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Section 1 – Scope of Work

The scope of this work is the development of two types of space-flight qualified High Voltage Power Supply (HVPS) units:

1) Micro Channel Plate (MCP) bias HVPS

2) Stepping HVPS 

These units will be embedded inside the Dual Electron Sensor (DES) subsystem of the Fast Plasma Investigation (FPI) instrument that will be part of the Solving Magnetospheric Acceleration, Reconnection, and Turbulence (SMART) Science payload for NASA’s Magnetospheric Multi-scale Mission.

The DES sensor is a dual electrostatic deflectors and energy analyzer s that provide sampling, sensitivity , and resolution (as shown in Figure 1).
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Section 2 – Statement of Work Outline
Work to be Performed

Design, develop, and deliver engineering models and flight-qualified units as needed per the project phases.  The design must satisfy specifications 

Project Phase B

Prototype Unit (or Engineering Model – EM)

1 Stepper HVPS EM

2 MCP bias HVPS EM

Project Phase C

Qualifying Model Unit

1 Stepper HVPS

2 MCP bias HVPS 

Note: Qualifying Model Units shall be assured to meet flight qualifying standards as prescribed with the MMS Project Mission Assurance Requirements (MAR)

Project Phase D

Flight Model Units

18 Stepper HVPS

36 MCP bias HVPS

Note: Flight Model Units shall be assured to meet flight qualifying standards as prescribed by the MMS Project Mission Assurance Requirements (MAR)

Period of Performance and Schedule of Deliverables

Prototype Unit – May-2007

Qualifying Model Unit – Apr-2008

Flight Model Units – Oct-2009

Appendix A - MMS FPI MCP Bias HVPS Specification v0.2
Electrical

There shall be five outputs, with the following nominal outputs:

V5  =  +2.60 kV 

V4  =  +2.20 kV 

V3  =  +1.20 kV 

V2  =  +200 V 

V1  =  0 V 

To allow for output adjustment and supply performance degradation:

Minimum output voltage: 


V5, MIN = +2.0kV

Maximum output voltage: 


V5, MAX = +3.0kV

The voltages at outputs V4 – V1 shall scale with variations in V5 , maintaining the ratios implied by the nominal relationships stated above.

Output current: 



100uA

(note that virtually none of the output current will flow in the V1 terminal, that the (DC) MCP “strip” current will flow out of V4 and V3 into V2 , and that only the (AC) MCP pulse current will flow out of V5 .)

Analog input control voltage VC:

0V ≤  VC  ≤  +2.5V (TBR)

Input/output relationship


V5  = 2000 +  (400 × VC)

Output voltage accuracy:


 ± 5% 

Output Voltage monitor:


VM = VO / 1200 (TBR)

Output voltage monitor accuracy:

± 5%

Supply Voltage:



+28V

Maximum input supply current

4mA

Isolation impedances:

between +28V Return and HV return

>10MΩ

Mechanical

Dimensions:



6.25cm  × 5cm  ×  2.5cm (approx., per supply, TBR)

Mass:  




100g (TBR)

Output connections:


connector of some sort

Input connections:


micro-miniature D (TBR) 

Housing:



none (TBR)

Mounting accommodation:

Through-holes for #2 screws at all four corners.

Packaging:



could be packaged in pairs, as each DES needs two.

Appendix B - MMS FPI Stepping HVPS Specification v 1.0

The supply shall have three independent outputs.  Each output shall be controlled by its respective input control voltage.  All three outputs shall have the same performance specifications as described below. Specifications are current best guesses of final requirements.

Electrical

Minimum output voltage: 


VOUT, MIN = +0.16V

Maximum output voltage: 


VOUT, MAX = +5.0kV

Output load:
 



50pF plus interconnect

Analog input control voltage VC:

0V ≤  VC  ≤  +2.5V

Input/output relationship


VOUT  = 2000 × VC 

Output voltage accuracy:


 ± 1%

Output Voltage monitor:


VM = VO / 2000

Output voltage monitor accuracy:

± 1% 

Supply Voltage, requested by SwRI:

+28V

Input supply current



TBDmA

Isolation impedances:

 between +28V Return and HV return
>10MΩ

Mechanical

Dimensions:




TBDcm  × TBDcm  × TBDcm

Mass:  





TBDg

Output connector:



TBD

Output connector part number:

TBD

Output cable part number:


TBD

Input connector:



TBD

Input connector part number:


TBD

Dynamic behavior

Intended use by GSFC:


32 steps, logarithmically spaced (see attached table.)

Stepping will be bi-directional, i.e. no fly-back.

195us per step.

Settling time (+/-1%):


< 150us

The table below lists representative voltages for typical operation of the DES during mission phase 1. For each voltage V0, each of the four combinations of V1 and V2 on the corresponding line in the table will be required at different times.

	Typical Voltages for Mission Phase 1

	ESA
	
	Deflector Electrodes

	 
	
	 +16.9deg
	 +5.6 deg
	 -5.6 deg
	 -16.9 deg

	V0 (V)
	
	V1 (V)
	V2 (V)
	V1 (V)
	V2 (V)
	V1 (V)
	V2 (V)
	V1 (V)
	V2 (V)

	0.16
	
	0.2
	0
	0.05
	0
	0
	0.05
	0
	0.2

	0.20
	
	0.2
	0
	0.07
	0
	0
	0.07
	0
	0.2

	0.26
	
	0.3
	0
	0.09
	0
	0
	0.09
	0
	0.3

	0.34
	
	0.3
	0
	0.11
	0
	0
	0.11
	0
	0.3

	0.43
	
	0.4
	0
	0.15
	0
	0
	0.15
	0
	0.4

	0.56
	
	0.6
	0
	0.19
	0
	0
	0.19
	0
	0.6

	0.72
	
	0.7
	0
	0.24
	0
	0
	0.24
	0
	0.7

	0.93
	
	1.0
	0
	0.32
	0
	0
	0.32
	0
	1.0

	1.20
	
	1.2
	0
	0.41
	0
	0
	0.41
	0
	1.2

	1.54
	
	1.6
	0
	0.52
	0
	0
	0.52
	0
	1.6

	1.99
	
	2.1
	0
	0.68
	0
	0
	0.68
	0
	2.1

	2.57
	
	2.6
	0
	0.87
	0
	0
	0.87
	0
	2.6

	3.31
	
	3.4
	0
	1.12
	0
	0
	1.12
	0
	3.4

	4.27
	
	4.4
	0
	1.45
	0
	0
	1.45
	0
	4.4

	5.51
	
	5.7
	0
	1.87
	0
	0
	1.87
	0
	5.7

	7.11
	
	7.3
	0
	2.41
	0
	0
	2.41
	0
	7.3

	9.16
	
	9.4
	0
	3.11
	0
	0
	3.11
	0
	9.4

	11.82
	
	12.2
	0
	4.01
	0
	0
	4.01
	0
	12.2

	15.24
	
	15.7
	0
	5.17
	0
	0
	5.17
	0
	15.7

	19.66
	
	20.3
	0
	6.67
	0
	0
	6.67
	0
	20.3

	25.35
	
	26.1
	0
	8.60
	0
	0
	8.60
	0
	26.1

	32.70
	
	33.7
	0
	11.10
	0
	0
	11.10
	0
	33.7

	42.17
	
	43.4
	0
	14.31
	0
	0
	14.31
	0
	43.4

	54.38
	
	56.0
	0
	18.46
	0
	0
	18.46
	0
	56.0

	70.13
	
	72.3
	0
	23.80
	0
	0
	23.80
	0
	72.3

	90.45
	
	93.2
	0
	30.70
	0
	0
	30.70
	0
	93.2

	116.65
	
	120.2
	0
	39.59
	0
	0
	39.59
	0
	120.2

	150.45
	
	155.0
	0
	51.06
	0
	0
	51.06
	0
	155.0

	194.03
	
	199.9
	0
	65.85
	0
	0
	65.85
	0
	199.9

	250.23
	
	257.8
	0
	84.93
	0
	0
	84.93
	0
	257.8

	322.72
	
	332.5
	0
	109.53
	0
	0
	109.53
	0
	332.5

	416.20
	
	428.8
	0
	141.26
	0
	0
	141.26
	0
	428.8


The table below lists representative voltages for typical operation of the DES during mission phase 2. For each voltage V0, each of the four combinations of V1 and V2 on the corresponding line in the table will be required at different times.

	Typical Voltages for Mission Phase 2

	

	ESA
	
	Deflector Electrodes

	 
	
	 +16.9deg
	 +5.6 deg
	 -5.6 deg
	 -16.9 deg

	V0 (V)
	
	V1 (V)
	V2 (V)
	V1 (V)
	V2 (V)
	V1 (V)
	V2 (V)
	V1 (V)
	V2 (V)

	1.56
	
	1.61
	0
	0.53
	0
	0
	0.53
	0
	1.61

	2.02
	
	2.08
	0
	0.68
	0
	0
	0.68
	0
	2.08

	2.60
	
	2.68
	0
	0.88
	0
	0
	0.88
	0
	2.68

	3.36
	
	3.46
	0
	1.14
	0
	0
	1.14
	0
	3.46

	4.33
	
	4.46
	0
	1.47
	0
	0
	1.47
	0
	4.46

	5.58
	
	5.75
	0
	1.89
	0
	0
	1.89
	0
	5.75

	7.20
	
	7.42
	0
	2.44
	0
	0
	2.44
	0
	7.42

	9.28
	
	9.57
	0
	3.15
	0
	0
	3.15
	0
	9.57

	11.97
	
	12.34
	0
	4.06
	0
	0
	4.06
	0
	12.34

	15.4
	
	15.9
	0
	5.24
	0
	0
	5.24
	0
	15.9

	19.9
	
	20.5
	0
	6.76
	0
	0
	6.76
	0
	20.5

	25.7
	
	26.5
	0
	8.72
	0
	0
	8.72
	0
	26.5

	33.1
	
	34.1
	0
	11.24
	0
	0
	11.24
	0
	34.1

	42.7
	
	44.0
	0
	14.50
	0
	0
	14.50
	0
	44.0

	55.1
	
	56.8
	0
	18.70
	0
	0
	18.70
	0
	56.8

	71.1
	
	73.2
	0
	24.12
	0
	0
	24.12
	0
	73.2

	91.6
	
	94.4
	0
	31.10
	0
	0
	31.10
	0
	94.4

	118.2
	
	121.8
	0
	40.11
	0
	0
	40.11
	0
	121.8

	152.4
	
	157.0
	0
	51.73
	0
	0
	51.73
	0
	157.0

	196.6
	
	202.5
	0
	66.72
	0
	0
	66.72
	0
	202.5

	253.5
	
	261.2
	0
	86.04
	0
	0
	86.04
	0
	261.2

	327.0
	
	336.9
	0
	110.97
	0
	0
	110.97
	0
	336.9

	421.7
	
	434.4
	0
	143.11
	0
	0
	143.11
	0
	434.4

	543.8
	
	560.3
	0
	184.57
	0
	0
	184.57
	0
	560.3

	701.3
	
	722.6
	0
	238.03
	0
	0
	238.03
	0
	722.6

	904.5
	
	931.9
	0
	306.99
	0
	0
	306.99
	0
	931.9

	1166.5
	
	1201.9
	0
	395.91
	0
	0
	395.91
	0
	1201.9

	1504.5
	
	1550.0
	0
	510.60
	0
	0
	510.60
	0
	1550.0

	1940.3
	
	1999.1
	0
	658.51
	0
	0
	658.51
	0
	1999.1

	2502.3
	
	2578.1
	0
	849.27
	0
	0
	849.27
	0
	2578.1

	3227.2
	
	3325.0
	0
	1095.29
	0
	0
	1095.29
	0
	3325.0

	4162.0
	
	4288.2
	0
	1412.57
	0
	0
	1412.57
	0
	4288.2


The table below lists representative voltages for typical operation of the DES during slow survey mode 2. For every value of V0, V1 and V2 will both be 0V.

	Typical Voltages for Slow Survey mode

	

	ESA
	
	Deflector Electrodes

	 
	
	 0 deg

	V0 (V)
	
	V1 (V)
	V2 (V)

	1.56
	
	0
	0

	2.02
	
	0
	0

	2.60
	
	0
	0

	3.36
	
	0
	0

	4.33
	
	0
	0

	5.58
	
	0
	0

	7.20
	
	0
	0

	9.28
	
	0
	0

	11.97
	
	0
	0

	15.4
	
	0
	0

	19.9
	
	0
	0

	25.7
	
	0
	0

	33.1
	
	0
	0

	42.7
	
	0
	0

	55.1
	
	0
	0

	71.1
	
	0
	0

	91.6
	
	0
	0

	118.2
	
	0
	0

	152.4
	
	0
	0

	196.6
	
	0
	0

	253.5
	
	0
	0

	327.0
	
	0
	0

	421.7
	
	0
	0

	543.8
	
	0
	0

	701.3
	
	0
	0

	904.5
	
	0
	0

	1166.5
	
	0
	0

	1504.5
	
	0
	0

	1940.3
	
	0
	0

	2502.3
	
	0
	0

	3227.2
	
	0
	0

	4162.0
	
	0
	0


Appendix C – FPI Top Level Schedule
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Figure � SEQ Figure \* ARABIC �1� - Dual Electron Sensor (DES)
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