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The Canadian Contribution to the LiteBIRD Mission

2012

2013

2014

2015

2016

2017

2018

2019

2020

2012: Space Technology Development Program (STDP)
Developed path-to-flight hardware and firmware

2018: Mission Contribution Study (MCS)
Explore Canadian contribution to
LiteBIRD mission instrumentation

2018: Science Maturation Study (SMS) - 16 months
Link instrument performance to science objectives

2019: STDP Technology Development Funding (expected)
Path-to-Flight Signal Processing Unit Development

The POLARBEAR Telescope
(Photo: J. Errard)

The South Pole Telescope
(Photo: J. Montgomery)

Science & Technology Development to Date

Digital Frequency-Domain Multiplexing
(DFMUX) Technology

Partners in LiteBIRD Science & Technology

Canadian Involvement in LiteBIRD Science

LiteBIRD is designed to measure or place the best
upper limit on the signature of gravity waves from inclation.

The LiteBIRD Satellite

Digitizer Assembly
(Canadian Deliverable)

2. Bias signals for the 
detectors are digitally 
synthesized within the 
Signal Processing Assembly 
using a programmable logic 
chip called an FPGA.

3. Bias signals are converted to 
analog currents within the 
digitizer assembly.

4. Control currents needed to 
manage sensitive superconducting 
amplifiers are added to the bias 
currents in the SQUID Controller 
Unit.

5. Bias currents pass through the 
detector array. As light from the CMB 
influences each detector on the focal 
plane, it leaves an electrical imprint 
of the sky signal on the bias currents 
passing through.

7. Analog currents are 
converted to digital 
form by the Digitizer 
Assembly.

8. Algorithms in the 
Signal Processing 
Assembly recover, 
demodulate, and 
separate the sky signals 
from each detector on 
the focal plane.

9. Science data is 
streamed from the Signal 
Processing Unit to 
spacecraft electronics for 
storage and downlink.

DFMUX Technology for LiteBIRD

Canadian scientists have been at the forefront of CMB science, including roles in 
breakthrough experiments such as the Cosmic Microwave Background Explorer 
(COBE), Wilkinson Microwave Anisotropy Probe (WMAP) and Planck satellite 
missions. Canadian researchers also play critical roles in ground-based 
observatories such as the South Pole Telescope, POLARBEAR2/Simons Array, 
and Atacama Cosmology Telescope.

Canadians are global leaders in Cosmic Microwave Background (CMB) 
instrumentation, and have spent years preparing our technology for a satellite 
mission such as LiteBIRD.

The Canadian team is funded to plan hardware and science contributions to 
the LiteBIRD Cosmic Microwave Background (CMB) Polarization Survey.

The Canadian LiteBIRD instrumentation team has a history of successful
partnerships with the Canadian Space Agency (CSA) and colleagues in
industry.

The next steps for the Canadian team are:

• Summer 2019 (8 months): CSA funded Phase-0 study, to develop and cost the 
contribution plan;

• 2019 (18 months): CSA funded Technology Development, to support de-risking 
of instrumentation and development of the Signal Processing Assembly 
Demonstration Model

• 2020: Transition to Phase-A activities.

Multiplexing is a technique for biasing and measuring many detectors using 
only a few electrical conductors. Multiplexing is an essential part of the 
technological advancement of CMB telescopes, which require more and more 
detectors to achieve increasingly complex science goals. Without multiplexing, it 
would be impossible to keep LiteBIRD's focal plane cold.

Canadian Dfmux technology achieves multiplexing by assigning each detector a 
distinct frequency, similar to how many radio & television channels coexist on a 
single cable connection.

Experiments using frequency-domain multiplexing technology have been 
continuously deployed in telescopes around the world since 2005. Dfmux is 
currently operating in the POLARBEAR2/Simons Array in Chile and at the 
SPT-3G experiment in Antarctica.
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A schematic of the cold electronics in a Dfmux system. Detectors act as time-varying resistors. Each detector is assigned a 
distinct frequency using a filter circuit. This filter allows bias signals to independently operate and measure each detector, 
even when many detectors share on a single set of wires. As a result, the number of conductors spanning thermal stages is 
minimized.
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The Development Approach for Canadian LiteBIRD deliverables. To track the international LiteBIRD schedule,
and to retire development risks early, prototype hardware development must be delivered early in the program.
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1. Electronics on the 
spacecraft receive 
commands from the 
ground and instruct the 
readout electronics to 
tune the focal plane.

In 2018, with support from the Canadian Space Agency (CSA), we completed a 
Mission Contribution Study (MCS) describing the architecture of a complete 
Dfmux readout tailored to LiteBIRD. This readout centers on two units: the Signal 
Processing Unit (SPU), and the SQUID Controller Unit (SCU).

We have developed flight-representative prototypes for the SQUID controller 
and digitizer electronics needed for a satellite mission such as LiteBIRD. We also 
developed radiation-mitigation technology that detects and corrects errors 
induced by radiation in digital logic.

Dfmux readout with radiation-mitigation technology flew in the EbEx 
stratospheric balloon experiment in 2012. The radiation environment experienced 
by EbEx informs the design choices for LiteBIRD.

Dfmux electronics and firmware have advanced significantly over the past few 
years. Advanced radiation mitigation design techniques are being implemented 
for the FPGA firmware. Strategies to flag and subtract cosmic rays in detector 
timestreams are being developed.

McGill's "IceBoard" Signal Processing Platform

Digitizer Assembly
(McGill / COM DEV)

SQUID Controller Assembly
(McGill / COM DEV)

SQUID Controller Unit
(Canadian Deliverable)

Signal Processing Assembly
(Canadian Deliverable)

Signal Processing Unit
(Canadian Deliverable)

Focal Plane (LFT shown)

6. The received currents, 
which are extremely 
faint, are amplified in the 
SQUID Controller Unit.

SQUID Controller Assembly
(Canadian Deliverable)

Planned Canadian contributions to the 
Mission operations and science are 

highlighted with Maple Leaves.

Canadians have been involved in all 3 of 
the previous CMB satellite missions (COBE, 
WMAP and Planck), as well as most of the 
international ground-based and balloon-
borne CMB projects (BAM, Boomerang, 
EbEx, POLARBEAR, Spider, ACT, SPT, and 
others.) 

The Canadian team anticipates supporting
the mission with personnel to:

1. Provide mission simulations to optimize 
the mission design, mapping instrument 
requirements and performance 
parameters onto science outcomes with a 
focus on the Canadian readout system and 
overall mission architecture.

2. Co-develop the software and real-time 
analysis tools to monitor the science 
payload health and assess the 
performance of the mission on fast 
(hourly, daily, weekly) timescales.

3. Co-develop the processing pipeline for 
map-making and foreground separation, 
in collaboration with the international 
team.    

4. Develop software to fit cosmological 
parameters, interpret the results, and 
combine the data with ground-based 
mm-wave telescopes in collaboration with 
the international LiteBIRD team.

2019: Phase-0 Study (expected)

2020: Transition to Phase-A
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A schematic of the cold electronics in a Dfmux system. Detectors act as time-varying resistors. Each detector is assigned a 
distinct frequency using a filter circuit. This filter allows bias signals to independently operate and measure each detector, 
even when many detectors share on a single set of wires. As a result, the number of conductors spanning thermal stages is 
minimized.
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and to retire development risks early, prototype hardware development must be delivered early in the program.
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Overview

• Technology contribution: DfMux readout 

• Organization of effort in Canada 
– Three separate CSA-funded development lines 

• Outlook for mission status funding and 
Canadian science involvement
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Overview

• Technology contribution: DfMux readout 

• Organization of effort in Canada 
– Three separate CSA-funded development lines 

• Outlook for mission status funding and 
Canadian science involvement

Digital frequency multiplexing

Canadian Space Agency

See poster for more details!
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LiteBIRD Readout System

• Frequency Multiplexed Readout 
• USA: cold components 
• Canada: warm electronics (WE) 

• Based on system deployed for 
South Pole Telescope (SPTpol & 
SPT3g), EBEX, and 
POLARBEAR/Simons Array

LFT MFT/HFT



LiteBIRD Readout System

• Frequency Multiplexed Readout 
• USA: cold components 
• Canada: warm electronics (WE) 

• Based on system deployed for 
South Pole Telescope (SPTpol & 
SPT3g), EBEX, and 
POLARBEAR/Simons Array

LFT MFT/HFT

This circuit diagram shows how 
the frequency multiplexing for one 
SQUID module is implemented 
(an inductor/capacitor component 
selects each channel).



LFT MFT/HFT



WE Units  
(one pair for each telescope)

LFT SQUID 
Controller unit

LFT Signal 
Processing unit

SQUID 
Controller 
Units

Signal 
Processing 
Units

MFT/ 
HFT

MFT/ 
HFT



SQUID Controller Unit & Assembly
LFT SQUID 

Controller unit

HFT 
SQUID 

Controller 
unit

• 4 SQUID channels per board 
• Same design as previously (TRL5) – mostly needs re-layout 
• Heat sinking through the guides and enclosure 
• Powered via digitizer assemblies

SQUID Controller 
Assembly

STDP SQUID 
Controller



Multiplexed readout requirements

•Synthesize bias combs 
•Tune the detailed operation of the squid 
•Digitize the output waveforms 
  (before processing the MHz carrier signals into 
  slow ~100 Hz detector timestreams for downlink)



Multiplexed readout requirements

•Synthesize bias combs 
•Tune the detailed operation of the squid 
•Digitize the output waveforms 
  (before processing the MHz carrier signals into 
  slow ~100 Hz detector timestreams for downlink)

•And for the experts…



Signal Processing Unit

• 6U enclosure with backplane that includes 
– Signal Processing Assemblies (aka FPGA boards) 
– Digitizer Assemblies (DAC/ADC boards) 
– Power Conditioning assembly 
– Instrument controller (TBD)



Digitizer Assembly

• Update of Mezzanine board (TRL5)  
– 4 SQUID channel/board 
– 6U format with heat-sinking/shield 
– May include use of a lower power DAC 
– Update buffers to FPGA (cross-strapping)

Mezzanine (2 channels) Digitizer Assembly (4 channels)



• Interfaces the Digitizer’s ADC/DAC and 
processes/captures/compress the data 

• 6U format 
• Based on the Xilinx Kintex Ultrascale 

XQRKU060 
– Compatible with total integrated dose (TID) requirements 
– Need to implement single-event upset (SEU) 

mitigation (1-2 events/hour) in firmware 
• Heat extraction is a challenge

Signal Processing Assembly  
(aka FPGA board)



• Based on firmware developed previously 
• Use FFT-based demodulator (used in 

SPT3g) 
• Adds LiteBIRD control and data 

compression 
• Add SEU mitigation (TMR, Scrubbing)

Firmware



Other Assemblies

• Power Conditionning Assembly (PCA) 
– Filters and protects  the power  
– Generates low-voltage for the other Assemblies 

• Backplane Assembly 
– Distributes power from PCA to other boards 
– Connects digitizers to FPGAs



Funded Canadian LiteBIRD Activities
2012-2014: Space Technology Development Program (STDP) 
Developed path-to-flight hardware and firmware

2018: Mission Contribution Study (MCS) – 8 months 
Explore Canadian contribution to mission instrumentation

2018-2019: Science Maturation Study (SMS) – 16 months 
Formally link instrument performance to science objectives

2012

2013

2014

2015

2016

2017

2018

2019

2020

2019-2020: STDP development funding (expected) 
For path-to-flight signal processing unit development.
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2019-2020: STDP development funding (expected) 
For path-to-flight signal processing unit development.

Canadian involvement since 2012 

Continuing series of C
SA contracts



Canadian LiteBIRD STUDY Team

McGill University 
• Matt Dobbs (faculty) 
• Jean-Francois Cliche (Engineer) 
• Graeme Smecher (Engineer) 
• Joshua Montgomery (student) 

Honeywell Aerospace 
(industrial contractor) 
• Neil Rowlands (Project Scientist) 
• + Project engineers

University of Toronto 
• Renée Hložek (faculty) 
• Dick Bond (faculty) 
• Simran Nerval (student) 
• Victor Chan (student) 

University of British 
Columbia 
• Douglas Scott (faculty) 



• Funded by the Canadian Space Agency (CSA) 
• Lead: McGill University 

– Key Engineers: J.-F. Cliche (PM) & Graeme Smecher 
• Major Subcontractor 

– Honeywell Aerospace 
• Formerly COM DEV Canada (JWST Canadian Contributor) 

• Objectives: 
– Analyse requirements for bolometer warm readout system 
– Preliminary design and risk analysis 
– Measure and simulate performance of readout electronics 
– Assess science goals, requirements and capability in Canada 
– Relate noise and crosstalk to science data quality 
– Provide project lifecycle costing for Canadian LiteBIRD science 

• Recently completed mission contribution study 
(MCS) and presently in midst of study to determine 
science outcomes and contributions (SMS)

Mission Studies



Example Canadian Deliverable Timeline
• 2020/1: Demonstration precursor (TRL5) 

– limited number modules, flight performance. 
– COTS components on flight-like boards.  

• 2021/2 Full Demonstration Model (TRL5) 
– Flight performance 
– COTS components on flight-like boards 

• 2023 Engineering Model 
• 2024 Flight Model

MCS Tech. Dev.
Phase B Phase C Phase D

AUG  
2018 2019

CSA Participation to LiteBIRD

CSA Tech. 
Dev.



Canadian LiteBIRD 
science investigations 

Start by studying how cross-talk in the electronic 
systems will affect the systematic errors in our 

science measurement



How does the LiteBIRD noise 
model impact models of inflation?

Image from Simran Nerval
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Can we use high-resolution small-scale 
measurements from e.g. Simons Observatory 
to estimate the lensing potential and delens 
the large scale B-modes from LiteBIRD?



Can we cross-correlate independent measurements 
of the polarisation fraction from radio maps with 
LiteBIRD to learn more about our own Galaxy?

Vernstrom et al. 1905.02410

CHIME (Canadian Hydrogen 
Intensity Mapping Experiment)



Hlozek et al. 2012

With exquisite large-scale B modes, can we check for 
consistency of the power on large scales across the sky? 

Can we reduce the uncertainty on the model-agnostic 
P(k) reconstruction on large scales?

Planck 2018



Planck 2018 Tests of dipole modulation 
of power, including polarization

Planck Collaboration: Isotropy and statistics of the CMB

TT EE

TE TTTEEE

Fig. 34. Probability determined from the QML analysis for a Monte Carlo simulation to have a larger dipole-modulation
amplitude than the Commander (red), NILC (orange), SEVEM (green), and SMICA (blue) data sets, with ¸

min

= 2. The
top-left, top-right, and bottom-left panels use TT , EE, and TE, while the final panel is for all data combined. We
emphasize that the statistic here is cumulative and apparent trends in the curves can be misleading.

ence of a deviation from statistical isotropy in the Planck2345
data using an angular-clustering analysis, as previously seen
in PCIS13. In particular, some alignment of preferred di-
rections determined from maps of the temperature power
distribution on the sky was observed over a wide range of
angular scales.2350

Specifically, by fitting dipoles to maps of the local power
spectra, estimated in patches on the sky over various mul-
tipole ranges, it was found that the directions were aligned
at the 2–3 ‡ level up to ¸ = 1500 when compared to simu-
lations. In the standard cosmological model, although such2355
maps are expected to exhibit dipolar distributions of power
due to Gaussian random fluctuations, the associated direc-
tions should be independent random variables. Evidence for
the close correlation and alignment of directions on di�erent
angular scales then appears to be a signature of broken sta-2360
tistical isotropy. Since we do not observe modulation in the
amplitude of dipole modulation over similar angular scales,
then the result of finding clustering of directions seems mys-
terious – it is hard to imagine a model that would cluster

the directions without a�ecting the amplitude of the mod- 2365
ulation. Nevertheless, regarding this as a purely empirical
question, it is important to repeat the directional-clustering
analysis and broaden its scope to include polarization.

Here, we repeat the analysis using the Planck 2018 data
and extend it to include polarization measurements. The lo- 2370
cal power spectra, TT , TE, and EE, are estimated directly
from maps of the temperature and Stokes Q and U param-
eters. Since the analysis is sensitive to di�erences between
the noise properties of the data and simulations, we con-
sider only cross-spectra computed between the two HM or 2375
OE maps for each component-separation method.

We adopt the same approach for the estimation of the
dipole alignment as described in detail in PCIS15, a brief
summary of which follows.

1. Local TT , TE and EE power spectra are estimated 2380
(using the MASTER approach Hivon et al. 2002) directly
from the T , Q, and U maps at N

side

= 2048 for the
12 patches of the sky corresponding to the N

side

= 1
HEALPix base pixels. Leakage between the E and B

46

Is the Universe lop-sided? 
(i.e. is there a significant 

hemispheric asymmetry?)

Planck’s polarization sensitivity was not high enough to 
effectively test large-scale power modulation 

With LiteBIRD we should be able to test several large-
scale curiosities in T data, with independent E data



Canadian LiteBIRD contributions

• Canadians have been members of almost all 
previous CMB experiments 

• Canada brings expertise in several areas 
(multiplexed TES readout, data analysis, 
cosmological interpretation, Galactic 
astrophysics, …) 

• We are honoured and excited to be part of the 
next major step for CMB in space …
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LIGHTBIRD is a new eyewear brand founded by

designer Corrado Rosson, which will premiere at

this year’s MIDO trade show. The 100% Made in

Italy brand comes to the market as a start-up

with innovative eyewear models that embody a

world full of values for people who are willing to

share the same lifestyle.
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TRRA Summary

PBS ID Product Breakdown Structure Name CTE Previous 
TRL

Current 
TRL

Target 
TRL

Current 
Activity

TRL Target for Next 
Activity

Technology 
Demonstration

1 HFT & LFT Equipment
1.1 SQUID Controller Unit N 5 5 6 0.4 5 1.20 0.192 0.44 repeat TRL 5 prototype
1.2 Signal Processing Unit

1.2.1 Enclosure N 8 4 6 0.4 1 0.40 0.128 0.42 assist TRL 5 prototype
1.2.2 Digitizer Assembly

1.2.2.1 Analog to Digital Converter N 5 6 0.4 4 1.00 0.16 0.43 repeat TRL 5 prototype
1.2.2.2    Digital to Analog Converter N 4 6 0.4 5 1.20 0.384 0.55 component qual? EM

1.2.3 Backplane Assembly Y 4 6 0.6 3 0.80 0.256 0.65 TRL5 prototype
1.2.4 Signal Processing Assembly

1.2.4.1 Primary FPGA Y 4 6 0.6 5 1.20 0.384 0.71 TRL4 prototype
1.2.4.2 Signal Processing Firmware Y 3 6 0.6 5 1.20 0.576 0.83 TRL4 prototype
1.2.4.3 Supervisory FPGA & Firmware N 6 6 0.4 2 0.60 0 0.40 TRL6 EM / EQM

1.2.5 Instrument Controller Assembly
2.2.2.1 CPU N 6 6 0.4 2 0.60 0 0.40
2.2.2.2 Boot Loader Software N 6 6 0.4 2 0.60 0 0.40
2.2.2.3 Application Software Y 3 6 0.4 3 0.80 0.384 0.55 TRL 4 DM
2.2.2.3 Operating System Software N 6 6 0.4 2 0.60 0 0.40

1.2.6 Power Conditioning Assembly N 3 6 0.4 3 0.80 0.384 0.55 TRL 4 EM
1.3 SQUID Controller Harness Y 5 6 0.6 4 1.00 0.16 0.62 prototype
1.4 Digitizer Harness N 4 6 0.4 1 0.40 0.128 0.42 TRL 6 EM / EQM

Risk 

TRRA Results Next Steps
Propososed Development Activities

TNV 
Weighting TNV*DTRL

TRRA Product Structure Element TRL
R&D3 

Uncertainty
TNV 

Value

DfMux TRRA Summary

f irmwareFPGABackplane

SQ Cntrl Harness

DAC Qual & IC SW

 TNV * Delta TRL

 R
&D

3



Development Approach



Summary

• Mission Contribution Study and Costing 
complete. 
– Need to investigate cost reduction scenario in parallel 

with international efforts. 
• Most of cost is in large number of models (pre-DM, DM, EM, FM).  

• Technology development for pre-DM going 
forward this spring. 
– no near-term slow-down 

• Mission status decision planned for 2020/2021. 
– Close contact between JAXA/ESA/NASA and CSA 

essential.


