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Abstract— This paper Rre esign and analysis of a (HEMT) is used; which are not energy efficient, but reduce the
multistage low-noise amjy] usmg Pseudomorphic relative amount of shot noise [2] [3]. Input and output matching
High Electron Mobility Tk PEMT). The LNA is circuits are used for the device matching using the values of load
designed at the center frequey z with a gain of  and source reflection coefficients. Biasing is designed using
30dB, bandwidth of 72MHz and ng Rf less than 3 dB. large resistors, because energy efficiency is not of primary
This paper is an extension of the a e concern, and a large resistor prevents leakage of the weak signal
to design of single stage LNA [1].The out of the signal path or of noise into the signal path.
using Narrowband amplifier design
methodology required the analysis of the The matching network design is important part of the whole
design. The important performance parameters of LNA’s are
output. Ideal microwave amplifier equations are use gain, Noise Figure [4] [5] and impedance matching [6].
out the analytical treatment for the design. Thetequi e(@i a Achieving a high gain at microwave frequencies may result in
other parameters are achieved by a three stage i instability, and mismatch can cause various drawbacks such as
¢ h power loss and, hence, signal-to-noise reduction [6]. For typical
applications Gain ranging from 12 to 25 dB and a better than10-
dB return loss must be provided.

tradeoff between the noise figure and gain of th¥ g
Advanced Design Software (ADS) is used to

comparable to the specifications. The design is optlmlzed (ISTITS
stub matching resulting in reduced noise figure and minimixing
the standing wave ratio. The DC and AC simulations for tie
LNA are presented in the paper [1].

oYlesign an efficient and stable impedance matching network,

noise“Tigure while output matching network has a negligible
cife poise-figure performance. The noise figure can be

p7ed designing the optimum matching network by
1 Optimum source impedance [7]. [8] [9] have
ve analysis on design of broadband matching
1 INTRODUCTION techny microstrip circuits highly depend on the

frequenCy=ahd their response is different at low frequencies as
equencies [10]. There are many options on
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Low noise amplifier (LNA) is one of the basic building blocks
of a communication system. The purpose of the LNA is to
amplify the received signal to acceptable levels while
minimizing the noise it adds. The low noise amplifier is used in
communication systems to amplify very weak signals captured
by an antenna. It is often located very close to the antenna
thereby making losses in the feed-line less critical [1]. LNA is
placed at the front-end of a radio receiver circuit. Using an LNA
reduces the noise at all the subsequent stages. Thus, it is
necessary for an LNA to boost the desired signal power while
adding as little noise and distortion as possible so that the
retrieval of signal is possible in the later stages in the system.
For low noise, the amplifier needs to have a high amplification
in its first stage. Therefore High Electron Mobility Transistor

ailed age design simulations
and results are presented in followed by the

Conclusion in section 5.
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2  DESIGN AND ANALYSIS

In electronic receiver system, the maximum power gain and
minimum noise figure are equally important. However, from
design practices, maximum power gain and minimum noise
figure cannot be achieved simultaneously in most cases.
Therefore, there is atradgoff between high gain and low noise
figure.

NA is shown in figure 1[1].
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\ g Jeoffs in

mind. The transistor should exhibit high gdfn, low nows€\Xigure,
at the lowest possible current consumption, swiile

taken into consideration for all the devices and finally t
chosen was the ATF36077, because this device has IN
and low noise figure at the frequency of operation.

parameters and noise figure values exactly at 12.7 GHz to obtain
the device S-parameters at 12.7 GHz, the interpolation is used.
Touch stone file is a data file which is used to interpolate the
device parameters between two points of the variable. S-
parameters are swept between 10 GHz to 15 GHz with a step of
100 MHz to get required data at 12.7 GHz.

After selection of the device, the next step is its stability ch

Stability or resistance to oscillation in a microwave circuit

be determined by the S-parameters of the device, and the source

and load impedances. The datasheet does not provide S-

Table 1 - Device Parameters at 12.7 GHz using Touchstone
file

Sii S Sy S» F, Iy
Mag. 0.577 0.194 | 2.899 0.262 50 03
Phase | 175.446 | -38.48 | -1.136 | -129.74 | ° ’

The stability of device can be checked by two stability factors K
and |Al. The mathematical equations for K and IAl are [13]:

p V.Y O - o [
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Putting the values of S-parameters in equation (1) and (2) gives
K=0.823 and IAI=0.572. Since K<1 and also |Al<1, therefore the
device is potentially unstable. The input and output stability
circles are shown for all the frequencies from 10 GHz to 15 GHz
with a step of 100 MHz, in figure 2 and 3 respectively. The
circles show that the entire smith chart except the intersection of
stability circles with smith chart is a stable region and any point
can be selected in that region for design of LNA.

S_StabCirclet

indep(S_StabCircle1) (0.000 to 51.000)

Figure 2 - Input Stability Circle [1]
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)

Figure 3 - Output Stabili cle [1]



The DC biasing requirement for the device is Vy(Drain to
source voltage)=1.5V, V,(Gate to drain voltage)=0.2V and
I4s(Drain to source current)=10mA. The biasing technique used
for DC biasing of device is Active biasing rather than Passive
biasing because Active biasing provides a stable operating point
as compared to the Passive biasing technique [14]. The biasing
circuit is simulated DS. The biasing circuit is shown in
figure 4.

V_DC
— SRC2
=- Vdc=5V
+

-479 uA

Figure 4 - DC Biasing Network [1]

The DC biasing circuit must be protected from the high
frequency effects of the termination ports so that the S-
parameters should not change due to the biasing of the active
device. The inductors are inserted between the termination port
and DC biasing circuit to protect the biasing circuit from the
effects of the termination ports. Another important task is to
protect termination ports from the DC voltages and currents used
to bias the device, therefore DC blocking capacitors are used
[15].

The next step in the designing of LNA is to draw constant
gain and noise circles on Smith chart [16] as shown in figure 5.
The purpose of drawing constant gain and noise circles is to find
a point on smith chart that gives a high gain and low noise figure
because in the design of LNA, the major concern is to minimize
the noise and maximize the gain of the input signal. For this
purpose some optimum values of Iy (source reflection
coefficient) and I'y (load reflection coefficient) are selected to
design the matching network for which the noise figure is up to
a tolerable level and the gain set to the required value. For the
matching Network design, the intersection of noise and gain
circle has to be located, as shown in figure 5
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Figure 5 - Intersection of Gain and Noise Circle [1]

Since the device is potentially unstable so we have to
mismatch either at the input or the output port. From the
intersection of the Noise and Gain circles, the value of I’ is
chosen to design the matching network. Then Iy is used to
determine I, (output reflection coefficient) using the following
equation [14]:

50255 I
1S,
[y is conjugate matched with I';.. The value of ' is
d to determine [y, (input reflection coefficient) using the
g equation [1]:

[ope =5 + (3]

Si25u I

=8 F e (4)
1-5:T Y

echmque is used in designing of matching
The lengths and widths for the stub and
microstrip line of the matching networks are calculated using the

Once the matching nepfvork has

the single stage LNA c' julated. The simulation results
often differ from what\wasdesigged, the next step is to optimize
the results. The optimizati
optimization of matching
also included while doing st¥

of losses in microstrip like dielec
conductor loss [18], however,

. Housing effects are
ere are different types
radiation loss and

in phlations the Ideal



Transmission lines are used. The schematic of single stage LNA
is shown in figure 6.
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Figure 6 - Schematic of Single

The simulated results are shown in the foll
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Figure 7 - Gain curve of Single Stage LNA [1]

A gain of 10.376dB is obtained at 12.7GHz which
satisfies design requirements of 10dB so it means the gain of 30
dB can be achieved using three stages.

Another parameter which dictates the performance of the low
noise amplifier is the noise figure. The noise figure of 0.614dB
is obtained at 12.7GHz which also satisfies design requirements
of 3 to 4dB.

Voltage Standing Wave Ratio (VSWR) is calculated at the
input and at the output of the amplifier. This factor is important
as it specifies phenomenon of standing waves due to reflections
on the transmission line.
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igure 9 - Input VSWR curve of Single LNA [1]
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Figure 10 - Ouurve of Single LNA [1]

single stage first and if it accomplishes th¢
may use that to design multistage

15




three single stage LNAs. There can be several ways to achieve
the design; three different active devices (transistors) can be
used if same device is not able to handle the signal level in
progressive stages. As the LNA under consideration is a small
signal amplifier, all the three stages use the same transistor
device. No inter-stage matching network is required because this
design is a narrowband \amplifier and the input and output
impedance of

DC Biasing

DC Biasing DC Biasing

L

3 Stage RF output

1= Stage 2 Stage —*

\>v

Figure 11 - Three Stag

RFinput —p

Diagram

The Schematic of three-stage LNA is implementy
separate DC biasing for each stage and ina
shown in figure 12.
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Figure 12b - Component Level Schematic

The optimization of three-stage LNA is done. Initially
the design was giving VSWR’s more than two at input and
output ports, but by using the ADS optimization tools VSWR’s
are reduced to less than two to minimize the reflections at the
input and output ports. For an amplifier the gain is the most
important factor. The following graph is drawn by taking the
gain on the Y-Axis and frequency on the X-Axis. Three-Stage
LNA is simulated in ADS to obtain the desired results. A gain of
30.553dB is obtained at 12.7GEz. The marker in above graph
shows the gain at the frequency of interest. The gain is found to
be nearly same as was calculated during the design procedure.
Another parameter which dictates the performance of the low

99

Design, Analysis and Optimization of Multistage LNA at KU-Band

noise amplifier is the noise figure. The design is carried out to
achieve a noise figure as low as possible. Figure 14 shows the
noise figure in a two stage LNA. Comparatively, this is a quite
low noise figure with a gain of 30.553dB at 12.7GHz. Voltage
Standing Wave Ratio (VSWR) is calculated at the input and at
the output of the amplifier. This factor is important as it
specifies phenomenon of standing waves due to reflections on
the transmission line.
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Figure 13 - Gain Curve three-Stage LNA
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