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Introduction

The purpose of this document is to define a set of preliminary near-infrared (NIR) Detector Module Subassembly (DMS) specifications that can be used for Phase-A JDEM engineering development and trade studies. This DMS, including the sensor chip assembly (SCA), interconnecting cable, and the sensor cold electronics (SCE) is the basic building block for a mosaic Focal Plane Array.  By and large, these requirements flow from the JDEM Science Coordination Group (SCG) report and overall JDEM architecture considerations. Unless explicitly stated otherwise, all requirements shall be interpreted as End of Life (EOL). Throughout this document, the word “shall” designates a requirement. The word “will” designates a capability that is desired, although not actually required at this time.    For the purposes of the EDU, all TBR specifications shall use the specified (tentative) number.  For the purposes of the EDU, all TBD specifications shall be taken to mean that smaller or lighter implementations are more desirable, where this interpretation makes physical sense.
The diagram below illustrates this nomenclature.  The operating temperatures shown are notional. See the specifications for a more complete description.  The SCE can interface with more than 1 SCA but our experience and work to date have all been with 1 SCA/SCE. 
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1 Scope

2 Documents

3 Reserved

4 General Requirements

5 Architectural Requirements

5.1 General Architectural Requirements

Detailed requirements for the SCA package are TBD pending completion of JDEM focal plane design trade studies. These requirements are provided to convey the SCA concept, and how it fits into the overall architecture.

5.1.1
Configuration

5.1.1.1
The SCA shall be designed so that it can operate as a single SCA or in a mosaic.6.1.1.2
When used in a mosaic, the active pixel to active pixel gap shall be less than 3 mm (TBR) on three sides, and 5 mm (TBR) on one side.
5.1.1.3  The base/substrate of the SCA shall be Coorstek Ultrasic SiC (TBR).
5.1.2
Mechanical

5.1.2.1
The flatness of the SCA photosensitive surface shall deviate from the best-fit plane by no more than +/- 25 µm.
5.1.2.2
The mechanical interface of the SCA shall be amenable to mechanical shimming or other mechanical adjustment, if necessary, to align the photosensitive surfaces of all SCAs in a mosaic.

5.1.2.3 The design of the SCA shall accommodate replacement after mounting to the FPA structure without disturbing other SCAs in the FPA.

5.1.2.4 The SCA design shall permit mechanical structures to be located on a plane as close as 2 mm (TBR) away from the photosensitive surface.

5.1.2.5 The first mechanical mode of the SCA, when attached rigidly at its mechanical interface, shall exceed 1 kHz (TBR).

5.1.2.6 The DMS shall be designed for launch into space via an expendable vehicle.  
5.1.2.6.1 This section presents the anticipated launch environments for Instruments and Instrument Components based on the Atlas V, Delta IV, and Falcon 9 launch vehicles.  Levels are derived from the launch vehicle user guides and also from GSFC-STD-7000 (GEVS).  Levels presented in this section represent limit levels (maximum predicted flight levels) to which appropriate factors of safety and test factors must be applied (see section 5.1.2.6.X).
5.1.2.6.2 Quasi-static acceleration represents the combination of steady-state accelerations and the low frequency mechanically transmitted dynamic accelerations that occur during launch.

Components shall be designed to withstand the quasi-static limit loads defined in the mass-acceleration curve (MAC) shown. The design loads are updated based on the results of coupled loads analysis. Note that these design limit loads are intended to only cover the low frequency launch environment and must be used in conjunction with the random vibration environments to assess structural margins.
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Figure 1 - Instrument Component Mass Acceleration Curve (MAC)

5.1.2.6.3 In order to avoid launch vehicle induced excitation frequencies, the fundamental frequencies of the electronics boxes shall be greater than 100 Hz and instrument assemblies greater than 50 Hz.

5.1.2.6.4 The components will experience vibration environments that can be simulated by a sine environment. This environment should not be a design driver since the load levels are covered by quasi static requirements and forcing frequencies are from 0 to 70 Hz, well below component design requirements.

5.1.2.6.5 The components shall be designed to the random vibration levels shown in Table 1. The random vibration environment for the components results from the coupling of structure-borne random vibration with the acoustic noise inside the payload fairing. The random vibration environment for a given component is a function of its location on the observatory. The table provides generic vibration test levels for components weighing less than 22.7 kg. These levels may be updated based on test data or statistical energy analysis (SEA).

Table 1:  Random Vibration Levels for the Components

	Frequency
	Levels

	20
	0.013 g2/Hz

	20-50
	+6 dB/Oct

	50-800
	0.08 g2/Hz

	800-2000
	-6 dB/Oct

	2000
	0.013 g2/Hz

	Overall
	10.0 Grms


5.1.2.6.6 Components shall be designed to withstand the shock environment produced by launch vehicle separation and internal spacecraft and payload shock producing devices.  Separation and Spacecraft shock sources will be sufficiently attenuated based on the typical proximity of the instruments with respect to those sources.  Payload sources must be reviewed to determine shock environments.

All components will be assessed for damage due to shock based on shock sensitivity or proximity to shock sources.  Components not considered susceptible to the shock environment may have shock testing deferred to the level of assembly that allows for actuation of the actual shock producing device.

5.1.2.6.7 The Test Factors and Analysis Factors of Safety in Tables 2 and 3 shall be used.  
Table 2:  Test Factors

[image: image3.wmf]1 Actuation

Limit Level Per Axis

2 Actuations

1.4 X Limit Level per 

Axis

2 Actuations

1.4 X Limit Level per 

Axis

Shock

Actual Device

Simulated

Limit Level

4 Octaves/Minute/Axis

1.25 X Limit Level

4 Octaves/Minute/Axis

1.25 X Limit Level

2 Octaves/Minute/Axis

Sine Vibration 

Level

Sweep Rate

(3)

Limit Level

1 Minute/Axis

Limit Level +3dB

1 Minute/Axis

Limit Level +3dB

2 Minutes/Axis

Random Vibration 

Level

Duration

Limit Level

1 Minute

Limit Level +3dB

1 Minute

Limit Level +3dB

2 Minutes

Acoustic

Level

Duration

Limit Load

(2)

30 Seconds

5 Cycles Full Level

1.25 X Limit Load

30 Seconds

5 Cycles Full Level

1.25 X Limit Load

1 Minute

5 Cycles Full Level

Structural Loads

Level

Duration

Centrifuge

Sine Burst

(1)

Acceptance

Protoflight

Qualification

Test

1 Actuation

Limit Level Per Axis

2 Actuations

1.4 X Limit Level per 

Axis

2 Actuations

1.4 X Limit Level per 

Axis

Shock

Actual Device

Simulated

Limit Level

4 Octaves/Minute/Axis

1.25 X Limit Level

4 Octaves/Minute/Axis

1.25 X Limit Level

2 Octaves/Minute/Axis

Sine Vibration 

Level

Sweep Rate

(3)

Limit Level

1 Minute/Axis

Limit Level +3dB

1 Minute/Axis

Limit Level +3dB

2 Minutes/Axis

Random Vibration 

Level

Duration

Limit Level

1 Minute

Limit Level +3dB

1 Minute

Limit Level +3dB

2 Minutes

Acoustic

Level

Duration

Limit Load

(2)

30 Seconds

5 Cycles Full Level

1.25 X Limit Load

30 Seconds

5 Cycles Full Level

1.25 X Limit Load

1 Minute

5 Cycles Full Level

Structural Loads

Level

Duration

Centrifuge

Sine Burst

(1)

Acceptance

Protoflight

Qualification

Test


(1)  Sine burst testing will be done at a frequency sufficiently below primary resonance as to ensure rigid body motion.

(2)  All composite and beryllium structures must be tested to 1.25 x limit loads

(3)  Unless otherwise specified these sine sweep rates will apply

Table 3:  Analysis Factors of Safety
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(1) Factors of safety for pressurized systems will be compliant with AFSPCMAN 91-710 (Range Safety User Requirements).  Factors of safety for glass and structural glass bonds will be as specified in NASA-STD-5001

(2) If qualified by analysis only, positive margin must be shown for factors of safety of 2.0 on yield and 2.6 on ultimate

(3) Factors shown should be applied to statistically derived peak response based on RMS level.  As a minimum, the peak response will be calculated as a 3-sigma value

5.1.2.7 The mass of a single DMS shall not exceed TBD g.

5.1.2.8 The mass of a single SCA shall not exceed TBD g.

5.1.3 Electrical

5.1.3.1
The SCA shall meet all requirements driving a 1-m long cable harness (TBR).

5.1.3.2
The SCA-to-SCE interconnect shall be connectorized to allow for using different cables in different applications.

5.1.3.3 The SCA digital and analog grounds shall be isolated from each other and from the SCA mechanical structure (local chassis ground) by at least 1 (TBR) M.

5.1.4 Guide Mode

5.1.4.1 The mission configuration will require guiding information from the scientific imaging DMSs.

5.1.4.2
In guide mode, subarrays shall be read out at a 20 Hz (TBR) rate.  These subarrays are a small portion of the normal scientific imaging area.
5.1.4.3 At a minimum, one subarray shall be provided for each SCA.  Up to 4 subarrays (TBR) per DMS is highly desirable because of the anticipated need for multiple dim guide stars while surveying high galactic latitude regions.

5.1.4.4 Subarrays shall be square and have selectable widths of 32, 64, or 128 pixels (TBR).

5.1.4.5
All subarray positions and sizes shall be programmable in realtime in less than one subarray readout period (TBR).  The intent is to allow for switching guide stars (while moving the telescope) with a loss of at most one centroid update.

5.1.4.6 Simultaneous operation of the guide mode during a scientific integration shall be supported.

5.1.4.7 Guide mode operation shall not affect the simultaneous performance of the scientific imaging area (except at the locations of the subarray windows).

5.1.4.8 Guide mode operation shall support rapid resets of the subarray window without any measurable effect on the scientific imaging area.

5.1.5 SCE-Specific

5.1.5.1 The SCE shall perform its functions using a digital LVDS interface and no more than three analog bias/power lines and analog and digital ground.

5.1.5.2 The SCE digital and analog grounds shall be isolated from the SCE mechanical structure (local chassis ground) by at least 1 (TBR) M.

5.1.5.3 The SCE digital and analog grounds shall be capable of being isolated from each other by at least 1 (TBR) M.  It is understood that they are normally connected at the analog-to-digital converter.

5.1.5.4
The SCE shall dissipate no more than 400 mW (TBR).

5.1.5.5 The SCE shall meet all performance specifications for operating temperatures between 100K and 150K (TBR) +/- 1K (TBR).  The SCE shall incorporate an absolute temperature sensor that provides temperature readout of the mounting structure to an accuracy of +/- 0.1 K (TBR), with repeatability of +/- 20 mK (TBR). 
5.1.5.6 The SCE to warm electronics interface shall be connectorized.

5.1.6 Thermal

5.1.6.1
Less than 10 mW (TBR) shall be conducted from the SCE to SCA through the SCA-to-SCE interconnect.

5.1.6.2 All DMS components shall survive unpowered survival temperature exposure as low as 30K (TBR) without performance degradation.

5.1.6.3 All DMS components shall be designed to meet all specifications following 50 (TBR) thermal cycles between ambient and survival temperaturefor ground testing, as well as 60 (TBR) thermal cycles during the mission lifetime.

5.1.6.4 The mechanical interface of the SCA shall be the thermal interface for cooling.

5.1.6.5 The SCA shall incorporate an absolute temperature sensor that provides temperature readout of the mounting structure to an accuracy of +/- 0.1 K (TBR), with repeatability of +/- 20 mK (TBR).

5.1.6.6 The SCA shall incorporate a small resistive heater that provides makeup heat for the SCA if it is not being operated.  The resistance of this heater shall be TBD.

5.1.7 Lifetime

5.1.7.1 All DMS components shall be designed for a minimum of 5 years of mission duration (TBR) at L2.

5.1.7.2 All DMS components shall be designed for a minimum of 10 years of ground storage in a room ambient, dry nitrogen blanketed environment.  Cryogenic storage cannot be assumed.

5.1.7.3 Lifetime is defined as the ground storage plus the mission duration.

5.1.8 Reliability 

5.1.8.1 Reliability Requirement: All DMS components shall be designed for reliability >99.85% (TBR) while operating in accordance with the requirements specified herein over a 5 year period. Non-operating (storage/dormant) reliability for a period of 5 years shall be included in the determination of reliability.  The reliability calculation shall be performed in accordance with MIL-HDBK-217F, Notice 2 (TBR).

5.1.8.2 EEE Part Derating: All EEE parts used in the DMS shall meet the electrical derating requirements of EEE-INST-002, when computed at the maximum operating temperatures. 

5.1.8.3 Failure Avoidance Design and Redundancy: Failures shall not propagate from the DMS across its thermal, electrical, and mechanical interfaces. No failure of a primary function or performance feature shall compromise performance of the corresponding redundant backup function or performance feature. Failures shall not result in a safety risk to personnel at any level of assembly.  MIL-STD-1629A (TBR) shall be followed in performing the analysis.

5.1.8.4 Worst Case Analysis (WCA): All EEE parts of the DMS shall meet all performance requirements specified herein when subjected to the combined effects of temperature and end of life (EOL) performance degradation. The operating temperature range shall be based from sections 6.1.5.5 and 9.1. The effects from EOL performance degradation shall be based on 5 years of continuous use and 10 years of combined storage/ground testing per section 6.1.7.

5.1.8.5 Limited-Life Analysis and Controls: All electrical and mechanical items used in the DMS shall be capable of at least two times the total mission, ground, and storage life requirements specified in section 6.1.7. Any item not conforming to this requirement shall be classified as a Limited Life Item and controlled per the requirements of the SOW. This requirement includes bonds, coating, finishes, and other non-structural items subject to life (wearout and degradation) failures.

5.1.9  All DMS components shall not exhibit latchup from exposure to ionizing radiation at L2.

5.2 SCA Specific Architectural Requirements

	Req. ID
	Parameter
	Requirement
	Comment

	5.2.1
	SCA format
	Minimum of 2048(2048 pixels, with reference pixels located within or outside of the 2048(2048 field.
	

	5.2.2
	Signal references
	Photo-insensitive reference pixels shall be provided and embedded in the data stream on all video outputs. Reference pixels shall be grouped in contiguous rows and or columns. The specific configuration of the references may be subject to trade studies.
	

	5.2.3
	Pixel pitch
	15 – 20 (m
	The vendor shall select one pixel pitch in the allowed range for which all requirements are met.

	5.2.4
	Fill factor
	> 95%
	Note: Fill factor is defined as the fraction of the pixilated HgCdTe area that responds to light in ADUs.


6 SCA Functional & Performance Requirements

6.1 SCA General Functional & Performance Requirements

6.2 Performance Requirements

All performance requirements shall be met for the operating temperature conditions defined in Sec. 9.  The minimum verification of performance requirements shall be performed at the highest operating temperature. Except where otherwise indicated, all statistical moments (e.g. median, mean, standard deviation, etc.) shall be computed using all operable regular pixels. A regular pixel is any pixel that is not a reference pixel. 

6.2.1 Primary SCA Performance Requirements (all are TBC)
	Req. ID
	Parameter
	Requirement
	Comment

	6.2.1.1
	Operating wavelength range
	0.6 – 2.1 (m
	There shall be no response beyond 2.1 (m

	6.2.1.2
	Median total noise per pixel
	< 5.9 e- rms
	Total noise shall be computed as the median value per INTTIME = 200 seconds baseline SUTR integration and using ( 50 identical ramps.

Note 1: See Appendix A for the definition of a “baseline SUTR integration.”

Note 2: Includes noise contributions from readout electronics and cable harnesses used for acceptance testing.

Note 3: Raw data shall be acquired and delivered to the Customer using the baseline SUTR readout scheme. The Customer and Vendor, using an SUTR algorithm, shall subsequently calibrate raw data.

Note 4: In the event that the frame readout time selected by the vendor does not permit integration times of exactly INTTIME = 200 s, and subject to NASA concurrence, the following expression,
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[1] shall be used to scale integration times in the range 
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 to INTTIME = 200 s. In this expression, n is the number of up-the-ramp reads, tf is the frame readout time, and f is the total photonic current including dark current.

	6.2.1.3
	Median read noise per CDS
	< TBD e- rms
	Note 1: Value is TBD pending selection of SCA vendor.

Note 2: Read noise per baseline CDS shall be computed using the following equation,
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where INT0 and INT1 are two identical integrations, gc, is conversion gain in e-/ADU, and i is the frame index.

Note 3: See Appendix A for the definition of a “baseline CDS integration.” In the event of conflicts, the definition given in Appendix A shall take precedence over this note.

	6.2.1.4
	Median Detective Quantum Efficiency (DQE)
	80% for 0.6 (m < ( < 2 (m (inclusive)
	Note 1: Includes anti-reflection coatings.

Note 2: DQE > 70% at wavelengths as short as 400 nm is desirable and depending upon yields early in the program may become required.

	6.2.1.5
	Median dark current
	< 0.050 e-/s/pixel
	

	6.2.1.6
	Median persistence
	< 0.1%
	Latent or residual image values shall apply on the first read, after a maximum of 3 resets, immediately following a previous minimum exposure time CDS integration with a fluence equivalent to 100% full well.

Note 1: Lower persistence is highly desirable.

	6.2.1.6.1
	Median Long timescale persistence
	<TBD e-/pixel/s after TBD seconds
	Shall be computed after exposure to 100% of full well as specified in Req. 7.2.1.7.

	6.2.1.6.2
	Median long timescale persistence [extreme saturation]
	<TBD e-/pixel/s after TBD seconds
	Shall be computed after exposure to 10000% of full well as specified in Req. 7.2.1.7.

	6.2.1.7
	Well depth
	> 105 e-/pixel
	

	6.2.1.8
	Pixel crosstalk: cosmic rays
	< 2 %
	Measured to each of the 4 nearest neighbors using approximately centered and normally incident cosmic rays. Excludes inter-pixel-capacitance.

	6.2.1.9
	Pixel crosstalk: inter-pixel capacitance
	< 2 %
	Measured to each of the 4 nearest neighbors. This is the inter-pixel capacitance ( term.

	6.2.1.10
	Pixel crosstalk: charge trailing
	< 0.9%
	Measured in the next-pixel read out in the fast-scan direction.

	6.2.1.11
	Pixel crosstalk: ghosting to other outputs
	< 0.1% (TBR)
	 TBR pending science trade studies.

	6.2.1.12
	Pixel operability
	> 93%
	Measured using a TBD figure of merit that trades DQE and total noise and traces to JDEM sensitivity.  Operability > 96% is desirable.

	6.2.1.13
	Sensitivity beyond operating wavelength range
	No response beyond TBD (m
	Note 1: Value is TBD pending HgCdTe optimization studies.



	6.2.1.14
	Ionizing radiation sources
	Materials used in SCA hardware shall add no more 
than 1 count/cm2/s (TBR) due to natural radioactivity.
	

	6.2.1.15
	Radiometric stability
	Max tolerable variations shall be as follows.

Short term: < 0.1% (TBR) @ 200 s
Long term: over 2 months     < TBD
	Note 1: The vendor shall verify only the short-term stability requirement by test.

Note 2:  We envision that this requirement will be verified using Fe55 although the vendor should feel free to propose other methods.

Note 3: NASA may opt to verify long term stability at a higher level of integration.  Vendor is not responsible for verifying long term stability requirement. 


7 Observational Requirements

	Req. ID
	Parameter
	Requirement
	Comment

	7.1
	Array readout modes
	The SCA shall support the following readout modes:

a) Idle mode (no data read out)

b) Full frame readout

c) Full frame readout with simultaneous embedded sub-array readout
	Idle mode is a TBD mode intended to preserve thermal stability of the SCA between science integrations when there is a pause between science integrations.

	7.2
	Frame read out time
	A complete frame shall be read out in <  3.2 s (TBR)
	


8 SCA Interface Requirements

	Req. ID
	Parameter
	Requirement
	Comment

	8.1
	SCA operating temperature
	The SCA shall meet all performance requirements in the 75 < T < 80 K temperature range.
	Ability to comprehensively meet specifications at temperatures significantly warmer than 80 K is highly desirable.

	8.2
	SCA operating temperature stability
	The SCA shall meet all requirements with (T < 20 mK over a time span from the frame read out time to the baseline SUTR integration time.
	

	8.3
	Power dissipation
	The SCA shall meet all requirements with power dissipation < 10 mW
	

	8.4
	Transimpedance gain
	gt > TBD (V/e- referred to the SCA output for a pixel having no integrated charge.
	Value is TBD pending selection of SCA vendor


9 Environmental Requirements

	Req. ID
	Parameter
	Requirement
	Comment

	9.1
	Radiation environment
	The SCA shall meet all requirements in a radiation environment of 10 kRad(Si) (TBR).
	This specification is appropriate to operations at L-2. It is subject to revision pending completion of JDEM radiation environment studies.

	9.2
	Substrate removal
	If a CdZnTe substrate is used for HgCdTe growth, it shall be completely removed.
	NASA testing has shown that CdZnTe fluoresces under proton bombardment.


Appendix A: Acronyms and Definitions

	Term
	Definition

	ADU
	Analog to digital converter unit

	Baseline CDS
	A baseline CDS integration is a correlated double sampling integration having an integration time equal to the frame readout time.

	Baseline SUTR
	A baseline SUTR integration is sampled-up-the-ramp. The samples shall be spaced equally in time, and the integration time is computed using INTTIME = (n - 1) * TFRAME where n is the number of up-the-ramp samples and TFRAME is the frame readout time.

	CDS
	Correlated Double Sample

	Regular pixel
	Any pixel which is not a reference pixel

	Reference pixel
	A photo-insensitive pixel that is embedded in the image data and that has been engineered to serve as a fixed standard for calibrating out bias drifts and 1/f noise in the image data.
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