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1.0 
Scope
This document defines the performance and design requirements for the High Performance Diplexer (HPD).  This diplexer is intended for use in spaceflight applications.
2.0  
Performance Requirements

The performance requirements for the HPD are specified in Table 1.

Table 1.  HPD Performance Requirements

	Parameter
	Value
	Units

	Transmitter-to-antenna:

    Passband frequencies

    Insertion loss (over passband)

    Amplitude variation over the passband

    Phase variation over the passband

    Stopband frequencies

    Stopband rejection

    Power handling capability

   
	2020.0 to 2123.8
< 1.0

+/- 0.2

+/- 0.5

2199.0 to 2301.0
> 100
25
	MHz

dB

dB

deg

MHz

dB

W

	Antenna-to-receiver:

    Passband frequencies

    Insertion loss (over passband)

    Amplitude variation over the passband

    Phase variation over the passband

    Stopband frequencies

    Stopband rejection


	2199.0 to 2301.0
< 1.0

+/- 0.2

+/- 0.5

2020.0 to 2123.8
> 100
	MHz

dB

dB

deg

MHz

dB

	Transmit-Receive isolation 
	> 25
	dB

	RF leakage
	< -80
	dBc

	Two-tone third order intermodulation product at 2208.0 MHz (with a +44 dBm signal at 2113.5 MHz applied to the transmit port and a -5.0 dBm signal at 2019.0 MHz applied to the antenna port)
	< -110
	dBm

	Nominal input and output impedance
	50
	Ohm

	Maximum VSWR
	1.17:1
	


3.0 Environmental Requirements

3.1
Radiation Environment
3.1.1    Total Ionizing Dose

The HPD shall perform within specifications during exposure to two times (2X) the total ionizing dose defined in Figure 3.1.1 below.  The equivalent aluminum thickness of the surrounding spacecraft can be assumed to be 50 mils spherical.






Figure 3.1.1
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3.1.2  Electron Flux

The HPD shall perform within specifications during repeated exposures (up to 20 times over the 15-year operational life) to the electron flux defined in Figure 3.1.2 below.  The exposures will last up to 24 hours each in duration.  The equivalent aluminum thickness of the surrounding spacecraft is assumed to be 50 mils spherical.





Figure 3.1.2
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3.2
Operating Temperatures

The HPD shall meet the performance requirements of Section 2.0 over operating temperatures ranging from -15 to 55 C.

3.3 Operating Pressures

The HPD shall meet the performance requirements of Section 2.0 when operating at sea level pressure and also at a pressure of 1x10 -5 Torr or lower at any temperature in the range specified in Section 3.2.
3.4      Multipaction

The HPD shall be designed and fabricated so as to prevent multipaction when operated at 1x10-5 Torr or lower pressure and with 25 W RF power applied at the transmit port and at any temperature in the range specified in Section 3.2.
3.5     Operational Life

When operated in the environmental conditions specified in Sections 3.1, 3.2 and at a pressure of 1x10-5 Torr or lower, the operational life of the HPD shall be a minimum of 15 years, following a storage period defined in Section 3.6.

3.6     Storage Life

The HPD shall be designed and fabricated such that it shall meet all performance requirements after being subjected to the following ground storage conditions:

a. Storage duration:  3 years.

b. Relative humidity:  between 30 and 65%.

c. Temperature:  15 to 27 C.

3.7      Finish

The HPD’s external surfaces, except the mounting surface, shall have a finish with a minimum emissivity of 0.80.

4.0
Structural and Physical Requirements
4.1       Structural Requirements

The design and construction of the HPD shall meet the structural requirements listed below.

4.1.1 Minimum Natural Frequency

The minimum natural frequency of the HPD shall be greater than 150 Hz.

4.1.2 Quasi-Static Load

The limit loads shall be 40 G acting separately in each of the three coordinate axes.  

The HPD shall meet all performance requirements specified in Section 2.0 after being subjected to 50 G loads (1.25 times the limit loads) acting separately in each of the three mutually perpendicular axes. 

4.1.3 Random Vibration

The HPD shall meet all performance requirements specified in Section 2.0 after being exposed to random vibration levels specified below in each of three mutually perpendicular axes:

	Frequency (Hz)
	Acceleration Spectral Density (ASD) Level (G2 / Hz)

	20

20 - 50

50 - 800

800 - 2000

2000
	0.026

+6 dB/oct

0.16

-6 dB/oct

0.026

	Overall
	14.1 Grms


Duration = 2.0 minutes/axis

4.2
Physical Requirements

4.2.1
Dimensions

The HPD shall have maximum footprint dimensions of 8.8 x 8.8 cm and a height of less than 5.0 cm.

4.2.2 Mass

The maximum mass of the HPD shall be 300 grams.

4.2.3 Venting

The diplexer shall be properly vented to prevent any performance degradation caused by the pressure differential experienced during the launch ascent depressurization from atmospheric pressure to less then 1x10E-5 Torr.  A vent area equivalent to 0.25 square inch or greater per cubic foot of internal volume is recommended.   In order to assure proper operation, the HPD must be able to withstand the delta pressure associated with external depressurization from atmospheric pressure to 3 psi (pounds per square inch) in less than 20 seconds.  If analysis is performed, the venting analysis must indicate a positive structural margin (with a Factor of Safety of 2.0) at loads caused by the maximum expected pressure differential due to the depressurization specified above.

4.2.4 Connectors

The HPD shall use SMA connectors.

4.2.5 Mounting Surface Flatness and Finish

The HPD mounting surface flatness shall be 0.005”.

The HPD mounting surface finish shall be 125( or better.

END OF DOCUMENT
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DATA

		TOTAL DOSE vs ALUMINUM SHIELDING THICKNESS

		2X FACTOR APPLIED TO FIG 15 OF X-900-97-004

		THICKNESS		TOTAL DOSE		LOG		FIT		FINAL FIT

		(MILS)

		0		8.00E+08		8.903089987		8.90000000		7.94E+08

		20		3.60E+07		7.5563025008		7.88315575		7.64E+07

		40		8.00E+06		6.903089987		7.09415508		1.24E+07

		60		2.80E+06		6.4471580313		6.48761293		3.07E+06

		80		1.40E+06		6.1461280357		6.02446832		1.06E+06

		100		6.80E+05		5.8325089127		5.67154464		4.69E+05

		120		3.30E+05		5.5185139399		5.40110985		2.52E+05

		140		1.80E+05		5.2552725051		5.19043676		1.55E+05

		160		1.00E+05		5		5.02136322		1.05E+05

		180		6.60E+04		4.8195439355		4.87985239		7.58E+04

		200		4.80E+04		4.6812412374		4.75555298		5.70E+04

		240		2.80E+04		4.4471580313		4.53297239		3.41E+04

		300		1.60E+04		4.2041199827		4.23251006		2.00E+04

		400		1.20E+04		4.079181246		3.93666416		1.20E+04

		500		1.00E+04		4		4.08177378		1.00E+04

		600		8.00E+03		3.903089987		3.88685470		7.71E+03
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flux data

		

		Energy(MeV)		Perigee=11409		GEO

		5.21E+00		7.63E+06		1.00E+00

		4.26E+00		2.48E+08		8.72E+04

		3.45E+00		1.55E+09		9.11E+07

		2.78E+00		6.42E+09		4.20E+08

		2.20E+00		1.73E+10		2.04E+09

		1.76E+00		4.03E+10		6.23E+09

		1.40E+00		8.18E+10		1.60E+10

		1.12E+00		1.48E+11		3.87E+10

		8.87E-01		2.58E+11		8.51E+10

		7.05E-01		4.28E+11		1.70E+11

		5.59E-01		7.01E+11		3.09E+11

		4.45E-01		1.10E+12		5.34E+11

		3.53E-01		1.49E+12		8.09E+11

		2.82E-01		1.97E+12		1.16E+12

		2.23E-01		2.40E+12		1.54E+12

		1.78E-01		2.70E+12		1.79E+12

		1.43E-01		2.71E+12		1.85E+12

		1.12E-01		2.55E+12		1.72E+12

		9.04E-02		2.35E+12		1.59E+12

		7.10E-02		2.13E+12		1.45E+12

		5.68E-02		1.89E+12		1.30E+12

		4.48E-02		1.70E+12		1.17E+12

		3.57E-02		1.52E+12		1.01E+12

		2.84E-02		1.31E+12		8.99E+11

		2.27E-02		1.13E+12		7.75E+11

		1.80E-02		1.00E+12		6.71E+11

		1.43E-02		8.60E+11		5.84E+11

		1.13E-02		7.47E+11		5.09E+11
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DOSE DATA

		TOTAL DOSE vs ALUMINUM SHIELDING THICKNESS

		2X FACTOR APPLIED TO FIG 15 OF X-900-97-004

		THICKNESS		TOTAL DOSE		LOG		FIT		FINAL FIT

		(MILS)

		0		8.00E+08		8.903089987		8.90000000		7.94E+08

		20		3.60E+07		7.5563025008		7.88315575		7.64E+07

		40		8.00E+06		6.903089987		7.09415508		1.24E+07

		60		2.80E+06		6.4471580313		6.48761293		3.07E+06

		80		1.40E+06		6.1461280357		6.02446832		1.06E+06

		100		6.80E+05		5.8325089127		5.67154464		4.69E+05

		120		3.30E+05		5.5185139399		5.40110985		2.52E+05

		140		1.80E+05		5.2552725051		5.19043676		1.55E+05

		160		1.00E+05		5		5.02136322		1.05E+05

		180		6.60E+04		4.8195439355		4.87985239		7.58E+04

		200		4.80E+04		4.6812412374		4.75555298		5.70E+04

		240		2.80E+04		4.4471580313		4.53297239		3.41E+04

		300		1.60E+04		4.2041199827		4.23251006		2.00E+04

		400		1.20E+04		4.079181246		3.93666416		1.20E+04

		500		1.00E+04		4		4.08177378		1.00E+04

		600		8.00E+03		3.903089987		3.88685470		7.71E+03
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flux data

		

						25 MILS		50 MILS

		Energy(MeV)		Perigee=11409		GEO		GEO

		5.21E+00		7.63E+06		1.00E+00		1

		4.26E+00		2.48E+08		8.72E+04		8.72E+04

		3.45E+00		1.55E+09		9.11E+07		6.88E+07

		2.78E+00		6.42E+09		4.20E+08		3.44E+08

		2.20E+00		1.73E+10		2.04E+09		1.49E+09

		1.76E+00		4.03E+10		6.23E+09		5.06E+09

		1.40E+00		8.18E+10		1.60E+10		1.18E+10

		1.12E+00		1.48E+11		3.87E+10		2.90E+10

		8.87E-01		2.58E+11		8.51E+10		5.61E+10

		7.05E-01		4.28E+11		1.70E+11		1.07E+11

		5.59E-01		7.01E+11		3.09E+11		1.80E+11

		4.45E-01		1.10E+12		5.34E+11		2.62E+11

		3.53E-01		1.49E+12		8.09E+11		3.53E+11

		2.82E-01		1.97E+12		1.16E+12		4.38E+11

		2.23E-01		2.40E+12		1.54E+12		4.77E+11

		1.78E-01		2.70E+12		1.79E+12		4.93E+11

		1.43E-01		2.71E+12		1.85E+12		4.83E+11

		1.12E-01		2.55E+12		1.72E+12		4.52E+11

		9.04E-02		2.35E+12		1.59E+12		4.04E+11

		7.10E-02		2.13E+12		1.45E+12		3.62E+11

		5.68E-02		1.89E+12		1.30E+12		3.30E+11

		4.48E-02		1.70E+12		1.17E+12		2.91E+11

		3.57E-02		1.52E+12		1.01E+12		2.63E+11

		2.84E-02		1.31E+12		8.99E+11		2.24E+11

		2.27E-02		1.13E+12		7.75E+11		1.92E+11

		1.80E-02		1.00E+12		6.71E+11		1.67E+11

		1.43E-02		8.60E+11		5.84E+11		1.45E+11

		1.13E-02		7.47E+11		5.09E+11		1.25E+11





Sheet3

		






