7. K. Li, D. Kurita, and T. Matsui, Dual-band ultra-wideband bandpass
filter, IEEE MTT-S Int Microwave Sym Digest, San Francisco, CA
(2006), 1193-1196.

8. L.H. Hsieh and K. Chang, Compact, low insertion-loss, sharp-rejec-
tion, and wide-band microstrip bandpass filters, IEEE Trans Micro-
wave Theory Tech 51 (2003), 1241-1246.

9. H.N. Shaman and J.S. Hong, Ultra-wideband (UWB) bandpass filter
with embedded band notch structures, IEEE Microwave Wireless
Compon Lett 17 (2007), 121-123.

10. G.A. Kouzaev, M.J. Deen, N.K. Nikolova, and A.H. Rahal, Cavity
models of planar components grounded by via-holes and their exper-
imental verification, IEEE Trans Microwave Theory Tech 54 (2006),
1033-1042.

11. A. Skrivervik and J.R. Mosig, Equivalent circuits of microstrip dis-
continuities including radiation effects, IEEE MTT-S Int Microwave
Sym Digest 3 (1989), 1147-1150.

12. B. Heimer and T. Budka, Methodology for creating embedded trans-
mission line 90° bend and shunt capacitor models, IEEE MTT-S Int
Microwave Sym Digest 3 (1998), 1297-1300.

13. G. Stewart, M. Kay, C.H. Riedell, R. Pomerleau, and M. Steer,
Microstrip discontinuity modeling, IEEE Energy Inform Technol 1
(1989), 107-111.

14. A.J. Rainal, Reflections from bends in printed conductor, IEEE Com-
pon Hybrids Manuf Technol 13 (1990), 407-413.

15. CST Microwave Studio, Computer Simulation Technology, Wellesley
Hills, MA, version 2006B.

© 2009 Wiley Periodicals, Inc.

OPTIMIZATION AND MODELING FOR
MOS VARACTORS IN 65 nm LOW-
POWER MIXED-SIGNAL/RADIO-
FREQUENCY TECHNOLOGY

Chia Chung Chen,! Meshon Jiang,? Li Ming Chang,®

Tzu Jin Yeh,! Feng Ming Liu," and Sally Liu’

T Taiwan Semiconductor Manufacturing Company, Science-based
Industrial Park, Hsinchu 300, Taiwan, Republic of China;
Corresponding author: jemachon@thit.edu.tw

2 Department of Computer and Communications Engineering, Ta
Hwa Institute of Technology, Hsinchu County 307, Taiwan, Republic
of China

8 Institute of Electronics Engineering, National Chiao-Tung University,
Hsinchu 300, Taiwan, Republic of China

Received 28 November 2008

ABSTRACT: CMOS technology scaling opens up the possibility of de-
signing variable capacitors based on a metal oxide semiconductor
(MOS) structure with improved tuning range and quality factor. In this
work, the high Q-factor 24 and 21, wide tuning ratio 45% and 36% can
be achieved by 65 nm low power technology n+/n-well and p+/p-well
MOS varactor up to 10 GHz, respectively. Meanwhile, the equivalent
circuit model, to model intrinsic and extrinsic parameters of MOS var-
actor, also have demonstrated that parasitic resistance is a main issue
to dominate Q-factors, and the measured flicker noise result of MOS
varactor is directly dependant on gate leakage current. © 2009 Wiley
Periodicals, Inc. Microwave Opt Technol Lett 51: 2119-2121, 2009;
Published online in Wiley InterScience (www.interscience.wiley.com).
DOI 10.1002/mop.24567
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1. INTRODUCTION

The growth of modern wireless communication system calls for
lower cost and more integrated wireless transceivers [1]. The
voltage-controlled oscillator (VCO) is one of the key elements of

DOI 10.1002/mop

modern wireless transceivers. A high-efficiency VCO with low-
phase noise requires a high-quality LC tank, in which both the
inductor and varactor need to have high Q-factor [2]. The metal
oxide semiconductor (MOS) varactor, completed with other ca-
pacitors, has some advantages such as a smaller size, a higher
tuning ratio, and a larger unit capacitance than the p-n junction
varactor [3]. Currently, some modified methods of micromachined
[4], gated varactor [5], SOI varactor [6] come close to the high
performance of high tuning ratio and high Q-factors. However,
with an increasing oscillator frequencys, it is very difficult to obtain
both optimized high Q-factors and high tuning-ratio range MOS
varactor without a post-process variation. For this reason, it is
necessary to study the geometrical relationship between MOS
varactor with high Q-factors and tuning ratio urgently as well as its
scalable equivalent circuit models. The simulated result agreed
with the measured result, which predicted that parasitic parameters
could be truly reflected on its electrical behavior.

Besides, the phase noise of VCO usually comes from MOSFET
and the circuit design and few papers studies have shown that the
MOS varactor has a relationship with noise characteristics [7].
However, the 1/f noise at low frequencies can be converted to a
higher frequency, contributing to a 1/f* sideband around the carrier
frequency, which impacts on the phase noise in these nonlinear
circuits [8]. To explore current leakage affecting flicker noise, the
measured flicker noise on MOS varactor also is explained in this
article.

2. EXPERIMENTAL SETUP DESCRIPTION

MOS varcators are manufactured in 65 nm low-power (LP) CMOS
process and characterized on the CASCADE probe station for full
wafer measurement. The S-parameters measurements were carried
out up to 30 GHz by using the CASCADE on-wafer probes, an
Agilent 8510C network analyzer, and the dummy devices for the
open and short calibration to eliminate the parasitic effects of
probe pads from the Si substrates. Agilent 3561A dynamic signal
analyzer is used to measure the low-frequency noise, in the fre-
quency range from 10 to 100 kHz, with an external low-noise
amplifier.

3. DEVICE CHARACTERISTICS AND MODELS

To optimize both Q-factors and tuning range of MOS varactor, the
channel length (L), the channel width (W), and p-well and n-well
could be viewed as flexible parameters to approach the high
Q-factors and tuning range, respectively. Moreover, the fixed
oxidation definition (GROUP) and finger number (BRANCH) can
support the C to minimize parasitic well resistance and maximize
the quality factor. In Figure 1, Q factors are unchanged from the
length of 3.2 um to 1.6 um, but increase dramatically when
shrinking down from 1.6 um to 0.4 um. The dimension of device
with WX L X G X B=1.6 X 0.4 X 1 X 32 has been chosen to
be the best candidate for its tuning ratio greater than three and Q
greater than 10 which meets the requirements of a LC tank of 10
GHz. The simulated and measured C_F model results of n+/n-well
and p+/p-well varactors have been presented in Figure 2(a).
Higher than 45% tuning ratio due to scaling channel length to
reduce Cy., and enhance unit capacitance on 65LP NMOS varac-
tor. Thirty-five percent tuning ratio on 65LP PMOS varactor also
offer designers to choose different kind of LC_tank structure [9] to
meet VCO with high-quality performance. The capacitance has not
shown a large vibration with increasing frequency, so that parasitic
inductance is not so sensitive as to affect the capacitance on
smaller dimension. The C,, difference between n-type and p-type
MOS varactor is due to the difference of substrate doping and
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Figure 1 The simulated Q-factors and tuning ratio for 65LP NMOS and
PMOS varactors with different channel lengths and widths for group = 1
and finger number = 32

contact resistance similar with the simulated results. To see the
Q-factor, it can be first characterized by the following Eq. (1):

(l>

B 1 7Im an
Q= 2mfR.C (1) M

Rel —

Yll

where real and image Y,, are caused by the parasitic resistance
components and intrinsic capacitance, respectively. In Figure 2(b),
the measured data have a good agreement with simulated results so
that it is available to compare overall parameters of tuning ratio,
Q-factors, R, + Ry, and R,,;,. The measured Q-factors completely
agree with simulated results by extracting the reliable (R, + R,)
resistance 3.27 ohmic/square on NMOS varactor with 4.5 ohmic/
square on PMOS varactor and R, from 39.8 to 54.8, respectively.
It can be explained that different Q-factors between NMOS and
PMOS varactor is mainly attributed as dominated parasitic resis-
tance included such R,, Ry, and R, rather than the intrinsic
capacitance.

The equipment circuit of n+/n-well and p+/p-well MOS var-
actor shown in Figure 3, where the scalable geometrical model can
be replaced by intrinsic oxidation capacitance (C,,.), parasitic
resistance, and inductance (R,, Lyue Rgsr and Ly,), n-well and
p-well diode, and substrate network (R, and C,,). To model RF
characteristics of MOS varactor, with NMOS and PMOS varactors
on 65 technologies is due to n+/n-well in well depletion is sig-
nificantly larger than that of p+/p-well mainly attributed to higher
electron minority carrier mobility in n-well. L, and Ly, on this
dimension will contribute a minor factor to affect capacitance
variation when C, ., has the value less than 0.3 pF and demon-
strated on asymmetrical C_V model between NMOS and PMOS
varactor.

sub

4. FLICKER NOISE ON VARACTOR ELEMENT

Noise characterization also plays an important role since MOS
varactors can contribute a little noise that many disturb the oper-
ation of circuit. With the constant scaling of channel length and
oxide thickness, noise generated by not only active devices but
also passive devices increases the phase noise for a VCO. In our
equivalent circuit, leakage current is also modeled as the path
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Figure 2 (a) The capacitance versus frequency model and (b) Q-factors
have a relationship with frequency, of the measured and simulated results
for 65 nm NMOS and PMOS varactors, respectively

Lgae Reate
Gae oy Wr—

AAR
Yy

l1

|

C sub

!

Gnode

Figure 3 Equivalent circuit model for n+/n-well and p+/p-well MOS
varactors. [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com]
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Figure 4 The measured flicker noise has a relationship with the fre-
quency for 65 nm NMOS and PMOS varactors. [Color figure can be
viewed in the online issue, which is available at www.interscience.wiley.
com]

passed from the C, to the bulk ground. In Figure 4, the measured
MOS varactor flicker noise, where the dimensions of W X L X
G X B =1.6 X 04 X 8 X 64, has presented a different flicker
noise level at 1.2 V as a result of the leakage current being one
order of magnitude higher compared with other DC bias condi-
tions. This can be explained by the fact that an increased modeling
parameter for I, results in an increased leakage current of
NMOS varactor at 1.2 V. It was noticed that there was an increase
in noise when the current was higher than 10~* mA. This phe-
nomenon did not occur when the leakage current is 10~> and 10~°
mA at —1.2 and 0 V, respectively, Also, I, changes the flicker
noise level, as I, rises above than 10~* mA. Moreover, it was
found that measured results for PMOS varactor are always lower
than 107> mA between the —1.2 and 1.2 V, so would have no
impact on the noise level variation. Although the measured noise
of MOS varactor has a lower level than the one created by
MOSFET, adding the fitting parameters to the simulator is an
unavoidable trend as noise level rapidly increases with increased
leakage current.

5. CONCLUSIONS

In this study, we investigated the optimum 65 nm LP MOS
varactors geometrical relation in terms of microwave characteris-
tics and low frequency noise performances. The equivalent circuit
model also achieves precisely extracting parasitic parameters and
agrees with measured results. The /,,,. parameter of the MOS
varactor model also can be validated as a relationship with flicker

noise on MOS varactor.
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ABSTRACT: In this letter, an ultrawideband (UWB) bandpass filter
(BPF) with an improved stopband has been proposed. The proposed
UWB BPF, having a lower passband of 3.5-5.2 GHz and a higher pass-
band of 6.5-9.7 GHz, mainly comprises the parallel-coupled lines and
slot-line resonator. A wide stopband of the proposed BPF from 10 to 20
GHz can be achieved by using a pair of shunt and embedded open
stubs. The proposed UWB BPF is designed, fabricated, and measured.
Good agreement with the electro-magnetic simulation and measurement
is demonstrated. © 2009 Wiley Periodicals, Inc. Microwave Opt
Technol Lett 51: 2121-2124, 2009; Published online in Wiley Inter-
Science (www.interscience.wiley.com). DOI 10.1002/mop.24556

Key words: ultrawideband (UWB); bandpass filter (BPF); parallel-cou-
pled lines; slot-line resonator (SLR); bandstop filter (BSF)

1. INTRODUCTION

Since the U.S. Federal Communications Commission proposed the
unlicensed use of ultrawideband (UWB) (range of 3.1-10.6 GHz)
for commercial purposes in early 2002 [1], the UWB bandpass
filter (BPF) has been investigated extensively. Recently, several
methods for designing UWB BPFs have been proposed, such as
multiple-mode resonator [2], stepped-impedance resonator (SIR)
[3], parallel coupled line [4], or slot-line structure [5-8]. For
example, a UWB BPF is proposed by using two microstrip open-
circuited stubs coupled to a single CPW resonator on the other side
of a commercial substrate [5]. Additionally, a notch band is needed
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