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Design of a cascode feedback and a low
power current-reused LNA for Ultra-
wideband 3.1 to 10.6GHz Wireless

Receivers

Student: Kuo-Ching Chang Advisor: Dr. Albert Chin
Department of Electronics Engineering & Institute of Electronics
Nation Chiao Tung University
Abstract

A 3.1-10.6GHz low noise amplifier i1s applied for ultra-wideband, it introduces
by the cascode R-C feedback in feedbackl and feedback?2 structure and a low power,
high gain current-reused structure. This research is fabricated in 0.18- xm CMOS
process. In feedbackl structure, the average forward S,; is 5dB, the reverse isolation
Si, 1s under -32dB, the S;; is under -7.5dB, the S,, is under -10dB, and the noise
figure is 8dB. In feedback2 structure, the average forward S,; is 9dB, the reverse
1solation Sy, is under -45dB, the S;; is under -7.2dB, the S, is under -8.2dB, and the
noise figure is 5.5dB. They all consume 18mW. In current-reused structure, the
average forward S,; is 9dB, the reverse isolation S, is under -50dB, the S;; is under
-8.6dB, the S, is under -8dB, and the noise figure is 5.2dB. The circuit power

consumption is only 9.4mW.
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Chapter 1
Introduction

1.1 Motivation

The allowance of the FCC regarding frequencies between 3GHz and 10GHz for
Ultra-Wideband (UWB) applications has led to an increased level of interest and
scope of research on this band and its various applications. The availability of such
high bandwidth would allow higher data throughput up to 500Mbps in possible short
distance, which is desirable for HDTV and other wireless multimedia applications.
Apart from higher data rates, the ,other main features of UWB are lower cost and
higher level of integrations. Several different-approaches were proposed to establish a
universal standard for this application [5].

LNA is the first stage in the receiver, after antenna in the receiver block of a
communication system. It is widely used in the front-end of narrow band
communication system. For UWB application, the criteria to judge its performances
are slightly different. Whereas in narrowband systems there is tight requirement on
linearity, this parameter is relaxed in UWB wireless systems, which ranges from
3.1GHz to 10.6GHz, because transmitted power spreads over a wide range and is
restricted to be less than -41.3dBm per MHz, The most important requirement for

UWB applications are input impedance match, low power consumption, low noise



performance, enough gain to suppress noise of the next stages and small size.

For the overwhelming majority DSP chips, most designer introduces the CMOS

process to achieve system on chip (SOC). But for analog and radio frequency chips,

due to the electricity, noise and other parameters have strict demands. In order to

achieve the specification of the products, different communication systems have

different demands in process. In the past, due to GaAs process has excellent high

frequency parameters, so most designer introduces the GaAs process to design theirs

products. But the deep sub-micro CMOS process has acceptable high frequency

parameters. Recently there are designers introduce 0.18 micrometer, 0.13 micrometer

or 0.09 micrometer CMOS process to design radio frequency transceivers. Because

CMOS process’s cost is less expensive than otherprocess’s. And that radio frequency

transceiver introduces CMOS process is facile integration with base-band circuit.

Achieving perfection of the SOC is feasible in future.

In the second section, we will analyze the noise effect and the nonlinear effect in

the ratio frequency integrated circuit design. In the section three, a cascode R-C

feedback structure will be introduced. Then, the forth section, is another structure, a

low power current-reused LNA. It consumes very low power, in the LNA core only

7mW. It also has good input matching and high gain. Finally, in the section five, we

will summarize a conclusion to our study.



Chapter 2
Noise and Nonlinear effect in RF Design

2.1 Noise

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 thetoutput [2]. 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 circuits. To overcome the above
confusion, we specify the “input-referred noise” of circuits. Illustrate conceptually in
Fig. 2-1. To represent the effect of all noise sources in the circuit by a single noise
source. The input-referred noise and the input signal are both multiplied by the gain
as they are processed by the circuit. Thus, the input-referred noise indicates how
much the input signal is corrupted by the circuit’s noise. The input-referred noise is a
spurious quantity in that in cannot be measured at the input of the circuit. The two

circuits of Figs. 2-1(a) and (b) are equivalent in mathematics but the real physical



circuit is still that in Fig. 2-1(b). The noise of a two-port network can be modeled by

two input noise sources: a series voltage source and a parallel current source.

Generally, the correlation between the two sources must be taken into account.

The situation is shown in Fig. 2-2, where a two-port network containing noise sources

is represented by the same network with internal noise sources removed and with a

noise voltage and current source connected at the input. It can be shown that this

representation is valid for any source impedance, provided that correlation between

the two noise sources is considered [3].

The signal-to-noise ratio (SNRy), defined as the ratio of the signal power to the

total noise power, is an important parametet: In' RF circuit, most of the front-end

receiver blocks are characterizéd in terms of their “noise figure” rather than the

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

accepted definition is

SNR.
noise figure = n | 1
ST SNR M

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 SNRy:= SNRin, regardless of the
gain.

The noise figure of a two-port amplifier is given by

r
F = Fmin +g_n ys - yopt (2)

S



where I, = R, / Zp is the equivalent normalized noise resistance of the two-port,
Ys = Ry / Zo = gs + jbs represents the normalized source admittance, and
Yopt = Gopt+ JDopt represents the normalized source admittance which results in the
minimum noise figure, called Fin.

If we express Ys and Yopt in terms of the reflection coefficients I's and I'qp.

1-T
= s 3
Ys =13 r 3)
1-T
opt
= 4
yopt 1+ ropt ( )
Substitute (3) and (4) into (2) results in the relation
4rity Ty, |
F= Fmin + (5)

AP+ B[

pt

When I'=I'yp; occurs, the value of F 1s'equal to Fin. Fmin 1s a function of the device
bias current and operating frequency [4].
For a cascade of stages, the overall noise figure can be obtained in terms of the

NF and gain of each stage. For m-stages, the NF is equal to

NF, -1 NF, -1
+...+—
A .. A

NF

tot

=1+(NF -1+

(6)

pl pl p(m-1)

where Apn is the available power gain of the m-th stage. This is called the Friis
equation. 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 cascade are the most critical [1].
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2.2 Nonlinear effect

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

y(t) = a X(1) + X7 (1) + X () @

If a sinusoid is applied to a nonlinear system, the output generally exhibits
frequency components that are integer multiples of the input frequency.
IfX(t) = Acos wt, then

y(t) = a,Acos ot +.ayA* cos®amt + a, A’ cos’ wt ®)

A’ 3a, A’ A A’
AN alA+% cosat + 222 cos 20t + 2

cos3amt (g

In Eq. (9), then term with the input frequency is called the “fundamental” and the
higher-order terms the “harmonics.” The amplitude of the nth harmonic consists of a

term proportional to A"

2

In (9) this occurs if &X3<0. Written asa, + , the gain is therefore a
decreasing function of A. In most circuits, the output is a “compressive” or
“saturating” function of the input; that is, the gain approached zero for sufficiently
high input levels. This effect is quantified by the “1-dB compression point,” defined

as the input signal level that causes the small-signal gain to drop by 1 dB. If plotted

on a log-log scale as a function of the input level, the output level falls below its ideal

7



value by 1 dB at the 1-dB compression point.

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 intermodulation (IM), this phenomenon arises from multiplication
of the two signals when their sum is raised to a power greater than unity. We assume
that

X(t)= A coswt+ A cosw,t (10)
Thus,

y(t) =, (A cosmt + A cosait)+ay(A cosat + A cosmt)’
+a3(A cosamt + A cosat) (11)

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

intermodulation products:

3 2
w—>20 to,: cos(2w, + w, )t + %

3a, A" A,
4

cosCw, —m))t  (12)

3a,A A

cos(2m, + w )t +—3 1

3 2
=20, * o, :# cos(2w, —w))t  (13)

Because the difference between @ and - is small, the components at

2@1-@2 and 2@2-@ appear in the vicinity of @; and @». In a typical two-tone
test, Aj=A,=A, and the ratio of the amplitude of the output third-order products to «
1A defines the IM distortion. If a weak signal accompanied by two strong interferers

experiences third-order nonlinearity, then one of the IM products falls in the band of

8



interest, corrupting the desired component.

Use IP; to characterize this behavior. Called the “third intercept point” (IPs), this
parameter is 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 « ;. The third-order intercept point is defined to be at the intersection of

the two lines [1].
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Fig. 2-3 (a) Definition of the 1-dB compression point, (b) Corruption of a signal due

to intermodulation, (c¢) The third-order intercept point.
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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 Fig.2-4. Assuming that the
input-output relationship is
Y, (1) = a,X(1) + o, X (1) + a, X (1) (14)
V0= BY,(0)+ By, O+ By, () (15)
Substitute (14) into (15) results in the relation
Y, (t) = a, S, B, +2a,0, B, + o, B)X (1) (16)

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

A @ |
Aea = \/3 ‘a3ﬂ1 +20‘10152:182 +a13ﬂ3‘ ' .

From equation (17) can be simplified if the two sides are inverted and squared:

1 1 3,8, o
2 a2 + =
Alws Al 20 Aps2

; (18)

where A3, and Aps, 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 [1].

11
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Chapter 3
Design of UWB LNA with cascode feedback structure

3.1 Circuit topology

In designing a broadband amplifier, feedback and distributed configuration are
most widely used. In the chapter, feedback configuration was used instead of
distributed configuration because it is more adequate for integration due to better
uniformity and stability at frequencies below 12GHz. In addition, the cascode
structure has been considered as the best topology for wideband applications because
of its advantages [11].

We design UWB LNA with cascode R-C feedback structure. There are two types
in this structure. The feedback1 structure is the R=€ feedback connected between Lg
and MOS1’s gate, like Fig. 3-1(a). The feedback2 structure is the R-C feedback
connected between input and Lg, like Fig. 3-1(b).

From Fig. 3-1 (a) and (b), we can observe that they are two stage low noise
amplifier. First stage used the cascode R-C feedback structure. The advantages of
cascode structure are high gain, wider bandwidth, better stability and reverse isolation.
The cascode configuration is being used to reduce the high frequency roll-off of the
input devices due to the Miller effect [11]. It can also be performed the input/output

matching independently. The R-C feedback (R¢ & Cy) in cascode circuit improves the

13



S11 of the circuit and stabilizes the common-gate without reducing the gain. Above

all, it can satisfy the requirements of wideband system for both noise and power

simultaneously by carefully feedback resistance.

The MOS M1 dominates the noise performance. These two MOS (M1 and M2)

have little effects with each other.

The two LNA (feedbackl and feedback2) for UWB applications were designed

using TSMC 0.18um RF CMOS technology.

14
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Fig. 3-1 Proposed UWB LNA schematic (a) feedbackl1, (b) feedback?2.
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3.2 Design procedures
3.2.1 Transistor sizing and bias condition

Since the size of transistor and bias condition determine the power dissipation, it
is often recommended to decide them with a certain power budget. However, we
should evaluate the size of the transistor versus bias condition carefully, because they
are also related to the impedance seen by the input gate. Thus, the first choice is to
determine the size and bias condition that satisfies both impedance and noise
matching with limited bias current.

Fig. 3-2(a) shows a simulatiomicircuit of MOS NFmin. In Fig. 3-2(a), the input
transistor M1 (W/L = 160/0.18-um) is chose and is-biased at 7.5mA. In Fig. 3-1(a)
and (b), the size of the cascode transistor M2 (W/L = 64/0.18 um) is decided
considering a trade-off between gain (S;;) and -3dB bandwidth. The size of the
second stage transistor M3 is W/L = 64/0.18 um. The total power consumption is
18.8mW.

Fig. 3-2(b) shows the Vgs versus NFmin at 3.1GHz, 6.85GHz and 10.6GHz.
From Fig. 3-2(b), we can observe that when Vgs = 0.7V, the transistor M1 has the

minimum noise figure. Thus, the bias condition is decided to Vgs = 0.7V.

16
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Fig. 3-2 (a) Simulation circuit of MOS NFmin, (b) Vgs v.s. NFmin at 3.1GHz ~

6.85GHz and 10.6GHz.
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3.2.2 Noise analysis
The noise performance of the R-C cascode feedback topology is determined by
three main contributors: the feedback resistor Rf, the gate inductor Lg and the noise
of the amplifying device M1. The optimization of the noise contribution from M1

relies on the choice of its width for a given bias current.

MOS transistor noise sources are shown in Fig. 3-3(a). The noise generator ig

1S

I a

f

% 4kT@gmjAf K

D

Af (19)

1% e )
Af  is flicker noise

where 4KT (% On jAf is thermal noise component, and Kk

component. And noise generator i%g is

i%g= 201 Af (20)
The input-referred in a conventional way and replaced with two correlated noise

generators, as shown in Fig. 3-3(b), because the current gain of the source

degeneration is ﬂ(ja)):_ﬁ,and the cutoff frequency is @y zg—m,so the i’a is
1) o
—  _— jeC. —
iziazizg+J £ % (21)
I
and Vi is
Q%
Via = — (22)
Im

Fig. 3-4(a) and (b) show the equivalent circuit of the input stage for noise

calculation.

18



In Fig. 3-4(a), the feedback]1 topology:

Then,

Vit = Vipr + gy RLg +Vig =Via tha- RLg +Vig tle RLg

iy =iy = lig T 1;

Thus, the total equivalent noise voltage and current of feedback]1 is

Vi =V + Vg +il R’ +itr R,
PP = 1% F1%8
In Fig. 3-4(b), the feedback?2 topology:
Vip = Via + iia : RLg =V
iib2 = iia
Then,
Vip =Vipy =Via iia ) RLg +Vig

lip = lipy T1p =1 + 1

Thus, the total equivalent noise voltage and current of feedback?2 is

T 2
Vi =VZia +Vig +i%a - Ry

2 2 2
17i2 =17 +17 ¢

where

19
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(24)

(25)

(26)

(27)

(28)

(29)

(30)

€2))

(32)

(33)

(34)



i° =4kTRLAf (35)

f

Vg = 4KTR  Af (36)
The noise factor is
1+ kV — = (37)
AKTRAT g L Af

S

From equation (27) and (33), we can observe that the total noise of feedbackl is
greater than feedback2 due to the F Rng item. Fig. 3-5 shows the noise figure:
feedbackl versus feedback2. We can observe that the noise figure of feedback2

topology is better than feedbackl.

.T. L M1 (¢)ig

ig CgslT

(a)

Via

Lia

(b)

Fig. 3-3 Noise model for the amplifying transistor M1 (a) M1 noise sources,

(b) Input-referred equivalent noise generators.
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Fig. 3-4 Equivalent circuit of the input stage for noise calculation

(a) feedbackl, (b) feedback?2.
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3.2.3 Input and output match
Input matching:

In feedback1 topology, the small signal equivalent is shown in Fig. 3-6(a), where

|
2= Ve, (38)

Z =sL /1 39
=shl Ve (39)
Z,=sL, (40)
gm,eff = gmlxlzgml (41)
Z =Ry +sLy, (42)

Z, =R, + 1 43
R, (43)

For this configuration, the input-impedance and the gain can be calculated to be

P
Z,. = mh —+Z7,|/Z, (44)
Z; + (At

:ZL+gm,eff 'Zf 'ZL
Z, -7,

A (45)

And in feedback2 topology, the small signal equivalent is shown in Fig. 3-6(b),

where

o 1
Z',=sk, + %Cgsl (46)

Z, L, Z; and @, are the same with feedbackl. For this configuration,

the input impedance and the gain can be calculated to be

AN
Z. ., = il i (47)
in2 , 1
Zi+(A -D- 2",

23



:ZL+gm,eff 'Zf .ZL

An == (48)

Since the circuit parameters Z', and A, are frequency dependant, the

characteristics of Z, will vary accordingly over the frequency band. Thus, select

Z, and combination of R ~ C components » perfect matching and gain can be

achieved.

Output matching:

The second stage is decided to use L-C section for output match.

L

Rs

12 |

Vin VA Lin Bm.effVin 1

Zini

[ =]

Rs
W ? | |
Vin ? 71 Lin EmeftVin | ZL
r + <+ +

Lin2

(b)

Fig. 3-6 (a) Feedbackl configuration, (b) Feedback2 configuration.
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3.2.4 Shunt peaking

A model of shunt peaking amplifier is shown in Fig. 3-7(a). The capacitance C
may be taken to represent all the loading on the output node, including that of a
subsequent stage. The resistance R is the effective load resistance at that node and the
inductor provides the bandwidth enhancement. It’s clear from the model that the
transfer function Vo 1 is just the impedance of the RLC network, so it should be
straightforward to analyze. The addition of an inductance in series with the load
resistor provides an impedance component that increases with frequency, which helps
offset the decreasing impedance .of the capacitance, leaving net impedance that
remains roughly constant over a btoader frequency range than that of the original RC
network. The impedance of the RLC network may be written as

1 R[s(L/R)]+1

Z(8)=sL+R)/—= 49
()= ) sC s’LC+SRC+1 “49)

The load is designed to achieve flat gain over the whole bandwidth. The choice
of L, is determined by two opposite requirements: L, must be sizable to have

large gain and must be small so that it resonates C_, out of band [9]. R, 1is chosen

out

to place the zero frequency (@, = R% ) as close as to the lower edge of the band to
d

improve the gain. We choose R, =90Q2 and L, =1.7nH so thatw, =8.5GHz .

The shunt peaking is shown in Fig. 3-7(b).
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Fig. 3-7 (a) Model of shunt-peaked amplifier, (b) Gain compare with shunt-peaking.
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3.3 Simulation and Measurement Result

Fig. 3-8 shows the s-parameters of simulation and measurement in feedbackl
and feedback?2. Fig. 3-9 shows the noise figure and Fig. 3-10 shows the linearity. Fig.
3-11 is the die photo.

In feedbackl, the forward gain (S,)) is less than simulation about 5dB due to the
L1 without connecting bypass capacitors and process variation. When measured, the
Vgl dc probe without bypass capacitors may cause signal loss and have parasitical
effects so that the gain is less than simulation. And, the ripple in 3 to 6GHz is due to
the M2’s gate bypass capacitor layout which cause parasitic inductor and capacitor
resonated in 3 to 6GHz. The reverse isolation(S;2) is below -32 dB. The magnitude of
S11 is below -7.5dB and Sj; is below =10dB in entire operation frequency band. The
S12, Si1and Sy, are very close to the simulation result. The average noise figure is
about 8dB and the minimum noise figure is 6.7dB at SGHz. The IIP3 is 2dBm at
5.5GHz. The total power consumption is about 18mW with a power supply of 1.8
volts. And the die area including the pads is 0.77 mm®.

In feedback?2, the forward gain (S,)) is less than simulation about 2dB due to the
L1 without connecting bypass capacitors. The reason is the same with feedbackl. And,
the ripple in 3 to 6GHz is also the same, because their basic structure and layout are

slightly different. The reverse isolation (S;,) is below -45 dB. The magnitude of S, is
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below -7.2dB and S,, is below -8.2dB in entire operation frequency band. The Si» Si;
and S, are very close to the simulation result. The noise figure is very flat about
5.5dB and the minimum noise figure is 4.55dB at 9GHz. The IIP3 is -2dBm at
5.5GHz. The total power consumption is about 18mW with a power supply of 1.8
volts. And the die area including the pads is 0.77 mm®.

From feedbackl and feedback?2 structure, we can observe that the noise figure in
feedback2 is better than feedbackl and the gain is also better. By the feedback2

structure, a low power, low noise amplifier can be achieved.

3.1~10.6 Gain NF Sn Sa 1P3 Pdc
(GHz) (dB) (dB) (dB) (dB) (dBm) | (mW)
Feedback1l 5 8 <-7.5 <-10 2 18
Feedback?2 9 5.5 <-7.2 <-8.2 -2 18

Table 3.1 Measurement results summary.
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Fig. 3-8 S-parameters of feedbackl and feedback?2 (a) Syi, (b) Si2, (¢) Si1, (d) Saa.
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(b)

Fig. 3-11 Die photo (a) feedbackl, (b) feedback?2.
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Chapter 4
Design of a low power UWB LNA with
current-reused structure
4.1 Circuit topology
Fig. 4-1 shows the proposed current-reused high gain two stage amplifier
topology. In Fig. 4-1, Ry, ~ Ly, and L,, are the loads for each common-source

amplifier, C, is the coupling capacitor, C is the bypass capacitor, and R

bypass bias

is the bias resistor. The proposed amplifier is the current-reused cascaded

common-source amplifier with capacitive inter-stage coupling except the extra

inductor L ,. In Fig. 4-1, the value-of L, is-adjusted for the series resonance with
the input capacitance of the second stage. Accordingly, the first stage is designed to
resonate at the lower bound of the frequency band. The second stage, on the other
hand, resonates at the higher bound of the frequency band.

To achieve the goal of power saving, the second stage is stacked on top of the

first stage. A coupling capacitor and a bypass capacitor are required for this topology.

The capacitor C,, provides signal coupling between the two stages and the

capacitor C functions as an ac ground at the source of transistor M2. The

bypass

capacitance of capacitor C is chosen to be as large as possible to provide ideal

bypass

ac ground in conventional narrow band designs as well.
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4.2 Design procedures
4.2.1 Transistor sizing and bias condition

Since the size of transistor and bias condition determine the power dissipation, it
is often recommended to decide them with a certain power budget. However, we
should evaluate the size of the transistor versus bias condition carefully, because they
are also related to the impedance seen by the input gate. Thus, the first choice is to
determine the size and bias condition that satisfies both impedance and noise
matching with limited bias current.

Fig. 4-2(a) shows a simulatiomi¢circuit of MOS NFmin. In Fig. 4-2(a), the input
transistor M1 (W/L = 78/0.18 um) is chose and is biased at 3.89mA. In Fig. 4-1, the
size transistor M2 (W/L = 80/0.18 um)‘is decided: The bias current for M3 is selected
to be 1.2mA and the width of M3 is 88 um. The transistor used to implement the
current source is 24 um width. The total power consumption is only 9.1mW.

Fig. 4-2(b) shows the Vgs versus NFmin at 3.1GHz, 6.85GHz and 10.6GHz.
From Fig. 4-2(b), we can observe that when Vgs = 0.7V, the transistor M1 has the

minimum noise figure. Thus, the bias condition is decided to Vgs = 0.7V.
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Fig. 4-2 (a) Simulation circuit of MOS NFmin, (b) Vgs v.s. NFmin at 3.1GHz ~

6.85GHz and 10.6GHz.
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4.2.2 Input and output match
Input matching:
Fig. 4-3 shows the small signal model of the input impedance. The passive

components L, ~C, ~L,~C,~ L, and Lg areadopted for matching network at the

9

input to resonate over the entire frequency band. The source inductor Lg 1is used to
generate a real term for input impedance matching.
OmiLs /Cgsl =R =50Q (50)

The input impedance is derived as

! Ly (Zyrt o L)

Z,=2 51
" 2,47 @, L GL
where

g ol +L (52)

1 1 sC,
Z, =sL, //— (53)

2 2 sC,
Z,=s(L, +Lg)+ 54
3 ( 3 S) SCgsl ( )
w, = 9m (55)

Cgsl
Output matching:

Fig. 4-4 shows the output matching network. The buffer must drive a 50Q

external load. The buffer is independently biased by means of a current source made

up of two transistors in current mirror configuration.

L 500 (56)

gm3
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Fig. 4-4 Output matching network.

41

cexls



4.2.3 Gain analysis
Fig. 4-5(a) shows the current-reused two stage cascade amplifier with series
inter-stage resonance. In Fig. 4-5(a), the value of L, is adjusted for the series
resonance with the input capacitance of the second stage.
Fig. 4-5(b) shows the small signal equivalent circuit for the portion of the circuit
enclosed by the dashed box in Fig. 4-5(a) in order to estimate the current gain from
the drain of M1 to that of M2. In Fig. 4-5(b), Z,, represents the load of M1 equal to

Ry, 1s the parasitic series resistance of L. The V., andg,, represent the

gate-to-source voltage and the trans¢onductance of M2.
The current-amplifying characteristic of the series inter-stage resonated amplifier
can be understood by analyzing the circuit shown.in Fig. 4-5(b). From Fig. 4-5(b), the

current gain id %j can be expressed as
1

id_2: ng % Zdl (57)
id, sC Zy +sby, +(1/sCy, +1/sC,) + R,

gs2

From equation (57), L, resonates with 1/sC,, +1/sC, at high frequency band.

If Z, provides sufficiently high impedance, Z,, >> R, , then, Id%j = Om2 sC_
1

gs2
equation (1) can be approximated as

10, . 9m . @r (58)

where @; 1s M2’s cutoff frequency, @ is the frequency of operation.

42



(a)

‘”_} Lg2 Ry Cg2 l‘ﬂ_}
M —a—]

+
ZLa1 Ves2 5 Ces2

gmz\*rgsl

(b)

Fig. 4-5 (a) Current-reused two stage cascade amplifier with series inter-stage

resonance, (b) Small signal equivalent representation of the circuit from node X to Y.
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4.2.4 Shunt peaking

The load inductor of the first stage, L,,, is chosen to resonate at 3GHz with the

R4, at the drain node of the transistor M 1. The load of inductor of the second stage is

chosen to generate a resonance at 10 GHz. As shown in Fig. 4-6, a flat frequency
response can be obtained by the combination of the resonance of the first and second

stages (w, =3GHz and w,, =10GHz ). To fit the frequency bands of UWB

71 —

applications, the -3dB bandwidth is designed to cover 3.1 — 10.6 GHz.
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Fig. 4-6 1st-stage and 2nd-stage resonance contribute to gain.
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4.3 Simulation and Measurement Result

Fig. 4-7 shows the s-parameters of simulation and measurement. Fig. 4-8 shows
the noise figure and Fig. 4-9 shows the linearity. Fig. 4-10 is the die photo.

In the current-reused structure, the forward gain (S;;) is less than simulation
about 2dB due to the L2 without connecting bypass capacitors. When measured, the
Vgl dc probe without bypass capacitors may cause signal loss and have parasitical
effects so that the gain is less than simulation. The reverse isolation (S;,) is below -50
dB. The magnitude of S;; is below -8.6dB and S, is below -8dB in entire operation
frequency band. The S;» , S;; and’S3; are very close to the simulation result. The
average noise figure is about 5.2dB and the minimum-noise figure is 4.87dB at 8GHz.
The IIP3 is -13dBm at 5.5GHz. The total power.consumption is only 9.4mW with a
power supply of 1.8 volts. And the die area including the pads is 0.98 mm®.

By current-reused method, a high gain, low power, low noise amplifier can be

achieved. It only consumes 9.4mW.

3.1~10.6 Gain NF Si1 Sy 11P3 Pdc
(GH2) (dB) (dB) (dB) (dB) (dBm) [ (mW)
Current-reused 9 52 <-8.6 <-8 -13 9.4

Table 4.1 Measurement results summary.
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and a low power current-reused structure. From measurement results, we can observe

that feedback2 has better noise performance than feedbackl and current-reused

Chapter 5

Summary

We design UWB LNA with R-C feedback structure in feedbackl and feedback2

structure is not only low power but also has good noise performance.

feedback2 has good noise performance and current-reused structure has very low

power consumption and good noise figure.

Table 5-1 is the comparison of broadband LNA performance. We can find out

Ref. B.W. Gain NF S1L S22 11P3 Pdc Tech. | year
(GHz) (dB) (dB) (@B)={=(dB) | (dBm) | (mW) | CMOS
(max) | (average)
[9] 2.4~9.5 9 4~9 <9 | <20 | -6.7 18 18 2004
9.3) | (6.5) *9
Feedbackl | 3.1~10.6 5 7.7~8.7 | <-7.5 | <-10 2 18 18 2006
(6) 8)
Feedback2 | 3.1~10.6 9 5948 | <72 | <82 -2 18 18 2006
(10.5) | (5.5)
Current- | 3.1~10.6 9 56~5 | <-86 | <-8 -13 9.4 18 2006
reused (11.9) (5.2) *7

Table 5.1 Comparison of broadband LNA performance
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