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Analog filters and low noise amplifiers (LNAs) are extensively employed in the
receiver front-end structure of the CMOS radio frequency (RF) applications. One of the
analog filters usually employed in CMOS RF is Gm-C filter which consists of
transconductor (Gm or OTA) block and capacitor (C). The OTA is the main building
block of the Gm-C filter that the characteristics of the Gm-C filter is related to its
performance. While several techniques are reported to design OTA, its major limitation
is its poor linearity and complexity of the design. In addition, the LNA is modified to
achieve sufficient linearity, reduce complexity of the design and lower noise figure
(NF) to suppress the noise from the first stage of the receiver.

In this dissertation, a self-biasing multiple-gated-transistors (MGTR) method is
modified to improve the linearity of the OTA and LNA. Self-biasing reduce the
complexity of the design and number of components. The basic concept of the MGTR
method is utilizing two transistors in order to remove the third-order harmonics of each
other. Each of these transistors must be biased in different region. Thus, two external
biasing is needed. However, the number of external biasing is reduced by self-biasing
modification.

The modified method is used to modify an OTA for the Gm-C filter. Then, the Gm-C
filter is used by third-order Chebyshev filter to prepare the requirements of direct-
conversion receiver for digital television (DTV). The modified OTA is designed in 90
nm CMOS technology. The simulation result with two-tone test at 100 MHz center
frequency shows that the third-order Chebyshev filter with modified OTA has 8 dBm
Input-referred Third-Order Intercept Point (11P3) improvement compared with the
third-order Chebyshev filter with single-gate OTA. The third-order Chebyshev filter
with modified OTA is operating between 50-200 MHz cutoff frequencies. Moreover, it
achieves maximum NF of 13.5 dB and maximum 11P3 of approximately 17.3 dBm at
100 MHz, whereas consuming 18 mA with 1.2 V supply voltage.



Furthermore, the modified LNA is operating between 900-2400 MHz cutoff
frequencies. The simulation result with two-tone test at 2.1 GHz sample center
frequency shows that the modified LNA has 10 IIP3 improvement compared with a
single-gate LNA. The modified LNA achieves maximum NF of 1.9 dB, 9 dB Gain and
maximum 11P3 of approximately 13.5 dBm, whereas consuming 3.9 mA with 2 V

supply voltage.
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Penapis analog dan amplifier hingar rendah (LNAs) telah digunakan secara meluas
dalam struktur bahagian hadapan penerima bagi aplikasi frekuensi radio (RF) CMOS.
Salah satu penapis analog yang lazimnya digunakan dalam CMOS RF adalah penapis
Gm-C yang terdiri daripada blok transkonduktor (Gm atau OTA) dan kapasitor (C).
OTA adalah blok binaan utama bagi penapis Gm-C yang mana ciri-ciri penapis Gm-C
itu berhubung kait dengan prestasinya. Sungguhpun terdapat beberapa teknik yang
digunakan untuk mereka bentuk OTA, batasan utamanya adalah kelinearannya yang
teruk dan kerumitan dalam mereka bentuk. Tambahan pula, LNA diubah suai untuk
mendapatkan kelinearan yang dikehendaki, mengurangkan kerumitan reka bentuk dan
mengurangi nilai hingar (NF) untuk menyekat bunyi dari peringkat pertama penerima.

Dalam disertasi ini, satu kaedah transistor get berganda pincang sendiri (MGTR) telah
diubah suai untuk meningkatkan kelinearan OTA dan LNA. Pincang sendiri mampu
mengurangkan kerumitan reka bentuk dan bilangan komponen yang terlibat. Konsep
asas bagi kaedah MGTR adalah penggunaan dua transistor untuk membuang harmonik
tertib ketiga antara satu sama lain. Setiap satu transistor ini mesti dipincangkan dalam
kawasan yang berbeza. Dengan yang demikian, dua pincangan luaran diperlukan.
Walau bagaimanapun, bilangan pincangan luaran dapat dikurangkan melalui
pengubahsuaian pincang sendiri.

Kaedah yang diubah suai ini digunakan untuk mengubah satu OTA bagi penapis Gm-
C. Kemudiannya, penapis Gm-C tersebut digunakan oleh penapis Chebyshev tertib
ketiga untuk menyediakan keperluan kepada penerima pertukaran bagi televisyen
digital (DTV). OTA yang terubah suai direka bentuk dalam teknologi CMOS 90 nm.
Keputusan simulasi dengan ujian dua-nada pada frekuensi pusat 100 MHz menunjukan
bahawa penapis Chebyshev tertib ketiga dengan OTA terubah suai mempunyai
peningkatan input-dirujuk Titik Pintasan Tertib Ketiga (1IP3) 8 dBm berbanding
penapis Chebyshev tertib ketiga bagi OTA get-tunggal. Penapis Chebyshev tertib
ketiga dengan OTA terubah suai beroperasi di antara frekuensi potong 50-200 MHz.
Selain itu, ia mencapai NF maksimum 13.5 dB dan 11P3 maksimum lebih kurang 17.3
dBm pada 100 MHz, dengan menggunakan 18 mA dengan voltan bekalan 1.2 V.



Tambahan lagi, LNA terubah suai beroperasi di antara frekuensi potong 900-2400
MHz. Keputusan simulasi dengan ujian dua-nada pada sampel frekuensi pusat 2.1 GHz
menunjukkan bahawa LNA terubah suai mempunyai peningkatan 10 I1P3 berbanding
LNA get-tunggal. LNA terubah suai mencapai NF maksimum 1.9 dB, Tambahan 9 dB
dan I1IP3 maksimum lebih kurang 13.5 dBm, menggunakan 3.9 mA dengan bekalan
voltan 2 V.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

Nowadays, the demand for radio frequency (RF) applications such as mobile phones
and digital television (DTV) have been increased. Because of this highly request, such
development have impassioned several design challenges, especially in simple and
highly linear integrated circuit. Mostly, the critical problems in design of RF
applications are integration digital base-band with the simple and highly linear front-
end circuits [1, 2]. The development of microelectronic circuits had since begun with
the innovation of transistors [2, 3] several years ago.

High frequency analog circuits are typically implemented with a GaAs or bipolar
device technology, while the base-band digital signal processor (DSP) is implemented
within a Complementary metal-oxide—semiconductor (CMOS) technology. However,
over the recent years, there has been a vast investigation focusing on the high-
frequency analog front-end components, which are designed within the CMOS
environment. The suitability and cost effectiveness of CMOS technology for the design
and development of digital circuits has helped accelerate the advancement and maturity
of this technology [2, 4]. Tremendous advances in CMOS technology have shown no
sign of slowing down with current commercially available minimum size channel
length of CMOS process of 32 nm by International Business Machines Corporation
(IBM), compared to the 2.0 um technology available in 1983 [4].

With such advancement, effort has been applied in implementing high frequency
circuits, especially the analog receiver front-end circuits for radio frequency
applications, such as DTV, GSM900, GSM1800, within the CMOS environment [1].
Two of the main issues in the radio frequency applications are high linearity and
complexity of design at high frequency operation. The schematic of simple Direct-
Conversion receiver is shown in Figure 1-1. There are different blocks in one receiver
front-end such as LNA, filters and mixers, and so each of them has the effect on
linearity and complexity of design. The designers are looking for ways to design simple
and highly linear circuits. The simple but highly linear operation complicates the
design of the circuit. Simple circuits have a smaller number of MOSFETS are expected
to give a better circuit performance because of small device and stray capacitances but
in reality, it works in the opposite way. Therefore, it is highly desirable to design
simple and efficient circuits for high linearity [1, 5].
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Figure 1-1. Simple Direct-Conversion Receiver Front-End.

In Figure 1-1, the structure of simple Direct-Conversion receiver front-end shows that
usually before digital-signal-processing (DSP), some block diagrams such as LNA,
filter and mixer are used.

1.2 Significance of LNA and GM-C Filter

In the receiver front-end, LNA is a critical block. Usually, it is employed to extract the
extremely low power RF signal from the noise prevalent in the atmosphere. They are
used to amplify the RF signal level, without causing significant degradation in the
signal-to-noise ratio (SNR), of the received signal. The NF of the LNA, along with the
power gain of the low-noise amplifier, primarily determine the NF of the entire
receiver, and therefore are critical to the sensitivity of the receiver. Some of the key
specifications for low-noise amplifiers are NF, complexity of the design, and linearity
[1, 6-8].

In addition, Filters are employed in the RF front-end for a variety of purposes. They are
used to limit the spectrum of the transmitted signal [9]. They are also used as image-
reject filters in, for example, a direct-conversion receiver [10]. Another requirement for
filtering is immediately following the mixing, to eliminate one of the two signals
which, in general, result in the output of the mixer (the sum and difference of the RF
and LO frequencies) [11].

1.3  Scope of the Study

The focus of this research is on the modification of the MGTR method to reduce the
complexity of the design by reducing external biasing circuit. The LNA and third-order
Chebyshev filter are introduced with self-biasing MGTR method to increase the
linearity. The LNA is modified to use in the receiver front-end of the RF application
between frequency ranges of 900-2400 MHz such as GSM900, GSM1800, GSM1900,
WCDMA, Bluetooth and GPRS. The third-order Chebyshev filter is modified to
prepare the requirements for the direct-conversion receiver front-end for DTV.



1.4 Problem Statements
141 LNA

The LNA is one of the most critical blocks that determines the sensitivity of the entire
receiver. An LNA should have high linearity and low complexity of the design, in
order to suppress or minimize the noise contributed by subsequent stages of the
receiver. Without the LNA, the low level input signal would be buried by the noise and
subsequently the signal-to-noise ratio (SNR) would be further distorted transferring
only noise signal to the next stage such as filter or mixer. Hence, not only that LNA
should have the low NF which is reported by previous works for RF application bellow
2dB, the linearity performance should be high enough that previous works normally
designed 11P3 for RF application between 8 to 13 dB with less complexity of the design
which previous LNAs with MGTR topology employed two external biasing voltage
that increase complexity of the design and bill-of-material [7, 8, 12].

1.4.2  Third-order Chebyshev Filter

The analog filter is one of the most critical blocks that determines the linearity of the
entire receiver. The Filter in direct-conversion receiver for Advanced Television
Systems Committee (ATSC) DTV is employed to help mixer to remove undesired
signals. Hence, it should have high linearity that previous works normally designed
IIP3 for RF application between 15 to 17 dB, low complexity of the design that
previous Filters with MGTR topology employed two external biasing voltage that
increase complexity of the design and bill-of-material and low noise which is reported
by previous works for RF application bellow 16dB, to do not degrade sensitivity of the
entire system, with sufficient margin. The third-order Chebyshev filter is consist of
first-order RC filter which is linear enough and second-order Gm-C filter. Gm-C filter
topology uses transconductor (Gm) block and capacitor (C). The OTA or Gm block is
the main building block in the Gm-C filter that the performance of the filter is related
to its performance. While several techniques is reported to design it, its major
limitations are its poor linearity and complexity of the design [5, 13].

1.5 Objectives

The main goal of this thesis is to modify MGTR method to propose self-biasing MGTR
topology. The aim of the self-biasing MGTR topology is to reduce the complexity of
the design, bill-of-materials and increase linearity for the LNA and third-order

Chebyshev filter.

Hence, in order to achieve all these aims, the objectives of this research are as follows:

) To introduce a self-biasing MGTR method to modify an LNA for high
linearity and low complexity of the design.
) To introduce a self-biasing MGTR method to modify an OTA for Gm-C filter

for high linearity and low complexity of the design.

The modified self-biasing MGTR method is used to design an LNA and an OTA with
90nm CMOS Predictive Technology Model (PTM) model.



1.6 Thesis Organization
This thesis is organized as follows:

Chapter 2 provides the necessary background discussion about several methods to
linearize LNA and OTA. Applications in the range of 900-2400 MHz are introduced.
An overview about DTV is provided. Different kinds of Gm-C filter is introduced.

Chapter 3 develops the MGTR method. As a result, self-biasing MGTR is introduced to
modify LNA and OTA. NF is calculated for both LNA and third-order Chebyshev
filter. The transfer function of third-order Chebyshev filter is calculated. Finally,
simulation setup is provided.

Chapter 4 identifies the main performance measures to be analyzed. It summarizes and
evaluates the simulation results.

Chapter 5 summarizes the thesis and provides directions for future work.
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