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LIST OF ACRONYMS

BER
Bit Error Rate

CVS
Component Verification Specification

HESSI
High Energy Solar Spectroscopic Imager

ICD
Interface Control Drawing

PFS
Product Function Specification

SOW
Statement of Work

TBD
To be Determined by Spectrum Astro, Inc.

TBR
To be Resolved

VSWR
Voltage Standing Wave Ratio

1.  INTRODUCTION

1.2 Scope

This specification establishes the performance, design, manufacturing and test requirements for the S-Band Transponder to be used on the spacecraft bus for the High Energy Solar Spectroscopic Imager (HESSI) Program. The transponder shall include an external filter to meet specifications.

1.3 Classification

The project and all of the work to be performed under this subcontract is unclassified.

2.  APPLICABLE DOCUMENTS

2.1 General

The following documents shall form a part of this document to the extent specified herein and as common practice for spaceborne equipment.  In the event of a conflict between the text of this specification and other referenced documents, the following order of precedence shall apply:

a.
Statement of Work (SOW), 1110-EZ-T10703

b.
Product Function Specification (PFS), 1110-EW-10702

c.
Interface Control Drawing (ICD)

d.
Component Verification Specification (CVS), 1110-EW-Y09781

e.
Other referenced standards or specifications

f.
Referenced Guidance Documents

g.
Best Commercial Practice

3.  REQUIREMENTS

3.1 Physical Specifications

3.1.1 Mass

The mass of the HESSI transponder unit shall not exceed 4.3 kg.  The mass of the external filter shall not exceed 0.162 kg.

3.1.2 Size

The physical dimensions shall not exceed 14.6 cm in width, 19.62 cm in depth and 12.88 cm in height.  This does not include external connector protrusions.  The filter shall not exceed 9.9 cm in length, 4.9 cm in width and 3.3 cm in height.

3.2 Receive Signal Specifications

3.2.1 Receive Signal Frequency and Modulation

The nominal uplink receive frequency shall be 2039.6458 Mhz.

3.2.2 Receive Signal Modulation

The transponder shall demodulate an uplink signal containing a carrier component as well as a BPSK modulated sideband component, the center of which is separated from the carrier by 16 kHz (± 1.6 Hz).

3.2.3 Receive Signal Modulation Index

The transponder shall demodulate uplink signals with side band modulation indexes between 0.5 radians and 1.35 radians. 

3.2.4 Receive Data Rate

The transponder shall demodulate signals with sub-carrier modulation data rates of 2 kbps.

3.2.5 Uplink Acquisition and Tracking

3.2.5.1 Acquisition Range

The transponder shall acquire the uplink signal over a frequency range of ± 120 kHz from the carrier, sweeping at a rate of up to 35 kHz per second at power levels between -50 dBm and -115 dBm.

3.2.5.2 Acquisition Time

With an uplink power level at the transponder receive input of -115 dBm and a carrier frequency offset of ± 120 kHz, sweeping at the rate of 35 kHz per second, the transponder shall acquire and track the uplink carrier and sub-carrier signals within 10 seconds.

3.2.5.3 Tracking Range and Rate

Once uplink acquisition has occurred, the receiver shall track the uplink signal through a frequency range of ± 150 kHz from the carrier center frequency, sweeping at 35 kHz per second and a minimum carrier power level of -122 dBm.

3.2.6 Bit Error Rate Performance

The Bit Error Rate (BER) shall not exceed 10-7 with a modulation index of 1 radian and an input power level of  -113 dBm.  Additionally, the receive bit error rate performance shall be no greater than 10-5 with a modulation index of .5 radians and power level of -110 dBm.  The bit error rate shall also not exceed 10-5 with a modulation index of 1 radian and an input power level of -115.9 dBm.  BER performance due to a doppler rate of 1 kHz/sec shall not be degraded by more than 0.25 dB.

3.2.7 Receiver RF Input Port VSWR

The Voltage Standing Wave Ratio (VSWR) at the RF input to the receive portion of the HESSI transmitter shall not exceed 1.5:1.

3.2.8 Maximum Input Power Level

RF input signal power levels of up to +10 dBm shall result in no damage to the receiver.

3.2.9 Baseband Clock and Data Outputs

The receiver baseband clock and data outputs shall TTL.

3.2.10 Receiver Telemetry Outputs

The receive portion of the HESSI transponder shall provide the following telemetry items with the following signal formats.  The performance of these telemetry measurands over the 3-year HESSI mission life shall be as follows:

a.
Signal Strength, 20% accurate for a linear output over a range of 70 dB with an output of 0, ± .5V to 4.5, ± 0.5V.

b. 
Phase Lock Loop Stress, 10% accurate linear output over 150 kHz with an output of 0,±.5V to 4.5, ±.5V.

c. 
Carrier Lock, in lock measurand value of 4.5 ± 0.5V, Out of lock measurand value of 0.5 ± 0.5V.

d. 
Subcarrier Lock, in lock measurand value of 0.5 ± 0.5V, Out of lock measurand value of 4.5, ± 0.5V.

3.2.11 Receiver Commands

Commands shall not exist which disable, reconfigure or otherwise alter the nominal acquisition, tracking and BER performance of the receiver.

3.2.12 Receiver Prime Power

Power to the receiver shall be “hardwired” such that the receiver cannot be turned off or placed in a standby mode.  At any time power is applied to the transponder, the receiver shall be operational in a nominal configuration.

3.2.13 Receiver Frequency Stability

The receiver center frequency shall not deviate by more than  ±40 ppm in the  -20oC to +65oC temperature range. Deviation due to aging shall be no greater than 5 ppm for the first year and 2 ppm each year thereafter.

3.3 Transmitter Specifications

3.3.1 Transmit Signal Frequency

The nominal down link transmit frequency shall be 2215 MHz.

3.3.2 Transmit Signal Output Power

The transponder output power shall be maintained at a minimum of 5 Watts throughout mission lifetime.

3.3.3 Transmit Signal Modulation

The transmitter shall perform BPSK modulation.

3.3.4 Transmit Data Rate

The transmitter shall modulate the input data at rates between 20 kbps and 4 Mbps.

3.3.5 Forward Error Correction

Requirement deleted.

3.3.6 Output Bandwidth

The output bandwidth of the transponder shall contain no less than 99% of the modulated frequency spectrum.

3.3.7 Input Baseband Data and Clock

The baseband data input to the transponder shall be NRZ-L, RS-422 differential.  The clock input shall be at RS-422 differential levels at a frequency corresponding to the input data rate.

3.3.8 Baseband Data Format Conversion

The transmitter shall convert the input baseband data format from NRZ-L to NRZ-M.

3.3.9 Residual Phase Noise, Incidental AM 

The transponder residual phase noise shall be no greater then three degrees, RMS. The Incidental AM shall be less than 1% when there is no modulation to the downlink signal and less that 2% with modulation at the maximum symbol rate of 10 Msps. 

3.3.10 Transmitter Output Port VSWR

The VSWR at the transmitter output port shall be no greater than 1.5:1.

3.3.11 Output Protection

The transmitter shall be protected against damage due to an open or short circuit at the RF output.

3.3.12 Transmitter Commands

The transmitter shall be capable of being commanded such that it is either radiating power or is in standby mode. The command shall be a TTL signal. A logical one shall enable the transmitter with a voltage range between 4.1 and 4.6 volts. A logical zero shall disable radiated power, between voltage levels of 0 and 0.5 volts. Other commands which exist shall be disabled so that the transponder cannot be configured other than to transmit the BPSK data.

3.3.13 Transmitter Telemetry

The transmitter shall provide the following telemetry measurands as follows: 

a.  
Converter voltage, measures 5V secondary to an accuracy of 0.005V.

b.  
Power Supply Temperature, measurand values of 0± 0.5V to 4.5 ± 0.5V with an accuracy of ± 0.5V.

c.  
Power Amplifier Temperature, measurand values of 0± 0.5V to 4.5 ± 0.5V with an accuracy of ± 0.5V.

d.  
Transmitter Output Power, ± 1 dB accuracy, calibration curves to be provided at -20, room temperature and +65 degrees C.

e.  
Transmitter on/off - On indication is 4.5V, ± 0.5V, off indication is 0.5V, ± 0.5V.

3.3.14 Spurious Content

The transmit band total spurious content (harmonic and non-harmonic) shall be at least 60 dB below the fundamental frequency.  The total spurious content in the receive band (harmonic and non-harmonic) shall not exceed -130 dBm at the external transmit filter output.

3.3.15 Maximum Carrier Frequency Error

The maximum frequency error induced by temperature, aging and all other factors shall be no greater than 50 ppm over the three year HESSI mission duration.

3.3.16 Output Port Load Impedance

The transmitter shall operate with a nominal load impedance of 50 ohms and a worst case load impedance range of 50 ± 20 ohms, without damage. 

3.4 Transponder Power Requirements

3.4.1 Bus Voltage

The transponder shall operate with an input voltage range of 21 Vdc to 35 Vdc. 

3.4.2 Fuses

There shall be no fuses in the transponder.

3.4.3 Grounding / Isolation

Primary power returns shall be isolated inside the transponder by at least 1 M. 

3.4.4 Inrush Current

Upon initial power on, in rush current shall not exceed 65 amps and shall settle to the steady state value within 300 microseconds.  Following initial power up the in rush current created by switching the transmitter from the standby to an active state shall not exceed 5 amps and shall settle to the steady state value within 15 milliseconds.

3.4.5 Power Interruption

Power interruptions shall not damage the transponder.

3.4.6 Reverse Polarity

The transponder shall not be damaged by a reversal of input voltage on the primary power and return lines. Protection may be implemented by means external to the transponder. For example, a connector saver with diodes may be attached.

3.4.7 Warm up Time

The supply current shall reach steady state levels within 300 milliseconds after power is applied to the transponder.

3.4.8 Under Voltage

The transponder shall not be damaged by input voltages below 21 volts.

3.4.8.1 Over Voltage

The transponder shall not be damaged by input voltage levels up to 50 volts.

3.4.9 Power Consumption

Power consumption by the HESSI transponder shall be as follows:

a.
Receive only mode (Transmitter off)
4.8 Watts maximum

b.
Transmitter and Receive
37 Watts maximum when operating

3.4.10 Voltage Ripple

The transponder shall operate as specified with an input voltage ripple of 500 mV rms.

3.4.11 Output Short Circuits

All internal transponder power converters shall survive and recover from any output short circuit faults and survive arbitrary short circuits which connect any two outputs.

4.  Environmental, Test and Analysis

4.1 General

The general quality provisions for this subcontract shall be as defined in the CVS.  The requirements of Section 3 herein shall be verified by test.  The tests shall include verification of functionality and selected performance characteristics as agreed to by Spectrum Astro, Inc. and the quality assurance provisions shall be in accordance with the CVS, unless specified otherwise by the seller.

4.2 Responsibility for Tests

Unless otherwise specified in the contract, the supplier shall be responsible for providing all facilities, equipment, tools, software, test articles, etc., for conducting all tests and recording and processing all data necessary to satisfy the test requirements.  Spectrum Astro, Inc. reserves the right to witness tests, perform inspections, and review data deemed necessary to assure that the unit conforms to prescribed requirements.  Accordingly, the supplier shall advise Spectrum Astro, Inc. one week before tests are to be conducted so that a representative may be present, if so desired.

4.3 Protoflight Qualification Tests

The supplier shall perform Protoflight Qualification Testing of the unit in accordance with the guidelines established in the CVS.

4.4 Acceptance Testing

The supplier shall perform Acceptance Testing of the unit in accordance with the guidelines established in the CVS.  Acceptance tests may be run to the protoflight qualification levels if it is deemed more cost effective for the supplier.

4.5 Functional Testing

Functional tests are required to verify that the electrical and mechanical performance of the unit meets the requirements stated in Section 3 of this Product Function Specification.  Electrical tests include (but are not limited to) application of expected voltages and waveforms at the electrical interfaces of the unit. The paragraphs of Section 4.5 represent items to be included as part of acceptance testing. Other functional testing is also required to demonstrate compliance with the requirements of the PFS Section 3.

4.5.1 Receiver Performance Testing

4.5.1.1 Receiver Acquisition Range and Time

The acquisition performance of Section 3.2.5 shall be demonstrated.  The test shall be performed with the transmitter RF output enabled and with baseband data modulation at the maximum signaling rate of 4 Mbps  Acquisition shall also be demonstrated with initial carrier offsets greater than +150 khz and ‑150 kHz and a sweep rate of 35 khz/sec.

4.5.1.2 Acquisition Dynamic Range

With a carrier offset greater than 120 khz sweeping at 35 kHz/sec, the carrier power shall be reduced until carrier lock is no longer achieved.  The actual minimum power for which the receiver acquires and tracks the carrier shall be demonstrated.  Acquisition and tracking at the maximum power level of -50 dBm shall also be demonstrated.

4.5.1.3 Tracking Range and Rate

This test will demonstrate the tracking range and rate of the uplink signal following initial acquisition.  Following acquisition, the carrier frequency shall be offset by +150 kHz and - 150 kHz.  The receiver shall maintain carrier and sub-carrier synchronization through out the ± 150 kHz frequency offsets with carrier sweep rates of 35 kHz/sec.  Additionally, the carrier shall be offset in excess of ± 150 kHz until the receiver loses carrier and/or sub-carrier lock to demonstrate the actual tracking range. 

4.5.1.4 Bit Error Rate Performance

The bit error rate performance of paragraph 3.2.6 shall be demonstrated.  It is recognized that given a 2 kbps data rate, testing of this bit error rate may not be feasible.  As a minimum, bit error rate of 10-3, 10-4 and 10-5 shall be demonstrated.  Each of these BERs shall be demonstrated at 0.5 radians and 1 radian modulation by the 16 kHz BPSK sidebands. 

4.5.1.5 Input VSWR

The VSWR at the RF input connector shall be measured with a frequency swept measurement across the receive band.

4.5.1.6 Receiver Telemetry

The relationship between telemetry voltages, analog and bi-level, and the parameters they represent shall be demonstrated.  Calibration characteristics shall be determined and supplied.

4.5.2 Transmitter Performance Testing
4.5.2.1 Transmit Frequency and Power

The transmit frequency and output power shall be demonstrated.

4.5.2.2 Modulation, Forward Error Correction and Output Bandwidth

The ability of the modulator to perform NRZ-L to NRZ-M conversion and BPSK modulation shall be demonstrated at the maximum signaling rate of 10 Mbps. Additionally, a bit error rate test shall be performed.  In the absence of additive noise, no errors should be encountered for a 10 minute period.  Coding gain shall also be demonstrated using additive noise if necessary.  The output bandwidth shall be demonstrated with spectral plots.

4.5.2.3 Transmitter Telemetry

The relationship between telemetry voltages, analog and bi-level, and the parameters they represent shall be demonstrated.  Calibration characteristics shall be determined and supplied.

4.5.2.4 DC Voltage Range, Power Consumption and Isolation

The DC voltage range under which the transponder will operate nominally shall be demonstrated by varying the input voltage.  Power consumption and isolation shall be measured.

4.6 Test Data

The requirements for recording test data and documenting test results are specified in the CVS.

5.  QUALITY ASSURANCE PROVISIONS

5.1 General

The requirements of Section 3 herein shall be verified by test.  The tests shall include verification of functionality and selected performance characteristics as agreed to by Spectrum Astro, Inc. and the seller.
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