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ABSTRACT

A procedure is for an Ultra-Wideband: CMOS LNA with Current-Reused
Technique for 3.1 to 10.6GHz. It _has an' advantage of high gain, low power
consumption, low noise performance ahd small:size. We utilize three-stage amplifier
to get a flat gain at high frequency. The first stage introduces the band pass filter for
input matching, the second stage introduces a current-reused cascaded
common-sources structure to lower power consumption. The last stage introduces
shunt-LC resonance to improve gain and the bandwidth. The current buffer
configuration is used for output matching. The total power dissipation of the chip is
about 10.3 mW at power supply 1.8 volt. The chip size included pad is 0.89 mm”’. The
measurement result of this study expect that the average forward S,; is 10dB at
3.1~10.6GHz, the reverse isolation S;, is under -33dB, the magnitude of S;; is under

-9 dB, the magnitude of Sy, is under -11dB, and the noise figure is 3.6dB.
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Chapter 1
Introduction

1.1 UWB CMOS Receivers

UWB (Ultra Wideband) is a new wireless technology capable of
transmitting data over a wide frequency bands with low power and high data rates. It
communicates with short pulses on the order of nanoseconds, thus spreading the
energy of the radio signal over a very wide bandwidth. Compared to traditional
narrow band communication systems; UWB technology has the promising ability to
provide high data rate at low' cost with relatively low power consumption.
The FCC has allocated 7.5 GHz.of spectrum for-unlicensed use of UWB devices in
the 3.1 to 10.6 GHz frequency band. The low noise amplifier needs to amplify the
received UWB signal with sufficient gain and as little as possible. From Shannon’s
equation C = B log (1+:%) for the channel capacity, we know that a UWB
wireless network, the bandwidth will likely be much higher than the data rate, so that
the system can operate at very low signal to noise ratio[1].

The majority implementation of the RF integrated circuit used for wireless
devices are encounter with various possibilities: CMOS, Bi CMOS, and GaAs

MESFET, bipolar (BJT), hetero-junction bipolar transistor (HBT), and PHEMT, etc,.



We just focus on the CMOS technology, CMOS process reduce the minimum channel

length from the present years, so the unity gain cut off frequency (ft) is increasing.

For example, a deep sub-micron prototype CMOS technology has realized devices

with fiexceeding 100 GHz [2] and minimum noise figures less than 0.5-dB at 2 GHz.

The more commercially available sub-micron CMOS technologies have display fi's of

20GHz and minimum noise figures of 1.6-dB at 2 GHy [3]. The VLSI capabilities of

CMOS make it proper to very high levels of mixed signal radio integration while

increasing the functionality of a single chip radio to cover multiple RF standards [4].

Due to the advancement of circuitidesign technology, circuit size is small and cost

down consideration. With low-cost and low power devices of RF front-end system

implemented by CMOS technology, the prospectof a single chip CMOS system has

received considerable interest. Even the SOC is difficult and hard to implement at this

time, but a set of separate chips in the same CMOS technology may bring significant

economic benefits [5].



1.2 motivation

For portable wireless communication devices has given great push to the

development of a next generation of low power radio frequency integrated circuits

(RFIC) product. Such as wireless phones, cordless and cellular, global positioning

satellite (GPS), pagers, wireless modems, wireless local area network (LAN), and RF

ID tags, etc., require more low cost, low noise and high power efficiency solutions to

supply the demand for low-price product [6]

Chapter 2 discusses the basic concepts in RF design. Chapter 3 presents

the basic low-noise amplifiers design for UWB. Chapter 4 discusses the design

procedures of this circuit by-using of the band pass filter , the current buffer

configuration, the shunt-LC resonance, Currént-Reused Technique to get a good

input and output matching, broadband, a low power consumption, and also reveals

the simulations and the measurements .The last chapter, Chapter 5 is the summary.



Chapter 2
Basic Concepts in RFIC Design

2.1 Noise Sources in MOSFETS
2.1.1 Drain Current Noise

There are three main sources which contribute the thermal noise of
MOSFETs [7]. And the dominate noise source of RF MOSFETs is the drain current
noise which is expressed as:

i2 24K T, Af @.1)

where gqo is the drain-source conductance at-zero Vps. The coefficient y has a vale of
unity at zero Vpg and, in long channel devices; decrease toward a value of 2/3 in
saturation [8]. Some measurements show that short-channel devices exhibit noise
considerably in excess of values predicted by long-channel theory, sometimes by an
order of magnitude in extreme cases. Some of the literature attributes this excess noise
to carrier heating by the large electric fields commonly encountered in such devices.
In this view, the high fields produce carriers with abnormally high energies. No longer
in quasi-thermal equilibrium with the lattice, these hot carriers produce abnormal
amount of noise. But in contrast to other groups, we find only a moderate

enhancement of the drain current noise for short-channel MOSFETs by our good



measurements.

2.1.2 Substrate Thermal Noise

gate

source drain

substratets.

Figure 2-1 Sub"strat'e‘ thefnial noise

Figure 2-1 shows a sfi’mpliﬁ'éd p'ic-tilire of how the thermal noise associated
with the substrate resistance can produce measurable effect at the main terminals of
the devices. At frequencies low enough that we may ignore C., (open), the thermal

noise of Ry, modulates the potential of the back gate, contributing some noisy drain

current:

ir%d ,sub =4 KTRsub g r2nbAf

(2.2)
Depending on bias conditions — and also on the magnitude of the
effective substrate resistance and size of the back-gate transconductance — the noise

generated by this mechanism may actually exceed the thermal noise contribution of



the ordinary channel charge. In this regime, layout strategies that reduce the substrate

resistance have a noticeable and beneficial effect on noise.

At frequencies well above the pole formed by C., and Ry, however,

the substrate thermal noise becomes unimportant, as is readily apparent from

inspection of the physical structure and the corresponding frequency-dependent

expression for the substrate noise contribution [8]:

ir?d sub — 4KTRSUbg§]b 2
’ 1+ (a)Rsuchb)

(2.3)

The characteristics of many IC processes are such that this pole is often around 1 GHz.
ab LRy,

o e
]

Excess noise produced by thisﬁ"iﬁechaﬁi}ﬁ}i@qﬁgéquenﬂy will be most noticeable
:_ |;‘ | 'r""‘}l"' \""'T. -

-1

below about 1 GHz.

2.1.3 Drain Induced Gate Noise

gate

source drain

Figure 2.2 Drain induced gate noise
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Figure 2.3 Equivalent circuits

In addition to drain noise, the thermal agitation of channel charge has

another important consequence: gate noise. The fluctuating channel potential couples

capacitively into the gate terminal, leading to a noisy gate current (see Figure 2-2).

Noisy gate current may also be produced by thermally noisy resistive gate material.

But this noise source will be separately discussed later, even though it is more and

more important in nano-scale® devices.“Although ‘the drain-induced-gate-noise is

negligible at low frequencies, it can‘dominate at radio frequencies. Van der Ziel has

shown that the drain-induced-gate-noise may be expressed as:

iﬁg = 4KT5ggAf (2.4)
where the parameter g, is:
22
@ C
Jg = —* (2.5)
5940

Van der Ziel gives a value of 4/3 (twice y) for the gate noise coefficient, 5, in long

channel devices [8].

The circuit model for the drain-induced-gate-noise is a conductance



connected between gate and source, shunted by a noise current source (see Figure 2-3).

This noise current clearly has a spectral density that is not constant. In fact, it

increases with frequency, so perhaps it ought to be called “blue noise” to continue the

optical analogy. Because the drain thermal current noise and the

drain-induced-gate-noise do share a common origin, they are correlated. That is, there

is a component of the gate noise current that is proportional to the drain noise current

on an instantaneous basis.

Although the noise behavior of long-channel devices is fairly well

understood, the precise behavior ,0f 6 and ¥ in the short-channel regime is still

unknown at present. That’s why we have to. do more-research on the thermal noise of

MOSFETs. Thermal noise of: deep sub-micrometer MOSFETs has received

considerable attention lately, which is mainly triggered by publications that report a

severe enhancement of the thermal noise with respect to long-channel theory [9]-[10].

In the earliest of these publications [9], thermal noise was found to be enhanced by a

factor up to 12 in n-channel devices with 0.7um gate length and hot electrons were

proposed to explain these results. Evidently, the reported noise enhancements would

seriously limit the viability of RF CMOS and a detailed study is called for. Therefore,

in this paper, we perform an extensive study of the RF noise in 0.18um RF CMOS

technology.



2.2 Noise Analysis
2.2.1 The Concept of Noise Figure

Noise is usually generated by the random motions of charges or charge carriers
in devices and materials. Because the noise process is random, one cannot identify a
specific value of voltage at a particular time, and the only recourse is to characterize
the noise with statistical measures, such as the mean-square or root-mean-square
values. Because of having various noise sources in the circuit, we need to simplify
calculation of the total noise at the output [11]. Obviously, the output-referred noise
does not allow a fair comparison of the performance of different circuits because it
depends on the gain. According the circuit theory, we can use the input-referred noise
of circuits to represent the noise of behavior in the eircuits.

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 circuit, most of the front-end
receiver blocks are characterized in terms of their “noise figure” rather than the

input-referred noise. Noise figure has many different definitions. The most commonly

accepted definition is noise figure= SSI\I\IIRRin , (2.6)

out

Noise figure is a measure of how much the SNR degrades as the signal passes through
a circuit. If a circuit has no noise source, the SNRyy,: = SNRjp, regardless of the gain.

Noise added by electronics will be directly added to the noise from the



input. Thus, for reliable detection, the previously calculated minimum detectable
signal level must be modified to include the noise from the active circuitry. Noise
from the electronics is described by noise factor F, which is a measure of how much
the signal-to-noise ratio is degraded through the system. We note that

S.=G S, (2.7)
where S, is the input signal power, S, is the output signal power, and G is the

power gain S /S, . We derive the following equation for the noise factor:

c SNR; Si/Ni(source) B N totan)
= = = (2.8)
SNRo So/No(total) G ) N

i(source)

where N .., is the total noisg-at thejoutput. If N, 1S the noise at the output

originating at the source, and Ny 4y -18'the noise at the output added by electronic

circuitry, then we can write:

No(total) = No(source) + |\Io(added) (2.9)

Noise factor can be written in several useful alternative forms:

No(added)

N (2.10)

o(source)

N
— o(total) —1+
N

_ No(total)
G- N,

i(source)

o(source)

This shows that the minimum possible noise factor, which occurs if the

electronics add no noise, is equal to 1.Noise figure NF is related to noise factor F by
NF =10 lOg 10 F (2.11)

Thus, while noise factor is at least 1, noise figure is at least 0 dB. In other words,

10



an electronic system that adds no noise has a noise figure of 0 dB.

In the receiver chain, for components with loss (such as switches and filters),
the noise figure is equal to attenuation of the signal. For example, a filter with 3 dB of
loss has a noise figure of 3 dB. This is explained by noting that output noise is
approximately equal to input noise, but signal is attenuated by 3 dB. Thus, there has

degradation of SNR by 3 dB [12].

2.2.2 Linearity in RF Circuits
Mathematically, any nonlingar transfer function can be written as series
expansion of power terms unless the system contains memory. 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
simplicity, we assume that:
Vo = ko + k1Vin + kzvizn + k3vi3n + .. (2.12)
One common way of characterizing the linearity of a circuit is called the
two-tone test. In this test, an input consisting of two sine waves is applied to the
circuit.
V;, = V,cos ot +V,cos w,t = X, + X, (2.13)

When this tone is applied to the transfer function given in (2.12), the result is a

11



number of terms:

Vo =Ko + K (X + X, )+ ko (X + X, ) + k(X + X))

desired sec ond order third order

V, =K, +k (X, +X,)+k, (XZ +2X X, +X2)
1K (X7 +3X2X, +3X X2+ X?) @19

These terms can be further broken down into various frequency components.
For instance, the X/ term has a zero frequency (dc) component and another at the

second harmonic of the input:
V2
X2 =(vcos ot) = 2—1(1 +cos 2m,t) (2.16)

The second-order terms cah be expands as. follows:

2 2 2

(X, +X,) =X 42X Xy + X 21
e — —_
dc®:HD 2 IM2 dc+HD 2

where second-order terms are composed of second harmonics HD2, and mixing
components, here labeled IM2 for second-order intermodulation. The mixing
components will appear at the sum and difference frequencies of the two input signals.
Note also that second-order terms cause an additional dc term to appear.

The third-order terms can be expanded as follows:

3 3 2 2 3
(X, +X,)P = X} +3X2X,+3X,X2+ ;
—— — — ——

FUND +HD 3 IM 3+ FUND IM 3+ FUND FUND +HD 3

(2.18)

12



Third-order nonlinearity results in third harmonics HD3 and third-order
intermodulation IM3. Expansion of both the HD3 and IM3 terms shows output signals
appearing at the input frequencies. The effect is that third-order nonlinearity can
change the gain, which is seen as gain compression. This is summarized in Table 2.1.

Note that in the case of an amplifier, only the terms at the input frequency are
desired. Of all the unwanted terms, the last two at frequencies 2o, —w®, and
2w, — o, are the most troublesome, since they can fall in the band of desired output if
o, is close in frequency to @, and therefore cannot be easily filtered out. These two

tone are usually referred to as third-order intermodulation terms (IM3 products)

2.2.3 Third-Order Intercept point and The 1-dB Compression Point

One of the most common ways to test the linearity of a circuit is to apply
two signals at the input, having equal amplitude and offset by some frequency, and
plot fundamental output and intermodulation output power as function of input power
as show in Figure 2-5. From the plot, the third-order intercept point (IP3) is
determined. The third-order intercept point is a theoretical point where the amplitudes
of the fundamental tones at 2w, —@, and 2m, — @, are equal to the amplitudes of
the fundamental tones at @, and w,.

From Table 2.1, if v, =v, =V,, then the fundamental is given by

13



9
fund=K\V; + 1 kv, (2.19)

The linear component of (2.19) given by
fund= KV, (2.20)
can be compared to the third-order intermodulation term given by

3
m3=—k, v} 2.21)

4
The smally,, the fundamental rise linearity (20dB/decade) and that the

IM3 terms rise as the cube of the input (60dB/decade). A theoretical voltage at

which these two tones will be equalcan be defined:

S
—kK 3Vips
=]
(2.22)
klv IP 3
This can be solved for v, :
K
_ 1
Vips =2 3k3 (2.23)

That (2.23) gives the input voltage at the third-order intercept point. The

input power at this point is called the input third-order intercept point (IIP3). If IP3 is

specified at the output, it is called the output third-order intercept point (OIP3).

The third-order intercept point cannot actually be measured directly, since

by the time the amplifier reached this point, it would be heavily overloaded. Therefore,

14



it is useful to describe a quick way to extrapolate it at a given power level. Assume

that a device with power gain G has been measured to have an output power of P, at

the fundamental frequency and a power of P, at the IM3 frequency for a given input

power of P, as illustrated in Figure 2-5. On a log plot of P, and P, versus P, the

IM3 terms have a slope of 3 and the fundamental terms have a slope of 1. Therefore,

OIP3-P, _
IP3 - P, (2.24)
OIP3-P,

IP3-P (225)

since subtracation on a log scale amounts to division of power.
Also note that
These equations can be solved to given

1 1
||P3=H+5[R—|%]—G=R+E[H—P3] (227)

In addition to measuring the IP3 of a circuit, the 1-dB compression point
(Figure 2-4) is another common way to measure linearity. This point is more directly
measurable than IP3 and requires only one tone rather than two. The 1-dB
compression point is simply the power level, specified at either the input or the output,
where the output power is 1dB less than it would have been in an ideally linear device.

It is also marked in Figure 2-5[12].

15



2.3 Cascaded Nonlinear Stages
Since in RF systems, signals are processed by cascaded stages, it is
important to know how the nonlinearity of each stage is referred to the input of the
cascade. Consider two nonlinear stages in cascade, as shown in Figure2-6. Assuming
that the input-output relationship is
Y, (1) = e x(0) + @, X () + X (1) (2.28)
LO=A%O+AY, O+BY O 229)

Substitute (2.28) into (2.29) results in the relation

V,(t) = SX) (@B + 24+ BIXE) (230

If we consider only the first- and third-order terms; then

AP3 = ﬂ‘ 061,@ ‘
35 + 2008, +0, ) @31

From equation (2.31) can be simplified if the two sides are inverted and squared:

| +3a2,82+ alz
Ay Alps; 2p Aps (2.32)

where A, and Apps, represent the input IP; points of the first and second stages,

respectively. From the above result, we note that as ¢, increases, the overall IP;
decreases. This is because with higher gain in the first stage, the second stage senses

larger input levels, thereby producing much greater IM3 products [13].

16
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Figure 2-4 Definition of the 1-dB compression point
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Figure 2-5 Plot of input output power of fundamental and IM3 versus input power.
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Figure 2-6 Cascaded nonlinear stages

Table 2.1
Frequency Component Amplitude
d K
© k, + —2(v12 + vj)
2
Q) 3 3
! kv, +Kyv, (va + Evjj
w 3 3
? KV, + K\ (Zvj + Evfj
20, Ksv;
2
20, k,v5
2
o, t o, K,v,v,
, t o, K,v,v,
3a)1 k3V13
4
3602 k3V§
4
20, + o, 3
~kvv
4 371 72
20, T o, 3
’ 1 Zk3vlv22
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Chapter 3
General Consideration in LNA Circuit Design

3.1 Low Noise Amplifier Basic

Low noise amplifier is the first gain stage in the receive path so its noise
figure directly adds to that of the system. Therefore, there are several common goals
in the design of LNA. These include minimizing noise figure of the amplifier,
providing enough gain with sufficient linearity and providing a stable 50 ohm input
impedance to terminate an unknown length of transmission line which delivers signal
from antenna to the amplifier [9]. Among  LNA -architectures, inductive source
degeneration is the most popular method since it can achieve noise and power
matching simultaneously, as shown in Figure 3-1. The following analysis in 3.2 is

based on this architecture. The LNA basic considerations are introduced as follows.

Figure 3-1 Common-source input stage with inductive source degeneration.
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3.1.1 Impedance Matching Network

The need for impedance matching network becomes more important. In order to
deliver maximum power to a load, it must be properly terminated at both the input and
the output ports. The input impedance of a circuit can be any values in order to have
the best power transfer into the circuit. It is necessary to match this impedance to the
impedance of the source driving the circuit. The output impedance also must be
similarly matched in order to deliver maximum power to the 50 ohm load, it must
have the terminations Zg and Z;. The input matching network is designed to
transforms the generator impedance to the source impedance Zs, and the output
matching network transforms the 50 ohm termination to the load impedance Z;.
Consider the RF system shown in Figure 3-2."Here the source and load terminations
are 50ohm, as the transmission lines leading up to the circuit for optimum power
transfer, prevention of ringing and radiation, and good noise behavior. For example,
we needs the circuit input and output impedances matched to the system. In general,
some matching circuit must almost always be added to the circuit, as shown in Figure
3-3. Typically, reactive matching circuits are used because they are lossless, adding no
noise to the circuit, and will only be matched over a range of frequencies and not at
others. If a broadband matching is required, then other techniques may need to be

used. An example of matching a transistor amplifier with a capacitive input is shown
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in Figure 3-4. The series inductance adds an impedance of jwlL to cancel the input
capacitive impedance. Note that, in general, when the impedance is complex(R + jX ),
then to match it, the impedance must be driven from its complex conjugate (R - X )

The input, output impedance of a circuit is very common in using reactive
components to achieve impedance transformation, as they will not absorb any power
or add any noise. Thus, series or parallel inductance or capacitance can be added to
the circuit to provide an impedance transformation. Series components will move the
impedance along a constant resistance circle on the Smith Chart. Parallel components
will move the admittance along a constant conductance circle. Table 3.1 summarizes
the effect of each component.

With the proper choice of twor'reactive components, any impedance can be
moved to a desired point on the Smith Chart. There are eight possible
two-components matching networks, also known as Ell networks, as shown in Figure
3-5. Each will have a region in which a match is possible and a region in which a

match is not possible.
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Figure 3-4 Example of a very sample matching circuit network
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Table 3.1

Component Added

Effect

Description of Effect

Series inductor

Z—>27+ joL

Move clockwise along a resistance

circle

Series capacitor

z—>17-j/oC

Smaller  capacitance increases
impedance (- j/@C) to move
counterclockwise along a

conductance circle

Smaller inductance  increases

Parallel inductor y > y-—j/oL admittance (- j/wL) to move
counterclockwise along a
conductance circle
Move  clockwise along a

Parallel capacitor y > y+jaC conductance circle
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3.1.2 Stability

The stability of an amplifier is a very important consideration in a design and
can be determined from the S parameters, the matching networks, and the
terminations. A two-port network to be unconditionally stable can be derived from

(3.1)to (3.4).

ry <1 3.1
<1 (32)
SuS, T
I, = 11+ﬁ<1 (3.3)
S
Toon =15+ > Sil“ <1 (3.4)

The two-port network is shown in Figure 3-6. For unconditional stability any
passive load or source in the network must produce a stable condition. The solution of
(3.1) to (3.4) gives the required conditions for the two-port network to be

unconditionally stable [4].

2

_ L[S, —[Sasf +1A
5.5, 09

A= 811822 - 812821 (3.6)

A convenient way of expressing the necessary and sufficient conditions for
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unconditional stability is K >1 3.7)

A<l (3.8)
FS F|N FOUTFL
Zs | |
< SlITwo-portjd L H 7
E L
> |[netw ork |« [
ZIN ZOUT

Figure 3-6 Stability of two-port networks

3.2 Low Noise Amplifier Architecture Analysis

+
iz D iz, Me,=/—v, @i

s

Figure 3-7 Equivalent noise model of Figure 3-1

In Figure 3-7, the input impedance can be expressed as

1 Im
Z =s(L, +L)+—+ 20 |L
in (g s) SCgs (CgsJ s
(3.9)
1

Om
= Loyl at wo=w,=
chs] : : ° (L, +L)Cy

as shown in equation (3.9), the input impedance is equal to the multiplication of cutoff
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frequency of the device and source inductance at resonant frequency. Therefore it can
be set to 50 ohm for input matching while resonant frequency is designed to be equal
to the operating frequency.

According to prior introduction, the equivalent noise model of common-source
LNA with inductive source degeneration can be expressed as Figure 3-7, where R,
is the parasitic resistance of the inductor and R, is the gate resistance of the device.
Note that the overlap capacitance Cy has also been neglected in the interest of
simplicity. Then the noise figure can be obtained by computing the total output noise
power and output noise power due to input source. To find the output noise, we first
evaluate the trans-conductance of the input stage. With the output current proportional
to the voltage no Cg and noting that the input Circuit takes the form of series-resonant

network, the transconductance at the resonant frequency can be expressed as

Om O
G, =0,Q, = = (3.10)
T 9 Cu(Ry+arly)  20,R,

where Qj, is the effective Q of the amplifier input circuit. So the output noise power

density due to the source can be expressed as

4KkT w?
S, s (@) = SpsGl ey = Or (3.11)

L
a;gRs(H“’; 5)2

S

In the similar way, the output noise power density due to Ry and R; is

27



4KT(Ry +R)of

SaRryR (D) = (3.12)

L
w§R§(1+a’; 5)2
S

Furthermore, channel current noise of the device is the dominant noise
contributor, and its noise power density associated with the correlated portion of the

gate noise can be expressed as

4kT]/Kg do
1+ %)2
RS

Saing ings (@0) = (3.13)

where y is the coefficient of channel thermal noise, ¢ =9,/9,, and

2 2
=20 +[l+|C|Q|_ /%} (3.14)
Sy Sy

+ 1
Wy Rngs

QL (3.15)

The last noise term is thé-contribution of the uncorrelated portion of the gate

noise, and its output noise power density can be expressed as

4KT
Saiy, (@) = S0k gﬁd" (3.16)
a +$)2
RS
where
S 2
5:5“7(1—|c|2)(1+QE) (3.17)

According to equations (3.11), (3.12), (3.13) and (3.16), the noise figure at the

resonant frequency can be expressed as

R
Rs Ry aQ_\or
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where

sa’ ot
r=1+2]c|Q, /—+—(1+QE) (3.19)
Sy Sy

From equation (3.19), we observe that y includes the terms which are

constant, proportional to Q, , and proportional to Qf. It follows that equation (3.19)
will contain terms which are proportional to Q, as well as inversely proportional to

Q. . A minimum noise figure, therefore, exits for a particular Q, .
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Chapter 4
UWB CMOS LNA Design

4.1 Design Procedures

This architecture is for an Ultra-Wideband CMOS LNA with
Current-Reused Technique for 3.1 to 10.6 GHz. It has an advantage of high gain, low
power consumption, low noise performance and small size. We utilize three-stage
amplifier to get a flat gain at high frequency. The first stage introduces the band pass
filter for input matching, it includes two inductances, one capacitor and one
inductance at gate. The second stage introduces a current-reuse cascaded
common-sources structure to lower power consumption. The last stage introduces LC
in shunt connection to improve gain and bandwidth for high frequency. The current
buffer configuration is used for output matching. Its circuit diagram is shown in

Figure 4.1 and chap layout is shown in Figure 4-2.
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Figure 4-1 Circuit diagram
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Figure 4-2 Chip layout

4.1.1 Analysis of Input Matching

In input part, we adopt a common-source amplifier, by introducing
matching components to let the frequency resonate at which we want. We also
simplify the first stage as in Figure 4-3, and the circuit can be viewed form point A to

the right, we get the impedance Z1 in equation (4.1).
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1 g,
Zl :?—FS(LQI + le)+ C : le (41)

gsl gsl
In addition, we put a shunt-LC resonance in input part, following with the
equivalent circuit Z1, to make it have a good resonance in the imagine part, and get
real part impedance-matching (Rs=0m1Ls1/Cgs1) at the same time. Form figure 4-4
we can get the input matching impedance Zin in equation (4.2).
(sL, // L)Z
2 SCZ 1

z, = : (4.2)
sL,//—)+Z
(sL, scz) |

We can also keep a very low noise to procure a band-pass amplifier for an entire

Ultra-Wideband.

A Lg1+Ls1 cgs1
Rs
L1 ::C'l s:_ 91 Ls1lcgs1
—>
Z;

Figure 4-3 simplification of the first stage

I'g1+]'s1 Cgs1

/~

Zin L1 TC1 9mi Ls1lcgs1

Figure 4-4 the input impedance Zin
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4.1.2 Analysis of Output Matching

The current buffer configuration is used for output matching as shown in
Figure4-5 > and make the entire frequency matching to 50 €2.In this circuit, M3 is the
source follower, and the steady current of M3 is provided by M4.We only need to
control the supply voltage and the size of the transistor, and then a good output

matching will be obtained as equation below.

1 |
VA :—||ro4z—

t
> gm3 gm3 (3

Figure 4-5 the current buffer
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4.1.3 Gain Analyzing

—I
|
1
|
|
|

+—i[ M2

]

|

|

|

Lsz |
1 Ch,\]mss |
|

|

1

|

|

|

gl

___-_-_:'-_____

Figure 4-6 Current-reused two stage cascade amplifier

with series inter-stage resonance

Figure 4-7 Small signal equivalent representation

of the circuit from node X to Y
In Figure 4-6 is the Current-reused two stage cascade amplifier with
series inter-stage resonance, and the Small signal equivalent representation of the
circuit from node X to Y is in Figure 4-7. If we divide id2 to id1, we can get the gain

as in equation (4.4).

id, _ G L,
id, sC,, L,+(/sC,,+1/sC

(4.4)

gsz)+ Sl—sz + RLsz

so we can see that Ls, resonates with 1/SC,, +1/sC, at high frequency
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and. If L, provides high impedance, L, >> R, then, we can get Id—2 as below.

1

id, 9w _ o (4.5)

where @ is M2’s cutoff frequency, @ is the operation frequency.

4.1.4 Bandwidth Analyzing:

In order to get a low power consumption low noise amplifier LNA, we
cascade the second amplifier M2 on the first amplifier M1 to use the same dc current
to achieve the goal of power saving. Besides we also utilize substrate bias at M; to
enhance the gain, at the same time reduce the power consumption.

For gain and the bandwidth, we utilize three-stage amplifier to achieve a
high gain and the flat bandwidth design. Tn the circuit, the requirement of the
current-reused structure is Coupling capacitor (C,) which is connected to the output of
the first stage amplifier (at drain) and also connected to the input of the stage second
stage amplifier (at gate) .Therefore it can provide signal coupling between the two
stages and the Bypass capacitor (Cpypass) functions as an ac ground at the source of
transistor M2, for avoiding the coupling effect to the first stage. Aside from, we join
the shunt-LC resonance Cgand Lg by this LC resonance the bandwidth and the gain
can be improve a lot in order to get a high gain Ultra-Wideband circuit. In Figure 4-8,

we can see the gain combined by the three state amplifiers.
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freq. GH=

Figure 4-8 the gain of the circuit

4.2 Simulation Results

Figure 4-9 shows the Return loss, Simulation. S11 is lower than -9.4dB

between 3.1 and 10.6GHz. The output buffer achieves excellent matching such that

S22 is lower than -11dB from 3.1GHz to 10.6 GHz in Figure 4-10. Figure 4-11 is the

power gain versus frequency, the gain at 3.1GHz is 13.567dB and at 10.6GHz is

13.319, so the different between the wideband is only 0.25dB.The reverse isolation

S21 is lower than -38dB shown in Figure 4-12. The noise figure (NF) of this UWB

LNA is shown in Figure 4-13.The NF at 3.1GHz is 2.686dB, at 10.6GHz is 2.842dB

and the minimum noise figure (NFmin) at 5.7GHz is 2.146dB. The stability factor

(MuPrimel, Mul) both are greater than 1, implying that have a stable circuit in Figure
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4-14.The third-order intermodulation distortion(IIP3) is -3dBm and shown in Figure

4-15 ,the test is performed at 4 GHz. These results imply excellent linearity of our

LNA. The proposed UWB LNA dissipates 10.3mW with a power supply of 1.8V.

m2 m9

freq=3.100GHz freq=10.60GHz
dB(S(1,1))=-9.446 dB(S(1,1))=-19.980
0 2

-1 0 —

m9

1))

dB(s (1,

— 50—

-60 L L L L

freq. GHz=z

Figure 4-9 Simulated S11
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_ m8
10 1dB(S(2,2))=-17.263
-1 5%
- 20— -
—25— freq=10.60GHz
dB(S(2,2))=-11.086
-8 | | B
0 2 4 6 B 10 12 14 16
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Figure 4-10 Simulated S22
20 m1 m5
_ v v
10—
.
R m1 m5
-3 0—freq=3.100GHz freq=10.60GHz
., ldB(S(2,1))=13.567]  |dB(S(2.1))=13.319
- | | | | | | | | T | | | T | T

2 4 g 8 10 12 14 16
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Figure 4-11 Simulated S21
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Figure 4-12 Simulated S12
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Figure 4-13 Simulated Noise Figure
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Figure 4-14 Simulated stability
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Figure 4-15 simulated I1P3

4.3 Measurements and Conclusions

The following Figure4-16 ~ Figure4-21 are the measurement result which

are slightly different from simulation. Which imply good accuracy of simulation and

good circuit design. But the gain dropping at high frequency (in Figure 4-16) is due to

TSMC model at high frequency is not accurate.
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The bandwidth of this work with considering matching and gain is from

3.1 to 10.6 GHz, while the average gain is about 10dB. Figure 4-17 and Figure 4-18

show the measurement results of S11 and S22. Input and output matching are

achieved very well from 3.1 to 10.6 GHz, so S11 can bellow -9dB and the S22 can

bellow -11dB.S12 below up to -33dB in Figure 4-19. The noise figure is about 3.6

shown in Figure 4-20.The noise performance is very flat and the minimum noise

figure is 2.85dB at 5GHz. The noise figure can be better if we solve the resistor

parasitic. The linearity of the third-order intermodulation distortion(IIP3) is -3dBm

as measurement and shown in Figure 4-21. Figure 4-22 shows the die photo of this

circuit. Total power consumption is 10.3 mW which-the Vdd is 1.8V.In the chip, the

apply Vb is 0.1V, Vg1 is 0.61V and Vg2 is 0.61V. Table 4.1 is the measurement result

summary. By the band pass filter, the current buffer configuration, the shunt-LC

resonance, Current-Reused Technique we proposed, a good input and output matching,

broadband, a low power consumption LNA is developed for UWB system

applications.
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Figure 4-17 Measured S11
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46

3 0




Figure 4-22 Die photo

B.W

(GHz)

Gain

(dB)

NE

(dB)

- %

/522

" @B)

1P3

(dBm)

Pdc

(mMW)

3.1~10.6

10

3.6

10.3

Table 4.1 Measured results summary
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Chapter 5

Summary

By the Current-Reused Technique for 3.1 to 10.6GHz we proposed, a good
input and output matching, broadband, a low power consumption amplifier is
developed for UWB system applications.

Table 5.1 is the comparison of broadband LNA performance. We can find out
by this table, by using Current-Reused Technique and shunt-LC resonance, can pull to
being wide very big arrival 3.1~10,6GHz frequently. All the advantages are important

for UWB system considerations.

specifications This work | “Ref. [14] | ‘Ref. [15] | Ref.[16] | Ref.[17]
Process 0.18 pm 0.18 pm 0.18 pm 0.18 pum | 0.18 um
Frequency (GHz) | 3.1~10.6 2.4~9.5 2~4.6 2~6.5 3.1~10.6
S11 (dB) <9 <9 <9 <-7.8 <-8
S2> (dB) <-13 <-20 <-10 <-16 -—
Gain (dB) 10 9.3 9.8 11.9 13.5~16
NF (dB) 2.85~4.5 4~9 2.3~6 4.1~4.6 3.1-6
IIP3 (dBm) -3 -6.7 -7 4 -7
Piss (total) (mW) 10.3 18 12.6* 27 11.9
Die size (mm?) 0.89 1.1 0.9 0.88 1.2

Table 5.1 Comparison of broadband LNA performance (*Only core LNA)
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