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Abstract:

Astronomy is the field science involving the study of the nature of the Universe. The

studies are carried out by investigating the radiation coming from the sky with the help of

telescopes. In radio astronomy it is done for the radiation in the radio band of the

electromagnetic spectrum with the help of radio telescopes.

The radio telescope collects the radiation emitted by the celestial object and

amplifies it to detectable levels. The power levels of astronomical signals are in general

extremely small and hence w ill be hidden completely in the man made noise.

A typical radio telescope consists of a feed, a low noise amplifier, heterodyne system

and a detector. The signal collected by the feed is amplified and down converted before

detecting it. The amplification is done in the low noise amplifier in such a manner that the

signal to noise ratio of the incoming signal does not get worsened too much. Operating

the amplifier at cryogenic temperature (77K) can minimize the thermal noise contribution

of the amplifier.

Since every celestial body emits radiation at all frequencies, it is very much desirable

to collect radiations at all those frequencies in order to characterize it over all those

frequencies. This necessitates the amplifier to have as large operating bandwidth as

possible with minimum noise contribution over it.

The main aim of the project is to build a low noise cryogenic amplifier having more than

an octave bandwidth in the frequency range 0.5 to 1.5 GHz.
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Design and development of cooled LNA (O.5-1.5GHz)

I.NOISE

1.1 Relevance of noise in radio astronOmy

A Radio Telescope is a fundamental instrument used for the observation in Radio

Astronomy. It basically consists of an antenna, a low noise receiver and a data recording

system. The function of an antenna is to collect the radiation coming from the sky and

convert it into a measurable signal. The receiver collects all the signals given by the antenna

for processing. The processed signal is fed to the data recording system where the data gets

stored for off line analysis.

When an antenna is pointed towards the sky, it receives not only the signal of our interest

but also all the radiations mostly noise, falling within its operating frequency range. Since the

strength of the signal emitted by an astronomical source will be extremely weak, it will be

completely hidden within the noise received. Finally the capability of the receiver

(Sensitivity) to detect the weakest signal depends upon the level of the noise received. It is

highly desirable to keep the noise level as low as possible to achieve a highly sensitive radio

receiver. It can be done either minimizing the noise level or by cryogenically cooling the

front end of the receiver system.

There are three principal sources of noise - i) Environmental noise ii) Thermal noise and iii)

receiver noise. Figure 1 shows the broad category of the sources of noise. Environmental

noise mainly includes noise created by man, noise produced by the atmosphere and noise

coming from the sky. Electrical disturbances from high tension wires and ignition in engines

contribute mostly to the man made noise. Atmospheric noise contribution depends upon the

frequency of observation. If it is a good absorber of radiation, it will be also a good emitter.

There are also lots of sources in the sky emitting radiation. For example sun, radio stars and

various diffuse radiations of galactic origin act as a wideband noise. As mentioned earlier,

the receiver itself produces a large variety of noises like Johnson noise, shot noise, lIf noise

etc. In addition there are also other types of noises like quantization noise and quantum noise.

These types of noises occur while digitizing the analog data output of the front end receiver

of a radio telescope. A brief description of some of these is given below.

E & C Dept. - I - MV1CE
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Fig 1.1 Principle sources of noises

Thermal noise

Thermal noise is the result of the random motion of charged particles (usually

electrons) in a conducting medium such as a resistor due to the thermal agitation. Since

all circuits necessarily contain resistive devices, thermal noise sources appear throughout

all electrical circuits. The power spectrum of thermal noise is quite wide and is

essentially uniform over the RF spectrum of interest for most communications

applications.

E & C Dept. - 2 - MVJCE
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In basic circuit theory, a resistance is considered as a passive device containing no

energy. In reality, however, all resistive devices generate a small level of thermal noise as

a result of the random motions of the electrons within the device. This effect is usually

insignificant in applications where the signal levels are moderate to large. However, in

communication systems, signal levels at the antenna and within the first few stages of a

receiver are often of the order of microvolts. In this case Thermal noise may completely

overshadow a small signal and render it completely unintelligible .. This noise is also

referred to as Johnson or White or Nyquist noise.

Consider a resistor of resistance R at a physical temperature T oK (Refer Fig 1.1). Let

En represent the rms thermal Noise voltage appearing across it at any instant of time. It is

related to the noise bandwidth, its physical temperature and its resistance in a way given

by Eq. 1.1. It can be reduced by cooling.

T RESISTOR

R

En

Fig 1.2 Resistor R at a physical temperature T ° K

Q,I

00

11!
o>

- tim. - seconds

Fig 1.3 Characteristics of Thermal noise voltage.
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Temneratllre ~

Fig 1.4 Variation of the thermal power with temperature

En = ...J 4RKTBn 1.1

Shot Noise

Where Ris Resistance of the conductor, ohms

T

is Conductor temperature, Kelvin

Bn is

Noise bandwidth, H~

K

is Boltzmann's constant = 1.38xlO-23 J / oK

Shot noise arises from the discrete nature of current flow in electronic devices such as

transistors and tubes. There will be a random variation in the number of electrons or holes

crossing the semiconductor junction , this gives rise to a random fluction of current (Refer

FigslA andl.5). The associated random variation in the current appears as a disturbance to the

signal being processed by the device, and so the result is a form of noise. The power spectrum of

shot noise is similar to that of thermal noise, and the two effects are usually lumped together for

system analysis. Although it is always present, it is not observed during the measurement because

it is small compared to the DC value. However, it does contribute significantly to the noise in the

amplifier circuit.

E & C Dept. - 4 - MVJCE
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Fig 1.6 Superposition of shot noise current over DC

The rms shot noise current is related to the Noise bandwidth and the direct current in

a way given by Eq.1.2

1.2

Where Ide is the mean direct current in amperes and

qe is the magnitude of electron charge = 1.6 x 10·19C

Shot noise is the current dependent effect, and the shot noise is directly proportional

to the mean direct current.

E & C Dept. -5 - MVJCE
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Fig 1.7 Variation of signal power to mean DC current

Flicker Noise

Flicker noise (also called lifnoise) is a somewhat vaguely understood form of noise

occurring in active devices such as transistors at very low frequencies. This noise arises

from the fluctuation in the carrier densities in a semiconducting ,material. This gives rise
t

to fluctuations in the conductivity of the material. It is most significant near dc and a few

hertz and is usually negligible above about 1 kHz or so. Flicker noise is often a limiting

factor for the minimum signal level that can be processed by a direct-coupled (dc)

amplifier. The spectral density of this noise increases as frequensy decreases.

Generation - Recombination Noise

For Semiconductor devices this noise is often defined as the noise produced by

the random generation and recombination of electron - hole pairs.

E & C Dept. - 6 - MVJCE
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Diffusion Noise

2(J{)]-2004

Since diffusion is a random process, fluctuations in the diffusion rate produce

localized fluctuations in the carrier density. Such spontaneous fluctuations are called

"Diffusion Noise". Diffusion noise is a more general process than the thermal noise.

Modulation Noise

This refers to noise not directly caused by fluctuations in the transition or

diffusion rate. Instead this is due to fluctuations in carrier density or current flow

produced by some modulation techniques.

Partition Noise

Partition noise occurs whenever current has to divide between two or more

electrodes .It is due to the random fluctuations in the division. It has got flat Noise

spectrum.

1.2 Basic definitions

Signal-to- Noise- Ratio:

It is defined as a relative measure of the desired signal power to the noise signal

power.The SIN ratio is often designated simply as SIN and can be expressed as

S IN = desired signal power = ~

noise signal power PN

Where Ps = Signal power

Pn = Noise Power

Vs = Signal voltage

Vn = Noise voltage.

It can be expressed in decibel form as

SIN = 10 log 10 (Ps I P N)

1.3

E & C Dept. - 7 - MV1CE
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Noise figure:

2003-200-1

The Noise figure F describes the quantity of a noisy microwave amplifier .It is

defined as the ratio of total available noise power at the input to the total available at the

output due to the thermal noise alone. Therefore it can be expressed as

1.4

It can also be expressed as the ratio of the signal- to- noise power ratio at the input to the

signal - to - noise power at the output

F=
PSJPNi

Psol PNo

1.5

Noise temperature:

Normally the noise power is expressed in terms of temperature. This temperature is

the temperature of a fictious resistor which will produce the same amount of thermal

noise power as that of a thermal noise source.

The noise temperature is given as

1.6

Where T E = noise temperature in deg Kelvin

F = noise factor

To = ambient temperature.

E & C Dept. - 8- MV1CE
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Fig 1.8 The equivalent noise temperature Te, of an arbitrary noise source

1.3 General receiver confi2uration in a Radio Telescope

ANTENNA
DC AMPLIFIER
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~ RECORDING
DEVICE

LNA LO BPF POST AMPLIFIER DETECTOR SAMPLER

E & C Dept.

Fig. 1.9 General Receiver configuration in a Radio Telescope
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The above Fig shows a typical receiver setup of a Radio Telescope. The received

signal from the antenna is amplified using the Low Noise Amplifier and down converted

using a mixer. The IF signal obtained is band limited to reject any unwanted signal and is

further amplified using a post amplifier. The output from the post amplifier is fed to the

detector circuit produces a DC output proportional to the input RF power. The detected

signal is further amplified using DC amplifier, digitized and stored in a computer for offline

analysis.

1.3.1 Importance of Low Noise Amplifier in the Radio Receiver

As we see from Fig.l.5 the receiver consists of a number of RF devices and each one

of them contributes its own noise. The major noise contribution comes from the very first

stage. The noise contribution of the subsequent stages will be very small only when the gain

of the first stage amplifier is large. This follows from friis formula for overall Noise factor of

amplifiers in cascade.

F +

Where F is overall Noise factor

+ + 1.7

Fj & Gj are the Noise factor and the gain of the ith stage amplifier. Since the first stage

in the receiver is an amplifier the Noise contribution of it must be made as low as possible. In

general the quality of any Radio receiver is decided by the noise performance of the first

stage amplifier.

E & C Dept. - LO- MVJCE
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2. DEVICE THEORY

2.1 Basic definitions

2003-2004

Electron Mobility: It is defined as the ratio of electron drift velocity to the electric field.

where, ~ = Electron mobility( cm2/V- See)

Vd = Electron drift velocity ( em/See)

E = Applied electric field (volt/ern)

2.1

Transconductance: It is the ratio of change in the output current to the change in the input

voltage.

gm = ~Ids / ~Vgs 2.2

~~s= Change in output current

~ Vgs= Change in input voltage

Cutoff frequency (fT): It is the frequency at which the short circuit gain is approximately

equal to unity.

ft = gm/ (21t Cgs )

where, gm is the transconductance

Cgs is the gate-source capacitance

E & C Dept. -11- MV1CE
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2.2 Active devices

2003-2004

Several solid state devices have been developed for use in the RF/Microwave circuits

for various applications. They include silicon BJT's, silicon metal oxide semiconductor FET

(MOSFET's), laterally diffused metal oxide semiconductor (LDMOS) transistors, GaAs

metal semiconductor field effect transistor (MESFET's) or simply FET's, High electron

mobility transistor (HEMT's) based on GaAs and InP and heterojunction bipolar transistors

(HBT's) based on silicon germanium (SiGe) and GaAs.

Different applications require devices having different characteristics. For example,

low noise amplifiers require transistors having low noise characteristics. Various substrate

materials used for active devices are Silicon, Silicon Carbide, GaAs, InP and GaN. Table 2.1

below shows the electrical and physical properties of various semiconductor materials.

Table 2.1 Electrical and physical properties of various semiconducting materials

Property Silicon SiCGaAsInPGaN
Semi-

No
YesYesYesYes

insulating
Resistivity

103 _ 105>1010107 _109_ 107>1010
(Q-cm) Dielectric

11.7
4012.9148.9

constant Electronmobility

145050085006000800

(cm2N-sec) Saturationvelocity

9x 1062x 1071.3x 1071.9x 1072.3x 107

(em/see) Radiation
Poor

ExcelIentVery goodGoodExcellent
hardness

Density(g/cm2)

2.33.15.34.8---

Thermal conductivity

1.454.30.460.68I.3
(W/cm DC) Operatingtemperature

250>500350300>500

(DC) Energy gap
1.12

2.861.421.343.39
( eV)

Breakdown
-300>=2000400500>5000

field(kV /em)

E & C Dept. -/2- MVJCE
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From the above table, the following points can be inferred:

2()f)3-2004

>- GaAs substrate has semi-insulating property. Hence, it offers lower insertion loss when

compared to silicon.

>- GaAs has higher mobility than silicon, hence it is used for manufacturing transistors

having low noise characteristics.

>- GaAs has high saturation velocity than silicon.

gm a Vs , where gm is the transconductance and Vs is the saturation velocity.

Higher value of Vs results in higher value of gm' This in turn results in the

lesser noise of the device. Higher Vs also results in higher frequency band of

operation.

>- GaAs devices have higher cut off frequency compared to silicon devices.

This is because the cutoff frequency fT, is directly proportional to the

saturation velocity Vs and the saturation velocity of GaAs substrate is higher

than silicon.

>- GaAs substrate has high operating temperature than silicon.

2.3 Description of various devices

2.3.1 Microwave bipolar transistor

Fig 2.1 below illustrates a n-p-n transistor, properly biased as an amplifier. The three

terminals are the emitter, base, and collector marked e, b, and c, respectively.

The input side of the transistor is forward biased, resulting in the injection of holes

into the emitter n-type material and the injection of electrons into the p-type material of the

base. Changes in the emitter current due to the signal Eg result in changes in the collector

current Ie, but the net power into the load resistance R 1 will be a power gain over that in the

input circuit.

E & C Dept. -13- MVJCE
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+

Ie

Fig 2.1 n-p-n Transistor Amplifier

B

E

~
C

E

Fig 2.2 Equivalent Circuit of BIT

The equivalent circuit of the BIT is as shown in the fig 2.2. Ce and Cc corresponds to

emitter-base capacitance and collector-base capacitance respectively. rb and re represents the

series resistance of base and emitter respectively.

The cutoff frequency of a charge-control type of microwave transistor is given by,

h= l/(21t't)

Where, 't is the transit time of the charge carriers

2.3

Typically the value of't = 23 pico sec hence calculated value of his 6.9 GHz.

The high frequency response of microwave bipolar transistor is limited by the transit

time of charge carriers across the base region. Attempt at reducing the width of the base

region in order to decrease the transit time produces additional problems, i.e., increased

capacitance and decreased tolerance to reverse bias potentials.

E & C Dept. -14- MV1CE



Design and development of cooled LNA (O.5-1.5GHz)

2.3.2 Field effect transistor

?003-:!004

The structure of field effect transistor is shown in Fig.2.3. The voltage applied to the

third terminal, the gate, controls the current flowing between the source and the drain. Also

since the electron mobility is greater than the hole mobility, n-channel devices are

considered.

The current flows from source to drain through the channel. The resistance of the

channel is controlled by varying the width of the channel, through the gate voltage. With

Vg<O, the depletion region would further grow in to the channel narrowing the path for

electrons to flow and thereby increasing the resistance of the channel. The voltage at which

the whole channel is depleted of charge carriers is referred to as the pinch off voltage (Vp).

When a positive voltage is applied to the drain, the electric field across the channel

would increase, and so would the velocity of the electrons. The voltage distribution across

the channel would cause the difference in voltage between the gate electrode and the channel

along the channel length. This would result in the different depth of the depletion region

along the channel, which would increase toward the drain, as shown in Fig.2.2. Further

increasing the drain voltage would cause the channel pinch-off.

Increasing the drain voltage beyond this voltage won't change the current much, since

the pinch-off point would move toward the source and the voltage would drop across the

depletion region. Increasing the gate voltage would decrease the depth of the depletion region

into the channel. This will reduce the resistance of the channel.

Depletion Region

Source Gate

"

N-type Channe~"':';"~

Semi-insulating Substrate

Fig 2,3 The schematic of field effect transistor

E & C Dept. -15- MV1CE
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Gate 0 Drain

Source

Fig 2.4 Equivalent Circuit of FET

Equivalent circuit of the FET is shown in fig 2.4. gmrepresents the transconductance.

Cgd and Cgs represents the gate-drain and gate-source capacitances respectively. Parasitic

resistances, Rs and Rd depend upon the fabrication technology. Rds represents the channel

resistance.

Typically the value of 1" is 7.69 picoseconds. Hence, the value of h is found to be 20 GHz.

Advantages of FET over the bipolar junction transistors are:

1. It has very high input resistance ( Several Mega Ohms ).

2. It has lower Noise Figure and thus is an improved pre-amplifier device.

3. It can have both voltage gain and current gain.

E & C Dept. -16- MVJCE
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2.3.3 GaAs MESFET

2003-2004

Source Gate Drain

Hi@! Resistivity Cr Doped GaAs Buffer Layer

Semi -in sui ating GaAs MESFET

Fig 2.5 Structure of GaAs MESFET

The structure of the GaAs MESFET is as shown in the fig 2.5.

The source is maintained at ground potential and the drain at +VDS, then the electron

flow is from source to drain. A negative voltage -VGS reverse biases the rectifying metal

semi-conductor gate junction, producing a depletion layer that controls the depth of the

conducting channel. This modulation of the channel current consumes little power, since

current into the reverse biased gate junction is small.

Fig.2.6 shows a voltage Vds applied across the source and drain and another voltage

Vgs applied across the source and gate of the MESFET. Within the channel under the gate, a

region near the drain (XI) is at a higher potential than Xo.So the reverse bias and the depletion

layer width are greater at xl than at xo. Since the channel is narrowing, the electric field E

and electron drift velocity 'v' must increase from Xo to XI to maintain current. As Vds is

increased, the channel reverse bias increases and the depletion depth at XI extends nearly to

the bottom of the channel. At this point, the channel is said to be pinched-off, and the current

increases slowly with increasing Vds. This leads to the familiar DC characteristics shown in

the Fig 2.7

E & C Dept. -17- MVJCE
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Fig 2.6 Physical conditions in a short gate FETs
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2.3.3.1 Equivalent Circuit Of GaAs MESFET

The small signal equivalent circuit of a GaAs FET in a common source configuration

is as shown in fig 2.8

SOUl:'ce

Gate l.g Rg Cdg intrinsic JItOdel Rd Ld Dl:'ain

~~~~~~1~11 .1 1 l---~-
Vc T-~ (JI ...L..

Cde "v tJ Cds

j --... Rds

;;: R Id'.'m~1
'I 1

~ Rs
!i

~~l

Fig 2.8 Equivalent circuit of GaAs FET

SOUl:'ce

Cgs is the gate to source capacitance and Cdg is the drain to gate capacitance. Cdc is

the gate to channel capacitance & Cds the parasitic substrate capacitance. Rj & Rds represent

the effects of channel resistance, Ids embodies the gain mechanism in a current source

controlled by the voltage Vc via a transconductance gm. The resistances Rs, Rg & Rct are

strongly dependent on processing technology & affect microwave noise performance.

Parasitic inductances Ls, Lg & Ldare associated with bonding wires that contact the transistor

chip to the external circuit or to the package.

TRANSCONDUCTANCE vs DRAIN CURRENT

The transconductance is defined as

9m =
Aids

l\Vgs
Vds constant

and has the units in Siemens. The value of the transconductance is dependent on the bias

point. Fig. 2.9 shows gm (transconductance) dependent on Vgs and hence on Ids. The

transconductance gm, is dependent on the material carrier concentration profile

characteristics. This curve signifies that the device gain, which is gm dependent, will reduce

with reducing Ids.
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Fig 2.9 Transconductance (gm ) vs drain current
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With increasing temperature the GaAs MESFET exhibits reducing Ids, remammg

thermally stable, unlike silicon where thermal runaway occurs. This is particularly important

since GaAs has poor thermal conductivities compared to silicon.

2.3.3.2 Figures of merit of GaAs MESFET

In general, above 2GHz the silicon bipolar performance is unacceptable, as an

amplifier device. However, in some applications such as oscillators, the lower 1/f noise of the

silicon devices can still be used to advantage. For silicon a 1/f frequency of IMHz compares

with lOMHz for GaAs. Below 2GHz the choice of silicon bipolar or GaAs MESFETs is

application dependent. At microwave frequencies the GaAS MESFET is invariably used on

the common source configuration to provide the highest gai:n.

A number of figures of merit are defined for the GaAs MESFETs.

a) The cut-off frequency, fh is the frequency at which we have unity current gain, i.e.

the rf current through Cgs is equal to the output current, where output current is

defined by the current generator gm, is given by the equation below. It can also be

expressed in terms of Vs and L, where Vs represents saturation velocity and L

represents the effective gate length.
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ft =

9m Vs=
--

2fICgs

2L

]n03-2004

b) The maximum frequency of oscillation. Fmax, is a more meaningful figure of

merit, defined as the frequency where the power gain is unity. This is clearly

greater than ft.

The typical value of't is 1.25 picosecond. The calculated value of the cutoff

frequency =127 GHz . hence GaAs MESFETs are preffered at higher frequencies.

2.3.3.3 Different types of Noise in FETs

The sources of noise in FET can be broadly classified in to two

Intrinsic noise sources and Extrinsic noise sources

(i) Intrinsic noise sources:

The noise sources intrinsic to the FET are thermal noise in channel and gate induced

noise. The gate induced noise source is highly correlated with the noise generated in the

channel since any fluctuation in the channel will induce a voltage at the gate. They primarily

depend on the bias conditions.

(ii) Extrinsic Noise Sources:

The resistances associated with the FET, namely the gate metallization resistance Rg,

the source resistance Rs and gate bonding resistance produce thermal noise within them.

They form the major extrinsic sources of noise.
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.2.3.4 Hi2h electron mobilitv transistor

2003-2004

A high electron-mobility transistor (HEMT), based on a modulation-doped GaAs­

AIGaAs single hetrojunction structure, was developed by Fujitsu of Tokyo in the year 1979.

In HEMT the density of the doping species is modulated so as to confine and control

a two-dimensional electron gas. Its frequency of operation is very high and is of

the order of few tens of GHz. The HEMT offer low noise when compared to the GaAs

MESFETs due to the high electron mobility in the device channel. The frequency of

operation is also increased due to the same reason. The major improvements over MESFETs

include shorter gate lengths, reduced gate and source contact resistances, and optimized

doping profiles.

In a Heterostructure Field Effect Transistor (HFET), a wide band gap semiconductor

separates the gate electrode from the active channel. A High Electron Mobility Transistor

(HEMT) as a HFET device consists of several layers of compound semiconductor as shown

in fig 2.10. An active channel is formed at the interface of the buffer layer of GaAs and the

doped, wide band gap material, such as AIGaAs. The donor layer of n-AIGaAs supplies the

electrons for the channel conduction. These are the free electrons and they are allowed to

move in the lattice and will fall in the lowest energy state, which is available at the GaAs side

of the hetero-junction. Since the undoped GaAs and AIGaAs have different band gap

energies, as shown in the fig. 2.11, the electron flow is confined to the interface between

these two layers. Thus all these electrons are accumulated in the junction between these two

layers forming a small layer of free electrons in the channel as shown in the figure 2.10. The

thickness of this layer is about 100 A0 , which is much smaller than Broglie wavelength of

the electrons. Hence the electrons present in that layer are quantized in a 2D system at the

interface of the hetero-junction, i.e. they are free to move only in the two directions and the

layer is known as 2D Electron Gas (2DEG) as shown in figure 2.10. As the electrons are

separated from the donor layer of n-AIGaAs, there will be less impurity scattering and

therefore mobility and effective velocity of electrons for a certain electric field is very high.

This sheet of electrons with high mobility can be served as the channel of FET, and

can be modulated through the gate voltage, i.e. the number of electrons in the 2DEG is

modulated through the gate voltage.
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Gate

2DEG

Undoped GaAs

Fig 2.10 Structure of HEMT
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2DEG

~c __ ~\ E ~{ ~c~ --- c : -r- ~

_--_-_-_-_-:: J~.--EvEv--- ----
AIGaAs GaAs

Fig 2.11 The energy band diagram of doped AIGaAs (wide band gap), GaAs (small band
gap) and their hetero-structure and the formation of 2DEG.
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Usually there is a undoped spacer layer with the thickness of about 20-60 A0 , in between the

buffer and the donor layer. This separates the donors and the electrons, which reduces the

coulumbic scattering caused by the electrical interaction between them. The thickness of this

layer is set in way that both the saturation velocity and the mobility of electrons are

maximized. Also in this structure a semi-insulating material is used as a substrate in order to

have isolation between the adjacent devices

The operation of HEMT is different from MESFET. In the latter, the depletion region

width is modulated by the input signal, there by modulating the channel current. In HEMT,

however, the channel width is fairly constant. It is the number of electrons flowing, which are

regulated or modulated by the input signal. In other words, modulation on charge flow is

direct. The I-V characteristics of HEMT are as shown in Fig 2.12.

The typical value of T is .0769 X 10-11 seconds. The cut off frequency of HEMT is

calculated to be 2 x 1017 Hz. Hence HEMT is preferred at higher frequencies.

Ids
in rAA

;;,
Vgs=O

Vgs<O

E & C Dept.

.. ~
Vds in volts

Fig:2.12 DC characteristics of HEMT
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3. CIRCUIT THEORY

3.1 S-parameters

3.1.1 Introduction

20D3-2004

TWO PORT
NETWORK

From the network theory, we understand that any two-port network can be

characterized by parameters like such as the H, Y and Z parameters.

For the network shown in the figure, the input and output parameters are defined in terms of

these parameters as shown below,

I, ~

Fig 3.1

H-parameters

Y -parameters

Z-parameters

VI=hlili+h12V2

h=h2111+hnV2

1,=YiIVI+YI2V2

h=Y21V i+Y22V2

V I=Zlill+Zl2h

V2=Z2iII+znh

All these network parameters relate total voltages and total currents at each of the two ports.

For example hll=(Vi/l,) when V2=O (applying short circuit to the output port) gives the

input impedance of the network.

Similarly h'2=(V ,IV 2) when 11=0 (by open circuiting input port) gives the reverse voltage

gam.

The important thing to note here that both open and the short circuit are essential for making

these measurements.

If the frequencies are of microwave range, however, the H, Y and Z parameters cannot be

measured because:
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1) the physical length of the component or line will be comparable or much larger than the

wavelength. Thus voltage and current are not defined at a given point.

2) short and open circuits are difficult to achieve over a broadband of frequencies.

3) active devices, such as transistors, frequently will not be short or open circuit stable,

because at higher frequencies, short circuit looks like an inductor and an open circuit has

some leakage capacitance and an active device will oscillate when terminated with a reactive

load.

Consequently, some new method of characterization is needed to overcome these

problems. The logical variables to use at the microwave frequency are traveling waves rather

than total voltages and total currents.

3.1.2 S-parameters of a two-port network

Zs
TWO PORT
NETWORK

3.1

Fig 3.2
Figure shows a two-port network connected to a source Vs.al and a2 are the voltages incident

and bland b2 are the voltages reflected.

Incident voltages and reflected voltages are related to each other through S-parameters as

shown below,

b)=Sllal + S12a2

b2=S21al + S22a2

where,

S II=input reflection coefficient, when output is terminated in a matched load.

Sn=output reflection coefficient when input is match terminated.

S 12=reverse transmission coefficient.

S21 =forward transmission coefficient
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SII=(bl / al)la2=o

S22=(b2/ a2)lal=O

SI2=(bl / a2)lal=O

521=(b2 / a2)la2=O

The signal flow graph for the two-port under input-output mismatch is given by,

~ a2

Fig 3.3

And the two-port network is represented as,

ZS II
en I

TWO PORTI.11 ZL
NETWORK

, ,
, .

Vs 11 I

Fig 3.4fs
fL

Under input-output matched conditions, the source reflection coefficient (f s) and load

reflection coefficient (f d are zero and hence flow graph is given by,

al S21b2
~

SII

S22

~

a2

Fig 3.5
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Hence, the input reflection coefficient (fin) under mismatched load condition is given by,

Sl2
.-=­

Fig 3.6

3.2

Output reflection coefficient (fout) under mismatched source condition is given by,

fs

fout=S22 + (SI2 f s S21)
1-S11 fs

3.2 Power 2ain equations

3.3

We define three types of power gains for an amplifier. These are as follows:

1) Transducer power gain (GT)

GT=(PL/ PAVS)=(powerdelivered to the load /power available from the source)

2) Operating power gain (Gp)

Gp=(PL/ Pin)=(power delivered to the load/ power input to the network)
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3) Available power gain CGA)

2003-2004

GA=(PAVN I PAvs)=(power available from the network/power available from the source)

The three power gains can be represented in equation form as

GT=

(1- If s12)[IS2d2](1-lfd2)

(11-f infsl2)

(11-f outfd2) 3.4

Gp=

1[iS2d2](I-If d2)- (I-I finl2) c11-S22f d2) 3.5

GA=

(1-1fsl2) [IS2d2]1

(1-S 11f s12)

(1- Ifoutl2) 3.6

3.3 Simultaneous coniueate matchine

From equation 3.4, We understand the conditions required to obtain maximum transducer

power gain (GT) are

Vs

fin=fs*

Input
matching
network

and

Transducer
Output

matching
network

fs"rin
Fig 3.8

Hence, fs* = fin = Sll + (S12 fL S21)

(l-S22f d

fL* = fout = Sn + (S12 fL S21)

(l-Sllfs)
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3.4 Stability circles and its importance

2003-2004

The stability of an amplifier or its resistance to oscillate is a very important

consideration in the design and it can be determined from the S-parameters, matching

networks and the terminations.

In a two-port network, oscillations are possible when either input or output port

presents a negative resistance. This occurs when IrINI > 1 or Ir oUTI> 1 .The two port

network is said to be unconditionally stable at a given frequency if the real parts of ZINand

ZoUTare greater than zero for all passive loads and source impedances.

If the two-port is not unconditionally stable it is potentially unstable, that is, some

passive load and source terminations can produce input and output impedances having a

negative real part.

The conditions for unconditional stability are,

Irsl < 1

Ird< 1

< 1

< 1

For a conditionally stable amplifier, the stability circles give the boundaries between the'

stable and unstable regions on the Smith chart.

The radii and centers of the circle where IrINI =1 and IroUTI=1 in the Ird plane and Irsl

planes respectively are given below

rL values for IrINI=1 (Output stability circle)

S'2S21

(radius)
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* *
(Sn-ASII)

(centre)

where ~ = ISII Sn - SI2 S2I1

rs values for IrOUTI=1 (input stability circle)

SI2S21

Rs=

I

I
(radius)

Is, d 2 _I ~12
* *

(SII-ASn )

Cs = I I(centre)
OJ 2 2

ISld -I ~ I

20C3-2004

For the device to be stable the input and output stability circles should lie outside the smith

chart. Fig.3.9 shows typical input and output stability circles of an amplifier on the smith

chart. The impedances offered by it both at the input and the output should not lie in the

shaded regions as shown in the figure for stable operation.

UNSTABI.E RECiION

OUTPUT
STABIUTY
CIRCI.ES

E & C Dept.

STABI.E RECiION

Fig 3.9 Smith chart showing input and output stability circles
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A two-port network is said to be unconditionally stable provided the following

necessary and sufficient condition is satisfied.

K= >1

3.9

where ~ = ISII S22- SI2 S2d < 1 3.10

K=l implies network is marginally stable and K<l implies network is potentially unstable.

3.5 Constant 2ain circles

Practically, the gain obtained is always less than the maximum gain. This is because

of the improper input and output matching sections which leads to a gain, less than maximum

obtainable gain, in other words mismatches reduces the overall gain.

The gain design procedure of an amplifier is facilitated by plotting of constant gain

circles on the smith chart, to represent loci of source reflection coefficient (rs) and load

reflection coefficient (r d that give fixed values of gain (Gs and Gd.

Input
50 n I matching

network
(Gs)

Transducer

(Ga)

Output
matching
network

(Gd
50n

rs I I fin

Fig 3.10

Since in the amplifier design S12 is almost negligible, so for finding out the gain

circles for a unilateral condition, consider the expression of Gs and GL for the unilateral

network which are given as:
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Os = l-lfsl2

11-Sll rslL

GL= I-I rd2

11-S22f dL

3.11

3.12

2003-2004

The gains are maximized when fS=SII* and fL=S22*, resulting in maximum values given by,

Gsmax=__ I _

Now we define the normalized gain factors gs and gL as,

gs=Gs/Gsmax= ( 1-lfsI2)(I-IS Id2)

11-Sllfsl2

gL=GJGLmax= (I-If d2)el-IS22f)

11-S22r dL

Equation 3.15 is simplified to obtain,

3.13

3.14

3.15

3.16

Which is the equation of the circle with its centre and radius given by:

Cs= egsSII*)

[ 1-(1-gs)ISll*f]

and

respectively.
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Similarly the constant gain circles for the output can be found out with:

2003-2004

centre

and

radius

The gain circles can be plotted at a various frequencies with the S-parameters known and

after plotting the gain circles on the smith chart, then rsand rL can be chosen along the

circles to provide the required gains.

3.6 Noise model

A linear two port network containing no internal sources, can be represented by the open

circuit impedance or short circuit admittance matrices,

VI~ Z ~V2

Fig 3.11

[ ::J

=

If the two port has internal sources, their effects are brought out to input and output

terminals, following the thevenin's theorem.It is represented as shown,

VI z

Fig 3.12
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V1=ZIIII +Zl2h+E1

Vz= Z2I11+ ZzzIz + Ez

Note that the two equivalent generators El and Ez are not independent.

The two-port network having internal sources can also be represented as a combination of

voltage and current generators using ABCD parameters.

V1=AVz+BIz+V

Iz= CV z + DIz+ 1

A B

C D

I Source free

Two-port
network

Fig 3.13

Note that V and 1 are not independent. Advantage of this representation is that the physical

network can be split into two distinct parts, one containing the effects of all internal sources

and the other one being completely passive. This is particularly useful when the internal

sources are noise generators.

3.6.1 Application to noisy two port network

The two equivalent generators V and I become the noise generators en and in which are

usually correlated to a degree .
. ,

~

Source free

Two-port
network

Fig 3.14

•
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Either en or the in can be split into two parts - one fully correlated and the other uncorrelated.

Thus, let us consider series voltage generator en given by,

where

eu is the uncorrelated portion

e( i) is the fully correlated portion

Since e(i) is fully correlated with in, it is proportional to in.

Therefore, en=eu + in Zc where in Zc=e(i) and Zc=Rc + jXc(correlation impendence)

From the fig 3.14,

V,=eu + inZc + VI'

Therefore

The equation leads to the equivalent circuit shown below where both the correlation

impedances Zc and -'4 are noise free i.e. their noise temperature is 00 K.

Source free

Two-port
network

Fig 3.15

Now, eu2 and in2 could be modeled as an equivalent resistance and conductance at reference

temperature To,

I.e. eu2= 4 KToRu df and

in2=4 KTOGn df
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Ru Z .,- C 1(

---.

D Source free

Two-portGNII rlnetwork

I
V2

I

~
.

Fig 3.16

l'

Therefore noise equivalent circuit is given by

1( Zc

3.7 Dependence of noise factor on source admittance

We discuss the dependence of F on Yg starting with the noise model developed earlier.

Consider the dual of the noise model,

19n l...t
Noise
Free

2 Port

Fig 3.17

Now, we convert the series voltage generator en into on equivalent shunt

current generator by applying norton's theorem to the network comprised of en, Yg and Yc.

Thus,

in = en ( Yg + Yc)

Therefore the noise model becomes,
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19n \.t
Noise

Free

2 Port

Fig 3.18

The noise factor F is given by,

F=
-·-2 ~ -'-2
Ign + In + Iu

. 2
Ign

3.17

F= -. 2 -2 I t:..±.iu 2Ign + en Y g + Yc + I

. 2
Ign

3.18

F= 4kTodtGg + 4kTodf Rn21yg + Yel2 + 4kTodf Gu

4kTodf Gg

3.19

3.20+ --F=l+

Simplifying the above equation, we get

Gu Rn [( Gg + Ge)2 + ( Bg + Be )2 ]

F = Fmin +

To obtain minimum noise factor, we need to tune Gg to Gc ~nd Bg to Be.

Hence, we obtain the expression for F as,

R 2 . 2n [( Gg + Ggo) + ( Bg + Bgo) ]

F = Fmin +
3.21

Gg

Now,expressing Y g and and optimum admittance Yo in terms of reflection coefficients, we

get,
Yg =

1- Is

1+ Is
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1 - ro
Yo =

1 + ro

20m-2004

Hence,

F = Fmin
4 Rn 1 rs - f0 12

+

(1-lrsI2)( 1 +lroI2)

3.22

Therefore, the noise parameters are rO,Fmin and Rn, which are specified by the manufacturer.

Hence, if we match fs to fo, then F= Fmin and we obtain minimum noise factor.

3.8 Noise fi2ure circles

In a low noise amplifier design the first stage of a receiver front end has a dominant

effect on the noise performance of the overall system. Generally it is not possible to obtain

both minimum noise figure and maximum gain for an amplifier, so some sort of compromise

must be made. This can be done with circles of constant noise figure to select the usable trade

off between the noise figure and the gain.

To obtain the constant noise figure circles, consider the equation for minimum

noise figure as given by equation 3.21,

F=Fmin +RN IYs-Y optl2

Gs

Where the following definitions are applied,

Ys=Gs+jBs=source admittance presented to the transistor.

Yopt=optimum source admittance that results in minimum noise figure.

Fmin=minimum noise figure of the transistor, attained when Ys=Yopt

RN=equivalent noise resistance of the transistor

Gs=real part of source admittance.

3.23
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Expressing the YS and Yopt in terms of fS and f opt as

Ys=(l/Zo)[(1-fs) 1 (1+fs)]

From the above equations, we have

3.24

3.25

3.26

Also expressing

Gs=(l/Zo)(1-1 fsI2)/(11+ fsl2) 3.27

Substituting these in equation 3.18, the'obtained equation is:

For the fixed value of F ,we show that this result defines a circle in the f s plane.

We define the noise figure parameter N, as

Which is constant, for a given noise figure and the set of parameters,RN,Fmin.

Simplifying the above equation the result obtained is:

I fs- (fopt/N+I)I=[N (N+I-I foptI2]-l/2

this result defines circles of constant noise figure with

3.30

centre

radius

E & C Dept.

CF fopt 1 N+l and

Rr[N (N+I-I foptI2)] 1/2

N+I
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4. CrvoQenics

4.1 Effect of coolin2 on GaAsFET

2003-2004

The GaAsFET is the device used for low noise amplification at microwave frequencies. One

can get minimum noise from these devices over a wide range of frequency. The noise figure

achieved is quite good at room temperature since the thermal noise is the main noise source,

a further reduction of noise can be achieved by cooling the device.

To understand the reasons behind cooling the device, consider the main noise sources that

have already been mentioned, they are:

1) Intrinsic noise

2) Extrinsic noise

The intrinsic noises are the channel noise and the noise induced at the gate. They are

highly correlated .The effect of the intrinsic noise can be minimized by optimally tuning the

impedance of the source. By doing this the gate noise can be made to cancel with the channel

nOIse.

But the extrinsic noise, which is mainly thermal in nature, is produced by the

resistances like Rg, Rs, and Rd.This noise is highly temperature dependent and can be

minimized by operating the transistor at a very low temperature.

The reduction in temperature is obtained "by cooling the amplifier III a

cryocooler system to liquid nitrogen temperature (77 K) .

To justify that the low cooling enhances the performance of the amplifier consider the

equivalent circuit of GaAsFET which is shown below,

•
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Gate Lg Rg Cdg

~s
Vc

R4

Rs

Rds
Cds

Rd Ld

2003-2004

Drain

Source
Ls

Source

Fig.4.1 equivalent circuit of GaAsFET

Where;

Intrinsic elements

Cdg= drain to gate capacitance.

Cgs=gate to source capacitance.

Ri=input resistance.

ids= drain to source current.

Rds=drain to source resistance.

Extrinsic elements

Rd=drain resistance

Rg=gate resistance

Cds=drain to source capacitance.

Rs=source resistance

For low noise FET's, there are few relations mentioned which relates the mInImUm

temperature and the various device parameters.

TMIN=ToKf(f/h)(gm (rg+rs)rl12

Where;

TMIN= minimum noise temperature

To = standard temperature 290 K

h= intrinsic cut-off frequency.

gm = transconductance

rg = gate parasitic resistance

rs=source parasitic resistance.

4.1
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From eqn.4.1 we obtain, transconductance is inverse Iy proportional to the channel resistance.

To achieve minimum noise it is desirable to have higher value of transconductance. Since at

lower temperature the resistance of the semiconductor is low, the channel current increases

which results in increase in the value if the transconductance. Therefore by cooling we can

achieve lower noise.

Another approximate equation gives that:

TM1N=2(f/h)(rt Tg gds Tdr1/2

Where;

Tg=gate temperature.

Td=drain temperature.

rt=rs + rg + rgs

rgs=intrinsic gate resistance.

4.2

From the equation 4.1 and 4.2 we can analyze that,

Minimum temperature (TMIN) is inversely proportional to transconductance (gm)

Also, we have the relationship between intrinsic cut off freq~ency (h) and the gm as

h= gm/(2*3.14*Cgs) 4.3

h is directly proportional to gm.

Hence, by decreasing the temperature intrinsic cut -off frequency can also be increased.

Putting in other words, from equations 4.1 and 4.2, we can infer that by increasing

value of h and reducing the value of rg and rs, we can achieve low noise temperature.

As rg and rs are the parasites existing at the room temperature, cooling

the device would definitely reduce the rg and rs and thus the noise figure.

There exists a limit up to which, when the amplifier is cooled, the noise figure

gets reduced, but cooling below this limit does not cause the improvement in the noise figure

as the device will have its minimum noise power that cannot be reduced.

The effect on the capacitance when cooled was experimentally was found to be:

1) Gate to source capacitance (Cgs) increases.

2) At the lower temperature, the drain to gate feedback capacitance (Cgd) is
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smaller and the capacitance of the dipole layer in the channel (edc) are sufficiently

larger. These changes are primarily due higher drain current, which results to large

charge accumulation in the channel.

3) The negative space charge in turn causes the depletion layer to widen towards the drain,

thus reducing the drain feedback capacitances.

From the above discussion it is now well justified that the cooling of the amplifier

will enhance the performance of the low noise amplifier by not only reducing the noise

temperature but also by providing improved gain because of the increase in the

transconductance at lower temperature.

The following figures the variations of gain, noise figure, transconductance as a

function of temperature.

Te=
I Gain
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Cl (OK ------'-' ~.~0:::~ I
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~CI)
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Te, Foj I
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200300

Fig 4.2 Minimum noise figure, equivalent input noise temperature, and the
associated power of the GaAs MESFET versus ambient temperature
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Fig 4.4 Variation of noise figure and gain with temperature

4.2 Design aspects of the Cooling System based on the

Crvocooler:

The Low Noise Amplifier, which is to be cooled to cryogenic temperature, is made of

copper. This will be mounted on the Cold head of a Cryocooler, through an intermediate base

plate. A Stainless steel evacuated chamber is required to minimize the heat transfer from

ambient to the cold surface. This Chamber will be henceforth Vacuum Jacket.
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The Vacuum Jacket has various connectors for making electrical connections with the

amplifier mounted inside. It also has a suitable coupling, which can be connected to a

vacuum pump for evacuating the same. Thus, the basic units of a cryogenic cooling system

are (a) Cold Head with the Low Noise Amplifier, (b) Vacuum Jacket and (c) Linear motor

compressor of the Cryocooler and (d) Vacuum system for evacuation.

4.3 Desi2n of the housin2 for the low noise amplifier

The low noise amplifier electronics is housed in a rectangular shaped box of size

approximately IOcm x 5cm x 3cm made of copper. Stainless steel semirigid cables carry the

RF signals from the amplifier. The Phosphor Bronze wires supply the bias required. This

amplifier box will be rigidly fixed to the cold head of the Cryocooler. This assembly will be

wrapped by several layers of super insulation to prevent radiation.

300><

TOP

, ,
,

,<
150

,.,._~ .DC Bias
InRF ~1iM-b~~J rr=1 r R~ut ~ MIDDLE

In

BOTTOM

All dimensions in mm

Fig. 4.5 Schematic of Low Noise Amplifier mounted on the cold head and surrounded by

Vacuum Jacket.

£ & C Dept. ·47- MV1C£



Design and development of cooled LNA (0.5-1.5 GHz)

4.4 Preliminary desien of the Vacuum .Jacket

20OJ-20{)4

The Vacuum Jacket is made of three separable parts - (i) Top flange (ii) Middle cylinder

(iii) Bottom flange. This enables complete access to the components mounted on the cold

head. This has suitable openings along with end couplings to enable evacuation of the

Vacuum Jacket. This also has suitable openings for mounting vacuum feedthroughs and

connectors for carrying dc bias and RF signal.

4.5 Estimation of Thermal Load to the Cold Head of the

Crvocooler.

Heat transfer to the cold head occurs through the following mechanisms.

• Conduction and

• Radiation

It is assumed that the entire amplifier box, the intermediate base plate and the cold head are

at an average temperature of 100 K after thermal stabilization. The vacuum jacket is

maintained at ambient temperature of 300K.

4.5.1 Heat transfer due to conduction

The main contributors for the conduction heat transfer are

• Phosphor bronze Wires carrying DC bias to the amplifier

• Coaxial cable carrying RF signal to the amplifier

• Gas conduction.

4.5.1.1 Conduction heat transfer due to phosphor bronze wires

The phosphor bronze wires used for carrying the DC bias are thin and has a diameter equal to

0.5 mm. The length of the wire used is approximately 6 inches.

E & C Dept. -48- MV1CE



Design and development of cooled LNA (0.5-1.5 GHz.)

The heat transfer due to conduction is given by,

QI = (k A dT)

L

2M3-2004

Where k: Thermal Conductivity of the material

A : Area of cross section of the material

~ T Temperature gradient across the material

L : Length of the wire

For phosphor bronze wire we have

K =66mW/mK

2A =1tf

= 7t(2.5 x 2.5) 10-8 Sq. m

~T = (300 - 100) K

L = 15.24(10-2) m

Substituting these values in the above equation we get the total conduction heat transfer, as

Q = 0.017006 W for one Phosphor Bronze wire. Now, there are 5 wires carrying the signal in

one unit, the heat conduction is given by Q = 0.08503 W.

Q 1=0.08503W 4.4

4.5.1.2 Conduction heat transfer due to co-axial cable

The co-axial able used was made of stainless steel cable having an outer diameter of 3.6mm

and inner center conductor diameter of Imm. The total heat transfer due to this cable comes

from both outer conductors as well as from inner conductor. It is assumed that one end of
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the cable is held at 300 K and other end is at 100 K( .1T) and thermal conductivity of the

steel wire Ok'is 50.2 W/mK.

Co-axial LNA

cable

3.6mm

Fig .4.6 Cross section of the Stainless Steel coaxial cable and its arrangement

inside Vacuum Jacket.

Total heat loss = Loss due to the outer conductor + Loss due to the inner conductor

The cross sectional area of the outer conductor is given by

The cross sectional area of the inner conductor is given by

A2 = IT r 2 IT x 0.5 x 0.5 10 --6 = (0.7853) X (10-6) m2

The total cross sectional area is equal to A = (6.4402) X (10-6) m2

The length of the cable is 6 inches the total heat transfer due to one cable according the

formula is given by

Q = (50.2)(6.4402)(10-6)(200)

(15.24) )(10-2)

= 0.42427W

The heat transfer due to two cables (both input and output) is given by

Q2 =0.84855W

Total heat transfer by conduction QI + Q2 = 0.93358 W

4.5
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4.5.1.3 Conduction heat transfer due to 2aS:

The heat transfer through the gas conduction was assumed to be negligible.

4.5.2 Heat transfer due to radiation

4.5.2.1 Radiation heat transfer between Vacuum .Tacket wall and Cold head

The radiation heat transfer between two surfaces is given by

:2(JO] -2004

Where (j - Stephen Boltzman constant =5.67(10-8) W_m-2_K4
2A - Area of total cold surface at lOOK - m

T I - Temperature of the Vacuum Jacket = 300 K

T2 - Temperature of the Cold Head = 100 K

E - Emissivity of Stainless steel = 0.06

The area of the cold surface is the total exposed area of the various components such as the

Low Noise Amplifier box, supporting copper base plate and the cold head of the Cryocooler.

Using the dimensional data of the above components, this area was calculated to be
20.0450m.

Substituting these values in the above equation, the radiation heat transfer is given by

Q = 5.67(10-8) x (8.1 X 109 -0.1 X 109) x (0.06) x (0.0450)

=5.67 X 1O-8x8 X 109x 0.06 x 0.0450

= 1.2247 W

We assumed that about 10 layers of super insulation is wrapped around the entire cold

surface. In this case, the radiation heat transfer reduced approximately by a factor of 11.

Hence, the radiation heat transfer due to the above was calculated as

E & C Dept.

Q3 = 0.1113 Watts
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4.5.2.2 Radiation heat transfer to the Coaxial cable from the Vacuum Jacket

Co-ax ial cable

:!003-:!004

• L

Fig.4.7 Schematic diagram of stainless steel coaxial cable and its arrangement inside

Vacuum Jacket

The radiation heat transfer in a coaxial cable will occur on the outer conductor of the cable. If

d2 is the diameter of the outer conductor (= 3.6 mm), then the area of exposure is given by

A = 1td2h = 1t3.6 x 10 -3 x 15.4 x 10 -2 = 1.7236 x 10 -3 sq. m.

Hence Q = 5.67XlO-8 (0.06) x1.7236 xlO-3 [3004-1834]

=0.04091 Watts

and for two cables, Q = 0.08182 Watts.

Here the mean temperature of the cable is calculated as the Jog mean temperature between

the ends of the cable. This value is equal to 183 K. .

As before if one insulates the coaxial cable with with 10 layers of superinsulation, this heat

transfer gets reduced by a factor of 11. If the heat transfer is calculated for two cables, the
,

total heat transfer is given by .

Q = 0.00744 Watts

Total heat transfer by radiation from the Vacuum Jacket wall to the RF cables is given by

E & C Dept.

= 0.00744 W
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4.5.2.3 Radiation heat transfer to the DC bias wires from the Vacuum Jacket

2003-2004

As mentioned earlier the DC bias wire has a diameter of 0.5 mm. The area of

exposure is given by

Area = 2rrrh

= rrdh

= rr (0.5) x (10-3) x (15.24) x (10-2)

= (2.393) X (10-4) Sq. m

LNA DC wires (Phosphor Bronze wire)

•. 0.5 mm

t

Fig.4.8 Cross Sectional view of the Phosphor Bronze wire and its arrangement inside

Vacuum Jacket

Therefore the radiation transfer due to the cable is given by "

Qs
4 4

= (J' A E (T I - T2 )

= (5.67)( 10.8)(2.393)( 10-4)(0.06)(3004 -1834)

= 5.681 (10-3)

= 0.005681 Watts

•
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For 5 numbers of DC wires, the total heat transfer is equal to 28.40 mW. This can be

reduced further by surrounding them with superinsulation layers.

TOTAL HEAT FLUX CALCULATION

1. CONDUCTION (W)

Q (I) = 0.08503

Q (2) =0.84855

Total = 0.93358 Watts

Result:

2. RADIATION (W)

Q(3) =0.1113

Q (4)=0.00744

Q (5)=0.02840

Total = 0.14714 W

The total estimated heat transfer due to both conduction and radiation is == 1.0807 Watts, for

the above configuration.

The above heat transfer was recalculated assuming that one uses 1 mm diameter DC bias

wires in place of 0.5 mm wires. In this case, the heat transfer is calculated to be - 1.3642

Watts.
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5. AMPLIFIER DESIGN

2003-7004

50n

The design of the two stage HEMT amplifier has been presented here. The amplifier is

designed for the following specifications:

Frequency range of operation = O.5GHz-l.5GHz

Center frequency =lOOOMHz

Bandwidth

=lOOOMHz

Gain

=20dB

Pass Band Ripple

=O.5dB

Noise figure

=as low as possible

Input return loss

=Less than -lOdB

The design and performance analysis of the amplifier make use of the GENESYS RF

CAD package.

5.1 General Amplifier Block Diaeram

INPUT

TRANSISTOR
INTRSfAGETRANSISfOROUTPUT

MATCHING (I Sf Sf AGE)
MATCHING(2ND Sf AGE)MATCHING

NETWORK ~~ ~ ~oE;:;;"
,/ --

Is=f opt

rin!rout! rin2lout2IL

Fig 5.1 General block diagram of the two-stage amplifier

The above figure shows the general block diagram of the two-stage amplifier. The

parameters used are explained below:

rs represents the first stage source reflection coefficient.

ropt represents the optimum reflection coefficient

50n
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finl represents the Input reflection of first stage.

fout! represents the output reflection coefficient of first stage.

fin2 represents the Input reflection coefficient of second stage.

fout2 represents the Output reflection coefficient of second stage.

rL represents the load reflection coefficient.

2003-.?004

The amplifier has an input matching network, inter-stage matching network and an

output-matching network. The input-matching network transforms source impedance to

the optimum impedance of the first stage transistor for minimum Noise figure. The inter­

stage matching section matches the output impedance of the first stage transistor to the

input impedance of the second stage transistor for maximum gain. The output-matching

network transforms output impedance of the second stage transistor to the load

impedance.

5.2 Selection of Transistor

The selection of the transistor is made based on the frequency of operation, noise

figure and optimized reflection co-efficient.

We have chosen the High Electron Mobility Transistor - Fhx35lg to build the

amplifier in the frequency range mentioned earlier since it has got lowest Noise figure

over the entire range.

The parameters at IGHz are obtained by extrapolating the values given in data

sheets. The parameter values are listed below (at IGHz):

Device: FUJITSU Fhx35lg HEMT

Parameter

MagnitudeAngle (degrees)

511

23.52-87.6

521

158.5688.38

512

73.189.98

522

19.9-88.52
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Bias conditions:

Vds=3v,Ids=1O mA

Noise parameters:

Table 5.1

Frequency NFminrn!
(GHz) (dB) MAG

ANGRn/50

0.5

0.3230.9125.7620.7
0.6

0.3290.9047.5440.692
0.7

0.3340.8969.3240.684
0.8

0.3390.88811.100.676
0.9

0.3440.88112.870.608
I

0.3490.87J14.640.660
1.1

0.3540.86616.410.652
1.2

0.3590.85918.170.644
1.3

0.3640.85219.920.636
1.4

0.3700.84621.670.628
1.5

0.3750.83923.420.620

5.3 Stabilizin2 the transistor usin2 feedback

5.3.1 Stabilitv Factor

2003-2004

The stability factor K was calculated from 0.5 to 1.5GHz and found to be less than 1

as shown in table 5.2. This implies that the transistor is potentially unstable at these

frequencies and has a tendency to oscillate. The input and output impedances for which

the amplifier oscillates lie in a region between the Smith chart and the overlapped

stability circle. This is shown in Fig 5.3. The constant gain circles, constant noise circles

(Fig.5A) and stability circles (Fig.5A and Fig.5.5) were drawn using the GENESYS RF

CAD package. It was found that the centers of the circles that represent maximum gain
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and minimum noise figure respectively were far separated. This means it is not possible

to simultaneously match gain and noise for this transistor at this frequency.

Table5.2

Frequency K Factor
500

0.102
562

0.11
625

0.117
687

0.122
750

0.126
812

0.129
875

0.132
937

0.134
1000

0.135
1062

0.143
1125

0.149
1187

0.156
1250

0.161
1312

0.167
1375

0.172
1437

0.177
1500

0.181

To overcome both the problems of stability and simultaneous matching of noise

and gain, a small inductance is added from source to ground, which acts as a loss less

series feedback. Since the value of k was found to be less than 1, the value of the inductor

in the feedback is varied till the value of k becomes greater than l.The modified value of

source inductance that makes k factor greater than 1, at the frequency range specified,

was found to be 5.83nH. The stability circles and the k factor after addition of the

feedback is as shown in fig 4.5 in table 4.3 respectively.
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Fig 5.2 Input and output stability circles before putting the feedback inductor
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Fig 5.3 Gain and noise figure circles

2003-2004

Fig 5.4 Input and output stability circles after putting feedback inductor
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Table 5.3

2003-2004

5.3.2 Lossless Feedback

Frequency k factor
500

1.000
562

1.002
625

1.009
687

1.013
750

1.015
812

1.016
875

1.015
937

1.013
1000

1.011
1062

1.011
1125

1.009
1187

1.008
1250

1.006
1312

1.003
1375

1.002
1437

1.001

Equation 3.18 shows that when rs= ropt, the noise figure of the network becomes

minimum. However, by doing so, we may have to sacrifice some gain, since, one of the

condition for gain to be maximum is

rs= rin*

Therefore it is not possible to have maximum gain with minimum noise.

Hence, one of the basic problems is the significant difference between the desired source

impedances for optimum noise and input match. In such a case, some form of isolator is

needed at the input to maintain a reasonable input match when the device is operating at

its minimum noise figure.

Lossless feed back elements can transform, the input and optimum noise source

impedances until simultaneous or acceptable compromise is reached. However the

reactive

E & C Dept. -61- MVJCE



Design and development of LNA (0.5-1.5GHz) 2003-2004

feedback will change the minimum noise figure as well as optimum nOise source

impedance. In addition, the gain and the stability factor of the circuit will also change.

For series feed back, the noise figure will be raised by a small value of inductance

and the gain correspondingly gets reduced. Minimum noise measure (MOlin)remains

invariant to lossless feedback effects, where MOlinis given by

Zin

:Jeg
gmeg+

Ls

Fig 5.5 Equivalent circuit of a FET with source inductance

Fig. 5.5 shows the simplified equivalent circuit of a FET with source inductive feedback.

If we assume that the impedance due to Ls is very small compared to IIY 2 and IIY L, the

expression for Zin can be written as,

If Y L» Y2 and wc«gm ,expression for Rin reduces to

Rin = RI + gmLs/CI
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As can be seen from the above equations, addition of a small value of Ls, causes

the real part of Zin to change drastically, while the imaginary part is almost the same. If

Rin is increased to the value Ropt then we will obtain both the noise and power match.

For small value of Ls, the value of Zopt changes by,

Zopt'=Zopt-jwLs when 1wLsl «I Zoptl

So, the optimum reflection coefficient doesn't change much with the addition of LS.But it

can cause a small decrease in the gain. The common source S-parameters is converted to

Z-parameters first. The Z-parameters of the series inductance Ls is also found out. They

are then added together and inverse transformation is carried out. This yields the

modified S-parameters of the device with source inductance feedback.

5.4 Design of matching sections:

One of the most important aspects of high frequency, circuit design is Impedance

Matching. The basic idea of impedance matching is illustrated in the Fig 5.6. Impedance

matching is required to obtain maximum power transfer between source and load. One of

the most fundamental criteria is that a matching network must be ideally loss less to
~

avoid unnecessary loss of power.

Zo Matching ZL
Network

Fig 5.6 Loss less Network, matching arbitrary load impedance to a transmission line.
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Impedance matching is necessary for various applications as mentioned below.

• Maximum power transfer between source and load.

• Minimum power loss in the feed line.

• Improvement in the signal to noise ratio of the receiver system by impedance

matching sensitive receiver components like Antenna, Low noise amplifier, etc.

• Minimum noise contribution from the amplifier.

• Must operate over a wide range of frequency.

Different techniques of impedance matching networks are

1. Matching with lumped elements (L-Section)

2. Single stub tuning.

3. Double stub tuning.

4. Quarter wave transformer.

5. Multi-section transformer.

.:. Binomial multi-section transformer.

.:. Chebyshev multi-section transformer.

6. Tapered lines .

•:. Exponential taper.

.:. Triangular taper.

.:. Klopfenstein taper.

We have utilized the matching technique using lumped elements and quarter wave

transformer. ,;.

The Ouarter- Wave Transformer

The transmission line input impedance equation is given by,

(ZL + j Zo tan ( ~l )
Zin = Zo X ------­

(Zo + j ZL tan ( ~l )
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When the length of the transmission line is chosen equal to A / 4, the above

equation reduces to

(ZL +j Zo tan (900 )

Zin = Zo X ------­

(Zo + j ZL tan (900 )

The quarter-wave transformer is simple and useful circuit for matching real load

impedance to a transmission line. The additional feature of quarter wave transformer is

that it can be extended to multiple sections in a methodical manner, for broader

bandwidth. If only narrow band impedance match is required, a single section

transformer may suffice. Single section quarter matching transformer circuit is shown in

the figure 4.4. Characteristic imp( ZI = ...j ( ZoX ZI). ;ection is,

The electrical length of the impedance matching section at the center frequency fo,

is Ao/ 4, but at other frequencies the length is different, so a perfect match ceases to exist.

Zo

~
I ~

Fig 5.7 Single Section Quarter-wave Transformer of length I at center frequency fo

5.4.1 Desi2n of input matchin2 section

50

n

v s

INPUT
MATCHING
NETWORK

TRANSISTOR

(1ST STAGE)

E & C Dept.

fs=fopt Ilfinl

Fig 5.8
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Input matching is done for the minimum noise of the transistor. Quarter-wave

transformer sections and the lumped elements have been used to transform the source

impedance to rOPT of the HEMT at 1 GHz. The value of rOPT was read at 1 GHz and was

found to be .873(mag) ,14.647(ang). The corresponding impedance value is 164.5 +

j303.5. Hence 50n source was matched to 164.5n using quarter-wave transformer and

an inductor of was used to cancel the capacitance part of the load.

5.4.2 Design inter stage matching section

TRANSISTOR
INTRSTAGETRANSISTOR

(1ST STAGE) ~

MATCHING
(2ND STAGE)

P

loutl

lin2

Fig 5.9

The interstage matching is done to deliver the maximum power from the first stage to the

second stage .In this matching the output impedance of the first stage is matched to the

input impedance of the second stage transistor.

The parameters for the interstage matching are:

SII = 0.617 - jO.24

S22 = 0.861 - jO.118

Zoutl =137 - j117

Zin2 = 368 - j354

The real part of Zoutl ( 137Q) is converted to real part of Zin2 ( 368 ) with quaterwave

transformer and the imaginary part is matched with an inductor of suitable value.

E & C Dept. -66- MVJCE



Design and development ofLNA (O.5-1.5GH:)

5.4.3 Design of output matchim! section

2003-2004

TRANSISTOR

(2ND STAGE) IJ
OUTPUT

MATCHING I 50 n

lout2 I IlL

Fig 5.10

The value of S22 was read at 1GHz and the value of impedance corresponding to

S22 was found to be 400.52 + 64.65. Hence 500 load was matched to 400.520 using

quarter-wave transformer and an inductor was connected to account for conjugate of the

imaginary part.

The width of the rectangular microstrip was calculated using Genesys for

UL TRARAM PCB with Er value of 2.5 at the lower cutoff frequency 0.5 GHz.

The schematic of the overall amplifier circuit including the coupling capacitors,

matching inductors and the transistor as realized using Genesys, is as shown in Fig.5.15.

The designed two stage amplifier can be represented as:

INPU

QUATERWAVE­
TRANSFORMER

(47.25)

Where;

L1= 48.303 nH

L2= 37.79 nH

L3= 10.11 nH

E & C Dept.
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TRANSFORMER
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Fig 5.11
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5.4.4 Modified design values after optimization:

2003-2004

The designed circuit was optimized with the help of CAD tool GENESYS over
the frequency range of 0.5 Ghz to 1.5 Ghz .The modified design values for each stage
is given below:

Modified input section

Fig 5.12

Inductor(Ll) = 28.065 nH

Quarterwave transformer = 50 mm

Modified interstae:e section

• I.
Fig 5.13

Inductor(L2) = 20 nH

Quaterwave transformer = 16 mm

Modified output section

-1-
Fig 5.14

Inductor(L3 )

Quaterwave transformer

E & C Dept.

= 14 nH

= 16mm

-68- MVJCE



Design and development of LNA (0.5-1.5GHz) 2003-2004

The schematic of the overall amplifier including the coupling capacitors, inductors,

transistor and the bias circuit as realized using GENESYS is as shown in Fig 5.15 and the

complete layout is shown in the Fig 5.16.The simulated response using CAD tool

(GENESYS) is shown in Fig 5.17 .

E & C Dept. -69- MV1CE
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~

TNPT T

OUTPUT

E & C Dept.

Fig 5.15 Schematic of LNA
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•

-f·

Fig 5.16 Layout of the low noise amplifier

5.5 Design of biasing section:

2003-2004

The DC bias voltage must be applied to the gate and the drain ,without disturbing the RF

circuit paths.This is done by using RF chokes with capacitors and the inductors.

The RF chokes provide very low DC resistance for the biasing,and a

very high impedance at the RF frequencies to prevent microwave signals from being

shorted by the bias supply .similarly the input and output decoupling capacitors block the

DC.

The circuit used to provide biasing to the transistor is as shown in Fig 5.17.The

resistance in the bias path is chosen such that the drain is maintained at 2V and a current

of lOmA is passed through the device when 3V, is applied to the bias. The by pass

capacitors are chosen such that they offer very low impedance at the frequency of

operation

TO THE TRANSISTOR LEAD GATEIDRAlN

:v

R1
R=50 ohm

R2

R=50 ohm FROM BIAS BOX

~ ~vC3

E & C Dept.

Fig 5.18 Biasing circuit for the transistor

-71- MVJCE
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BIAS BOX

C=1000 pFr
R=50 ohm

R=50 ohm

C=1.2 pFr
TRANSISTOR

(rux 35LG)

c=1t~1

C=1.t-}

2003-2004

INPUT

E & C DEPT.

MA.TCHING

NnWOlK

Fig 5.19

MA.TCHING

NETWORK!
OUTPUT

MVJCE



Design and development of cooled LNA (O.5-1.5GHz) 2003-2004

6. BUILDING AND CHARACTERIZATION OF THE
LOW NOISE AMPLIFIER

6.1 Construction details of the amplifier

6.1.1 Development of the printed citcuit board

The circuit was realized on ULTRARAM 2000 PCB from Rogers Corporation.

ULTRARAM 20000 laminate is made of woven glass Teflon reinforced PTFE.This is

designed for high reliability strip line and microstrip circuit applications. The dielectric

constant E r of this laminate is typically 2.5. It has a low dissipation factor, tan8 of 0.0022

maximum of 10 GHz.

6.1.2 Amplifier chassis

Amplifier is housed in a milled copper block. All the capacitors in the bias section

were soldered directly on to the chassis. Enameled copper wires (Gauge #27) were used for

providing bias to the transistor. Bias was given to the amplifier from a separate bias box

outside the amplifier (refer appendix for the circuit diagram and operation of the bias box).

SMA microstrip launchers from omni spectra Inc were used for input and output RF

connections to minimize co axial microstrip transition loss. Chip capacitors from American

Technical ceramics Inc were used for both bypass and coupling capacitors -ATC 100B for

1000pF bypass capacitor and ATC 100A for the rest. The transistors were mounted on the

holders and the drain and source leads were mounted in plane with the PCB to reduce any

additional inductance added to the circuit due to the leads. The PCB was fixed to the chassis

using screws. The mechanical diagram of the chassis is shown in Fig.6.1. The photograph of

the amplifier is shown in Fig .6.2
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Smm

0 00

0

00 mm
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5

70rrnnl.
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l

40mm

12mm I
Smm

70mm
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40mm

o o o
~

70mm
.,

Fig 6.1
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6.1.3Amplifier assembling

LNA assembling is done as follows

1.Card sizing:

a. The card is sized to exact dimensions.

b. The sharp edges of the first transmission matching line, input 50£1 line and

50£1 output line were chambered.

2.Card placing:

Using 10 BA screws of the right length the card was screwed down.

3.Placement Of Bypass Capacitors:

The procedure followed for the placement of bypass capacitors is as follows.

a. Capacitors were placed in their respective positions.

E & C Dept. - 74- MVJCl:'
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b. Capacitors were individually cleaned using toothpick, cotton and Isopropyl

Alcohol (lP A).

c. Chassis was immersed in Alcohol bath.

d. Chassis was removed and allowed to dry.

4. Placement of resistors between by-pass capacitors:

a. Two son resistors are soldered between 620 pf and 10 pf capacitors.

b. Resistors between 10 pf and 1.2 pf were soldered only on top of 10 pf and

the other side was soldered later while soldering the bias wires.

c. Extra flux was cleaned using IPA, cotton and toothpick.

5.Bias for the amplifier:

a.Gauge No.27 Enameled Copper wires cut to right length plus 1 cm were used

between the bias connector and top of 620 pf by-pass capacitors.

b. The wires were routed properly between the 620-pf capacitors and the chassis

wall.

c. For ground connection, a ground tag was used on end of the Copper wire and

screwed onto the chassis.

d. Extra flux was cleaned using IPA, cotton and toothpick.

6.Bias checkint!::

a. Bias cable was connected to the connector.

b. We set Vdl (drain voltage knob)=3V in the bias box and adjusted the Id (drain

current knob) to approximately 10 mA.

c. The bias box was put on and checked for the bias on top of the 1.2 pf capacitor.

(Vg=2V,Vd=0.6V)

7.Solderint!: of the transistor:

a. The working table was cleaned thoroughly.

b. The iron plate surface was cleaned thoroughly with sand paper.

c. The grounding of Aluminium plate on table, soldering iron were checked.

d. The well-grounded wristband was worn to remove static charges from our body.

E & C Dept. - 75- MVJCE
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e. SuperSafe flux was used for even spreading. Care was taken not to put any

extra solderlflux for soldering any of the component.

f. When the solder melted, transistor was placed on the PCB using grounded

tweezers.

8. Connector soldering:

Two radial connectors with 3mm long Teflon for both input and output were

connected. M 2.5 screws were used to fix them. The center pins were soldered onto

input and output 50n lines with minimum solder and flux. Extra flux was cleaned

using IPA, Cotton and toothpick.

9. Coupling capacitor soldering:

a. The coupling capacitors were placed exactly in the specified position.

b. Both sides were soldered with minimum solder and flux.

c. Extra flux was cleaned using IPA, Cotton and toothpick.

10. Bias wire and transistor lead soldering:

a. Solder one end of the Gauge 30 Gold plated Copper wire on top of the

1.1pf bypass capacitor.

b. The transistor holder was tightened with nut and washer at the bottom

of the chassis using right spanner.

c. The other end of the bias wire near the gate/drain leads were soldered using

solder and flux at the low impedance portion of the input matching section.

d. Extra flux was cleaned using IPA, Cotton and toothpick.

11. Cleaning:

a. It was cleaned with alcohol.

b. It was allowed to dry and checked for performance.

E & C Dept. - 76- MVJCE
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6.2 Experimental setup for the measurement of Gain And Return
Loss of the amplifier

Experimental setup for the measurement of Gain and Return loss of the LNA is as

shown in figure 6.3. It consists of a scalar network analyzer (HP 8757D), a synthesized

sweeper (HP 83752A), directional bridge and a detector.

Initially the setup was made without connecting the LNA. The frequency range is set

between 0.5GHz to 1.5 GHz

Synthesized Scalar Network

Sweeper

Analyzer

HP 8 752A
HP R7'i71)

.4~

Directional

---.
LNA

---.
Detector

Bridge HP 85027

Fig 6.3 Experimental setup for Gain and Return loss

The power level was set to -35dBm. The system was calibrated to remove the

instrumental effects. Then the LNA is connected in between the detector

and the auto tester in the setup. Gain and return loss of the amplifier are measured and the

plots obtained are shown in Fig 6.4

E & C Dept. - 77- MVJCE
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Design and del'e/oplllent ofcoo/ed LNA (O.5-f.5GHz)

6.3 Experimental setup for the measurement of Noise fieure of

the amplifier

Experimental setup for the measurement of Noise Figure of the LNA is as given in

figure 6.6. It consists of a Noise Figure Meter (HP 897GB) a Synthesized Sweeper.

Noise Figure Meter
HP 897GB

j

...

Noise Source

LNA5dB ENR HP 346 A

Fig 6.6 Experimental setup for Noise Figure
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Design and development of cooled LNA(O.5-I,5GHzJ

CONCLUSION

2003-2004

We have developed successfully a multioctave bandwidth amplifier to operate in the frequency

range of 0,5 to 1.5 GHz .We were able to get expected gain and the return loss over 0.5 to

1.3 GHz.

But the noise performance of the amplifier had deteriorated to a larger extent. Even though

we had aimed at cooling the amplifier to the cryogenic temperature, due to some technical

problems we were not able to cool .If the amplifier is designed carefully and cooled to low

temperature, it can be used to cover a wide range of frequencies in the radio telescope.

E & C Dept. MVJCE



FHX35X/002
FHX35LG/002

Low Noise HEMT

DESCRIPTION
The FHX35X/002 Chip and FHX35LG/002 packaged devices are HEMT
(High Electron Mobility Transistor) ones suitable for use as the front end
of an optical receiver in high speed lightwave communication systems.
This HEMT combines high transconductance, low gate capacitance and
low leakage current; all important factors in achieving low noise
preamplification. Fujitsu's stringent Quality Assurance criteria and
detailed Test Procedures assure Highest Reliabiltity Performance.

FEATURES
• High Transconductance
• Low Leakage Current
• Low Gate Capacitance
• Gold Bonding System
• Proven Reliability

ABSOLUTE MAXIMUM RATINGS (Ambient Temperature Ta=25°C)

LG PACKAGE

Item SymbolConditionsRatingsUnit

Drain-Source Voltage

VOS 6V

Gate-Source Voltage

VGS -5V

Total Power Dissipation

PT 290mW

Storage Temperature

Tstg -65 to 175°C

Channel Temperature

TCh +175°C

Thermal Resistance

RthChannel to Case150°C/W

ELECTRICAL CHARACTERISTICS (Ambient Temperature Ta=25°C)

Item SymbolConditions
Limits

UnitMin.
Min.Max.

Drain Current
lOSSVOS=2V, VGS=OV154085mA

Transconductance

gmVOS=2V, los=10mA4560-mS

Pinch-off Voltage

VpVOS=2V, IOS=1mA-0.2-1.0-2.0V

Gate-Source Leakage Current

IGSOVGS=-2V-1020nA

VOS=3V

FHX35X/002-0.27 -
Gate-Source Capacitance CGSlos=10mA

pF
FHX35LG/002

-0.47 -

Gate-Drain Capacitance

CGOVOS=3V,IOS=10mA-0.035 -pF

Edition 1.1

May 1998 1

cO

FUJITSU



FHX35X/002
FHX35LG/002
Low Noise HEMT

Fig. 1 Drain Current YS. Drain-Source Voltage Fig. 2 Gate-Source Capacitance
YS. Drain-Source Current

Drain-Source Current (mA)

VDS=3V

./"

--
FHX35LG/002/

./

-
FHX35X/002/VGS=OViL0.5

40
S

-0.2V

Cll~ 0c.s
30

~
C

·u
0.4ell~ -OAV0..

ell
::::l ()() 20

Cllc ~.(ii -0.6V
::::l0 00.3en

10
Q,

cr;
-0.8V C)

0 ••...

II_1-1.OV
0.2

2
3

Drain-source Voltage (V)

10 20 30

Fig. 4 Gate-Source Leakage Current
YS. Gate-Source Voltage

Gate-Source Voltage (V)

,,;

/
V

/ ///

Fig. 3 Transconductance YS.

Gate-Source Voltage

VDS=2V

~
.s80

c50
(j) ~.s :;

Cll

()0 60 Cll20c Olell ellti -'"::::l
ell-0 Cllc 40 ...J100 Cll0 ~<Il C ::::lell 05~ 20

en
Q,cr;C)I IIIII

0

-0.2-0.4-0.6-0.8

Gate-Source Voltage (V)

o -1.0 -2.0 -3.0

cO

FUJITSU 2



8. Bibiliography
1. Low noise microwave transistors and amplifiers

Edited by

Hatsuaki Fukui

A vol in IEEE press

2. Microwave Transistor Amplifiers,

Guillermo Gonzalez,

Prentice-Hall, Inc., Eaglewood Cliffs, N.J.,

1984.

3. Radio Astronomy,

John D Krause

Mc Graw-Hill Book Company,

1966

4. Microwave Devices and Circuits,

Samuel. YLiao,

Prentice-Hall, Inc., Eaglewood Cliffs, N.J.,

1980.

5. Principles of microwave measurements

GH Bryant

IEE Electrical Measurements series 5

6. Ultra low noise 1.2-1.7 GHz cooled GaAs FET amplifiers,

IEEE Transactions Microwave Theory And Techniques,

VOL MTl-30, NO-6, June 1982

7. The RF and Microwave Circuit Design cookbook

Stephen AMaas



8. Marian W. Pospie Zalski (senior member),

IEEE, Sander WeinReb, Fellow, IEEE, Roger D. Norrod,

IEEE member and Ronal Harris,

FET's and HEMT's at cryogenic temperatures- Their properties and use in Low

Noise amplifier, VOL-36, NO-3, March1988.

9. S parameter design

Hewlett Packard application note154

1972

10. Fujitsu Microwave Semiconductor Databook

1997

11. Marian W. Pospie Zalski (senior member), IEEE, Modeling of noise parameters of

MESFET's and MODFET's and their frequency and temperature dependence, Vol­

37, NO-9, September 1989.

12. Microwave Engineering,

David M Pozar

13.Rau1 Pettai, Noise in receiver systems

14.Sadik P.B, Cochin university of science,

Low Noise HEMT amplifier for Radio astronomy (Thesis).



9.Appendix

DC BIAS REGULATOR CIRCUIT OPERATION

The heart of the servo system lies in the ramp generator op amp 04(Quad TL084). Let us

assume P2 is a 10K (wire wound) potentiometer. With the pot set at maximum value

(with the dial at 30). Let us say that 30mA should be drawn by the FET (even though the

FET will not be operated at this current, it induces that the current can be said set with the

dial on the pot). Therefore -15V will be set on the inverting terminal of 04 and it ramps

positively. This increases the gate voltage and the FET begins to draw more current

through the transistor Tl and this current drops a voltage across the 200n resistor at its

path. (The drain voltage is set by 02,but most of the current is taken from Tl). The drop

across the 200nis applied to the difference amplifier 03 and it produces a positive voltage

at its output, proportional to the current through the GaAs FET. When this voltage

reaches a value, it makes the ramp generator 04 to ramp in the opposite sense. Finally at

steady state, the current charging the capacitor across 04 should be zero. This is possible

only when

Output of 03

lOOK

Setting of pot P2

500K

Output of 03 = 15*100 = 3V
500

which is equal to the drop across the 200n showing that 30mA is flowing through the

200n and hence through the GaAs FET.



~

I ,

G
A

T
E

V
O

L
T

A
G

E

Jl
-A

,C
.E

lN
40

99

J2
-D

,E
,F

R
E

M
O

T
E

G
A

T
E

M
O

N
IT

O
R

=

R
E

V
:

9/
81

.2
2 ~ 10

K

2K

N
A

T
IO

N
A

L
R

A
O

IO
A

ST
R

O
N

C
ltl

y

O
B

S
E

R
V

A
T

O
R

Y

D
C

B
IA

S
R

E
G

U
LA

T
O

R
T

IT
L

(,

+
15

I'
','

,

-
1
5

.0
47

I
V

G
~

M
O

N
=

IF
P

7
5
0
K
J

...
.-

­
.lf

LF

10
K

-=
-

0-
30

m
A

I
0

~D
J

\\.S
C

\.
'

lO
O

K

I
-

f,
.'

t., -=
-

~5
c'

K
".

[,I
f,'

,

Z
O

K
R

E
M

O
T

E
G

A
IN

T
R

\M

1
'1

'
1

J2
-A

J2
-H

J2
-J

J2
-K

J2
-C

Y
Y

,Y
.L

L
,r

--
-l

I
L

3R
O

'
I

I
~

75
0K

IS
T

A
G

E
O

N
LY

-1
5

I

0,
1

V
ir

nA
I

2K

L

10+
15 1
0

M
O

N
FP

49
.9

K

A
LL

O
P

A
M

P
S

1/
4

T
L0

75
B

C
N

V
o

M
O

N

FP 2
K

+
1~

'1
''-

,
•.

•.
,.

C
.

\•
•.

...
.•

.J
1(

"
/!

12
~

K t
lO

v/
50

m
A

lO
O

K

10
0

2
0
0

.
I

S
I

.,.
If

15
K

D
R

A
IN

J
1-

F,
B

,D
J

1-
H

+
1~

P
W

R
.

a
J2

-
9

P
IN

-
M

O
N

IT
O

R
A

+
1

~

B
G

N
O

C
-1

5

o
I

V
G

l
M

O
N

.
E

V
G

2M
O

N
.

F
I

V
G

3
M

O
N

.

H
I

+
15

}G
A

IN
J

A
R

M
T

R
IM

K
I

-1
5

P
O

T

C
O

N
N

E
C

T
O

R
P

IN
A

LL
O

C
A

T
IO

N

J
1

-
7

P
IN

-
T

O
F

E
T

A
V

G
l

8
V

02
C

V
G

2

o
V
D
3

E
V

G
3

F
V

O
1

H
G

N
O

H> ~
.

/.

O
"C

;.
Pi

O
A

26
13

E
16

O
SG

Pi
8y

S
,W

E
IN

R
E

B
lo

A
T

£6
/1

9/
80

C
O

N
S

T
A

N
T

C
U

R
R

E
N

T
F

E
T

S
U

P
P

LY

S
Y

S
T

E
M

U
S

E
,

3
S

T
A

G
E

,
W

IT
H

R
E

M
O

T
E

G
A

T
E

V
O

LT
A

G
E

M
O

N
IT

O
R

a
G

A
.IN

A
D

JU
S

T
A

P
P

O
8Y

D
A

B
Y

-l tJ

..


