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Preface

RADIOASTRON mission is a multinational, multifrequency radio astronomical satel-
lite borne antenna project. It will operate at 327 MHz, 1.66 GHz, 4.8 GHz and 22 GHz
frequency bands. On the basis of a 1988 Memorandum of Understanding (MoU) between
Radio Astronomy Group of TIFR, India and Space Research Institute (IKI), Moscow,
Russia, a space-qualified Engineering Model of a 327 MHz Low-Noise Front-End was
delivered to Russians in 1991, as per the original specifications agreed upon. The frontend
consisted of two-channel low noise amplifier (LNA) followed by bandpass filter and Post
Amplifier, and also Directional Coupler for calibration noise injection. The whole front end
package was planned to be enclosed in a thermostat for temperature control at 25°C.
However, due to the delays suffered by the Radioastron project, the launch window of the
Radioastron satellite had to be pushed to 1998. In the meanwhile, the Radioastron Project
Management called for re-optimization of Payloads in order to conserve Spacecraft power
and mass. As per the revised design, it was decided to have only LNA inside the thermostat
and, the Bandpass Filter and the Post Amplifier within the rest of the 327 MHz Receiver
Package. The new LNA had to be designed with new Electrical specifications in a smaller
package. The bandpass filter which was originally built based on helical resonator technol-
ogy has been replaced by a new compact dielectric ceramic resonator type filters offered
by a firm in Russia. A new MoU was signed between TIFR’s Radio Astronomy Group, India
and the Astro Space Centre (ASC), Moscow, Russia in December 1992 for delivering an
Engineering and two Flight models of the 327 MHz LNA with revised specifications.

This report aims at a comprehensive coverage of the design, implementation and space
qualification of LNA package. Chapter 1 gives a brief description of the Radioastron Project
in general. Chapter 2 describes the 327 MHz LNA at a block level with electrical, mechani-
cal and environmental specifications. The basic design is covered in Chapter 3, and Chapter
4 describes the practical design aspects. Chapter 5 explains in detail the realization of the
LNA package for high reliability and quality demanded by the space environment. Chapter
6 covers performance results, and chapter 7 attempts to present the space qualification tests
and evaluation procedure. Operating instructions are given in Chapter 8. Various drawings
associated with the package and related reports are all listed and attached at the end of the

report. .

January, 1997 A.Praveen Kumar
Pune . M. Srinivas
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1. Introduction

1.1 General

RADIOASTRON mission consists of an orbiting 10 m diameter Radio Telescope in
space operating in conjunction with several large ground based Radig Telescopes in
standard Very Long Baseline Interferometry (VLBI) mode. This mission is aimed at
achieving very high angular resolutions as fine as 35pas (at 22GHz). The space telescope
is a centre fed prime focus antenna consisting of a deployable parabolic reflector made of
24 unfurlable reinforced carbon fiber panels with RMS surface accuracy of 0.5 mm. The
total reflector surface accuracy will be less than Imm RMS. The antenna F/D ratio is 0.43.
The focal package is equipped with four dual circular polarization feeds and receivers at
92 cm (327 MHz), 18 cm (1.66 GHz), 6 cm (4.83 GHz) and 1.35 cm (22.2 Ghz). This
package is supported by a quadripod attached to the fixed inner 3m diameter part of the
reflector. The focal package is made of Aluminum (thickness 1.5 mm) and has a size of 74
cm X 110 cm (cylindrical). This package is filled with a gaseous medium rich in Nitrogen
at a pressure of about 1.6 Std. Atm. and is hermetically sealed. The temperature of the
gas within the focal container is expected to vary from 0°C to 40°C. The Low Noise
Amplifier (LNAs) of the 327 MHz band is enclosed in a thermostat and maintained at a
temperature of 23 + 2°C using temperature control system. The LNAs of the other
Receivers are cryogenically cooled to a temperature of 80°K. The feeds are of Running
Wave Resonator (RWR) type at 327 MHz, 1.66 GHz and 4.83 GHz, and the 22 GHz feed
is a horn. The feeds have a single phase centre and this frequency concentric feed arrange-
ment provides the possibility to observe at two frequencies or two polarizations for a
frequency band simultaneously. The Local Oscillator (LO) frequencies on board will be
synthesized from a high stability reference signal transmitted from ground tracking stations
equipped with hydrogen masers and is stable to about 1 part in 10", All the receiver bands
are converted to an Intermediate Frequency (IF) of 512 MHz. A switching matrix receives
the 8 IFs from the receiver and down converts using a second LO to a baseband with both
upper and lower sideband outputs(video). At the baseband, any bandwidth among 2, 4 or
8 MHz can be chosen by appropriately selecting from four different second LO frequencies
(500, 508, 516 and 524 MHz). The baseband signals are then sampled and formatted for
transmission to the ground telemetry station at a rate of 128 M bit / sec (maximum). This
data is relayed through a 15 GHz down link to the ground. The phase / Frequency reference
signals are relayed via a two way (up and down) link at 7.2 / 8.47 GHz.

The mission life is normally 3 years. The attitude control system will provide pointing
and tracking accuracy of 1 arc min (maximum error).



1.2 Scope

1.2.1 Identification
This document is on the 327 MHz Low Noise Amplifier realized for the Radioastron

mission.

1.2.2 Purpose

The document deals with the design, implementation and space qualification of the
LNA package developed for the 92 cm receiver payload of Radioastron satellite.

1.2.3 Applicable documents

i. 1987 .
ii. May 1990
iii. Dec 1992
iv. Nov 1994
v. Nov 1994
vi. Nov 1994

vii. Apr 1995
viii. Oct 1994

ix. Oct 1985
Xx. Dec 1983
xi. Oct 1985
xii. Nov 1996
xiii. Nov 1996
xiv. Nov 1996
xv. Nov 1996
xvi. Feb 1996

xvii. Feb 1996

General Technical Requirement Relatmg to Scientific Apparatus and Documen-
tation for the “Radioastron’ project Space Radio-Telescope (Blue Book).
Scientific Objective Committee, Report to the 10th Review Meeting, Radioastron
Project.

Memorandum of Understanding between TIFR, India and Astro Space Center,
Moscow.

FE92CM-1, Electrical Specifications of 327 MHz LLNA for Radioastron - Internal
Report, TIFR.

FE92CM-2, Mechanical Specifications of 327 MHz I.LNA packagc for Radioastron
- Internal Report, TIFR.

FE92CM-3, Fabrication Sequence for 327 MHz LNA package of Radioastron -
Internal Report, TIFR.

FE92CM-4, Test Plan for 327 MHz LNA of Radioastron - Internal Report, TIFR.
SAC-R&QA-RES-TR-47-94, Reliability Assessment for 327 MHz LNA Package
for Radioastron Payload - SAC, ISRO.

ISRO-PAX-301, Issue 2, Dcsign requirements for printed circuit board layout
and artwork - ISRO.

ISRO-PAX-300, Issue 1, Workmanship standards for fabrication and clectronic
package - ISRO.

SAC-R&QA-RES-TN-22-85, Electrical parts stress derating requirements and
application rules for INSAT-II TS Payloads - ISRO.

92 LNA-TD, Technical description of 327 MHz LNA for Radioastron — Internal
Report, TIFR.

92 LNA-OM-EM], Operating Manual for 327 MHz LNA, Engineering Model
— Technical Report, TIFR.

92 LNA-OM-FM1, Operating Manual for 327 MHz LNA, Flight Model # 1 —
Internal Report, TIFR.

92 LNA-OM-FM2, Operating Manual for 327 MHz LNA, Flight Model # 2 —
Internal Report, TIFR.

SAC-R&QA-RES-TR-09-96, Test & Evaluation Report, Engineering model
— SAC, ISRO

SAC-R&QA-RES-TR-10-96, Test & Evaluation Report, Flight model — SAC,
ISRO.



2. System Description

Figure 2.1 is a block level schematic of the 327 MHz (92 cm wavelength) LNA
package. This consists of two-channel LNA (92-2-A and 92-2-B) and directional couplers
(92-1) for injecting the calibration noise into the input of each LNA. The two channels
named CH-1 and CH-2, receive left handed (LHCP) and right handed (RHCP) circular
polarized astronomical signals from the feed. The LNAs are powered through voltage
regulator (92-3-A and 92-3-B). The voltage regulators receive +12V DC power from the
327 MHz receiver package and generate + 5V DC regulated output voltage required for
powering the LNAs.

The directional couplers and the two LNAs are housed in a single module of outer
dimensions 114 x 101 x 32 mm. The two voltage regulators are packaged in a separate
box of size 45.5 x 40.9 x 32 mm. The total package consumes 60 mA current at +12
VvV DC.

2.1 System Specifications

a. Electrical Specifications

Center frequency 324 MHz.

Gain at center frequency 30 = 3 dB.

Gain ripple over + 4 MHz from the center frequency not more than +0.25 dB.

Difference in gain between the two channels not more than 1 dB.

Input and output impedance, 50 ohms.

Input VSWR to be optimized for low noise, but to be better than 1.6.

Output VSWR better than 1.25.

Noise temperature 25 + 5 K.

VSWR of noise calibration port better than 1.4,

Isolation between two channels not less than 50 dB.

Coupling of the calibration line including 6 dB resistive power divider 28 + 1.5dB, coupling of
directional coupler =22 dB.

DC supply voltage for the LNA +5 V and max current 50 mA per channel.

DC supply available to the voltage regulator +12 V. + 1% and maximum ripple 10mV, and current
at least 60mA per channel.

All RF connectors, SMA flange mount panel receptacles.

Five SMA straight cable plugs for 0.141" semi rigid cable direct solder attachment type should be
supplied - for all the ports.

DC Bias voltage to the LNA through EMI Feedthru Filters.

 oxx X RRRRPREERNX

Mechanical Specifications:

Outside dimension for the LNA box including cover and excluding connectors and EMI feedthru
filters: 105 (length) x 101 (width) x 32 (height) mm.

Outside dimensions with mounting lugs for the LNA Box: 114 x 101 x 32mm.

Mounting lugs should not project out along the width and the input side.

The typical sketch of the Box is indicated in Fig. 2.2.

The outside dimension for the voltage regulator Box including the covers and mounting lugs and
excluding the EMI filters: 45.5 x 40.9 x 32mm. This is exactly as per the flight model drawings
supplied by India, in 1991.

e 2 T
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3. The basic design

In this section, the basic design of the Directional coupler and the Low Noise Amplifier

(LNA) are described. This section covers

1.

The choice of, the Directional Coupler and GaAsFET, the key components which
determine the low noise performance of the LNA.

The technique of a combination of source inductance feedback and drain resistive loading,
which ensures, low noise performance with power matching conditions and broadband
stability of the LNA.

3.1 The Directional Coupler

The choice of the Directional Coupler is based on, dimensional constraint, which is a very
important criterion in spaceborne packages, and very low insertion loss, so that the noise
figure of LNA is not considerably degraded. Microstrip designs based on high-dielectric-
constant-laminates could not meet the dimensional specification. Therefore, the
WIRELINE™ drop-in coupler manufactured by Sage Laboratories, Inc, USA was chosen.
These couplers, are tiny, low loss and have been successfully used in spacecrafts. A
WIRELINE™ coupler consists of a pair of wires insulated from one another encased in
ateflon insulator inside a metallic outer conductor. WIRELINE™ is essentially a four port
parallel coupled TEM mode transmission line. A quarterwave electrical length of
WIRELINE will be a 3dB directional coupler (Quadrature Hybrid) and, lengths less than
quarter wavelength will yield looser coupling at appropriate frequency of design. JCT-1
series of WIRELINE™ (3.7 mm outer diameter), cut and trimmed to the required length
are used for the design.

3.2 The GaAs MESFET

The NEC GaAsFET NE 13783 has been chosen for the design because this device has a
proven reliability and space flight history. Grade C-(JAN TXV equivalent)-reliability
grade devices in a hermetically sealed-package are used to meet the system reliability goal.
The device features low noise figure and high associated gain (0.7 dB, G,=14dB at4 GHz)
upto 18 GHz, by employing a recessed 0.5 micron gate. Using this high-gain, high-
frequency GaAs MESFET, at 327 MHz, however, poses special problem of designing an
amplifier such as for unconditional stability [1]. In particular the large gain at VHF, UHF
frequencies make these devices inherently unstable. Another problem is in achieving both
impedance match and low noise figure simultaneously since a minimum noise figure does
not necessarily produce minimum input VSWR [2]. In a nutshell, the LNA design
philosophy is to strike a solution that results in both optimum noise and power matching.



3.3 Source Inductance Series Feedback

Achieving the low noise figure from the device requires that the input matching network
converts the 50 Ohm source impedance to the optimum reflection coefficient (Fop() of the
device. This leads to high VSWRs at 327 MHz, since I, and the complex conjugate of
S, differ significantly at these frequencies [2]. In other words, not only the 50 ohms source
impedance should be transformed to GaAs FET's impedance for optimum noise matching
(Zop[) to get low noise performance, but also it should be transformed to the complex
conjugate of its input impedance Z, which is very much lower thanZ_, for alow VSWR.
The source inductance series feedback is incorporated, which has proved very effective
in solving the matching problem mentioned above [3]. Adding this source inductance does
not deteriorate the GaAsFET’s noise performance. Compared with other matching
techniques like use of an isolator or a balanced configuration, this method is simple and
cost effective. The added inductance in the source of the FET provides negative feedback
which increases the real part of the GaAsFET's input impedance, Re(Z, ) and make it close
to the real part of the GaAsFET’s impedance, Re(Z ), for optimum noise matching.

3.4 The Drain resistive loading

It is also essential that the amplifier is stable over wide range of frequencies, as any out-
of-band oscillations will make it unusable. Though a source inductance provides good in-
band noise performance and impedance matching at the input stage, and maintains the LNA
stability, it may cause instability at higher (out-of-band) frequencies. To ensure stability
over a wide band of frequencies, the drain is resistively loaded with 150 ohms which also
improves the GaAsFETSs output power matching to the second stage. The thermal noise
added by this drain resistive loading is negligible. Also the combination of drain resistive
loading and source inductance feedback decreases the gain of the GaAsFET by about 2
dB. This will not be a problem since, the device has enough gain for our application and
gives an excellent low noise performance.

References

[1] AlWard, “Low-Noise VHF and L-Band GaAsFET Amplifiers”, RF Design, Feb. 1989 pp
38-46.

[2] A.J.Selvanayagam, A.Praveen Kumar, D.Nandagopal and T.Velusamy, “Sensitivity
Boostto the Ooty Radio Telescope : A New Phased Array of 1056 Dipoles with 1056 L.ow
Noise Amplifiers”, IETE Technical Review,, Vol. 10, No.4, July-Aug, 1993, pp 333-339.

[3] D.R.Willams, W.Lum and S.Weinseb, “L-Band Cryognically - Cooled GaAsFET Ampli-
fier” Microwave Journal, Vol. 28, Oct 1980, pp 73-76.



4. Practical design of the
amplifier and its realization

In this section, the basic design of the amplifier described in the previous chapter is
expanded to a real amplifier design and realization.

4.1 The Directional Coupler

Figure 4.1 shows the schematic of the Directional Coupler. The length of the WIRELINE™
required for the specified 22 dB coupling at 327 MHz is found to be 4.4 mm. The silver
plated copper centre conductor pair (24 AWG each) should project out from either side
of the above length by 6mm, for soldering on to the PCB pad. The thin layer of Kapton™
insulation has td be removed from one of the centre conductors which has been coated with
it, using notched cutting pliers supplied by the manufactures. The outer shield made of
tinned copper has to be soldered to the PCB ground. The directional coupler has to couple
calibration noise to the amplifier input and the isolated port has to be terminated in 50 ohms
(R4 andR5). The resistive two way power divider configuring three 16.2 ohmresistor (R1,
R2, R3)in a star network, injects calibration noise into both the channels. The RF chokes
RFC-1 and RFC-2 at the input protects the LNA from any accidental DC voltages and static
build-up. The Directional Coupler is realized on 78.5 mm x 22 mm substrate. (RT/Duriod
5880) of dielectric thickness 0.031 inch. Figure 4.2 shows the layout of PCB.

4.2 The Low Noise Amplifier

4.21 Figure 4.3 is the schematic of the Low Noise Amplifier. The design uses GaAsFETs in
unipolar self-bias configuration with source resistors R1 and R2, for simplicity and the
inherent transient protection associated with this technique, while turning the power ON.
In the conventional two-supply bias technique, the biasing must be sequenced to prevent
a large current from flowing through the GaAsFET. An additional merit of this bias
configuration is it's DC negative feedback property which counteracts the effect of
instability due to DC power supply fluctuations, if any. If there is an increase in the
GaAsFET drain current due to DC voltage fluctuation, there will be an increase in the DC
voltage drop across the source bias resistor. This means that the gate to source voltage V
becomes more negative (since the gate is held at DC ground) which in turn will decrease
the drain current. At microwave frequencies NE-13783 is rated for minimum noise figure
when operated at V  of 3 Vand I of 10 mA. AtUHF frequencies, however, it was found
that lower noise figure is possible if the device is rebiased with a higher drain current and
lower V.. Both the stages are biased in self-bias configuration and the optimum bias
settings are as follows:

10



Vs (Volts) I, (mA) Source bias
Resistor
Ist stage 2.12 15 27Q
2nd Stage 2.5 11 39Q

The LNA is powered with +5 V DC. Resistors R3 and R4 are selected to provide the
optimum V___for the GaAsFETs Q1 and Q2 respectively in combination the corresponding
drain load resistors RS and R6. The first stage drain load resistor R5 is choosen to be 150
€ to match with the second stage input configuration. While the 2nd stage drain is loaded
with a resistor of value 50 €2 (R6) to match the output port of the LNA. Also a 6dB chip
attenuator (ATT) is incorporated at the output to improve the output port match and also
to cut down the excess gain available from the LNA.

422 A simplest way to incorporate source inductance feedback is to use the device source
leads. Source inductance feedback is provided in the first stage alone using 3 mm length
of the two source leads of Q1 (See section 5.51, Fig.8). Gate inductors L1 and L4 are the
crucial elements. L1 determines the frequency region in which the optimum noise
performance exists. These inductors are handwound. To minimize mutual coupling
between the inductors, L1 is wound in clockwise direction and L4 in counterclockwise
direction (Fig. 5 and 6, Section 5.51). Inductor L4 is mounted at an angle of about 45° with
respect to the axis of the Inductor L1 (Fig. 9 & 10 Section 5.51). Toreduce the unwanted
capacitive effects at the gate terminals, the ground plane of the PCB below the
corresponding gate PCB pads are not provided. While designing the PCB layout ferrite
beads (FB 1 and FB 2) are added in the drain leads of the device to suppress possible higher
frequency oscillation or radiation. Two semi circular bottom pits each of width 1 mm (a)
and diameter 2.5 mm (b) are machined on the PCB to hold the ferrite beads as illustrated
infigure 3, and figure 11 in section 5.51. The ferrite beads are inserted vertically in the pit
with the GaAsFET drain lead going through its ring.

4.23 The LNAs are realized on 74 mm x 41 mm substrate (Type RT / Duriod 5880 of
dielectric thickness 0.031 inch, € =2.2, Rogers Corporation, US). The 50 Ohm microstrip
linewidths are 2.25 mm. The layout is designed to mount the GaAsFETs Q1, Q2 and the
chip capacitors on the bottom side of the PCB containing the maximum portion of the
ground plane and the rest of the components on the top side containing the microstrip lines.
This arrangement assures the proper ground returns for the bypass capacitors, which is a
critical factor in the construction. The method of using ‘Z’ wires through ‘via’ holes to
connect the top ground plane to the bottom ground plane for bypassing the capacitors, was
inadequate to provide the unconditional stability. Figure 4.4 shows the layout of the top
side layout of the PCB and 4.5, the bottom side layout.

424 To eleminate possible cavity resonances, a few microwave absorbers are attached on
the sidewalls of the top cavity and on the inner surface of the top cover. LNA PCBs are
accessible from the bottom side also, since flush mounting chassis closing covers are

11



provided under the LNA sections of the box.

4.25 LNA Alignment and Tuning

The tuning elements are the gate inductors (L1 and L4) and the source inductance (L2 and
L3). Since L2 and L3 has been frozen by providing the maximum possible source lead
lengths of the GaAsFET (Q1), only L1 and L4 are available for tuning. As explained in
section 3.3, the real part of input impedance, Re(Z, ), of Q1 is increased and brought close
to real part of impedance for optimum noise match, R(Z,), because of the source
inductance feedback. Therefore, the tuning target is to achieve a return loss of about 20
dB (VSWR 1.22) over the band of interest. This will automatically provide the optimum
noise match. Inductor L1 has to be tuned to achieve this simultaneous input impedance and
noise match. L1 can be compressed or expanded carefully and its position relative to the
board surface can be varied to achieve this. Inductor L2 can be tuned in a similar fashion
to achieve the optimum gain and frequency response.

4.3 The Voltage Regulator

Figure 4.6 illustrates the circuit of the voltage regulator. The function of the voltage
regulators istoprovide +5V forthe LN A package from +12V supply of the 92 cmreceiver.
Each channel LNA is being powered by a separate voltage regulator card, thereby making
them more independent of each other. The voltage regulators are built around LM117
precision regulator and has reverse voltage protection by diodes at the input. The line
filters provide the immunity against power line interference. Both regulator cards are
housed in a single box, which will go into the rest of the receiver package. Figure 4.7 is
the layout of the regulator PCB which has been realized on 33 mm x 38 mm substrate (RT
/ Duroid 5870) of dielectric thickness 0.062 inch.

Finally, figure 4.8 to 4.11 illustrate the component placement plan of all the PCBs
associated with the package.

12
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FIG. 4-7 Voltage Regqulator PCB layout
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S. Realization for High
Reliability and Quality

The locus of this chapter 1s to present an overview of the methodologies and design
practices 1o ensure reliability and quality demanded by the spuce environment and the
methods adopted in the realization of the 327 MHz LNA puckage meeting the reliability
goils. The flow chart for Reliability and Quality Assurance (R & QA) Plan shown in the
next puge deseribes the various R & QA activities under which realization of the LNA
package was curried out at SAC, Ahmedubad.

5.1 Model Philosophy

An Engimeering Model and two Flight Models have been fabricated and delivered to the
Astia Space Center, Moscow. The Engineering Model construction is similar to Flight
Maodel and the same quality of components were used. This model which has been
integarated with the Engincering Model of the 327 MHz receiver at Russia will again
undergo all the space qualification tests similar to those outlined in seetion 7.1.

Flight Model, after integrauon with the Flight Model of the receiver will be subjected to
the ucceptance level testing without extremes of temperature, stress or voltage. Worst
case conditions are never applied.

5.2 Components and Materials Selection

':']I

The first stage n ensuring high reliability 1s the seleetion and screening of every

component used in the system. The steps in this direction are

i
L5

M

$

cumponents of proven realthility and space hisiory are chosen

ciach companent is tested (sereened) individually 1o ensure that it meets the specification

i active purks ore subjecied to destructive physical anulysis on sample basis in secordance to MIL
STD-883 method SN, Far discrete sermicenductor devices, the relaven] tests are in aveordance 1o
MIL-STD- 750,

mechancal parts Hke fasleners are subjected B 100% go / io-go inspection

fiterial review - the materials are subjected to incoming inspection ! (esting on simple buasis.

3.22 Components Quality

Component type Quality

Interraied circmis 3RS0 Class B
CaAsMESFET MNEC Crade-C

Dhicpdizs JANTXY

Caplentors, Resistors and

Iductore 'S level

Line Filters MIL-F- 15733

Chip Alenuitors Meeting MIL-R-553472
RF Conneeiory Hi-Rel

Appendix A2 gives component and material 1ist
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5.3 Reliability Assessment

5.31 Reliability assessment has proven to be effective in the prevention, detection and
correction of failures associated with design, fabrication and operation of a product. The
assessment is done basically for two reasons.

a.  To know what is the probability that the subsystem will still be working afler a piven time perind,

b, Weneed toprovide redundant compoments or subsystems where the probability of failure is very high,
to e accepled.

There are two most commonly used assessment techniques

i, Parls count methed

i, Parts stress mathod

Parts stress method is employed for reliability predictions of the LNA package. This
method takes into account the effects of environmental and other stresses on a part's failure
rate. Each part's failure rate is based on a stress analysis of the design.

a2 Reliability Mathematics

The reliability number or figure R is the probability of success.
R=N/N
whcru'N1 is number of surviving components after a given time and N is the total number
of components at the start of test period.
lfNri.v. the number ﬁl'mmpunqnlx that have lailed after a given time t, then
Nt =N - N(b)
Then, Eeliubiiit}' R(t) can be expressed as
Rit) =[N-N{)/N
= 1-N{t)/N
1-P (1)
where P(t) = N (0 / N is the probability of failure.

Failure rate X is a measure of the avera ge number of failures expected from a group of itens
over a period of time. From this measure of failure rate A. the reliability of a design can be
expressed as

R{t) = &

where t is the time interval over which reliability 1s measured. Mean time between failure,
MTBF, is the reciprocal of failure rate.

1.e., MTBF = 1/A

The overall relaibility of the 327 MHz LNA package is estimated to be

0.991 for 3 years mission time

0.994 for 2 years mission time.

Copy of the SAC document SAC/R&QA/RES/TR/47/94, Oct 04 for reliability assess-
ment, in Appendix A3 gives detailed procedure, the reliability block diagram and the
Mathematical model employed for the reliability prediction.

Failure rates for various parts are calculated as per the guidelines given by the 1.S Military
reliahil ity prediction document MIL-HDBK-217F published in December 1991,
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5.4 Electrical Stress Analysis

Electrical stress analysis has been carried out to improve the reliabi lity of the LN A pacakge
for each of the circuits. To improve reliability, one needs to reduce the effects of stress.
AL SAC, the stress analysis technique is based on derating criteria and design margins.
Derating 1s based on the concept that operating electrical, thermal, mechanical and
chemical stresses accelerate failures in a predictable manner, which if controlled, will
improve reliability. For an electronic equipment, typical derating parameters include
currenl, voltage, power, frequency, fanout and operating temperature. The method
involves the operation of a part at a stress level less severe than that for which it is rated.
This is accomplished by a combination of

a.  reducing part stress and

b. selection of a part with a higher rated strength.

ISRO(SAC) document No. SAC/R&QA RES/TN/22/85 dated Oct 31, 19%5 describes
Electronic Parts Stress Derating guidelines for space applications, This document contains
the Maximum Stress Ratio and additional requirements to be adhered to for all the stress
parameters like voltage, power, current, junction temperature, for all types of electronic
components. The Stress Ratio 1s the ratio of the actual operating stress-paramter value to
the maximum rated value under the application conditions. For the 327 MHz LNA
package, stress analysis was carried out and it was ensured that all the parts stress were
held toas low alevel as was consigtent with SAC derating guidelines and circuit requirements.

5.5 Fabrication Sequence for the LNA Package

] | Fabrication sequence for LNA and Directional Coupler
3.5 Fabrication sequence for Power Supply (Voltage Regulator).

The pages 29 1o 37 cover detailed fabrication sequence and methods.
5.6. Layout and Package Design Considerations

The layout design philosophy is to ensure electrical performance while adhering to high
rehiability requirement criteria. Methodology is 1o stress on prevention of defects rather than
'd|'|U1_-'r'ing for passible rework or repairs, even though the latter cannot be totall y eliminated.
\‘ﬂ_rmuh' procedures for placement, mounting and soldering of components have been
armved at, by experience and extensive analysis, and adherance to the procedures is
mandatory to realize reliable operation of the packape.
~ Given the dimensional constraint to start with, we had to design the layout of the PCB
N the space left after mncorporating basic mechanical desipgn features like sufficient wall
thickness, rihs, etc.. for strength and rigidity of the package. The PCB layout design has
10 take into acconnt

tabrication requiremenns like ease of mounting of components, soldering, cleaning and handling. The

position and aricntation of the components are decided such that any companent can be removed Irom
the card without disturhing the ather components. Where the components are soldered o the sround

w



plane, the suldering point has o be suitably relieved, by having "winged pads”. This reduces warp,
iwistand blisters in the finished PCB. The width ol pads for soldering components like chip capacitors
and resistors are decided by requirements set by hi-rel procedures listed in the PCB layout design
document ISRO-PAX-01. Simularly, there are guidelines for spacing between components, their
mounting and soldering, specilied inthat document, which have been followed indesigning the layout

mechanical requirements oowithstand shock, acceleration, vibration, environmental effects, etc. The
components are provided with siress reliel (e overcome these effects

clectrical requirements like providing the shortest path to ground for the bypass capacitors; minimum
pad size for soldering GaAsFET gate leads, to avoid capacitance effects; track width for 50 Q
tranamission line, et

28
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The following table summarizes the performance of all the modules delivered to Astro

6. LNA Performance

Space Center, Moscow,

Electrical Parameters

HResults

Parameters | Specifications EMO1 FMO1 FMO2Z

CHI CH! CH1 CH2? |CH1 CH2
Ciain
@ 324 MHz T3 dB 8.7 379 381 376 ) BT
Moodse Temp. 235K 25 26 24 27 2'-' 27
Ioput Return - = [3dB 22 16 14 23 22 16,4
Loss
Cal port RL. | 2 |6dB 15.4 I3 14 8.2 [8.4 L84
Chnpur KL = 1%1B 20 21 22 22 20.3 e
[solution = 50dB 6 f3 T () s 7l
Monae
Coupling 28=1.5dB 256 264 27.4 263 26.6 26
Fass Band =X MHz =K =R . : =i = H =4
B Curcent S0maA Max. 154 LR 33 | &7 24 275
ILMAES) @iy per channel)
Crain slope 1.5db over | 3db over [.3dB over

B MHz Mass bamd 8 MHz Pass band | 8MHz Pass band

The 1est reports SAC-R&QA-RES-TR-09-96 (of EM) and SAC-R&QA-RES-TR—10-96 {of
FMI & FM2) [refer Appendices 4 & 5] carry details of test conditions and results.



Mechanical Parameters

Buox! Parameter Specilication Achieved
Unit
LNA Cuter Dimension 105 1 =32mm 105 1012 32mm
{incloding cover &
excluding connectors
and feedthrus)
LMA Outer Dimension 4 101x32mm [ 1 001=32mm
tincluding mounting
lugs)
Virhage Owiter Dimension 45 5xd09%32mm | 45.5=40.9%3 2mun
Regulator | (including covers
and mounting lups
and excluding EMI
filters)
LNA Weight No Spues. 4450
Voltuge
Regulator | Weight My Specs, Hilg
LLMNA Contact area Mo Specs. HETS mm?
Yaltage
Regulator | Contact area Mo Specs. [H07.5 mm?

The acceptance testreport generated at the time ol delivery of these models has been
attached at the end of the report [Refer Appendix 6],
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7. Tests and Evaluation for
Space Qualification

7.1 Test Sequence for Space Qualification

The 92 em receiver ITI-KPT-92 will undergo a series of space qualification tests for
compliance to specified levels. The sequence for tests and evaluation (T & E) of the
Engineering Model of the Receiver is briefly listed below

1. Phyvsical Measuremen!
a, Mass

Centre of gravity

Muoments ol Inertia

Dimensions

Footprint

Surface Flainess

mRaen T

2. Electrical Functional Tests
(Initial Bench Test)
3. EMI/ EMC Tests
EMC tests for compliance to the permissible levels specified for

Radiated Emissions
Radiated Susceptibility
Conducted Emissions
Conducted Susceptibuliny

4. Environmental Tests
Temperature Storage (Cold and Hot)
Humidily Starage
Thermal Cyeling (Operational )

5. Vibration Tests

Eesonance search (stiffness tes

Steady-state (sinc) vibration tests (x, y, 7 axes separately).
Random vibration test

(%, ¥. # axes separately)

Static and Dynamic Overload teses

Final Resonance Search (stiffness test)

6. Final Electrical Functional Tests

The details of all the tests and procedures and the acceptable levels for compliance are
covered in the Radioastron ‘Blue Book .

For the LNA package alone, the above mentioned complete qualification tests need not
be carried oul since it will undergo these tests after integration with the receiver, Therefore,
only the tests specified in the next section (7.2) have been performed for qualification. at
Space Application Centre, Ahmedabad.
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7.2 Test Program for 327 MHz LNA Package
7.21. Warm up period.

The LLNA 18 switched on and operated for 100 hours. No measurement is to be done
during this period. The environmental conditions are normal as below :

# Temperature x5 C
#r Humidiry <BO%
# Pressure 101350 mbar

7.22 Test Equipment

. Vector Network Analyzer HP#5101

2. 8 Parameter Test Sci HPES15A

3. Scalar Network Analyveer HPE7STC

4. MNoise Figure Meter HPEGT0A

3. Cal. Moize Source HP346A(5dB ENR)
&, Spectrum Analyrer HP#562

7. Dual Directional Coupler HPI 1692

% Calor Pro Plotter HPI4754

G EATON Hot & Caold

MNoise Source
[0, SWEEP Qscillator HPH350B

The set ups for measuring the varkous parameters are shown in figures | through 1V,

7.23 Initial Bench Test

This test shall be conducted at A/C laboratory conditions and all the specified electrical
parameters (refersection 2.1 a)are to be measured forits compliance to the specifications.

I. Parameters to be measured

I. Moise Temperature

2. Input Return loss tor VSWR] at all input paris
3 Output Return loss at CHI & CH2 outpul ports
4. Gain at C.F. for each channel

5. Frequency Response

O, Bund Width

7. Phase Response

8. 1 dB Compression Poinl

9. Difference in gain between channels

100, Isolation between channels

I Threctional Coupling

I1I. Functional Tests

Apply +12V DC (£1%) from a regulated power supply and measure the supply voltage
(+5V) going to the LNAs. Measure the DC currents drawn by both the channels,

41



~oise Temperature Measurement

‘¢ | shows the set up for measuring the noise temperature. Measure the noise
perature of both the channels (with all the unused ports terminated) in the frequency
ange 320 MHz to 328 MHz, in steps of 2 MHz.

(b) Return Loss Measurement

Figure IT shows the configuration for measuring the input and output return losses in
the frequency range from 3 10t0 330 MHz. Terminate with 50 ohms loads, all the unused
ports during the measurement. The responses are to he plotted.

(¢) Gain Measurement

Measure and plot the frequency response in the freq. range 310 to 340 MHz using the
sel up shown in figure I1I, for both the channels (nominal input power level is -60dBm).
The gain flatnessin the pass band from 3200 328 MHz foreach channel is to be measured
and the band width is to be determined. Record the gains of each channel in the pass
band in I MHz steps. The gain difference between the channels at the C.F. (324 MHz)
is to be noted, then.

(d) Phase Measurement

Measurement of phase response has to be done using the set up shown in figure I1. Take
aplotof the response in the frequency range 3 10MHz 10340 MHz, foreach of the channel.,

(e) Measurement of Isolation between channels
Measure the isolation between the channels CHI and CH2 by,

(i) by feeding -60 dBm power input to CH 1 and measuring the forward transfer gain (S21) difference
beteween the channels CHI and CH2;

(i) Similarly, measure the difference in the gains of the two channels for -60 dBin power level at CH2
input port. (Unused ports shall be kept terminated.) The test set up is same as the one wsed for the
Muasurement of the gain response ie. Figure 11,

(f) Measurement of Coupling

TE_rminau:the CH1 and CH2 input ports with a 50 Ohms load and feed signal atthe Cal.
Noise port and measure the gains in the frequency range from 320 to 328 MHz foreach
channel, Therein, derive how much the signal from Cal. Noise input gets attenuated
compared to the signals if they had been fed from CHI & CH2 inputs, The test set up
15 shown in Fig.I11.

(8) 1dB Compression Point Measurement

Measure the output 1dB compression point for both the channels. at the center Irequency

(. . . : : - :
F.). The Measurement set up 1s same as that used for measurng gain,
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7.24 Thermal Soak (Operational) Test

Theunit has toundergo 4 thermaleycles in the femperature range 0°C o 40°C with 2 hours
stubilization ateachextreme temperature. It should be further followed hyﬂne(ﬁlh}uy::lr
af 4 hours smhilizutinnme:u:hul'!he above extreme temperature. The unit shal be kepi
O continuously during the test, During the fast cvele (5th), the gain and phise stability
huve to be recorded for o duration of 4 hours, at every 1/2 hour interval The heating &
cooling rates are 2 deg. per min and | deg. perminute respectively. Refer figure IV for the
soutk test plan,

7.25 Vibration Test

This test is non-operational. The electrical functional tests shall be carmied oul before
and after this test for its compliance to the specifications.

The unit shall be directly mounted on the Vibration shakerand subjected to sine vibration
of 2g at 25 Hz for 10 minutes in all the three axes.

7.26 Temperature Transportation Test [Storage test]

The LNA unit in the transportation package shall be keptat a temperature of -50°C for
24 hours. After this, normal conditions (roop lemperature) are to be created and the
measurement of Noise temperuture and VSWR are to be performed. Then, the package
shillbe kept at a temperature of 50°C for 24 hours, and the noise lemperature and VSWR
Iheistrement are 1o be repeatéd, after the normal conditions are restored. The heating
andthe cooling ratesare the sume as mentioned in section 7.24. This test needs tobe carried
out only on the engineering model.

7.27 Final Bench Test

The final bench test shul] be carried outin A/Claboratory conditions and all the specified
clectrical parameters {refer section 7.23) shall be measured
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7.24 Thermal Soak (Operational) Test

Theunit has toundergo 4 thermaleycles in the femperature range 0°C o 40°C with 2 hours
stubilization ateachextreme temperature. It should be further followed hyﬂne(ﬁlh}uy::lr
af 4 hours smhilizutinnme:u:hul'!he above extreme temperature. The unit shal be kepi
O continuously during the test, During the fast cvele (5th), the gain and phise stability
huve to be recorded for o duration of 4 hours, at every 1/2 hour interval The heating &
cooling rates are 2 deg. per min and | deg. perminute respectively. Refer figure IV for the
soutk test plan,

7.25 Vibration Test

This test is non-operational. The electrical functional tests shall be carmied oul before
and after this test for its compliance to the specifications.

The unit shall be directly mounted on the Vibration shakerand subjected to sine vibration
of 2g at 25 Hz for 10 minutes in all the three axes.

7.26 Temperature Transportation Test [Storage test]

The LNA unit in the transportation package shall be keptat a temperature of -50°C for
24 hours. After this, normal conditions (roop lemperature) are to be created and the
measurement of Noise temperuture and VSWR are to be performed. Then, the package
shillbe kept at a temperature of 50°C for 24 hours, and the noise lemperature and VSWR
Iheistrement are 1o be repeatéd, after the normal conditions are restored. The heating
andthe cooling ratesare the sume as mentioned in section 7.24. This test needs tobe carried
out only on the engineering model.

7.27 Final Bench Test

The final bench test shul] be carried outin A/Claboratory conditions and all the specified
clectrical parameters {refer section 7.23) shall be measured

3
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8. Operating Manual for the 327
MHz LNA Package

8.1. Introduction

8.11 General Information

This  document describes the operating instructions for the 92em Low Noise
Ampliticr developed for the 92cm receiver of RADIOASTRON.

‘The 92em LNA unit will be kept inside a thermostat where the temperature will be
maintained at 23 + 2°C. The unit will be integrated with 92cm  receiver box which is
inside the focal package of the 10m antenna, When Y2cm band is not used, the receiver
and the thermostat will be switched off. During this period, the temperature inside the
thermostat will in the range of 0°C 1o 40°C.

8. 12. Initial Inspection

[nspect the dedicated transport container for damage. In case of damage to the
container or the cushioning material. first verify the contents are complete and then,
perform electrical and mechanical inspections. The contents include 5 SMA straight cable
plugs (direct solder attachment type) for 0.1417 semi rigid cable. besides the LNA
and the voltage regulator units.

8.13. ESD Caution
ESD can damage or destroy electronic components. The unit should be handled only
in an ESD protected environment. Care should be taken while handling the DC wires
leading to the voltage regulators and when not in use, should always be kept shorted.

Avoid touching the center conductor of RF port connectors, without properly grounding
vourself,

8.2. Description

8.21 System Identification

The 92c¢m Low Noise Amplifier and its voltage regulator have been mounted on a
lemporary baseplate, and their interconnections are shown in the ICD {dwe. No. RAD/ACD/
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|, for EM; RAD/ICDY2, for FMs) enclosed.

The unit marked "LNA [T-KPT-92" is the two channel LNA for the 92¢m receiver
system. The unit marked “PS T1-KPT-92" is  the voltage regulator which supplies the
required +5V for biasing the LNAs.

The model numbers “EMOI, FMOI & FMO2”, are pasted on the top cover for

identification

8.22 Signal Ports Identification

The five RF ports in the LNA unit have been marked Il 1o J5.

Il - CHI input port
12 - CH2 inpul port

J1 and J2 receive the signals directly from the antenna terminals through 65cm
lang 0.141" semirigid cables.

12 - CHI outpur port
14 - CH2 ouiput por

J3 and J4 have to be connected to Dielectric resonator band pass filters that follow
the LNAs in the receiver chain.

15 - Port for injecting the calibration noise signal generated in the receiver.

8.23 DC Bias Points Identification

The +5V regulator gets +12V (=1%) from the receiver through the wires
numbered ©17 and “2". Refer the ICD enclosed for the details. The wires 37 and 47
carry +5V for channels CHI and CH2, respectively.

The input side of the voltage regulator unmit has been marked +12V whereas the output
as +5V along with the channel identifications.

ar



8.3. Power Requirements

" Paramalars Madel
— ' En En1 FIZ
CH1 | CH2 | CH1 _ CHz | cm | cHe
Veltage +120 12 +12 +12V +12v +12V
Currant’ (ma) 5.4 i g a3 ar 2B 27.5

" Tatal current drawn by the ILNA & Regulatar units,

8.4. Input RF Power Range

The nominal input power to the RF ports (J1,J2 & J5) should be around -60 dBm,
while testing the unit for comphance. Power levels greater than -40 dBm at the input
stress the unit as the LNAs then will be driven into saturation.

8.5. Visual Inspection

8.51 Check of appearance
8.52 Labels for connectors

8.53 Label of manufacturer & unit

Manufacturer - TIFR/SAC, India
LNA unit - LNA [T-KPT-92
PS5 unit - PS TI-KPT-92

Model No. - EM 01 or FMO1 OR FMO2

8.54 Protective connector covers

8.55 Quality of assembly



8.6. Mechanical Inspection

Refer the mechanical drawings attached with the document.

8.61 Outer Dimensions

LNA Box [including covers and excluding connectors and feedthroughs] —
105(length) x 101(width) x 32{height) mm

LNA Box [with mounting lugs] - 114 x 101 x 32 mm

Voltage Regulator Box [including covers, mounting lugs and excluding line filters]
- 589 = 45.5 x 32 mm

8.62 Mounting Dimensions

LLNA Box
Along box length - 105 mm
Along box width - 92 mm .

PS Box
Along box length - 499 mm
Along box width - 365 mm

8.63 Mass
LNA Box [completely assembled] — 445 grams
Voltage Regulator Box [assembled] — 80 grams

8.64 Center of gravity [ Estimated

Left most corer of the LNA and regulator boxes as mounted on the temporary
baseplate is taken as respective origins for their coordinate axes system. The orientation

of the three mutually perpendicular axes are as per the agreed drawing in the Mol [refer
Figure 2-2].

LNA Box [x,v.z] — [12.86, 45 66, 51.54 mm|
Regulator Box [x,y,z] — [17.40, 1498, 21.81 mm]
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8.65 Moment of Inertia [Estimated]

For axes and origin definitions refer the note under section §.64.

LNA Box

lxx = 2.7 Kg-cm?
Iyy = 3.2 Kg-cm?
lzz. = 2.9 Kg-em?

Voltage Regulator Box
Ixx = 0.08 Kg-cnv’
Ivy = 1.30 Kg-cm?
Izz = 133 Kg-cm?

8.66 Material of housing - Aluminum Alloy 6061 T6

8.67 Coating - Chromate conversion (812 m thick).

8.68 Contact area

LNA Box 10875 mm®
Regulator Box  1907.5 mm’

8.7 Electrical Performance

PARAMETERS

Center Frequency
Bandwidth

Gain at C.F of CH1
Gain at C.F of CH2

CH1 MNoise Temperature
CHZ2 Moise Temperature
I'P Return Loss of CHA
I'P Heturn Loss of CH2
Meal port Heturn Loss
O/P Return Loss of CHA
O/P Return Loss of CHZ2
Coupling into CH1
Coaupling into CH2
Isolation between Chs,

[MHz]
[MHz]
[dB]
[dB]
(K]
(K]
(dB]
[dB]
[dB]
[dB]
[dB]
[dB]
[dB]
[dB]

50

EM1

324
=8
39
3B
25
26
27
36
18.5
22
24.6
258
26.6
= 65

FM1

324
=a
381
376
28
27
17.8
234
18.2
21.9
21.8
27.4
26.3
= 69

FM2

324
=8
37.7
36.6
25
26
2z2.2
16.4
18.4
20.3
P
26.6
26

= 65



8.8 Storage Conditions
The package should be stored in A/C laboratory conditions, ie.

Temperature 23 #2°C

Hunmudity < 50% RH
Pressure 1013 +50 mbars

8.9 Drawings Enclosed

#1 Mechanical drawing of 92cm LNA hox.
Drg. No. G10/523, sheet 2 of 3,

#2 Mechanical drawing of Voltage regulator box for the LNA,
Drg. No. G10/462, sheet 2 of 3,

#3 Assembly drawing of 92cm LNA box.
Drg. No. G10/523, sheet 1 of 3.

#4 Assembly drawing of the Voltuge regulator box.
Drg. No. G10/462, sheel | of 3

#3 Temporary baseplate Harness drawing,
Drg. No. RAD_ICD/1.

#6 Temporary baseplate Hamess drawing.
Drg. No. RAD/ICD/2.

#1 PCB drawing of the LNA Box,
Drg. No. G10/523, sheet 3 of 3,

#8 PCB drawing of the Voltage regulator,
Drg. No. G10/462, sheet 3 of 3,
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NOTES

L. The yellow wires ‘I’ & ‘2° are to be connected to +12V ; Black one is for ground.

2. The pair # 3 (from bottom regulator) is for CH1 LNA and pair # 4 (from the top regulator) is for CH2 LNA.
3. The ground connections are made through ground turreis mounted on the boxes.

3. The wire pairs ‘3’ & ‘4’ are approx. 150mm long; ‘I’ & ‘2’ are approx. 300mm long.

Dwg. #: RAD/ICD/1
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9. Appendices

Memorandum of Understanding between TIFR, Indian and Astro Space Centre, Mos-
cow, December 1992,

Approved Components and Material List for the LNA package.
Reliability Assessment for 327 MHz LNA package.

Final Test reports, after qualification at SAC.

Supplement to test reports generated by SAC.

Acceptance report dated 1.12.1996 generated afler delivery of EM and FMs to Astro
Space Centre, Moscow.
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LI L N B f" — L} ;
MEMORANDUM OF THE 92 om LKA DISCUSSIONS

plIRHEY MOS0V
42 pene il {2

. £SENT:

cantder Pravesn Kumar (TIFRD

mna & (KB BofizZont)

makiin =.4 ‘B Gorizoritos
ghliln \ tRE Gordimont)

e N, CASLED

pp tle basis of the memarandum of understanding betwesn TIFR and
K {presontly Astaw Space Center Lebedsy Phwvsics Iistitute) and as
v the spocifications astsed upon duping the 155U RADIOASTRON pevie
womesting held at Moscow Octeber—November 1920 (Dodumented as Ap-
widie BY2 on Lle 92 g LNA anit), a gqualified Ensinesrving modal of
he Lya 92 cm. Front End vas deliverad Lo Lhe ASC. Mascow during Oo-
obep 190

However in order to conserve Lhe spacecraft pover preguired far
Bes 1 ompeatiure canlas ling in the focal package of the Space Radlo
Flescipe and Lo achisve lover noise figures currently attainable,
e husslan side desired changss in the mechanical and electrizal
Featications, Under Lhe pev agrecments, Lhe Dislectpic Resonaton

S0d page filter of B MHz bandyidbth and post. amplifier for the tvo

Tannels el be built by the "KB Garizont” at Nizhrd j Noevgorad and



rated to the 92 cm receiver built by them.
Leg
TIFR India will deliver one Engineering model to the October 1903

4 two Flight. models of the twe channel LNA to the March 1004,
. /

fhe drawings of the LNA to be agreed to February 1993,
; 5

The detailed =specification for the 92 cm LNA are as fallovs:
plect.rical

renter [requency 324 MHz,
Gain at center freagquency 30 + 3 dB.
Gain ripple over = 4 MHz from the center frequency nol more than
028 4R
bifference in gain between the two channels not mere than 1 dB.,
- Input. and output. impedance 50 ohms.

Input. VHWR to be optimized for low noiss, but te be better than
 1.6.

Dutput. VSWR better than 1.25,

Noise temperature 25 +3 K,

VSVR of noise calibration port better than 1.4.
¥ Isulation between two channels not less than 50 dB.
b Coupling of the calibration line including 6 dB resistive power

Givider 28 + 1.5dB, coupling of directional coupler = 22 dB

kg Supply voltaze for the LNA 45 V and max current 50 mA per chan-

iz ]

e SUpply available to the voltage regulator #+12 V. * 1% and max

b



i Y . and current at least 60mA per channel.
pipple 10 @ .

All RF connectars SMA flange mount. panel receptacles,

.Fjvﬂ cMa straight. cable plugs for 0.141" semi rigid cable direct

solder at.tachmant. type should be supplied - for all the parts.

pC Bias voltagze to the LNA through EMI Feedthru Fillers,

~Mechanical:

gutside dimensicn for the LNA box including cover and excluding
connectors and EMI feadthru filters 1053 dength? = 101 (width? x

32 (height? mm.

OQutside dimensions with mounting lugs for the LNA Box 114 x 101 x

32mm.,

¢ Mounting lugs should not project out along the width and the input
 side,
The tvpical sketch of the Box is indicated in Fie. 1,
The cutside dimension for the voltage rezulator Box including the
covers and mounting lugs and excluding the EMI filters 455 x 40.9
X 32mm. This is exactly as per the flicht medel drawings supplied
by India.
* Material for the Box 6061 - T6 Aluminium Alloy.
* Surface treatment: chromate conversion coating.
* The length of the two twisted pair wires (ane for each channell

from.

a) LNA to the voltage regulator approximately 130 mm,



yoltage regulator to the power supply (The power supply end

|gft freed approximately 300 mm.
 The LA and the voltage regsulator may supplied with both units
mlunhld on a Lemporarvbase plate.
¢ The engraving on the covers will include
f.) IN CH-1. CH-2 and CAL.. OUT CH-1 and CH-2. 45V DC for the LNA
:: py #12 V IN and +5 ¥V OUT for the voltage regulator
9 Envircnmental:

The LNA unit is uncooled.

It iz placed inside a thermostat, which controls the temperature
Lo +28 1 € and integrated to the 92 cm receiver Box which is loca-
«It-E-d in the focal package of the 10 m Space Radio Telescope operating
'.]'n four different frequency bands. Vhen 92 com band is not used, the
"IT'ECEli'.-'F_»P and the thermostat will be switched off. During this peri-
.od, the operating temperature fer the LNA is in the temperature ran-
te from 0”to 40”c.

The details of the other environmental conditions are civen in
the document, "General Technical Requirements Relating to the Scien-
Lific Apparatus and Documentation for the RADIOASTRON Project."(Blue

boak

T e = R R e e e e o R e e e e ——— -

The LNA and the voltage regulator will be integrated with the 92

M Ruzsian receiver and the entire intesrated unit will undergo qua-



jfication test at "KB Gorizont' Nizhnij Novgorod. Thefore only the

follii"'-"i”f: tests should be conducted in India for the LNA:
¢ Warm up period of 100 hours.
¢ Physical measurements and markings.
¢ Isolation test.
¢ Completa functicnal tests,
£ Vibration in X-direction {launch direction) at some frequency
between 20 and 30 Hz with acceleration of 2 g for 30 min.
¢ Climatic test.

¢ Reliability Ccalculateds,

The details of ths test program are given in the Test Frogram
document, {Adstemmmre—i) |

The following technical documentation must be supplied for the
LNA:

1. Technical descripticon.

2. Operating instruction.

. Pazsport. (for each unit.

o

4. Summary repert on the ground testing is to be supplied.

Mo
oo
.;L"u
Alexander Praveen Kumar (TIFRD ‘-,lysh V. CASC>
){ ;{‘;z/‘ﬁz’
11 December 1992 at Mo=cow Vasilkovy V. {(ASC)

1292 oeaeed
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ANNEX -A 2

RADIOQASTRAQON
LNA P=kKEBT=G2
Th BT PEOSRAH

| Warm Up pericd.
The LHA is swiltched on and operated for 100 hcurs o
measurement are done during +Lhis period. The  envirocnmental

conditicns are normal:
% Temperature: 20#5°C
» Humidiby: <80%
% Pressure: 1013150 bar
2,1. Check cemplele set of the LNA unit and documents.
Check of canformilty-the LNA unit Lo designer documents.
OuLer dimension
Mounting dimension
Mass
Center of gravity
Moments of inertia ..
Material of housing
Coating malerial
Contact area
c.3. Check of the appearance, quality of assembling, marking of Lhe
~ LNA unit. - -
* A visual inspection
#* Marking of connectors
* Label of Lhe manufacturer
* Red covers for Lhe conneclors.
3. Funclional Tests.

Complete functional Lesl should be done for two channel Lwice:
in Lhe beginning and Lhe end of the whole tesling program. The en-
‘ironmental conditions are normal during these tests. A sbability
of gain and a phase stabilily should be recarded for the
Lemperature rznge frzm 09 Lo +40°C.

Hoise Temperature,
Heasurement of Lhe VSWR.

(BB
[§8)

WM o X W W W M

(el [ b

Dynamic range.

Caompalibility with the f=ed.
This test will be made in ASC.
Measuremenl of the gain
Slability of Lhe gain.

Phase ‘stabiliLy.

wd ol )

e

wdLd U
10 R I 5



'

g, Measursment Li= difference in gain betwee:n chapnz.s)

-

; 10, Measurareny (=claticn belween iwo channes.s.

gll.ﬂcupiin; e o2 calibrstion  lins inci:cin; > dB resisiive
) povwer dawider

il Trhermal cycling Test.

The LNA unit underge by five Lhermosycle in the Leirperature range
from 0% to 40°¢.
5. VMechanical Tests.

Ar isolation and functicnal tests (Noise Lemperziure and Mea-
surement. of Lhe YSWR) sheuld be carried out before ard afler each
individual mechanical tests.

5.1. Vibration test.

LNA unit should be vibrated in X-direction (launch direction)
al some frequency belween 20 and 30 Hz wilh acceleralion of 2 g for
30 min.

5.2. Static acceleraticn Transpertation Test.
8.3. Shock Transpertation Test.

While the LNA unit is in their transportation package,
following impulses Lo be given to Lhem:

* Acceleration 18 g, 5000 impulses

* Acceleration 10 g, 15000 impulses

The duralion of one impulse is 5, .10 ms
6. Climatic Tests.

6.1, Temperature Transportalion Test.

Minimum and maximum Lemperalure are achieved during
transportation.

The LNA unit in the transportation package to be keplL at a
temperature of -50°C for 10 hours. After Lhe aclion, normal condi-
ticn to be created and the measurement Noise Lemperature and VSWR
‘e be perfarmed.

The LNA unit :n Lhe transportalion package to k2 kept al 3
temperature of +50°C for 10 hours. After Lhe action, norral eondi-
“i0n to e creatad and Lhe measurement, Hoise tempera~ure and YSip
0 be performes.

i Isclation Tesi (for normal cendition).
3- Power consumgtion Test.
4. Reliability (calculated).



APPENDIX - 2

- Approved Parts List [APL]

-Approved Material List [AML]
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- Reliability Report
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,TRODUCTION

s cEgelt  CVSGUS§s: Tre orattast fuy aggesemer:

;11aht podal o 324 Wk e WITES Fyoopt Sy P 3=

ﬁavﬂ1“ cevelcped oy tne iF5. Tne assumpts s macs
ﬂrryl aut -ellad” 1ty es*imal ons  and othe 2T ELRMT
getails are mentiored -« para 2.J. The Ffajlure ~ate 27aly-
15, @ CIuWIHﬁ the gpart= s-ress 78 g way 1 Taole-1, el B
in tre conclusior T8 given 1n para 4.7 of the report,
ASSUMPTIONS

ne reliability assessment was carried out bEbased on ths
fallowing Assumptions.

Failure rate for various parts are calculated as per
MIL-HCBK-217F. Not ce-1 (the latest versicn)

Part 3tress method is employed.

L]

3. Quality factors are taken in accordance with Flight
approved parts list (APL).

i, The mission time for the payload 1s considered as 3
years /2 years with 100 % duty cycle.

E Inter connectiorns and the interfaces of the paylcacd
with other spacecraft are not considered.

ﬁ. The cperating temp. is canaﬁdered as 259" + EOC

1. Tha apportioned re1iah1l ty goai of this circuit is
: .95 for 3 years. . e

-k 1 e
8. Mission success indicates the functioning of Low Noise
- Front End- for RCFP & LCP inputs together, with 1in &r
fications.

RELIABILITY ASSESSMENT

The Fig. no. 1 represent the functional block diagram cof the
Racrostron 324 Low Noi1se Frent End and fig. no. 24, 2B & 22
represent the circult diagram of 324 MHz Low Noise Amplifi-
8, LNA Power supply & Cirectional coupler. Thae reliabilit,
ock diagram and the Mathemat'ca’ Mzdel for tne payicaz

'$ Bhown in figure no. 3.



e detealls

so-=2ak-un fo:z

(et §

T=onksoa.

Environment — SF Spaceflight

Temperature ! 259¢ + z0¢
;T Part Number Type gt7. Total Parc j
N . failure rate/-
10 £ + 6 hrs.
ﬁl LM 117 MED £ 0.012463
02 NE 13783 SEMI 4 0.052420
03 1IN 5615 SEMI 2 0.001106
04 CSR 13 CAP 4 0.000018
05 CDR12/CDRI4 CAP 20 0.000140
06 RNC55 / 60 RES 19 0.000064
07 RM1505 CHIP RES 4 0.000044 -
08 RFC IND 2 0.007800
03 AIR CORE INDUCTOR IND 6 0.011172
10  LINEFILTER EMI FILTER 4 0.005660
11  CHIP nT&zﬂuaTDR RES 2 0.008622
12 0sM-SMA CONNECTCR CON. 5 0.001374
13 ‘ DIRECTIONAL COUPLER  MICROWAVE 2 0.240000
14 FEED THROUGH EMI FILTER 2 0.002830
N 108Hrs = 0.343718

Overall F.R./

Overall Relliability
for 3 years mission

for 2 years missicn

of the payload

time = 0.991

time 0.934
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.0 CONCLUSION

he reliability figure 3f *hs FADNINSTESN pavica:
185ion time 1s given bel iow:
Mission time Relijat:1i1ty f-gur=
3 Years 0231
2 Years C.394

It is observed that the missior t-me .stipu 3tez by

project, the reliability of the Radiostron 1s found meet-
ing the apportioned goal of 0,85,

ek



1 i
L5 IO
irectional Lhifs, & Directicna =8
supler Vo' tage Coupler .cttage
Regulatar Segqdlars
0.125282 0.047E83 0.125282 0.0476393

_.,.__.-.__.._._.__.,_.__,__......-.._________..___._.___.......__.____.___._.__.-___.._-___.__.__..

Reliability Block diagram.

Mathematical Model

1]

R (t) R1 X R2 X R3 X R4

0.9910

FIGURE - 3
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- T&E Plan
- T&E Report of EM

- T&E Report of FMs
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SEACE AFFL_CATIONS CENTRE
LHMEDABAD

NSNS 12 DEC. 35

summary Recors 3F -ne TAE Committee meeting neld aon 11 -z,

= o
3-4 -

finalise =he Test Dacument on 327 MHzZ Front End LNA ~“or

qag-castron Project.

rolowlng were prasant:

shri ¥.H. Bera sShri Srinivas -
© e Neshah *  Surinder Siagh - .
Anil Shah " A.EZ Vadodaria T
5.K.Jain " Abhay Khetarpal -3
o . TR )

fcllawing points were discussed: -}3;;m4§_§m= o

1.0 Designer briefed the members about fha -LNA and the
Radicastron Project. - E

2.0 One ETM and twa FM units of LNA are fabricated and
offared for TE&E.

3.0 It was informed that no specifications are available for
the following parameters:

- Gain slope - Gain ripple

- Phase Stability - Gain Stability

However, these parametars will be measured during the
FBT.

4.0 During thermal cycling test, the last (fifth) cycle will
be extended from 2 hrs. to 4 hrs. at each tamperature
extreme to ensure temperature stabilization prior to the
measuraments. : '

5.0 During vibration test, the ETM unit will be subjected to
GO/NC GC type electrical check after each axis vibration
and detailed electrical measurement after all three axes
vibratian. The FM units will undergo electrical meas-
uramants anly after all the three axes vibration.

5.0 [Lesigrer was reguested to varify the need for dc termi-
nal resistance measurement prior to and after the vibra-
tion test. Memcers feit that this measurement across
the Tire filtars will not yield any usaful rasult.

7.0 Environmental testing «3.1 be carriaed cut as per the

tast 27an which nhas ZIean oreparad by TIFR 1in consulta-
tian w~i-h Astro 3Space Z2ntra, Moscow and SAC R&GQA. Test
plan for ETM and 7M ncde’s is given in Table-1 & 2

raspectively.
i
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3.0 TEE 1=s k2 o 3tart on | E D.Er‘_, ﬁi‘_
Srepared oy i AReyvigwed bv:
| [ .
(Abhay Khetarpal) (S.-TJain)
Member, T&E Committee Chai n

327 MHz FrontEnd LNA for
Radiastron Project.

Ta: All tha T&E committas members

cc: Head R&QA/RES
Project Leader/Gr.Dir.,SPG/Dy.Dir,SCA
Director, SAC.



ENVIRONMENTAL TEST PLAN AND T“ENTATIVE SCHEDULE =~

427 MHz FRONT

=ND _NA FOR 3ADIOSTRON PROJECT

TABLE - 1 (ETM UNIT)

_____..___———-——.———-——.-————--—-——.—.-—--—.—.—-_-_—_—__——_--.—_—-.-.._.______,._____-__.._..-_——___.-__

S T S o o _._._.____..____.___...,___._..____.._.___._.____________,_________._,__.____

sr. Date

No.

1 15.12.95
2 18.12.35

3. 18.12.858

Cold storage : =50 deg.C, 10 Hrs.

Hot storage : 50 deg.C, 10 Hrs.

Sine vibration : 25 Hz, 2g, 10 min. each axis

Thermal cycling : Four cycles of Ccld(0 deg.cC,

2Hrs) and Hot(40 dag.C,2Hrs)
follaowad by oane c¢ycla of
Cold (0 deg.C, 4Hrs) and
Hot (40 deg.C, 4Hrs).

6 22.12.95 FBT A/C lahb.
TJABLE - 2 (FM UNITS)

Sr, Date Test Remarks

Ng,

! 26.12.95 1IBT A/C Lab

e 27.12.85 Sine vibration : 25 Hz, 2g, 10 min. each ax:s

i 28.12.35 Thermal cycling : Four cycles aof Cold(5 desg.:.
2Hrs) and Hot(35 deg.C, 2w-=
"ol awad by one cycie o=
Zald (5 degq.C, 4Hrs) ing
Hot (35 dag.C, 4Hrs)

4 29.12.95 FAT %/C Tab.

e - - = _._._.__..____._._._...._..____.-.-__..-__..._.__._-._________u___ AR
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TEST & EVALUATION REPORT
ON
327 MHz FRONT END LNA (EM)
OF
RADIOASTRON PROJECT

FEBRUARY, 1996

APPROVED BY : T&RE COMMITTEE

SUBMITTED TO : DIRECTOR, SAC

RELIABILITY AND QUALITY ASSURANCE
SPACE APPLICATIONS CENTRE
GOVEENMENT OF INDIA
AHMEDABAD-380 053.
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Photograph of the 327 MHz Front End LNA
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“NTRCDUCTION

zadiczstron 13 3 spacs radio-telascora havong  Tecssvars  at
1,33 ¢ a gy I3.0m; Snd 30 oop wavelanoohe =3 Ba laveshad oY
russia, Indilan zarticipaz:zon in =ha miasips- 43 weith ==zard =

the Jevelopmesn: and delzvery =7 sntcars 377 NE:z TZancand
LA W NcIse amplifier’ for I ocm Tecaiver Ttz athew
perticn of ths racaiver wWill bes zupplied 27 atisr zlaoba

partizizants I RADICASTRIN misswon Tha 207 MHz LH& w111 pe
housea 1n £ocal contalner which :s heresmec-izzlly saz’si with
inert Fas a4t anblent pressurs.

fiile the design has been finalised kv TIF3 grolup &t Pune,
the fabricaticn, testing and space qualificatiaon have been

This report describes the gualification level Test & ZIZvalua-
ticn carried out on this un:t, performance cbserved during
cesting, evaluation of the test results and racommendations.

Test & Evaluation was carried out by the TLE commi<<ee con-
stituted by ODirector, SAC (ref. Appendix-I). A repert on
test results and deviaticns submitted by ZElectronics tast
facility (ETZ. is attached in Appendix-II. relevent notes
and waivers given for this unit are provided in Appendiz-ITIT.
QA/QC certificates are provided in Appendix-IV. List of test
eguipments used Juring T&E 1s given in Appendix-V.

BRIEF DESCRIPTICN OF UNIT

The 327 MHz low noise front-end consists of a LNA and a
Voltage regulator (power supplvy). This is a dual channel LNA
with RF inputs for CH#I and CH#Z, and a third input for
caiibrztion ncise injection. The calibration noise is
injected into each channel through a resistive power divider
and a directicnal coupler. The operating frequency range is
from 3ZIMHz to 328 MHz. The DC supply to the LNAs comes
through +5V regulators which gets +12V inputs from the
spacecraft supply.
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SENERAL CCMMENTS

311 the =zlectrizal ZarszrTerters wWeres mMe&sur3d s DeT TIs Tass
AcOUment wialcox was IIDa_ZZed by toa TRE commisize

T¢ was ansiurad that era2ircnie Teatl equipment: ans  SnTIran-
mantal chapiers were i yaiibratsd cenditions Srie= o =TarTe
-ng the tsz=t

T & B £2f he subsysten Zas beaen stdrtad aivsr Cemsivins  tha
‘gfes8ary clearances frem QA,Q2 (ZTlectronics ind HMecnzmoizzl
The environmental tests were carried out 2s per ths T==7 £lian
whoch has Lkeen prepared by TIFR in censultation wIth =2stoo

Space Centre, Mcscow and R&QA, SAC.

During the environmental tasts, only the Gain, Isclatizn and
Ncise Tzmperatire parametars  wers measursad.

Stability test was carried out for 4 Hrs at amblsat to
detarmine the Gain and Phase stability.

A_l the measurements wWwere carrled out with SMA cocroector
z4dv¥aers.

Measurements during the initial and final Zench test=z wers
taken using AP 3510 vector network analyzer. However, during
the other zfasts, HP 3757 scalar network analvzer was us=4.

No:se temperature was measured using 5 dB ENR Nc_se sour-ce
and HF 3970 Noise Figure metaer. Noise temperature was also
verified using ZATON Hot % Ccld Nolse source.

TESTS CONDUCTED

Following tests were conducted on the unit as per the teast
document which was finalised by the T&E committee.

a) Initial bench test : A/c Lab.

b} Celd storage 1 =50 deg.C,; 1ohes.

c)] Hot storage : +50 deg.C, 10hrs.

d! Sine v-bhration D 25 Hg, 29 iDmine el Bhe
three axis

a) Thermal cycling 1 4 cycles gf =pld T Isgsl
cHrs ) and Ect 27 Izg.Z
e h) dem T, Ser #hd
ot [40 deg.Z, =Hdr:=z

' Tipal Lkench =S A/ lab.

(1%



6.

8.

-

0

[

SARAMETERS MEASURED

| 331n at 224 ME-  cantres fragarnc
¥ . IERlEEIon Shen Stghapat v e B oERdis 4. 3
* 3, Nolse tfamperatirs
d.  TOEEED madaer s
5. Qutput retirn Zgoss
6. Noise port coupling at 324 MHz.
7. Noclse port return loss
* Parameters measured during envircnmental tests
Note: a. These parameters were measured for both CHEL & COH47.
b. Stability run was carried out for 4Hrs at ambient.
PERFORMANCE

A_l the specified parametars were measured and found to be

within specifications during the tests conducted except the
following worst case deviations.

DEVIATION

During FBT, Ncise pcrt coupling was observed to be 25.62 dB
and 26.39 dE for CH¥1 and CH#2Z respectively against the
specifications of 26.5 dBE min.

ANALYSIS AND ACTION TAKEN
This deviation was considered as minor.

Gal., Slope was measursd as an additional parameter in FBT and
found to be 0.183 dB/MEz in CH#1 and 0.17 dB/MHz in CH&Z.

Besides, Gain stability and Phase stability were found to be
0.314 dB (p-p) and 0.08 deg. (p-p) respectively during the
4 Hrs stability tests at ambient cn CHEL.

CONCLUSION
Basad c¢n the periormance given in the akcve paragragh, <his
unit 15 ¢learss fcor further intesgratian.



AFPENDIX - T

SPACE APPLICATIONS CENTRE
AHMEDAZAD

Ref: DIR/7.23(A)/91 : S June 19, ]9c¢

MEMDERANDUM

5AC has undertcaken the respensibiliety of fabrication and spac
qualification of Radicastron Front-end f£or TIFR, Pune. Th
Electrical Therzal Model (ETM) of Frant-end is fabricaced. Test
Evaluation of «cthis has to be carried out as per the T&E pla
(5AC/R&QA/FP/20/91) generated by R&QA Division, SAC. The follow
ing team has been constictuted to carry out this cask,.

— l.. .Shri 5.K.Jain (R&QA) Chairman
p I Shri A.L.Vadodariya (CHMTF) Member
i Shri N.V.Shah (ETF) Hember
4. Shri R.B.Bavaria {PRPD) Member
5. Shri V.K.Jain (PRPD) Hember
6. Shri V.H.Bora .. (M5DG) Hember
7. Shri S.M.Srivastavs - (ESGHG) Member
8. Shri Surender Singh. (PRPD) Co-ordinator

Dr.H.0.Gautam, ‘Team Leader, SAC-TIFR Radicastron Project will
provide electrical performance specification & test results of
the Front-end to the T&E Committee.

The Committee shall suhﬁit the TSE report to the undersigned.

(Pramod .Kale)
‘Director
To : All Commltcee Members

22 ! Project Team
Steering Committee



SPACE APSLICATICNS CENTRE
RELIARTLITY :-_iHD GUALTITY ASZURANCE
AHMEDABAC

Data 11-12-89¢E

Following engineers are co-optad as memters of the T &
committee for 324MHz FRONT END LNA for RADICASTRON pre

Ject.
( Ref. Dir/7.23(A)/91 dt. June 19, Tﬁﬁi)

1. Shri ﬁbhay Khetrapal RES/R&QA

2. Shri Anil Shah, ETF/EnTF
A

o |
\ L i

Chairman T&E committee,
A324MHz FRONT END LNA fo
RADIOASTRON project.

To: Shri Abnay Khetrapal,
Shri Anil Shah.

c=: Head RES/R&GA/FRPD
Manager ETF/EnTF
Gr.Dir., SFG
Direczor, 3AC.



SAC/ETF/T&E

JAN

APPENDIX -TT

REPORT CF
TEST RESTULTS & DEVIATICNS
oN
327 MHz FRONT END LNA
FCR RADIOASTRON

(ETM)
e
TESTING TEAM
A.K.SHAH | ETF
S.N.LAKHTIA r
SRINIVAS M. -| PROGJECT . -
PREPARED BY : A.K.S5HAH | ETF
e ¥ LD FUST E~a"avr Kerwars AnAluse
g [ Syj=ii
ey ' e = P =
s A
REVIEWED BY : =-==- ==
(H.S.RAINA)
MANAGER ETF

ELZCTRONIC TEST FACILITY
EnTF/TS5G
SZACE APPLICATIONS CENTRE
AXMEDABAD 380 053

1998



'::rgpﬂrt descrlbes| the test results of the 327 MEz FRU “HD
*® for RADICASTRON project (ETM). A comparative chart eof the
'. results of important tests nhas been prercared anéd is at-
5;ed in table -I. Results of cther <Tests are available wizh

Tf
st C"u]""]'ﬂentq

e ——
-
-

-
4 tests Were conducted as per test Doccument final:zed by T&E
ﬂﬂu,ttee
..jted parametars were measured during envircnmental test as

'ﬁcided by T&E committee.

.47 & FBET were conducted on HP 8510 Vector Network Analyzer and
cher tests were conducted using HP8757 Scalar Network Analyzer.

1l the measurements were carried out with SMA ccnnector saver.

'y Ers. stability test was ccnducted on one channel.
sise temp was measursd using 5 dB ENR Noise Source & HP 6 8970
wise figure meter. *7 *K is the accuracy of Noise figure
eter 1n Noise temp measurement. Noise temp was measured with
ype N-SMA adapter at LNA input. Nelse temp was verified using
ITON Hot & Cold Nelee source.

iring IBET Noise port ceuplinq was measured using HP 8757 Scalar
twork AnaIYZEr. !

.2 dB is the accuracy nf HP B?E? Scalar Netwcrk Analyzer in
lateve measurement. et :

.02 d3 is the accuracy of HP /8510 Vector Network Analyzer in
lative measurement.

e

A e

!
1 A j &9
. S t
riations: 9T ' T gal | i
---—-'--".-s..: " f "" ] ':- iy : x o P '..: Ay - :Il..r W
= e | - e g - Lt X 4
llowing worst case Deviations were observed. ' = i
HODEL, TEST  CH¢ PARAMETER MEAS . VALUE SPEC,
Tl raT I HOISE PORT COUPLING 25.62 dB 26.50 dBR
(min)
T FET 2 NOISE PCRT COUDLING  26.39 d3  26.50 dB
{min)

L
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SUBSTSTEM
MODEL
DRAUING NO.

APPENDIY - TX]

LIST

or

UAIVERES GIVEN TO QA(E]

FOR RADIDASTRON PROJECT

ETII

J24 NHz FRCONT END LNA & PCUER SUPPLY

Gl0/522 & G10/442

NO

DATE OF
WAIVER

JUSTIFICATION
FROM PROJECT

D T T ——————————————

23711795

23/11/95

43/11/95

Strass relisf band 1is
not provided to one of
the wire of wire line
WL1.

Connection of short
links are not done as
per the instruction

given in fabrication
Eequence.

Blow holes in Li(ss) &
dent, pinholes at R2(ss)
are observed in solder

joints. RS Y
B,

I3

The currant

configuration
WLl wireline i
acceptable to

‘project.

Acceptable to
project. -

Acceptab’
project.
Ly 3

-
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SAPCE APPLICATIONS CENTRE
RELIABILITY AND QUALITY ASSURANCE

/
§AMD [QAED CERTIFICATE

PROJECT : RADIOASTRON "DATE : 18/12/95.
MODEL ETH CER. No: QA/95/01
SUBSYSTEM ;

SUBASSEMBLY : 321 MMz FRONT END LNA AND POUER SUPPLY.
DRAUING No. : (1) G10/523 (2) G10/462

- 7 C + i ‘ F,

THE ABOVE UNITS ARE CLEARED FOR TEST AND EVALUATION SUBJECT

TO THE WAVIERS GIVEN BY PROJECT.

el

iJ“

\r

(kB yu as.“s GR. ,'DAED
Sreg ganh e : ) ' A

a8

TO : CHAIRMAN T & E COMITT
RADIOASTRON PROJECT

SAE
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Appandix -

LIST aF TEST EQUISMENTS

Sci_ar Network analyser

-
D
1
it
Ll

I network analysar
SpecIrum Analyser

Carrm+le = = 5

s¥ntlesized RF sweeper

Blattar

Noise figure meter

Nc_.se Source (3dE ENR)

ATZH Hot & Cold Ncise Source

HF

HF

HP

HE

HP

HP

H?

HP

346A
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TEST & EVALUATION REPORT
oN
227 MHz FRONT END LNA (FM1 & FM2)
QF
RADIOASTRON PRCJECT

FEBRUARY, 1996

APPROVED BY : T&E CCMMITTEE

SUBMITTED TO : DIRECTOR, SAC

~~~~~ ITT ASSURANCE

SPACE APPLICATIONS CENTRE
GOVERNMENT OF INDIA
AHMEDABAD-Z80 A53.

RELTABILITY AND QUAL



(N4

L.

i1

STRCE

AFZLICATIONS CENTRE

AHMELAZAD

JCCUMENT CONTRCS & JATA SHEET
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TiTLE & SUBTITZI:

TIPE OF REPORT
PAGES

NC. OF REFIRENCT
AUTHCR(S)

QRIGINATING UNIT

CORPCRATE AUTHIZ!S

RBSTRACZT

KEY WCRDS

SECURITY
CZASSIFICATION

DISTRIZUTICHN

SAZ-RE& A-RAZS-T4E-"0-9%

FEBRUARY, 1337

TZ8T & EVALUATION nzzoaT IN 327 MEz
FRONT END Lia  [(FM1 & FMZ)} CF
RACICASTRON PROJECT

TZCHENICAL

THREE - Appendices

RES GRCUE

REZ,R % QA

THIS REPCRT DESCRIZES TE:= ACCEPTANCE
LEVZL TESTING AND EVALUATICN CARRIZD

JUT ON 327 MHz FRONT END INA (FM1 g
2) COF RADIOASTRCN PROJECT.

T&E, ECZE ANCE LEVEL TESTING, FMI1,
EMZ, < MHZ LNA, RADIOASTRCN

FOR ISEQC AND TIFR,PUNE USE ONLY,

WITHIIN IERD AND TIFR,.PUNE
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4.0 INTRODUCTION

2.0

FadzclAstreon 15 = space radlsc-telescope havinz Tacsiverz At
1.3% em; B em; ZE em; and &l om wayvalensohs w1 28 lauzccsd by
Bussia. ndian participat:icn in the Piss3ion s woith rmesa-d to
tha developman: ind delivary of ocnbogard Z27 4z T-znztzand
WA (Zow Noize smplifier) Zor 92 om raceliver ke Zther
portisn Ths feceiver will he supp-ied By 2thsr =zlckal
participants in FADIOASTRON mission. The 327 MHz LNA <111 be
hcused in focal zzntainer which is heremeticallv sezled WLth
irert gas at amkbisnt prassure.

While the des:zgn has been finalised by TIFE group at Pune,
the fabrication, testing and space qualificaticn have been
carried cut at S2C, Ahmedabad.

This report descr:bes the acceptancs level Test & Evaluation
carried out on the 327 MHz front-end LNAs (FMOL and FM02)
for Radicastron project, performance cbserved during testing,
evaluaticn ef the test results and conclusion derived.

Test & Evaluation was carried out by the T&E committee con-

stituted by Director, SAC (ref. Appendix-I). A repert on
test results and deviations submitted by Elactronics test
facility (ETF) is attached in Appendix-II. Aelaevent notes

and walvers given for this unit are provided in Appendix-III.
QA/QC certificates are provided in Appendix-IV. List of test
equipments used during T&E is given in Appendix-v.

BRIEF DESCRIPTION OF UNIT

The 327 MHz low noise front-end consists of a LNA and a
Voltage regulator (power supply). This is a dual channel LNA
with RF inputs for CH#1 and CH#2, and a th:rd input for
calibration noisa injection. The calibration noise is
injected intoc each channel through a resistive power divider
and a directiona. coupler. The operating fresguency range is
from 321MHz to 328 MHz. The DC supply to the LNAs comes
through +5V regulators which gets +12V inputs frem the
Spacecraft supply.



3.0 GENERAL COMMENTS

3.

Lk

1

LS

Lin

[

all the slactrical Parametars wers measursi as
dccument which was finalized by the Tai:z £t

L wWas ansurai thar dlactronic tag- BLICZNARTS 2nd snyvimas
menta_ chambar:z wara - Ca.iorated condit-ins arraos CT Enawes
ing The tasrt

I & E for the subsvstem has bean star-ed Izcar o= e TE il 7 (O 0T
Nnec233ary clearsnces from QA/QC [Zlagtropi-s dnd Machsnioal
Tie environmentzl tests Wer2 Iarried out 33 par ~:=s TE5% plar-
whizh has besen preparad by TIFR in consul-3ition With 3Aztzs
Spdce  Centre, Mcscow and R&CA, 3A

During tha environmental tests, only the Gain, Isclatian and
Noise Temperature Farameters were measured,

All the measursments wWere carried out with SMX  connactar
=avers.

Measurements during tha initial and final bench tes-s wvere
taken using HP 8510 vector network analyzer. However, during
the other tests, HP 8757 scalar network analyzer and HPF 855>
Spectrum analvzer were used.

Noise temperatura was measured using 5 dB ENR Nois2 source
and HP 8970 Noise Figure meter. Noise temperature was alsg
verified using EATON Hot & Cold Ncise source.

TESTS CONDUCTED .

Following tasts were conducted on the unit as Per the test
decument which was finalised by the T&p committee,

a) Initial bench test : Afc Lab.
b) Sine vibration : 25 Hz, 29, 10min. i=n all the
three azxes
¢} Thermal cycling : 4 cycles of cold (5 deg.cC,
2Hrs) and Hot (35 deg.C,

2Hrs) follewed by ona cycle
of cold (5 deq.0, 4hrs, and
Het {35 deg.C, 4Hrs,.

rr

: Afc lak.

Y]
ct
4

d) Finzl bench a

[.a



PARAMETERS MEASURED

<

3

LF}

4. Inplt raturm loss
5. Qutput retur:z loss
€. Noise port ccupling at 324
7. Noise port return loss
* Parameters measured duri
Note: a. These parametsars wers m

6.0 PERFORMANCE
All the specified parameters w
within specificaticns during th
following worst case deviations.
6.1 DEVIATION
1_ LR &
During FBT, Nocise port coupling
and 26.04 42 for FMC1 and FMO2 r
the specificaticns of 26.5 dB mi
ANALYSIS AND ACTION TAKEN
This deviation was considered as

6.2 Gain Slope was measursd as an ad

MHz.

ng environmental testcs

easured for both CH#l & CH#2.

be
the

are measured and found to
e tests conducted axcept

was observed to be 26,28 dB
espectively for CH#2 against
n.

minor.

ditional parameter in FBT and

chserved as under
FM01 unit :- CH#1 0.15 d3/MHz and CH#Z 0.15 dB/MHz
FMO2 unit :- CH#1 0.16 dB/MKz and CHZZ 0.14 AB/MHz

7.0 CONCLUSION

Based
unit

cn the perZormance given
15 ecleared far further in

in the above :
tagrztion.



SPACE APPLICATTONS GENTZEE

AEMEDASAD

pef: DIR/7.23(4)/ 21 ; Jaime .8 o]

L
LY *J

MEMORARDUM

¢AC has undertaken the responsibiliry ¢f fabrication and space
raslification ‘of Badipastron Fronc—eénd fart g e Pune. The
Electrical Ther=al Meodel (ETM) of Front-end is fabricated. Test &
Evaluation of this has to be carried out as per the T&E oplan

(SAC/R&QA/FP/20/91) generated by R&QA Division, SAC. The follaw-
ing team has been constituted to ecarcty oub this tasd.

—_— 1. Shri S.K.Jain (R5QA) Chairman
z, Shri A.L.Vadadariva [CMTF) Member
ity Shri N.V.S5hah {ETF) Member
4. Shri R.B.Bavaria (PRPD) Hember
9. Shri V.X.Jain {(PRPD) Member
B. Shri V.H.Bara._ .. {M5DG) Menber
7. Shri 5.MH.Srivastave -  (ESGHG) Menber -
a. Shri Surender Singh. (PRPD) Co-ordinatar

fr.H.Q.Gavtam, Team Leader, SAC-TIFR Radicastron Project will
"ovide electrical performance specification & tes: results aof
= Front—-end to the Ti4E Committee. i

e Committee shall submit the T&E report to the undersigned.

Z/ML

{(Pramod Kale)
Director

To : All Commitzee Members

€C : Project Team
Steering Committee
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REFORT OF
TEST RESULTS & DEVIATICONS
CH
27 MHz FRONT END LNA
FOR RADIOASTRON
(FM)

TESTING TEAM

A.K.SHAH | ETF

S.N.LAKHIA |

SRINIVAS M. | PROJECT
PREFARED BY : A.K.SHAH | ETF

REVIEWED BY : ——==
(H.S.RAINA)
MANAGER ETF

EECTRONIC "TEST FACTLITY
EnLTF/T55G
SPACZ AFPLICATICNS CINTRE
AZMECAEAD 380 QE:3



[

descr:kes The
BADIZASTRCN £
]
2

of LMBOTTED

3 A e g s A -
-3 L o T'l;,_

were conductsd as per fTestT Docunlent ITLa2---=% ~o SE

-
[

(1K

= a5

ramezers wers measured during anvironmenta-
T&E ccmnlttes,

BT were conducted on HF 8510 Vector Hetwork Ana’_vzer and

13T & F
ed using HE8757 Scalar Netwcrk Analyzer.

gTher tests were conducz

211 the measurements were carried out with SMA connector sSaver.

was measured using 5 ¢B ENR Noise Source & EP 8970

¥cize tTenp

yoise figure meter. %7 ‘K 1s the accuracy of Neoise figure
tecer 1in Ncise temp. measurement. Ncoise temp. measurerent was
taken with type N-SMA adapter at the LNA input. Noise temp was

verified using EATCN Hot & Cold Neise Source.

-0.2 dB is the accuracy of EP 8737 Scalar Metwork Analyzer in
relative measurerent.

+1.0 d8 is +the accuracy of HP 8562 Spectrum Analyzer in
Absolute measurement.

+0.02 dB is the accuracy of HP 8510 Vector Network Analyzer in
relative measurement.

Deviations:

Following worst case Deviations were observed.

MCDEL TEST CH=z PARAMETER MEAS.VALUE SPEC.

FH=1 FBT 2 NCISE PORT CCUPLING 26.26 d3 26.50 dB
(min)

FM-2 FET 2 vc-SE PORT COUPLING 26.04 ¢B 26.53 435
f=in,
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Appendix - ¥

LIST OF TEST EQUIPMENTS

Scalar Network analyser
Vector network analyser
Spectrum Analyser
Synthaesized RF sweeper
Plotter

Directional cougpler
Noise figure meter
Noise Source (5dB ENR)

EATON Hot & Cold Nolse Source

HP
HP
HP
HP
HP
HP
HP

HP

8757
8510
8562
8341
7475
11692
8970

J46A



APPENDIX -5

- Supplement to T&E Reports



INTRODUCTION

This report contains results of tests performed by the designer and the test &
evaluation committee, but not listed in the summary sheet of Test & Evaluation Report
[ # SAC-R&QA-RES-TR-09-96 ] of the Engineering Model and the Flight Models [ #
SAC-R&QA-RES-TR-10-96 |.

TESTS PERFOEMED

# 1 Gain & Noise temperature Vs Frequency -

Table 1 and 2 give the gain and noise temperature variation over the pass band
ie, 320 to 328 MHz. in 1 MHz steps for all the models.

# 2 Test for Unconditional Stability -

The unconditional stability of the LNAs over a frequency range of 100 KHz to
3 GGHz have been checked with a 65cm long (1.141" semirigid cable at the input
side. No spurious line has been found when tested with a 20cm long adjustable
shorted stub connecled to the free end of the semirigid cable.

# 3 Output 1dB Compression Point -
The output 1dB compression points of the LNAS is as Tollows:

EMOI[CHI]  -0.14 dBm
EMOI[CH2]  -0.74 dBm
FMOI[CHI]  -2.94 dBm
FMOI[CH2]  -0.47 dBm
FMO2[CHI]  -2.49 dBm
FMO2[CH2]  -3.25 dBm

Refer the T&E documents for the plots.

it 4 Gain & Phase Vs Temperature -
Table 3 shows the gain and phase varation with temperature, The gain variation
is about -0.01 dB/"C and the phase variation is about 0.1 deg/'C in the
temperature range of 0 C to 40 °C.

# 5 Gain & Phase Stability -

The gain stability over a four hour period was measured and the phase stability
over the same period but in 10 minutes interval. The results are in Table 4.



RADIOASTRON PROJECT === 92 cm FRONT END

GAIN Vs. FREQUENCY MEASUREMENTS
(FINAL BENCH TEST)

FREQ FRONT END GAIN IN dB
in MODEL = ETM MODEL = FM-1 MODEL = FM-2
MHz CH1 CH2 CH1 CH2 CH1 CH2
3120 3g.z0 37.35 37.55 37.02 37.03 36.048
321 3B.36 17.48 37.68 '37.15 37.18 36,20
322 iJB.52 37.62 37.83 37.29 3v.39 36.31
323 iB.713 37.80 38.01 37.48 37.53 36.49
324 38.87 17.82 ig.12 37.60 37.67 36.60
325 39.08 jg.13 38.31 37.78 17.87 i16.78
126 39.27 lg.27 8. 46 37.95 38.05 16.8913
127 39.45 lB.43 18.60 38.10 38.21 17.08
328 39.63 iB8.58. lg.72 3B.24 33.33 17.20




RADIOASTRON PROJECT === 92 cm FRONT END

NOISE TEMPERATURE Vs. FREQUENCY MEASUREMENTS
(FINAL BENCH TEST)

FREQ FRONT END NOISE TEMP IN deg K

in MCDEL = ETM MCDEL = FM-1 MCODEL = FM-2
MHz CH1 CH2 CH1 CH2 CH1 CH2
320 25.80 26.90 27.30 28,50 25.10 26.50
121 27.20 27.00 28,20 '128.70 25.20 25.60
122 25.B0 26.10 28.00 28.20 24.50 25.50
123 25,80 25,80 27.50 27.20 24.B0 25.60
324 25.30 25.70 27.60 26.50 24 .B0 25.80
325 25.10 25,10 28.10 27.80 24.20 24.50
326 | 25.20 26.30 27.00 27,30 24.30 25.00
327 24,320 24.80 27,20 27.50 24 .60 24.B0
128 25,120 25.10. 27.70 27.20 24.10 25.00




RADIOASTRON PROJECT =--- 92 cm FRONT END

(GAIN & PHASE) Vs. TEMFERATURE MEASUREMENTS
(FINAL BENCH TEST)

TEMP MCDEL=ETM; FREQ=324 MHz
in GAIN (dB) PHASE (deg)
deg C CH1 CH2 CH1 CH2
0 38.16 37.97 ¥DE.3D 102.00
25 37.%0 37.78 109.00 104.80
40 17.60 37.44 11109 106.40




RADIOASTRON PROJECT --- 92 cm FRONT END

(GAIN & PHASE) STABILITY MEASUREMENTS
{ FINAL BENCH TEST)

TIME |MODEL=ETM; FREQ=324 MHz; CHANNEL = CH1
ELAPSED
in GAIN (dB) PHASE (deg)
(HR:MIN) CH1 CH1
00:00 318.860 143.61
00:30 18.858 144,25
00:40 -- 144.28
00:50 -- 144.31
01:00 38,854 144.31
01:10 -- 144.32
01:20 -- 144,32
01:30 38.851 144,32
02:00 38.848 144,33
02:30 18,846 144.32
03:00 18.844 144.33
03:30 318.844 144.33
04:00 38.844 144.33




APPENDIX - 6

- Acceptance Protocol
- Acceptance Report




Acceptation of EM 01, FM 01& FM 02 of the RADIOASTRON 92cm LNA

Aller the functional tests according to the technical requirement “LNA -MLUY-U2
Fest  Program * in the MoU  between the ASC, Moscow and TIFR, ITndia dated
120 December, 1992, the following items :

#1 Engineering Model EMOI of LNA (MUY -92)
#2 Flight Model FMUOI of LNA (MUY -92)
#3 Flight Model FMO2 of LNA (MUY-92)

were handed over from Tata Institute of Fundamental Research, India to Astro
Space Center, Moscow.

[I] The above units were accepled by the Astro Space Center,
The acceptance tests were conducted n "KB Gonzont', Nizhng Novopord .

[2] The wmts were supplied with -
# 1 Operating Manuals
#2 Technical Descriplion
a3 Passports for each unit
#+4 Tesl report
#5 SMA straight plug connectors (direct solder atta-::hmtnl] - 21 nos,
wh ShMA connector savers - L0 nos.

1] The pasitive results of the lunctional tests of the LNAs indicate that the units have sustiuned 1he
transpartation test as they were carried by car, train and flight , rom Pune to Moscow. This
protocol was required by ASC as the transportation and shock tests couldn’™t be conducted by
TIFI au Todia.

[4] The engineering model of the LNA was integrated with the 92cm receiver KPT -92  of KB
Gorizont and the measurement results were acceptable o ASC,

[5] 1o the Passports of the units, "Acceplance Certificate™ and “Warranty Certificate”™ have Lo be
duly corrected by TIFR, India and handed over to ASC, by December 1996,

[6] The following deviations were noticed while conducting the acceptance tests on the models
i) The LMAs have o gain slope of aboul 1,5dB over the passband 320 1o 228 M Nz
(] The gain of the LNAs were ubout 38dB  against the specification of 33dB (Mux).
But these deviations were acceptable 1o the ASC and the receiver group of KB Gorizont.
[7] TIFR, Indig will try to explore the possibility of providing a SMA torque wrench for vse with the
LNAs. This is based on a request from the receiver group of KB Gorizont,

14496

Place: ASC, Moscow. ) ~ Date:December 2,
Srivtivis Meenakshit Sundarun g:g,,)/ Dr. V. Slysh Zg{u{/ﬁﬂ“-’""—_

TIFIL, INDIA
Dr. V. Andreyanov {:.L

V. Vasilkovw

ASC, Moscow



ACCEPTANCE TEST RESULTS OF 327 MHz LNA [Engineering Model]

Date: 26th - 29th November, 1996
Place- ‘KB' GORIZONT, Nijzhni Novgorod, Russia

Members Present:

ASC Representative: Valeri Vasilkov

TIFR Representative; Srinivas M

KB Gorizont Representatives: Albina N. Fomina, Kozminykh V.G, Lomakin 5.V,
Tagunov M.N.

INPUT VSWR 320 325 330[MHz]

CHI1 1.40 1.31 1.41

CH2 1.22 1.29 1.32

OUTPUT VSWR 320 324 328 [MHz]
CHI 1.20 121 1.21

CH2 1.15 1.15 1.16

NCal Port VSWR @ 324MHz = 130

GAIN 320 324 328 [MHz]

CHI 38.4 39.3 9.9 [dB]
CH2 37.5 38.4 18.8 [dB]

GAIN SLOPE: ~ 1.5dB over 8MHz pass band

Noise Cal. COUPLING -

CHI
CH2 '

[

9.4 dB
7.1dB

[SOLATION Between Channels -
CHI1 wrt CH2 62 dB
CH2 wrt CHI 72 dB
DC Power consumption [@ +12V] -

CHI1 Current 36 mA
CH?2 Current 35 mA



INTEGRATION of LNA [EM] with Receiver [T-KPT-92 -

Noise temperature measured with H/C body and output deflections recorded using
a microvoltmeter [MICROVOLTOMIERZ SELECKTYWNY "INCO", Type DMS-4].

[T = 87 'K
TS 298 °K]
h
NOISE TEMPERATURE -
CHI 2042 °K
CH2 19 42 'K
OTHER REMARKS:

Unconditional stability check has been done with the inputs open, shorted and
terminated and the output observed on a spectrum analyzer from DC - 1.5GHz.

The integrated response of the LNA and the Dielectric resonator Filler was found to be
acceptable.



ACCEPTANCE TEST RESULTS OF 327 MHz LNA [Flight Model 01]

Date: 27th - 29th November, 1996

Place: ‘KB’ GORIZONT, Nijzhni Novgorod, Russia

Members Present:
ASC Representative: Valeri Vasilkov
TIFR Representative: Srinivas M

KB Gorizont Representatives: Albina N. Fominas, Kozminykh V.G. Lomakin 5.V,

Tagunov M.M.

INPUT VSWR 320 324
CHI 1.35 1.43
CH2 1.45 |.49
OUTPUT VSWR 320 324
CHI 1.22 :
CH2 1.22 1.22

NCal Port VSWR @ 324MHz = 1.324

GAIN 320 324

CHI 37.9 3R.6
CH2 373 38.0

GAIN SLOPE: ~ 1.3dB over 8MHz pass band

Noise Cal. COUPLING -
CHI 276 dB
CH2 26.77 dB
ISOLATION Between Channels -
CH! wrt CH2 64 dB
CH2 wrt CHI 60 dB
DC Power consumption [@ +12V] -

CH1 Current 3 mA
CH2 Current 37 mA

330[MHz]
1.51
1.49

328 | MHz]
1.22

1.23

328 [MHz]
392 [dB]
8.6 [dB]



NOISE TEMPERATURE -

Noise temperature measured with H/C body and output deflections recorded using
a microvoltmeter [MICROVOLTOMIERZ SELECKTYWNY "INCO", Type DMS-4].

[T = 83.5°K

T'= 296.5 K]
CHI 16 +3 'K
CH2 16 43 'K

OTHER REMARKS:

Unconditional stability check has been done with the inputs open, shorted and
terminated and the output observed on a spectrum analyzer from DC - 1.5GHz.

The integrated response of the LNA and the Dielectric resonator Filter was found to be
acceptable.



ACCEPTANCE TEST RESULTS OF 327 MHz LNA [Flight Model 02]

Date: 27th - 29th November, 1996
Place: 'KB' GORIZONT, Nijzhni Novgorod, Russia

Members Present:

ASC Representative: Valeri Vasilkov

TIFR Representative: Srinivas M

KB Gorizont Representatives: Albina N. Fomina, Kozminykh V.G, Lomakin 5.V,
Tagunov M.N.

INPUT VSWR 320 324 330[MHz]

CHI 1.28 1.34 1.43

CH2 1.49 1.56 1.63

OUTPUT VSWR 320 324 328 [MHz]
CHI 1.25 1.25 1.25

CH2 1.22 1.23 1.23

NCal Port VSWR @ 324MHz = 1.32

GAIN 320 324 328 [MHz]
CHI 37.9 8.6 39.4 [dB]
CH2 7.0 7.7 38.4 [dB]

GAIN SLOPE: " 1.5dB over 8MHz pass band

Moise Cal. COUPLING -
CHI 27.6 dB
CH2 27.3 dB
ISOLATION Between Channels -
CHl wnt CH2 =75dB
CH2 wrt CHI 61 dB
DC Power consumption [@ +12V] -

CHI1 Current 28 mA
CH2? Current 28 mA



NOISE TEMPERATURE -

Noise temperature measured with H/C body and output deflections recorded using
a microvoltmeter [MICROVOLTOMIERZ SELECKTYWNY "INCO", Type DMS5-4].

[T= 835°K

Ti= 296.5 °K]
CHI 16 43 'K
CH2 16 43 'K

OTHER REMARKS:

Unconditional stability check has been done with the inputs open, shorted and
terminated and the output observed on a spectrum analyzer from DC - 1.5GHz.

The integrated response of the LNA and the Dielectric resonator Filter was found to be
acceptable.
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