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Presentation Agenda

ÅTelescope Overview

ÅDeformable Mirrors 

ÅCamera Instrument

ÅMirror boxes Overview

ÅElectronics 

ÅSoftware 

ÅBoom Subsystem
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Outline

ÅReview of Optomechanical Design

ÅTelescope Requirements

ÅOptical Systems status

ïRMs, DMs, Camera Lens Assembly

ÅOverview of Active Element Control

ïRigid Body Actuation

ïDM actuator control and measurement with 

SHWFS 



14 September 

2017

AAReST Payload CDR 5



Baseline Requirements

ÅScience Camera field of view: 0.34o

across diagonal

ÅPSF of each mirror Segment: 80% 

encircled energy in 50ɛm diameter circle.

ÅSignal to Noise ratio: >100/lenslet for 50ɛs 

exposure on Shack-Hartmann WFSs and 

>100 on science imager for magnitude 2 

stars or brighter
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Optical System Overview
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Camera Optics

Collimating 
lens group

Focusing 
lens group

Wavefront
sensors

Primary Mirror segments 
(both rigid and deformable)



Camera
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Mirror Boxes
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Active Element Control
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Optical Systems Status

ÅTheoretical performance prediction
ï Science cam SNR  = 116

ïWFS SNR = 110/lenslet

ÅCamera Lens assembly
ï Verify lenses are manufactured and aligned correctly

ÅRigid Mirrors
ï Integration into testbed with science imager for coarse 

alignment and SHWFS for fine WFE measurement

ÅDeformable Mirrors
ïCharacterization using high order wavefront sensing

ï Integration into testbed with SHWFS readout

ï Active control in testbed using some flight like electronics. 
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Active Element Control

ÅRigid body control with three linear 

actuators per mirror segment

ïFlight like electronics complete

ïActive in mirror boxes on testbed

ÅDeformable Mirror actuators controlled 

using proto-flight electronics

ïFlight like electronics and software ready for 

integration

ïShape measurement with SHWFS
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Summary

ÅOptical system has been shown be designed to 

meet baseline requirement.

ÅCamera Assembly and lenses are verified.

ÅThroughput has been computed to meet 

requirements (test results to follow).

ÅRigid mirrors alignment and figure have been 

verified to produce a PSF that meets 

requirements and matches simulation.

ÅDMs are in progress and actuator control is 

being integrated.
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Future Work

ÅBond rigid mirrors to mirror plate and 

remove temporary mounts

ÅExecute calibration and closed loop 

control of DMs using flight camera and 

SHWFS.
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Requirements

In closed loop, DM must focus 80% of point source 

energy to <50 ɛm diameter spot at focal plane

ÅInitial shape
ïMeasured 2.6 ɛm RMS shape error.  (<30 ɛm RMS defocus is 

correctable)

ïRadius of curvature ( +/-6 inch RoC is correctable)

ïHigh order error (dimples etc.)
ÅMust be measurable with SHWS

ÅMinimal impact on encircled energy

ÅActuation
ïFor perfectly spherical optic we need ~3 ɛm stroke to achieve 

hyperboloid optical prescription

ïTo test real mirror with shape error, we will test with AAReST

camera in telescope testbed
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DM design - PZT and glass
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нлл ˃Ƴ ǎƭǳƳǇŜŘ 5нсо {ŎƘƻǘǘ Ǝƭŀǎǎ

мл ˃Ƴ Ǝƭŀǎǎ ōŜŀŘ ŦƛƭƭŜŘ 9ǇƻǘŜƪ олм ŜǇƻȄȅ

олл ˃Ƴ ŎǳǊǾŜŘ ǇƛŜȊƻŎŜǊŀƳƛŎ ƳŜƴƛǎŎǳǎ 
(PZT5A NCE51 from Noliac) 

Ground plane

41 patterned electrodes

HV Multiplexer

Routing flex circuit

Side 
view



Fabrication - Vacuum bag 

bonding
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Masked 
ground

1.5 mm 
overhang



Fabrication - Electrical routing 

layer bonding
ÅElectrical routing layer

ï0.5 oz copper

ï1 mil base Kapton

ï1 mil Kapton coverlay

ÅConnector

ïTE connectivity 

ï42 pos. 0.5 pitch FFC

ÅMG Chemicals silver epoxy 

dripped into vias

ïAdd acetone to improve 

flow

ïRoom temperature cure

ïTape is not tensioned!
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