Drawing Number:    00069-MW02  Rev   A

SNAP Focal Plane Assembly Performance Specification

Drawn by:       P. Jelinsky

Cognizant Engineer:      P. Jelinsky

Date:     2005-07-27

Document Type:             TECH

Project Code:           PS1000

Release History:

	Rev
	Description
	Rev

by
	Check
	Sys

Engr
	M.A.
	C.M.
	Date

	A
	Initial Release primarily to define detector pitch
	pnj
	cjb, hdh, mll
	dhp
	
	hdh
	2005-08-18

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Table of Contents
31 
Introduction


32
Applicable Documents


32.1
General


32.2
Government Documents


32.2.1
Specifications


32.2.2
Standards


32.2.3
Other Publications


32.3
Project-level Publications


42.3.1
SNAP Controlled Documents


42.3.2
Drawings


42.3.3
SNAP Descriptions, Technical Memoranda and Trade Studies


53
Focal Plane Assembly Description


54
Focal Plane Geometry


65
Focal Surface Flatness


76
Specifications


76.1
Pupil


76.2
Ring of Fire


76.3
Shield


86.4
Shield Bipod


86.5
Cold Plate


86.6
Focal Plane Bipod


96.7
Detector Module


96.8
Electronics Module


96.9
Thermal Strap


96.10
Spectrograph




(To update Table of Contents,  click at left of  Table of Contents to high light it,  then press F9)

1 
Introduction

This specification presents requirements for the Focal Plane Assembly (FPA) for the Supernova Acceleration Probe (SNAP).  The SNAP telescope projects an image of the sky onto the focal plane. The FPA then converts the intensity of the light to digital signals and communicates the values to the rest of the instrument. The SNAP science mission is described at snap.lbl.gov.

2
Applicable Documents

2.1
General
The documents specified here form a part of this specification to the extent referenced.  Unless otherwise stated, the latest revision shall apply.  In the event of a conflict,  requirements specified in this document shall take precedence over those in referenced documents.

2.2
Government Documents

2.2.1
Specifications

	Document Number
	Date/Rev.
	Subject (Title)

	None
	
	


2.2.2
Standards

	Document Number
	Date/Rev.
	Subject (Title)

	None
	
	


2.2.3
Other Publications

	Document Number
	Date/Rev.
	Subject (Title)

	None
	 
	 


2.3
Project-level Publications

The following system documents form a part of this specification to the extent referenced herein.   SNAP controlled documents are available in electronic form at ftp://sprite.ssl.berkeley.edu/pub/snap_cm/
2.3.1
SNAP Controlled Documents

	Document Number
	Date/Rev
	Subject (Title)

	00008-MW02
	2005-03-12 Rev E
	SNAP Optical Telescope Assembly Definition and Requirements

	00016-MW02
	2003-08-26 Rev D
	SNAP Observatory Coordinate System Definitions

	00017-AC14
	2003-08-26 Rev A
	Spectrograph to Focal Plane Plate Mechanical Interface

	00065-AC14
	2005-08-11 Rev A
	SNAP Detector Module Mechanical ICD


2.3.2
Drawings

	Document Number
	Date/Rev.
	Subject (Title)

	None
	
	


2.3.3
SNAP Descriptions, Technical Memoranda and Trade Studies
	Document Number
	Date/Rev.
	Subject (Title)

	None
	
	


3
Focal Plane Assembly Description

A schematic of the focal plane assembly is shown in Figure 1. The light from the telescope enters to the left through the Pupil. The light is then is focused onto detectors which are mounted on the cold plate. The electronics converts the intensity of light to digital signals which are transmitted to the instrument.

[image: image1.png]Detector Radiator

Modules Thermal Strap /

N\
Shield Bipods \éﬁq f;

Electronics
Pupil shie{ — +—— Modules

——rSpectrograph

!

Ring of Fire

S |

optics il
Bench
Focal Plane
Bipods

Cold Plate




Figure 1 Focal Plane Assembly Schematic.

4
Focal Plane Geometry

The centers of the detector modules are spaced 46.2 mm apart. The locations of the centers of the detector modules are shown in Figure 2. The positions are given in the Focal Plane coordinate system (see drawing 00016-MW02 for coordinate system definitions). There are five types of detector modules. The CCD detector modules are shown in blue, the NIR detector modules in red, the tracker modules in green, and the BITE modules in black.  The spectrograph input is shown in magenta,  and spare detector module locations in cyan.
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Figure 2 Focal Plane Detector Layout

5
Focal Surface Flatness

The focal surface, defined by the active area of the detector modules, must be coplanar to ±15 µm. This requirement is defined in the SNAP Optical Telescope Assembly Definition and Requirements (00008-MW02). This requirement must be parsed out as specifications to many of the items in the Focal Plane Assembly. The flatness specification is given in Table 1. The total is the square root of the sum of the squares of the individual specifications.

Table 1 Focal Plane Assembly Flatness Specification

	Item
	Flatness Specification (µm)

	Detector Module surface to mounting feet
	TDB  (±5)

	Cold plate mounting surface
	TDB  (±5)

	Detector Module Thermal Shift
	TDB  (±2)

	Cold Plate Thermal Shift
	TDB  (±1)

	Bipod Distortion of Cold Plate
	TDB  (±1)

	Spectrometer Distortion of Cold Plate
	TDB  (±1)

	Thermal Strap Distortion of Cold Plate
	TDB  (±1)

	Electronics Module Distortion of Cold Plate
	TDB  (±1)

	Axial Thermal Gradient of Cold Plate
	TDB  (±1)

	Radial Thermal Gradient of Cold Plate
	TDB  (±0.5)

	Margin
	TDB  (±12.8)

	
	

	Total
	±15


6
Specifications

Specifications on each of the components of the Focal Plane Assembly are given in the sections below.

6.1
Pupil

The pupil is used to limit the scattered light onto the detectors, and limit the solid angle of warm objects that can radiate to the detectors. 

The pupil shall be placed with respect to the actual telescope pupil to within the accuracies shown in Table 2. Entries in Table 1 refer to locations in the SNAP Instrument Coordinate System.

Table 2 Pupil Placement Requirements

	Telescope Axis
	Placement Accuracy

	X
	TBD mm

	Y
	TBD mm

	Z
	TBD mm


6.2
Ring of Fire

The function of the ring of fire is to provide  a uniform illumination of the focal plane surface over a large wave length range to allow ‘flat fielding’ tests of the detectors to be performed.

6.3
Shield

The shield protects the detectors from radiation, scattered light, and thermal load.

The shield shall provide shielding equivalent to at least TBD mm of aluminum. The shield shall overlap the cold plate so as to provide no straight path for light to enter. The inside of the shield shall be coated with TBD to reduce scattered light. The outside of the shield shall be blanketed with MLI with and ε* < TBD (0.02).  As an alternative to MLI, a portion of the area near the tip of the shield may be coated with vapor deposited gold with an εIR < TBD (0.03),  the exact area allowed to be so coated to be negotiated with the SNAP System Engineer.  The shield shall be located with respect to the optical bench to the accuracies shown in Table 3.

Table 3 Shield Placement Requirements

	Telescope Axis
	Placement Accuracy

	X
	TBD mm

	Y
	TBD mm

	Z
	TBD mm


6.4
Shield Bipod

The shield bipods shall maintain the position of shield to the accuracy specified in Table 3. The total thermal conductivity of all three bipods between the mounting surfaces on the shield and those on the telescope optic bench shall be less than TBD milli-watts per Kelvin.  Under worst case variations in temperature, aging, and load history,  the moment applied to any optics bench mounting pad by the shield bipod assembly shall be less than TDB Newton meters.

6.5
Cold Plate

The function of the cold plate is to support the detector modules, spectrograph, and trackers at their desired locations and to the required accuracy. An additional function is to remove the heat from the detector and electronics modules and to transfer it to the thermal radiator assembly via a set of three thermal straps.

The mounting surfaces on the cold plate of all detector modules and those of the spectrograph shall lie between two planes TBD (10 µm) apart (see Table 1).  This specification shall be met over the temperature range of 120K to 300K, with any subset of detectors and other equipment attached,  and with any combination of loading of the bipod attach points for which the absolute value of the moment at any bipod is less than the amount specified in section 6.6.

6.6
Focal Plane Bipod

The function of the focal plane bipods is to hold the cold plate in the proper location with respect to the optic bench.  The bipods shall attach to the cold plate at 3 locations and to the optic bench at 6 locations.  A shim at each of the six attach points to the optic bench shall allow the position of the cold plate to be adjusted to within TBD (25) microns of the desired position. The position of the bipod attachment points shall change by less than TBD microns when the cold plate is cooled from 300K to 120K.  The total thermal conductivity of all three bipods between the mounting surfaces on the cold plate and those on the telescope optic bench shall be less than TDB milli-watts per Kelvin.  Under worst case variations in temperature, aging, and load history,  the moment applied to any optics bench mounting pad by the focal plane bipod assembly shall be less than TBD Newton meters,  and that applied to any focal plane mounting point shall be less than TBD Newton meters.

6.7
Detector Module

The function of the detector module is to convert the intensity of light to a voltage and transmit this to the electronics module. 

The center of the active area of each detector module shall be located with respect to the cold plate to the accuracies shown in Table 4.

Table 4 Detector Module Placement

	Focal Plane Axis
	Placement Accuracy

	X
	±TBD (0.2) mm

	Y
	±TBD (0.2) mm

	Z
	See Table 1


6.8
Electronics Module

The function of the electronics module is to convert the intensity of light from the detector module to a digital number and then transmit these numbers to the instrument. It shall also provide several housekeeping monitors (temperature, voltage, current, etc.) to the instrument.

6.9
Thermal Strap

The thermal straps are used to remove the heat from the cold plate and shield and transfer it to the radiator. 

There are three thermal straps connected to the cold plane and three straps connected to the shield. Each strap shall have a thermal conductance greater than 1.5 W/K at 120 K to the radiator including joint losses. The strap connecting to the cold plate shall distort the plate less than TBD µm during all mission phases.

6.10
Spectrograph

The function of  the spectrograph is to obtain a spectrum of any object placed in its entrance port.

The spectrograph shall be located with respect to the cold plate to the accuracies shown in Table 5.

Table 5 Spectrometer Placement Requirements

	Focal Plane Axis
	Placement Accuracy

	X
	TBD mm

	Y
	TBD mm

	Z
	TBD mm
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