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ABSTRACT

thefirst stage of each microwave receiver there is
noise amplifier (LNA) circuit, and this state F
important rule in quality factor of the receiven. this
study, design and simulation of 15 GHz low nc
amplifier (LNA) have been explored. This siration
has been performed by using the Agilent Advar
Design System (ADS) software. It also describes
design and simulation of a high frequency low n
amplifier, with high gain and low noise usi
MESFET for frequency 15GHz .A single stage LI
hassuccessfully designed with 14.5 dB forward ¢
and 0.003dB noise figure in frequency of 15GHz.
NE76000 transistor was chosen for the design o
LNA due to its low noise figure, stability, and gb
gain at high frequency, good input and out
impedance matching. Also the designed LNA sho
be working stably in frequency of 15GI

KEYWORD: Low Noise Amplifier (LNA), Microwave
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l. INTRODUCTION

Designing amplifiers for a minimum noise figure
becomes simply a matter of setting the optin
condition for a particular transistor. Based or
parameters of the transistor and certain perfore
requirements, a systematic procedure is develogn
the design of the LNA. The low noiamplifiers are
key components in the receiving end of
communication systemin most of the microwav
communication RF front end receivers, low nc
amplifier(LNA) is the first block which amplifieshé
received RFsignal from antenna and provides gair
high as possible which the lowest noise possihte
designed procedure is simulated and optimized
Advanced Design System (ADS).The opera
frequency of the design is 15GHezLNA desigr, the

most imporant factors are low noise, moderaain,
matching and stability [8].
I. EQUIVALENT CIRCUIT OF
MICROWAVE MESFET
Most Microwave amplifiers today use Gallit
Arsenide (GA AS) Field=ffect Transistor (FETs
They can presently be used at frequencies u
100GHz in a wide variety of applications requir
low noise figure, broad band width and medi
power capacity. Knowledge of the equivalent cir
of a MESFET is very useful for the devi
performance analysis (gainoise ...) ir designing of
microwave circuits [1]2]. In this paper low noise G
AS MESFET NE76000 has been used for the de
of LNA. The first step for the choice of transistsito
define the amplifier topology that best suits tlesign
requirements. As this is a high frequency design,
parameters S, MAG (Maximum Available G¢, and
Rollet factor (K).For the case cstudy, the chosen is
the NE76000, whiclprovides a low noise figure ai
high associated gain througt-band. Fig.1 shows the
equivalent circuit of the transistor which has b
recovered by NEC Company for frequency rang
1GHz to 26GHz. In thipaper the aim is to design
and simulate a single state low noise amplifieciatr
with high gain and low noise using Cas FET for
frequency of 15 GHz.
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Fig.1 Equivalent CircuTt of NE 76000 Transis
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1. DC BIASING
Table.1 LNA Requiremer

Operating frequency 15GH:

Bias Point Vd=3v,lds=10m/
Technology Gas MESFET
Gain >14.L
Noise Figure <1

In order to design a low noise device, the trans
must be DC biased at an appropriaferating poin
These depends of thapplication (low nois, high
gain, high power), and the type of tfransistor FET,
HFET, etc) [4].

The circuit is designed to meet the chosen bia:
considering that very high values of resista
naturally add more noise to the system, and veny
resistance increase the power consumption of
system. Accounts both source and load mismi
Thus from [6],can be separate effective gain fa
for the input (source) matching network, the trattsi
itself and the output (load) matching network
follow.

Vd (drain voltage) =3V and Ids (dralbource current
=10mA.This biasing point is obtained by usin\g
(gate voltage) range from -0.6 to 3 ¥.

A. Single Stage Amplifier

A single stage amplifier microwave transis
amplifier can be modeled bthe circuit in Fig.z
where a matching network is used both sides o
transistor to transform the input and output impee:
Z0 to the source and load impedance Zs and ZL.
most useful gain definition for amplifier designtise
transducer power gairwhich accounts both sour
and load mismatch. Thus from[6¢an be define
separate effective gain factors for the input (se)
matching network, the transistor itself and ou
(load) matching network

As follow:
- 1_|r8|2 (1)
) |1_r|N|_s|2
2
GL:—l |rL| > (2)
|l—%2|_,_|

Then the overall transducer gain is G15¥GoGL.
The effective gains from GS and GL are due to

impedance matching of the transistor to
impedance Z0.
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Fig.2 theGeneral Transistor Amplifier Circt

B. Stability Consideration

The stability of an amplifi,, or its resistance to
oscillate, is arery important consideration in a des
and can be determined frothe S parameters, the
matching networks, and the terminatio In the
circuit, oscillations are possiblehen either the input
or output port presents a negative resisti This
occurs whenl" ,>1 or ' ,; >1.These because I

and I',,; depend on the source and load matcl

networks. Whilethe stability of the amplifier depen
on g and [ as preented by the matchir

networks, wherstarting on any amplifier design it
very important® spend time checking on the stabi
of the device chosen, otherwise the amplifier 1
well turn into an oscillator. The main way

determining the stability of a device is to calculdite
Rollett’s stability factor(K)which is calculate using
set of Sparameters for the device at the frequenc
operation. Alternatively, it can be shown t
amplifier will be unconditionally stable if tr
following necessary and sufficient conditions are

[7].

K = 1- |Sll|2 _ |Szz|2 + |AS|2 >

2|S,,.S,,|

1 3)

A ]<1

K=1.393

C. Matching Network Design

The need for matching network arises bec:
amplifiers, in order to deliver maximum power tc
load, or to perform in a certain desired way, must
properly terminated at both the input and wt port.
Several types of matching network are availa
however faatrs likes complexity, bandwid,
implementation and adjustability need to
considered in the matching network seletion.
amplifier could be matched for a variety of conditit
such as low noise applicatior unilateral case and
bilateral caseThe impedance matching networks
be designed either mathematically or graphic
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V. NOISE FIGURES SIMULATION 15 00GH:
RESULT loB (=0 27=52 31 J
The minimum noise figure is needed in order e
achieve the maximurgain.Fig.3 Show the minimui o |
noise figure plot. The Lowest Fnn 0.004 dB : e
obtained at frequency 15GHz. 5 /—"
P:eq=15.00GHz 3 //
NFmin=0.004 . /,/'
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V. EXPERIMENTAL RESULT ";
The designed LNA with matching network at 15C 40 12 4 s 1B 180 182 154 186 158 160
was obtained. The forward gain,(§ isolatior (S;2), . freq, GHz
Si; and $; plot is shown in figuresThe results show Fig.6 S21Parameter Pl
that the |§,|<1 and |S,,|<1 full fills the stability =
condition. RETEl 2k 574
The highest forward gain £8is 14.49dB at 15GHz ¢ : 35 \,
shown in Fig.6.The design LNA alsshows a good E \\
isolation when & value is below50dB at 15GH: & 4] <
57 N
Also the stability factor, K=1.393 plot is shown b 5_; \\\
Fig.8.Thus the design LNA should be working ste > R me——
in frequency of 15GHz. e o N O S N
_ e
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