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WFIRS‘I' g Challenges

« CGI is a design to cost Class C Technology Demonstration
« Cost, mass, and power were all above allocation

« Initiated a rescope/descope plan based on

« Accept risk increase
« Engineering models - one of each unique type rather than a full set
« Maintain the Technology Testbed as-is with end-to-end optical performance
capability in vacuum but lower fidelity
« Add a “Table-Top” ambient testbed made up of engineering models for
functional testing, software development, and operations support
« Opportunity for cost reduction based on transfer of latches from
WFIRST Instrument Carrier to CGI
« Use of composite material on optical bench and struts to instrument carrier
only; use Al for support of electronics and radiators
« Replace Integral Field Spectrometer along with its camera and
proximity electronics with a slit/prism that can be inserted in the
optical chain for the direct imaging camera



CGI I\/Iodes ~ Shaped Pup"l

Spectroscopy

WIDE-FIELD INFRARED SURVEY TELESCOPE
ASTROPHYSICS * DARK ENERGY ¢ EXOPLANETS

The IES uses two 15% bands (Band #2 and Band #3) to produce R=50

Forward Optics '™, spectra from 600 to 900nm at IFSCAM
Assembly (FOA) :
.................. A -------------..‘ |enS|et . t t dd t
: . SPC images in15% array pinhole dispersed extrac Z ala
FPOMA? bands mask lenslet images cube
IFS/Img
: : Focal ; ; selector
Tertiary Colllmator H Pupil lane Lyot  Field stop Filter .
mask P mask mask  wheel ,
Assembly (TCA) mask .
Coronagraph : D "
i Instrument (CGl) : b :
: DM2 OAP7  OAP8 | \ :
: IFS :
. Optics .
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Shaped Pupil Spectroscopy Mode

The Amici prisms disperse the 15% bands (Band #2 and Band #3) to

Forward Optics '™, produce R=50 spectra from 600 to 900nm at DICAM
Assembly (FOA) :
: =
: .S
: Z
. ]
: e
. A
. o
s 8
o 0]
---------------------- . o . S
| _ Amici prism — Spectrum to be
: H SPC images in 2 15% extracted from
POMA: bands dispersed images.
----------- » Assume we also have
: the direct image and
: Focal New Field speckle field.
Tertiary Collimator : r':]uazlll( plane rhzzt( stop - slit r;i\g Amici
PriSm — Tme lens
Assembly (TCA) | m?sk | | fiers ;. g
.................................................................... T T EUPITY OPPYTEPPRTE  DRPTELE PYS (YIS PPT PEPPIT IO
Coronagraph : ! ! ! . 1Y NarrowFoV *
- Instrument (CGI) ' ' i ! ' _ ! Direct :
: o2 i - i Imaging :
: OAP3 EM OAP7  OAPS
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CGI Mask Populations:+

SPAM - FPAM -
Shaped Pupil Alignment Focal Plane
Mechanism

Alignment Mechanism**

Hybrid
Lyot

Shaped
Pupil

SS Dichroics

**Magnified for illustration.
Each FPAM substrate can
carry 7 masks or elements.

Starshade
Comp.

No Extra
Needed

ND4
Filter

Engr/Spare

LSAM -
Lyot Stop
Alignment Mechanism

*Band submitted to
CCB, not yet official

(from Feng Zhao)

FSAM - CFAM - CSAM -
Field Stop Color Filter Camera Select Alignment
Alignment Mechanism Alignment Mechanism Mechanism

Filters

ND4 Filter

Imaging Lenses

SETTEEY =

.
R
* .
o
-
T

e
e
*s
“:‘ /\
.
“i \/
«1%0
Spectro 1 m d'15 /¢;
irect-
vision
Spectro 2 Amici
prisms”
Pupil
Lens
Phase
L Retrieval
Engineering
filters ‘

A;=575nm, 10%
*A3 =730 nm, 15%

A, = 825 nm, 10%




CGI Mass
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400
350
350 -
299.8
300 -~
250 A
[=T]
—1
ﬁ 200 - 2185 9165 2165
=
150
===Project CGI Allocation (kg)
100
=l=CBE Mass (kg)
50 -
O T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
C O L = >c S wa+ >0 c oL = >c 35 wa+ >0 c o0 > % S >c
® O > O 5 O T O > O 35 O T Q
Te228323288238¢322322882%8c5e822883
2017 06-20-2019. Based on MEL v12. 2018 June includes estimate of having 2019 §
1) no IFS 2) new Structure

« 350 kg CGI mass allocation
CBE goal at PDR: < 280 kg (for 20% margin per JPL design principles, shown as green line)

Preliminary estimate of CGl mass without IFS and with the new structure is 242 kg
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CGI Ave Power: OPS

» CGI power allocations: 400 W Ops, 288 W 450
Standby, 275 W Survival 7 350
« CBE goals at PDR: < 320 W Ops, < 230.4W >
Standby, < 220W Survival (for 20% margin per

2 250
H H H H = 251
JPL design principles, shown as green lines) g 20
. . . 2
» Preliminary estimates of CGI power without 150 | E————————
IFS and with the new structure are: 290 W 100 - 8-CGl 0PS Power CBE Ave (W) *
Ops, 225 W Standby, 185 W Survival 50 -
ot
5335353535385 85555335853485583853353
2017 06-25-2019. Based on PEL draft v33a. 2018 June includes estimate of having 2019 §
* Based on 'Calibration’ power state 1) no IFS 2) new Structure
CGl Ave Power: Standby CGl Ave Power: Survival
275
288
300 A
265 _
)— 250 295
— >~ — [ —p—
250 - * w 229
il 200 - 218 218 217
- " 229 -
EZOO i 216 216 218 225 3 182 185
] 5 150 -
S 150 A %
e &
100 - ===(CG| Standby Power Allocation (W) 100 ~ ===(CGl Survival Power Allocation (W)
=@=CG| Standby Power CBE Ave (W) =@=CGl Survival Power CBE Ave (W)
50 i 50 T
0 T T T T T T T T O T T T T T T T T
Oct Nov Dec Jan Feb Mar Apr May Jun Oct Nov Dec Jan Feb Mar Apr May Jun

2018 06-25-2019. 2019 Jun includes estimate of having 2018 06-25-2019. 2019 Jun includes estimate of having
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Engineering Model Plan

Current After Descopes

Tech Testbed Use Tech Testbed Use

i
2L
0%
0 J
Wi
10
o X
F
> o
i
20
3
0z
ouw
P
x 0
L.
A
85
Wy
‘5
W
0f
2<

EM FSM modification
EM LOWFSC Elex
EM FSM Assembly and Test

EM FSM (use as is)
EM LOWFSC Elex
EM FSM Assembly and Test

EM FSM Environmental Test EM FSM Environmental Test none
EM FocM EM FocM
EM FocM Elex EM FocM Elex

EM FocM Assembly and Test
EM FocM Environmental Test

EM DM

EM DM Elex

EM DM Assembly and Test
EM DM Environmental Test

EM PAM(MPIA contribution)
EM PAM Elex

EM PAMAssembly and Test
EM PAM Environmental Test

EM EMCCD (ESA contribution)
EM Camera Elex

L

EM FocM Assembly and Test
EM FocM Environmental Test

EM DM

EM DM Elex

EM DM Assembly and Test
EM DM Environmental Test

EM PAM(MPIA contribution)
EM PAM Elex

EM PAMAssembly and Test
EM PAM Environmental Test

LY,

EM EMCCD (ESA contributio
EM Camera Elex

EM Camera Assembly and Test
EM Camera Environmental Test

a

none

none

none

none

EM ICE slices EM ICE slices

EM ICE Assembly and Test EM ICE Assembly and Test

EMICE Environmental Test EMICE Environmental Test none
ETB OTA Simulator ETB OTA Simulator none

ETB Bench ETB Bench none

EMIFS EMIFS none

EM Bench static Optical Alignment EM Bench static Optical Alignment none

Engineering Testbed Assembly
Engineering Testbed Use

Engineering Testbed Assembly
Engineering Testbed Use

Table Top Testbed

none

none
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Bench to Instrument Carrier via 3x bipod sets
Electronics Thermal Pallet to Bench via 3x bipod sets




Camera Overview (from Patrick Morrissey)

» There are two flight cameras
— DICam (Imaging and Spectroscopy)
— LOCam (Pointing and WF Control)

» Teledyne-e2v modified CCD201-20
electron multiplying CCDs (EMCCD)
will be contributed by ESA

— 1kx1k, 13um pixel

* |dentical FPGA controllers will be
procured from ABB/NuVu Cameras,
Canada

A Coronagraph “Camera”
e

- - — o o o - -,

e )
T o
(¢b]
=
1 |
B s
"
(7p)
55
Lo
Q.
© 4
(@)
©
o
@)
o
@)
O

¢ Completely enclosed, 1cm Ta Shield Concept

S S S S S S S .

/,,,,_7~NU‘VUQ\BB ESA
il _ Proximity™ ~ Teledyne-e2v
\ __Efestronics— ~ EMCCD
s _ _FPGA: Clocks—_ _

and Video

NETRST
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'EMCCD Trade Study Statu¥™

WIDE-FIELD INFRARED SURVEY TELESCOPE
ASTROPHYSICS ¢ DARK ENERGY ¢ EXOPLANETS

(@om Patrick Morrissey)

e We successfully completed the EMCCD technology trade study in March.

e We determined that a single design will meet the requirements of both the
science and wavefront sensor applications

- We have chosen the following design features:
e Operation in the “store” area to reduce vertical transfers

e Selection of “"notch” imaging pixel design because of its improved radiation tolerance and
acceptable full well.

e Incorporation of the gain register overspill to reduce the impact of cosmic ray tails on
throughput

e Use of the commercial amplifier design to provide optimum dark performance

e We find that the dQE of the notched channel EMCCD with overspill
provides a factor of 1.5 improvement over the COTs EMCCD

- ¢cte improved by 20% for charge transfer associated with shallow traps (20% improvement in
dQE)

—  €cosmicrays iMmproved by 12% due to 2x reduction in cosmic ray tails length

- Data analysis still in work

14
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o ‘ W Precision Alignment Mechanism*™"

"WPAM) Status Summary
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» MPIA: prototype
performance

= Demonstrated sub-um position
accuracy and 1-2 arc second
pointing accuracy/repeatability

> JPL: accommodate with

redesigned optical bench

= Re-configured Optical
prescription to better
accommodate X/Y stages

= Compact optics mounting
scheme

= Open slot in optical bench | Y

structure Picture of prototype
XY-stage mechanism

o
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Optical Module Overview

(from Hong Tang)
e Flight: Assemble and align Optical Module in air at

room temp.

- Major Receivables
e Bench (with supporting structure) from MTS
e OAPs from LAM (CNES)

e CGI Optical Beam Train

- Design and Analysis

e Mounted Static Optics

- Design, Analysis, Assembly, Testing and delivering mounted
OAPs, FM and Surrogates for Active Optics

e OTA-Simulator Precision Alignment
- Design, build, calibration and delivery TR

e Alignment GSE
e OAPs (LAM)

e )
i
E.
5
s
N
55
G
Q.
L,
Dy
©
o
O
o
@)
O
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V\IFIRST

Passive
Cooler

B-Latch
(hidden)

1560mm

1120mm

/
T———

A-Latch

C-
Latch

1680mm

Transition
GSFC to JPL
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(from Dave Moliere)

A Legend:
/Instrument Support Electronics (ISE)™, e _
Ass Tested together before delivery
| ¥ | FTT T T T o e T 3 to ETB and II&T
- sy
GGl Mechanisms wi | 1 .
" . o | 1 | Deliverad separately to users
masks & filkrs, > | PAME Slice - 6 Drivers % 1 I DME Driver Slice | before integration in ETE and I&T
Camera Selector | | (2 Boards) | | {2 Boards) ]
Mechanisms - ! DME Driver Slice ]
| E | | {2 Boards) ]
i DME Driver Slice |
e Conirel gt fe—4 | 2 Soucs |
| ECME Slice [ Frex - - |
E _ - DME ControlPower Siice o
| Power Board T | (2 Boards)
Il
< | I DME Driver Slice
IFSCAaM F : (2 Boards]
CIE Slice | | DME Driver Slice
W i (2 Boards)
DICAM P [ | | DME Driver Slice
4 | | | |2 Boards)
\-_‘ ________________________ —_ )
FSM < e > Contral Board |4 R, .
samers Lke=P | OWFSC Slice FPGA | H DME2 Assy !
I
LOCAM < ll Power Board |4 JlI I DME Driver Slice :
- = . H (2 Boards) :
T o e “a [ DME Driver Slice 1
ir Instrument Control Electronics (ICE)} Assy ! ; (2 Boards) :
! ( FSW ) ! i DME Driver Slice !
: ! : {2 Boards) f
HE -
<F 1 »* DME ControlPower Slice
! SSF Siie= — || — (2 Boards) o
1 Progesor EPGA 1 : ]
PPS (A & B) [ : , DME Driver Slice |
5.4 T ok I (2 Boards) 1
Space Wire Cmd/TIm (A & B) ! - § [ = =
< - S : > ICDH Slice -— i : DME Driver Slice : List of Abbreviations:
o Space Wire SER (A & B) | ] 1 | 2 Boards] { + CIE = Camem Inferface Slecironics
N P =1 ; DME Driver Slice | Gre= Coragah Memal ool Sectuncs
a : i | ¢ ] | (2 Boards) ) » DM - Deformaie Mimor
@ : S55R Slice | = : S E======================== = = DME - Defomanle Mimor Electronics
Frea [ + FCME= Focls Contrl Mechanism Elecmaks
i i » FSM = Fast Steerng Mimor
32 Vide Power (A & B) P — '— : « FEAV = Fight Sotware
P . . » ICOH = Instrumart Command & Data Hangding (GSFC
! | I T Instrument Electronics & FSW weg)
332 sl [ & 1 = IF5=Imi Fiekd Spectmgraph
Heaters and Sensars: e bl 1 Subsystem . IFSC'}"NE-QI?SCM'HB =
Bench, DMs, Cameras [ CTCE 1 + LOGAM = Low-Orer Wavelion Sensor Cames
o Temp Bery —d T + LOWFSE = Low Order Wavefront Sensing & Control
Ry S 4 05132019 - DEN » PAME = Precision Alignment Mechanisme Ekcronks
, . + PCD = Power Condizaning & Distrioution
32 Vde Instrument Heaters (A & B) _l Survival Heaters + S5P - SAMIgN SUKDREESON Processar (G5FC WOS)
» + 557 = Salld Ste Recorder
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