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Working model

Figure: Concept drawings from NASA MO proposal

Two telescopes

I Low-frequency crossed Dragone

I High-frequency refractive
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Low- and mid-freq. focal-plane unit (LMFFPU)

(a) Focal-plane tower with sub-K cooler (b) Sinuous antenna

Figure: Pre-proposal LMFFPU design

Low- and mid-frequency focal-plane unit (LMFFPU):
30-300 GHz

I Lenslet-coupled sinuous antennas
I Detector-stage diameter: ∼ 440 mm
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High-frequency focal-plane unit (HFFPU)

(a) Focal-plane tower (b) Orthomode transducer

Figure: Pre-proposal HFFPU design

High-frequency focal-plane unit (HFFPU): 250-450 GHz

I Feedhorn-coupled orthomode transducers

I 1 wafer (∼ 80-mm diameter)

4 / 26



LiteBIRD
focal-plane tower

Ari Cukierman

Working model

Cryogenics

Mechanical

Ongoing activities

Wafer module

2.2. A KILOPIXEL FOCAL PLANE ARCHITECTURE WITH TES
DETECTORS 42

(a) CAD rendering of a wafer holder (b) An unfolded wafer module.

(c) A wafer module as seen from the sky-side.
The lenslet array as well as the Invar array
holder and readout support hardware can be
seen from this view.

(d) A wafer module as seen from the readout
side. Here, we can clearly see the three folded
LC boards below the device wafer. The flexible
LC boards unfold, allowing access to wirebond
to the device wafer.

Figure 2.5: A wafer module assembly

2.2.2 Electro-thermal feedback and bolometer operation

There are several advantages to TES detectors that arise from the sharpness of the su-
perconducting transition. A simple bolometer electro-thermal circuit is shown in Fig-
ure 2.6. Voltage-biasing a TES provides electro-thermal feedback (ETF) since the bias
power depends on the detector’s temperature-dependent resistance Pb = V 2/R(T ).
When additional optical power is deposited on the detector, the bolometer island
heats up, raising the resistance and therefore lowering the bias power. This feedback
compensates for the optical power, keeping the total power and the bolometer tem-
perature effectively constant. The strength of this feedback is parametrized by the
ETF loopgain L = Pbα/GT , where G = dP/dT is the differential thermal conduc-
tance along the weak link between the bolometer island at ∼ Tc and the thermal bath
and α = d logR/d log T parametrizes the steepness of the superconducting transition.

(a)
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(d) A wafer module as seen from the readout
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LC boards below the device wafer. The flexible
LC boards unfold, allowing access to wirebond
to the device wafer.

Figure 2.5: A wafer module assembly

2.2.2 Electro-thermal feedback and bolometer operation

There are several advantages to TES detectors that arise from the sharpness of the su-
perconducting transition. A simple bolometer electro-thermal circuit is shown in Fig-
ure 2.6. Voltage-biasing a TES provides electro-thermal feedback (ETF) since the bias
power depends on the detector’s temperature-dependent resistance Pb = V 2/R(T ).
When additional optical power is deposited on the detector, the bolometer island
heats up, raising the resistance and therefore lowering the bias power. This feedback
compensates for the optical power, keeping the total power and the bolometer tem-
perature effectively constant. The strength of this feedback is parametrized by the
ETF loopgain L = Pbα/GT , where G = dP/dT is the differential thermal conduc-
tance along the weak link between the bolometer island at ∼ Tc and the thermal bath
and α = d logR/d log T parametrizes the steepness of the superconducting transition.

(b)

Figure: POLARBEAR-1 wafer module

Wafer module integrates...

I Bolometer wafer

I Lenslet array

I Resonators for frequency-domain multiplexing

Baseline design builds on POLARBEAR experience
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Wafer module (cont’d)

3

PB2 Module Design

Focal plane w/ RF shield

Module Requirements:
- allow wafers to cool
- minimal thermal    
  contraction near wafer
- minimize microphonics
- minimize weight
- reliable electrical connections
- assemblable

Medusa Cable Clip (x6)

LC Board and Shield (x15)

Medusa Cable (x6)

Invar Hex Clip

LC Backplate

Invar Holder

Lenslet Array

Detector Wafer

Eccosorb (AN-72)

Figure: Exploded view of POLARBEAR-2 wafer module. Striplines
to SQUIDs attach at bottom.
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Focal-plane heritage

Figure: POLARBEAR-1 focal-plane tower

Concentric temperature stages separated by insulating struts
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Cryogenics overview

Focal plane (100 mK)

Cold intermediate stage (~500 mK)

Warm intermediate stage (~1.5 K)

Optics
Black cryostat shell (~4.5 K)

Carbon-�ber 
struts

Vespel struts

Vespel struts

SQUIDs

Striplines RF shield

Figure: Cryogenic block diagram.

Focal-plane tower of decreasing temperatures

I 100 mK at focal plane

I Other temperatures may vary through design process
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Cryogenics overview (cont’d)

Focal plane (100 mK)

Cold intermediate stage (~500 mK)

Warm intermediate stage (~1.5 K)

Optics
Black cryostat shell (~4.5 K)

Carbon-�ber 
struts

Vespel struts

Vespel struts

SQUIDs

Striplines RF shield

Figure: Cryogenic block diagram.

Cryostat shell is black
I Suppresses multiple reflections
I Crossed Dragone is susceptible to such reflections
I But creates large radiative load (∼ 4.5 K, ε = 100%)
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Cryogenics overview (cont’d)

Focal plane (100 mK)

Cold intermediate stage (~500 mK)

Warm intermediate stage (~1.5 K)

Optics
Black cryostat shell (~4.5 K)

Carbon-�ber 
struts

Vespel struts

Vespel struts

SQUIDs

Striplines RF shield

Figure: Cryogenic block diagram.
Strut material should be studied/optimized

I Vespel is common for ground-based; carbon fiber
becoming more popular

I Other options: Ti 15-3-3-3, NbTi
I Higher thermal conductivity than Vespel
I Tradeoff between thermal and mechanical requirements 10 / 26
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ADR options

(a) Astro-H (GSFC) (b) SPICA-SAFARI
(CEA)

(c) SHI

Studying 3 ADRs
I All provide similar sub-K temps.: 100 and ∼ 500 mK

I CEA requires ∼ 2 K and ∼ 4 K
I Goddard, SHI require ∼ 4 K
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Thermal loading

Known contributions
I Radiative

I Most severe from ∼ 4.5-K black cryostat shell
I Metal-mesh filters

I Lenslets are significantly absorptive (∼ 30%)
I POLARBEAR places metal-mesh (low-pass) filters

directly above wafers

I Structural
I Balance mechanical strength and thermal insulation

I Wiring
I Striplines from SQUIDs to bolometers
I Balance parasitic inductance and thermal insulation

I RF shielding
I Protects SQUIDs
I Extra conductive thermal path between stages
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Thermal loading (cont’d)

Unknown contributions
I Mechanical resonances (vibrational heating)

I Actively pursuing through simulation and vibration tests

I Cosmic-ray heating
I Preliminary estimates show negligible heat load
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Focal-plane stage
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Figure: Thermal load on focal plane (100 mK). Expect
Tshell ∼ 5 K.

Radiative and structural loading dominate
I Radiative is more variable

I Sensitive to shell temperature

Expect ∼ 1 µW
I Fine for all ADR options
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Lenslet emissivity

(a) POLARBEAR-2
lenslet array

(b) Raytracing

Figure: Lenslet array

Rays are trapped by total internal reflection
I “Greenhouse effect”
I Simulations suggest ∼ 30% effective emissivity
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Radiative loading
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(a) Without low-pass
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(b) With low-pass

Figure: Improvement from low-pass filtering.

Low-pass filter reduces radiative loading by > 2×
I Metal-mesh filter is an obvious choice

I Implemented successfully in POLARBEAR

16 / 26



LiteBIRD
focal-plane tower

Ari Cukierman

Working model

Cryogenics

Mechanical

Ongoing activities

Cold intermediate stage
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Figure: Thermal load on cold intermediate stage. Expect
Tshell ∼ 5 K.

Structural and RF-shield loading dominate

Expect ∼ 8 µW: fine for all ADR options
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Warm intermediate stage
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Figure: Thermal load on warm intermediate stage. Expect
Tshell ∼ 5 K.

Structural dominates
I Next design iteration can aim to suppress this

Expect ∼ 0.8 mW: large but manageable
I May need (quasi-)continuous operation
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Fridge cycle and hold time

Require 85% observation efficiency
I Astro-H SXS and SPICA-SAFARI satisfy this

requirement
I But thermal loads and heat capacities are different for

LiteBIRD

I Keep thermal loads low to increase hold time
I Keep heat capacities low to decrease cycle time

I And to maintain cooling capacity

I Study of cycle and hold time is underway
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Mechanical robustness

Two regimes:
I Launch

I Large accelerations, broad frequency profile
I But focal plane just needs to survive

I Observation
I Much gentler
I But tolerances are much tighter

I Focal-plane heating can destroy sensitivity

Want to avoid mechanical resonances

I Combination of simulation and measurement
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Vibration testing

(a) Reference
accelerometer

(b) Accelerometer on
wafer

(c) Shake table

Figure: SSL shake-table testing

Look for mechanical resonances through vibration testing

I Preliminary tests done at the Space Sciences Laboratory
(SSL) in Berkeley

I Silicon wafer is brittle
I Check for drumhead modes from launch vibrations
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Vibration testing (cont’d)

VIBROACOUSTICS VIBROACOUSTICS 

Check the GSFC Technical Standards Program website at http://standards.gsfc.nasa.gov or contact the Executive Secretary for 

the GSFC Technical Standards Program to verify that this is the correct version prior to use. 

2.4- 18 

 Table 2.4-3 

Generalized Random Vibration Test Levels 

Components (ELV)  

22.7-kg (50-lb) or less 

 

Frequency ASD Level (g2/Hz) 

(Hz) Qualification Acceptance 

20 

20-50 

50-800 

800-2000 

2000 

0.026 

+6 dB/oct 

0.16 

-6 dB/oct 

0.026 

0.013 

+6 dB/oct 

0.08 

-6 dB/oct 

0.013 

Overall 14.1 Grms 10.0 Grms 

The acceleration spectral density level may be reduced for components 

weighing more than 22.7-kg (50 lb) according to:  

 

 Weight in kg Weight in lb  

dB reduction = 10 log(W/22.7) 10 log(W/50)  
ASD(50-800 Hz) = 0.16•(22.7/W) 0.16•(50/W) for protoflight 

ASD(50-800 Hz) = 0.08•(22.7/W) 0.08•(50/W) for acceptance 

 

Where W = component weight. 

 

The slopes shall be maintained at + and - 6dB/oct for components weighing 

up to 59-kg (130-lb).  Above that weight, the slopes shall be adjusted to 

maintain an ASD level of 0.01 g2/Hz at 20 and 2000 Hz. 

 

For components weighing over 182-kg (400-lb), the test specification will be 

maintained at the level for 182-kg (400 pounds). 

 

 
  

(a) NASA recommended
vibration test levels
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(b) Wafer-module results

Figure: Acceleration spectral density.

Resonances at ∼ 1.2 and ∼ 1.7 kHz

I Past roll-off of NASA recommendations
I Promising start

I Work to push resonances above 2 kHz
I Thicker lenslet wafer (∼ 4× for LiteBIRD) will help
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Future tests

More realistic and complete hardware

I E.g., lenslet array should be ∼ 5× thicker
I Mutual coupling of focal-plane components

I Ideally test/simulate full focal-plane tower

Large-amplitude vibration test

I Random vibration test (14g RMS)

I Typically design to withstand 5σ fluctuations, i.e., 70g

Acoustic test
I Sound waves

I Important, unless launching under vaccum

I Wafers (large, unsupported area) may be susceptible

I This is a common NASA pre-launch test
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Launch locks

1555 Doolittle Drive, San Leandro, CA 94577     Tel: (510) 483-2564     Fax: (510) 483-2032 
E-mail: marketing@tiniaerospace.com       Web: www.tiniaerospace.com 

 

 
FrangiboltR Actuator 

(Model FC2-16-31SR2) 

 

 
 

The model FC2-16-31SR2 is the smallest 
Frangibolt actuator produced by TiNi 
Aerospace.    It is designed to operate with any 
standard high strength #8 size bolt or stud 1.  
The small envelope and minimal power 
consumption  (25 Watts @ 28 Vdc) make’s it 
ideal for  applications with stringent size and 
power  requirements.  The model FC2-16-
31SR2 is also the fastest Frangibolt actuator 
capable of operating in less than 10 seconds. 
As with all other Frangibolt Actuators,  the 
FC2-16-31SR2 is designed to have a high  
fatigue life and is easily reset using TiNi’s 
portable  compression tool FBT-CT2.   
 
1 TiNi Aerospace must provide the specially notched 
Titanium fastener.  This is largely application-dependent 
and is readily manufactured to customer specification.  
See Frangibolt Fastener Specification Sheet.   

 

 
Dimensions shown in inches  Rev: 5/02  

 
Function Time 2 

(@ 23 oC) 

 
Specifications 

 
Max Load Support & Release 2200 N (500 lbf)   
Max Joint Length 4.4 cm (1.75 in) 
Operational Voltage 22 to 36 Vdc 
Minimum Operating Temp. -65 oC (-85  oF) 
Maximum Operating Temp. 2 +80 oC (176 oF) 
Heater Resistance 31 Ohms  
Mass 20 gm (0.71 oz) 
Power Consumption 25 Watts @ 28 Vdc 
Life Cycles 60 Cycles Min. 
   
Features: Redundant Heater 
 Reusable 
 TC Sensor  

 
2 Note that the function times shown above are for the higher transition temperature “FC” series Frangibolt Actuators which actuate at roughly 
100oC.   TiNi Aerospace also manufactures a line of “FB” series Frangibolt actuators which have a lower +75oC actuation temperature and 
therefore have a ~25% faster function time.  Selection between the two should be based on maximum operating temperature. 
 

(a) Actuator

THIRD ANGLE PROJECTION 6400 Hollis Street
Emeryville, CA 94608

(510)285-6827

Stellar Scientific Inc.
Emeryville, CA 94608

6400 Hollis Street
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USED ONNEXT ASSY

NAME DATE

DRAWN

CHECKED

ENG APPR.

MFG APPR.

CONTRACT

SHEET 1 OF 1

DRAWING IS THE SOLE PROPERTY OF

INCH

WEIGHT:

COMMENTS:

<date>

STELLAR SCIENTIFIC INC.  ANY 
REPRODUCTION IN PART OR AS A WHOLE

SSI IS PROHIBITED.

PROPRIETARY AND CONFIDENTIAL STACER FANGIBOLT BOLT

SO-RPW-MEC-256

10.5 g

WITHOUT THE WRITTEN PERMISSION OF

THE INFORMATION CONTAINED IN THIS

UNLESS SPECIFIED OTHERWISE
DIMENSIONS ARE IN INCHES
TOLERANCES:
 LINEAR        ANGLES    SURFACE
 .X = 0.1       X = 0.5     32
 .XX = 0.01  .X = 0.1
 .XXX = 

SO RPW

NOTES:
MATERIAL: TITANIUM ALLOY Ti-6AL-4V PER MIL-90471.
FINISH: TIOLUBE 11752.
REMOVE BURRS AND BREAK SHARP EDGES .0053.
PARTS SHALL BE CLEANED OF ALL FOREIGN MATTER.4.
SHIP PARTS TAGGED OR BAGGED WITH PART NUMBER AND REVISION5.

DETAIL A
SCALE 6 : 1

SEPARATION NOTCH
PROFILE BY
MICRO100 PN: GS-028F
OR EQUIVALENT TOOL

 .0710±.0005 

 .030 

REVISION
ZONE REV DESCRIPTION DATE APPROVED

0 BASELINE RELEASE 01/03/15
2 TIOLUBE 1175 07/30/15

(b) Frangibolt

Figure: Frangibolt is a type of launch lock.

Add mechanical support during launch
I Break supports in orbit to achieve thermal isolation
I Separates launch and observation designs

Launch locks
I Shape-memory alloy (NiTi) expands on heating (90◦ C)
I Breaks bolt and creates gap
I Can be reset in a hydraulic press
I Used routinely for mission-critical procedures
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Launch locks (cont’d)

Figure: Possible launch-lock scheme (P. Turin, SSL).
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Ongoing activities

Refine/improve design

I Iterate with JAXA

Mechanical simulations, vibration testing

I Part of iterative design process

ADR study

I Study is on-going
I Can we use existing designs (with small perturbations)?

I Preliminary answer is yes

Study successful past designs

I Incorporate lessons learned from other experiments

26 / 26


	Working model
	Cryogenics
	Mechanical
	Ongoing activities

