Electrical and Electronic Engineering 2012, 2(4): 177-182
DOLI: 10.5923/j.eee.20120204.02

Out-Band Interference Rejection in UWB LNA Receiver
Using Coupled Inductors in Front End LNA
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Abstract In this paper, an ultra wide band (UWB) low noise amplifier (LNA) circuit with a new input stage is proposed.
In this scheme, a combination of coupled inductors in the input stage is utilized. The input stage is able to easily reject
out-band interference. This input stage is applied in an LNA with 0.18 pm technology. The LNA has a peak gain of 21.72
dB in 3.1-10.6 GHz frequency band while showing a minimum noise figure of 1.85 dB in the mentioned frequency band.
This circuit rejects 15.2 dB out-band interference, while power consumption of the UWB LNA core is 11.8 mW DC which
is supplied from a 1.8 V power supply. s,; is less than -10.3 dB over the entire bandwidth since the worst value of IIP3 over
the entire bandwidth is -13 dBm, which occurs at the frequency of 10.6 GHz.
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1. Introduction

UWRB standard was proposed by the federal communica-
tion committee (FCC)[1] in frequency range of 3.1-10.6
GHz. Due to the wide frequency band, UWB systems are
capable of increasing the transmission rate up to 450
Mbps[2, 3]. Therefore, UWB systems are widely used for
numerous applications in the form of WPAN[4] and short-
range wireless communications[5, 6].

One of the major challenges associated with these sys-
tems is the presence of interferer signals in the mentioned
frequency range which can cause destructive effects on re-
ceived UWB signal. Interferer signals can be classified into
two general categories. The first category mainly causes
in-band interference and is a result of WLAN systems
which works under IEEE 802.11a standard and takes in the
frequency range of 5-6 GHz. The other category is related

to WLAN systems working under IEEE 802.11 b/g standard.

This kind of interference is called out-band interference,
due to occupying the frequency band of 2.4-2.48 GHz. The
high power interference signal caused by these systems may
saturate the UWB LNA receivers and consequently degrade
the sensitivity of the system. Thus, removing this type of
interference is considered as a crucial issue in designing RF
transceivers. As a result, the performance of UWB trans-
ceivers can be guaranteed by more than 15 dB rejection.
Lots of attempts have been carried out to improve the
system performance which led to proposing various
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techniques. G,-boosting[7] and thermal noise cancellation
for decreasing the noise figure[8, 9], current reuse topol-
ogy to perform UWB input matching and cascade amplifier
with resonant load to enhance gain and reverse isolation
[10], the bridged-shunt-series peaking technique for in-
creasing the bandwidth and improving the matching in the
output[11] are some of the generic methods mentioned in
the literature. Although improving system performance,
these methods are not capable of interference rejection. Re-
cently, various methods have been proposed for interference
rejection mostly designed using notch filters[12-15]. These
filters are able to be tuned over the rejected frequency.
However, because of using an additional circuit for reject-
ing the considered frequency, these filters will cause an in-
crease in the power consumption and noise figure.

In this paper, we aim to reject out-band interferer signals
in the input stage in such a way that there will be no in-
crease in power consumption and no effect on the noise
figure. Also, powerful tuning over the considered frequency
will be preserved. Here, it is possible to increase the signal
power in the next stages in an appropriate manner so that
the presence of interferer signals will not be considerable.

The proposed circuit as an input stage has a maximum
noise figure of 0.42 dB in the frequency range of 3.1-10.6
GHz. For both mentioned frequency bands, s;; and s,, are
below -12 dB and -10 dB, respectively. The minimum gain
value over the mentioned frequency band for the circuit is
-0.76 dB, while the power consumption is zero, and hence
CS LNA is added to the input stage to improve the gain. In
order to compensate the NF of the circuit, the advantages of
thermal noise cancellation techniques have been used in the
second stage[8]. Furthermore, in order to improve the gain
and input matching of the circuit in higher frequencies, a
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new innovating technique is employed based on the
bridged-shunt-series peaking method[11] in the output
buffer using monolithic transformers[16].

The rest of this paper is organized as follows. In section 2,
the overall circuit design, initially proposed input stage, CS
LNA and output buffer with the innovative technique are
presented. Simulation results are given in section 3. Finally,
we will conclude the paper in section 4.

2. Circuit Design

2.1. Input Stage

The proposed input stage is shown in Figure 1. In this
circuit, combination of coupled inductors with M, rejects
out-band interference. Small signal equivalent circuit is
shown in Figure 2.
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Figure 1. Schematic of the proposed interference rejection circuit
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Figure 2. Small circuit equivalent of the interference rejection circuit

It is assumed that L, - M = Léq /Ly, hence, power gain
can be derived as:
_Vor _ (1+(L2_M)CquSZXM+VdL1ng15)
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where M =k LiL, , Lﬁql =LiL, —M' and also
Ceq1 = Cgq + Cy . From (1), it can be deduced that there is
one frequency, f, which leads gain of circuit to zero. This
frequency is given in (2). Hence, the out-band interference
can be rejected by tuning fon 2.4 GHz.
1

f=
271 (Ly = M)Coy

Figure 3.a shows the gain and noise figure of the proposed
circuit. s;; and sy, are illustrated in Figure 3.b. Tuneable
interference rejection is achieved using different values of
circuit elements in (2). Figure 4 shows simulated NF with
variation of k;.

(1)

2)

2.2. CSLNA

In this design, the procedure of designing UWB LNA with
interference rejection consists of three steps. First, as de-
scribed previously, in order to reject any arbitrary frequency,
the best parameter of (2) should be selected. Second, CS
LNA and output buffer are added to the circuit. Third, by
selecting the best value of other circuit parameters, NF, s,
and s, can be optimized.

Gain deficiency is the reason for designing the next stage
as an amplifier. For this purpose as shown in Figure 5, CS
LNA with thermal noise cancelation technique has been
applied. The concept of noise cancellation can be extended
as[8, 9].

10 0
8 \'\ i 3
— :-' 10 5\
S — 8
: vV E =
2 4 \J'«_l ...... 821 +— -9 X
2 \ 12
0 ' -15
01 2 3 4 56 7 8 9101112
Frequency(GHz)
(@)
0 Fa
b |
- '5 X ------ Sll
=2 -10 :
zZ S22
[75] 3 e
~ 20 N s
EE \M -
'25 '." ®
-30
01 2 3 4 5 6 7 8 9 10 11 12
Frequency(GHz)
(b)
Figure 3. a. The gain and NF b. s;; and s,, of the circuit
0 | T T T T |
k;=0.71 (2.3 GHz) o
B k=073 (24GHz) | LT
5 6 | k=0.75(25GHz) o e
= ’o/
- ’
& -9 :::‘: -__... ,' 4 .'_-
12 SN /
- = \ ‘. -.‘.' / "'—
~ }:/
-15
2 212223242526272829 3
Frequency(GHz)

Figure 4. NF with variation of &,



179

- In,vut

Figure 5. Schematic design of noise cancelation technique

Since noise current of M; flow out of node Y and into node
X, two obtained voltage noises are of different phases. These
noise voltages are amplified by M, and M; which are two
signal paths from M, in this technique. Therefore, two noise
voltages are collected with each other at the output and
cancel noise contribution of M. After cancelling the noise of
M, the main sources of noise are M, and Mj;. Noise calcula-
tion method in [7] is used to derive the noise contribution of
M, and M; as:

Fyy= égmst X|H(S)|2 3)
Fys= éngRS X|H(S)|2 “4)
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Figure 6. Schematic design of the second stage in the proposed LNA

and y isanoise parameter, a=g, /g, atwhich g, isthe
channel conductance for Vpg=0. As shown, by increasing g,,,
to be more than g,,;, the noise factor of M, and M; can be
decreased. Furthermore, increasing g,, in an excessive
manner can ruin power gain and NF, hence I4\,=4.87 mA
and Igp3=1.69 mA are selected. As shown in Figure 5, C;
increases the amount of Cgy; which improves input matching
at high frequencies. On the other hand, in order to improve
input matching of the circuit in high-band frequency,
C,~1/o,R has been used at which wy, is the upper cut-off
frequency and R (50Q) is characteristic impedance at both
ports. As shown in Figure 6, the bandwidth extension of
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LNA can be obtained using inductance L; without any high
Q requirement[17]. As shown, M, with gate bias provides the
DC current path of M, since C; provides ac ground of circuit
over working frequency bands. Resonating L; with input
parasitic capacitance of M,, improve input matching and gain
at high frequencies.

2.3. Output Buffer

Combination of inductance L, and Lg with the series in-
ductance L4 results in the bridged-shunt series peaking net-
work, which further extends the bandwidth and as a conse-
quence gain flatness will be achieved (Figure 7)[11]. It is
possible to increase the signal power by using positive
feedback in this scheme.

The positive gain between drain and gate can also be im-
plemented through the use of on-chip transformer[7]. A
monolithic transformer comprises two square spiral induc-
tors. Furthermore, this transformer occupies less die area and
provides a higher quality factor than two independent in-
ductors[16]. Voltage gain in Figure 7 can be expressed as (6).
A, can be derived as illustrated in (7).

Av =4, % 4

Z, +LS

where in (7), M'=k.LL , L,=LL-M" and

a=Ry(CpsL"+ C,sL)+ R,L,C, 51+ g,5R;) . Input and output im-

pedances are derived as in (8) and (9), respectively, where
Z, =R, /(+ joR,C,s) and Z,=rL,/(r,+ joLy).

Considering (7), (8) and (9), it is obvious that coupling
between Ls and L; can significantly affect gain, input, and
output reflection coefficients of LNA. Furthermore, these
effects should be considered on the proposed LNA.

(6)
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Figure 7. Schematic design of the output buffer with coupling between L,
and L,
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Figure 10. The output reflection coefficient versus

Simulation results show that an approximate 4.7 dB in-
crease in gain at high frequency is achieved by varying k,
from zero to one (Figure 8). Furthermore, Figure 9 shows
that this technique can bring about more than 5.5 dB im-
provement in s;; of the proposed LNA at 10.6 GHz. Unfor-
tunately, increasing k, has undesirable effects on output
impedance and causes about 10 dB increase in s,; at 10.6
GHz (Figure 10). Therefore, the optimum value of &, should

be chosen as 0.33 to keep s;; less than -10.3 dB over the
entire bandwidth. Consequently, this choice leads to a power
gain increase of about 2.45 dB.

3. Simulation Results

The proposed three stage UWB LNA is shown in Figure
11. The circuit has been designed with TSMC 0.18 pum
CMOS technology. The simulation results are obtained us-
ing Agilent ADS 2008A simulator. All inductors are spiral
with low quality factor due to high series resistances. The,
first, second and third stages as an output buffer draw 0,
6.55, and 4.42 mA, respectively, from a 1.8 V power supply.
Consequently, the total power consumption is 19.76 mW.
Figure 12 shows the simulated noise figure of the LNA,
which varies from 1.85 dB to 3.33 dB, and also has an av-
erage amount of 2.16 dB over 3.1-10.6 GHz. As shown, the
variation of the circuit gain over the mentioned frequency
range will be from 19 dB to 21.72 dB. Also, the average
amount of power gain is 20 dB. As can be observed, 15.2
dB rejection at 2.4 GHz compared to the maximum gain is
obtained. Input reflection coefficient is shown in Figure 13,
which varies from -27.5 dB to the worst case of -10.3 dB.
This figure also shows reverse isolation which is less than
-26.5 dB over the entire working bandwidth. Output reflec-
tion coefficient (sy;) varies from -10 dB to the worst value
of -7 dB over the mentioned frequency band.

Another parameter which should be considered is group
delay since a large amount of it may distort the signal phase.
In our circuit, variation of group delay ranges from 77.3 ps
to 329 ps over the frequency band which is acceptable[18].
The stability factor of the proposed circuit is more than one,
so UWB LNA is always stable. By applying two tones with
1 MHz spacing, the simulated IIP3 is -10.5+2.5 dBm over
the mentioned frequency bandwidth.

Table 1 summarizes the performance of the recently re-
ported UWB LNA with interference rejection using 0.18
pm CMOS technology. It is obvious that this design has the
lowest amount of noise figure and the highest gain. In addi-
tion, more robust out-band interference rejection is achieved
compared to the recently published CMOS LNA.

Table 1. Comparison between proposed UWB LNA with other traditional techniques

Ref BW MAX s, (dB) MAX Interference NFmin (dB) S11 P 1IP3 CMOS Interference

ek (GHz) (average) Rejection(dB) (average) (dB) (mW) (dBm) Technology Rejection

Tunable active

021 2.1 (16.5) 44.8@5.81GHz 22 <12 | 165 NA 90-nm inductors

13 Tunable notch
(131 | 3.1-10.6 132 8.2@5.2GHz 45 <95 | 23 -1.4 0.18-um filter

45@5.2GHz % Notch filter

(14] 3-48 15 48@2.4GHz 33 =10 > NA 0.18-um (active inductor)
[15] 1.2-9.5 14.7 35.7@5.8GHz 5.3 <-10 16 2.5 0.18-pum Notch filter
This " Coupled
work 3.1-10.6 21.72 (20) 15.2@2.4GHz 1.85 (2.16) <-103 | 11.8 -8@6-8 GHz 0.18-pum inductors

* Only core LNA
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Figure 13. The input matching parameter and the reverse isolation

4. Conclusions

Interference is considered as the main challenge in the
UWB LNA receivers. In order to eliminate interferences, a
new technique is introduced based on coupled inductors with
confident rejection of out-band interference.

Robust tuning, low noise figure and also no DC power
consumption are obtained using this technique. A UWB
LNA with this technique in first stage was designed. Ad-
vantages of CS LNA as an amplifier with thermal noise
cancelation technique are used in the second stage of UWB
LNA. Finally, output buffer is implemented with the
bridged-shunt-series peaking technique to extend the band-
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width. This scheme using the innovative technique aims to
improve the gain of the circuit at high frequency band. In
comparison to other related conventional published methods,
the proposed UWB LNA exhibits the lowest noise figure
over a 3.1-10.6 GHz bandwidth with the highest average
power gain for UWB application in a commercial CMOS
process.
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