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Agenda
Agenda

~ Portable Entanglement Systems, Long Distance QKD?
- Economy Satellites?
> LEO Challenges

- What we are building
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Small Satellite Source Photon Pair Sources

“Portable” Photon Pair System
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Small Satellite Source Distribution

Entanglement Distribution

- Optical Fibre Networks:
Mature Technology, Widespread

250 km with special fibres [Geneva, N3P 11, 075003 (2009)]

» Ground Based Optical Links:
Ad Hoc Links, Flexible
Atmospheric Distortion

144 km with mountain-tops

Tenerife

[Canary Islands, Nature 3, 481 (2007)]
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SPACE QUEST

- International Space Station

> 270 km to 460 km

Alexander Ling
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Small Satellite Source Satellites

Small Satellites

Wet Mass A Hubble Space Telescope - 11,100 kg
Gravity Probe B - 3,100 kg
1000kg ——
MiniSat (Singapore X-Sat)
100kg ——
MicroSat (Sputnik 1)
10kg ——
NanoSat (CuteSat/PhoneSat)
1Kg —f—
0.1kg PicoSat Launch costs:
A I S50,000 per kg ?
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CUBESATS
CUBESATS

The 1-U Cubesat:
- 1 kg
> 10 cm cube

> Stack more cubes to 2-U and 3-U

ClydeSpace LLC

Established Standard

Alexander Ling
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CUBESATS
CUBESATS

Typical Cubesat Operation
- Altitude: 300 - 1000 km
~ Orbital Cycle: 100 min
~ Polar Orbit (seen twice a day)

~  Lifetime: 2-3 years

Alexander Ling
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CUBESATS
The 1-U Cubesat

Typical 1 U CubeSat Platform

Passive attitude

____
Mission interface control —
e — e e
computer (active if required) —
Electric power
VHF / UHF

o system with
communications

battery daughter

l

Structure Solar arrays

— Deployahble

antennae

7~

Radio: 1200 bps (tx)

ClydeSpace LLC
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Small Satellite Source CUBESATS

Can we use CubeSats?

Physics Package is only 30% of CubeSat!
> 10cm x 10 cm x 3 cm
> 1.5W
> 300 gm
» 6.5 g acceleration (20 Hz «~ 20 kHz)
- And what about Space Weather?

Alexander Ling
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Space Weather
Space Weather

» Vacuum - 0.1 uBar
- Temperature Fluctuations

« Altitude, Attitude & Orbit

> Radiation

« Radiation Belts

* Sunspot Cycle

Alexander Ling
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Small Satellite Source Thermal Environment

Thermal Environment
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Space Radiation

[Benedetto, IEEE Spectrum 35, 1998]
10 000 _.._—‘ [Johnston, 4" IWRE, Tsukuba, Japan, 2000]
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SAA
The South Atlantic Anomaly
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Higher rate of:
* Single Event Upsets (Memory Bits Flipping)
* Single Event Latchups (Short Circuits), protective circuits?

No active operation in the SAA
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Sunspot Cycle
Sunspot Cycle

Solar Flare on Aug 9%
False Color (13 nm) 2013
Biggest in last 5 years

Sunspot Cycles: Past and Future
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[M. Dikpata, NCAR, 2007]
[NASA] Need to monitor space weather
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Space
Coping with Space

> Vacuum (not issue)
» Temperature Fluctuations

- Temperature tolerant light source
- Temperature tolerant electronics
~ Radiation
« TID - lifetime is short (not issue)
* SAA - redundancy, stand-by mode

 Solar Flares — monitor space weather

Alexander Ling
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Small Satellite Source Project Targets

Project Targets

What to build?

- Compact source of photon pairs
- Compact Electronics
How to quantify success?

- Demonstrate entanglement under orbital conditions
- Space qualification is sufficient, launch is a bonus!
Launch ready by Q4 20127

Alexander Ling
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Small Satellite Source A source

Choosing a source geometry

Compactness
1
- SPDC Collinear E(“" H)+[VV))

- Type-I with BBO

Temperature Stability

_ _ on, 6~ 0N, 6
> BBO nonlinearity ﬁ:—9.3>< 10°/C, T =-16.6x10"/C

> Pump Wavelength 0.1nm/C

AA
- Wavelength Dependence =20
p
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Small Satellite Source The Source

The Source
BBO3
F1 HWP YVO1 BBO1 BBO2 DM F1 & BBO4 YVO?2
405 nm
Laser D H Q\ D o >
polarization
analyzer
PUMP & SOURCE pump power monitor
Spectrum of Typel Light (Trojek & Weinfurter, APL 92, 211103 (2008))
720 760 800 840 880
Wavelength (nm)
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Small Satellite Source The Source

Mechanical Stability/Tolerance

Manufacturing tolerances

~ Optical Axis & Perpendicularity
+10Arc Minutes

- SPDC wavelength: 7 nm/Arc Min

Coincidence Countsin 5 s

Coincidence Counts in 1s

%?arizerzgggle (dge%? 400 2 3 LC Vgltage > ©

Average: 94% visibility -

Alexander Ling
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Small Satellite Source Electronics

Electronics

Target Power: 1.5 W
Power Budget

- Laser Diode 400 mW
- Logic Circuit 200 mW
- 2 Detectors 900 mW

- 2 Detectors 1900 mW (with cooling)

THERMOELECTRIC COOLER SPECIFICATIONS

Value (conditions)

Parameter Unit

Resistance ACR Q 3.56 +/-0.16 (at T,=300K)

Maximum Current |__ A —
Maximum Voltage Drop U__, \ @

Courtesy — id101 Si APD datasheet from IDQuantique P=VxI|=540mW

Alexander Ling
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0.02 (at AT.)
- 0.07 (at AT,.)
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Small Satellite Source Electronics

Detectors & Temperature

> Avalanche Photo Diodes

~ (Geiger Mode

» Passively Quenched

Bias Voltage }

Quench
Resistor H
5 - Breakdown Voltage, Vbr
Diode —
A - Bias Voltage = V,.+ /\
Sense R
Resistor /\ Depends on temperature
L Output to discriminator
Small Satellite Source January 21st, 2012




Small Satellite Source Electronics

Detectors & Temperature

WINDOW COMPARATOR SETUP

HIGH 0=-33V
VOLTAGE

SMPS V_CNTRL

Vaas | 100V - 150v

MICRO-CONTROLLER

' LR CLD

Vref2

Alexander Ling

0-1V
AMPLIFIER DAC
PROCESSOR
CORE
~ Bbnhs 150 ns
Il Il I—mij
D-FF COUNTER
>33 ns 150 ns
—I_I- -I_I— BOTTOM
D-FF COUNTER
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Small Satellite Source Electronics

Window Comparator Results

Dark Count Vs Temperature Bottom to Top Count Ratio Vs Temperature
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Small Satellite Source Electronics

A better detector?

Dark Counts in 1s
(10%)

Breakdown Voltage
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Small Satellite Source Electronics

Putting it together...

STATE MACHINE MODEL Calibrate and check
waorking of APD,
Laser diode, etc

CALIBRATE

Temperature is
suitable
for running
experiments

Basic HW and SwW
components
initialized/powered up

Temperature suitable for
running experiment
and/or
packet received
from external board

Calibration done

Temperature is

Experiment not ofgt of range
running and rrunning
nothing else experiments

needed

to be done

HIBERNATE

January 21st, 2012
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Small Satellite Source Future Steps

Roadmap...

» Q4 2012 - Flight Model

> Q3 2012 - Qualification Model (Electronics & Optics)
-~ Q3 2011 - Engineering Model (Electronics) ./~

- Intermediate Tests

» Vibration Tests (passed) ./~
* Vacuum Tests (passed) v/

Alexander Ling
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Small Satellite Source Collaboration

People

> William Morong (RA)
> Tan Yue Chuan (RA)
»Rakhitha Chandrasekhara (PhD)
~ Yau Yong Sean (Support)
~ Gan Eng Swee (Support)
» Christian Kurtsiefer
External Folks
- Daniel Oi (U. Of Strathclyde)

- Nanyang Technological University

Alexander Ling
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Small Satellite Source Collaboration

Velox-1

> 700 km

> 3U-CubeSat

> Multi-expt

» Link: 146 MHz
- Link: 1200 bps

Alexander Ling

Small Satellite Source

P-Sat (100 x 100 x 100 mm)

CQT-PAYL
(100 x 100 x 20 mm)

Solar Panels
(100 x 160 mm)
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