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Abstract

In this thesis, a parallel-RC feedback and a transformer noise-canceling low
noise amplifier for ultra-wide-band applications-are presented. These propose circuits
are implemented by the TSMC 0:18=4m CMOS process.

In our first design, the parallel-RC shunt feedback with a source inductance is
proposed to obtain the broadband input matching and to reduce noise level effectively.
The parallel-LC network at drain is drawn to further suppress the high-frequency
noise and a low noise level is achieved. Measured results show that minimum noise
figure is 2.5 dB. The power gain is 10.9-13.9 dB from 3.1 to 10.6 GHz. The input
return loss is below —9.4 dB from 3.1 to 15 GHz. It consumes 14.4 mW from 1.4 V
supply voltage and occupies an area of only 0.46 mm?.

In our second design, a transformer input stage is proposed to achieve broadband
noise cancellation and input matching with small chip area and low power

consumption. Measured results show that minimum noise figure is 3.8 dB. The power



gain is more than 10.2 dB from 0.7 to 11.5 GHz. The input return loss is below —
10.1 dB from 3.1 to 13 GHz. It consumes 9.7 mW from 1.2 V supply voltage and

occupies an area of only 0.47 mm?.
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Chapter 1 Introduction

Chapter 1 Introduction

1.1Related Works and Motivation

In recent years, Ultra-wide-band (UWB) systems have attracted more interest due to their
capability of transmitting data withshigh data rate and low power consumption. For IEEE
802.15.3a standard, the allocated band of-dWB.is between 3.1-10.6 GHz. The wide-band low
noise amplifier (LNA) for wireless front-end radio frequeney receiver is a critical block. Since
the LNA is the first gain stage in the receive path, its noise' figure directly adds to that of the
system. Thus the LNA needs.to fulfill several-requirements, such as broadband input matching,
sufficient power gain, and low noisg figure, etc.

Recently, CMOS technology has suddenly become the topic of active research because of
its low cost, low power, and high integration. Several major types of UWB CMOS LNAs
have been reported. However, LNA’s performances almost always involve trade-offs. For
example, although the distributed amplifier (DA) provides good wideband input matching and
flat gain, it consumes more power and chip area. The resistive shunt feedback is a well-known
wide band technique, which provides wide band input matching but increases NF due to the
local feedback [1]. The inductive degeneration can only provide a narrowband input matching
but it can achieve better noise performance [2]. Another technology is to use a multistage
input filter for broadband input matching [3]. However, the input filter insertion loss degrades

the LNA’s NF, and a large chip area is unavoidable.

1



Chapter 1 Introduction

To solve these problems, a parallel-RC feedback and a transformer noise-canceling LNAs
are presented for UWB applications. In our first design, the parallel-RC shunt feedback with a
source inductance is proposed to obtain the broadband input matching and to reduce noise by
the local feedback effectively. The parallel-LC network at drain is drawn to further suppress
the high-frequency noise and a low noise level is achieved. It needs only a small inductor for
broadband matching, so chip area can be realized in a small area. In our second design, a
transformer input stage is proposed to achieve broadband noise cancellation and input
matching. The proposed noise-canceling technique can achieve noise cancellation and signal
addition without high-Q inductors, so it can be realized in a small chip area with low power

consumption.

1.2 Thesis Organization

The thesis consists of five chapters. Chapter 1 gives aintroduction. Chapter 2 describes
basic concepts in LNA design, emphasizing-the-effects of noise and nonlinearity. Chapter 3
discusses a parallel-RC feedback: UWB._LNA with, simulation and measured results. In the
Chapter 4, a broadband noise-canceling LNA using transformer is introduced. Eventually, all

the work is summarized and concluded in Chapter 5.
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Chapter 2 Basics of LNA Design

2.1Effects of Nonlinearity

While many RF circuits can be approximated with a linear model to obtain their response
to small signals, nonlinearities often” lead to interesting and important phenomena. For a

nonlinear system, the input-output relationship-can be approximated as
Y (t) = ax(t) +a,x? (t) + ax* (t) (2.1)

Equation (2.1) can help us to understand some effects of nonlinearity.

2.1.1  Harmonics
If a sinusoid is applied to a nonlinear system, the output generally exhibits frequency

components that are integer multiples of the input frequency. In (2.1), if x(t)= Acoswt, then

y (t) = a,Acos at + a,A® cos® at + a, A° cos® wt (2.2)
2 3
= a,AcoSs ot + %;‘ (1+cos2at) + 0‘3:\ (3coswt +cos3at) (2.3)
A? A A? A’
_ %0 (a1A+ 3“2 jcos ot + %2 cos2mt + a34 cos 3wt (2.4)

In Eq. (2.4), the term with the input frequency is called the “fundamental” and higher-order

terms the “harmonics”.
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2.1.2  Gain Compression

The small-signal gain of a circuit is usually obtained with the assumption that harmonics
are negligible. In fact, nonlinearity can be viewed as variation of the small-signal gain with
the input level. As the signal amplitude increases, the gain begins to vary. In most circuits of
interest, the output is a “compressive” or “saturating” function of the input; that is, the gain
approaches zero for sufficiently high input levels. In (2.14) this occurs if az < 0. Written as
a1 +3a3A%/4, the gain is therefore a decreasing function of A. In RF circuits, this effect is
quantified by the “1-dB compression point”, defined as the input signal level that caused the

small-signal gain to drop by 1 dB (Fig. 2.1).

20l0gA,;

>
Al—dB 20|Og Ain

Figure 2.1 Definition of the 1-dB compression point.

2.1.3  Inter-modulation

When two signals with different frequencies are applied to a nonlinear system, the output
in general exhibits some components that are not harmonics of the input frequencies. Called
inter-modulation (IM), this phenomenon arises from “mixing” (multiplication) of the two
signals when their sum is raised to a power greater than unity. We assume

X(t)=A1coswit+Ascosmyt. Thus,
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y(t) =, (Acoswt + A, cosamyt)+a, (A cosmt + A, cosa,t )’
+a, (A cosat + A, cosat)’ (2.5)

Expanding the left side and discarding DC terms and harmonics, we obtain the following

inter-modulation products:

w=w, o, ,AA,cos(a +o,)t +a,AA, cos(w, —w, )t (2.6)
2 2A2
=20, tw, '%COS(Za)lJra)z)t+%COS(2@1—a}2)t (2.7)
2 2
=2w,tw,: %003(2@2 + o, )t +%COS(2Q}2 — o)t (2.8)

and these fundamental components

0=0,0,: (ozlAl +%a3Al3 + gasAiAzz)COS ot + (ozlA2 + %asAf + g%AZAijOS ot (2.9)

As shown in Fig. 2.2, if a-weak signal accompanied by two strong interferers experiences
third-order nonlinearity, then one of ‘the M products falls“in the band of interest, corrupting

the desired component.

Interferers
¢ Desired

Channe' Low- NOISE
Amplifier
o, ®, | : 3 o 0, |

Za) -0, 20,-0

Figure 2.2 Corruption of a signal due to inter-modulation between two interferers.
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This phenomenon can be measured by a two-tone test in which A is chosen to be sufficiently
small so that higher-order nonlinear terms are negligible and the gain is relatively constant
and equal to a;. From (2.7), (2.8), and (2.9), we note that as A increases, the fundamentals
increase in proportion to A, whereas the third-order IM products increase in proportion to A®,
Plotted on a logarithmic scale, the magnitude of the IM products grows at three times the rate
at which the main components increase. As shown in Fig. 2.3, the third-order intercept point
is defined to be at the intersection of the two lines. The horizontal coordinate of this point is

called the input IP3 (11P3), and the vertical coordinate is called the output IP3 (OIP3).

A 20Io/g(alA')

Ol
3 / .
ZaSA /‘\~20Iog(za3A3j
g
A / IIP, 20log A
() (b)

Figure 2.3 The third-order intercept point-in a two-tone inter-modulation test.

In Fig. 2.4(a), ALxtan0, — ALxtan0; = AP, tanf,= 3tan0;, and tan6; =1, we can obtain AL=
AP/2, and
1
20log A, = E(20|og A, ., —20log A,, )+20log A, (2.10)
That is, if all the signal levels are expressed in dBm, the 1IP3 is equal to half the difference

between the magnitudes of the fundamentals and the IM3 products at output plus the

corresponding input level.
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Main Signal Power

0
0||33A ) ¥
Alr—~4 09
IAP
AP - IM Power T T ,,,,,,,,,,,,
! w, . ! w’
Y | 1%
20, -0, 20,-0,
| AP |
‘ > = _
I ||P3 ”PS 2 +P|n|dBm
20log A,
() (b)

Figure 2.4 (a) Graphical interpretation of HP3, (b) calculation of 11P; without extrapolation.

2.2 Noise

Noise can be loosely defined as any random interference unrelated to the signal of interest.
In this subsection, we will introduce two major-noise sources in RF circuit, some definition,
and noise analysis technique.
2.2.1  Thermal Noise

Present in all circuits is thermal noise, generated by resistors, base and emitter resistance

of bipolar devices, and channel resistance of MOSFETS.

Resistor Thermal Noise The random motion of electrons in a conductor introduces
fluctuations in the voltage measured across the conductor even if the average current is zero.

Thus, the spectrum of thermal noise is proportional to the absolute temperature.
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Noiseless -t
Resistor

\ 4 O
R V7
Noiseless -
o M ( ) o Resistor%R I;
® O
(@) (b)

Figure 2.5 Thermal noise of a resistor: (a) equivalent series voltage source, (b) equivalent

parallel current source.

As shown in Fig. 2.5, the thermal noise of a resistor R can be modeled by a series voltage

source or a parallel current source.

V2 = AKTRAf (2.11)

12 = 4KT /R Af (2.12)

Where k=1.38x10"2J/K is the Boltzmann constant:

MOSFETs MOS transistors also exhibit‘thermal-noise. The most significant source is the
noise generated in the chanmel. The channel noise’can be modeled by a current source

connected between the drain and source terminals.
EZ4kT}/ng (2.13)

Where gqo is the drain-source conductance with Vps=0.

-

Figure 2.6 Thermal noise of a MOSFET.
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2.2.2  Flicker Noise

The interface between the gate oxide and the silicon substrate in a MOSFET entails an
interesting phenomenon. Since the silicon crystal reaches an end at this interface, many
“dangling” bonds appear, giving rise to extra energy states (Fig. 2.7). As charge carriers move
at the interface, some are randomly trapped and later released by such energy states,
introducing “flicker” noise in the drain current. Unlike thermal noise, the average power of
flicker noise cannot be predicted easily. However, it can be easily modeled as a voltage source

in series with the gate and roughly given by
vi-_K 1
" C,WL f

(2.14)

where K is a process-dependent constant .on.the order of 10°°V?F. Note that our notation

assumes a bandwidth of 1Hz.

Polysilicon
SiO,
Dangling
Bonds ;|
Silicon
Crystal

Figure 2.7 Dangling bonds at the oxide-silicon interface.

2.2.3 Input-Referred Noise
As shown in Fig. 2.8, the noise of a two-port system can be modeled by two input noise
generators: a series voltage source and a parallel current source. Sometimes, this

representation of noise can help us to analyze noise clear.

9
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Noisy
Circuit

Noiseless
Circuit

Figure 2.8 Representation of noise by input noise generators.

2.2.4  Noise Figure

In many analog circuits, the signal-to-noise ratio (SNR), defined as the ratio of the signal
power to the total noise power, is an important parameter. In RF design, most of the front-end
receiver blocks are characterized in terms of their “noise figure” rather than the input-referred
noise. This is partly for computational convenience and partly from tradition.

Noise figure has been defined inja_number of different ways. The most commonly

accepted definition is

noise ~ figure = SNRy, (2.15)
SNR_

where SNRj, and SNR,, are the signal-to-noise raties measured at the input and output,

respectively. Changing the expression slightly, we have

= Inon (2.16)

where V2  represents the total noise at the output. Thus, to calculate NF, we divide the total

n,out

10
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output noise power by the square of the voltage gain from Vi, to Vot and normalize the result

to the noise of R..
2.2.5 Noise Figure of Cascaded Stages

- A A
Rs VR’ZS Vn21 /—\ Vn22 /\

V. -t - 12 Stage 1 U Stage 2 RV
in Inl r 4-I L Yout
- —_— | |
R

R R

outl |n out2

O

Figure 2.9 Cascaded noisy stages.

For a cascade of stages,,the overall noise figure can be obtained in terms of the NF and
gain of each stage. Consider the system shown in Fig. 2.9; where NF; and NF; is the noise
figure of the first stage and the secondsstage, respectively.'Note that reactive components of
the impedances are nulled and A,s and A, denote the unloaded voltage gain of two stages.

The total noise power at the input of the first stage can be written as

R, | = R
Vnzinl = Inl(Rs ” Rin1)+vnl¢ +V2 # (217)
’ R + Rs (le +R )
The total noise power at the input of the second stage is
R, R, |
=V’ —=— | +|1,(R R,)+V , ——n2 2.18
|n2 |nlA\/1 [ Routl + R j |: n2 ( outl ” |n2) n2 Rin2 + Roml:' ( )

Thus, the total output noise power of the cascade equals

R

I S 2.19
(R+R.) 219

2
ntot - mZA/Z

Since the total voltage gain from Vi, to V,,: equals

11
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Rinl A\/l Rin2 A\/z RL (220)

AI’tOt ) RS + Rinl Routl + Rin2 Rout2 + RL

the overall noise figure is

2
NFtot = g- A\/ZZ( RL J Vnz,in2 ' 1 (221)
Jtot RL + F\)outz 4kTRS

Using (2.17) and (2.18) and simplifying the result, we have

NF — n2"’ ‘outl n
“ 4KTR, AL a’ 4KTR,

2 2
_4H&+Um&+wJ+XIR +vg_% 1 (2.22)

2
. R
where a is equal to | —™2— | .
RS + Rin1

The first term on the right-hand side can be,identified as the NF of the first stage with respect
to a source impedance Rs. The second term, on the-other hand, is not as straightforward. In the
special case where Rs=Rin1=Rout1=Rin2,-We have

(Ians +Vnz)2 1

NF -
@A | AKTR,

tot

= NF+

NF, -1
2 A2
1

= NF, + (2.23)

where NF; is the noise figure of the second stage with respect to a source impedance Rs.

In the general case, we simplify (2.23) using the concept of “available power gain,” A,.
This type of gain is defined as the available power at the output (the power that the circuit
would deliver to a conjugate-matched load) divided by the available source power (the power
that the source would deliver to a conjugate-matched circuit.) The available output power of

stage 1 in Fig. 2.9 is

1
4R

P

out,av

2 272
:Vina A\/l'

(2.24)

outl

and the available source power is

12
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Vin
source,av 4R3 (225)
Thus,
22 Rs
A =a’A, (2.26)
I:zoutl
We can write (2.23) as
NF, = NF;, + NF, -1 (2.27)
AD
Similarly, for m stages,
NF, =1+(NF 1)+ N, NF ol (2.28)
pl Apl o Ap(m—l)

where the NF of each stage is calculated with respect to the source impedance driving that
stage. This is called the Friis equation=[4]= The “Friis equation indicates that the noise
contributed by each stage decreases as the gain.preceding-the stage increases, implying that

the first few stages in a casecade are the most-critical.

2.3 Sensitivity and Dynamic Range

2.3.1  Sensitivity
The sensitivity of an RF receiver is defined as the minimum signal level that the system

can detect with acceptable signal-to-noise ratio. To calculate the sensitivity, we write

— SNRin
SNR,,,

— I:)sig/F)RS
SNR,

NF

(2.29)

where Psiq denotes the input signal power and Pgs the source resistance noise power, both per
unit bandwidth. Since the overall signal power is distributed across the channel bandwidth, B,

the (2.29) must be integrated over the bandwidth to obtain the total mean square power. Thus,

13
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for a flat channel,

P

sig,tot

— P -NF-SNR

out

B (2.30)

Assuming conjugate matching at the input, we obtain Pgs as the noise power that Rs delivers

to the receiver:

_4KTR; 1
RS 4 R

= kT
= —174dBm/Hz (2.31)

at room temperature. Expressing the quantities in dB or dBm, we thus simplify (2.30) as

P

 min = —174dBm/Hz + NF| 5 +1010g B+ SNR ;. | (2.32)
Note that the sum of the first three terms is the total integrated noise of the system and is
sometimes called the “noise floor”

2.3.2  Spurious-Free-Dynamic range (SFDR)

Dynamic range (DR) is‘generally defined as the ratio of the maximum input level that the
circuit can tolerate to the minimum“input level at which the circuit provides a reasonable
signal quality. This definition is quantified in different applications differently. In RF design,
on the other hand, the situation is more complicated. We base the definition of the upper end
of the dynamic range on the inter-modulation behavior and the lower end on the sensitivity.
Such a definition is called the “spurious-free dynamic range” (SFDR).

The upper end of the dynamic range is defined as the maximum input level in a two-tone
test for which the third-order IM products do not exceed the noise floor. Expressing all of the
quantities in dBm, we can rewrite (2.10) as
P.—P

out IM ,out
I:)IIP3 - I:)in +

2 (2.33)

where Pywou denotes the power of IM; components at the output. Since Po,=Pin+G and

Piv.out=PimintG, where G is the circuit’s power gain in dB and Py, is the input-referred level

14
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of the IM3 products, we have

P — P + in IM ,in
11P; in 2
3P —P,.
— in IM ,in (234)
2
and hence
= 2|:)IIP3 + PIM,in (235)
3
The input level for which IM products become equal to the noise floor is thus given by
2P, +F (2.36)
in,max 3 '
where F = -174dBm+NF+10log B.
The SFDR is the difference (in dB) between Pin max and Pin min:
2P, +F
SFDR =%—(F +SNR i, )
2| P, —F
— ( IIP; )_SNRmin (237)

The SFDR represents the maximum relative-level of interferers that a receiver can tolerate

while producing an acceptable signal-quality froma small input level.

A
OIP,

Figure 2.10 Spurious-free dynamic range.
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2.4 Topologies Low Noise Amplifiers

In RF circuit design, the input and output matching is an important parameters, which
indicate that how many power is reflected. When the amplifier of our design is the first gain
stage in the receive path, not only impedance matching but also noise figure is significant
consideration, since its noise figure directly adds to that of the system. In this subsection, we

will introduce six input matching architectures.

2.4.1  Input Matching

A. Resistive termination

RL

Z &
4o % '

Figure 2.11 Common-source amplifier with shunt input resistor.

out

One straightforward approach to providing a reasonably broadband 50 Ohm termination is
simply to put a 50 Ohm resistor across the input terminals of a common-source amplifier. In
Fig. 2.11, a 50 Ohm resistor is placed in parallel with the input, and the capacitive part of
input impedance is canceled by an external inductor.

The termination resistor, however, generates noise as well. In fact, the noise figure of a

stage consisting of a parallel resistor R, with respect to a source resistance Rs is

NF =145 24
Rp a 9,Rs

(2.38)
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where 0=0m/Jqo.

Unfortunately, the resistor R, adds thermal noise of its own, and attenuates the signal ahead of
the transistor. The combination of these two effects generally produces unacceptably high
noise figure. For Ry=Rs, the noise figure of the LNA exceeds 3dB. The key point here is that
the circuit must exhibit a 50 Ohm input resistance without the thermal noise of a 50 Ohm

resistor.

B. Resistive shunt feedback

Figure 2.12 Resistive shunt feedback.

The circuit topology of a resistive shunt feedback LNA is shown in Fig. 2.12, which can

provide a broadband input matching. The input impedance can be derived as

_ Re+Ry

- (2.39)
1+ gmlRLl

The resistive feedback network continues to generate thermal noise of its own. The noise

figure can be derived as

2 R 2 R 2
1+ 1+ =
NF :1+i 1+ gmlRS + 1 RF + 7gml RF (2 40)
1 B | RR,| 1 aR| 1 '
S| = _ R s | = s | = _
ﬁ gml F RF gml RF gml
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As a consequence, this topology typically requires larger power consumption or more
advanced technologies to achieve an acceptable NF. This is primarily due to the inherently
low transconductance of CMQOS, which not only degrades the noise performance but also

prohibits the use of a large feedback resistor.

C. Common Gate

Figure 2:13'Common-gate stage.

Figure 2.13 depicts a common-gate stage designed to exhibit an input resistance of 50
Ohm; that is, 1/(gm+gmp)=50 Ohm. The input capacitance may be nulled by means of an
external inductor. With the input impedance matched to 50 Ohm, its noise figure NF is

derived as

NF =112+ 2R (2.41)
a R,

The principal drawback of this topology is that the transconductance of the input transistor
cannot be arbitrarily high, thus imposing a lower bound on the noise figure. The noise figure
will be significantly worse at high frequencies and when gate current noise is taken into

account.

18
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D. Inductive degeneration
Another topology of creating an input resistance of 50 Ohm is illustrated in Fig. 2.14.

Neglecting the gate-drain and source-bulk capacitance, we can write

Onks 1
Z, =—"—=+s(L+L, |+— 2.42
in C ( S g) sC ( )

gs gs

The inductance Ls is chosen to provide the desired input resistance (equal to Rs, the source
resistance). Since the input impedance is purely resistive only at resonance, an additional
degree of freedom, provided by inductance Lg, is needed to guarantee this condition. An
important advantage of this method is that one then has control over the value of the real part
of impedance through choice of inductance. Whatever the value of this resistive term, it is
important to emphasize that it does not bring with it the thermal noise of an ordinary resistor
because a pure reactance is noiseless. We may therefore exploit this property to provide a
specified input impedance without degrading-the'noise performance of the amplifier.

The principal drawback-of this topology-is that the input impedance is purely resistive at

only one frequency (at resonance), however; sorthis method can only provide a narrowband

impedance match.

RL
Lg Vou’[
RS Zin
LS
V.

Figure 2.14 Resistive termination by Inductive degeneration.
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E. Multistage input filter

As shown in Fig. 2.15, this topology is to use a multistage input filter for broadband input
matching. Although this filter-type topology achieves broadband matching and low power
consumption, the input filter insertion loss degrades the amplifier’s noise performance, and
this loss must be compensated for by increasing the gain, thereby lowering bandwidth. In
addition, this topology requires a large number of high-Q inductors at the input, making it

difficult to realize them in a small chip area.

Broadband
LC-filter

in -

Figure 2.15 Multistage input filter.

F. Distributed amplifier

The basic distributed amplifier is shown in Fig. 2.16. The input impedance matching is

achieved by designing the characteristic impedance of transmission line, Z,=,/L,/C, ,

equal to the source impedance, Rs, usually 50 Ohm. To avoid unwanted reflection from the
transmission line, the gate-termination resistor, Ry is also set equal to the characteristic
impedance, Zo.

The distributed amplifier provides good impedance matching and flat gain over a wide

range of frequencies. However, the demand for high-quality transmission lines makes them
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less attractive to low-cost applications because of the larger chip area and higher power

consumption.

Figure 2.16 Basic distributed amplifier.

24.2 Summary

The summary of six input.matching. architecturesis listed in Table I. The resistive
termination provides good input matching but the resistor increases noise figure. The resistive
shunt feedback provides wide band input matching but increases noise figure due to the local
feedback resistor. The common-gate stage also provides wide band input matching. However,
lower bound on the noise figure is restricted by lower transconductance. The inductive
degeneration can only provide a narrowband input matching but it can achieve better noise
performance. The multistage input filter topology provides broadband matching and low
power consumption but insertion loss degrades the noise performance. Finally, the distributed
amplifier provides good wideband input matching and flat gain. However, it consumes more

power and chip area.
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Table |

Six input matching architectures summary

RL
VOLII
RS
\/in( E; Rp%
(a) Resistive termination. (b) Common-gate stage.
Resistor degrade the noise figure. Lower bound on noise figure.
=R, R=
L \Y
R g out
M Vout —°
Wy
R z—

RS in
| L
VC_E) v, °
y4

in
— — —
O O

(d) Inductive degeneration
(c) Resistive shunt feedback

) : Narrew:band but can achieve better noise
Broadband but higher power consumption:

performance.

RS
Vln -
(e) Multistage input filter (f) Distributed amplifier
Broadband but insertion loss degrade noise Broadband and flat gain but large chip area with
performance with large chip area. high power consumption.
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2.5 Bandwidth Techniques

The bandwidth enhancement is achieved by shunt peaking, a method first used in the
1940’s to extend the bandwidth of television tubes. We first describe the fundamentals of this

approach. Then we will introduce a triple-resonance architecture.

2.5.1  Shunt Peaking

Although inductors are commonly associated with narrow-band circuits, they are useful in
broadband circuits as well. In this section, we study how an inductor can enhance the
bandwidth of a broadband amplifier [5].

We consider the simple common source amplifier illustrated in Fig. 2.17. For simplicity,
we assume that the small signal-frequency response of this amplifier is determined by a single
dominant pole, which is determined-solely.by: the. output load resistance R and the load

capacitance C [see Fig. 2.17(b)].

Vi g R
Yo (y=—9n" | 243
el 1+ joRC (2.43)

The introduction of an inductance L-in_series-with ‘the load resistance alters the frequency
response of the amplifier [Fig. 2.17(c)]. This technique, called shunt peaking, enhances the
bandwidth of the amplifier by transforming the frequency response from that of a single pole

to one with two poles and a zero [Fig. 2.17(d)].

Vas () = 9, (R+ jol)
V. 1+ joRC —@°LC

(2.44)

The zero is determined solely by the L/R time constant and is primarily responsible for the
bandwidth enhancement. The frequency response of this shunt peaked amplifier is
characterized by the ratio of the L/R and RC time constants. This ratio is denoted by m so that
L=mR°C.

Fig. 2.18 illustrates the frequency response of the shunt-peaked amplifier for three cases.
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The case with no shunt peaking is used as the reference so that its low-frequency gain and its

3-dB bandwidth are equal to one.

Voul Vuut
L L g
“Q l:l I l

@ (©

-

< -

gmvin R :E - C gmvin 0 N - C
= =

(b) (d)

Figure 2.17 Shunt peaking.a common source amplifier. (a):Simple common source amplifier
and (b) its equivalent small signal,model:"(¢) Common source amplifier with shunt peaking

and (d) its equivalent small signal model.

13

—o— No peaking
—e— Maximally flat
—e— Maximum BW

1.2 1

1.1+

0.9+

0.8 1

0.7 1

Normalized S21

0.6- e

0.5 °
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Normalized frequency

Figure 2.18 Frequency response of shunt-peaking amplifier for three cases.
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2.5.2  Triple-Resonance Architecture

To arrive at the concept of the triple-resonance amplifier (TRA) [6], first consider the
inductively peaked cascade of two stages shown in Fig. 2.19(a), where it is assumed that M;
and M, contribute approximately equal capacitance (C/2) to node X. As the frequency

approaches

1

Jic

the impedance of L; rises, allowing a greater fraction of Ip; to flow through C;1+C, and hence
extend the bandwidth.

To increase the bandwidth, we insert an inductor L; in series with C, [Fig. 2.19(b)] such
that L, and C, resonate at w1, thereby acting as a short.and absorbing all of Ip;. Now, Ip; flows
through C, rather than C;+C;, leading/to_a more gradual roll-off of gain. For L, and C, to
resonate at wi, we have L,=2L;. Since, in practice, C; and C» are not exactly equal, the ratio of
L, and L, can be adjusted to compensate-for this difference. To minimize peaking, the output

voltage at this frequency I;n/(Coe1) must be equal to that at low frequencies IinR;, yielding

o
R=2)f 2 (2.46)

The series resonance of L, and C, depicted in Fig. 2.20(a) not only forces all of I;, to flow
through C,, but reverses the sign of the impedance Z,, thus making Vy negative for w>w;. As
illustrated in Fig. 2.20(b), 1; and 1, must therefore flow into node X and, together with I;,, pass
through C,. Consequently, |Vou/lin| continues to rise until the z network consisting of Cy, Lo,
and C, begins to resonate [Fig. 2.20(c)], presenting an infinitely impedance at node X and
allowing all of I;, to flow through R; and L. For @>w», the 7= network becomes capacitive and
[Vout/lin| begins to fall, returning to the mid-band value R; when the impedance of the =
network resonates with L; [Fig 2.20(d)]. The amplifier exhibits the frequency response shown

in Fig 2.21.
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Figure 2.20 Behavior of a triple-resonance circuit at different frequencies.

out

D1

, 0, @ O

Figure 2.21 frequency response of the TRA.
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Chapter 3 Design of Parallel-RC feedback UWB LNA

The challenge of building a single radio frequency front-end capable of receiving and
processing a multiplicity of bands has stimulated interest in broadband RFIC design. As
discussion in section 2.4, the resistive shunt feedback suffers high noise figure and the
inductive degeneration can only. provides narrow band.=To solve these problems and combine
the advantages of them, a CMOS UWB-LNA with low_noise figure, small chip area, and

higher figure of merit (FoM) Is presented.

VDD__ VDD VD 1
LDZ
LDl
R
CDl L2 I:
.||_| I_ VG M4

ol— M3 J Vout
CF ERLl
|—| R, (¥
RF
R
B1 -
: I Ml Mz
Rs
Vi, Ls:
) Input stage ” :Second stagé butput buffeF

Figure 3.1 Proposed UWB LNA.
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3.1 Circuit Design and Analysis

The proposed UWB LNA is depicted in Fig. 3.1. It consists of an input stage, a casecode

second stage, and an output buffer. We will discuss their function in order.

3.1.1 Input Stage

R
FEEIpRE

Figure 3.2 (a) Miller equivalent Circuit. (b) series converted to parallel of equivalent circuit.

The input stage provides the broadband power and noise matching. The input impedance

Z'in Seen looking into the gate of transistor M is [2]

L 1
Z: =g, —%+sLg, +—— 3.1
in gmlC S1 SC ( )

gsl gsl

where gm1 and Cgg is the transconductance and the gate-to-source capacitance of the transistor
M, respectively. From Fig. 3.1, using Miller’s theorem to convert the input stage to that
shown in Fig. 3.2(a), we have Rr’=Rg/(1+A,) and C-'=Cg(1+A,), where A, is the voltage

gain from gate to drain, and is equal to
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sC..Z,,—0.Z: )2
A/ :( gs1%=in gm F) L (32)
SCgslzi‘n (ZF + ZL)

Equation (3.1) presents a series-RLC network. For simplicity, the series combination of R, L,
and C can be converted to the equivalent parallel circuit shown in Fig. 3.2(b), where Ry, Ly,

and C, can be derived as

R, =2 +(wLR_]/wc)z (33)

L R2+(a)L—ZI/a)C)2 (3.)
P @°L

1

¢ :a)zC(R2+(a)L—]/a)C)2)

p

(3.5)

Thus, the input impedance Z;; can be derived as

Z, =(Re|l Rp)n[st n;} (3.6)

s(Ci+C,)

Referring to (3.6), we can make the “following observations. First, the form of (3.6) clearly
shows that the input impedance is purely resistive at resonance. Thus, a proper choice of gma,
Lsi, Rr, and Cg yields a 50 Q real part. In (3.6), C; makes the capacitive reactance of Zj,
closer to the inductive reactance. In other words, Cr makes the imaginary part of Z;, closer to
zero (see Fig 3.3). Thus, Zj, is dominated by Rg’ /R, during several gigahertz. As a result, the
optimal choice of gmi, Ls1, Re, and Crg ensures broadband input matching condition. Second,
the resistive component at the input is the parallel combination of Rx" and R, and the local
feedback noise is inversely proportional to Rg; hence we can select larger feedback resistor Re
in order to suppress noise. The effect of Re on NF is shown in Fig. 3.4. Third, different from
the conventional inductive degeneration [7], the design in this study only uses a small

inductor Ls; for input matching, so the core area can be reduced.
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Figure.3:3 Effect of Cr on input impedance.
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Figure 3.4 Effect of RF on NF.
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From the above observations, the proposed input stage has combined the advantages of
the resistive feedback and the inductive degeneration and can provide wide-band input
matching and better noise performance with a relatively small area. Moreover, a general noise
figure of common-source amplifier is linearly proportional to the frequency in 3-10 GHz. The

noise factor of input stage Fi, is equal to

V2 1

_ Ynol

= 3.7
" A 4KTR, 3.7

where V, o1 represents the total noise at output of input stage, which includes the thermal noise
of Rs, Rr, RL1, and M;. From Fig. 3.2(a) the noise contributed by Rs, Rg, and Mj is
proportional to Ay, so Ry 3 plays a critical role in increasing Fi, due to low A, at high frequency.
Thus we suppress the high-frequency noise of Ri; to/maintain low NF. As depicted in Fig. 3.5,
we assume that the impedance seen ltooking 'into the drain .of M is equal to Z,, the impedance

of parallel-LC circuit is Z, ¢;-and the output noise voltage contributed by R, ; can be derived as

2
V22 AKTR % Zo (3.9)
n,ol 11 2
(ZO+RL1+ZLC)

From (3.8) the Vo is inversely ‘proportional to* Z, ¢, so the output noise voltage can be
effectively reduced at resonance. As shown in Fig. 3.6, the Lp;, Cps, and Ls; can reduce

high-frequency noise (7- 15GHz) effectively.

CF
\/
RlF—l <_ZO R r:1>ol
R,
M, nR+
R AL
S L, i
- I‘Dl CDl

Figure 3.5 Equivalent circuit for suppressing thermal noise of R;.
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Figure 3.6 Effect of Lp,; Cp, and Ls; on NF of input stage.
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g__I B
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Non-FBB

Figure 3.7 I-V characteristics of MOSFET with and without FBB.

3.1.2 Second Stage

The second stage is a cascode common-source stage, which provides high-frequency gain
and better isolation. The transistor M3 is used for improvement of M;’s Miller effect, better
isolation, and higher gain. The series peaking inductor Lp, can resonate with the total parasitic
capacitances Cps at the drain of M3, and a resistor Rp; is added to reduce Q factor of Lp, for

flat gain.
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For deep-submicrometer MOSFETS, the threshold voltage V; is no longer constant, but
influenced by circuit parameters such as gate length, channel width, and drain-to-source
voltage due to the short-channel and narrow-channel effects [8]. Typically, transistors with a
large channel width and a minimum gate length exhibit a reduced V;, which is preferable for
low-voltage operations. For a MOSFET device, the threshold voltage is governed by the body

effect as

Vi =Vio +(\20N,z5 /C,, )2 +Veo] — 1245 (3.9)

where Vy is the threshold voltage for Vsg=0, ¢ ¢ is a physical parameter with a typical value of
0.3 V, N, is the substrate doping, and &s is the permittivity of silicon. From (3.9) we can know
that by applying a forward body bias (FBB) technology (see Fig. 3.7), the effective threshold
voltage is thus reduced while maintaining a minimumsforward junction current between the
body and the source terminals.

As shown in Fig. 3.1, we use a voltage.divider which consists of resistors Rg; and Rg; to
achieve the Forward Body Bias technique[8]:7Argeneral FBB needs an extra DC bias. In other
words, we can save an extra DC pad by using a voltage divider, therefore the complexity of
layout is lessened; and the FBB can furtherobtain same gm, with a low supply voltage so that
the power consumption can be reduced. Finally, Fig. 3.8 shows simulation frequency response
of input stage, second stage, and overall stage. The input stage and the second stage provides
low-frequency power gain and high-frequency power gain, respectively. The combination

both frequency response results a broadband power gain.
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Figure 3.8 Simulation frequency response of input stage, second stage, and overall stage.

3.1.3 Output Buffer

The output buffer is a simple source follower: The output impedance can be approximated
as 1/gm, which is selected#as 50 Ohm for output matching. In order to reduce the parasitic
capacitance arisen from a large device;, the input-device of this buffer must be reduced despite

the larger loss occurs. The fixed bias current for- My is'4.4 mA from 1.4-V supply.

3.1.4  Noise Analysis

The noise figure of the proposed LNA is dominated by Mj, Rg, and Ri1 and can be derived

as
7ngE[(ZF +Rs ||Ziyn+ZL)Zi’nSCgsl]2 1
M1~ 2 A2R (3.10)
a[ngL (RS ” Zi]n)+(ZF + RS ” Zi’n +ZL)Zi‘nSCgsli| A’ S
. ReZ2[ 0 (R 11Zi0)+ Z4SCysy | S
(l+ SCF RF )2 |:( RS ” Zi'n)ngL +(ZL + ZF + RS ” Zi’n)zi’nscgsl] A’ RS
FLo— % R (3.12)

(Ze +RL+Z,) AR
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where Z, is defined by

7 - (ZF +Rs |l Ziyn)ziynscgsl (3.13)
’ 1+ gm(RS ”Zln) .

Thus, the total noise factor F is approximated as

F=1+F,, +F¢ + Ry (3.14)
In Equation (3.11) and (3.12), the Fgrr and the Fgp1 is inversely proportional to Rg and Z,c,
respectively. As a result, a larger feedback resistor Rg and a parallel-LC network can suppress

noise effectively.

Figure 3.9 Noise equivalent circuit of input stage.

3.2 Experimental Results

The proposed UWB LNA has been fabricated by the TSMC 0.18-um CMOS process. The
chip microphotograph is shown in Fig. 3.10. The chip area is 0.697 mm x 0.657 mm including
testing pads. The measurement is carried out on wafer for RF characterization.

Fig. 3.11 shows measured and simulated power gain and input return loss of the UWB
LNA. The measured power gain is 12.4 dB (x1.5 dB variation) over 3.1 to 10.6 GHz. The

measured high-frequency gain is less than simulated one about 1.4 dB. It may be due to
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process variation and inaccuracy of inductor and transistor models. The measured input return
loss is —9.4 to —32.5 dB from 3.1 to 15GHz. Fig. 3.12 shows measured and simulated
output return loss and reverse isolation of the UWB LNA. The measured output return loss is
below —8.5dB and the measured reverse isolation is below —45 dB across the entire band.

The measured and simulated NFs are illustrated in Fig. 3.13. The measured NF is 2.5-4.7
dB from 3.1 to 10.6 GHz. The measured NF is larger than the simulated one due to degraded
power gain. Fig. 3.14 shows IIP3 measured by applying two-tone test with 1-MHz spacing.
The measured 11P3is —8.5 dBm at 8 GHz.

In general, the figure of merit (FoM) is applied to evaluate performance of LNASs, and is

defined as [9]
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Figure 3.10 Chip microphotograph of the UWB LNA.
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Figure 3.11 Measured and simulated” power gain .(S21) and input return loss (S11) of the

UWB LNA.

Figure 3.12 Measured and simulated output return loss (S22) and reverse isolation (S12) of

the UWB LNA.
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Figure 3.13 Measured.and simulated noise figure of the UWB LNA.
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Figure 3.14 Measured IIP3 at 8 GHz.
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TABLE Il

Measured Performance Summary and Comparison

CMOS BW;. 45 Gmax NF 11P3 Power Area FoM

Ret. Technology (GHz2) (dB) (dB) (dBm) (mw) (mm?) wh
ThisWork | 0.18um 3.1-106 13.9 25—47 -85 14.4 0.46 57.1
[1 0.18um 1.2—-11.9 9.7 45-51 —6.2 20 0.59 15.5
[3]STD 0.18um 23-92 9.3 4—8 —6.7 9 1.1 25.5
[10] 0.18um 0.4—10 12.4 44—65 —6 12 0.42 328
[11]* 0.18um 3.1-106 17.5 3.1-57 — 332" 05 28.2
[12] 0.18pum 28—72 19.1 3—338 -1 32" 1.63 215
[13] 0.18um 0.04—7 8.6 42-6.2 +3 9 1.16 22.1

*: Simulation only.
" : The power consumption including buffer, ours is 21mW.

3.3 Summary

A UWB LNA is proposed and implemented by the TSMC 0.18-um 1P6M process. The
measured performance of the propesed LNA-is compared-with others, which is summarized in
Table Il. It is found that our circuit'achieves the-lowest noise figure and the best FOM. The
proposed UWB LNA compared with other UWB techniques has excellent noise performance,

small size, and higher FOM.
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Chapter 4 Design of Noise-Canceling UWB LNA

Since the LNA is the first gain stage in the receive path, its noise figure directly adds to
that of the system. As discussed in section 2.4, we suppress noise of LNA as much as possible
in order to obtain better SFDR. In this chapter, we use a transformer to achieve noise

cancellation with low power consumption and realize in. UWB frequency.

4.1 Noise-Canceling Principle

X4

| n,M1 :
RS

Vsignal

Lo

Figure 4.1 Principle of the noise-canceling technique.
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The purpose of noise cancellation is to decouple the input matching with NF by canceling
the output noise from the matching device. Fig. 4.1 illustrates an example, which is based on a
common-gate LNA. The input matching is accomplished by setting 1/gm: to 50 Q. The noise
current of M; is modeled by the current source I, m1, Which flows into node X but out of node
Y. This creates two fully correlated noise voltages at nodes X and Y with opposite phases.
These two voltages are converted to currents by Mz and My, respectively. By properly
designing gm2 and gms, the noise contributed by M; can be cancelled at the output. On the
other hand, the signal voltages at nodes X and Y are in phase, resulting in constructive

addition at the output. The condition for complete noise cancellation is derived as [1]

I
—_ " p ___nM1
1+ gmlRS ngm2 1+ gmlRS

n,M1 In,|\/|1

RngS =0

n,out

= 0,,Ru =0,.5Rs (4.2)
Although the noise contributed by M;-can-be.cancelled at the output, another input device Ms
is still contributed noise to-the output. Thus, the noise of the whole system is difficult to be
reduced to a very low level.

According to the points discussed above, by using a transformer to achieve noise
cancellation is proposed. An initially noise-canceling topology is depicted in Fig. 4.2. We will
be divided into signal and noise two parts and analyzed the noise-canceling principle. As
shown in Fig. 4.2(a), the input signal at gate of transistor M; can produce an opposite-phase
signal at drain of transistor M;. The transformer induces an opposite-phase signal at source of
M;. Consequently, the signals at source and drain of M; can be amplified and added to the
output via M, and Mg, respectively. As shown in Fig. 4.2(b), the noise current of M; is
modeled by the current source I, m1 Which flows into node X but out of node Y. This produces
two fully correlated noise voltages at nodes X and Y with opposite phases. These two voltages
are converted to currents by M, and M3, respectively. We assume that the impedance at drain

of My is Zp and impedance at source of M; is Zs, the output noise current can be derived as
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lnou = os (Zo X Gy = Zs X G ) (4.2)

Thus, the condition for complete noise cancellation is
Z5%X Gy —Zs X003 (4.3
The proposed noise-canceling technique does not have noise source contributed by another

input device, so we can be in order to expect its noise is suppressed effectively.

(b)

Figure 4.2 Proposed noise-canceling technique.
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4.2 Circuit Design of The Noise-Canceling UWB LNA

out

Figure 4.3 Proposed noise-canceling UWB LNA.

The proposed noise-canceling UWB LNA is.depicted in Fig. 4.3. The inductor L; is used

for shunt peaking, extending the bandwidth efficiently. The input capacitance of M3 influences

inductance of transformer to bring unnecessary resonance. In order to lighten this problem we

use a series inductor L, at source of Ms. Thus, the equivalent input capacitance of Mj is

reduced. The series inductor L3 further resonates with the input capacitance of Mg, resulting in

a large bandwidth. An output matching stage which consists of transistor M, and resistor R, 3

is added for measurement purpose only.
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4.2.1 Input Match

Fig. 4.4 shows the small-signal equivalent circuit for the transformer input stage. Parasitic
resistance in both the primary and secondary windings (rpri and rsec, respectively) are retained
in order to relate the physical size of the transformer to input impedance. The A is the forward
current gain from gate to source of My

A=2=1+g,Z, (4.4)

g

The feedback factor () is the inverse of the transformer’s effective turn ratio k/n. The k is the
magnetic coupling factor and n is the physical turn ratio. Here, g simplifies to (1/n) for the

model of Fig. 4.4. In Fig. 4.4, we have in=pis=pAig, the voltage of secondary winding Vs
Vg =Vyg =gl
=V, = BAI I, (4.5)
and the voltage of primary winding Vpri
Vo= oo = BV — BAIE,.) (4.6)

Then, we use a testing voltage source to calculate the input impedance. The testing voltage Vi

is derived as

V, =iy (1, +Zg + A )=V,

X pri

=L[A(ﬂ2rsec + rp,i)+ Iy +ng]

1+
=i, ﬁ (ﬂzrsec+rp,i)+';‘T_:+r—ﬂ (4.7)
and the testing current iy is derived as
I, =1+
=i, (1+ BA) (4.8)

Thus, the input impedance Z;, equal to V,/ix can be derived as
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A ) A-1 T,
“o = p) s ) [([” =" Wﬂ*ﬂ

m

1
z—(1+ﬂ)ﬂgm (4.9)

It depends chiefly on the feedback factor () and transconductance gn,. From (4.9), a proper

designed transformer and select gn, ensures broadband input matching condition.

Figure 4.4 Small-signal equivalent-circuit for the transformer input stage.

4.2.2  Noise Analysis

The transformer input stage shown in Fig. 4.4 has a transconductance (Gp) of

1 A-1

= 4.10
° Z. +R,1+ApB (4.10)

where A is the forward current gain from gate to source of M;
A==1+g,Z, (4.11)

lg

By applying the proposed noise-canceling technique, the noise figure of the LNA is
dominated by Ry 1, M,, and M3. We ponder a mismatch between gm2Zp and gmsZs, the noise
factor F can be derived as the following equations:

F =1+Fy; + Fay + Fu, + Fus (4.12)
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where Fui, Fri1, Fm2, and Fys are described by

2
B 7°4kTg,, 7/a(gm2RD1 _O-,BzgmsRs)
" 4KTR (GD Om2Ro1 + 960, )2

2
B ngmﬁ/(gmzRDl —UﬂzngRS)

5 (4.13)
aRg (GD Om2Ros + Uﬂgms)

4kTRDlg§12
4KTR, (Gp9yoRos + 9891 )’

FRDl =

R 2
_ 019m2 . (4.14)
Rq (GngZRDl + Gﬂgms)

4kTgm2 7/0‘
AKTR; (GgUnsRoy + 989,15)°

FMZ

- Lk : (4.15)
aR (GngZRDl + O-,Bgms)

= 4kTgm3 ]//a
4kTRS (1+ ngSLZ )(GD gm2 RDl + O_ﬁgm3 )2

I:M 3

— gm37 : (416)
aRS (1+ ngSLZ )(GD ngRDl + O-ﬂgm3)

where t and o are defined by

T= L
1+(1+,B),Bgm1Rs
1
o= 5
1+9,,sL, +s°L,C

(4.17)

(4.18)

gs3

As shown in Fig. 4.5, the computed noise figure is also compared to the case with M3 turned
OFF. The simulated S parameters of this LNA with M3 turned ON and OFF, respectively, are
shown in Fig. 4.6. The comparison is performed with the same power consumption and a

similar bandwidth.
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Figure 4.5 ComputediNF of LNA with M3 turned ON and OFF.
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Figure 4.6 Simulated S parameters of LNA with M3 turned ON and OFF.
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4.3 Experimental Results

The proposed transformer noise-canceling LNA has been fabricated by the TSMC
0.18-um CMOS process. The chip microphotograph is shown in Fig. 4.7. The chip area is
0.731 mm x 0.645 mm including testing pads. The measurement is carried out on wafer for
RF characterization.

Fig. 4.8 shows the measured and the simulated power gain and input return loss of the
noise-canceling LNA. The measured power gain is 13.05 dB (x2.85 dB variation) over 0.7 to
11.5 GHz. The measured high-frequency gain is less than simulated one about 1.4 dB and the
measured low-frequency gain is more than simulated one about 1.6 dB. It may be due to
process variation and inaccuracy of inductor and transistor models. Thus, the 3-dB bandwidth
whole moved to high frequency (3.7 to 11.5 GHz). The measured input return loss is —10.1
to —17.8 dB from 3.1 to 13 GHz. Fig..4.9 shows. the measured and the simulated output
return loss and reverse isolation of the noise=canceling LNA. The measured output return loss
is below —9.3 dB and the’measured reverserisolation is-below —40.8 dB across the entire
band.

The measured and simulated NFs are"illustrated in Fig. 4.10. The measured NF is 3.8-5.6
dB across the entire band. The transformer has not protected with guard ring in order to save
chip area. The substrate noise may be introduced in the transformer, so the measured NF is
larger than the simulated one due to the substrate noise. Fig. 4.11 shows IIP3 measured by

applying two-tone test with 1-MHz spacing. The measured 1IP3is —5 dBm at 6 GHz.
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a R

Figure 4.7 Chlpmﬁfophotographg th"e;nmse -canceling LNA.
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Figure 4.8 Measured and simulated power gain (S21) and input return loss (S11) of the

noise-canceling LNA.
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Figure 4.9 Measured and simulated. output return loss (S22) and reverse isolation (S12) of the

noise-canceling LNA.
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Figure 4.10 Measured and simulated noise figure of the noise-canceling LNA.

50



Chapter 4 Design of Noise-Canceling UWB LNA

0
-10 _.
-20 _.
-30 _.
404
-50 _.
-60 _.

Output Power (dBm)

-70 4
-80 4

A —e — Fundamental tone
A —4a— M3 tone

-35 -30 -25 -20 -15 -10 -5 0

Input Power (dBm)

Figure 4:11 Measured LIP3 at 6 GHz.

IIP3=-5dBm

TABLE 1

Measured Performance Summary and Comparison
CMOS BW;_ 48 R, NF 11P3 Power Area FoM
Ret Technology (GHz2) (dB) (dB) (dBm) (mw) (mm?) wh
ThisWork |  0.18um 3.7-115 139 3.8-5.6 -5 9.7 0.47 47.4
[1] 0.18um 1.2-11.9 97 4.5-5.1 —6.2 20 0.59 155
[3]STD 0.18um 2.3-9.2 9.3 4-8 —6.7 9 11 255
BITW 0.18um 2.4-95 104 4.2-8 —838 9 11 276
[13] 0.18um 0.04-7 8.6 4.2-6.2 +3 9 1.16 221
[14] 0.18um 1126 10.8 4655 +7 39.6 0.66 95
[15] 0.18um 27-9.1 10 3.8-6.9 — 7 157 357
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4.4 Summary

A noise-canceling UWB LNA is proposed and implemented by the TSMC 0.18-pum 1P6M
process. The measured performance of the proposed LNA is compared with others, which is

summarized in Table IlI. It is found that our circuit achieves the lowest chip area, higher

power gain, and the best FOM.
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Chapter 5 Conclusion

In this thesis, we present a parallel-RC feedback low noise amplifier and a transformer
noise-canceling low noise amplifier for UWB applications. These proposed circuits are
fabricated by the TSMC 0.18-um 1P6M process.

In chapter 3, by using the proposed parallel-RC. feedback with a source inductance
technique, the local feedback noise-can be reduced:to achieve very low NF and broadband
input matching. The measured NE is 2.5-4:7.dB and measured power gain is 10.9-13.9 dB
from 3.1 to 10.6 GHz. The measured-input-return-loss is/below —9.4 dB from 3.1 to 15 GHz.
The 1IP3 is —8.5 dBm at 8 GHz.-It consumes 14.4 mW from 1.4 V supply and occupies a
chip area of only 0.46 mm?.

In chapter 4, by using inductive peaking techniques and the proposed noise-canceling
topology, the broadband noise cancellation can be brought to the desired UWB band.
Moreover, the broadband input matching and power gain are also achieved. The measured NF
is 3.8-5.6 dB across the entire band. The measured power gain is more than 10.2 dB from 0.7
to 11.5 GHz. The measured input return loss is below —10.1 dB from 3.1 to 13 GHz. The
IIP3is —5 dBm at 6 GHz. It consumes 9.7 mW from 1.2 V supply and occupies a chip area
of only 0.47 mm? for a low cost design.

The area of millimeter-wave (MMW) system research and design has become increasingly

popular in recent years. As the size scales down, the CMOS devices have achieved a much
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higher operation frequency. Thus, we will be devoted to designing high-frequency IC (for

example high than 60 GHz) in the future.
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