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Abstract
This project present a design of a 5.8 GHz low naisglifier (LNA) design with cascode and cascadetirtiegies
using T-matching network applicable for IEEE 802sténdard. The amplifier use FHX76LP Low Noise Sup®f FET. The
LNA designed used T-matching network consistingrap lelement reactive element at the input and thpubderminal. The
cascode and cascaded low noise amplifier (LNA) pcedwgain of 36.8dB and noise figure (NF) at 1.3die hput reflection
(S11) and output return loss {8 are -11.4dB and -12.3dB respectively. The bandwadithe amplifier is more than 1GHz. The
input sensitivity is compliant with the IEEE 802st&ndards.
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1. Introduction

The number of systems that use radio frequency (iRK3 is increasing quickly. At the same time, the
number of standards for such systems is increagimnckly as well. To make this possible the numbfefr@equency
band dedicated for wireless communication has atspeased [1]. WIMAX, which is short for Worldwide
Interoperability for Microwave Access, is a novateless communication technology. It is an attractechnology
due to the high transmitting speed (up to 70Mbps) lang transmitting distance (up to 30 mile). Bystem bases
on IEEE 802.16 standards and uses several bargi2.2GHz, 3.4-3.6 GHz and 5.1-5.8GHz) to transtatb. The
design of the front-end low noise amplifier (LNA)ane of the challenges in radio frequency (RRivers, which
needs to provide good input impedance match, enpogler gain and low noise figure (NF) within thejueed
band [2].Many high gain amplifier topologies haweh proposed as a way to satisfy the requiremetdiopower
dissipation as well as good performances. The deasedth cascaded techniques to produces resuléstilgher
bandwidth and gain, due to the increase in theututppedance, as well as better isolation betwenrtput and
output ports. [3-7]. Most of the single stage LNAvite in the review could only around 20 dB gainwhs
proposed that the low noise amplifier should hagaia of at least 30 dB. By taking consideratioa ¢xtension of
communication distance of up to 50 km. A budgetigth lgain LNA will ensure a good signal to noiseagion for
further amplification. For this gain of 30 dB, ascade with cascaded amplifier is introduced forltN& as shows
in figure 1.

Cascode Single LNA

Figure 1. Cascode and Cascaded LNA

2. Theoretical Aspects

Basically, for the design of an amplifier, the ibamd output matching network are designed to aehilee
required stability, small signal gain, and bandWwid®uper high frequency amplifier is a typical eettircuit used to
amplify the amplitude of RF signal. Basic concepd @onsideration in design of super high frequesaylifier is
presented below. For the LNA designed, the fornaudd equation were referred to [4]. Figure 2, shavigpical
single-stage amplifier including input/output matghnetworks.
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Figure 2. Typical amplifier design

The basic concept of high frequency amplifier desig to match input/output of a transistor at high
frequencies using S-parameters frequency charsiitsriat a specific DC-bias point with source imgreze and
load impedance. Input/output matching circuit isesdial to reduce unwanted reflection of signal smémprove
efficiency of transmission from source to load [4-5

2.1. Power Gain
Several power gains were defined in order to undedsoperation of super high frequency amplifier, a
shown in Figure 3, power gains of 2-port circuitwark with power impedance or load impedance at grow

amplifier represented with scattering coefficierg alassified into Operating Power Gain, TransdiRawver Gain
and Available Power Gain [4-5].
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Figure 3. 1/O circuit of 2-port network

2.2. Operating Power Gain

Operating power gain is the ratio of power, {Rielivered to the load (2) to power (R,) supplied to 2-

port network. Power delivered to the load is thiéedénce between the power reflected at the oytput and the
input power, and power supplied to 2-port netwarkhie difference between the input power at thetimort and
the reflected power. Therefore, Operating Powen@aiepresented by

Power delivered to the load

Gy = ; — 1)
power supplied to the amplifier
— i — 1 | |2 1_ | I_L |2
Pin 1- | rin |2 = |1_ S22rL |2

where, [, indicates reflection coefficient of load at th@in port of 2-port network anli is reflection coefficient
of power supplied to the input port.

2.3 Transducer Power Gain

Transducer Power Gain is the ratioRyf,, maximum power available from sourceRo, power delivered
to the load. As maximum power is obtained when frgyedance of circuit network is equal to conjegedmplex
number of power impedance, ﬁin = rs, transducer power gain is represented by
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G, = Power delivered to the load
PowerAvailablefromthesource 2

_R__ ISufEIr P P)
Pae  10-ST)A-ST) = (S SN

where, [ indicates load reflection coefficient.

2.4. Available Power Gain
Available Power GainG ,is the ratio of, , power available from the source,Hy,,, power available

P

from 2-port network, that isg, = —an . Power gain isP,,, when I, =" *_. Therefore Available Power Gain is

avn

avs

given by:
Power available from the amplifier
G, = 3)
Power available from thesource
_Pavn_ 1_|I_S|2 2 1
- - 2 |Szll 2
Puw 11-S| [1-S,I |

That is, the above formula indicates power gainmihput and output are matched [5].

2.5. Noise Figure

Signals and noises applied to the input port of ldmpwere amplified by the gain of the amplifiand
noise of amplifier itself is added to the outputheFefore, SNR (Signal to Noise Ratio) of the oufpait is smaller
than that of the input port. The ratio of SNR gbuih port to that of output port is referred to asse figure and is
larger than 1 dB. Typically, noise figure of 2-ptEnsistor has a minimum value at the specifieitidnce given
by formula:

FoFut OGS @

For low noise transistors, manufactures usuallyige F_ ., R YOpt by frequencies. N defined by
formula for desired noise figure:

:lrs_roptl F F 2 (5)

mlnl
TGN

2.6. Condition for Matching

The scattering coefficients of transistor were dateed. The only flexibility permitted to the desgy is
the input/output matching circuit. The input circsinould match to the source and the output cishould match to
the load in order to deliver maximum power to tbad. After stability of active device is determinétput/output
matching circuits should be designed so that réfleccoefficient of each port can be correlatedhwibnjugate
complex humber as given below [6]:

|N — r Sll S.I.ZSerL (6)
1-S,6,
: r
o =1 =8, 22 ™

The noise figure of the first stage of the receiwegrrules noise figure of the whole system. Torgetimum noise
figure using transistor, power reflection coeffitieshould match WitH_Opt and load reflection coefficient should

match with ", .
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3. Design of LNA
Low noise amplifier has been design based on-{herameters were obtained from calculation and Isitioun
using ADS. The S-parameter for each LNA shows ibl&4 and Table 2.

Table 1. S-Parameters of Cascode LNA
Freq/dB S S S S
5.8GHz 0.637 0.040 2.873 0.536

Angle -89.645 29.157 86.557 -24.058

Table 2. S-Parameters of Single LNA
Freqg/dB 2 Siz S S
5.8GHz 0.712 0.065 8.994 0.237
Angle -86.54 33.878 178.66  -10.456

The overall performance of the low noise amplifsadetermined by calculating the transducer gainr@ise figure
F and the input and output standing wave ratiodMRx and VSWRyyr. The optimum,I” ., and I | were obtained

as ' o5 = 17.354 + j50.13 and’ | = 79.913-j7.304 for single LNA. Whilel' ;s = 21 + j48.881 and™| = 79.913-
j7.304 for cascode LNA.

Figure 4 shows, the complete schematic of a sistgige LNA and Figure 5 shows the completed schemati
of a cascode LNA. A T-matching network was usedngitch the input impedance. Using Smith Chart matchi
techniques, the component values are shown in Tabkeachieve the targeted overall gain of 35dByas decided
to design cascode and cascaded technique.

Figure 5. The Schematic Circuit for Cascode LNA
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Table 3. LNA parameters

Items Components of Matching
Cascode LNA Single LNA
L, 6.14 nH 3.661 nH
L, 2.4 nH 0.8799 nH
Ls 1.55 nH 3.60 nH
Ly 1.62 nH 0.88 nH
C, 0.315 pF 0.5 pF
C, 429.9fF

4. Simulation Result

Table 4 shows the s-parameters output for comparggd.NA. It is simulated using Advanced Design
System (ADS). The simulation recorded that the #mplgain S;is 36.3dB.The input insertion losg;Svas -
21.1dB, overall noise figure (NF) is 1.2dB and theput insertion loss,gis -27.7dB.The reflection loss;Ss -
42.5dB. These values were within the design smatiin and were accepted. The output S-parametestenwn in
figure 6a, 6b and 6¢

Table 4: Comparison of output LNA

S-Parameters (dB) Si S, Sy S NF (k)
Single LNA -12.8 -20.2 17.0 -27.9 0.76 1.02
Cascode LNA -18.9 -22.1 19.5 -20.0 1.2 1.02

Cascode and

Cascaded LNA -21.1 -42.5 36.3 -27.7 1.20 1.26
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Figure 6a: S-parameters for single LNA
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Figure 6b: S-parametéis single cascode Figure Geparameterfor cascode and cascaded
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5. Measurement

Referring to the measurement setup shown in Figutee S parameter of the amplifier; whereas S,, S
and $, were measured using the network analyzer. Theafatme amplifier was measured using the setupgare
8. The noise figure values and 3dB bandwidth wdrioed from setup in Figure 9. Before all measunanis
recorded, a standard procedure of calibration wh@Wfed to ensure that the measurement tools wadilerated.

—MEASUREMENT CABLE

ouT

Figure 7. Setup for device under test S Measureosngy Network Analyzer

DUT

Figure 8. Frequency response measurement setdg¥are under test.

—— MEASTIREEMENT CABLE——

ouT

Figure 9: Measurement setup for device under test for NBigare

Table 5: S-parameters measured

S Parameters Targeted Measured
Input Reflection & dB <-10dB -11.4
Return Loss & dB <-10dB -39.1
Forward transfer 5dB >35 dB 36.8
Output Reflections dB <-10dB -12.3
NF dB * <3dB 1.3
BW MHz >1000 1240
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6. Result

The result for LNA RF front-end module is presentedTable 5. From the tabulated values, the S
parameter measured is 11.4 dB. This is -1.4 dBtless targeted which is better and acceptablg m8asured is -
12.3 dB which is less than targeted and acceptable.return loss required Sobtained was less than -39 dB. The
related measured gain,Sor the LNA amplifier is 36.8 dB measured using #etup in Figure 6. The noise figure
values obtained from setup in Figure 8 is 1.37 dictv complied with the targeted value of less 3 @Be use of T
lump reactive element and microstrip line matchteghnique at the input of the LNA contributes thestb
performance for the amplifier. This matching tecju@ was used to provide high-loaded Q factor fatebe
sensitivity and thus minimized the noise figure.eTélements of T-network were realized in the forixiumnp
reactive elements and microstrip line impedancee 3hdB bandwidth for the amplifier is measured gssetup
Figure 7. The 3dB bandwidth obtained is 1.24 GHmpglant with targeted result of more than 1 GHzeTh
measured parameters for the LNA were also compligthtthe equation (1) to (9) using MathCAD anadysi

7. Conclusion
A low noise amplifier has been simulated and daped successfully with IEEE standard 802.16 WiMAX.

It is observed that the simulated and experimestilte have not much different. It observed thatdha of the
simulated analysis is 36.3 dB and the experimersthie is 36.8 dB. It is important to take note wigesigning the
amplifier to match the amplifier circuits. The &z LNA has been developed successfully and thauiticab
contributed to the front end receiver at the désdrifrequency. For better performance in gairhefamplifier, it
can be achieved by increasing the number of stagesprove the gain and noise figure of the deskdigher gain
would expand the coverage or communication distance
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