doughnut layout, is similar to the performance of G,,. Doughnut layout with SA=
0.3 uym has the highest V; and Ips, followed by doughnut layout with SA= 3 um and then
standard multi-finger (Figure 2(a)).

(if) High frequency and noise

This trend is followed by fr, with doughnut SA= 0.3 pym having 28% higher f; than
doughnut layout with SA= 3 ym and standard multi-finger (Figure 2(a)). On the other hand, fyax
has the opposite result, while standard multi-finger (Figure 2(a)) has the largest fyax followed by
doughnut layout with SA= 3 ym and doughnut layout with SA= 0.3 um.

However, according to equation (10), the increase of Ry will decrease the fyax
performance of transistor. The final parameter analyzed by [9] was NF.,,. This is one of the
important key parameters of MOSFET especially in RF circuit design. NFy,, in a PMOS
doughnut layout style with SA= 3 pm is the largest, doughnut layout with SA= 0.3 pm is lower
and standard multi-finger (Figure 2(a)) has the smallest NF,,.. Indeed, the doughnut shows
significantly higher NF,,, as compared to a standard multi-finger. It is shown that doughnut
layout with SA = 3 ym has the highest NF,;, compared with the other two layouts. The increase
in Ry contributes to a larger Ry, and leads to a higher NF .

Both NMOS and PMOS may benefit from the doughnut layout; however, the layout
dependence of G, and Ry is a critical trade-off in determining high frequency parameter’s
performance, such as fyax and NF,. This study suggests that multi-finger layout transistor
remains the better choice for RF circuit designs compared to doughnut layout transistor.

4. Conclusion

The impacts of layout-dependent STI stress on high frequency (fr and fyax)
performance of multi-finger MOSFETSs with various layouts, including standard, narrow-OD, and
multi-OD were studied. The decrease in G, with finger width (W) scaling in narrow-OD NMOS
demonstrates ye degradation from compressive STI stress along the transverse direction. In
contrast, the multi-OD NMOS reveals an abnormal G,, increase for an extremely narrow OD
width. Meanwhile, a polygonal doughnut layout is an efficient way to reduce parasitic
capacitances for high-speed application while maintaining large W/L ratios.

From these studies, selection can be made systematically on the optimum number of
sides for the doughnut layout as a trade-off between the desired W/L and the drain capacitance
reduction. Also, the reduction of C4 and Ry may serve as a solution for the potential
degradation of fyax and NF,;, , respectively, for RF digital and analog application. It may thus be
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concluded that as transistor becomes smaller in We, it will lead to an increase of cyg in narrow-
OD. Meanwhile, a multi-OD multi-finger has a higher Ry as Wop becomes smaller. Both of the
mentioned consequences will lead to the increase of f; and fyax. Other than that, doughnut
layout style eliminates o, stress which leads to larger pei than a standard multi-finger. This, in
return enhances, the G,, and fr.

The results from the RF noise study shows the increased of measured NF,, can be
due to larger Cy. The lower Ry cannot guarantee lower Ry due to a competing factor from G,
degradation. The trade-off of smaller width effect on high frequency performance and RF noise
provides a significant guideline for multi-finger and doughnut MOSFETSs layout for RF circuits
design using nanoscale CMOS technology.
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