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Drain current response
delay of FD-SOI MOSFETs
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Abstract: We investigated the frequency dependences of Ya5 of FD-
SOI MOSFETSs, in which the drain current response delay is observed
for the first time. Short channel FD-SOI devices operating in linear
region show significant drain current response delay. It is confirmed
that FD-SOI MOSFET’s RF behavior can be well reproduced with the
proposed model including the drain current response delay.
Keywords: FD-SOI, MOSFET, RF, modeling,

drain current response delay
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1 Introduction

On a Radio-frequency (RF) CMOS circuit design, a deep understanding of
the frequency behavior of MOSFETS is very important. Silicon-on-insulator
(SOI) MOSFETSs are suitable devices for high-frequency circuits because of
their much smaller substrate capacitance than bulk MOSFETs [1, 2]. The
feature, however, induces a unique characteristic in the frequency behavior
of SOI MOSFETsSs due to the delay of drain current response. This behavior
is clearly observed in short channel SOI MOSFETSs, where drain parasitic ca-
pacitances is relatively small. For long channel or bulk devices, the existence
of large drain parasitic capacitances significantly suppresses the frequency
dependence originating from the delay of drain current response.

The aim of this paper are twofold: (1) to present a unique frequency
behavior of Fully-depleted SOI (FD-SOI) MOSFETSs, and (2) to clarify its
physical mechanism.

2 Measurement and Evaluation

In this study, Y-parameters are extracted from the measured two-port S-
parameters of MOSFETSs fabricated in 0.15 ym FD-SOI process, where the
source and substrate terminals are grounded while the body terminal open.
The wafer-level two-port S-parameters in the range from 0.2 GHz to 20 GHz
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Fig. 1. Y-parameters (Ya2) of FD-SOI MOSFETs mea-
sured at Vgg=1.0V and either Vpg=1.0V (in sat-

uration region) or 0.2V (in linear region) with
W=5x48 um, (a) L=0.14 gm and (b) L=0.50 pm.
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Fig. 2. A conventional small-signal equivalent circuit of a
RF MOSFET.

are measured with a network analyzer, Agilent 8722ES. The measurements
of open- and short-pad patterns [3] are performed to eliminate the influence
of pad and on-chip wirings.

Figure 1 (a) shows the measured Ys; data of a FD-SOI MOSFET with
W=5x48 ym and L=0.14 ym in linear (Vzg=1.0V, Vpg=0.2V) and satura-
tion (Vgs=1.0V, Vps=1.0V) regions.

To analyze the measured results, a conventional small-signal equivalent
circuit of a RF MOSFET shown in Fig. 2 [4] has been widely used. Based
on the equivalent circuit, one can derive Yso given by

wzcszubRSUb
1+ w?C?, R?

s sub

Wngd{Cdg + gm(CgS + ng)Rg}Rg

Re(Y) = gas+

1
" 1+ w*(Cys + Cya)* R} W
Csub
Im(Ye) = w|Cag+ 1+w?C?, R2 ,
sub® Vsu
4 ng{gm - wzcdg(cgs + ng)Rg}Rg (2)
14 w?(Cys + Cgq)R2 '

Eqgs. (1) and (2) show that both Re(Y22) and Im(Y32) increase with frequency.
However, as shown in Fig. 1 (a), the short channel SOI-MOSFETs measured
at Vps=0.2V exhibits small decrease in Re(Y22) over 5 GHz, and noticeable
decrease with frequency in Im(Ya2). The differences between the measured
results and analytical frequency dependence are attributed to the delay of
drain current response, that is, non-quasi static effect: the speed of the chan-
nel charge is limited by the finite channel conductance produced by every
infinitesimal gate-channel capacitor along the channel [5]. This effect can be
simulated by introducing the frequency dependence of g4 given by

9ds0
=0, 3
9ds 1 +jw'7—ds ( )

where ggs0 is low frequency drain conductance and 745 is the drain current
response time. The real part of Eq. (3) decreases at high frequency, and the
imaginary part with negative sign decreases with frequency, which explains
the measured frequency dependence of Y29 shown in Fig. 1 (a).
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3 Model Modification

Substituting Eq. (3) into Egs. (1) and (2), we can derive the new formula
including the frequency dependence of the drain conductance.

9dso w2052ubRS’U«b
1+w?rs,  1+w?C%,R%,
w?Cya{Cug + gm(Cys + Cya) Ry} Ry
14 w?(Cys + Cga)*R2
Tds9ds0 Csub

_ TG0
1+ w?r3, +Cag + 1+w?C?, R2 ,

ng{gm - w2Cdg(Cgs + ng)Rg}Rg
1+ UJZ(Cgs + ng)QRg

Re(YQQ) =

Im(Yy) =

()

+

Note that the frequency dependence of Yoo becomes significant for short chan-
nel MOSFETSs with large g4s0, especially operating in linear region (Vpg =
0.2V), as shown in Fig. 1 (a). For long channel devices, their large gate ca-
pacitance and small g4 even in linear region overwhelm the delay of drain
current response so that the frequency dependence follows the conventional
model predictions, as shown in Fig. 1 (b).

In order to study the validity of Eqs. (4) and (5), Yao calculated from
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Fig. 3. The calculated Y-parameters (Y22) of FD-SOI
MOSFETSs, which include with and without the
influence of drain current delay. (a) linear region
(Vas=1.0V, Vpg=0.2V) and (b) saturation region
(Vas=1.0V, Vpg=1.0V).
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the new equivalent circuit model is compared with measured results where
several MOS parameters in Yoo are numerically derived from Y71, Yo1 and Y19

as follow.
Ry = Re(Y1)/(Im(Yn))? (6)
Coga = —Im(Y1z)/w (7)
Cgs = (Im(Y11)+Im(Y12))/w (8)
Cig = —Im(Yar)/w = gnRy(Cye+ Cya) o)

Figure 3 shows the measured Yso and their calculated values by using these
parameters with and without the drain current delay. Cly,p is assumed to
be negligibly small because of their SOI structure. gqs0 and 745 are treated
as fitting parameters. As shown in Fig. 3(a), the calculations based on
the new model well reproduce the frequency behaviors of Yoo measured at
Vps=0.2V. The new model also demonstrates better agreement even in the
saturation region than a conventional model as shown in Fig. 3 (b), which
proves the existence of drain current delay even in saturation region. In
these calculations, 745 used is about a few pico seconds.

For bulk devices, the effect of drain current delay has not been ever ob-
served because bulk devices have extremely larger Cy,;, than SOI devices.
Note that the second term of Eq. (4) and the third term of Eq. (5) are much
larger than each of the first terms of their equations for bulk MOSFETs.

4 Conclusion

Experimental frequency dependences of Yoo of FD-SOI MOSFETSs have been
presented. The drain current response delay for drain voltage is observed for

the first time. This behavior can be explained with non-quasi-static effect in
gas- Short channel FD-SOI devices show significant drain current response
delay in linear region due to their large g4s. Yao calculated with the proposed
model including the delay demonstrates that short channel FD-SOI devices
have drain current response delay even in saturation region. Large Cgyup
in bulk MOSFET prevents us from observing drain current response delay
since the observation of drain current response delay requires small parasitic
capacitances in drain terminal.
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