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Abstract —This paper presents 5-6 GHz front end Low Noise
Amplifier application for IEEE standard 802.11 system for WLAN
application. This amplifier uses FHX76LP Low noise SuperHEMT
device designed for DBS application from Eudyna Device USA Inc.
This paper is present design and simulation of single stage LNA
circuits. A single stage LNA has successfully designed with 26.92 dB
forward gain and 1.32 dB noise figure, which stable along the UNII
frequency band.
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[. INTRODUCTION

The IEEE 802.11 standard is used as references. The
Low Noise Amplifier (LNA) system should meet this standard
requirement and should operate properly for WLAN Bridge
system [1]. The main requirements of the LNA are the lowest
possible noise figure (NF) with a reasonable gain. The general
topology of the LNA consists of three stages: the input matching
network (IMN), the amplifier itself and the output matching
network (OMN) [2],[3],[4]. The 5.8 GHz wireless LAN market
grows rapidly and offers various benefits to the user 5.8 GHz
LAN technology supports multimedia services, real time voice
and video transfer and other bandwidth intensive applications
[51.

This paper presents two different designs of a LNA at
5.8GHz. The circuit design starts from FHX76LP Low noise
SuperHEMT device designed for DBS application from Eudyna
Device USA Inc amplifier using the microstrip technology. It is
the LNA that mainly determines the noise figure of the system.
Low power dissipation and small integrated area are also some
important factors that must be considered in the design of the
devices for wireless applications [6]. Based on S-parameters of
the transistor and certain performance requirements, a systematic
procedure is developed for the design of LNA. In LNA design,
the most important factors are low mnoise, moderate gain,
matching and stability [7]. Besides those factors, power
consumption and layout design size also need to be considered
in designed works.
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The characteristic of this commercialize Low
Noise Amplifier are shows in Table 1 below :-

Table 1: FHX76LP Characteristic

Component Parameter Value
Frequency Range 5000-6000

MHz

FHX76LP Associated Gain 12dB

Noise Figure 0.4 dB

Input IP3 8dBm

Output P1dB 9dBm

II. LNA Circuit Design
A Single stage LNA

A single stage microwave transistor amplifier can
be modeled by the circuit in Figure 1 where a matching
network is used both sides of the transistor to transform the
input and output impedance Z, to the source and load
impedance Zg and Z;. The most useful gain definition for
amplifier design is the transducer power gain, which
accounts both source and load mismatch [8].

Output Matching Metwork

g
%

Figure 1: Single Stage LNA circuit




Warious type of matching tecknique can be applied to
immplement the matching network. The lomp slament matching is
selected for this research work The purpose of the caleulation
process is to predict the result for LMA design MATLAE is
used to Amplify the caleulation process. The caleulation process
begins with 3-parameter selection for frequency 5 GHz o &
GHz. In this paper, S-pararneter is selected at bias point Vds=
2 and Ids= 10 mA fromm data sheet.

I Stability Consideratiozn

Cne of the most important factors in high fTequancy
amnplifiar design is fo determine stability of the given Dias poirt.
Equaticns in Table 2 and Table 3 are used fo detenmine the
stability and stability cirele of the amplifier.

TABLE 2
Stability datermination by forronla
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TABLE 2
Stability determination by stability cirels
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The input and the cutput cireuits sheuld be matched to
deliver maximum power to the load After stability of active
device is determined, input and ouiput matching circuits should
ba designed so that reflection cosefficient of each port can bha
correalated with conjug ate complex number as given bel o
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By combining the two formulas above, reflection

ooefficient of inputioutput matching cirenits can be
calenlatad by
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The formulas above give source and load reflaction
coefficients to obtain maximum power gain

& Nowe Figure and Constant Noise Cirele

Signals and roises applied to the input port of
arnplifier are arnplified by the gain of the amplifier ard
toise of arnplifier itself is added to the cutput. Therefore,
SME (3ignal o Moise Ratio) of the cutput port is smaller
than that of the input port. Theratio of SMER of input port to
that of output port is referred to as noise figure and is larger
o lass than 1. Typically, noise figure of 2-port ransistor has
a minirmum value at the specified admittance given by
fomromla:
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D Design for minimum Noise Figure ot Corporaton a0 ™ s
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Low noise amplifier is important for receiver because L ARy
noise figure of the amplifier of receiver affects noise figure of Csi=C
Kool . " . 5.80GHz
the whole system. To get minimum noise figure using 2-port Iy
transistor, source and load reflection coefficient should match —
5.80GHz
with l—‘opt and load reflection coefficient should match with g
l—‘om with a complex conjugate number [9],[10] as formula
below:
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OI.  RESULT AND DISCUSSION ] e A L
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For the proposed single stage LNA shown in Figure 1, the e
simulation result is shown in Figure 2 to Figure 5. The design o ~ — = =
LNA required two 2 V supply voltage and consumes 4.5mW. In > SR e
the beginning of the simulation process, the transistor is modeled 2 s
in schematic using data sheet provided by manufacturer. The AN
. . . . XY:580-4787
simulation result might not be accurate because the library has i e
no data and modeled of the transistor FHX76L.P Low noise s e —
SuperHEMT in Ansoft Designer. However. Duroid 5880 is a0 ..//5 u nl 1 B ]
being used as the microstrip substrate and the characteristic of Fistd
this sul?strate. The comparison S-parameter simulated result as Figure 4: LNA simulation result at 5.80 GHz
shown in Table 3.
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Figure2: LNA stability Figure 5: LNA noise figure
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TABLE 3
S-Parameter simulation result

Frequency S11 S12 821 S22
5.75Ghz -2.27 -47.19 | 27776 | -1.26
dB dB dB dB
5.80Ghz -1.63 -47.90 | 2692 | -6.24
dB dB dB dB
5.85Ghz -1.15 4841 | 26.28 | -6.18
dB dB dB dB

A 5.8GHz low noise single stage amplifiers based on
FHX76LP Low noise SuperHEMT transistor was designed and
the prototype was tested at room temperature. At 2V collector
bias on 5.8 GHz , this LNA has noise figure 1.32dB, with input
return loss of -1.63dB, insertion loss of -47.90dB and output
return loss of -6.24dB. Usually, as long as the stability factor and
delta factor are known as unconditionally stable, the stability
circle is necessary to be proved because the amplifier is stable at
all area within the smith chart [9].

Iv. CONCLUSION

The research work has yield a new Low Noise Amplifier
{(LNA) circuit' design for frequency of 5.75 GHz to 5.85 GHz
and circuit simulation were done in Ansoft Designer. LNA has
successfully simulated with 26.92 dB gain and 1.32 dB noise
figure at frequency 5.8 GHz
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