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ABSTRACT

Low noise amplifier is an essential component of a radio telescope. The noise performance of
this amplifier governs the overall noise figure of the sensitive receiver system of the radio
telescope. Low noise amplifiers (LNA) have always employed the most advanced technology
such as InP(Indium Phosphide) and GaAs HEMTs (High Electron Mobility Transistor) and
SiGe HBT (Heterojunction bipolar transistor). By cryogenically cooling these devices, very
low noise temperature can be achieved over a long bandwidth. Although HEMTSs can provide
an excellent low noise performance at cryogenic temperatures, their performance is limited
due to intrinsic transconductance fluctuations. On the other hand, bipolar devices do not
suffer from this problem. Although their noise performance at room temperature is poor,
these devices perform better than conventional HEMT LNAs when cooled to cryogenic
temperatures. Over time Si-Ge bipolar transistors have improved considerably to compete
with InP and GaAs HEMTs for cryogenic microwave Low Noise Amplifiers. Although SiGe
based LNAs are common, little work has been done about their performance at cryogenic
temperatures. The aim of this project is to realize a SiGe HBT and then study its
characteristics at cryogenic temperatures. This project is aimed to verify this special property
of SiGe transistor. This is done by realizing a working LNA, with given specifications and
then testing and comparing its noise performance at different temperatures. In this report, we
will discuss the theoretical background about SiGe HBTs and their expected performance at
cryogenic temperatures. This will be followed by the design approach and strategy used to
pursue the goals laid out for the project. This will include the simulation performed using
various design environments like AWR’s Microwave office and GENESYS by Agilent
Technologies. The simulated values will be contrasted against the results obtained from
testing the real LNA. The LNA is to be tested at room temperature first and then cooled to
77K using liquid nitrogen as a coolant medium. Allowing the device to gradually warm up
will give us the valuable information about the behavior of device’s Gain and noise
temperature performance at different ambient temperatures. This information is collected and
then processed to give out the curves and relations which show how ambient temperature

affects the LNA performance parameters.
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CHAPTER ONE
INTRODUCTION

1.1 ABOUT GMRT

GMRT (Giant meter-wave Radio Telescope) is a Radio Telescope consisting of 30 fully
steerable parabolic dish antennas, each 45 m in diameter, installed across the region of about
25 km, near the village Khodad, Narayangaon Taluk, about 90 km north of Pune. It has been
designed to operate at a range of frequencies form 30 MHz to 1450 MHz. The antennas have
been constructed using a novel technique (nicknamed SMART) and their reflecting surface
consists of panels of wire mesh. These panels are attached to rope trusses, and by appropriate

tensioning of the wires, the desired parabolic shape is achieved.

GMRT is among the most powerful Radio Telescopes in the world at meter wavelengths,
established for frontline research in Astronomy and Astrophysics. The number and
configuration of the dishes was optimized to meet the principal astrophysical objectives
which require sensitivity and high angular resolution as well as ability to image radio
emission from diffused extended regions. Twelve of the thirty dishes are located more or less
randomly in a compact central array in a region of about 1 sq km. The remaining eighteen
dishes are spread out along the 3 arms of an approximately “Y'-shaped configuration over a
much larger region, with the longest interferometric baseline of about 25 km.

11
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Radio astronomy is the study of universe at radio wavelengths. The field of radio astronomy
was started in 1923, when Karl Jansky discovered that his antenna was receiving radiation
from outside the Earth’s atmosphere. He noticed that this radiation appears at the same
sidereal time on different days and that its source must hence lie far outside the solar system.
Further observations enabled him to identify this radio source as the center of the galaxy.

The whole goal of the radio astronomy is to receive, process, and interpret the cosmic signals.
Radio waves from the distant cosmic source received by the antenna create a fluctuating
voltage at the antenna terminals. This voltage is first amplified by the front end (or RF)
amplifier. The signal is weakest here, and hence it is very important that the amplifier
introduce as little noise as possible. Front end amplifiers hence usually use low noise solid
state devices to build the Low Noise Amplifiers (LNA). The LNAs are generally built using
advanced technology devices like HEMTs (High Electron Mobility Transistors) and HBTs
(Heterojunction Bipolar Transistors).

Giant Meter-wave Radio Telescope (GMRT) Front Ends have been designed to operate at 5
frequency bands centered at 50 MHz, 150 MHz, 235 MHz, 327 MHz, 610 MHz and L-Band
extending from 1000 to 1450 MHz. The L-Band is split into four sub-bands centered at 1060
MHz, 1170 MHz, 1280 MHz and 1390 MHz, each with a bandwidth of 120 MHz. The 150
MHz, 235 MHz and 327 MHz bands have about 40 MHz bandwidth and the 610 MHz band
has about 60 MHz bandwidth. The low noise front end of the receiving system of GMRT has
been designed to receive dual polarization. Lower frequency bands from 150 to 610 MHz
have dual circular polarization channels (Right Hand Circular and Left Hand Circular

polarization) which have been conveniently named as CH1 and CH2, respectively.

12
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CHAPTER TWO
OBJECTIVES

The aim of the project is to design a Low Noise Amplifier using SiGe Heterojunction Bipolar

Transistor with following requirements:
1. LNA should have bandwidth wide enough to cover the range 500 MHz to 2000 MHz.
2. LNA should have noise temperature less than that of current HEMT LNA (35 K)

3. LNA should have following s- parameters

S»1 (signifies gain) >30 dB
Si, (return gain) <-50dB
Sy (input return loss) <-10dB
S, (output return loss) <-10dB.

4. Testing the above parameters and noise temperature at cryogenic temperature (77 K)

5. Recording the noise figure and gain at different temperatures. (Warming up phase)

13
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CHAPTER THREE
THEORY

This section of the report will give the necessary theory required to understand the various
concepts that are useful for a better understanding of the work done in the project. Since the
performance parameters of the device are mentioned mainly in terms of S- parameters, a

small introduction will refresh the memory.

3.1 S-PARAMETERS OF 2-PORT NETWORKS

An amplifier operating under linear (small signal) conditions is a good example of a non-
reciprocal network and a matched attenuator is an example of a reciprocal network. In the
following cases we will assume that the input and output connections are to ports 1 and 2
respectively which is the most common convention. The nominal system impedance,
frequency and any other factors which may influence the device, such as temperature, must

also be specified.
Complex linear gain
The complex linear gain G is given by

G = 5x,

That is simply the voltage gain as a linear ratio of the output voltage divided by the input

voltage, all values expressed as complex quantities.

Scalar linear gain
The scalar linear gain (or linear gain magnitude) is given by

|G| = [Sa1],

That is simply the scalar voltage gain as a linear ratio of the output voltage and the input

voltage. As this is a scalar quantity, the phase is not relevant in this case.

14
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Scalar logarithmic gain
The scalar logarithmic (decibel or dB) expression for gain (g) is
g = 20logyo |Sa1| gB.

This is more commonly used than scalar linear gain and a positive quantity is normally
understood as simply a 'gain’. A negative quantity can be expressed as a 'negative gain' or
more usually as a 'loss' equivalent to its magnitude in dB.

Insertion loss

In case the two measurement ports use the same reference impedance, the insertion loss (IL)

is the dB expression of the transmission coefficient |S?1| . It is thus given by:

IL = —201logyg |551] 4.

Input return loss

Input return loss (RLin) is a measure of the reflected energy from a transmitted signal. It is
commonly expressed in positive dB's. The larger the value, the less energy that is reflected.

When expressed in logarithmic magnitude, is given by

RL;i, = |20logg |S11|| g,

By definition, return loss is a positive scalar quantity implying the 2 pairs of magnitude (|)

symbols. The linear part, |Sll |is equivalent to the reflected voltage magnitude divided by the

incident voltage magnitude.
Output return loss

The output return loss (RLout) has a similar definition to the input return loss but applies to

the output port (port 2) instead of the input port. It is given by

RLout - |2[] lﬂglﬂ |SEE| | dB.

15
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Reverse gain and reverse isolation
The scalar logarithmic (decibel or dB) expression for reverse gain ( Grev) is:

Orev — 20 lﬂglﬂl |SIE|dB_

Often this will be expressed as reverse isolation (j rev) in which case it becomes a positive

quantity equal to the magnitude of Jrevand the expression becomes:

Liev = |grev| = |201l0gyg | Si2|| gB.

16
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3.2STABILITY

When embarking on any amplifier design it is very important to spend time checking on the
stability of the device chosen, otherwise the amplifier may well turn into an oscillator. The
main way of determining the stability of a device is to calculate the Rollett’s stability factor
(K), which is calculated using a set of S-parameters for the device at the frequency of
operation. The conditions of stability at a given frequency are |T'in| < 1 and |T'oy < 1, and must
hold for all possible values I'l & I's obtained using passive matching circuits. We can
calculate two Stability parameters K & |A| to give us an indication to whether a device is

likely to oscillate or not or whether it is conditionally/unconditionally stable.

The K factor represents a quick check for stability at given frequency and given bias
condition. Unconditional stability is the goal of LNA designer. Unconditional stability means
that with any load presented to the input or output of the device, the circuit will not become
unstable (will not oscillate). The stability of the LNA is characterized by Rollett Factor (K)

which is given by
IfA=S11%S22—-S21%S12

Then

I+ ‘A‘h —‘Sn‘_ - Szz

K=
Sa1 = |S12

A

v

For unconditional stability K should be greater than one for the operating frequencies and in

the frequencies where the circuit has substantial gain.

Using AWR Design Environment, K factor stability can be calculated easily and can be
represented in the graph. Figure 4.9 shows the K factor for the range of operating frequency.
As we can see from the graph, the K factor is greater than 2 for the frequency range. Which

implies that amplifier is stable and won’t go into oscillation.

17
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3.3 DEVICE PHYSICS

This section of report will deal with the physics behind Si-Ge Heterojunction Bipolar
Transistors and will establish the reason of their better performance as compared to
traditional bipolar junction transistor. Later in the section, changes that occur in physical
properties of a HBT with change in temperature will be discussed.

3.3.1 BIPOLAR JUNCTION TRANSISTOR

The device consists of a pair of p-n junctions that have been stacked together such that they
are sharing a single p-doped region. The doping of the devices is such that one of the n-doped
regions, called the emitter, is very heavily doped whereas the other n-doped region, called the
collector, is only moderately doped. Finally, the p-doped region in the center of the device is
called the base, and is doped at an intermediate level.

Wp

q(VO‘EE_VEE)T i q(VocstVes)
n++ n
Si Fét si | N+ qVee
Emitter Base Collector sl Si Vs 5 Ec
| emitter / N == ... 0
. no |
| Si | Eg
I I | } collectorl
Ve Ves Ev

Fig. 3.1 Basic BJT structure and energy band diagram

The operation of a bipolar device under forward active operation can be understood
conceptually by studying the energy band diagram shown above. The emitter region is
heavily doped meaning that there are a large number of ionized impurities, leading to a large
number of electrons in the conduction band. Thus, there will be a diffusion current of
electrons injected from the emitter to the base with magnitude equal to the number of
electrons that have enough thermal energy to overcome the base—emitter electrostatic-

. . . _ q(Vo.Br — VBE)
potential-barrier which has height equal to :

18
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If the base is sufficiently short, we can neglect recombination in the base and assume that all
of the electrons that diffuse into the base are swept into the collector via the electric field
across the collector-base junction. Thus, as the distribution of thermal energy among the
electrons in the conduction band is approximately Boltzmann distributed the collector current
density is exponentially dependent on the barrier height.

2
T me Flapndiio qvsp/pr, _ N+ Klatnb —q(Vo sr—Ver)/kT.
SO = € NpE 1. € ;
WgsNig Wg

Where Wy, IS the minority carrier mobility in the base of the transistor. Similarly, due to the
base doping level, there will be a large number of ionized acceptor impurities in the base
valence band leading to a diffusion current of holes from the base to the emitter. Once again

ignoring recombination current in the base, the base current density can be written as

2

T~ kToppeni, aVee /kTa — N— KT ptpe —q(Vo.Be—Vee)/kTa

Jp = *2'_8 = NVap —_—C Y
LPE"\:DE LPE

Where ppe and Lpe are the hole mobility and diffusion length in the emitter. Thus, for a

standard

npn bipolar transistor, the dc current gain is approximated as:

Where W5 is the base width and Leg is the diffusion length for holes injected into the emitter

referring to equation 3 Ppc is determined by three ratios:

1) pn/Mp. As mobility is a material property, it is assumed that this is not a tunable parameter

for standard bipolar devices. Usually = 2.8 for low doping region.

2) Lpe/Ws. This ratio tends to increase with technology node, but otherwise cannot be easily

engineered.

19
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3) Npe/Nag. The emitters of modern silicon bipolar transistors are formed by depositing a
layer of n-doped Polysilicon layer on top of the base layer and then performing diffusion
through an annealing step to form an n-doped single crystal layer between the deposited
Polysilicon layer and the base. Thus, the doping level in the emitter is not easily tuned. On
the other hand, controlling the base doping is possible. Therefore, this ratio can be controlled.
But increasing this ratio will increase the sheet resistance of the device so we have to tradeoff
between the DC-Gain and resistance.

3.3.2 Si-Ge HETEROJUNCTION BIPOLAR TRANSISTORS

As discussed above, a fundamental shortcoming of Si bipolar transistors is the inherent
tradeoff that must be made between the dc current gain and the base resistance. Increasing
Boc requires reducing Nag, which in turn increases the base resistance. As it turns out, one
can circumvent this limitation by introducing Ge into the base material. If the emitter material
were to have a wider bandgap than the base material, the result would be that minority
carriers injected from the emitter to the base would see a smaller barrier than the minority
carriers back injected from the base to the emitter, resulting in an exponential increase in Bpc
if the difference in the emitter and base bandgaps is AEy eV, then the value of fpc for a device

with a wide-bandgap emitter will be a factor of e*¥¢ /T

times larger than that of a identically
doped device without a wide-bandgap emitter. The bandgap of Ge is 0.67 eV, which is
significantly less than 1.11 eV (the bandgap of silicon). Thus, by introducing a small amount
of Ge to the base, it is possible to reduce the bandgap in the alloy considerably from that of
pure silicon. Furthermore, by grating the Ge content as a function of depth into the base, the

bandgap can be reduced along the base, resulting in the reduction of transit time

20
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emitter

Fig. 3.2 Energy band diagram for Si Ge HBT.

The collector current density of a SiGe HBT is given as

9+~ [nbSi - ARPP KT AR (0)/K .
Jo & n-fo_sm—'f* —AE, (grade)e™Fs [FTagAEq 6e(0)/M (eq‘BE-f””- - L)
= NigWs

Where 1 = (Unb)sice / (Mnb)si > 1, ¥ = (NcNy )sice/ (NcNy )si <1

The base current of a SiGe HBT is the same as that of an identically doped silicon BJT and

can be written as:

']B ~ kTaﬂpen?o quBF,/an. — iquﬁ F;/kTa .
LPE NEE Ge ’
............................................. 5
Where Ge = N+DE LpE/DpE n2 io,e
Thus, the dc current gain of a SiGe HBT can be written as:
21
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-~

) AT+ ; e
Bpc pnb,silpe Npp - AE,, Ge(grade) eAEq app/kTa pAEG(0)/kT,

J‘L}je I;[ :—B _\_‘ZB J k TG.

_ 3 :-__n-QEg_-GB (grade) AE, app/kTa ;AE(0)/kT,
= DOpc,si | YN € ' € ' :
kT,

In order to evaluate equation 6 it is necessary to know the appropriate expressions for the
apparent- and Ge-induced bandgap narrowing. The Ge induced bandgap reduction for a
compressively strained SiGe film at room temperature can be estimated as a function of the

Ge content, X, as

AE, ge ~ 0.96r — 0.43z% +0.172,

and the room temperature value of AEgap, can be estimated as a function of dopant

concentration as

. 5 -3 *'\"__B
AEgapp =18 x 1077 1n \.___'+ .
“'DE

Using equations 6, 7 and 8and assuming that y and n are close to unity, we can quickly
estimate the effect of the Ge content on f. For instance, for the case in which N pg =5 % 1018
cm 3, N*pe = 1020 cm 2, the Ge content is 20% at the emitter side of the base, and there is a
10% Ge grating, then an improvement of over 400 in the dc current gain is obtained. It is
clear that introduction of Ge into the base of a bipolar transistor affects the dc current gain

quite favorably.

22
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3.4 PERFORMANCE OF SiGe TRANSISTORS AT CRYOGENIC
TEMPERATURES

The operating characteristics of SiGe transistors are tightly coupled to the underlying material
properties. In order to understand the operation of SiGe devices at cryogenic temperatures, it
is therefore necessary to study the temperature dependence of the physical properties of Si
materials as well as those of SiGe alloys

3.4.1 PROPERTIES OF SILICON AT CRYOGENIC TEMPERATURES

Bandgap: Intrinsic Si

Understanding the temperature dependence of the bandgap of intrinsic silicon material is
extremely important, as the diffusion currents in a bipolar device are exponentially related to
Eg. Bandgap and temperature don’t follow an exclusive relation from theory, but a high order

polynomial can be fitted to the experimental values. This gives the relation:

Eg~1.17+5.65%x10°T,—5.11 x 10'T> — 8.03 x 10 1°T3, + 2.50 x 10 *°T,*

Eg [eV]

0 100 200 300
Temperature [K]

Fig. 3.3 Bandgap Vs ambient temperature. Squares represent experimental data and solid
curve is the polynomial fit.
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Carrier Concentration: Intrinsic Si

The intrinsic carrier concentration is given by the well-known formula

...................................................... 9
Where
N — 2mm) kT, 3/2
NG = 2 hz
............................................. 10
And
N — 2mmy, kT, 3/2
Ny = 2 T .
.................................................. 11
Thus
3/9 | mi [mr | (mp 2 ms, \¥/? m* N\ L er
N 2 1828l3Ta / 6—- I."' I} ( ”z) + ( hh) + ( .soh) e~ al a
mo \" My 1m0 Mg mo
...... 12

The intrinsic carrier concentration is exponentially proportional to temperature via the energy
bandgap and linearly related to T¥%a and the effective masses. As the effective masses were
shown to be only weakly temperature dependent, the conclusion is that nj, goes as roughly

T2, exp {—Eg (Ta) /2kT.}.
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Carrier Mobility

Carrier mobility is an important consideration as it determines the effective velocity of
carriers under the influence of electric fields. Mobility is directly related to scattering
mechanisms, which include scattering due to lattice vibrations or phonons (M), ionized
impurities (i), velocity saturation (W), carrier-to-carrier collisions (Hcc), and neutral
impurities (Mni). Of these mechanisms, Hys, Hee, and Hni are independent whereas pys and Wii
are coupled to each other. Thus the total electron or hole mobility can be obtained by

considering each of the effects in parallel as:

1 1 1 1\
w= +—t—+
;upsi'i Hys Hee Hni

Where ppsii 1S the mobility considering only phonon and ionized impurity scattering. As

evidenced by equation.

3.4.2 PROPERTIES OF SiGe TRANSISTORS AT CRYOGENIC TEMPERATURES

Doping-Induced Apparent Bandgap Narrowing

The collector current in a SiGe HBT depends upon the apparent bandgap narrowing which

can be written

. N
AFEgapp = 187 x 1072 111{ — } .
- N
“'DE

and occurs due to heavy doping in the base and emitter. As AEapp 4 depends on the natural
logarithm of the ratio of ionized impurities in the base to that in the emitter, the net effect is
that the bandgap actually looks wider in terms of the barrier that the electrons being injected
into the base must overcome. Furthermore, since this is a bandgap effect, it is exponentially
enhanced with decreasing temperature. As it turns out, this, as opposed to carrier freeze-out,
is actually the limiting factor in the operation of modern silicon BJTs at cryogenic

temperatures [30]. Fortunately, the bandgap narrowing that the Ge induces is sufficient to
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compensate out the apparent bandgap narrowing. Nevertheless, it offsets the effect of the Ge
and, in the case of a triangular Ge profile (i.e., no Ge content on the base side of the base—
emitter depletion region), it is a limiting effect.

DC Terminal Currents
Base Current

From equation 5 the base current can be written as

Jg (T,) = kT, JU';J? (7o) n?{) (Tu) edVBE/kTa Jgo (T, )eq‘r'BE;”VT.
VS Trr (T) Vi (1) '

Of particular interest is the change in base saturation current, JBo, with cooling. The

fractional change in base saturation current with cooling from 300 K can be written as

Jpo(Ta) [ Ta\" [ tpe (Ta) \ [ Lpe (300) Nz (300)) e~Fo(Ta)/kTe
.JTBU (300) - 300 Fipe (300} LPE (Ta) _-\-’_SE (Ta) G_EQ(BUUj.f"I(k'BUU) )

In order to arrive at an explicit temperature dependence for Jgo, it is necessary to write the
temperature dependences of ppe, Lpe, N'pe, and Eg. Hpe can be assumed to be only weakly
temperature dependent. N'pe is nearly independent of ambient temperature. since N'pe is
nearly independent of temperature and pype is only weakly dependent on temperature, a
reasonable approximation is that Lpg (Ta) o \VTa. And the bandgap can be written as a
function of temperature as Eg =~ 1.17 + 5.65 x 107°T, — 5.11 x 10T, — 8.03 x 107°T%, +
2.50 x 107T,"

Thus, equationl16 can be rewritten as:
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7/2
Jpo (Tu) - . 18 ( Lo\ B, (1T
B0 a) _7g3y 1018 (=L o(Ta)/KTa,
Tmo(300) 0 300) °©

Collector Current

The same procedure can be repeated for the collector current saturation coefficient, JCO, in
order to determine its temperature dependency. The value of JCO (Ta) normalized to JCO
(TRT) is given as

-JTCU (Ta) —
Jco (300)

Tr.r. ¢ ::(Tu) W(Ta) Hnb,Si (Tu) "\T;B (‘300) EEQ(SUUj";kBUU e;\.Eg.a.pp;’kTﬂ eggg'GE(U)'ﬁkTﬂ
300 K :7 (300) ﬁ(:}OU) Linb.Si (300) D"?‘;IB (Ta) eEq(Ta)/kTa pAEg.app/k300 cAEg ce(0)/k300°

Since e y = unb,SiGe/unb,Si, its value is assumed to be temperature independent. 1 = (NcNy
)sice / (NcNv )si is assumed to be only weakly temperature dependent [90]. Thus, it will be
considered constant as a function of temperature. As discussed above, the mobilities are not
strongly dependent upon temperature as the doping level in the base is quite high. Thus,

assuming the base is doped well above the Mott transition, equation 17 can be simplified to

Jeo (T,
JooTa) 7531018
Jco (300)

3 (AEg app+AEg ce(0))/kETa
—Ta' e~ Fq(Ta)/kTa e " Toere 9-Gel .
300 e(AEg app+AEg e (0))/k300

DC Current Gain

BDC is critical in determining the low-GHz range noise performance of modern SiGe bipolar
transistors. The temperature dependence of PDC can be evaluated by taking the ratio of

equation 17 to equation 19

Bpc (T,) ~ ;'f 300 eAEs.app+AEg Ge(0)/kTa

Bpc (300) VT, eAEs.app+AE, ce(0)/k300°

Therefore, the dc current gain is exponentially enhanced by cooling provided that AEgapp
+AEgce (0) > 0. Furthermore, as the enhancement is related to the Ge concentration at the
edge of the base—emitter space charge region, this effect is expected to vary greatly among
various SiGe HBT technology platforms.
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Noise Figure

Noise figure of the device decreases with decrease in ambient temperature. The three noise
parameters that decide noise figure are Fmin, Zopt and Rn.

Fmin is here expressed as Tmin. The two are related as

T, = T,(F-1) ’

Where To is 290 K.

Derivation of the Noise parameters can be found in reference 1 of the report. Here we are
mentioning the final approximate values of the parameters to give a basic understanding of

dependence of noise parameters on temperature.

Ner
Tarrvr = Ty e,
VDG 22
Bpc
Ropror ~ Y
('T?n 23
Xopr.Lr =0 o4
Ta e
R VR — ——
T 26, s

Where

Ne = IC/gznVT and

Gm = gm/(l + guﬂ'eJ

As we have seen earlier, DC gain of the device increases with decrease in temperature.
Therefore Tmin decreases with decrease in temperature directly as well as because of DC
current gain. Noise parameters of a SiGe HBTare completely determined by its extrinsic
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transconductance Gm, extrinsic collector current ideality factor, ncx, and dc current gain,

Bpc.So noise figure can be approximated to
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3.5 MICROSTRIP THEORY

Microstrip is a type of electrical transmission line which can be fabricated using printed
circuit board (PCB) technology, and is used to convey microwave-frequency signals. It
consists of a conducting strip separated from a ground plane by a dielectric layer known as
the substrate. Microwave components such as antennas, couplers, filters, power dividers etc.
can be formed from microstrip, the entire device existing as the pattern of metallization on
the substrate. Microstrip is thus much less expensive than traditional waveguide technology,

as well as being far lighter and more compact.

The disadvantages of microstrip compared with waveguide are the generally lower power
handling capacity, and higher losses. Also, unlike waveguide, microstrip is not enclosed, and
is therefore susceptible to cross-talk and unintentional radiation.

conducto?_\

4
/£ W L

hI dielectric (&,)

groundJ © emtalk.com

Fig. 3.4 A typical Microstrip

A closed-form approximate expression for the quasi- static characteristic impedance of a

microstrip line was developed by Wheeler:

2
Zy Ah [ 1442 4p 14+ 2 4p 14t
Zmicrostrip — In|1 + + _ + mi—=
2?“#2(1 + Er) Weg 11 Weg 11 Weg 2
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where e IS the effective width, which is the actual width of the strip, plus a correction to

account for the non-zero thickness of the metallization. The effective width is given by

14+ L de
Weg =W + 1 —ZIn

T\ ()

with

Zy, = impedance of free space,

£y = dielectric constant of substrate,
w = width of strip,

h = thickness (‘height’) of substrate and

t = thickness of strip metallization.

Effective dielectric constant

As a part of the fields from the microstrip conductor exist in air, the effective dielectric
constant € is somewhat less than the substrate's dielectric constant (g). The effective

dielectric constant €, of microstrip is calculated by:

when ‘ % | =1

" o

. G - _1lr e s =il p C ) \ 2
fo= =+t —l1+12([ || +o004[1-| ||
: 2 ks M H A e AN H v
whern ‘ 8 \-'| =1
.+ 1 1 A
go= 2t~ ESl1412[ = |
2 w))

After using this equation the width of microstrip line was calculated with the help of data

from the data sheet.
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3.6 TOOLS AND EQUIPMENTS USED

In the project we have used a number of tools to realize the final design and test its validity.
These tools include various softwares used to simulate and design the circuit and analyzers to

test the final device. A brief description of these tools and equipments are highlighted in this
section.

3.6.1 AWR’S MICROWAYVE OFFICE

AWR’S Microwave office is the main simulation and circuit development environment we
have used. Some of its features are listed here.

e Microwave Office by AWR (Applied Wave Research, USA)

e Can be used to design circuits composed of schematics and electromagnetic (EM)
structures

e Generate layout representations
e Can perform simulations using AWR's simulation engines

e Can tune or optimize the designs and changes are automatically and immediately
reflected in the layout

4 LNA 0303 11 up.emp - Microwave Office L. — ol i

i File Edit View Draw Graph Project Smulate Options Tools Scripts Window Help

OE R B E X e« B nsmE S o slira B seanes Tl

i [FProject 1 x Schematic 3| B Graph micro with sub parameters” B graph micro with sub noise X ! micro with sub:1 ! micro with sub&Z micro with sub:3 - %
Project - Pl Schematic 3 == = ——
EE] Design Notes 7 n micro with sub3 s |[E=]
[ Project Options — = = — o
[zl Global Definitions
15 Data Files

wGh BFUT25F_1VI0mA
~Gh BFUT25F_1VI5SmA
G BFUT2SF_1V20mA
“3 BFUT2SF_2pSV1mA
“3 BFUT25F_2pSVSmA
“3 BFUT25F_2pSVBmA
“3 BFUT25F_2p5V10mA
3 BFUT25F_2pSV15mA
3 BFUT25F_2p5V20mA
“3 BFUT25F_2p5VasmA
“3 BFUT25F_2V2ZmA S N
-G BFUT25F_2V5méA_S_N
Gk BFUT25F_2V8mA_S_N 1 [
.G BFUT25F_2V10mA_S_N
-G BFUT25F_2V15mA_S_N
. g BFUTZSF_2V20mA_S_N , eraph aicro with sub naise [~ o0F)
-G BFUT25F_2V25mA_S_ N 1 micro with sul
.Gk BFUT25F_A3_PIMTL High
.Gk BFUT25F_A3_PIMTL High
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- micro
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| [ Project [ Elements | ] Layout |
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Fig. 3.5 A snapshot of AWR
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3.6.2 GENESYS FROM AGILENT TECHNOLOGIES

GENESYS is an excellent tool for preparation of layout. After reaching the layout stage in
our design the layout was finally prepared and edited with the help of GENESYS. Some of its
features are listed below.

e Create layout from schematic, imported artwork, or direct drawing for EM simulation
and board fabrication

e 3D viewer for layout with interactive rotation, zoom, vertical stretching, and cut
planes to verify correct geometry before fabrication

e Very easy to use layout functionality.

e Full library of pad/package layout footprints

e Import /export masks and drill files in popular printed circuit board (PCB) formats
(e.g., Gerber, DXF/DWG, and GDSII) for PCB board realization on fast prototyping

machines or chemical etching.

3% GENESYS™ 2005 @@

File Edit View Oldlayout Action Tools Window Help

=) T 3¢ o AN =mASRE 1A OO ¢

ST
0:‘,‘9-5'5'
a

> 89 on 3
B - i | - Sy BTN IR N R
RIS S A | g ‘ | ‘
T ! N VA WA A A AT AYAYAYAYINAVA VAV IAVEAVEVAVATAY
- - T Sl T R Al i n Tia A A A AT
e 5 = I N . PN NN AVTAVFENTAN/AU/AN/AV/AV/AVIV/AVIBVIAY
-7 | VA Ty R R R IR R RV RIRTRYA!
e T Y A O L
TR LA - ) |
Fig. 3.6 A snapshot of GENESYS
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3.6.3 NOISE FIGURE ANALYZER

The noise figure analyzer represents the most recent evolution of noise figure measurement
solutions. A noise figure analyzer in its most basic form consists of a receiver with an
accurate power detector and a circuit to power the noise source. It provides for ENR entry
and displays the resulting noise figure value corresponding to the frequency it is tuned to.

A noise figure analyzer allows the display of swept frequency noise figure and gain and
associated features such as markers and limit lines. The Agilent NFA series noise figure
analyzers combined with the SNS-Series noise sources offer improvements in accuracy and
measurement speed, important factors in manufacturing environments. The NFA is

specifically designed and optimized for one purpose: to make noise figure measurements.

We used Agilent N8973A for Noise Figure Analysis.

Fig. 3.7 Agilent N897A Noise Figure Analyzer

Some features of Agilent N8973A:

e The Agilent N8973A is a high performance noise figure analyzer designed to
make fast, accurate and repeatable noise figure measurement.
e With the N8973A ease of use features, we can set up complex measurements

simply and easily.
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e The N8973A offers simultaneous noise figure and gain measurements with the
ability to view, print and save the data/display in multiple formats.

e The N8973A offers increased measurement accuracy and faster measurement
speed over previous Agilent noise figure meters, as well as six user selectable

measurement bandwidths.

Calibration of Noise Figure Analyzer

Noise figure measurements rely on a calibrated noise source as a reference. The general
measurement process is shown in the figures below. In Figure 1, the noise source is
connected directly to the input of the measuring instrument and a user calibration is
performed. This measures and stores the instrument’s own noise figure at its various
attenuator settings. These results are used to remove the effect of “second-stage” noise

contribution during a corrected measurement.

Calibration setup

Noice source

T—>

Fig. 3.8 Calibration Setup

The measurement arrangement, with the device-under-test (DUT) inserted between the noise

source and the instrument is shown in Figure 2.
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F1, G1

Noice source

TH- DUT

Fig. 3.9 General Noise Figure test setup

Immediately after calibration, the noise source is still connected directly to the instrument,
which automatically switches to the corrected measurement mode. In this configuration the
instrument would be expected to display a noise figure and gain of 0 dB, because there is no
DUT present. In practice however, the instrument may show a noise figure of plus or minus a

few tenths of a dB as well as an even lower level of gain, but not zero.
Noise source

To make noise figure measurements a noise source must have a calibrated output noise level,
represented by excess noise ratio (ENR). Unique ENR calibration information is supplied

with the noise source.
We used noise source NC348A for the calibration.
Loss compensation

To make the experiment and measurement more reliable and accurate we also compensated
for the connecting RF Coaxial cables. Each Connecting cable was first analyzed with the help
of Network analyzer and their insertion loss values were recorded. These values were then
duly noted and compensated for in the actual experiment. Files for the connector’s loss were
added in the NFA and their loss was compensated by using the Loss Compensation tool of
the NFA.
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3.6.4 NETWORK ANALYZER

A network analyzer is an instrument that measures the network parameters of electrical
networks. Today, network analyzers commonly measure S—parameters because reflection and
transmission of electrical networks are easy to measure at high frequencies. They can offer
other measurements commonly associated with devices: such as gain and match. Network
analyzers do not, by themselves, provide measurement of the noise parameters. The
measurement of noise parameters generally requires a tuner and software in addition to the
network analyzer. The resulting measurement system can be complex and expensive.
Network analyzers are often used to characterize two-port networks such as amplifiers and
filters.

We used Agilent E5070B Network Analyzer

Fig. 3.10 Agilent E5070B Network Analyzer

Calibration of Network Analyzer

The accuracy and repeatability of measurements can be improved with calibration.
Calibration involves measuring known standards and using those measurements to

compensate for systematic errors. After making these measurements, the network analyzer
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can compute some correction values to produce the expected answer. For answers that are
supposed to be zero, the analyzer can subtract the residual. For non-zero values, the analyzer
could calculate complex factors that will compensate for both phase and amplitude errors.
Calibrations can be simple (such as compensating for transmission line length) or involved
methods that compensate for losses, mismatches, and feedthroughs.

A network analyzer (or its test set) will have connectors on its front panel, but the
measurements are seldom made at the front panel. Usually some test cables will go from the
front panel to the device under test (DUT) such as a two-port filter or amplifier. The length of
those cables will introduce a time delay and corresponding phase shift; the cables may also
introduce some attenuation (affecting SNA and VNA measurements).
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CHAPTER FOUR
LNA DESIGN METHODOLOGY

4.1 CIRCUIT CONSTRUCTION

This section of the report illustrates the steps taken to realize the LNA with the goals
specified in the objectives section. The methodology is simply the steps taken by us and is
not standard steps to realize a LNA. The most basic step to start the design of an amplifier is
to choose the transistor to be used in the circuit. Our design uses a SiGe Transistor NXP
BFU725F, whose datasheet is given in Appendix 1. SiGe transistors are not easily available
in the Indian market and the choice parameters include performance, cost and availability
factors. Next we require a design environment to test and simulate our LNA before realizing
it and predict its performance. AWR’s(Applied Wave Research) Microwave Office is used as
Design Environment for developing and simulation of the circuit. AWR’s basic features and
advantages are mentioned in section 3.6.1. AWR is not the best Design environment when it
comes to layout editing. Therefore GENESYS is used for this purpose. More information
about GENESYS is provided in section 3.6.2.

The basic schematic of the LNA is given below in figure 4.1. The circuit employs two NXP
BFU725F transistors (S1 and S2), both with collector feedback bias configuration. The two
stages are connected with a coupling capacitor C2. Coupling capacitor also serves as a high
pass filter and flattens the gain curve. It is usually necessary to implement a small bypass
capacitor, say 100pF (C4, C3 and C7) near the transistor for microwave frequencies and large
capacitor, say 0.1 uF further away for the lower frequency radio frequency interference and

static protection.

The path length between two capacitors provides an inductance, which can result in a high
impedance and circuit instability (i.e. between C3 and C4; and C4 and C7). Small resistors
(IN6 and IN7) are thus utilized between the capacitors to dampen this resonance. C7 and C6
are decoupling capacitors. Resistor IN9 and capacitor C5 forms a feedback system to stabilize

the output voltage.
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Fig. 4.1 schematic of the circuit
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Noise Figure analysis and S-Parameters obtained during simulation of the schematic are

displayed below in figure 4.2 and 4.3 respectively.
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Fig. 4.2 noise figure performance of the LNA schematic

Note: The high noise figure in the start of the curve is due to the extrapolation of S-

parameter values from 0-40 MHz values.
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After verifying that the schematic works normally and gives satisfying results that meets the
desired criterion, next step is to make the design realizable. This is done by introducing
microstrip lines between the components. In real circuits these microstrip lines will serve as
the connecting link between the devices. Microstrip lines have impedance, capacitance and
inductance of their own. This affects the working of the circuit and the element values that
we have chosen before the schematic as explained in the theory section.

Therefore these values needed to be readjusted using the optimizing and tuning tools
provided by the AWR design environment. Optimizer is an excellent tool to design a circuit
when we have few goals to achieve. During optimization process we allow AWR to change
the values of certain variables as capacitors, width and length of microsrip etc. to achieve a
certain goal as a particular gain, reflection coefficients and noise figure etc. Optimizer
changes the values of these parameters and evaluates the result till the cost of change no
longer improves the result or the specified maximum number of iterations is over. Tuner on
the other hand lets you change the value of the parameters by manually tuning them and

viewing its effect on the performance curve such as noise figure and S- parameters curve.

But optimizing the circuit is not just one click job. Optimizer changes the values (length and
width) of the microstrip without considering the realizability of circuit using these values.
Therefore its upto manual insight to use these tools to get an approximation of preferred
values and then make necessary compromises between the ideal performance and the

realizable values

The modified circuit with optimized and tuned values of the circuit elements and microstrip
lines is shown in figure 4.4. This is followed by figure 4.5 and 4.6 which shows the S-

Parameter and Noise performance of the final simulated circuit respectively.
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Fig. 4.4 Circuit with tuned values and microstrip line.
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The final circuit has all the basic components of the schematic with the addition of microstrip
introduced between every two components. The different shapes of microstrip are due to the
TEE joints, L joints and tapers introduced to make the layout of the above circuit feasible and
presentable. In addition to microstrips we have introduced a Pi attenuator in the circuit,
although it was not present in the original schematic. Pi attenuator is the combination of three
resistors that appear in a Pi shaped pattern. By adjusting their values we can introduce the
desired attenuation in the circuit. Attenuator reduces the output reflection coefficient, but at
the cost of the forward gain. We have used a 6 dB attenuator, which means our S,; and Sy,
both are reduced by 6 dB .Various other values of Pi attenuator combination are given here as

an example.

— N,
< R1 H R1

= L=
|-' ) F i .; .:
Fig. 4.5 A Pi type attenuator

Here first column gives the required attenuation in dB. R1 gives the value of the two shunt

resistances while R2 gives the series resistance to be used

dB R1 R2
1 870 5.8
2 436 11.6
3 292 17.6
4 221 23.9
5 178 30.4
6 150 37.4
7 131 44.8
8 116 53
9 105 62
10 96 71
12 84 93
14 75 120
16 69 154

Table 1 value of resistance for various attenuations
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Fig. 4.6 Gain and S-Parameters of the final circuit
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Fig. 4.7 stability factor (K) Vs Freq.

100
90
80
70
60
50
40
30
20
10

Noise Temperature

1000 2000 3000
Frequency (MHz)

Fig. 4.8 Noise Temperature vs Frequency plot of the final circuit
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4.2 DESIGN LAYOUT

In AWR layouts have to be prepared manually. Layout of standard chip components like
0805 and 1206 chip components are available. For any new component the layout have to be
prepared. Figure 4.9 shows the layout of the NXPBFU725F transistor. Final layout prepared
in AWR is shown in figure 4.10. Using GENESYS tool, Layout editing can be made easy.
Therefore GENESYS was used to give a final touch to the layout and also drilling holes etc

figure 4.11 shows the Top and Bottom layers of the layout as was provided to the fabricator.

Emitter Collector

<>

Base Emitter

Fig. 4.9 Layout of the transistor NXP BFU725F

48
[IST-Thiruvananthapuram 2011



Fig. 4.10 final layout with ground planes as prepared in AWR.
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JAATIM MOTTOH

Fig. 4.11 Top and bottom metal layer of the circuit.
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4.3 FABRICATION STEPS

The Printed Circuit Board Manufacturing Process:

Process starts when we send the layout files (4 in number) to the fabricator. This includes top
metal and bottom metal gereber file, the drill file and ASCII drill list

Patterning | Etching

The majority of printed circuit boards are manufactured by applying a layer of copper over
the entire surface of the circuit board substrate either on one side or both sides. This creates
what is referred to as a blank printed circuit board, meaning the copper is everywhere on the
surface. From here the unwanted areas are removed, this is called a subtractive method, the

most common subtractive method is known as photoengraving.
Photoengraving

The photoengraving process uses a mask or photomask combined with chemical etching to
subtract the copper areas from the circuit board substrate. The photomask is created with a

photoplotter which takes the design from a CAD PCB software program.
Drilling

Each layer of the printed circuit board requires the ability of one layer to connect to another,
this is achieved through drilling small holes called "VIAS". These drilled holes require
precision placement and are most commonly done with the use of an automated drilling
machine. These machines are driven by computer programs and files called numerically
controlled drill or (NCD) files also referred to as excellon files. These files determine the

position and size of each file in the design.
Solder Plating | Solder Resist

Pads and lands which will require components to be mounted on are plated to allow
solderability of the components. Bare copper is not readily solderable and requires the surface
to be plated with a material that facilitates soldering. In the past a lead based tin was used to
plate the surfaces, but with RoHS compliance enacted newer materials are being used such as

nickel and gold to both offer solderability and comply with RoHS standards.
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Avreas that should not be solderable are covered with a material to resist soldering. Solder
resist refers the a polymer coating that acts as a mask and prevents solder from bridging
traces and possibly creating short circuits to nearby component leads.

Silk Screen

When visible information needs to be applied to the board such as company logos, part
numbers or instructions, silk screening is used to apply the text to the outer surface of the
circuit board. Where spacing allows, screened text can indicate component designators,
switch setting requirements and additional features to assist in the assembly process.
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4.4 CHASSIS DRAWING

A chassis in an electronic device consists of the metal frame on which the circuit boards and

other electronics are mounted. Circuit designer have to give the specifications of the PCB for

construction of chassis. These specifications include the number and type of connectors, their

location, size of the PCB and the screw holes required for mounting the PCB. Figure 4.12

gives the 3D CAD view of the Chassis we used for the project.
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Fig. 4.12 chassis drawing

[IST-Thiruvananthapuram 2011

53



4.5 CAVITY RESONANCE

The device is prepared after soldering the component on the PCB and then mounting it on the
chassis. But after closing the lid of the device an unexpected bump in gain curve was
obtained, which was not present without the lid. The reason of this behavior is cavity

resonance.

Solutions to the field equations inside an enclosed space reveal that standing wave modes
may exist inside a cavity. These modes can exist in an empty rectangular cavity if the largest
cavity dimension is greater than or equal to one-half a free-space wavelength. For a
rectangular cavity, with dimensions a, b, ¢ and a<b<c, and which is completely filled with a

homogeneous material, the equation for the resonant frequency is.

2 2 P 2
o= e[+ () + ()

Where ¢ is the material permittivity and p is the material permeability.

How to fix the problem

Cavity resonance becomes an issue when a circuit, which is designed and built and works
well, must be protected and/or shielded with a circuit board cover. For shielding purposes, the
covers are made of or lined with metal. This creates a cavity above the circuit board where

resonances can exist.

Relocating a particular circuit element to a different position in the cavity can often fix the
problem. Intelligent positioning of posts or other objects to disrupt the standing wave can also
be helpful, but both these methods can involve an investment in engineering design time and

possible manufacturing delays.

Using microwave absorbent material in the cavity has proven to be effective at damping the

resonance.
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Fig. 4.13 Absorber material at the lid of LNA

We have used ET 400 RF absorber from Leader Tech to eliminate cavity resonance problem.
Details about the material can be found in Appendix 2

55
[IST-Thiruvananthapuram 2011



CHAPTER FIVE

CRYOGENIC COOLING TEST AND
OBSERVATION

5.1 CRYOGENIC COOLING TEST
After verifying the normal operation of the device in enclosed condition, the device is
prepared for the cryogenic cooling test. This is done by sealing the device with the help of

aluminum tape as shown in the figure 5.1 shown below.

Fig. 5.1 LNA sealed using aluminium tape

The device is cooled using liquid nitrogen, which can cool the device up to its boiling point,
which is 77 K. Device is immersed in a Dewar flask and the liquid nitrogen is poured into it.
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The test setup can be easily understood by figure 5.2 which represent the block diagram of
the test setup.

Noise Figure Analyzer
(N8973A)

Noise Source
(NC348A)

+/- 28V
Pulsed o/p

Lig. N2

PT100

T

DC Power supply

; +
Multi meter

Fig. 5.2 Block diagram of the Test setup.

As clearly seen in figure 5.2, the device is connected to the Agilent noise figure analyzer via
a calibrated noise source. The LNA is put into Dewar flask and is connected to the analyzer
using semi-Rigid cables. Using a network analyzer the insertion loss of these cables can be
calculated and can be fed into the noise figure analyzer for compensation. The flask is left
open and liquid nitrogen is poured into the container. To note the temperature of the LNA,
PT100 thermocouple is attached to it using an electric tape. Resistance of the thermocouple is
recorded by a multimeter. After the flask is filled and LNA is completely submersed inside
the liquid nitrogen, temperature is allowed to stabilize. The Dewar flask is left open so that
nitrogen starts boiling off slowly after a few minutes. When the temperature starts to increase

different sets of readings can be obtained by saving the readings in the noise figure analyzer.

In figure 5.3, one can see the test setup and its various components clearly, while figure 5.4

shows the empty dewar flask.
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Fig. 5.3 Test setup

Fig. 5.4 Empty Dewar flask
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Agilent noise figure generates bitmap file of the screen. Figure 5.5 shows the noise
Temperature performance and Gain of the LNA at 77K, while figure 5.6 shows the same at
room temperature.

Mikrl S88 MH=
Mkrz 1l GH=
M2 1.5 GH=z
Mkerd Z GH=
~ o) o 3 ) i —
| | | | | | |
- + |
Start 10.80 MH= EH 4 MHz Foints 101 Ztop Z.00008 GHz
Tcald 296 50 K Awas 5 Arr 10 dBE Loss Off Carr

Fig. 5.5 Noise Temperature and Gain curves for the frequency range of operation at 77 K.

Mkrl 588 MH=
Mkr2 1 GH=
Mkr3 1.5 GH=
Mkr4 2 GH=

e s a h S I - ________4|

»2 P
g4 <
Start 186060 MH= EH 4 MH= Foints 1@1 Stop 3.00888 GH=z
Tcold 29658 K Awas OFff Attt 5 dB Loss Off Corr

Fig. 5.6 Noise Temperature and Gain curves for the frequency range of operation at room

temperature
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S- Parameters of the device were analyzed using Agilent E5070B network analyzer. Figure
5.7 is the snapshot of the S-parameter values of the device at room temperature.

1 Active ChiTrace 2 Response 3 Stimulus 4 Merfanalysis 5 Insktr Stake

Trl 511 Log Mag 10.00dE Ref 0.000dE [F2] Clear Marker
Trz 521 Log Mag 10.00dE/ Ref 0.000dE [F2] R
PIEE S22 Log Mag 10.00dEF Ref 0.000d4E [F2] MMenu
50,00
=4 z.0000000 GHz -12.8%1 dB ! All OFF
40,00
- L 4 Marker 1
z 2 E:
20,00 Marker 2
10,00
Marker 3
0,000
Marker 4
-10.00
-z0.00
-30.00 Marker &
-40.,00
Marker 7
-50.00 iy -~ = =
1 Start 300 kHz IFBW 70 kHz Stop 3 GHz ([ Marker &

chl Trl 511 1 500.00000 MHz -10.016 dB =
Chl Tel 511 2 1.0000000 GHz -11.2132 dE Marker 9
Chl Trl 511 3 1.5000000 GHz -14.025 dB
chl Trl 511 4 2.0000000 GHz -10.923 dB
Chl Tez 521 1 CO0.00000 MHz 35.527 dB Ref Matker
Chl Trz 521 2 1.0000000 GHz 31.053 4B
Chl Tez 521 3 1.5000000 GHz 28.154 dB
Chl Trz 571 4 2.0000000 GHz 26.502 dB Rekurn
Chl Tr2 52z 1 500.00000 MHz -25.543 dB

Tr3 522 2

Chl

1.0000000 GHz -29.072 JdB

Meas Leady 2011-05-06 15:00

Fig. 5.7 S- Parameters of the device. Red (the topmost) is the gain (S21), Blue (middle curve)
represents the input reflection coefficient (S11) and Green (lowermost) represents the output

reflection coefficient (S22).
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5.2 RESULTS ANALYSIS

From the noise temperature and gain data collected over the temperature range, different
curves can be obtained to show the trends. Also few readings at same temperature but
different supply voltages were taken. Figures 5.8 to 5.18 are the various graphs that were
obtained by processing the data using MATLAB tool. Description of each figure is given
below it.

5.2.1 NOISE TEMPERATURE CURVES

Noise Temperture at different Voltages

— 15V
— 20V
——25v
4 —— 28V
— 30V

40

Noise Temperature (in K)

: JO NSRS TN L

m s T RO

05 1 15 2
Frequency (in Hz)

Fig. 5.8 Change of Noise Temperature with Supply Voltage at 77 K temperature.

Figure 5.8 consists of different curves of Noise Temperature Vs frequency for various values
of supply voltages. It is evident from this curves that overall noise performance of the LNA
decreases with the decrease in supply voltage. But when we decrease the supply voltage
below 2.0 V the noise figure is increased. This situation can be attributed to the change in
bias of the Si-Ge HBT . Noise figure decreases initially due to reduction in current, but as the
voltage is dropped further, the device could not work properly resulting into increment in

noise Temperature.
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Noise Figure at Different Temperature
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Fig. 5.9 Change of Noise Temperature with temperature

Figure 5.9 shows various Noise Temperature Vs frequency plots at various values of ambient
temperature. As expected noise Temperature decreases with the decrease in temperature. The
reason behind this is explained in the theory section. Noise figure is both directly
proportional to temperature and also decrease with increase in DC gain of the transistor

device. DC gain increases with decrease in temperature, further lowering the noise
temperature.
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120

Noise Temperature for different temperatures

110

© TTK
+ M5K
+ 300K

100

90 +

70

60

Noise Temperature

* o4
4 #

40 £

20

15
Frequency (in Hz)

25

x10°

Fig. 5.10 Noise temperature Vs Frequency curves at different temperature showing the data

Figure 5.10 represents the same relation as Figure 5.9, but in Figure 5.10 the points are shown

using symbols and not joined by a smooth cure as was the case in figure 5.9. This shows the

point density

data set density of our figures. There are 101 points between 0 Hz to 3GHz frequency range.

70 points are visible in the above figure where the x axis is limited to 0.5 GHz to 2.5 GHz.

[IST-Thiruvananthapuram

2011

63



Noise figure as a function of Temperature (at 1 GHz)
80

70

60 e

Noise Figure (inK )
o
3
)

40

30

2%0 100 150 200 250 300
Temperature (in K)

Fig. 5.11 Plot of Noise Temperature with change in temperature at 1 GHz

Noise Figure as a Function of Temperature(at 1.5 GHz)
80

AN

70

60

Noise figure (inK )
o
3

40

30

245 100 150 200 250 300
Temperature (in K)

Fig. 5.12 Plot of Noise Temperature with change in temperature at 1.5 GHz

Figure 5.11 is the plot of Noise Temperature Vs Ambient Temperature at a single frequency
point of 1 GHz, while Figure 5.12 is the same plot at 1.5GHz. The information conveyed by

these two curves is same as Figure 5.9 but way of representation is different.
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5.2.2 GAIN CURVES

Gain at Different Temperature
40

— 300K
— 17K
— 85K
—— 100K
— 145K

35 195K

— 250K
— 280K

30

25

Gain (indB)

20

1%5 1 15 2 25

Frequency ( in Hz) x10°

Fig. 5.13. Change of Gain with temperature

Figure 5.13 shows various Gain Vs frequency plots at various values of ambient temperature.
There is a steady increase in value of overall gain with decrease in temperature. This
characteristic can be attributed to increase of DC gain with decrease in temperature. This

effect is explained in the theory section 3.4.2.
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Gain at different Voltages
45

— 15V
— 20V
— 25V
28V
— 30V

40

Gain {in dB)

\%

25

\

05 1 15 2 25
Frequency (in Hz) x10°

20

Fig. 5.14 Change of Gain with Supply Voltage at 77K.

Figure 5.14 consists of different curves of Gain Vs frequency for various values of supply
voltages. Gain of the LNA increases and also becomes stable as we decrease the supply
voltage from 3.0 V to 2.5V, but decreases again with further decrease in voltage from 2.5 V
to 1.5 V. this increase of gain with decrease of supply voltage was not observed at room
temperature. But at 77 K, the current gain of the device was elevated and hence the proper
biasing voltage gave the maximum gain and any deviation from it resulted in decrease in

gain.
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5.2.3 NOISE FIGURE EXTRAPOLATION

Using the noise figure data available, we calculated the quadratic least square approximation
for the data. Using that equation, noise figure values at 17K and 4K were predicted. Figure
5.14 contains the curves representing the approximated values of noise temperature at 17 and
4 K. these curves are valid only if noise temperature varies with the ambient temperature in
the same way throughout the temperature range. Here we will explain the steps to extract the
extrapolated values using simple figures. All steps are performed in MATLAB.

Noise Temperature (in K)

| I | L I | L 1 1
80 100 120 0 160 1 200 220 240 260 280

B0
Temperature (in K)

Fig. 5.15 Data points

Noise Temperature (in K)

| I | | | | | |
80 100 120 40 160 180 200 220 240 260 280

Temperature (in K)

Fig. 5.16 Smoothed Data points
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First step is to obtain Noise Temperature at different temperatures but same frequency. Here
we have obtained the points at 1.5GHz. Using ‘cftool’ command curve fitting tool can be
opened and data points can be entered by clicking on the Data command box. Our data set is
displayed in figure 5.15. Next step is to smooth the given data. We have used quadratic fit
smoothening to smooth the data. Figure 5.16 shows the raw and smooth data set. Now by
clicking on ‘fitting” command button we can open fit window. We have used quadratic
polynomial fit to extract the equation for our data set. The fit is displayed in figure 5.17. After
obtaining the equation for the curve we can obtain the value of noise temperature at any
temperature. We have calculated noise temperature at 4 and 17 K. After repeating the
previous steps at different frequencies, we can plot Noise Temperature Vs Frequency plot at
4 and 17 K. which is shown in figure 5.18.

80 T T T T T T

70+ -

60— b ~

50— -1

30— —

Noise Temperature (in K)
T

| | | | | | | | | |
80 100 120 140 160 180 200 220 240 260 280

Temperature (in K)

Equation of the curve : f(x) = 0.0002367*x"2 + 0.1684*x + 10.4

Fig. 5.17 Curve Fit through smoothed data set
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Noise Figure Extrapolation curve

20
— 4K
— 17K
19
18
17
16

Noise Figure {in K}
o

Freguency (in GHz)

Fig. 5.18 Noise Temperature Extrapolation curve
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CHAPTER SIX
CONCLUSION

Based upon the observation and analysis of the data we can conclude that device performance
is within the specified limits. The S- Parameter requirements are sufficiently met at both
simulation and real test phase. The device is not feasible to be used at room temperature
because of the poor noise performance at room temperature. The existing HEMT LNAs at
GMRT have lower Noise figure than our SiGe based LNA. But when cooled to a cryogenic
temperature, SiGe LNA’s performance increases drastically. The Noise figure Falls below the
mark set by the HEMT LNAs and gain of the device is also improved. Although the test
could only be performed till 77K, using our calculation we can estimate that LNA will give
excellent performance once cooled to 17K. Also, LNA performs better at certain supply
voltages as inferred from the results in chapter 5. Few points which can make the LNA better
are discussed in next few lines. Design can be improved with more optimized values of the
components. Cryogenic effects can be studied under both cooling and warming up phase
using closed circuit cooling chamber. The LNA can be designed for optimum supply voltage
obtained from the report. Work can be done on realizing the design and to be interfaced with
the other components of front end at GMRT. Field test can be performed to evaluate the
effect of parameters that are negligible inside lab environment. Design can be optimized to
eliminate cavity resonance without the use of RF absorber material. LNA can be made

compact in size so that it is easier to install at feed of the antenna.
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APPENDIX 1

This appendix contains the datasheet of the transistor used in the design.

BFU725F/N1

NPN wideband silicon germanium RF transistor

Rev. 01 — 13 July 2009

1. Product profile

Product data sheet

1.1 General description

MPM silicon germanium microwave transistor for high speed, low noise applications in a
plastic, 4-pin dual-emitter SOT343F package.

CAUTION
This device is sensitive to ElectroStatic Discharge (ESD). Observe precautions for handing
electrostatic sensifive devices.
‘r \ \ Such precautions are described in the ANSVESD 520.20, ([EC/ST 81340-5, JESDG25-A or
equialent standards.

1.2 Features
B Low noise high gain microwave fransistor
B HNoise figure (MF) = 0.7 dB at 5.5 GH=z
B High maximum stable gain 27 dB at 1.8 GHz
B 110 GHz f7 silicon germanium technology

1.3 Applications

1.4 Quick reference data

2nd LMA stage and mixer stage in DBS LNB's
Satellite radio
Low noise amplifiers for microwave communications systems
WLAN and CDMA applications

Analogidigital cordless applications
Ka band oscillators (DRO's)

Table 1.  Guick reference data
Symbol Parameter

Vieso collector-base voltage
Veeo collector-emitter voltage
Veso emitter-base voltage

le collector current

Pt total power dissipation
hre DC current gain

[IST-Thiruvananthapuram

Conditions
open emitier
open base
open collector

Tap 580 °C

lc= 10 mA; Vo= = 2 V;
Ty=25°C

2011

Min Typ Max Unit
- - m v

- - 26 W

- - 055 W

- 2\ 40 mA

- - 138 mw
160 280 400
wr
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NXP Semiconductors

BFU725F/N1

NPN wideband silicon germanium RF transistor

Table 1.  Quick reference data ...confinued

Symbol Parameter Conditions

Cees collector-base Ve =2V, f=1MHz
capacitance

fr transition frequency le =25 mA; Ve =2V,

f=2GHz Tamp=25"C
Gy MMM power gain le =28 mA; Ves=2V;

f=5.8GHz, Tama =25 °C

NF noise figure le=5mA; Vo =2V;
f=5.8GHz; Tg =Tt

Tamp = 26°C

Min Typ Max Unit

- 70 - fF

- 55 - GHz
& - 18 - dB

- or - dB

[1] Tals the temperature at the solder paint of the emitier lean.
2] Gagma 5 the maximum power gain, i K > 1. 1K < 118N Geymasy = Maximum Stable Gain (MSE).

2. Pinning information

Table?. Discrete pinning

Pin Description Simplified outline  Graphic symbol

1 emitter

2 base a0 .

3 emitter 2 %

4 collector

L L .3
2 1 B

3. Drdering information

Table 3.  Ordering information

Type number Package

Name |Desn'iptinn Version
BFUT25FN1 - plastic surface-mounted flat pack package; reverse SOT33F
pinning; 4 leads

4. Marking

Table 4. Marking

Type number Marking Description

BFUT25FN1 B " =p : made in Hong Kong

"=t : made in Malaysia
" =W : made in China

PUTIEE R DHEP B 53060 Al ghin ressras
Product data shest Reaw. 01 — 13 July 2003 2ol 11
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NXP Semiconductors BFU?ZSF:’N"

NPN wideband silicon germanium RF transistor

5. Limiting values

Table 5. Limiting values
In gccordance with the Absolule Maximum Rating System (1EC 80134).

Symbaol Parameter Conditions Min Max Unit
Vemo caollector-base voltage open emitber - 10 v
Ve collector-emitter voltage  open base - 28 v
Veao emitier-base voltage open collechor - 0.55 v

e collector curment - 40 mé
Phot total power dissipation Tep=00°C - 138 miW
Tag storage temperature -85 +150 °c
T juncticn temperature - 150 °c

[1] Tals the temperature at the solder paint of the emitier lean.

6. Thermal characteristics

Table 8. Thermal characteristics

Symbol  Parameter Conditions Typ Unit
Ringpepy  thermal resistance from junction to solder point 440 KW
— Bofaanidd
Flat
i)
150
b

gl

£
o
] 40 0 120 160
Typ T
Fig1. Power derating curve
PUTIEE R DHEP B 53060 Al ghin ressras
Product data shest Reaw. 01 — 13 July 2003 Jaf 1

[IST-Thiruvananthapuram 2011



NXP Semiconductors

BFU725F/N1

7. Characteristics

NPN wideband silicon germanium RF transistor

Table 7. Characteristics
Ty = 25°C wnless othenwise speciffed.

Symbol Parameter
Vigmcao collector-base breakdown

woltage

Viemceo collector-emitier breakdown
voltage

Iz collector current

Iceo collector-base cut-off cument
hre DC current gain

Cces collector-emitier capacitance
Cess emitter-base capacitance
Cess collector-base capacitance
fr transition frequency
maximum power gain

[sz|*  inseriion power gain

NF noise figura

Girss associated gain

PUTIEE R

Conditions
le=25pA le=0mA

lo=1m&; lz=0ma

le=0mA; Vgs=45V
lo=10mA: Vg =2V
Veg =2V, f=1MHz
Veg =05V, f=1MHz
Veg =2V, f=1MHz
lo=28mi Vee =2V f=2 GHz Tame = 259C
le=25mi Ve =2V Tamp =26 °C
f=150GHz
f=1.80GHz
f=24GHz
f=5.8GHz
f=12 GHz
lc=2m& Ve =2 Tamp = 25 °C
f=1.5GHz
f=1.8 GHz
f=24 GHz
f=58GHz
f=12 GHz
lo=5mé Vee =2V Ts = Topt Tams = 25 °C
f=150GHz
f=1.8GHz
f=24GHz
f=5.8GHz
f=12 GHz
le=5m& Vee=2V,.Ts= Tlopt Tame = 25 °C
f=1.5GHz
f=1.8 GH=z
f=24 GHz
f=58GHz
f=12 GHz

Min Typ Max Unit

o - - v
28 - - v
- 25 40 mA
- - 100 nA
160 280 400

- ME - fF
- 400 - fF
- Mmoo - fF
- 55 - GHz

u

- B - dB
- - dB
- 255 - dB
- 1B - dB
- 12 - dB
- 267 - dB
- 254 - dB
- 3 - dB
- 16 - dB
- B3 - dB
- 042 - dB
- 043 - dB
- 047 - dB
- [ dB
- 1.1 - dB
- 24 - dB
- 2 - dB
- o - dB
- 135 - dB
- o - dB
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Table 7.  Characteristics ...confinued
Ty = 25°C wnless othenwise speciffed.

NPN wideband silicon germanium RF transistor

Symbol Parameter Conditions Min Typ Max Unit
Putgep  output power at 1 dB gain le=28mA; Vee=2V. Z5=ZL =50k Tamp=25"C
Compression f=1.5GHz - B85 - dBm
f=1.8GHz - ] - dBm
f=24 GHz - BS - dBm
f=5.8GHz - ] - dBm
IP3 third-ordier intercept point lo =25 m&; Vge =2 W, £ = F = 50 0, Tamp = 25 7C;
fa=f1+1MHz
f1=15GHz - i - dBm
f1=18GHz - i - dBm
f1=24GHz - i - dBm
f1=5.8GHz - i - dBm
[1] G b5 the maximum power gain, FE = 1. K< 1 hen Gy = MSG.
- OO aakITY a00 BOTaRT
I [—T— o _| hre
imA} e a2 h
P—— 1 % 350
o o —— i _| \
I R e .
[
N —
— ™ 0 \\\\
™ [,
-
1o et W —
_.---"”mII 250 [ il %\"“
il in— T::__F,_,-ﬂ-
o 200
0 OmE 10 15 20 25 30 35 o 10 m a0
Vieg V) I i)
Tams = 25 °C. Tamb = 25 “C.
1) la= 110 pA (1) Vee=1W
{2) la= 100 pA (2) Veg=15V
{3) la=S0pA i3 Vee=2V
{4) la=EOpA
5] la=TOpA
(6] la=E0uA
) la=S0pA
8) lg=40pA
@) la=30pA
(10) lg=20pA
{11) lg=10pA
Fig2. Collector current as a function of Fig 3. DC cuwrrent gain a function of collector current;
collector-emitter voltage; typical values typical values
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NPN wideband silicon germanium RF transistor

Wi W]

T=1 MHZ, Tans = 25",

] L.
Ty |
(BHZ) /
&0 /
20 I.|'{
a
a 10 20 30 40
I G

Vg = 2V T =2 BHE, Tame = 25",

Figd. Collector-base capacitance as a function of Fig 5. Transition frequency as a function of collector
collector-base voltage; typical values current; typical values
102 St
(1,
a [
1] nk§— i
ﬁa‘ Tl
e o Rl
LLL-HE—
10 = ‘Girmix
1
1t 1 17 102
I (may
WVieg = 2W, Tams = 25 °C.
(1) T=15CHz
[2) T=18GHz
@) 1=-240Hz
[4) T=58CHzZ
[5) T=12GHz
Figk. Gain as a function of collector current; typical value
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NPN wideband silicon germanium RF transistor

o
i

[T ]
‘J:iiﬂ'ﬁ
B
[N
I
53112
™=
1)
1\:\
Gigyreaee) H
MESE
o2 #0-1 1 10 1
1[GHZ)

Vg = 2W, ke = 5 MA; Tage = 25 °C.

Dl
50
. T
et ME3
4., W\M
BB R 2y
£ H
N
Iy
20 Py
\I' Gp|rrl:|
b 11
1
MEG
10
[
|
102 101 1 10 102
f {EHz)

Vg = 2V, g = 25 M, Tawe = 25 °C.

Fig7. Gain as a function of frequency; typical values | Fig 8. Gain as a function of frequency; typical values
. BOtaEE - DtnabdiE
MFisin M ain
(]} =1
15 15
5, | _‘_..-"' '
| 1 A4 =]
1z — 12 = =1
=1 @] | L = ]
=
as =l | o el el
"'\-\__.-o-"f’ 01— f’ .f-’-
™
-] 121 L]
04 s 151 1— D# ==
o |
[ 10 E | El] o 4 ] 2 16
Iz (A £ (GHz)
Weg = 2V, Tams = 2550, Ve = 2V, Tamp = 25°C.
(1) f=12GHz {1} s =25 mA
[Z) T=58CHZ (2} le=5mA
[(3) T=24GHz
{4) 1=180CHz
[5) T=15CHz
Fig%3. Minimum noise figure as a function of Fig 10. Minimum noise figure as a function of
collector current; typical values frequency; typical values
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NPN wideband silicon germanium RF transistor

8. Package outline

Plastic surface-mounted fat pack packapgs; reverse pinning: 4 leads SOTIIF

|

A
[
3 i —
[ wii]a ]
o 1 2mm
[FETETETETE FERETETEN |
scale
DIMEHEICHS ¢mm are the original dimenclons)
unt | B b [ e | e | D | E| e | ey | ve || ow | ¥
a7s| 04 | o7 |oas | 22 [13s 22 |nas
A R T e R ET A T e
OUTLIHE REFERENCES EURCPEAN
13 BUE DATE
VEREION EC JEDEC JETA PROJECTION
EEETT
BOTI43F -E—-@ b

Fig 11. Package outline SOT343F
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9. Abbreviations

NPN wideband silicon germanium RF transistor

Table &.

Abbreviations

Acronym
COMA
DBS
DC
DRO
LMA
LNE
Ka
MPN
RF
WLAN

Description

Code Division Multiple Access
Direct Broadcast Satellite
Direct Curment

Dielectric Resonator Oscillator
Lo Noise Amplfier

Low Moise Block

Kurtz abaove
Negative-Positive-Negative
Radio Frequency

Wireless Local Area Network

10. Revision history

Table 3.  Revision history

Document ID Release date Data sheet status Change notice Supersedes
BFUT2EF_M1_1 2DDB0T13 Product data sheet - -
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11. Legal information

NPN wideband silicon germanium RF transistor

11.1 Data sheet status

Dooumant cixhscE Produsd clabscPl DsfinHicn
‘Dhjecivee [shorf] data sheet Devsiopment
[Frefiminary [shorf] data sheet  Qualfication

[Froduct [shorf] data sheet [Prossuction

This document comsings dabs from the objecive specBoaton for product dessinpment.
This document comiaings data from the preldminary specfoation.
This document comains e product speciicaiion.

1] Poesces ozrmul e ot iecasly E
2] Thi s ‘ahor dat shast b sxplained in section “Dalintiors”,

Bl Th peschest taten of dinios]s) daecribad |= il decummnt oy i changed finos thia

w-mnmlwumw

11.2 Definitions

Diratt — The document s & cras version only. The comlent Is s under
Int=rmal review and subject o formal approval, which may ressit in
mediications o addiions. MKFP S=miconductors doss not give any
representations or wamanties as io the acousacy or compledeness. of
Imformation iRcheded hersin and shall hase no labilty for he conssquences. of
use of such Imormation.

Bivort daka sheet — A short data shest is an eviract from 2 ful daty shest
with e same product type rumberns) and ftie. & short dats sheat i infended
for quick referance orly and should not be rellsd upon o conbain detaled and
#all Information. For e full Ik see the ful data
sheet, wihich Is avalisble on reguest via e local NXP Ssmiconducions sales
o=, In case of any Inconsistency o comfict with the short data shest, the
1l diatn st sihall preval,

11.3 Disclaimers

‘Genaral — informmation In his document |5 beleved o e acourate and
reliabie. However, NXF Semiconduciors does not give any represenisfions or
warmaniies, expressad or impliesd, as o ihe accuracy or completeress of such
Information and shall hase no labllly for e consequences of use of such
Irfoermation.

Right fo make changes — NXF Semiconducions reserees the dght fo make
changes o inforeabion published In fhis dooument, Inchafing without
lritation specAcalions and product descriptions, at any tme and wihout
mciioe. This document supsrsedes and replaces all nfomation suppllsd prior
iz the publication hereof,

Sutabl |y for mes — MXF Semiconductons products ars rot designed,
msthorized or wamanied by be suliable for use In medical, milary, sircraf,
space or IFe sspport sguipment, nor In applicalions wihers fallure or
matunction of an NXF Semiconduciors procuct can reasonably be sxpected
fio r=sul In perzonal Injury, death or sEsEE property o ersionmental

12. Contact information

% pling u design

vt 1ot el rray e

L divici. Th lilest preduct ftates

damage. NEP Semiconducions scoepts mo labillly for Inclusion andior uss of
MEF Semiconducions prodects In such egulpment or appications and
therefore such Indusion andor use s ot e customer's own sk

Appilicafions — Applications fhat are described hersin for any of these
products. ane for Bustratie purposes only. MXF Semiconduciors makes no
representaion or wamanty at such appications wil be sulnbie far the
speced use wihout Turher besting or mod@cation.

Limiing valuss — Sfress abowe one or mone ImEng wakees {as defined In
the Absolule Maximum Rafings System of IEC €04 34) may causs pemmanent
damage o The device. LimEng values are siress ratings only and operation of
the device st these or any ofher condBons above those gheen In the
Characieristics sections of his documient |5 not implied. Exposurs & [imling
waluss for extended periods may aSect devios rellabiiby.

Tarme and oondiions of sals — RXP S=miconductors products are soid
subject to the general f=rms and condfions of commernclal sale, a5 published
at hiioc wassw. npocomaprod kebenmes, Irciuding those periaining bo wamranty,
Infedleciusl property rights infingement and lmiation of laoily, uniess
explicily cthersizs agreed do In wriling by MXP Semiconduciorns. in case of
any inconsstency or confict betssen Information in this dooument and sudh
t=mes and conditions, e lafier will preal.

Moo offar to sall o llsenes — Maothing In this document may be interpreted
or consineed as an offer to seil products hat Is open for acoeplance or the
grant, conveyance or Impllcation of any Icense under any comyrights, patents
or other Indesinal or im=lzchual property rights.

Export sontrol — This document & wel as the Bamis) described hersin
may be subject o =xport confrol reguiaiions. Export might requine & prior
auinorization from natioral ssthodbes.

Gl refarenoe data — The Guick reference data s an exiract of the
product cata gheen In he LimEng valves and Characieristics secions of inis
document, and as such s ot compiste, exhausTve or legaly bindng.

11.4 Trademarks

Motice: All referenced Drands, product rames, servioe names and irndemarks
ane the property of el respective owners.

For more information, please visit hitp /iwww.nxp.com

For sales office addresses, please send an email to: salesaddressesi@nxp.com
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S-Parameters file for the device NXP BFU725F

Filename: BFU725F | 2V10mA | with noise
MHz S MA R 50
Freg-MHz S1ll-mag | Sli-arg S21-mag | S21-arg | S12-mag | S12-arg | S22-mag | S22-arg
40 | 0.93642 -2.84 25.66 | 177.01 | 0.002012 88.42 | 0.9987 -1.65
50 | 0.93093 -3.41 25.572 | 176.84 | 0.002085 87.38 | 0.9986 -2.07
60 | 0.93432 -3.97 25.613 | 176.35 | 0.002529 87.05 | 0.9961 -2.44
70 | 0.93268 -4.85 25.613 175.8 | 0.003045 88.83 | 0.99961 -3.11
80 0.9295 -5.46 25.536 | 175.36 | 0.003566 86.88 | 0.99719 -3.61
90 | 0.92706 -6.22 25.558 | 175.05 | 0.003946 86.94 | 0.99719 -4.13
100 | 0.92704 -7.01 25.523 | 174.36 | 0.004516 85.29 | 0.9965 -4.74
120 | 0.92424 -8.24 25.452 | 173.51 | 0.005245 83.44 | 0.99444 -5.55
140 | 0.92499 -9.73 25.415 | 172.44 | 0.006099 84.4 | 0.99447 -6.57
160 | 0.92812 -10.98 25.434 | 171.54 | 0.006919 83.86 | 0.99344 -7.47
180 | 0.92599 -12.33 25.364 | 170.49 | 0.007735 82.42 | 0.99046 -8.38
200 | 0.92589 -13.69 25.363 | 169.45 | 0.008692 82.07 | 0.98936 -9.4
220 | 0.92269 -15.11 25.276 | 168.34 | 0.009533 80.77 | 0.98623 -10.37
240 | 0.92185 -16.45 25.223 | 167.33 | 0.010364 80.67 | 0.98486 -11.32
260 | 0.91827 -17.74 25.131 | 166.31 | 0.011134 79.45 | 0.98175 -12.2
280 | 0.91459 -19.2 25.047 | 165.31 | 0.012038 78.75 | 0.97918 -13.2
300 0.911 -20.58 24968 | 164.32 | 0.012813 78.06 | 0.97653 -14.09
320 | 0.90901 -21.85 24.883 | 163.38 | 0.013614 77.31 | 0.97389 -14.97
340 0.9072 -23.22 24.783 | 162.43 | 0.014434 76.68 | 0.97122 -15.89
360 | 0.90659 -24.55 24.728 | 161.47 | 0.015282 75.8 | 0.96799 -16.83
380 | 0.90589 -25.86 24.663 | 160.49 | 0.016071 75 | 0.96454 -17.75
400 | 0.90317 -27.17 24.597 | 159.47 | 0.016845 74.46 | 0.96135 -18.65
420 | 0.89984 -28.44 24.503 158.4 | 0.017616 73.62 | 0.95748 -19.52
440 | 0.89615 -29.69 24.391 | 157.41 | 0.018375 72.76 | 0.95268 -20.42
460 | 0.89178 -31 24.268 | 156.44 | 0.019162 72 | 0.94837 -21.31
480 | 0.88692 -32.31 24.146 | 155.46 | 0.019878 71.44 | 0.94483 -22.16
500 | 0.88305 -33.63 24.031 | 154.53 | 0.020592 70.7 | 0.94034 -22.99
550 | 0.87533 -36.77 23.723 | 152.18 | 0.022437 69.04 | 0.93009 -25.16
600 0.8692 -39.81 23.434 | 149.85 | 0.024235 67.21 | 0.91771 -27.32
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650 | 0.85868 -42.83 23.109 | 147.56 | 0.025871 65.39 | 0.90403 -29.34
700 | 0.84469 -45.94 22.719 | 145.33 | 0.027418 63.82 | 0.89108 -31.27
750 | 0.83666 -48.91 22.361 | 143.31 | 0.028935 62.27 | 0.87845 -33.19
800 | 0.83098 -51.63 22.018 | 141.27 | 0.030475 60.8 | 0.86594 -35.18
850 | 0.81988 -54.42 21.664 | 139.17 | 0.031906 59.28 | 0.85125 -37.06
900 | 0.80691 -57.3 21.297 | 137.19 | 0.033218 57.88 | 0.83767 -38.7
950 | 0.79838 -60.17 20.951 | 135.28 | 0.034557 56.6 | 0.8256 -40.43
1000 | 0.79156 -62.83 20.63 | 133.38 | 0.03586 55.16 | 0.81183 -42.25
1050 | 0.78005 -65.41 20.275 | 131.42 | 0.037059 53.74 | 0.7963 -44
1100 | 0.76623 -68.08 19.894 | 129.61 | 0.038049 52.59 | 0.78252 -45.47
1150 | 0.75759 -70.69 19.539 | 127.87 | 0.039171 51.39 | 0.76999 -47.07
1200 | 0.74963 -73.11 19.206 | 126.12 | 0.040222 50.18 | 0.75704 -48.68
1250 | 0.73984 -75.44 18.855 | 124.37 | 0.041211 49.01 0.743 -50.23
1300 | 0.72695 -77.98 18.49 | 122.72 | 0.042101 47.92 | 0.72847 -51.57
1350 | 0.71869 -80.38 18.159 | 121.22 | 0.042964 46.97 | 0.71665 -52.91
1400 | 0.71299 -82.6 17.858 | 119.65 | 0.043874 45.96 | 0.70521 -54.37
1450 | 0.70339 -84.71 17.538 | 118.06 | 0.044666 44.88 | 0.69159 -55.81
1500 | 0.69254 -87.03 17.212 | 116.53 | 0.045386 43.9 | 0.67791 -57.05
1550 | 0.68427 -89.33 16.897 | 115.14 | 0.046097 43.09 | 0.66603 -58.23
1600 | 0.67828 -91.3 16.604 | 113.73 | 0.046822 42.22 | 0.65525 -59.52
1650 | 0.67065 -93.32 16.309 | 112.28 | 0.047522 41.35 | 0.64349 -60.82
1700 | 0.65996 -95.5 16.003 | 110.87 | 0.048087 40.45 | 0.63128 -62.01
1750 | 0.65293 -97.55 15.715 | 109.58 | 0.048672 39.71 | 0.62094 -63.06
1800 | 0.64844 -99.47 15.447 108.3 | 0.049341 39.03 | 0.61184 -64.16
1850 | 0.64169 -101.2 15.191 | 107.01 | 0.049901 38.23 | 0.60111 -65.35
1900 | 0.63262 -103.3 14.921 | 105.66 | 0.05041 37.4 | 0.58867 -66.51
1950 | 0.62583 -105.3 14.646 | 104.47 | 0.050848 36.87 | 0.57812 -67.41
2000 | 0.62105 | -107.09 14.393 103.3 | 0.051341 36.24 | 0.56984 -68.41
2050 | 0.61545 -108.7 14.164 | 102.04 | 0.051912 35.53 | 0.56056 -69.68
2100 | 0.60778 | -110.41 13.914 | 100.89 | 0.052309 34.92 | 0.55005 -70.58
2150 | 0.60082 | -112.35 13.664 99.76 | 0.052742 34.36 | 0.54083 -71.45
2200 | 0.59907 | -114.08 13.453 98.73 | 0.053194 33.88 | 0.53332 -72.31
2250 | 0.59476 -115.6 13.241 97.62 | 0.053645 33.23 | 0.52561 -73.32
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2300 | 0.58617 | -117.29 13.016 96.41 | 0.05402 32.6 | 0.51634 -74.42
2350 | 0.57947 | -119.18 12.795 95.36 | 0.054375 32.12 | 0.50736 -75.23
2400 | 0.57689 | -120.65 12.594 94.43 | 0.054762 31.72 | 0.50052 -75.89
2450 | 0.57414 | -122.06 12.409 93.42 | 0.055209 31.2 | 0.49421 -76.86
2500 | 0.56811 | -123.77 12.216 92.32 | 0.055616 30.59 | 0.48515 -77.99
2600 | 0.55995 | -126.86 11.818 90.46 | 0.056143 29.76 | 0.47048 -79.47
2700 | 0.55259 | -129.66 11.486 88.54 | 0.056911 28.8 | 0.45877 -81.44
2800 0.546 | -132.61 11.132 86.75 | 0.057321 28.08 | 0.44326 -82.72
2900 | 0.54156 | -135.35 10.839 84.93 | 0.058038 27.26 | 0.43182 -84.66
3000 | 0.53521 | -138.27 10.519 83.25 | 0.05844 26.56 | 0.41808 -86
3100 | 0.53099 | -140.79 10.273 81.48 | 0.059099 25.89 | 0.40724 -87.75
3200 | 0.52513 | -143.69 9.9729 79.85 | 0.059499 25.39 | 0.39474 -88.94
3300 | 0.52103 | -146.06 9.7438 78.24 | 0.060232 24.74 | 0.38762 -90.43
3400 | 0.51566 | -148.83 9.4918 76.58 | 0.060644 24.13 | 0.37486 -91.71
3500 | 0.51464 | -151.06 9.2803 74.98 | 0.061343 23.61 | 0.36701 -93.3
3600 | 0.50742 | -153.67 9.0289 73.31 | 0.061612 22.97 | 0.35672 -94.89
3700 | 0.50647 | -155.74 8.8471 71.84 | 0.062274 22.55 | 0.35062 -96.07
3800 | 0.50186 | -158.37 8.6281 70.22 | 0.062723 21.9 | 0.33895 -97.55
3900 | 0.50086 | -160.37 8.4391 68.76 | 0.063285 21.59 | 0.33247 -98.84
4000 | 0.49548 | -162.89 8.2406 67.21 | 0.063759 20.95 | 0.32458 | -100.44
4100 | 0.49616 | -164.88 8.0746 65.77 | 0.064266 20.6 | 0.31754 | -101.57
4200 | 0.49171 | -167.15 7.8946 64.24 | 0.064778 20.05 | 0.31061 -103.3
4300 | 0.49105 -169.2 7.7297 62.93 | 0.065179 19.73 | 0.30447 | -104.27
4400 | 0.48864 | -171.36 7.5781 61.42 | 0.065767 19.26 | 0.29564 | -105.92
4500 | 0.48899 | -173.24 7.426 60.07 | 0.066218 18.92 | 0.28903 | -107.24
4600 | 0.48595 | -175.26 7.2763 58.56 | 0.066743 18.4 | 0.28552 | -108.95
4700 | 0.48644 | -177.28 7.1343 57.28 | 0.067215 18.03 | 0.27721 | -109.75
4800 0.4848 | -179.24 7.0019 55.75 | 0.067777 17.51 | 0.27158 | -111.78
4900 | 0.48225 178.7 6.8592 54.47 | 0.068135 17.27 | 0.2657 -112.9
5000 | 0.48294 177.03 6.74 53.06 | 0.068812 16.8 | 0.26125 | -114.38
5200 | 0.48275 173.33 6.4978 50.44 | 0.069904 16.09 | 0.2531 | -117.41
5400 | 0.48304 169.63 6.2811 47.78 | 0.070885 15.39 | 0.23858 | -120.51
5600 | 0.48205 166.13 6.0637 45.22 | 0.071965 14.67 | 0.23313 | -123.09
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5800 | 0.48314 162.71 5.8685 42.57 | 0.073003 13.84 | 0.22311 | -126.71
6000 0.4861 159.38 5.6848 40.03 | 0.074143 13.05 | 0.21318 | -130.16
6200 0.485 156.22 5.5009 37.64 | 0.07516 12.53 | 0.20661 | -132.55
6400 | 0.48794 152.88 5.3352 35.11 | 0.076271 11.85 | 0.19908 | -137.24
6600 | 0.49034 149.69 5.1832 32.62 | 0.077523 11.05 | 0.19124 | -140.41
6800 | 0.49229 146.84 5.0304 30.13 | 0.078758 10.37 | 0.18608 | -144.05
7000 | 0.49507 144 4.8913 27.7 | 0.080066 9.63 | 0.18149 | -148.87
7200 | 0.49821 140.92 4.7565 25.28 | 0.081273 8.79 | 0.17261 | -152.63
7400 | 0.49993 138.31 4.6224 22.89 | 0.082465 8.05 | 0.17046 | -156.92
7600 | 0.50359 135.87 4.5156 20.67 | 0.084085 7.39 | 0.16808 | -161.06
7800 | 0.50975 133.01 4.401 18.11 | 0.085466 6.44 | 0.16368 -166.3
8000 | 0.51435 130.11 4.2968 15.67 | 0.086924 5.47 | 0.16514 | -170.91
8200 0.5207 127.4 4.1896 13.2 | 0.08826 4.5 | 0.16027 | -177.19
8400 0.5231 125.07 4.079 11 | 0.089537 3.67 | 0.15824 | 178.46
8600 | 0.52793 122.35 3.9999 8.52 | 0.091204 2.63 | 0.16038 174
8800 | 0.53705 119.9 3.9135 6.17 | 0.092455 1.84 | 0.16114 | 168.88
9000 0.5425 117.41 3.8219 3.72 | 0.093953 0.84 | 0.16286 | 164.84
9200 | 0.54845 115.01 3.7397 1.33 | 0.095791 -0.2 | 0.16727 | 157.98
9400 | 0.55528 112.22 3.6538 -0.96 | 0.097421 -1.19 | 0.17008 | 153.15
9600 | 0.56204 109.77 3.5745 -3.48 | 0.098769 -2.54 | 0.17194 | 148.28
9800 | 0.56826 107.41 3.4972 -5.71 | 0.099847 -3.54 | 0.17576 | 142.42
10000 | 0.57055 104.82 3.4404 -7.72 | 0.10204 -4.16 | 0.1743 | 141.11
10500 | 0.58662 99.67 3.2494 | -14.14 | 0.10605 -7.62 | 0.20377 | 128.08
11000 | 0.60957 93.81 3.1233 | -19.95 | 0.11028 -10.76 | 0.22286 | 116.68
11500 | 0.62557 88.76 29675 | -25.66 | 0.11394 -13.58 | 0.24197 | 108.39
12000 | 0.64352 83.29 2.7788 | -31.59 | 0.11722 -17.44 | 0.28098 99.7
12500 0.6678 78.47 2.6718 | -37.68 | 0.12073 -20.9 | 0.30819 91.59
13000 | 0.68869 73.59 2.5314 | -43.91 | 0.12455 -25.01 | 0.33822 85.48
13500 | 0.71944 68.5 24177 | -49.11 | 0.12787 -29.05 | 0.37395 79.02
14000 | 0.73765 62.22 2.3058 | -56.16 | 0.12948 -33.47 | 0.41297 72.29
14500 0.7463 57.61 2173 | -62.19 | 0.13091 -38.03 | 0.45189 67.45
15000 | 0.77207 53.66 2.0369 | -67.48 | 0.13249 -41.35 | 0.48927 61.73
15500 | 0.78186 48.93 1.9262 -73.4 | 0.13306 -46.17 | 0.53089 56.4
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16000 | 0.80181 45.19 1.8179 | -78.51 | 0.13235 -50.35 | 0.56614 51.23
16500 | 0.83489 41.34 1.7329 | -84.03 | 0.13164 -53.07 | 0.59945 46.02
17000 | 0.84366 35.84 1.6318 | -90.29 | 0.13252 -58.23 | 0.62715 41.47
17500 | 0.87344 32 1.5356 | -95.85 | 0.12867 -62.37 | 0.65762 37.32
18000 | 0.88323 27.94 1.4282 | -101.33 | 0.12674 -63.36 | 0.67776 32.34
18500 | 0.87778 23.58 1.336 | -106.2 | 0.12902 -65.21 | 0.69711 28.88
19000 | 0.90226 20.45 1.2392 | -110.67 | 0.13074 -68.23 | 0.72466 25.54
19500 | 0.90564 16.66 1.1687 | -115.28 | 0.13325 -73.79 | 0.73892 22.15
20000 | 0.92285 12.38 1.0892 | -120.2 0.1305 -74.64 | 0.76863 19.96
20500 | 0.93441 7.64 1.0268 | -124.33 | 0.13654 -81.18 | 0.79362 16.93
21000 | 0.91128 4.38 0.9698 | -129.13 | 0.14042 -84.42 | 0.80452 13.76
21500 | 0.87328 2.31 | 0.90941 | -131.83 | 0.14248 -89.64 | 0.83319 12.99
22000 | 0.88198 -0.03 | 0.85082 | -137.11 0.1351 -99.39 | 0.85549 7.41
22500 | 0.89283 -1.44 | 0.80582 | -140.66 | 0.12664 | -101.23 | 0.85124 6.97
23000 | 0.90704 -3.74 | 0.76663 | -146.03 | 0.12559 | -106.72 | 0.88514 3.32
23500 | 0.93185 -6.38 | 0.69754 | -150.65 | 0.11695 | -109.81 | 0.87502 0.65
24000 | 0.93281 -9.75 | 0.63473 | -154.69 | 0.11436 | -113.64 | 0.91415 -0.14
24500 | 0.88163 -8.26 | 0.61853 | -154.97 | 0.10989 | -114.88 | 0.91141 -4.09
25000 | 0.93991 -3.58 | 0.59939 | -155.98 | 0.10798 -112.4 | 0.91034 -5.17
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Noise Parameter file

! Noise Parameters BFU725F
! Freq-MHz Fmin-dB Iop-mag. Iop-ANQ. R./50
600 0.36 0.5098 6.89 0.183
700 0.36 0.5009 8.73 0.179
800 0.37 0.4921 10.57 0.176
900 0.38 0.4835 12.42 0.172
1000 0.38 0.475 14.28 0.169
1100 0.39 0.4666 16.14 0.165
1200 0.4 0.4583 18.01 0.162
1300 0.4 0.4501 19.88 0.159
1400 0.41 0.4421 21.76 0.156
1500 0.41 0.4341 23.65 0.153
1600 0.42 0.4263 25.54 0.15
1700 0.43 0.4186 27.44 0.148
1800 0.43 0.4111 29.35 0.145
1900 0.44 0.4036 31.26 0.142
2000 0.45 0.3963 33.18 0.14
2200 0.46 0.382 37.03 0.135
2400 0.47 0.3681 40.91 0.13
2600 0.49 0.3547 44.81 0.126
2800 0.5 0.3418 48.73 0.122
3000 0.51 0.3294 52.68 0.119
4000 0.58 0.2744 72.8 0.105
5000 0.64 0.2312 93.53 0.097
5400 0.67 0.2172 102 0.095
5800 0.7 0.2051 110.56 0.094
6000 0.71 0.1998 114.87 0.093
7000 0.77 0.1803 136.83 0.094
8000 0.84 0.1726 159.39 0.098
9000 0.91 0.1767 -158.09 0.104
10000 0.97 0.1927 -142.3 0.11
11000 1.04 0.2204 -126.51 0.117
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11500 1.07 0.2388 -118.62 0.12
12000 1.1 0.2601 -110.72 0.123
12500 1.13 0.2843 -102.83 0.125
13000 1.17 0.3115 -94.93 0.126
14000 1.23 0.3748 -79.15 0.127
89
[IST-Thiruvananthapuram 2011



[IST-Thiruvananthapuram

ROGERS

CORPORATION

Advanced Circuit Materials

Ad ed Circuit Materials Division
100 3. Roosevelt Avenue

Chandler, AZ 85226

Tek 480-941-1382, Fox: 4B0-961-4532
Waw rogerscorp.com

Data Sheet
RT/duroid® 5870/5580 Lominates

RT/duroid®5870 /5880 High Frequency Laminates

« | Lowest elecinical loss for reinforced PTFE material.

* | Low moisture absorption.
« | Isotropic
Uniform electrical properties over frequency.

Excelent chemical resistance.

Some Typical Applications:

Commercial Airfine Telephones
« | Microstrip and stripine Circuits

Milimeter Wave Applications
Military Raaar Systems
Missile Guidance Systems

Point to Point Digital Radio Antennas

Normally supplied as a laminate with electrodeposited copper of %
to 2 ounces/ft.? {8 to 70pm)] on both sides, RT/duroid 5870 and 5880
compaosites can aiso be clad with rolled copper foil for more critical
electrical gpplications. Claading with aluminum, copper or brass

plate may alo be specified.

When ordering RT/duroid 5870 and 5830 laminates, it is important
to specify dielectric thickness, tolerance, rolled or electrodeposited

copper foil, and weight of copper foil required.

RT/duroig® 5870 and 5880 glass microfiber reinforcea
PTFE composites are gesigned for exacting stripline and
microstrip circuit applications.

Gilass reinforcing microfibers are randomly criented to
maximize benefits of fiber reinforcement in the direc-
tions most valugbie to circuit producers and in the final
circuit application.

The dielectric constant of RT/aurcid 5870 ana 5880
laminates is uniform from panel to panel and &
constant over a wide frequency range.

Its low gissipation factor extends the usefuiness of
RT/duroid S870 and 5880 laminates to Ku-band and
above.

RT/duroig $870 and 5880 laminates are egqsily cut,
sheared and machined to shape. They are resistant to
all soivents and reagents, hot or cold, normally used in
etching printed circuits or in plating edges and holes.

The world runs befter with Rogers.®
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RT/duroid 5870/5880 Laminates

T PICAL VALUE [2)
PROPEITY omecnon | uwmsiaj | comomon TEST METHOD
AT/ durced 5870 AT durced 5880
Desbeciic Constant, 2.33 .90 1 CI4EAE0 | ) MR IPCTM-850 2553
o 2334 002 spebi. 2904 002 speb. 1 C2473E0 10 GHE PCTM 2855
5
Dissipofion Factor, 00005 00004 1 CI4EAED | ) MHZ PO IM-S50, 26563
fom & 0002 00 1 C24/300 10 GHz PCTMA-Z555
L"':'r'“"'c"'"‘:"“’ 18 128 ppmc | 80. 180T IPC-TMRE50, 25,55
Volume ResisSutly 23 X 1 Mohmom || CRAENE0 ASTMA DEET
Surioce Resisily 2310 A0 Mohm | C/v&EE0 ASTIA DE5T
Tast at faat ot F——
mec P 10
Tamile 1200 (155) | 490 (71) | 1oroi54 | 4s04s5 ¥
MPa
izoges | oy | swnzm | moss ¥ Rens)
A ASTM D438
) a4 = |4 20 (29 X
e .3 45 42 12%]
2i1) 24148 7 jag) 18 [2.6) ¥
75 ar &0 72 %
wsimate sirain %
w8 as 49 58 ¥
iz i7e) | seofw) | 7oy | smir ¥
Compressive Modulus | 12201158 | seonzs) | 7oy | s ¥
=0 (123 B30 ey Fa0 134 AT0NFT) I
MPa fop]
30 (4.8 23y Ry 2En ¥
witimeabe siress | 37 (5.3 5 = |53) 2 ) ¥ A ASTM D455
B4 [7E 37 53 52 |7.5) 43 |£3) I
40 43 1] B4 ¥
wEmate sirain a3 a3 7.7 78 ¥ %
ar as 12.5 7.6 1
Diatoemaiion Undar 24he/ 1 WP
Load, Testh ot 150°C L i * |2 Kl Aot D)
Heat Distarticn 1,82 MPa
bl =340 [5600) =340 [600) Y R (284 v ASTIA Dt
gl
Speciic Haot 054 J0.23) 07 J0.23) o, Colouiated
Misture Abscaplicn 13 JLos) 13 JLos) mg %) '"‘*: {1-dmmy ASTM DETD
Thermal
b 02 .20 1 Wime aoec KETMA CEIE
22 n %
Coafficient of
i 8 48 ¥ PR 1T ASTM D35S
s o 173 a7 1
T 500 500 *C1GA ASTI DABS0
Dansity 23 23 ASTM DFFE
Copper Pesl mEan 2840 pil [Hfmm) d"r{;;“" POTM-450 2,48
Flammeability W) W) UL
Lead:Fres Process
Fotett Tt Tt
I wohomy gt rmansed P P O=Tra8] mts.s.!-t-lmznt1 Mﬂmlumwu w1 s and Bsieron mpedied
”E mmuﬁaunm 3 1y e sbanes, S B s ead s b fry B Tex taagn v 5 kol g dn #h.'ﬂ'ni-‘
e 8 el b v Bl E“Mw
o] e | o :Lpiﬂu msi] Wi Ashad.
um ey el oty e unily o pomniesat
fararcmi Inhamal TR S 1430, 35724, oo Tk Wbt ot Z3 Lt evibubrwid P,
STAMDARD SHICKHESS SLAMDARD: PANEL S18 STANDARD COPFER CLADIDING
BB (1L 12T, (L1 JLFAP e 1% X 13° (455 X 30Smm) M e p———
U0 (25 4rm), 082 [1.57 S ) 1A% ¥ 34 457 K &b %o, [1Fm], | o (S, Tar [Pyum) sheehisdnpoed srd raind o
20015 (11351 rrm). (LI [ 1P men) 1% X 547 (457 1 F1Smm) o sl
o judsm, 18° X 46 (457 ¥ 124
Tha imtamaten uummum I il ol 18 duilghing with Bogery cheull mateiisl minaka. 0 b el imended o el dowi nol cechs Sty warahie axpre o

inplind, includiag aiy MHMHHMuﬂMiHﬂHMMuMH o paticular purpode.
nmmwumumm it bbb bor march appl
Erwbs comEoibin, hichnokegy anc oo ons ananed om Hi Lniked Siohe in accordancn with e Bt sdminsaton mgolasons.
Cilwmiden contrarny o LS, kow prohitiec, T, Thin weerkd russ Bamar with Regns. and (e Ragen' o carrerts ol L1+ s,
G198, i, DRES, 190, 20000, 005, 308, 20N, 00 Ragen Coipasaiicn, Prinked in LA, sl gt resaraed.
Rirwbiic] 0513010, ROS-05 100500 Fublicalisn #92-081
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APPENDIX 2

The Leading Source for EMY Shislding

u HEIGG company “m
electromagnefic radio wave absorbers e S
pﬂntaﬂ";qrmlt o Shetch 3t e fight are addraesed N thres waye:
somatimss no ahislding & required; a reflecive shiald In the form of &
local cover for the components, or the entire elecionic encloswre can be TR P
Titted up a2 & shisld; an abeorbsr shisld which scaks up the RF and g e
mw#gnbmpummm maﬁ'&"g,. e hoc ke B naghbenng
The Iatter Absorb=r Shiskl method desls with the unwanted RF energy sbanther Shiskd
right at the source and prevents re-radiation and refection of the shqnaks
& that Pelghboring components ars unaflected; aleo, sscond, thid and
fourth order harmonkes are nulifled or greatly minimized.
Flid Yaqunaot and o ¥
Ce
EMC wave absorber Shccrbar o
408Hz TO 5GHz EA SEHRIES. Tha EA esfles kB & high Uy Nolee
absorber In a range of formula tiore addressing 40MHE o 5GHz radatons
Trom ekcronk: . It e & multHeyensd struciore of scesnad
coalng metiees adusted for discrete Impsdance matehing o abecrt
alaciromagnetic waves at varkus uancies depand on which Absorbar Ereld
mmmmmw " & beorer shown |n UER bakow and above
Prirriad Ciroult Board.
applications:
PCB'a, PCB componenis, alkecironlc enclosurss, shielded Doxes, all

microprocessor based slectronic, EDP, Elecom, sclentilc, medical,
architeciural shisdng, RF test chamben, shiskded faclides

extra wideband series

400z TO BEHz @ 22GHE FEAK. This allarcund unkersal whdsbend
frmula Is avellable In 8 standsrd tempsratee Wps and & H

Emperature typs (up D 200°C). Exelent performance fram 40MHz
SGEHE.
_ - typical absorption rate
Huterial Chamctenstio Measure I
Frqaroy mnps 40 MHz - 5 BHr "
Pk IRquancy 32 BHr
Tamparmium ranga B0 100 and A0 o 00°C: high temp) .
Aammabity rairg L0450
Adedve dondamdtomp.  OFRABCF 190 b SSC ASTM D957 g:
highitemp. EOFESIF  0ChI0C  ASTM DAETS T
tack 24 L (slainiess doal dlandad ATTM D-9ETS ].
B3 pal (clainies dlodl hightampesaiors]  ASTM DAETS |
200+ he. & Zp.l. @ 23T ATTM DL3ETS
Dimonshre: slandand BLUEETW 15,76 * Lo O0H" max. S008 x 4000 x 010 -
FTOWxB50 L. D0l masee 1 .0x 2008y 040 9 1 = 2 . -
Py 5e
PAAT Mo Width Length*  Thickrass Fraquency Ranpga Paak Freguenoy - Atteruation
EA3200 B2E 2006 1576 4000 005 473 40 MHZ 40 & @Hz 5.9 GHr @ 21.3 dB
EASS00H jhitomp) B85 2005 1E7E 4000 .00 473 40 MHZ 40 § @Hz 2.9 GHz @ 91.9 48

“alsbiol dandee! role BT 2 T N EE LRI

shielding patches®

FOR PCE COMPOMENTS AMD WIRE CIRCUITS. A quick and %'ﬁ o
H RF

galn 1 o 2 dB without Inveslve droult changes. The EA3 I
absorber malrls providss a measurable effect from 40MHzZ 1o 5GHz 1

depsnding on frequency, sxdsting elrcult load, and anea covensd by the E
pakh®. Peak psrformancs ke et 22GHz 10 5.0GHz. )
vl ddvirivr Lty ;
Inetals &l removing prolecve adhsalve liner. Convenlent 8.00° x “theri g Liar
8.00° (152 X wit (24} patches per shest BI% 8,006
PAAT Mo A B [H Fraquency - Attervation
EA3200H-EF12 1.00 54 4RI A0 0S 013 ADMHz - SGHE: peak @ R2GHz @ -H.2d8

S sgeice bigh EpoEi WAk 500 RRcRio .
14100 McCormick Drive Tampa, AL 33628 868 TECH.EMI (3086.532 4364) T: 813.855.6921 F: 813.855.32M
wiww.leadartechine.com
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The Leading Source for EMI Shislding
Relfiable Board, Enclosure and Cable Soutions

LERDER

TECH “m

B HEIGG company

standard series — 50 MHz to 1 GHz

Peak Frequenoy - Attersation
10 MHz & -17.3dB
3 MHz & -1T.AdB
A MHI & -17.2dB
B MHz & -1T.HdB
B0 WHz & -1 7.0 dB

Fraquency Ranga
-5 dB min. @ 50 MHz o 1 GHz
-5 dB min. @ 50 MHz o 1 GHz
-5 dB min. @ 50 MHz o 1 GHz
-5 dB min. @ 50 MHz o 1 GHz
-5 dB min. @ 50 MHE o 1 GHr

Frooroy mps EOMHE - 1 BHz

Faak irquency cholos 100, 300, 400, =00 or B0 MHz

Tamp i ranggR 0T 100°C

Aammabity rairg LLD4WD

Adresive  lemperium U'Fio180°'F -180 b 8T ASTM Du35TE
tack 8.4 pucl. (chairisco ool ATTM DLBETS
ahear 004 he. & 2pel. @ 22T ASTM Du35TE

Dimenchore: @landard 1E7E" W R 1E7E " LK 020" mow. 4000 5 4000 5 0.50
madmum TP Wk B0 L ORI max 0% 200 My 050

PAAT Mo Width Length*  Thickres

EA1DD 1E7E 000 17 4000 062 405

EAZDD 1E7E #0000 AE7VE 4000 067 478

EA4DD 1676 000 17 4000 M2 430

EAGDD 1E7E 000 176 4000 020 450

EABOD 1E7E 4000 176 4000 M4 435

“Aalabio dandedt ol AETE 00T REELPI

typical absorption rate by part number
The following data displays the Ineertion les characterslcs of sach formula of absorber materlal by part numbsr.

et PUMDaY NOMaNGAIG: 5., he Goek FeUBnCy o e

BR300 mateial s 00z O oures, any of the

N be used for neighboring frequencies — I the cass of EA200, A loglcal selection tan be mads for

Tormulationa can
200MHz or 400MHz slbuatong.

Moite thet Eminations of multpls part nuTbers wil afizcively yisid a combination of result.

EMC standard series: typical absorption rate by part number

gl n i

Al e Pt
]

14100 McCormick Drive  Tampa, AL 33626
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