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CM FOREWORD

This document is a Solar Dynamics Observatory Project controlled document.  Changes to this document require prior approval of the SDO Project CCB Chairperson.  Proposed changes shall be submitted to the SDO Project Configuration Management Office (CMO), along with supportive material justifying the proposed change.  

Questions or comments concerning this document should be addressed to:

SDO Configuration Management Office

Mail Stop 464

Goddard Space Flight Center

Greenbelt, Maryland  20771
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1 Scope

This specification describes the electrical, mechanical, operating environment, and verification testing requirements for space-qualified, S-Band Transponder/Diplexer for a Goddard Space Flight Center (GSFC) payload, the Solar Dynamics Observatory (SDO). 

2 Documentation and Definitions

2.1 Applicable Documents

The following documents and drawings in effect on the day this specification was signed shall apply to the fabrication and to the electrical, mechanical, and environmental requirements of the S-Band Transponder/Diplexer to the extent specified herein.  In the event of conflict between this specification and any referenced document, this specification will govern, with the exception of the Statement of Work, 464-COMM-LEGL-0047, in which case the SOW takes precedence.

The following is a list of the applicable specifications and publications.

Table 1: List of Documents

	DOCUMENT NUMBER
	TITLE
	Revision/Date

	464-COMM-LEGL-0047
	SDO S-Band Transponder/Diplexer Statement of Work
	Revision Draft / July 2004

	MIL-STD-462
	Measurement of Electromagnetic Interference Characteristics
	

	464-ELEC-SPEC-0004
	SDO Electrical System Specification
	Revision A / July 2004

	
	
	

	451-RFICD-SDO/SDOGS/GN/SN
	Radio Frequency Interface Control Document Between SDO and SDO Ground Station at WSC, The Ground Network (GN), and The Space Network (SN)
	Revision Draft / July 2004

	EEE-INST-002
	Instructions for EEE Parts Selection, Screening, Qualification, and Derating
	May 2003

	464-SYS-SPEC-0033
	SDO CCSDS Implementation Document
	Revision A / July 2004

	464-ELEC-ICD-0056
	SDO Electrical System ICD
	September 2004
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3 Requirements

The transponder shall meet all of the basic performance requirements specified herein. The transponder performance specified herein includes the characteristics of the diplexer unless specified otherwise. All of the written requirements in this document must apply at the end of spacecraft (SC) life (EOL), as defined in section 3.5.

3.1 Description

The SDO S-Band Subsystem consists of two STDN transponders/diplexers, a 3 dB hybrid and two S-band antennas (Figure 1). Each transponder consists of a receiver/detector section and a transmitter section. The receiver/detector section acquires the S-band uplink carrier, demodulates the telecommand and ranging signals and outputs command clock & data to the C&DH Subsystem. The transmitter section receives telemetry data from the C&DH Subsystem and phase modulates the S-Band downlink carrier. The transponder’s ranging function demodulates range tones from the receiver and re-modulates the downlink carrier to provide range information to the ground.

The diplexer allows the transponder’s receiver & transmitter to connect to a common antenna port which connects to the RF network and dual omni antenna system. The diplexer will also include band pass and band reject filters in the transmit channel to suppress any receive signal component in the output of the transmitter power amplifier.
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Figure 1: SDO S-Band Communications System Block Diagram
3.2 Performance Requirements

Transponder performance requirements are listed in this section. Unless otherwise noted, these requirements shall be met over the environmental extremes detailed in Section 3.6
3.2.1 Operational Modes

The transponder shall accept an S-Band uplink signal and shall transmit an S-Band downlink signal. It shall also perform other command, telemetry, and ranging functions outlined in the following paragraphs. More details on these functions and interface signals are given in subsequent sections.

3.2.1.1 Coherent Operation (Two–Way)

The transponder shall provide a phase locked downlink carrier signal that is 240/221 times the S-Band uplink frequency using its phase–lock–loop voltage controlled crystal oscillator (VCXO).
3.2.1.1.1 Time to Switch to Coherent Operation

The time from the receiver carrier in-lock indication to the switching of transmitter reference frequency from the TCXO to the VCXO shall not exceed one second.
3.2.1.2 Non–Coherent Operation (One–Way)

In the absence of an S-Band uplink signal or upon receipt of a suitable command, the S-Band downlink carrier frequency shall be derived from an internal Temperature Compensated Crystal Oscillator (TCXO).

3.2.1.2.1 Time to Switch to Non–coherent Operation

The receiver must be capable of reacquisition without the aid of ground sweep for signal dropout durations up to 50 msec.  This applies for tracking a STDN signal with doppler rates up to 3 kHz/sec.  Therefore the time for the transmitter to switch to the TCXO after loss of receiver lock shall be within 50 to 100 milliseconds. The carrier lock status telemetry shall be used as the loss of lock indicator.


3.2.1.3 Turnaround Ranging

The transponder shall demodulate the ranging signal from the uplink carrier and re-modulate the signal on the downlink carrier upon receipt of a suitable command from the spacecraft C&DH Subsystem enabling ranging mode
3.2.1.4 Command Demodulation

The transponder shall accept an uplink carrier that is phase modulated with a 16-kHz data-modulated subcarrier. The receiver shall demodulate the command subcarrier from the S-Band uplink signal. The receiver shall detect the command data from the subcarrier and provide the command message bit stream to the C&DH Subsystem.

3.2.1.5 Auxiliary Command

The transponder shall provide an auxiliary command interface that accepts a baseband data modulated 16-kHz subcarrier signal with an auxiliary command enable signal.  In the absence of receiver phase lock and upon receipt of the auxiliary command enable signal, the receiver’s detector shall demodulate the command data from the subcarrier and provide the command message bit stream to the C&DH Subsystem.

3.2.1.6 Downlink Telemetry Modulation

The transponder shall provide two modes to modulate the downlink carrier with the baseband telemetry data received from the C&DH Subsystem. The downlink telemetry shall either modulate the downlink S-Band carrier directly or modulate an internally generated 1.024 MHz subcarrier when commanded to subcarrier enable mode.
3.2.1.7 Downlink Modulation Selection

The transponder shall provide the capability to select whether the telemetry data modulates the carrier or the subcarrier, using a subcarrier oscillator enable command.
3.2.1.8 Transponder Status Telemetry Signals

The transponder shall provide status signals indicating its operating mode and operating parameters to the C&DH Subsystem.

3.2.1.9 Simultaneous Command, Ranging, and Telemetry 

The transponder shall have the ability to perform uplink command, downlink telemetry, and ranging functions simultaneously.
3.2.2 Receiver Characteristics

This section specifies the receiver performance requirements. The receiver shall meet these requirements within 10 seconds of prime power application. Unless otherwise stated, the parameters described in this section are referenced to the receiver input port rather than the diplexer antenna port.

The receiver shall be capable of meeting the requirements of this section when provided an uplink composite input signal consisting of a command subcarrier and/or ranging signals.

Unless otherwise stated, the receiver shall meet all the requirements of this section with the transmitter on and operating.

3.2.2.1 Frequency

The uplink receiver carrier frequency shall be 2044.34 MHz.  The receiver frequency (fR) set-ability and stability shall meet the following requirements with a 1-second integration time after 10 minutes of operation.

3.2.2.1.1 Set-ability

The receiver frequency shall be set, at the time of receiver alignment during manufacture, to the assigned design center frequency within ±2 PPM at a temperature of 24 ±2 °C.

3.2.2.1.2 Temperature Stability

The receiver frequency shall not vary more than ±20 PPM from the set value over the temperature range of –20 °C to +65 °C.

3.2.2.1.3 Short-Term Stability

The receiver frequency shall not vary more than ±1.5 PPM over a period of 15 hours at any constant temperature (±0.5°C) in the range from +10°C to +40°C.

3.2.2.1.4 Long-Term Stability

At any constant temperature (±0.5 °C) in the range from +10 °C to +40 °C, the frequency shall not vary more than ±3 PPM from the set value over a period of one year.

3.2.2.2 Signal Level Range at the Diplexer Antenna Port
The receiver shall operate in accordance with this specification over an uplink signal level range from carrier tracking threshold (see Table 4) to –50 dBm measured at the diplexer antenna port. The receiver shall not be damaged by uplink signal levels up to +10 dBm.

3.2.2.3 Input Impedance


The input impedance at the receiver input terminal shall be 50 ohms ±1 ohm with a VSWR of not greater than 1.5:1 over a frequency range of fR ±5 MHz, where fR is the assigned receiver center frequency.

With the diplexer connected to the transponder, the input impedance at the diplexer antenna port shall be 50 ohms ±1 ohm with a VSWR of not greater than 1.7:1 over a frequency range of fR ±5 MHz.

3.2.2.4 Noise Figure

3.2.2.4.1 

3.2.2.4.2 
The receiver noise figure measured at the diplexer antenna port shall not exceed 6.0 dB with a noise source impedance of 50 ohms and VSWR ≤ 2:1.

3.2.2.5 Phase-Lock Loop Performance

The phase-lock loop filter design shall use a second-order loop filter having characteristics shown in Table 2.

Table 2: Phase-Lock Loop Characteristics

	Parameter
	Value

	Noise Bandwidth (2βLo)
	750 Hz ±10%

	Pre-detection Bandwidth
	1 MHz

	Filter Damping Factor
	0.707 (S/N=1 in 2βLo)


3.2.2.6 Acquisition

Acquisition shall occur when an uplink signal is swept through the specified center frequency of the receiver. Signal level (at the diplexer antenna port) and sweep requirements are as given in Table 3.

Table 3: Acquisition Performance

	Parameter
	Value

	Signal Level Range
	–124 dBm to –50 dBm

	Signal Sweep Range
	fR ±140 kHz 

	Signal Sweep Rate
	1 kHz/sec to 35 kHz/sec

	Acquisition Threshold
	–124 dBm


3.2.2.7 Tracking

Tracking performance of the receiver shall be as specified in Table 4 at the antenna port of the diplexer.

Table 4: Tracking Performance

	Parameter
	Value

	Tracking Threshold
	–124 dBm (sweep mode)

	
	–135 dBm (at the receiver best lock frequency)

	Tracking Range
	fR ±140 kHz (with a –110 dBm input signal)

	Tracking Rate
	≥ 25 kHz/sec (for uplink signal levels ≥ –110 dBm)

	
	≥ 35 kHz/sec (for uplink signal levels ≥ –90 dBm)

	Static Tracking Error
	≤ 1° per 30 kHz (at signal levels greater than –110 dBm)


3.2.2.8 Transmitter Degradation of Receiver Thresholds

The acquisition and tracking thresholds of the receiver shall not be degraded by more than 0.5 dB when the transmitter is turned on and operating.

3.2.2.9 Carrier AGC Loop

The receiver shall use a coherent carrier AGC loop.

3.2.2.9.1 AGC Loop Bandwidth

The AGC loop noise bandwidth (two sided) shall be between 15 Hz and 45 Hz.

3.2.2.9.2 AGC Linearity

The variation in AGC voltage versus uplink carrier power level shall be characterized from –120 dBm to –50 dBm. Calibration curves or measured data shall be provided for –10°, 25°, and 55°C.

3.2.2.10 Spurious Signal Rejection

The receiver shall not be degraded below the specified performance of Sections 3.2.2.1 through 3.2.2.9 when presented with the following signals at its input:

Table 5: Spurious Signals to Receiver Input

	Frequency
	Signal Level Above Receiver Threshold

	Primary Image Frequency
	60 dB

	fo ± 1/2 1st IF Frequency
	50 dB

	fo ± 1/4 1st IF Frequency
	

	fo ± 1/2 2nd IF Frequency
	

	fo ± 1/4 2nd IF Frequency
	

	All other frequencies ± 5 MHz
outside design center frequency
	80 dB


Note: fo is the receiver best lock frequency

3.2.2.11 Residual Phase Modulation

With a noise free S-Band input signal level of –90 dBm at the receiver input, the residual phase modulation (noise) or dynamic phase error (DPE) shall be less than 3° RMS. This requirement does not apply during mechanical stimulus (vibration or shock). During mechanical stimulus, there shall be no indication of malfunction.

3.2.3 Command Channel Characteristics

The command information will be transmitted on the uplink carrier in the form of a PSK-modulated 16-kHz sinewave subcarrier. The receiver shall demodulate the uplink carrier to produce the command subcarrier signal. The detector shall detect the command data and provide data, bit timing, and lock indication signals to the C&DH Subsystem.

The command detector shall be capable of meeting the requirements of this section when provided an uplink composite input signal consisting of a command subcarrier and/or ranging signals. The composite modulation index due to the command and ranging signals will be less than 2.5 radians.

Unless otherwise stated, the command detector shall meet all the requirements of this section with the transmitter on and operating.

3.2.3.1 Command Channel Bandwidth

The command channel pre-detection bandwidth shall be 45 kHz.

3.2.3.2 Command Parameters

Command channel parameters shall be as shown in Table 6.

Table 6: Command Parameters

	Parameter
	Value

	Data Rate
	2000 bps

	Data Format
	NRZ-L

	Subcarrier Type
	16 kHz sinewave

	Subcarrier Modulation
	PSK Modulation

	Carrier Modulation
	Linear Phase Modulation

	Carrier Modulation Index
	0.5 to 1.3 radians for command only

	
	2.5 radians max for command and ranging signals

	Command Threshold (at a BER of 10–5)
	–118 dBm with an uplink mod index of 1 radian


3.2.3.3 Transmitter Degradation of Command Threshold

The command threshold of the detector shall not be degraded by more than 0.5 dB when the transmitter is turned on and operating.

3.2.3.4 Acquisition and Tracking Performance

The acquisition and tracking performance of the detector shall be in accordance with the requirements of the following paragraphs.

3.2.3.4.1 Command Acquisition Sequence Definition

The command acquisition sequence is defined as a data sequence of alternating ones and zeros at 2000 bps (PSK modulating a 16-kHz sinewave subcarrier). The length of the command acquisition sequence shall be 132 bits for a probability of acquisition of 0.9999.

3.2.3.4.2 Acquisition and Tracking Range

The detector shall acquire and track the subcarrier and data transitions of the command signal when the frequency is 16 kHz ±1.6 Hz with a maximum rate of change of ±0.05 Hz/sec.

3.2.3.4.3 Probability of Acquisition

The probability that the detector fails to indicate the in-lock condition in response to receipt of the command acquisition sequence of Paragraph 3.2.3.4.1 shall be ( 1 x 10-4 at and above the command threshold defined in Table 6.
3.2.3.4.4 Probability of False Acquisition

The probability that the detector will indicate the in-lock condition in the presence of noise alone shall be ( 1 x 10-4 in any interval containing two lock decisions.

3.2.3.4.5 Probability of De-acquisition

The probability that the detector will indicate the out-of-lock condition within 27 bit times of removing the command signal at the detector input shall be ( 0.98.
3.2.3.4.6 Probability of Out-of-Lock

At the command threshold defined in Table 6, the probability that the detector will indicate the out-of-lock condition shall be ( 2.5 x 10-9 in any interval containing two lock decisions.
3.2.4 Transmitter Characteristics

This section specifies transmitter performance requirements. Unless otherwise stated, the parameters described in this section are referenced to the diplexer antenna port.

The transmitter shall meet the requirements of this section within 10 seconds of prime power application, unless otherwise specified.

3.2.4.1 Frequency

The transponder shall operate on a downlink carrier frequency of 2220.1 MHz.  The downlink frequency, when operating in the non-coherent mode using the internal oscillator, shall meet the following requirements using a 1 second integration time after 1 minute of operation.

3.2.4.1.1 Set-ability

The transmitter frequency shall be set at the time of manufacture within ±7 PPM of the assigned center frequency at a temperature of 24 ±2 °C.

3.2.4.1.2 Temperature Stability

The transmitter frequency shall not vary more than ±10 PPM from the set value over the temperature range of 0 °C to +40 °C and more than ±20 PPM from the set value over the temperature range of –20 °C to +65 °C.

3.2.4.1.3 Short-Term Stability

At any constant temperature (±0.5 °C) in the range from +10 °C to + 40 °C, the rms fractional frequency deviation over a 10 minute period, measured with a 10 second integration time, shall not exceed 2 x 10–9.

3.2.4.1.4 Long-Term Stability

At any constant temperature (±0.5 °C) in the range from +10 °C to +40 °C, the frequency shall not vary more than ±3 PPM from the set value over a period of one year.

3.2.4.2 RF Power Output

The transmitter RF power output at the antenna port of the diplexer shall meet the following requirements:

(a) 5.0 W, +2/–0 dB over the temperature range of –10 °C to + 55 °C

(b) 5.0 W, +2/–1 dB over the temperature range of –20 °C to +65 °C

Peak-to-peak variation in the power level between any two temperatures shall not exceed 2 dB.

3.2.4.3 Output Impedance


The impedance at the transmitter output connector shall be 50 ohms ±1 ohm with a maximum VSWR of 1.7 to 1 over the frequency range of fT ±5 MHz, where fT is the assigned transmitter center frequency.

The impedance at the antenna port of the diplexer shall be 50 ohms ±1 ohm with a maximum VSWR of 1.7 to 1 over the frequency range of fT ±5 MHz.

3.2.4.4 Output Protection

The transmitter shall be capable of surviving an open or short condition at the RF output port indefinitely without permanent damage or degradation in performance. When the transmitter is connected to the diplexer, the transponder shall be capable of surviving an open or short condition at the antenna port indefinitely without permanent damage or degradation in performance.

3.2.4.5 Amplitude Modulation

Amplitude modulation of the transmitter output signal shall not exceed 1% with no modulation or 2% at any modulation index up to 2 radians peak by any frequency in the frequency response specified in Paragraph 3.2.5.1 and Paragraph 3.2.6.6.

3.2.4.6 Phase Noise

3.2.4.6.1 Residual Phase Modulation

When operating in the coherent or non-coherent mode, the residual phase noise modulation of the transmitter output shall not exceed 3 degrees rms or 9 degrees peak when measured with a noise-free receiver with 2(L = 60 Hz. When in the two-way mode, the transponder shall be locked to a noise-free uplink signal at –90 dBm.

The phase noise specification does not apply during mechanical stimulus (vibration or shock). However, the phase noise shall be less than 15° RMS during vibration. During mechanical stimulation, there shall be no indication of transmitter malfunction.

3.2.4.6.2 Internal TCXO Feed-through

In the coherent mode, the phase modulation contributed by the transmitter internal oscillator shall not exceed 1.5° RMS.

3.2.4.6.3 VCXO Feed-through

In the non-coherent mode, the phase modulation contributed by the transmitter voltage-controlled crystal oscillator shall not exceed 1.5° RMS.

3.2.4.7 Spurious Outputs

The emissions out of the diplexer antenna port shall not exceed a level 60 dB below the unmodulated carrier in the span 100 kHz to 18 GHz, except at fT ±10 MHz, and the second and third harmonics of the carrier. The unmodulated second and third harmonics shall not exceed a level 60 dB below the unmodulated carrier.
A load with a VSWR of 1.7:1 shall be used to verify that the spurious outputs are below the specified levels.
 
3.2.4.8 Command Suppression of Downlink Signal

The uplink command modulation for any receiver input signal level (specified in Paragraph 3.2.2.2) shall not cause suppression of the downlink carrier by more than 0.1 dB when the ranging channel is OFF. (For the command modulation indices of Table 6).
3.2.5 Telemetry Channel Characteristics

The transponder shall accept two redundant telemetry channels from the C&DH Subsystem. The transponder shall accept a level command to select one of the two channels. The data from the selected telemetry channel shall modulate either the S-Band carrier or the downlink subcarrier, depending on whether the subcarrier is enabled. Each telemetry input shall have the characteristics specified below.
3.2.5.1 Frequency Response

The telemetry channel bandwidth shall be 100 Hz to 10 MHz.

3.2.5.2 Subcarrier Frequency

The frequency of the telemetry subcarrier shall be 1.024 MHz ±0.005%.

3.2.5.3 Subcarrier Data Modulation

Telemetry data shall phase modulate the subcarrier when the subcarrier oscillator is enabled.

3.2.5.4 Subcarrier Data Rates

Subcarrier telemetry data rate shall be between 8 kbps and 64 kbps.

3.2.5.5 Subcarrier Data Encoding

Subcarrier data provided to the transmitter will be in NRZ-M format with Reed-Solomon check symbols and Rate ½, K=7, CCSDS compatible Convolutional encoding.

3.2.5.6 Carrier Modulation by the Subcarrier

Phase modulation shall be used to modulate the carrier by the subcarrier. The modulation index shall be between 0.3 and 1.4 radians. The user shall specify this modulation index at the time of transponder procurement.  The modulation index shall be set at the time of manufacture to within ±5% of the specified value. 
3.2.5.7 Carrier Modulation Index Stability

The modulation index shall remain within ±5% of the specified value over a temperature range of –10 °C to +55 °C and within ±7% over a temperature range of –20 °C to +65 °C. The modulation index shall remain within ±5% of the specified value over the data rates specified in Paragraph 3.2.5.4).

3.2.5.8 S-Band Carrier Data Modulation

BPSK modulation by the data shall be used to modulate the S-Band carrier when the subcarrier oscillator is not enabled.
3.2.5.9 S-Band Carrier Data Rates

S-Band carrier telemetry data rate shall be between 1 kbps and 500 kbps.
3.2.5.10 S-Band Carrier Data Encoding

S-Band carrier data provided to the transmitter will be in NRZ-M format with Reed-Solomon check symbols and Rate ½, K=7, CCSDS compatible Convolutional encoding.

3.2.5.11 S-Band Carrier Suppression

The carrier suppression due to direct data modulation shall be at least 20 dB for all downlink data rates.

3.2.5.12 Telemetry Input/Output Polarity

A positive going voltage at either telemetry input shall cause the phase of the RF carrier to advance (become more positive).

3.2.5.13 Telemetry Channel Amplitude Non-Linearity

The amplitude non-linearity of the telemetry channel shall not exceed 2% to 1 radian peak or 5% to 2 radians peak referenced to best straight line downlink modulation index with an input square wave 3.2 V peak-to-peak or less and a half scale dc offset.

3.2.5.14 Telemetry Modulation Sensitivity

The telemetry channel shall have fixed modulation sensitivity of 1.2 radian peak per volt peak.

3.2.6 Ranging Channel Characteristics

The transponder shall meet the ranging channel performance requirements given below.

3.2.6.1 Uplink Ranging Signal

The transponder shall be able to receive and support the following USB tone ranging signals; 20 KHz, 100 KHz or 500 KHz major range tones and  4 KHz, 800 Hz, 160 Hz, 40 Hz, 10 Hz minor ambiguity resolution tones and Ambiguity Resolving Code (ARC), as generated by the ground station, to establish initial range.


3.2.6.2 Uplink Ranging Modulation Index

The uplink ranging modulation index shall be between 0.35 to 0.80 radians peak.
3.2.6.3 Downlink Ranging Modulation Index

The transponder shall demodulate the ranging tone(s) from the uplink carrier and remodulate it on the downlink carrier. The downlink ranging modulation index shall be set with a channel SNR of 20 dB or greater in the post detection bandwidth (Paragraph 3.2.6.5).  The modulation index shall be adjustable during manufacture to any value in the range from 0.1 to 1.5 radians (sinewave). The user shall specify the downlink modulation index at the time of transponder procurement.  The modulation index shall be set at the time of manufacture to within ±5% of the specified value.

The total rms signal plus noise downlink ranging modulation index shall be within ±10% of the set value over the temperature range (-10°C to +55°C) and within ±13% over the temperature range (-20° to +65°C).
3.2.6.4 Ranging Channel Input / Output Polarity

A positive ranging modulation phase deviation on the uplink carrier shall cause a positive phase deviation on the downlink carrier.

3.2.6.5 Ranging Channel Bandwidth

The turnaround ranging post-detection bandwidth shall be 800 kHz (=1.6 times the highest frequency squarewave of 500 kHz).  

3.2.6.6 Ranging Channel Frequency Response and Non-Linearity

The ranging channel baseband frequency response shall be uniform within ±0.5 dB within the frequency range of 3 kHz to 110 KHz. The ranging channel shall be designed to not deviate more than ±6° from a linear phase-frequency relationship within the same frequency range. The phase-amplitude conditions shall be met with received RF signal levels between –120 dBm and –50 dBm.

3.2.6.7 Ranging Channel Absolute Delay

The turnaround ranging channel absolute delay shall not exceed 1.5 μs as measured at the diplexer antenna port.

3.2.6.8 Ranging Channel Time Delay Stability

The turn-around ranging channel time delay variation for the full range of Doppler input level, temperature, voltage, and life shall be less than ±40 ns. Data shall be supplied correlating the input voltage, temperature, and predicted Doppler such that it shall be possible to predict the delay to within ±25 ns.

3.2.7 Diplexer Characteristics

This section defines the requirements for the diplexer that will be used to interconnect the transponder receiver and transmitter to the antenna. The diplexer shall be physically attached and electrically interconnected to the transponder.

3.2.7.1 Center Frequency Tunable Ranges

The diplexer receiver channel shall be tuned to receive a signal at 2044.34 MHz. The diplexer transmitter channel shall be tuned to transmit a signal at 2220.1 MHz.

3.2.7.2 Impedance

The RF impedance of all diplexer input and output ports shall be 50 ohms ± l ohm with a maximum VSWR of 1.2:1 over the passband of ±5 MHz about the center frequencies.

3.2.7.3 VSWR

The Voltage Standing Wave Ratio (VSWR) of the receive port shall be 1.2:1 maximum over the receive bandwidth with the transmit port terminated in 1.2:1 or better 50 ohms load. The VSWR of the transmit port shall be 1.2:1 maximum over the transmit bandwidth with the receive port terminated in 1.2:1 or better 50 ohms load.

3.2.7.4 Insertion Loss and Isolation

The insertion loss and isolation specifications for both the receive and transmit channels shall be as shown in Table 7.

Table 7: Diplexer Insertion Losses and Isolation

	Frequency
	Between Antenna & Receiver port
	Between Transmit & Antenna port
	between Transmit & Receiver port

	fR ±5 MHz
	≤ 0.5
	≥ 40 dB
	≥ 70 dB

	10 MHz to fR –174 MHz
	≥ 40 dB
	≥ 40 dB
	≥ 40 dB

	fR –174 MHz to fT +174 MHz
	≥ 40 dB
	--
	--

	fT ±5 MHz
	≥ 60 dB
	≤ 0.4 dB
	≥ 60 dB

	fT +174 MHz to 8 GHz
	≥ 40 dB
	≥ 40 dB
	≥ 40 dB


Note: Unused port is terminated into a 1.2:1, 50 ohms load.

3.2.7.5 Gain Flatness

The peak to valley ripple in the transmit and receive passbands shall be less than 0.2 dB.

3.2.7.6 

(a) 
(b) 
3.2.7.7 RF Leakage

RF leakage from the diplexer shall be ≥ 90 dB from the applied power when measured 1 meter from the transmit port terminated with a 50 ohms load.
3.2.7.8 Power Handling

The diplexer shall be capable of handling the simultaneous transmission of 20 Watts of RF power through the transmit channel and the reception of RF signals up to +10 dBm through the receive channel, at the specified frequencies, without degradation of performance. 

3.2.7.9 Corona and Multipaction

With 20 Watts of RF power applied to the transmit port at the transmit frequency, no evidence of corona or multipaction shall exist at any temperature within the specified operating range when the diplexer is undergoing a pressure change from sea level to 10–5 torr or when the diplexer is operated at critical pressure or in a hard vacuum. This requirement shall be met when the antenna and receive terminals are operating into 5.0:1 VSWR loads of any phase angle.

3.2.7.10 

3.3 Electrical Characteristics/Interface

3.3.1 Power Interface
3.3.1.1 Power Input Configuration 

Power to the transponder’s receiver will be from an unswitched power service from the S/C via properly derated lines. Power to the transponder’s transmitter will come from a switched S/C service using properly derated lines.  In addition, the transmitter shall be commanded ON or OFF via remote command, as defined in Section 3.3.5.  The dc power and return will be routed to the component as twisted pairs and will be shielded as required.  The power inputs and their associated returns shall not use adjacent pins on the connector.  The component shall provide an interface for redundant power sources and shall diode isolate power inputs from independent power sources.

3.3.1.2 Power Consumption

Total receiver power consumption over the entire operating voltage range shall not exceed 5.4 W. Transmitter power consumption over the operating voltage range shall not exceed 35 W. If the transmitter is commanded OFF, it shall not draw more than 4 mA from the spacecraft.

3.3.1.3 Input Voltage Level

The transponder shall meet all performance requirements when operating within a voltage range 28 ±7 VDC that is unreferenced to chassis ground.  

3.3.1.4 Input Noise and Ripple

The Transponder/Diplexer shall operate while in the presence of a 2.8 Volts rms (@50 Watts) ripple superimposed on the steady-state voltage over the frequency range of 30 Hz to 50 KHz, and 1.0 Volt rms (@1 Watt) from 50 KHz to 400 MHz superimposed on the steady-state voltage at the power input. This requirement is tested as part of the EMI CS01 and CS02 tests per section 4 of this specification.

3.3.1.5 Source Impedance

The transponder shall meet all performance requirements given the following source impedance range:


1 Hz to 1 KHz:  
0.2 to 0.5 ohm


1 KHz to 20 KHz
0.3 to 1.0 ohm

20 KHz to 100 KHz
1.2 to 3.0 ohms
3.3.1.6 Input Power Transients


Normal Transients:  The Transponder/Diplexer shall operate within specifications in the presence of a normal transient of ±3.0 V from steady-state.


Abnormal Transients:  During abnormal transients, the input voltage will remain within the range of -1 VDC to 40 VDC. The duration of abnormal transients will not exceed 500 milliseconds. The Transponder/Diplexer shall survive abnormal transients without permanent damage.

3.3.1.7 Induced Transients

The transponder’s induced transients shall not exceed the following:


Turn-On Transients:  Transient turn-on currents drawn by the transponder shall not exceed the following limits:

(a) The initial inrush current due to distributed capacitance, EMI filters, etc., shall not exceed a slope of 1A/µsec in the first 10 microseconds.
(b) The rate of change of inrush current after the initial surge shall not exceed 20 mA/µsec after the initial 10 µsec surge.

(c) The transient current shall not exceed 300 % of the maximum steady state current in the first 10 msec.

(d) The in-rush shall be reduced to steady-state within 100 msec after turn-on.

Turn-Off Transients:  The peak voltage of transients generated on the power lines (load side) of the Transponder/Diplexer during turn-off due to induction effects of the load shall not exceed +40 or -1 V dc with respect to ground.  The designer shall take adequate precautions to prevent damage to parts such as capacitors or semiconductors due to polarity reversal

Operational Transients:  Operational transients, those occurring after initial turn-on, shall not exceed 90% of the rated current for the switched service.  The rate of change of current during the transients shall not exceed 20 mA/µsec.

3.3.1.8 Internal Fusing/Over-Current Protection

The transponder shall provide over-current protection. There shall be no internal fusing in the transponder. The transponder may use resetable solid-state switches for over-current protection.

3.3.2 Baseband Command Interface

The transponder shall provide redundant command data, command clock, detector lock indicator, and receiver carrier lock indicator signals to the C&DH Subsystem.

Command interface signals are detailed in Table 8. The group of command signals shall have a dedicated return line that is referenced to chassis ground at the transponder.

The characteristics of the signals sent to the command decoder shall be as described in the paragraphs that follow.
Table 8: Uplink Command Interface

	Description
	Signal Type

	Command Data
	Digital, RS-422

	Command Clock
	Digital, RS-422

	Detector Lock Indicator
	Digital, Open Collector, 0-5V

	Receiver Carrier Lock Indicator
	Digital, Open Collector, 0-5V

	Signal Return
	Signal ground


The timing relationship among these signals shall be as illustrated in Figure 2.



[image: image4]
Figure 2: Command Timing

3.3.2.1 Interface Signal Levels and Logic Definitions

Logical definitions of interface signals and other characteristics are given in Table 9.

Table 9: Interface Signal Levels

	Parameter
	Value

	Logic low or “0”
	0 to +0.8 VDC

	Logic high or “1”
	+4.0 to +5.0 VDC

	Sink current when low
	10 mA

	Leakage current when high
	100 µA


3.3.2.2 Command Data

The command data is demodulated from the 16 kHz subcarrier in the uplink signal and sent to the C&DH Subsystem. The command data may either be normal or inverted and shall be clocked on the rising edge of the command clock. The C&DH will resolve any polarity ambiguity and shall ignore glitches on the detector lock and the command clock signals that are less than a µsec in duration. The command data shall be provided in NRZ-L format.

The transponder shall pass baseband command data to the C&DH only when the receiver and detector lock indicators are both in-lock. The detector shall maintain lock for data streams containing up to 64 continuous l's or 0's.

3.3.2.3 Command Clock

The command clock shall be a squarewave at the data rate.  The clock shall only be provided when the detector lock indicator is in-lock.
3.3.2.4 Detector Lock Indicator

The detector lock indicator shall be a 2-level signal used to indicate when the detector is locked to the incoming command signal. For the detector lock indicator to be “In Lock" the uplink BER needs to be <10-3.  A logic low shall represent a locked condition. The detector shall maintain lock for data streams containing up to 64 continuous l's or 0's.

3.3.2.5 Receiver Carrier Lock Indicator

The receiver carrier lock indicator shall be a 2-level signal used to indicate when the receiver is locked to the uplink RF S-Band signal. 

The transponder shall establish a voltage between signal and return lines in the range of 0 to +0.8 VDC to indicate the carrier out-of-lock condition to the C&DH Subsystem. The transponder shall establish a voltage between signal and return lines in the range of +4.5 ±0.5 VDC to indicate the carrier in-lock condition.

The interface circuit output impedance shall be 10 k-ohms maximum.  The shunt capacitance shall be less than 10,000 pF.  The collector load (pull-up resistor) to the Receiver Carrier/CMD Decoder lock indicator shall be 5.1 k-ohms.  The output voltage shall not exceed +15 VDC for any failure condition.

3.3.3 Auxiliary (Hardline) Command Interface

The transponder shall accept an externally generated composite baseband signal as an alternate method of sending commands when RF communication with the transponder is impossible or undesirable (when the spacecraft is on a launch pad, for example). The transponder shall utilize a separate external signal to enable commanding via the auxiliary command interface.

3.3.3.1 Auxiliary Command Selection

Auxiliary commanding shall only be enabled when the receiver is not locked to an RF uplink signal. When the receiver is locked to an RF uplink signal, the transponder shall ignore the auxiliary command input regardless of the status of the enable signal. The requirements for auxiliary command signal switching are given in Table 10.
Table 10: Auxiliary Command Switching

	Receiver Locked
to RF Uplink
	Auxiliary Enable Switch
	Command Path
	Receiver In-Lock Telemetry Status
	Detector In-Lock Telemetry Status

	Yes
	Open
	RF
	In-Lock
	In or Out

	Yes
	Closed
	RF
	In-Lock
	In or Out

	No
	Open
	-
	Out-of-Lock
	Out-of-Lock

	No
	Closed
	Hardline
	Out-of-Lock
	In-Lock


3.3.3.2 Auxiliary Command Signal Characteristics

The auxiliary command signal shall be a differential signal with the following characteristics:

3.3.3.2.1 Input Impedance

The auxiliary command signal input shall be terminated in 600 ±30 ohms inside the transponder. The impedance of either line to chassis ground shall be greater than 4.7 k-ohms.

3.3.3.2.2 Signal Type

The auxiliary command signal shall consist of a 16 kHz sinewave, bi-phase modulated with NRZ-L binary command data, at bit rate of 2000 bps.

3.3.3.2.3 Signal Level

The auxiliary command signal level at the input to the transponder shall be 4.5 ±1.0 volts peak-to-peak, line-to-line. The signal shall be attenuated in the transponder to a level within the signal range required by the receiver to provide operation to the performance requirements of Section 3.2.3.

3.3.3.2.4 Noise Level

The receiver shall accurately detect and demodulate the auxiliary command signal when the signal appears in the presence of common mode noise of up to 9 volts peak at frequencies up to 100 kHz.

3.3.3.2.5 Un-terminated Cabling

The transponder shall operate within the requirements of this document when as much as five hundred feet of un-terminated cabling is connected to the auxiliary command signal interface at the input of the transponder.

3.3.3.2.6 

3.3.3.3 Auxiliary Command Enable Signal Characteristics

The auxiliary command enable signal shall be a switch closure to ground. Therefore, two isolated lines shall be provided: a signal and a return. The return shall be connected to signal ground inside the transponder.
3.3.3.3.1 Termination

The transponder shall “pull up” the signal to a voltage in the range of +5 to +15 VDC. A resistor shall be provided internal to the transponder to limit the current switched externally to ground to be within the range of 5 to 15 mA.

3.3.3.3.2 Signal Level

The transponder shall interpret an external switch closure of the two auxiliary command enable lines as evidence that the auxiliary command function is being exercised. The voltage between signal and return lines at the input to the transponder when the external switch is closed will be in the range of 0 to +1.0 VDC. When the external switch is open, the leakage current through this switch will not exceed 0.25 mA.

3.3.3.3.3 Noise Level

The transponder shall function in accordance with the requirements of this document in the presence of noise spikes superimposed on the auxiliary command enable signal. The duration of this noise will not exceed 10 µs. The magnitude of the noise will not exceed ±3 volts peak for a logic “high” and ±0.3 volts peak for a logic “low”.
3.3.3.3.4 Un-terminated Cabling

The transponder shall operate within the requirements of this document when five hundred feet of un-terminated cabling is connected at the auxiliary command enable interface.
3.3.4 Baseband Telemetry Interface

The transponder shall accept two redundant sets of downlink telemetry data only (no clock signals will be provided) from the C&DH Subsystem. The C&DH Subsystem will provide these data streams as RS422 signals.  The telemetry data shall modulate either the downlink S-Band carrier or the 1.024 MHz subcarrier (see Section 3.2.5).
The maximum transfer rate (data and encoding) from the C&DH Subsystem to the transponder is 6 Msymbols/second.  
3.3.4.1 Telemetry Input Signal Characteristics

The input signal shall be no greater than 5.5 V peak maximum and no less than 0 V peak minimum.

3.3.4.2 Telemetry Input Impedance

The telemetry input impedance, between the positive and negative inputs, should be 100 ohms, AC coupled.

3.3.4.3 Telemetry Channel Waveform Time Asymmetry

The telemetry channel waveform time asymmetry will not exceed 1%.
3.3.4.4 Telemetry Input Signal Reference

The telemetry input signals will be referenced to chassis ground.

3.3.5 Transponder Control Command Interface

Transponder operational states shall be selected by commands from the C&DH Subsystem. The transponder shall provide the necessary command functions to select the operational modes, summarized in Table 11 and Table 12. Control of the transponder state shall be by pulsed command signals and logic level signals.

3.3.5.1 Pulsed Commands

The pulse commands from the C&DH Subsystem will have a nominal duration of 40 milliseconds and range from +3.5 V to +5 V when the pulse is present and +0 V to +0.8 V when the pulse is not present.  

The transponder shall accept a 5 V ±1 volt pulse of 10 ms minimum duration and draw less than 10mA average current from each separate control interface.  The load impedance at the RF output connector shall be 50 ohms nominal with a VSWR of less than 1.5:1.  Less than 1.5 V shall not be a command and greater than 3.0 V shall be interpreted as a command with the nominal transition set at 2.5 V.  A ±5 V, 5 µs pulse shall not be a command. Every pulse command signal shall have a dedicated return line.
Table 11: Transponder Control Pulsed Commands

	Command Description

	Subcarrier Oscillator Enable

	Subcarrier Oscillator Disable

	Transmitter On

	Transmitter Off

	Auxiliary Oscillator On

	Auxiliary Oscillator Off

	Ranging On

	Ranging Off


3.3.5.1.1 Subcarrier Oscillator Enable Command
When the Subcarrier Oscillator is enabled, the telemetry data shall phase modulate the subcarrier.  If the Subcarrier Oscillator is disabled, the telemetry data shall BPSK modulate the S-Band carrier directly (see Section 3.2.5).
3.3.5.2 Level Command

The transponder shall be able to switch between telemetry data input A or B upon receipt of level command by the C&DH Subsystem.  A 0-1 V level at the input shall select Telemetry A, and a 4-5 V level shall select Telemetry B.
Table 12: Transponder Control Level Command

	Command Description

	Select Telemetry Input (A or B)


3.3.6 Transponder Status Telemetry Interfaces

The transponder shall be designed with self-monitoring telemetry signals that are provided to the C&DH Subsystem. All transponder telemetry signal outputs shall be referenced to the transponder chassis ground.

The transponder shall perform as specified with an open or short applied to any of the signal outputs listed in Table 13, Table 14, and Table 15. The interfaces shall be as described below.

3.3.6.1 Analog Telemetry

Table 13 lists the analog telemetry signals. Each analog telemetry signal output shall have a source resistance of 5.1 k-ohms or less. The shunt capacitance to chassis ground of each output shall not exceed 10,000 pF. The load impedance presented by the C&DH electronics will be 100 k-ohms minimum. The analog output voltage ranges shall be 0.5 ±0.5 VDC to 4.5 ±0.5 VDC. The output voltage shall not exceed +10 VDC or –6 VDC, even under failure conditions. The analog telemetry outputs to C&DH electronics shall be redundant for cross strapping and share a common return line that is referenced to chassis ground at the transponder.

Table 13: Analog Telemetry

	Telemetry
	Parameter Range
	Voltage Range

	Receiver Signal Level (AGC)
	–120 dBm to –50 dBm
	See Paragraph 3.3.6.2

	VCXO Frequency Offset 
	FR ±150 kHz
	See Paragraph 3.3.6.3

	Transmitter Output Power
	+35 dBm to +39 dBm
	See Paragraph 3.3.6.4

	Recommended Regulated Voltage (TBS)
	Voltage ±5%
	0-5 Volt


3.3.6.2 Receiver Signal Level (AGC) Calibration

For uplink signal levels from the minimum measurable input (at least –120 dBm) to –50 dBm, the Receiver Signal Level telemetry voltage shall occupy a minimum of 60% of the specified analog voltage range and shall be linear within ±20% of a best straight line over the signal range of -120 dBm to -50 dBm. Receiver AGC voltage variation with temperature shall be considered when calculating the percent of range occupied. The calibration accuracy shall be ±2 dB between –120 dBm and –50 dBm and over the temperature range of –10°C to +55°C. Calibration curves shall be generated for the following temperatures: –10 °C, 25 °C, and 55 °C.

3.3.6.3 VCXO Frequency Offset Calibration

For frequency offsets of FR ±150 kHz, the VCXO Frequency Offset telemetry shall occupy a minimum of 60% of the specified analog voltage range and shall be linear within ±10% of a best straight line over this range. The calibration accuracy shall be within ±10%. Voltage variation with temperature shall be considered when calculating the percent of range occupied. Calibration curves shall be generated for the following temperatures: –10 °C, 25 °C, and 55 °C. At any constant temperature, the VCXO Frequency Offset telemetry repeatability shall be within ±5%.

3.3.6.4 Transmitter Power Output Calibration

The transmitter power output telemetry shall occupy a minimum of 75% of the specified analog voltage range. The calibration accuracy shall be within ±1.0 dB. Power output variation with temperature shall be considered when calculating the percent of range occupied. Calibration curves shall be generated for the following temperatures: –10 °C, 25 °C, and 55°C. At any constant temperature, the transmitter output power monitor repeatability shall be within ±0.5 dB.

3.3.6.5 Digital Telemetry

Table 14 lists the digital telemetry signals. Each output shall have a source resistance less than 5 k-ohms. The shunt capacitance to ground for each output shall be less than 10,000 pF. The load impedance presented by the C&DH electronics will be 100 k-ohms minimum. The output voltage for a logic “0” shall be 0.0 +0.5/-0.0 VDC and 4.5 +/- 0.5 VDC for a logic “1”.  The output voltage shall not exceed +6 VDC or –0.5 VDC, even under failure conditions. The digital telemetry outputs to C&DH electronics shall be redundant for cross strapping and share a common return line that is referenced to chassis ground at the transponder.

Table 14: Digital Telemetry

	Telemetry
	Status
	Logic Level

	Receiver Carrier Lock
	In-Lock
	1

	
	Out-of-Lock
	0

	Detector Lock
	In-Lock
	0

	
	Out-of-Lock
	1

	Transmitter ON/OFF
	ON
	1

	
	OFF
	0

	Auxiliary Oscillator ON/OFF
	ON
	0

	
	OFF
	1

	Subcarrier Oscillator 
	Enable
	1

	
	Disable
	0

	Ranging ON/OFF
	ON
	1

	
	OFF
	0

	Select Telemetry Input A/B*
	Data from A-side
	0

	
	Data from B-side
	1


*Note: Select Telemetry Input A/B telemetry does not need to be redundant.

3.3.6.6 Temperature Telemetry

Table 15 lists the required temperature sensitive resistors.  These resistors shall be of GSFC part number S-311-P-18-06, screened to the requirements defined in the Statement of Work. Two output pins per resistor, unreferenced to chassis ground, shall be provided at the transponder telemetry connector interface. 


Table 15: Temperature Telemetry

	Telemetry
	Parameter Range
	Resistance Range

	Transmitter Power Supply Temperature
	-20 to +65°C
	500 to 5000 ohms

	Transmitter Power Amplifier Temperature
	-20 to +65°C
	500 to 5000 ohms


3.3.7 Test Inputs

The Transponder/Diplexer test interfaces shall follow the test signal rules below.

(a) The Transponder/Diplexer may include test signals at test connectors that are not directly wired to a flight circuit and that are used for ground test operations.

(b) Test connectors shall meet the same specifications as any flight connector on the Transponder/Diplexer. 

(c) Vendor shall provide flight-approved RF, static control covers, connector savers, and mating connectors for all connectors. 

(d) Circuits wired to the test connectors shall be designed to prevent damage due to an external short, test equipment malfunction, or ESD.
(e) Dedicated test input and hardline output connectors shall be labeled and / or keyed to ensure proper connection (cannot mate to flight connectors).

The Transponder/Diplexer power shall not be applied or accessed at or through a test connector.

3.3.8 Connectors

External box connectors shall be chosen from those in the EEE-INST-0002. If the Transponder/Diplexer requirements cannot be met using one of these connectors, equivalent alternates may be used if it meets the derating criteria of EEE-INST-0002, or after successful completion of a qualification program based upon the guidelines contained therein.
Flight connectors shall be labeled and / or keyed to ensure proper connection.

3.3.9 Wiring

Conventional wire used in the spacecraft harness or any of the subsystem harnesses shall conform to the following requirements.

(a) Minimum allowable wire size for power is 22 AWG.  Minimum wire size for signals is 24 AWG.

(b) All harnessing must be fabricated from low outgassing material that is non-flammable or self-extinguishing (per EEE-INST-002).

(c) All current carrying power wires must be derated in accordance with GSFC EEE-INST-0002.

(d) Wire shields shall not be used for power or power return.

3.3.9.1 Wire Sizing and Number

Separate wiring shall be provided for the transmitter and receiver power supplies. The transmitter connection shall use four wires (two supply, two return), and the receiver shall similarly use four wires. The power lines shall be isolated from chassis by at least 1 M-ohm. Each wire shall be sized appropriately, to accommodate the peak operating current draw from the power system and remain within derating guidelines of EEE-INST-0002 for wire in a bundle.  This requirement must still remain after one wire is in an open circuit condition.  The primary power supply connection for the transmitter and receiver shall utilize a multi-pin “D” connector, which is separate from the other transponder connectors.

3.3.9.2 Cable and Signal Shielding

All signal lines shall be shielded.  Power wires shall be shielded on a case by case basis, if it is determined to be necessary by the EMC tests performed before transponder delivery.  All shields shall be grounded to the chassis of the transponder and not brought through the connectors unless approved by the COTR.
3.3.10 Surface/Dielectric Charging Protection

The Transponder/Diplexer shall meet the following requirements in order to survive the GTO/GEO charging environment:

3.3.10.1 



3.3.10.2 Internal Charging 

The Transponder/Diplexer design shall prevent internal charging/discharging effects that can damage the internal components or disrupt operations.  Internal charging effects shall be controlled by shielding all electronics elements with sufficient aluminum equivalent thickness (110 mil Al for bulk dielectrics or to 60 mil Al equivalent for Teflon harness insulation) so that the internal charging rate is benign.   (NOTE:  The Transponder/Diplexer is located inside the spacecraft module, and thus can assume 40 mils of equivalent Aluminum shielding from the spacecraft.)
Internal dielectrics materials with bulk resistivity of >1012 ohm-cm (such as the connectors, thermal isolators, thermistor mounting, and other materials such as Kapton and Teflon insulators) that do not meet the shielding requirement shall be controlled via one of the methods described in the following paragraphs below.

(a) Limit the electron flux to insulators by shielding to 1010 electrons/cm2 in 10 hours.  (This can be met with plate shielding with 110 mil Al for bulk dielectrics or to 60 mil Al equivalent for Teflon harness insulation.)

(b) Filter nearby circuitry to withstand a 5,000-Volt, 20-pf, 10-ohms discharge.  Detailed analysis of discharge could result in smaller or larger discharge source than above.

(c) Coat the exterior surface of the dielectric with a grounded layer with a resistivity of <109 ohm/sq.

(d) Prevent the discharge from reaching a victim circuit by EMI shielding and or grounded conductive barrier that will safely absorb and dissipate the discharge.

If none of above control techniques can be applied, the impacts of the discharge from the dielectric material shall be assessed for an approval.

Ungrounded (floating) conductors shall not be allowed in the Transponder/Diplexer.  This includes unused wires in harnesses; ground test sensors; unused or unpopulated circuit board traces; ungrounded IC, relay, transistor, or capacitor cases; spare pins in connectors; aluminum or copper tape; ungrounded bracketry for harness or connectors; TC105 harness tie-down clips; harness P-clamps; conductive epoxy; thermostat cases; screws; or nut plates. 

Leakage impedance of conductive internal parts shall be less than 10,000 ohms.  This requirement applies to conductive fittings on dielectric structural parts.  Further investigation into these effects and mitigations of internal charging can be found in the NASA document, Avoiding Problems Caused by Spacecraft On-Orbit Internal Charging Effects, NASA-HDBK-4002.

3.3.11 Dielectric Strength

Dielectric material between mutually isolated electrical circuits shall withstand a test voltage of at least 200 VAC for 60 seconds without exceeding a current of 1.0 mA.

3.3.12 Insulation Resistance

Insulation resistance between mutually isolated electrical circuits shall be at least 100 M-ohms at a test voltage of at least 500 VDC for 60 seconds minimum.

3.3.13 EMI/EMC

The Transponder/Diplexer shall be compatible with the EMI/EMC levels described below.  Acceptable levels of emissions and susceptibility may differ and will be shown in the applicable figures.     

•
Component Level:  CS01/02, CS03, CS04, CS05, CS06, CE01/CE03, RS03, and RE02

3.3.13.1 Conducted Susceptibility (CS)

No undesirable response, malfunction, or degradation of performance shall be produced in the Transponder/Diplexer during CS test when subjected to the tests specified below.  Performance deviation is acceptable as long as the unit under test shall survive the component CS test levels and meets all performance requirements with the instrument system CS test levels.  The CS01 and CS02 test limits shall be per Table 16 below:

Table 16: SDO Conducted Susceptibility Levels

	Test
	Frequency Range
	Level

	CS01
	30 Hz – 50 kHz
	2.8 Vrms

	CS02
	50 KHz – 400 MHz
	1.0 Vrms


The CS03 (intermodulation) test performed on the transponder shall not cause the transponder to exhibit any intermodulation products from two input signals, beyond those permitted in this specification.  The CS03 test for the transponder shall be conducted to the limits specified in MIL-STD-461C.
The CS04 (rejection of undesired signals) test for the transponder consists of a 0.0 dBm (1 mW) signal applied directly to the receiver input terminals and notched around the receiver input bandwidth at 80.0 dB above its threshold. The input notch center shall be at the receiver-tuned frequency and in the center of the notch. These test limits are defined in MIL-STD-461C.

The CS05 (cross-modulation) test performed on the transponder shall not cause the transponder to exhibit any cross-modulation from two input signals. The CS05 test for transponder shall be conducted to the limits specified in MIL-STD-461C.

The CS06 test consists of both a positive transient test and a negative transient test, having an amplitude of 28 V superimposed on the 28 V power bus as in Figure 3. The CS06 test method used shall be as per CS06 as defined in MIL-STD-462. This pulse shall be limited to 56 V peak absolute value and 10 uS from 0.5E (peak) to the 28 V steady-state value crossing point. This pulse width and height are specified per the pulse-generating method as provided in MIL-STD-462.
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Figure 3: CS06 Conducted Susceptibility Test Pulse

3.3.13.2 Conducted Emissions (CE)

Conducted emissions shall not exceed the values shown in Figure 4 when subjected to narrowband testing per CE01 and CE03 as performed per MIL-STD-462. CE01 and CE03 shall be performed on all power and return lines to the Transponder/Diplexer.  Transient current pulses, both single event (excluding turn-on) and recurring, shall also be contained within the limits as specified in herein. 
Applicable test parameters and limits are as follows for narrowband conducted emissions:
(a) Interface lines to be measured are differential mode current lines:

i. +28 V inputs.

ii. 28 V input returns.

(b) Interface lines to be measured are common mode current lines:

i. +28 V power inputs with return including heater circuits.

(c) Differential mode narrowband test limits are 120 dB(A (1.0 A rms) from 30 Hz to 450 Hz, then decreasing to 80 dB(A (10mA rms) at 20 KHz, then decreasing to 20 dBuA (10(A rms) at 2 MHz, and then continuing at that level to 50 MHz.
Common mode narrowband test limits are 50 dB(A (0.316mA rms) from 30 Hz to 15 KHz, then decreasing to 20 dBuA (10(A rms) at 2 MHz, and then continuing at that level to 50 MHz.
Broadband conducted emissions testing shall not be required unless the subsystem/component contains motors with brushes or similar noisy equipment that generates a broadband EMI spectrum.
Figure 4: Narrowband Conducted Emissions CE01/CE03 Limits

3.3.13.3 Radiated Susceptibility (RS)

No undesirable response, malfunction, or degradation of performance shall be produced when subjected to the transmitted frequencies and E-field levels shown in Table 17. The SDO ELV will be serviced and launched from the Cape Canaveral Air Station (CCAS) in Florida and can be exposed to the maximum Transmitter limits shown in Table 17.

The electronics shall survive the RS test at the launch site transmitter frequency bandwidths and levels. Electronics can be powered off during the RS test at the ELV S band and C band transmitter frequencies, provided the component is powered off at launch. (NOTE:  the transponder’s receiver is powered on at launch.)  The RS03 test methods used shall be per MIL-STD-462. 

The electronics shall operate during the RS test at the observatory transmitter frequency bandwidths and levels.  The Transponder/Diplexer shall be powered and in their normal flight operating modes during GEVS-level, SDO S-band, and SDO Ka-band testing.

Table 17: SDO Launch and Ascent Transmitters

	Frequency Range
	Test Level

	14 KHz-2 GHz
	2 Volts/Meter (GEVS-SE)*

	2 GHz-12 GHz
	5 Volts/Meter (GEVS-SE)*

	12 GHz-28 GHz
	10 Volts/Meter (GEVS-SE)*

	2.22 GHz
	7 V/m SDO S-Band XMTR *

	2.2415 GHz
	40 V/m (Delta IV) S-Band **

	5.762-5.768 GHz
	40 V/m  (Delta IV) C-Band **

	2.2 – 2.5 GHz
	45 V/m (Atlas V) S-Band **

	5.6 – 5.8 GHz
	45 V/m (Atlas V) C-Band **


* SDO Observatory transmitter frequency; testing in normal mode required

**Launch vehicle transmitter frequency; testing in launch mode required
3.3.13.4 Radiated Emissions

Radiated electric field emissions while in normal operating mode, shall not exceed the limits shown in Figure 5 (lower line).  The test method used shall be RE02 per MIL-STD-462.
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Figure 5: RE02 Radiated Narrowband Emission Limits for the Observatory & Subsystems

3.3.13.5 Common Mode Noise

During all normal operating modes, the Transponder/Diplexer shall not produce common mode voltage exceeding 100 mV peak-to-peak.  Measurements to verify compliance with this requirement shall be made between:

(a) Power (+28 V) and component chassis.

(b) Power return and component chassis.

(c) Signal ground and chassis.

These measurements shall be made with a Line Impedance Simulation Network (LISN) placed between the power source and the Unit Under Test (UUT).  The recommended LISN has a relatively flat impedance of approximately 500 ohms over a wide frequency range.  The LISN and test instructions can be provided as Government Furnished Equipment, if desired.

3.3.14  Corona

The Transponder/Diplexer shall be immune to corona and arcing while transitioning to the normal orbital vacuum environment.

3.3.15 Grounding

Unregulated 28V power and return shall be isolated from signal and chassis ground by greater than 10 M-ohms.  Internal to the transponder, signal and chassis ground will be directly connected to each other.  Secondary power and ground shall also be isolated from unregulated 28V power and return by greater than 10 M-ohms.  The secondary ground of power converter circuits shall also be directly connected to chassis ground.  Other circuits within the system shall be referenced to signal ground except where otherwise specified.  Redundant signal, power and chassis ground contacts shall be provided at the flight connectors.  Chassis ground contacts shall take the shortest possible route to chassis.  The design of the transponder ground layout shall minimize current flow (per 3.3.13.5 Common Mode Noise requirements).

The DC electrical resistance across the transponder to mounting interfaces shall not exceed 2.5 m-ohms.  (Assume bolted to aluminum interface with no interface material).  Mating surfaces shall be free from nonconductive finishes and shall maximize contact surface area.  Connector shells shall be electrically bonded to the chassis through an electrical resistance not exceeding 2.5 m-ohms.  Unless specifically approved by the GSFC COTR, the Transponder/Diplexer’s ground connection shall be made through its mounting interface.
The transponder chassis shall be electrically conductive at the mounting surface to permit grounding to the spacecraft baseplate. In general, signal returns and connector shields shall be internally connected to the chassis as described below:

(a) Signal Returns – Returns for data, control, telemetry, and other signals shall be returned to the chassis ground internally. A separate pin connection shall be provided for the common signal return in each multi-pin connector.

(b) Connector Grounds – Connector shells of multi-pin connectors shall be electrically conductive and shall be connected to the chassis within the unit.

(c) Shield Returns – Shield ground pins shall be provided on multi-pin connectors for signals that use twisted shielded pairs or single shielded wires. All shield pins on each multi-pin connector shall be connected to the chassis ground within the unit. All such connections shall use low inductance paths.

3.4 Physical Characteristics/Interface

The transponder physical characteristics specified herein include the characteristics of the diplexer unless specified otherwise.

3.4.1 Mechanical Interface

RF connectors shall be SMA type in accordance with MIL-C-39012 and shall be gold plated per MIL-G-45204. Electrical connectors shall be electrically grounded to the metallic case to which they are attached. Bonding shall be in accordance with MIL-B-5087 for RF bonding.

3.4.1.1 Mass

Total as delivered system mass, including the transponder, diplexer, and cabling shall be less than or equal to 2.90 kg

3.4.1.2 Center of Mass

The contractor shall define the center of mass. The center of mass shall be determined to within ±2.5 mm relative to an external reference.

3.4.1.3 Envelope

The Transponder/Diplexer shall occupy a space of less than:



Height: 15.3 cm (6 inches)

Width:   15.3 cm (6 inches)

Length:  22.9 cm (9 inches)

For the purposes of clarifying this requirement, the length and width dimensions define the mounting surface and the height and length dimensions define the connector face.  See Figure 6 below:












W

Mounting face below

Figure 6:  Envelope Dimension Definitions

3.4.1.4 Minimum Resonant Frequency

The unit shall have a minimum structural fundamental frequency of 50 Hz at fixed base. Flexures are considered as part of the Transponder/Diplexer.  This requirement shall be verified by test during structural sine sweep testing.

3.4.1.5 Mounting

The package will be hard-mounted on a mechanical surface of the spacecraft structure.  Proper fit/alignment of the Transponder/Diplexer to the structure shall be inherent in its design, fabrication, and assembly to the structure, through the use of matched tooling and/or close dimensional control in the location of mounting holes and the use of correct mounting hardware. The mounting interface shall be free of any obstructions, including connectors. 
The transponder footprint surface shall have smoothness of 64 microns or better and be flat to 0.020 inches.

3.4.1.6 External Adjustment

The Transponder/Diplexer shall be designed so that no external adjustments are required after start of acceptance or qualification testing.

3.4.1.7 Finish

All parts should be passivated and external surfaces on externally mounted components shall be conductive as defined in paragraph 3.3.10 (surface conductivity.) Aluminum parts shall be finished with iridite per MIL-C-5541, Class 3.  Titanium surfaces shall be finished per AMS 2488. 
3.4.1.8 Identification and Marking

Each unit shall be permanently marked with the part number and a unique sequential serial number in the area designated on the interface control drawing in a manner to be approved by the GSFC COTR. Marking of the part shall not induce any stresses, i.e. steel stamp or etch.  Ink stamp or equivalent, which meets outgassing and contamination requirements, is acceptable.

3.4.2 Thermal Interface

The primary mode of heat transfer between the spacecraft and the transponder shall be via conduction through the mounting baseplate. 
3.5 Life Requirements

3.5.1 Mission Life

The Transponder/Diplexer orbit life shall be 5.25 years as defined herein.

3.5.2 Shelf Life

The Transponder/Diplexer shall not suffer any degradation in performance when stored for ten years when packaged using agreed-to procedures.

3.6 Environmental Requirements

The SDO S-Band Transponder/Diplexer shall be designed to withstand (without degradation of specified performance) the operational and non-operational environments specified in the following section.

3.6.1 Static Loads

The Transponder/Diplexer shall demonstrate the ability to survive interface limit loads of Table 18.  Loads are considered to act in any direction, individually. 

Structural analyses shall be performed to show positive margins of safety, under acceptance level loads, using a factor of 1.25X with regard to yield and 1.4X with regard to ultimate material strength.

Table 18: Component Limit Loads

	Component
	Acceptance Levels

(Flight)
	Qualification Levels

(Protoflight & Prototype)

	Transponder/Diplexer 
	13.4 g
	16.8 g



3.6.2 Dynamic Loads

3.6.2.1 Random Vibration

The Transponder/Diplexer shall be capable of withstanding the random vibration levels shown in Table 19 individually applied to three mutually orthogonal axes.  

Components that are powered on at launch must meet this requirement when powered.  (NOTE:  the S-Band transponder’s receiver is powered at launch.)

Table 19:  Random Vibration

	Frequency

(Hz)
	Acceptance Levels

(Flight)
	Qualification Levels

(Protoflight & Prototype)

	20
	.013 g2/Hz
	0.026 g2/Hz

	20-50
	+6dB/oct
	+6dB/oct

	50-800
	.08 g2/Hz
	0.16 g2/Hz

	800-2000
	-6dB/oct
	-6dB/oct

	2000
	.013 g2/Hz
	0.026 g2/Hz

	Overall Grms
	10.0 Grms
	14.1 Grms


3.6.2.2 Sine Vibration

The Transponder/Diplexer shall be capable of withstanding the sine vibration levels of Table 20 individually applied to three mutually orthogonal axes.  

Components that are powered on at launch must meet this requirement when powered.  (NOTE:  the transponder’s receiver is powered at launch.)

Table 20: Sine Sweep Vibration Test Levels 

	Axis
	Frequency

(Hz)
	Acceptance Levels

(Flight)
	Qualification Levels

(Protoflight & Prototype)

	All
	5 to 20
20 to 35

35 to 50
	3 g
7 g

10 g
	3.8 g

8.8 g

12.5 g




	

	


	


	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



	
	
	


	


	
	
	
	


3.6.3 Shock (not applicable)


	
	

	


	




	




	






3.6.4 Acoustic

The Transponder/Diplexer will be subjected to acoustic levels at the spacecraft system level testing as defined in Table 21 and must be capable of withstanding the protoflight acoustic environment. Components that are powered on at launch must meet this requirement when powered.  (NOTE:  the transponder’s receiver is powered at launch.)
Table 21: Acoustic Levels 

	1/3 Oct. Center Freq. (Hz)
	Acceptance SPL

(dB)
	Qualification SPL

(Protoflight & Prototype)

(dB)

	32
	119.5
	122.5

	40
	125.0
	128.0

	50
	125.2
	128.2

	63
	126.3
	129.3

	80
	128.0
	131.0

	100
	129.0
	132.0

	125
	130.5
	133.5

	160
	131.0
	134.0

	200
	132.0
	135.0

	250
	131.5
	134.5

	315
	131.0
	134.0

	400
	130.5
	133.5

	500
	130.0
	133.0

	630
	128.5
	131.5

	800
	127.0
	130.0

	1000
	124.0
	127.0

	1250
	122.0
	125.0

	1600
	120.5
	123.5

	2000
	121.0
	124.0

	2500
	118.0
	121.0

	3150
	117.5
	120.5

	4000
	115.5
	118.5

	5000
	114.5
	117.5

	6300
	113.5
	116.5

	8000
	114.0
	117.0

	10000
	114.5
	117.5

	OASPL
	141.3
	144.3




	
	

	


	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


3.6.5 Thermal

The Transponder/Diplexer shall be capable of operation with baseplate temperatures defined in Table 22.  Unless specifically approved by the COTR, the thermal design shall dissipate heat conductively through the mounting interface, which should be assumed to be at the qualification temperatures.
Table 22: Temperature Limits at Mounting Interface

	Condition
	Cold Limit (°C)
	Hot Limit (°C)

	Operational Temp   (nominal expected orbital range)
	-10
	+55

	Acceptance Temp  (test temperatures for flight units) conducted only on flight hardware for which the design has already undergone a Qualification Program.
	-15
	+60

	Qualification Temp (maximum performance limits; test temps for first of multiple flight units if design not previously qualified)
	-20
	+65

	Survival Temp (each unit must turn on at these extremes but does not have to meet performance requirements)
	-20
	+65


3.6.6 Vacuum

The Transponder/Diplexer shall be capable of meeting all performance requirements of section 3.2 at ambient as well as when exposed to a vacuum environment of 1 x 10-5 Torr, or less.

3.6.7 Radiation – Total Dose

The proposed SDO spacecraft will be positioned in geosynchronous orbit.   The total ionizing dose (TID) of radiation is not likely to exceed the values shown in Figure 7.

(a) Each component shall be capable of fulfilling their intended application after accumulated exposure based on shielding provided by the contractor as shown in Figure 7.  The contractor must apply a factor of 2 to the values shown in Figure 7.  The contractor should assume 40 mils of effective shielding being provided by the spacecraft structure.

(b) All linear bipolar components shall be tolerant to the effects of enhanced low dose rates. Linear bipolar components are of special concern for TID degradation, because they may exhibit enhanced degradation when exposed to the low dose rates typical in space environments—a phenomenon called enhanced low dose rate sensitivity. The contractor shall verify that the performance of devices (for example, bipolar technologies) susceptible to proton displacement damage is unlikely to be compromised by exposure to an equivalent cumulative fluence of 3E11 10 MeV protons.


Figure 7: Dose-depth curve for SDO for a 5-year mission in GEO 

(A factor of 2x design margin must be applied to these values)
3.6.7.1 Non-Destructive Single Events Effects

(a) The Contractor shall demonstrate that for non-destructive SEE, such as single event upset (SEU), the minimum LET for each component shall be greater than 37 MeVcm2/mg.

(b) The Contractor must consider that there is no geomagnetic shielding for the SDO SC orbit, and so that high LET particles are not considered to be attenuated.

(c) If a device is not immune to SEE’s as defined in (a) above, analysis for SEE rates and effects must be performed based on threshold LET of the candidate devices.  Effects due to both the galactic cosmic heavy ion and solar heavy ion environment shall be assessed and approved by the GSFC COTR.

3.6.7.2 Destructive Single Events Effects

The Contractor shall demonstrate that for destructive SEE, such as single event latch-up (SEL), the minimum LET for components shall be 100 MeVcm2/mg. 

Power MOSFET or bipolar transistors must be derated into their safe operating areas to prevent single-event gate rupture (SEGR) and single-event burnout (SEB).
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Figure 8:  LET Spectra for Single Event Effects

3.6.8 Humidity

The Transponder/Diplexer shall be capable of meeting the requirements herein during and after exposure to 20 to 70% relative humidity for 2 years.

3.6.9 Venting

The Transponder/Diplexer shall be vented to prevent pressure buildup during the ascent phase of launch.  The Transponder/Diplexer shall survive external depressurization from one atm to 10-5 Torr in 30 seconds.

SDO components not having a minimum of 0.25 square inches of vent area for each cubic foot volume, shall demonstrate the ability to survive the venting rate. If analysis is required, the venting analysis must indicate a positive structural margin at loads equal to the maximum expected pressure differential during launch, with a Factor of Safety of 2.0 applied to the loads.  

3.6.10 Magnetic Dipole

Any component or piece part exceeding 3 Amp m2 dipole moment shall be identified and approved for its use by the GSFC COTR.

4 Verification Requirements

The contractor shall conduct a verification program that demonstrates the hardware design is qualified and meets all requirements contained in this document.  The contractor shall provide a verification matrix defining the method of verification for each specific requirement of this document.  Verification methods include inspection, analysis, test or a combination of these techniques.

4.1 Inspection

Verification by inspection includes visual inspection of the physical hardware, a physical measurement of a property of the hardware, or the documentation search demonstrating hardware of an identical design has demonstrated fulfillment of a requirement.

4.1.1 Visual Inspection

Visual inspection of the physical hardware by a customer appointed qualified inspector.

4.1.2 Physical Measurement

Physical measurement of hardware property (i.e. mass, dimensions, etc.) demonstrating the hardware meets specific requirement.

4.1.3 Documentation Search

Verification of requirements based on similarity shall include supporting rationale and documentation and shall be approved by the GSFC COTR.

4.2 Analysis

Verification of performance or function through detailed analysis, using all applicable tools and techniques, is acceptable with GSFC COTR approval.

4.3 Test

Represents a detailed test of performance and/or functionality throughout a properly configured test setup where all critical data taken during the test period is captured for review.

Performance parameter measurements shall be taken to establish a baseline that can be used to assure that there are no data trends established in successive tests that indicate a constant degradation of performance within specification limits that could result in unacceptable performance in flight.

4.4 Test Restrictions

4.4.1 Failure During Tests

Acceptance testing shall be halted (as appropriate) if an anomaly occurs during testing to prevent potential damage to hardware and to preserve the failure configuration. Anomaly investigations should be conducted in accordance with manufactures approved procedure(s).



4.4.2 Modification of Hardware

Once the formal acceptance test has started, adjustment, or modification of test hardware shall not be permitted.

4.4.3 Re-Test Requirements

If any event, including test failure, requires flight hardware to be disassembled and reassembled, then all tests performed prior to the event must be considered for repeat. If the flight item has multiple copies of the same build, then all units must be examined to determine if the problem is common. If all copies require disassembly for repair, then each must receive the same test sequence.


4.5 Required Verification Methods

The following measurements, tests, environments, and inspections are required for each Transponder/Diplexer to provide assurance that the Transponder/Diplexer meets specified performance, functional, environmental, and design requirements.  Each test or demonstration is described below.

(a) Weight and Envelope Measurements

(b) Performance and Functional Tests

(c) EMI/EMC Tests 

(d) Shock Test (not applicable)

(e) Loads Test (Prototype/Protoflight only)

(f) Sine Vibration 

(g) Random Vibration

(h) Acoustics Test (not applicable)

(i) Thermal Vacuum

(j) Performance and Functional Tests


(a) 
(b) 
(c) 
(d) 
(e) 
(f) 
(g) 
(h) 
(i) 
(j) 
4.5.1 Weight and Envelope Measurement

Measurement of the weight and envelope of the Transponder/Diplexer shall be made to show compliance with specified requirements and provide accurate data for the mass properties control program.  

4.5.2 Performance Tests

The Transponder/Diplexer shall be tested to demonstrate compliance with performance requirements, including alignment if necessary.  Performance Tests are detailed functional tests conducted under conditions of varying internal and external parameters with emphasis on all possible modes of operation for the component.  A Performance Test shall be conducted at the beginning and end of each acceptance test.  Functional Tests are abbreviated Performance Tests done periodically during or following the component environmental testing in order to show that changes or degradation to the component have not resulted from environmental exposure, handling, transporting, or faulty installation.  

4.5.3 EMI/EMC

The tests indicated below shall be performed as noted in section 3.3.13 and below  

(a) First Flight Unit:  CS01/02, CS06, CE01/03, RS03, RE02, and Common Mode Noise

(b) Subsequent Flight Units: CS01/02, CS06, CE01/03, and Common Mode Noise

It is encouraged to perform these EMI tests as early as possible in the development. All tests shall be performed with the component in its most sensitive mode for susceptibility testing and in its most noisy mode as appropriate for the EMI emission test.

4.5.4 Reserved

4.5.5 Loads Tests

Structural design loads per the levels in Table 18 shall be applied to prototype or protoflight hardware.  There is no requirement to strength test flight hardware that has already been strength tested through a prototype or protoflight program (ie, there is no “acceptance level” strength test requirement for flight hardware).

Structural Loads testing can be verified by performing either a fixed frequency Sine Burst test or a series of static loads pull tests.

No permanent deformation may occur as a result of the loads test, and all applicable alignment requirements must be met following the test.  Components that require alignment will have an alignment check following loads testing.  A performance test will be conducted to verify that no damage occurred due to the loads test.

Components do not have to be powered during static loads tests.
4.5.5.1 Sine Burst

A simple Sine Burst test following the random vibration test in each axis is a convenient method to conduct a structural loads test.  This test applies a ramped sine input at a sufficiently low frequency such that the test item moves as a rigid body.  An analysis is required to show that a base drive Sine Burst test will not cause over-test or under-test in some areas of the structure.

Duration:  5 cycles of full level amplitude.
4.5.5.2 Static Pull

Static pull tests can be applied at flight interfaces in a static test facility.  The loads can be applied either as component loads applied simultaneously, or the single resultant vector load can be applied to the test point.  Strain gages are generally positioned around the test point to verify deflection predictions from the analytical model. 

Test Duration:  30 seconds at full load.
4.5.6 Random Vibration

The Transponder/Diplexer shall be subjected to a random vibration test along each axis to the appropriate levels shown in Section 3.6.2.  The test item shall be mounted to the test fixture as it would be mounted to the spacecraft.  A functional test shall be performed before the start of testing and after a test in each axis.

Prior to the test, a survey of the test fixture/exciter combination will be performed to evaluate the fixture dynamics and the proposed choice of control accelerometers.

Components that are powered on at launch shall meet this requirement when powered.

(NOTE:  The transponder’s receiver is powered on at launch.)

The duration for the test shall be 1 minute per axis for Acceptance and Protoflight Test and 2 minutes per axis for Prototype Tests.
4.5.7 Sine Vibration
4.5.7.1 Sine Vibration Test

The Transponder/Diplexer shall be subjected to swept sine vibration testing to the appropriate levels in Section 3.6.2.  The sweep rate shall be 4 octaves/minute for Acceptance and Protoflight Tests and 2 octaves/minute for Prototype Tests.
4.5.7.2 Signature Sine Sweep

A low level Signature Sine Sweep will be conducted on each component before and after vibration testing in each axis.  This test is a tool to verify no change in structural integrity from testing and to verify the primary resonant frequency meets requirements of section 3.4.1.4.  
4.5.8 Acoustics Test
Not applicable for the Transponder/Diplexer.
4.5.9 
4.5.10 
4.5.11 
4.5.12 
4.5.13 
4.5.14 
4.5.15 
4.5.16 
4.5.17 
4.5.18 
4.5.19 
4.5.20 
4.5.21 
4.5.22 
4.5.23 
4.5.24 
4.5.25 
4.5.26 
4.5.27 
4.5.28 
4.5.29 
4.5.30 Thermal Vacuum Test

Each component shall be cycled a total of eight (8) times at the component level.  During these tests, chamber pressure shall be less than 1.33 X 10-3 Pascal (1 X 10-5 Torr).  

Components shall be in flight configuration.  However, in cases that do not involve mechanisms, thermal blankets may be omitted to speed the transition times between temperature extremes.   

4.5.30.1 Chamber Pump-Down

During the pump-down, power and RF line voltages will be monitored to demonstrate the absence of corona discharge and multipaction (per Paragraph 3.3.14).  Only those items powered during launch will be powered for this test. (NOTE:  the Transponder/Diplexer is powered on at launch.) 

4.5.30.2 Temperature Transitions

Transitions from cold to hot conditions increase contamination hazards because material that has accreted on the chamber walls may evaporate and deposit on the relatively cool test item.  Transitions will be conducted at rates sufficiently slow to prevent that from occurring.  Testing shall start with a hot soak and end with a hot soak to minimize this risk.

4.5.30.3 Hot/Cold Turn-On Demonstration

Components or subsystems shall be turned on twice after exposure to survival temperatures. (See the profile of Figure 9)  For this test, the component item may be in one of three modes:  commanded-off, under voltage-recycle, or high-voltage.

4.5.30.4 Electrical System Performance

The electrical system and performance will also be verified for minimum, maximum, and nominal voltages at minimum and maximum temperatures and during temperature transitions.

Maximum Bus Voltage: 
35V 

Nominal Bus Voltage:
28V 

Minimum Bus Voltage: 
21V

Functional tests or performance tests will be conducted during the hot and cold soaks.  Immediately following the component thermal vacuum cycling will be the bakeout phase to eliminate volatiles.  See Figure 9

First 2 cycles (all units) 
During the transition from cold to warm, switch component OFF, increase temperature to survival temp for 1 hour, verify that component turns ON, and verify nominal performance once the component has reached the qualification temperature.  Begin hot soak.


During the transition from warm to cold, switch component OFF, decrease temperature to survival temp for 1 hour, verify that component turns ON, and verify nominal performance once the component has warmed to the qualification temperature.  Begin cold soak.

Soak time at each temperature:
4 hours, run Performance Test during soak.

Number of complete cycles: 


Protoflight Unit:
8 full cycles, start and end on hot cycle.  Include min, max and nominal bus voltages.  Use Qualification temperatures per Table 22 as the “test temperature.”

Flight / Copy / Spare Unit:
8 full cycles, start and end on hot cycle.  Include min, max and nominal bus voltages.  Use Acceptance temperatures per Table 22 as the “test temperature.”

Maximum Bus Voltage: 
35V 

Nominal Bus Voltage:
28V 

Minimum Bus Voltage: 
21V
















4.5.30.5 Bakeout

The Transponder/Diplexer shall be baked-out prior to delivery to GSFC.  The bake-out performance shall be measured using a temperature-controlled Quartz Crystal Microbalance (TQCM) at chamber pressures below 10E-5 torr.  The bake-out shall be performed at the Transponder/Diplexer’s maximum survival temperature (maximum hardware temperature without damage) for 48 hours followed by a 12 hour period at the maximum on-orbit temperature.  The TQCM shall be maintained at -40°C throughout the test to measure total outgassing of volatile outgassed condensables without the influence of water vapor.  The TQCM must have a representative view of the hardware, preferably a vent.  The following test data shall be collected and delivered to GSFC:  Chamber configuration (ie. chamber size, use of shrouds, TQCM location, cold finger/scavenger plate locations (if used), and general test setup), TQCM readings (taken as a minimum every 0.5 hours), hardware temperature, chamber/shroud temperature, TQCM temperature, and pressure.

Figure 9:  Thermal Vacuum Profile

1=
Achieve survival temp, stabilize 1 hour, turn on, return to QUAL temperature, soak at test temperature 4 hours, run performance test.


2 =
Soak at test temperature 4 hours, run performance test voltage = 21V 

3 =
Soak at test temperature 4 hours, run performance test voltage = 28V 

4 =
Soak at test temperature 4 hours, run performance test voltage = 35V

5 = 
Bakeout phase.

4.5.31 Magnetic Dipole Verification

The magnetic requirement of section 3.6.10 may be satisfied by analysis, but any component or subsystem that exceeds the requirements found in 3.6.10 shall be subjected to a magnetic test.  
If a test is performed, the test shall occur after vibration testing.  This is because magnetic fields induced by the vibration lab may reside in the component following the vibration test sequence.

                           APPENDIX A:  Abbreviations and Acronyms




Al

Aluminum



BER

Bit Error Rate



BPSK

Binary Phase Shift Keying



CDU

Command Detector Unit




CE

Conducted Emissions




COTR

Contracting Officer's Technical Representative



CS

Conducted Susceptibility




C&DH

Command and Data Handling




DA

Double Amplitude




dB

Decibel




dBc

Decibels (referenced to the carrier)




dBm

Decibels (referenced to 1 milliwatt)




EEE

Electrical, Electronic, and Electromechanical




EMC

Electromagnetic Compatibility



EMI

Electromagnetic Interference




EOL

End of Life




fo 

Receiver best lock frequency




fR 

Receiver center frequency




fT 

Transmitter center frequency




g

Gravitational acceleration





GEO

Geosynchronous Orbit




GSFC

Goddard Space Flight Center




Hz

Hertz



k-ohms 
Kilo ohms



kbps

Kilobits per second




kHz

Kilo Hertz

ksps

Kilosymbols per second




LET

Linear Energy Transfer




LISN

Line Impedance Simulation Network



m-ohms
Milli ohms



M-ohms
Mega ohms




MHz

Mega Hertz




ma

Milliampere
MIL

Military




mil

One Thousandth of An Inch



mW

Milliwatts



NASA

National Aeronautics & Space Administration




NRZ-L

Non-return to zero level

NRZ-M
Non-return to zero mark

pF

Picofarad



PM

Phase Modulation




PPM

Parts per Million




PSK

Phase Shift Keying




Abbreviations and Acronyms 




RE

Radiated Emissions




RF

Radio Frequency

RS

Radiated Susceptibility









SDO

Solar Dynamics Observatory
SEB

Single Event Burnout




SEGR

Single Event Gate Rupture




SEE

Single Event Effects




SEU

Single Event Upset




SEM

Scanning Electron Microscope




SOW

Statement of Work




SPL

Sound Pressure Level



TBS

To Be Supplied



TCXO 

Temperature Compensated Crystal Oscillator




TID

Total Ionizing Dose





UUT

Unit Under Test




V

Volt




VAC

Volts Alternating Current



VCXO 
Voltage Controlled Crystal Oscillator




VDC

Volts Direct Current



VSWR

Voltage Standing Wave Ratio
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