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Power for Micro Sensors
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Tritium Betavoltaic Operation (U)

Electrons (beta particles) are emitted from a tritium source, creating
electron-hole pairs within a semiconductor

Results in the generation of electrical current
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Radioisotope Selection Pitfalls (U)
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< Damage threshold for semiconductors : ~250 to 300 keV

< Poor betavoltaic radioisotope choices: Kr-85, Sr-90, Tl-
204

< Per Dr. Olsen, tritium is the best option for betavoltaics [6]

6. Olsen, L. C., “Review of betavoltaic energy conversion,” Proc. 12t Space Photovoltaic
Research and Technology, 256-267.
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Why use Betavoltaics? (U)

Performance Lifetime: Long (e.g. 15 - 20 years) Performance Lifetime: Short (e.g. less than 2

years)
Operational under extreme temperatures Performance diminished at extreme
(-40°C to 80°C) (Tested -50 °C to 150°C) temperatures (-40°C to 80°C)
Thermally & Environmentally Independent Lifetime susceptibility to extreme
lifetime, corrosion resistant temperatures, humidity & corrosive
environments
Suitable for low power robust applications Suitable for higher power applications
(nanoWatts - microWatts) (milliwatts - Watts)

Power burst via secondary trickle charging
(milliwatt — Watts)

Energy Cell Case Sizes
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End-User Regulatory Requirements (U)

4 Receipt of City Labs’ NanoTritium™ Betavoltaic requires no specialized training

4 Receipt of City Labs’ NanoTritium™ Betavoltaic requires no prior radioactive
licensure

< City Labs’ Betavoltaics fall into the same regulatory licensure class as tritium
exit signs
< Betavoltaics should be used as outlined in user manual
< Betavoltaics should be disposed of as outlined in user manual

Approval as a Generally Licensed device represents a significant

milestone — a goal that has not been achieved by any other
Betavoltaic manufacturer
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Betavoltaics Available for Purchase (U)

Model P100a specifications:

< Open circuit voltage~ 0.8V, 1.6 V, or 2.4V

e TH < Short Circuit Current ~ 60 nA
NanoTritium — battery

b Model# P100 4:} DIP Form Factor
(}){\3 H3. 225 milliCuries

(Specifications based upon 25% tritium source purity)




Ordering and Pricing (U)

Order engineering quantities now by contacting:
Denset Serralta, MSEE, CTO
City Labs Inc.

305-909-7593 ext 102
denset.serralta@citylabs.net

€ 0.8V model $3,500 Ea.
€ 1.6V model $S4,000 Ea.
€ 2.4V model $S4,500 Ea.

*This price represents a 40% reduction in price from 2008 prototype versions



Low Power Sensors

¢ Sensors that draw very low power can be actively monitored for longer periods
¢ Temperatue, Pressure, Vibration can all be constantly monitored

¢ Detection of a threshold event can trigger a power burst for wireless reporting
4 RFID or NFC can be used to periodically check for operation wirelessly




¢ Devices that operate in the single digit

¢ Standby mode of 360nA
¢ Extends battery life and makes

4 Can be powered entirely by

Ultra Low Power Microcontrollers

microAmp range in active mode

efficient use of available power

betavoltaics in low power modes, and
switch to LIPON for burst power
needs

Standby Current (nA)

Lowest
Standby
Power
@ 360nA

Active Current {uA/MHz)

Comp A Comp Comp B Wolsering
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Hybrid Betavoltaic / LiPON Battery for
milliWatt Burst Power (U)

_______ (V)
[ -
| .
Ipark | Itv)
| Dark | ¢ .
| | +
I T NS I Y
| | a
I | - v
Bqtavoltajc | \
Battery | .
¥ Li Battery
200Cirrent (nA) _ +60C
* RT RN
k > —
! Charging N I-V Data for Betavoltaic Array
I ] | 1.00E-07
h V1] -soc
100 [ | \ = 5.00E-08 \\
1 1 =
,'\ Impedance Curve | | o -1.00E-21
! at beginning of charging ! 1 3t 0 1 2 3 2
b '| '| -5.00E-08
i I,L 1
| | | |' |, R0 Voltage (V)
1 2 3 4 '
Voltage

Betavoltaics in series 4 Betavoltaics in series for Cymbet charging experiment with diode
in series

Betavoltaics in series 4 Betavoltaics in series for Cymbet charging experiment



Lockheed Martin’s On-going
Betavoltaic Battery Data Collection (U)
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ManoTritium™ Betavoltaic
CITY LABS P200 Series

v citylaks. nat Extended-Life Models

ManoTritium™ Betavaltaic
CITY LABS P200 Series

swvavn.citylake. nat Performance Characteristics

The BanoTrithsm™ Betmmitaic
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Innovative Long-life Micro-power Salutions



ManaTritium™ Betavoltaic ManoTritium™ Betavoltaic

CITY LABS P200 Series CITY LABS P200 Series

s citylabss.nat Package Technical Data i citylaos. not Models and Applications
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P200 Betavoltaic-Ready Applications (U)

Short Circuit Maximum Power
Current (Beginning-of-
(Beginning-of- Life)
Life) [fill factor: 0.78]

City Labs Open

Device Availability Circuit Supported Applications

Model Voltage

Power burst capacitors /

0.9 Volts | 2.0 microAmps | =1.4 microWatts
charge pumps

1.8 V-3.6 V. models can
operate TI MSP430 Wolverine
1.8 Volts | 2.0 microAmps | =2.8 microWatts | microprocessors in standby
mode; active mode operable

at sub-MHZ clock rates

Maxim DS3655 Security

Manager (may require

2.0 microAmps |=4.2 microWatts betavoltaic power array /

charge pump / LiPON battery
backup)

STM 1404 Security
Supervisor
3.6 Volts | 2.0 microAmps | =5.6 microWatts (may require betavoltaic
power array / charge pump /
LiPON battery backup)

P200 24 Weeks 2.7 Volts
ARO

Trickle charging of Cymbet or
Infinite Power Solutions
LiPON batteries for milliwatt
power burst capability

G.CITY LABS

4.5 Volts | 1.6 microAmps | =5.6 microWatts
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Contact Information (U)

Peter Cabauy, PhD, CEO
City Labs, Inc.
305-909-7593 ext 101
peter.cabauy@citylabs.net

Denset Serralta, MSEE, CTO

City Labs Inc.
305-909-7593 ext 102
denset.serralta@citylabs.net
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