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Abstract — In this paper, we demonstrate the size effect
on the DC and RF performances of 0.10 um RF
MOSFETs for SOC applications. Our results show that
for RF MOSFETs, the input impedance can be
represented by a series RC circuit at low frequencies and
a “shifted” parallel RC circuit at high frequencies. In
addition, the output impedance can be represented by a
“shifted” series RC circuit at low frequencies and a
“shifted” parallel RC circuit at high frequencies. The
appearance of the kink phenomenon of scattering
parameters ;) and S;; in a Smith chart is caused by this
inherent ambivalent characteristic of the input and output
impedances. It was found that an increase of device's
width (or g,,) enhances the kink effect of S;; and S,,. The
present study epables RF engineers to understand the
" behaviors of S-parameters more deeply, and hence are

helpful for them to create a fully scalable CMOS model
for SOC applications.

I. Introduction

The kink phenomenon in scattering parameter Sy, of
RF MOSFETs/MESFETs and BJTs/HBTs, which has
been explained quantitatively [1}-[2], can be seen
frequently in the literature [3])-[4]. However, the kink
phenomenon in scattering parameter S;; of RF MOSFETs
or BITs has never been reported. In this paper, the kink
phenomenen in S, of RF MOSFETs is reported and
explained quantitatively for the first time. It was found
~ that an increase of device’s width enhances the kink
effect. The kink phenomenon of S;; of RF MOSFETs is
explained by deriving the input impedance (or admittance)
of a four-terminal MOSFET under the measurement
conditions of S-parameters.

From the point of view of device physics, the
appearance of the kink phenomenon of 8;; and S,; has
nothing to do with any non-ideal characteristics due to
device defects or trapping of carriers. Actually, it results
from the interaction of Cgs, Cets Casr Bms Chss Chas Bty and
Ry. etc. If any of the previous terms results in a decrease
of r and increase of g, then the kink phenomenon will
become more prominent. In this paper, devices fabricated
by a 0.10 um RF CMOS technology was used to study the
size effect (or g,,) on the kink phenomenon of §;,.
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I1. DC Characteristics of 0.10 pum RF MOSFETs

Key layout parameters, and DC and RF
performances at Vps=Vgs=1.2V of nMOS devices A-E
studied in this work are summarized in Table 1. Note that
the corresponding pMOS devices A’-E’ with the same
sizes as the nMOS devices listed in Table 1 were also
fabricated, but are not listed here. Devices A-D are
typical 0.10 pm RF nMOSFETs for low-power RF-IC
applications, while device-E is typical 0.10 pm
low-leakage nMOSFET for low-power and high-speed
SRAMSs applications. The only difference in process
between devices A-D and device-E is the dosage of
channel implantation. As shown in Table I, the
normalized DC characteristics of devices A-D are nearly
the same, so only DC characteristics of device-D will be
discussed in the following,

The measured DC characteristics of device-D are
shown in Fig. 1(a)(d). Fig. 1(a) shows typical Ips-Vpg
characteristics. Fig. 1(b) shows typical LrVg.
characteristics under various reverse body biases (V).
Fig. 1{c) shows the measured L,x-Vp characteristics under
various temperatures. For 250/150 pA/um nominal
off-state currents (Iog nom) @1.1Vc=1.32 V, n/pMOS
with excellent 580/235 pA/pm nominal drive currents
@Vee =1.2V were achieved. In addition, if additionai
channel implantations are done, 15/10 pA/um Ly nom
@1.1Vee=1.32V for n/pMOS can be achieved. The
corresponding  driving currents @Vee =12V were
430/175 pA/pm for n/pMQOS, as summarized in Table L.
Fig. 1(d) shows the L.+ components versus temperature
characteristics. As can be seen, the Igpr leakage current
was kept to be under the 10% of Ly . of device-E (50
pA/um) at room temperature in order to meet the
stringent Ly nom requirement of 15 pA/um. This ensures
the possibility of tuning device-D to device-E without the
need to increase the oxide thickness.

II1. RF Performance of (.10 pm RF MOSFETs

The measured S); and S;, characteristics of device
A-D are shown in Fig. 2(a)-{d). Fig. 2(a) and 2{b) show

- the measured S;, and S,; characteristics in a Smith chart,
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' respectively. Fig. 2(c) and 2(d) show the measured | S,,|
and ISZZ| characteristics in a ‘Bode plot, respectively,

Based on Fig. 2 and the summarized results of S;; and §,,
in table I, we can conclude that the kink phenomenon in
S11 of RF MOSFETs can be interpreted in terms of poles
and zeros only when the device’s gate-width is not too
small, Tn addition, the kink phenomenon in S, of RF
MOSFETSs can be interpreted in terms of poles and zeros
only when the device’s gate-width is within a middle
range. As shown in Table I, the kink phenomenon in Sy
of device-D cannot be interpreted in terms of poles and
zeros because its corresponding Ry is too small (close to
50Q) due to large gate-width (see Fig. 2(b)), so there is
no local minimum in the Bode plot of S, {see Fig. 2(d)).

On the other hand, we can see that an increase of
" device’s width enhances the kink effect of S;; and S,,. In
addition, the kink-frequency first increases then decreases
with the increase of gate width. These trends can be
explained by the following derived input-impedances
both at low frequencies and at high frequencies. At low
frequencies, the input impedance can be simplified to a
simple series RC circuit as follows:

. 2
. C
Z, B ’Rgs'['¢ R, -CM +- -1
WCe+Cy Cop+Cy Jo(Cp +Cy)
1 .
S - M
jaC,

where R, [R,(Cy ) +RyCpul/Cys Cp =C(1
+g,R.)s in which R =R,|(R, +Z,). In addition, at

high frequencies, the input impedance can be simplified
to a “shifted” parallel RC circuit as follows:
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where C [BC,(C, 6) €pRColl+ g, RI/R(C,y
€y +C) 4CyR., +CoyR ). '

Fig. 3(a) shows the adopted small-signal equivalent
circuit model. Fig. 3 (b) shows the measured and modeled
S-parameters of device-C. The extraction of parameters
-was based on the method introduced in Ref. [5]. Fig. 3(c)
shows the current gain and MSG/MAG versus frequency
characteristics of device-C. Very good fr and f,, of 43
GHz and 33 GHz, respectively, were attained,

Fig. 4(a) shows Pj, versus P,, G, and PAE
characteristics of devices.B-D. Fig. 4(b) shows P, versus
PAE and G, charactenstics of devices B-D. Fig. 4(c)
shows Vgp versus P, charactenistics under P;=5 dBm of

devices B-D. Fig. 4(d) shows the two-tone third-order
intermodulation interception point OIP3 of device-D at
2.4 GHz and 5.2 GHz. As can be seen from Fig. 4(a)-(d),
very good power performance has been achieved. In
addition, no any anomaly was found. These results show
the 0.11 pm CMOS technology is very suitable for power
applications.

IV. Conclusions

The size effect on the performance of 0.10 pm RF
MOSFETs, especially on the anomalous kinks observed
in S;; and S,;; have been analyzed. In conclusion, the
“anomalous kink” is a “normal behave” of S;; and Sy,.
From the point of view of device physics, the appearance
of the kink has nothing to do with any non-ideal
characteristics due to device defects or trapping of
carriers. Actually, it results from the interaction of Cg,
Cot, Caso Em Cosy Cod, B, and Ry, etc. If any of the
previous terms results in a decrease of r and increase of g,
then the kink phenomenon of Sy, and S,; will become
more prominent.
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Table I. Key layout parameters, and DC and RF
performances at Vps=Vgs=1.2V of devices A-E
studied in this work. )

Device-A | Device-B| Device-C | Device-D¥i Device-E

width (um) 6 36 72 | 144 144
umber of finger 1 6 18 18 18
pate length (um) | 0.1 0.1 0.1 0.1 | 01
las_nom (pA/pm) 575 577 579 | s80 430
Vi som (V) 0.3 0.3 0.3 0.3 0.44
Toff noe (PA/HM) 290 292 295 296 15
Lo max (PA/LLM) 1000 1000 1000 1000 50
ldnk freq. of -

12.2 24.6 21.8 19.4 NA
Su (GHz)
local minimum

282 24.6 218 19.4 NA
of 11l (GHz)
kink freq. of

12, 17 13.8 10 NA
S22 (GHz) 8 _
local minimum

282 17 13.8 NA NA
of 1S221 (GHz) 8 ‘
fr (GHz) <0.2 29 43 43 NA
fmax (GHZ) 5 31 33 33 NA
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Fig. 1 The measured DC characteristics of device-D. (a) Ing versus Vpg characteristics, (b) Ig versus
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Fig. 2 (a) The measured S, of devices A-D, (b) the measured Sy, of devices A-D, (c) | S, l| Versus

frequency characteristics of devices A-D, and (d} |Szzl versus frequency characteristics of devices
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Fig. 3 (a) The adopted small-signal equivalent circuit model, (b) the measured and modeled
S-parameters of device-C, and (c) the current gain and MSG/MAG versus frequency
characteristics of device-D.
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Fig. 4 (a) Py, versus Py, G, and PAE characteristics of devices B-D, (b} Poy versus PAE and G,
characteristics of devices B-D, (¢} Vgg versus P, characteristics under Py;=5 dBm of devices B-D, and
(d) two-tone third-order intermodulation interception point QIP3 of device-D at 2.4 GHz and 5.2 GHz.
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