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Absfrad - In this paper, we demonstrate the size effect 
on the DC and RF performances of 0.10 pm 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” paxlIe RC circuit at high frequencies. The 
appearance of the kink phenomenon of scattering 
parameters SII and Szz 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 SII and Sz2. The 
present study enables 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. 

1. Introduction 

The kink phenomenon in scattering parameter Sz2 of 
RF MOSFETs/MESFETs and BJTsiHBTs, which has 
been explained quantitatively [l]-[2], can be seen 
frequently in the literature [3]-[4], However, the kii 
phenomenon in scattering parameter S,, of RF MOSFETs 
or BITS has never been reported. In this paper, the kink 
phenomenon in SII 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 SII and Sz2 has 
nothing to do with any non-ideal characteristics due to 
device defects or trapping of carriers. Acteally, it results 
from the interaction of C,,, Cgd, Ca, gm, CbJ, Cbd, gmb, and 
IL. etc. If any of the previous terms resuhs 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 pm RF CMOS technology was used to stidy the 
size effect (or g,,,) on tbe kink phenomenon of S,,. 

II. DC Characteristics of 0.10 pm RF MOSFETs 

Key layout parameters, and DC and RF 
performances at Vos=Vos=1.2V of nMOS devices A-E 
studied in this work are s ammarized in Table I. Note that 
the corresponding pMOS devices A’-E’ with the same 
sizes as the nMOS devices listed in Table I were also 
fabricated, but are not listed here. Devices A-D are 
typical 0.10 pm RF nMOSFETs for low-power RF-X 
applications, while device-E is typical 0.10 pm 
low-leakage nMOSFET for low-power and high-speed 
SRAMs applications. The only difference in process 
behveen 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. l(a)-(d). Fig. l(a) shows typical 1,s.VDs 
characteristics. Fig. l(b) shows typical I,ffVc 
characteristics under various reverse body biases (Vs). 
Fig. l(c) shows the measured IotrVs characteristics under 
vtious temperahues. For 250/150 PA/pm nominal 
off-state currents (loffnorn) @l.lVcc=1.32 V, n/pMOS 
with excellent 580/235 pA/pm nominal drive currents 
@Vc, =1.2V were achieved. In addition, if additional 
channel implantations are done, IS/10 pA/pm I,,, 
@l.lVcc=1.32V for n/pMOS can be achieved. The 
corresponding driving currents @VCC =1.2V were 
430/175 &m for n/pMOS, as summar ized in Table I. 
Fig. l(d) shows the I,,* components versus temperature 
characteristics. As can be seen, the IBDT leakage current 
was kept to be under the 10% of I,rrmax of device-E (50 
PA/pm) at room temperahue in order to meet the 
stringent I.ff.nom requirement of 15 PA/pm. This ensures 
the possibility of tuning device-D to device-E without the 
need to increase the oxide thickness. 

III. RF Performance of 0.10 pm RF MOSFETs 

The measured SII and S22 characteristics of device 
A-D are shown in Fig. 2(a)-(d). Fig. 2(a) and 2(b) show 
the measured S,, and S22characteristics in a Smith chart, 
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respectively. Fig. 2(c) and 2(d) show the measured Is,,1 

and 1s,,I characteristics in a Bode plot, respectively. 

Based on Fig. 2 and the summarized results of S, t and S12 
in table I, we can conclude that the kink phenomenon in 
SII of RF MOSFETs can be interpreted in terms of poles 
and zeros only when the device’s gate-width is not too 
small. In addition, the kink phenomenon in Sz2 of RF 
MOSFETs 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 Sz2 
of device-D cannot be interpreted in terms of poles and 
zeros because its corresponding &, is too small (close to 
SOR) due to large gate-width (see Fig. 2(b)), so there is 
no local minimum in the Bode plot of S2* (see Fig. 2(d)). 

On the other hand, we can see that an increase of 
device’s width enhances the kink effect of SII and Sz2. 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: 

where ,Q R(Cdr $1 +R,,C;~I~C, > C, = C&l 
tg;~,), in which R, S,\/(R, +z,). In addition, at 

high frequencies, the input impedance can be simplified 
to a “shifted” parallel RC circuit as follows: 

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 SZZ have been analyzed. In conclusion, the 
“anomalous kink” is a “normal behave” of Si, and S12. 
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 01 trapping of 
carriers. Actually, it results from the interaction of C,,, 
C&!d, Grr &I> CbS, Cbd, gmt,, and &, etc. If any of the 
previous terms results in a decrease of r and increase of g, 
then the kink phenomenon of S1, and Szz will become 
more prominent. 
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Table I. Key layout parameters, and DC and RF 

C, + C,dL -I performances at Vos=Vcs=1.2V of devices A-E 

L, a(, + ,., 
&CC, Y ad %C, +R&, 

+jaJcc; + CJ studied in this work. 

I, ,, 

c, + C, 1 fC,R_~ + C&, )I. 

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 fT and f,, of 43 
GHz and 33 GHz, respectively, were attained. 

Fig. 4(a) shows P,. versus P,, G, and PAE 
characteristics of devices B-D. Fig. 4(b) shows P,, versus 
PAE and G, characteristics of devices B-D. Fig. 4(c) 
shows Voa Y~ISUS P,, characteristics under P,,=5 dBm of 
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Fig. I The measured DC characteristics of device-D. (a) IDS versus Vos characteristics, (b) IO* versus 
V. characteristics, (c) stf versus reverse body bias characteristics under various temperatures, and 
(d) I,n components versus temperature characteristics. 
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Fig. 2 (a) The measured SI I of devices A-D, (b) the measured S22 of devices A-D, (c) Is,,1 versus 

frequency characteristics of devices A-D, and (d) Is,,/ 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 MSGiMAG versus frequency 
characteristics of device-D. 
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Fig. 4 (a) P,. versus P..,, G, and PAE characteristics of devices B-D, @) Pout versus PAE and Gp 
characteristics of devices B-D, (c) VoB versus PQti characteristics under P,=5 dBm of devices B-D, and 
(d) two-tone third-order in&modulation interception point OIP3 of device-D at 2.4 GHz and 5.2 GHz. 
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