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JDEM Omega 2009 IDECS 2009 

Probe 2010 IDRM 2011 

JDEM - WFIRST DRM Evolution 

Single String Payload and Spacecraft; 3 Year Mission Life Requirement 

5 year mission life requirement; 10 year consumables 
5 year mission life requirement; 10 year consumables 

5 year mission life requirement; 10 year consumables 

BAO / RSD / SNe / WL photo-Z’s 

Micro-lensing / BAO / RSD / SNe / WL / Surveys  / GI Program BAO / RSD / SNe / WL  / Surveys 

Micro-lensing / BAO / RSD / SNe / WL / Surveys  / GI Program 



JDEM Omega 2009 IDECS 2009 

Probe 2010 IDRM 2011 

Independent Cost Estimates (FY12), 70% JCL 
Phase B/C/D 

JDEM - WFIRST DRM Evolution 

1.61$B†   

1.09$B 

Probe
Aperture 1.1m o.a.
Imager Devices HgCdTe
ImC Plate Scale 0.45 a-s
No. Spec Ch 1
SpC Plate Scale 0.45 a-s
# of HgCdTe Det. 16
Slit Spec Ch yes
Redundancy Single String
Mission Life 3 yrs
Science 
Techniques

BAO / RSD / SNe / 
WL photo-Z’s

IDECS
Aperture 1.5m
Imager Ch 1 HgCdTe
ImC 1 Plate Scale 0.28 a-s
Imager Ch 2 CCD
ImC 2 Plate Scale 0.14 a-s
No. Spec Ch 2
SpC Plate Scale 0.43 a-s
# of HgCdTe Det. 21
# of CCD Det. 18
Redundancy Full
Mission Life 5 yrs
Science 
Techniques

BAO / RSD / SNe / 
WL / Surveys

JDEM 
Omega

Aperture 1.5m
Imager Devices HgCdTe
ImC Plate Scale 0.18 a-s
No. Spec Ch 2
SpC Plate Scale 0.37 a-s
# of HgCdTe Det. 36
Redundancy Full
Mission Life 5 yrs

Science 
Techniques

Micro-lensing / BAO / 
RSD / SNe / WL / 

Surveys / GI Program

WFIRST
IDRM

Aperture 1.3m
Imager Devices HgCdTe
ImC Plate Scale 0.18 a-s
No. Spec Ch 2
SpC Plate Scale 0.37 a-s
# of HgCdTe Det. 36
Redundancy Full
Mission Life 5 yrs

Science 
Techniques

Micro-lensing / BAO / 
RSD / SNe / WL / 

Surveys / GI Program

1.64$B 

1.48$B   

† Not reconciled with ICE 



WFIRST SDT Feb 2-3 2012 – project presentation 

Outline 
• Intro – Neil Gehrels 
• Project engineering – Dave Content 

• 1. Progress on IDRM design [top level only] 
• 2. Design space for alternate designs 

• H2RG(-18 um pixel) based alternate design 
overview 

• H4RG(-10 um pixel) based alternate design 
overview 

• Mission time & science productivity comparison 

• Detector subsystem status – Ed Cheng 
• Schedule overview  - Norman Rioux 

4 

Backup: [not in draft] 
• Alternate design details 
• Prism changer 

mechanism 
 

• Separate presentations: 
• Wavefront sensing 



Project Work – Introduction (1) 

• Presenters at Euclid NRC review all expressed strong 
support for WFIRST 

• Different views of what is unique on WFIRST 
– Exoplanet microlensing 
– SN monitoring 
– WL in IR 
– BAO with prism and low systematics, and adds most to FoM 
– Wide-field imaging survey in IR 
– GI program 
– Galactic plane survey 
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Project Work – Introduction (2) 

• Project team working to support SDT studies of IDRM and lower 
cost options 

• Attractive way to reduce cost is to reduce mass to move from 
Atlas V to Falcon 9 launcher 

• H4RG detectors considered as possible way to help with redesign 
efforts  

• Goal of option 2 is to keep WFIRST unique capabilities while 
reducing cost 

• Top level goal is to be able to show a reasonable plan for launch in 
2022 while keeping community excited about WFIRST 

• Gateway will be 2014 CAA / DSIAC review of WFIRST 
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Project Science Activities 
• Detector and simulation work at JPL, GSFC and university 

groups 
– Potential issues for HgCdTe WL observations 
– Pixel scale for WL study 
– Sky tiling sims for BAO and SNe 
– Exoplanet microlensing sims 

• Discussions underway to add a ROSES element for WFIRST 
simulation work. 

• Outreach activities to science community 
– Booth at AAS meetings 
– IPAC WFIRST conference Feb. 13-15, 2012 
– AAS Anchorage Meeting-in-a-Meeting June 12-13, 2012 
– Seminars and meeting talks 
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Backup: [not in draft] 
• Alternate design details 
• Prism changer 

mechanism 
 

• Separate presentations: 
• Wavefront sensing 



1. Progress on IDRM design – 1 slide reminder 
3 channels, 2 focal lengths 
1.3m unobscured TMA telescope; 220K; 

instrument temperature 150K, focal 
plane temperature 100K 

7x4 + 2(2x2)=36 H2RG arrays 
SpC=spectroscopy channels have 

opposed dispersions, no moving part, 
1.1-2.0μm 
– 0.26 deg2 ea. active area 

ImC=Imaging channel, has  filter wheel 5 
filters 0.76-2.0 μm, SN prism 
assembly, 0.6-2.0 μm, and blank 
position;  
– 0.291 deg2 active area 

• 5.4 yr mission including microlensing 
GO program, Gal. plane survey, wide, 
and deep surveys, interleaved SN 1a  
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Progress on IDRM design 

• GSFC & JPL have been building models to verify many 
assumptions the SDT and project made at the time of 
the June2011 interim report 

• These assumptions have held up well and overall the 
initial concept remains as it was 

• examples of the project design work  
– Some areas where the baseline needed to change 

• Some more optical design work has resulted in 
– Improved R(λ) for SN prism 
– IFU notional design [not packaged yet] 
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Overview of work on IDRM 
• Optical tolerancing, CAD, FEM, thermal, and 

wavefront sensing models of telescope, 
instruments, observatory nearly complete 

• Jitter modeling starting this month 
• Slew-settle modeling started 
• STOP analysis in February 
• Iteration to optimize through the spring 
• Static budget appears fine overall 

– SN prism is very tight 
• Working to  {draft} requirements consistent with 

WL ellipticity control 
– wavefront stability (~3nm rms) 
– 40masec rms pointing low frequency error (< 2 Hz) 
– 15masec pointing high frequency error (≥2Hz) 
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Changes to baseline 
• Throughput enhanced ~14% (average, varies with λ)1 

– Realized that w/ IDRM filter set we can replace protected silver mirror 
coatings with gold; small effect per surface but adds up 

– Improved {assumed} AR coating on HgCdTe sensors, improves QE 
• Roll range needed to shrink from ±45° to ±22.5° 

– At least 2 roll positions for slitless spectroscopy on ea. SN 
• Alignment budget showed we will need commissioning-level 

adjustment in each SpC channel [2 new mechanisms] 
– Needed for focus and pupil alignment 
– SpC A/B F2 tip/tilt in telescope feed, focus adjustment between prism 

group and lens group in ea. SpC instrument 
• ImC can continue with SM mechanism only 

– Examined use of SM for 3 channel alignment in detail 
– Only mechanism used frequently remains the filter wheel 

 

12 1. WIDRM1_throughput_111103.pdf 



Wavefront sensing overview 
• Field diversity is better approach than focus diversity for very 

wide field ImC 
– Use images of many field stars across FOV to determine optically or 

detector induced ellipticity 
• WFS accuracy is limited by stellar photons collected 
• ~1e-4 ellipticity uncertainty per raw image unlikely 

– 1.e-4 possible over longer time periods/ multiple images 
– Need to have clearer statement of requirements vs. timescale 

• Additional benefit of defocused engineering sensors is limited 
• WFS ellipticity errors are dominated by WFS measurement 

uncertainty rather than static or dynamic errors in the telescope 
• Details in reports by A. Jurling 
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2:  Overview of alternate design space 
• The top level goal is maximizing A-Omega subject to available $ to 

get the survey speed consistent with NWNH in 5 years 
• The cost estimation history of the US dark energy mission is very 

consistent over the last 5 years, but HQ continues to ask ‘can you 
do it for less’ 

• The largest opportunity for cost savings given today’s mission 
costing environment appears to be moving from the AtlasV to 
Falcon9 launch vehicle; this would be a substantial cost reduction 

• This requires shedding mass relative to the IDRM 
• Single channel allows lower payload mass relative to capability; 

more on this trade below 
• Reducing aperture also sheds mass through volumetric savings; 

project feels 1.2m unobscured is the lowest we should go 
• Increase pixel count where possible to maintain survey speed 
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Single channel overview 
• Single channel advantages 

– Imaging surveys in particular benefit from increased field 
– Increased flexibility and efficiency 

• All pixels used all the time 
• Each measurement can have optimized exposure time 

– Decreased complexity and mass can result in savings 
• Goal is decreased cost while maintaining scientific performance  

• Single channel disadvantages 
– Loss of simultaneous opposed SpC dispersions 
– Loss of simultaneous imaging and spectroscopy in wide survey 
– Prisms are more complex than in baseline 
– Additional mechanism routinely used in instrument [prism wheel]  

• Realization that single channel design can have as large a field as  
baseline IDRM SpC total [0.52 sq. deg] pushed us into exploring 
this option 
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H2E1 single field - introduction 
• Single channel, 9x4 layout at 0.18”/ 

pixel 
– 20% gaps between SCAs 
– 1 or 2 SpC prisms [single or opposed 

dispersions] plus SN prism in prism 
wheel 

– Separate filter wheel with IDRM filter 
set 

– 1.2m unobscured TMA  telescope 
• 0.364 sq. deg. is 25% more than 

IDRM ImC [0.291 sq. deg.]; 30% 
less than IDRM SpC total 
[2x0.260=0.520 sq. deg.] 

H2E1 layout table 
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H2E1 layout 

Optical ray trace layout for H2E1 
17 



H4RG(-10) Provides Potential Simplifications For The Imaging FPA 

H2RG is 2040 
x 2040 18um 
pixels 

H4E1:  5x3 H4RG(-10) 
@ 0.17”/p, 0.559 deg2, 
250Mpix 

H4RG(-10) is 
4088 x 4088 
10um pixels 

H4RG(-10): Larger Sky Coverage, Lower Cost/Pixel 
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IDRM ImC:  7x4 
H2RG(-18) 
@ 0.18”/p, 0.291 deg2, 
117Mpix 

H2E1:  9x4 H2RG(-18) 
@ 0.18”/p, 0.375 deg2, 
150Mpix 

FPA 
27x17 
cm 

FPA 
39x17 
cm 

FPA 
24x14 
cm 



H4E1 single field - introduction 
• 10um pitch reduces physical size & cost of FPA  

– Assumes H4RG(-10) raised to TRL6 through our investment 

• Single channel, 5x3 layout at 0.17”/pixel 
– Reduced pixel scale slightly to compensate for potential 

increase in detector blurring relative to pixel size on sky 
– Otherwise analogous to H2E1: 

• 20% gaps between SCAs 
• 1 or 2 SpC plus SN prism assemblies in prism wheel 
• Separate filter wheel with IDRM filter set 
• Similar uTMA type telescope but reduced from 1.3 to 1.2m 

aperture 

• 0.559 sq. deg. is 92% more than IDRM ImC [0.291 
sq. deg.]; 8% more than IDRM SpC total 
[2x0.260=0.520 sq. deg.] 

– Also larger than Euclid VISI or NISP active field (~0.47 deg2) 

 

H4E1 layout table 
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H4E1 layout – 1.2m aperture, 5x3 H4RG 

Optical ray trace 
layout for H4E1 
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{prisms not shown} 



Mission time & science productivity comparison 

• IDRM galaxy surveys based on parallel observing 
strategy; single channel is by nature serial 

• Need to tease out requirements for each measurement 
to allow time allocations necessary to compare mission 
productivity 

• Charts here try to make clear the approach and 
assumptions used to compare IDRM to single channel 
alternatives 

• Basic approach – ulensing scales w/ Ω*#visits, rest w/  
A Ωt 
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Summary of speed comparison 

• H2E1 is faster than 
IDRM for microlensing 

• H4RG required to allow 
any overall 
improvement relative 
to IDRM in science 
performance on 
Falcon9 

• H4E1 faster for all 
imaging but slower in 
SpC ; faster overall 
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Rough calculation for science return per measurement for H2E1 
& H4E1 at same and ‘leveled’ example of time allocations 

Purple rows are time 
allocations by measurement 
 
Bold values are normalized 
science return by method 
 
H2E1 returns 17% less 
science in 8% less time;  
 
H4E1 returns 8% more in 8% 
less time 

Potential for improved science return per $ -- 5 year example 23 
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Progress Since Last Discussion 

• The first batch of H2RG test devices arrived and is partially 
through testing. 

• The H2RG FPA EDU is completed and being prepared for 
testing. 

• Recognizing the opportunities that may be offered by an 
H4RG-10 IR detector, the Project has initiated a pathfinder 
activity to explore their feasibility. 
– The first batch of H4RG-10 test devices arrived and is being tested. 

• Preliminary test results are promising, but note well that there is much 
more near-term work to do before these detectors are ready for prime 
time. 

• The FPA test facility is being constructed as resources allow. 
February 2012 WFIRST Detector Subsystem Status 

Summary 25 



H2RG SCAs Look Very Good 
• A test lot was completed with the WFIRST baseline 2.1 µm cutoff design. 

– 6 detectors built with different variants. 
• 2 detectors built with in-situ passivation. 

– Both in-situ devices show excellent performance (“science grade”) and are comparable in performance. 
– This is excellent yield and is likely not representative, but suggests a dramatic improvement over the traditional process. 

• 4 detectors built with ex-situ passivation. 
– Performance and yield is generally not as good as the in-situ parts. 
– No “science grade” parts. 
– Would normally expect a yield of 20-30%, but these parts had variants that likely worsened the outcome. 
– Some variant of ex-situ is likely to meet WFIRST requirements (if necessary). 

– 5 of 6 detectors are functional devices. 

• DCL has confirmed good dark current, noise, and persistence of the two in-situ parts. 
• Additional testing was put on hold (to perform other work described later). 

– Noise vs. readout rate. 
– Noise vs. number of frames. 
– Reciprocity failure. 
– Pixel-to-pixel crosstalk. 
– Detailed quantum efficiency vs. wavelength. 

• These remaining tests will be completed as resources permit. 

February 2012 WFIRST Detector Subsystem Status 
Summary 26 



Remaining H2RG Development 
• The in-situ process offers many benefits for WFIRST, but currently can 

result in higher detector noise. 
– The mechanism is understood:  making the electrical contact through the in-

situ structure tends to yield a high impedance contact, resulting in higher 
Johnson noise. 

• The WFIRST project initiated a small test program to perfect the contact 
processing. 
– Several methods of reducing the contact resistance were investigated. 

• One method shows excellent promise and is a relatively minor variation 
of the normal processing. 
– Dry etch process instead of a wet etch process for opening up the passivation 

for the contact. 
– Demonstrated to improve contact resistance in test diodes. 

• Additional experiments are in progress to define a process that can be 
inserted into the normal flow. 
– Finalizing the sequencing of the annealing steps after the dry etch. 
– Potential small change to the growth structure. 

February 2012 WFIRST Detector Subsystem Status 
Summary 28 



FPA EDU Status 

• The H2RG 6x3 FPA EDU is completed. 
• Testing in the test facilities will start as soon as 

resources are available. 
• Initial goals for FY12 are to perform a simple set of tests 

that demonstrate our ability to run and test the FPA in 
the test facility. 

February 2012 WFIRST Detector Subsystem Status 
Summary 29 



H4RG-10 Development 
• Responding to the need to try to resolve the competing demands of larger fields-of-view for survey efficiency vs. 

smaller pixel size for proper image sampling, using an H4RG-10 (4K x 4K, 10 µm pixel pitch) IR detector is being 
investigated. 

• Potentially lower cost-per-pixel in this larger format. 
– The die area is not much larger than the H2RG, so we could potentially get a factor of 3-4 in cost reduction per pixel. 

• Yield is normally a strong inverse function of die area. 

• Potentially simpler instrument configuration. 
• A test lot of six H4RG-10 devices with 2.1 µm cutoff was completed in FY11. 

– Builds upon other work in the 2008 time-frame that showed which major problems needed to be solved. 
– Multiple design variants, including the in-situ passivation with the JWST degradation mitigation. 
– Testing is in progress, preliminary results are very promising 

 

 

H2RG 
2K x 2K 

H4RG-10 
4K x 4K 

February 2012 WFIRST Detector Subsystem Status 
Summary 30 



H4RG-10 Successes 
• Scaling of pixel geometry is largely successful. 

– Dark current performance is very good. 
– Noise is higher than desired, but this was expected. 

• Hybridization is very successful. 
– 4x as many pixels in a similar area as the H2RG implies ~ 4x as much force. 

• Extremely uniform device responses have been achieved (variation/mean less 
than 4%). 
 

February 2012 WFIRST Detector Subsystem Status 
Summary 31 



H4RG-10 Remaining Development 
• The Indium bump deposition appeared to create “hollow” 

bumps, leading to higher than normal interconnect failures. 
– ~ 5-6% failures, even with this defect. 
– This was discovered too late to repair during the test lot build. 
– Refining the process to create better bumps is straightforward. 

• The readout noise may be higher than desirable for the 
current detector design. 
– Contact resistance improvements will help reduce this noise and 

make it more consistent over all devices. 
• The next test lot will incorporate these changes. 

– Before the final “yield demonstration lot” that would precede the 
flight builds. 

 
February 2012 WFIRST Detector Subsystem Status 

Summary 32 



Forward Plan To Prepare For Phase B 
• The Project Plan has been to ensure that all detector subsystem 

elements are at TRL 6 before the start of Phase B. 
– Qualification will bracket estimated flight environments. 

• For the detectors, this means a growth recipe has been established and 
a yield demonstration lot has been run with this recipe to ensure 
repeatable results. 
– Provides an experimental check on the assumed yield for the process. 
– Yield is a critical number since it can be a major cost driver. 

• For the FPA, this means environmental testing with a flight-capable 
design (using the EDU). 

• For the overall detector subsystem, this means subsystem-level 
performance testing using flight-capable designs. 
– Detectors, FPA EDU, and cold electronics coupled with a set of laboratory warm 

electronics and data system. 
– Ensures that system aspects such as cross-talk and thermal isolation are 

properly assessed.  

February 2012 WFIRST Detector Subsystem Status 
Summary 33 



Forward Plan: H4RG-10 SCA 

• One additional test lot is needed to incorporate known 
changes to the design. 
– Indium bump deposition uniformity. 
– Contact resistance reduction. 

• If this test lot is successful, then run the yield 
demonstration lot. 

• Some degree of cryostat reconfiguration is required for 
more efficient testing. 

• Planned Work Duration: 24 months 

February 2012 WFIRST Detector Subsystem Status 
Summary 34 



Remaining Notable Risks 
• Detector development is a somewhat risky venture even when 

using established technology. 
– The forward plan is based on reasonable expectations from past 

experience. 
• It is always possible to run into unexpected challenges. 

– Running test lots provides confidence in projections for the flight build 
(cost and performance). 

– The best mitigation is to allow sufficient time to address these challenges. 
• The worst-case outcome of the channel cracking investigation 

may lead to a different design for the SCA pedestals. 
– Can still retain the SiC Mosaic Plate design, but with appropriate interfaces 

to SCA pedestals made from a different material (likely Molybdenum). 
– The best mitigation is to complete the SiC package qualification tests early 

in order to allow time for any required design changes. 

February 2012 WFIRST Detector Subsystem Status 
Summary 35 



Plan Forward to Final Report - Draft 

2012 

2012 02 01 



Backup charts 
• Detector backup charts 

– Hybrid sensor design 
– Test facility 
– Test results 
– Plan forward details 

• Payload design backup charts 
– IDRM progress details 
– Mission time comparison details 
– IFU concept design 
– Optical design residual comparison 
– Prism assembly rigid body tolerance comparison 
– Prism fabrication complexity comparison 
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