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IXOLAR™ SolarBIT
IXOLAR™ SolarMD
IXOLAR™ SolarET
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GLOBAL FOOTPRINT

* IXYS R&D, Manufacturing, Sales & Distribution
)¢ External Foundries

/

SERVING CUSTOMERS WORLDWIDE

Products cover entire power spectrum

Focused direct sales force

Broad sales representative and distributor relationships
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Products

High Efficiency Solar Cell 25% IXOLAR™ SolarBIT

Monocrystalline Silicon » Surface Mountable

* Reflow Solderable

* Film Laminated Encapsulation

* Form Factor : 23mm x 8mm x 1.8mm

IXOLAR™ SolarMD
* Manual Solderable Mini Solar Modules
* Film Laminated Encapsulation
» Customized Voltage/Current Ratings
* Various Module Sizes

IXOLAR™ SolarET
« Solar Electronics powered by High Efficiency SolarMD
* Smart MCU Controlled.
* High Efficiency High Brightness LED flashlight
* Alkaline Battery or Li-Battery Bank
* Laser Pointer

¥4 Littelfuse

Expertise Applied | Answers Delivered ’ I S ) ln 1 4 Confidential and Proprietary | Littelfuse, Inc. © 2017 3

Efficiency By The Sun



IXOLAR BIT/MD Technology Roadmap

KXOB22-12X1F KXOB25-14X1F
_ KXOB22-04X3F KXOB25-05X3F I

KXOB25-14X1F

KXOB22-01X8F KXOB25-02X8F
SLMD121H04L, SLMD121HO6L SM141K04LV, SM141K06L
SLMD121H08L, SLMD121HO09L SM141K08L, SM141K09L
SM141K04L SM141K10LV SLMD121H10L, SLMD360H10L SM141K10LV, SM400K 10L
SLMD480H12L, SLMD600H10L SM500K12L, SM700K10L
SLMD720H12L, SLMD860H12L SM730K12L, SM850K12L
SLMD481HO8L, SLMD481H10L SM531K08L, SM531K10L
- SLMD481H12L, SLMD242H10L SM531K12L, SM262K10L
SLMD121HO2F
SM141K0SL SLMD121HO5F SM122K03FR
_ SLMD121HO8F SM200K08F
SLMD321HO9F

Device thickness : 2 mm

Device thickness : 1.2 mm

Device thickness : 1.0 mm

SM122K03FR .

Efficiency 22% |
Efficiency 25% 1

Corner rounding l

IXOLAR™ High Efficiency Bits & Modules, and Customized Module Configuration

Technology Solar Module ﬂ
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Products : IXOLAR™ BIT&MODULE

IXOLAR™ High Efficiency SolarBIT IXOLAR™ High Efficiency SolarMD a-] Ib“
SYMBOL Unit
KXOB25-14X1F | KXOB25-05X3F | KXOB25-02X8F | SM141K04L SM141K04LV SM141K06L SM141K06LV “_
C
1.Voc v 0.69 207 5.53 2.76 2.76 415 415 m
2.Isc mA 58.6 19.5 6.3 58.6 58.6 58.6 58.6
3.Pmax mW 30.7 30.7 26.3 122.9 122.9 184.4 184.4 d
4.Vmax v 0.56 1.67 4.46 2.23 2.23 3.35 3.35
5.Imax mA 55.0 18.4 5.9 55.1 55.1 55.1 55.1
6.Jsc mA/cm* 414 414 414 414 414 414 41.4
7.Fill Factor % >70 >70 > 60 >70 >70 >70 >70
8.Cell Efficiency % 25.0 25.0 25.0 25.0 25.0 25.0 25.0
9.AVOC/AT mV/K -1.74 -5.22 -13.92 -7.0 -7.0 -10.4 -10.4
10.AJSC/AT mA/(cm?K) 0.0265 0.0088 0.0028 0.0265 0.0265 0.0265 0.0265
11.Dimensions mm(LxWxH) 23x8x1.8 23x8x1.8 23x8x1.8 29x23x1.8 45x15x1.8 42x23x1.8 45x22x1.8
12.Unit cell size mm(LxW) 21.5x6.59 7.2x6.59 5.4x2.83 21.5x6.59 21.5x6.59 21.5x6.59 21.5x6.59
13.Cells in series cells 1 3 8 4 4 6 6
14.Package - a a a b b b b
15.Pack quantity - 20/tube 20/tube 20/tube 40/blister 50/blister 20/blister 20/blister
16.Weight grams 0.5 0.5 0.5 2.5 3.5 5.0 5.5
17.Unit cell area | mm2(LxW) 142.00 47.00 15.28 120.00 120.00 120.00 120.00
18.Datasheet - Yes Yes Yes Yes Yes Yes Yes

*) Please note, all values measured at Standard Condition: 1 sun (= 100 mW/cm?), Air Mass 1.5, 25°C
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Products : IXOLAR™ BIT&MODULE

IXOLAR™ High Efficiency SolarMD a-] Ib“
Symbol Unit
SM141K08L | SM141KO08LV | SM141K09L SM141K10L | SM141K10LV | SM400K10L SM500K12L SM700K10L “_
C
1.Voc v 553 553 6.22 6.91 6.91 6.91 8.29 6.91 m
2.Isc mA 58.6 58.6 58.6 58.6 58.6 16.4 21.0 29.5
3.Pmax mW 245.8 245.8 276.5 307.3 307.3 85.7 132.3 154.3 d
4.Vmax v 4.46 4.46 5.02 5.58 5.58 5.58 6.70 5.58
5.Imax mA 55.1 55.1 55.1 55.1 55.1 15.4 19.8 27.7
6.]Jsc mA/cm® 414 41.4 414 414 414 414 414 41.4
7.Fill Factor % > 70 > 70 > 70 > 70 > 70 >70 >70 >70
8.Cell Efficiency % 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0
9.AVOC/AT mV/K -13.9 -13.9 -15.7 -17.4 -17.4 -17.4 -20.9 -17.4
10.AJSC/AT mA/(cm?K) 0.0265 0.0265 0.0265 0.0265 0.0265 0.0074 0.0095 0.0133
11.Dimensions mm(LxWxH) 88x15x1.8 45%x29x1.8 63x23x1.8 70x23x1.8 45x36x1.8 33x15x1.8 24x32x1.8 24x36x1.8
12.Unit cell size mm(LxW) 21.5x6.59 21.5x6.59 21.5x6.59 21.5x6.59 21.5x6.59 21.5x6.59 21.5x6.59 21.5x6.59
13.Cells in series cells 8 8 9 10 10 6 6 6
14.Package - c b d e e b f f
15.Pack quantity - 20/blister 20/blister 20/blister 20/blister 25/blister 50/blister 50/blister 50/blister
16.Weight grams 5.0 5.0 5.0 5.0 5.0 2.0 5.5 5.5
17.Unit cell area mm2(LxW) 120.00 47.00 47.00 47.00 47.00 120.00 120.00 120.00
18.Datasheet - Yes Yes Yes Yes Yes Yes Yes Yes

*) Please note, all values measured at Standard Condition: 1 sun (= 100 mW/cm?), Air Mass 1.5, 25°C
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Products : IXOLAR™ BIT&MODULE

IXOLAR™ High Efficiency SolarMD

Symbol Unit
SM730K12L | SMS850K12L | SM101KO09L | SM101K12L | SM351K09L | SM531K08L | SM531K10L | SM531K12L

1.Voc v 8.29 8.29 6.22 8.29 6.22 5.53 6.91 8.29
2.Isc mA 30.0 35.1 41.9 41.9 147.3 217.8 217.8 217.8
3.Pmax mW 188.6 220.5 197.5 263.4 694.6 913.0 1141.3 1369.5
4.Vmax v 6.70 6.70 5.02 6.70 5.02 4.46 5.58 6.70
5.Imax mA 28.2 329 39.3 39.3 138.3 204.5 204.5 204.5
6.Jsc mA/cm* 414 414 414 41.4 41.4 414 41.4 414
7.Fill Factor % >70 >70 >70 >70 >70 >70 >70 >70
8.Cell Efficiency % 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0
9.AVOC/AT mV/K -20.9 -20.9 -15.7 -20.9 -15.7 -13.9 -174 -20.9
10.AJSC/AT mA/(cm?K) 0.0136 0.0159 0.0189 0.0189 0.0666 0.0985 0.0985 0.0985
11.Dimensions mm(LxWxH) 33x32x1.8 38.5x33x1.8 47x23x1.8 45x32x1.8 57x64x1.8 89x52x1.8 89x65x1.8 89x77x1.8
12.Unit cell size mm(LxW) 15.4x4.71 18.0x4.71 21.5x4.71 21.5x4.71 21.5x6.59 6.0x6.59 10.8x4.71 10.8x6.59
13.Cells in series cells 12 12 9 12 9 8 10 12
14.Package - e e d e h g h i
15.Pack quantity - 25/blister 25/blister 20/blister 20/blister bulk bulk bulk bulk
16.Weight grams 4.5 4.5 5.5 6.0 12.0 16.0 18.0 20.0
17.Unit cell area | mm2(LxW) 73.00 85.00 101.00 101.00 142.00 40.00 51.00 71.00
18.Datasheet - Yes Yes Yes Yes Yes Yes Yes Yes

*) Please note, all values measured at Standard Condition : 1 sun (= 100 mW/cm?), Air Mass 1.5, 25°C
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Products : SolarET

'SLBC-01-YEL

=

SLFL-M-BLK LFL-M-BLU

<

LFL-IX-BLK

SLFL-IX-WHT
¥4 Littelfuse
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IXOLAR™: Solar BIT

SolarBIT
* KXOB25-14X1F : a single cell
» KXOB25-05X3F : 3 cells in series
+ KXOB25-02X8F : 8 cells in series

SPECIFICATIONS:

Symbol Unit KXOB25-14X1F | KXOB25-05X3F | KXOB25-02X8F
Voc \" 0.69 2.07 5.53
Isc mA 58.6 19.5 6.3
Pmax mwW 30.7 30.7 26.3
Vmax Vv 0.56 1.67 4.46
Imax mA 55.0 18.4 5.9
Dimensions mm(LxWxH) 23x8x1.8 23x8x1.8 23x8x1.8
Unit cell area mm2(LxW) 141.68 47.45 15.28

APPLICATIONS:
 Battery chargers for various kinds of sensors, Asset trackers, and loT
applications
* Energy harvesting
» Power backup for sensors, wearables, Nanonet, Bluetooth, Wi-Fi etc.
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IXOLAR™ : SolarMD

SolarMD (Examples)
* SM141KO04LV : 21.5mm x 6.59mm by 4S
+ SM141KO08L : 21.5mm x 6.59mm by 8S
+ SM700K10L : 10.8mm x 6.59mm by 10S
* SM531K12L : 21.5mm x12.25mm x 2P by 12S

SPECIFICATIONS:

Symbol (unit) |SM141K06L|SM141K08L | SM141K09L | SM141K10L | SM700K10L | SM500K12L | SM101K12L | SM531K08L | SM531K10L | SM531K12L

Voc (V) 4.15 5.53 6.22 6.91 6.91 8.29 8.29 5.53 6.91 8.29
IXYS Isc (mA) 58.6 58.6 58.6 58.6 29.5 21.0 41.9 217.8 217.8 217.8
SM531K08L
R3.0 Pmax (mW) 184.4 245.8 276.5 307.3 154.3 132.3 263.4 913.0 1141.3 1369.5
& G R Vmax (V) 3.35 4.46 5.02 5.58 5.58 6.70 6.70 4.46 5.58 6.70
° - P
Imax (A) 55.1 55.1 55.1 55.1 27.7 19.8 39.3 204.5 204.5 204.5

Dimensions (mm)| 42x23x1.8 | 88x15x1.8 | 63x23x1.8 | 45x36x1.8 | 24x36x1.8 24x32x1.8 45x32x1.8 89x52x1.8 89x65x1.8 89x77x1.8

”"i:nclfr'l'z’;"ea 141.68 141.68 141.68 141.68 7117 50.87 101.26 26337 26337 263.37

APPLICATIONS:
 Battery chargers such as sensors, asset trackers, loTs, ETCs, cell phones, MP3-
players, PDAs etc.
» Emergency backup charging, Energy harvesting, Inductive Loop Vehicle Detection
» Power backup for wireless sensors, GPS, wearables

¥4 Littelfuse
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Typical Application

* Wireless / Remote Sensors Portable Electronics such as:

* Blue tooth « ETCs
* Wi-Fi » Cell Phones
* NANONET » Automotive Keypads

» Sport watches
* Light Sensors
* Light intensity measurement
* Light spectrum analysis

Mobile Medical Systems

* ... any application where extending battery life is a
. loTs benefit.
» Container asset tracking
* Farm animal eartags : sheeps, cattles etc.
* Equipment asset tracking
* RFID tags

¥4 Littelfuse
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Markets

ETC : Electronic Toll Collection, using SLMD4235
MPEON(a part of SAMSUNG):
ITRONICS: http://www.itronics.co.kr/

¥4 Littelfuse
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http://www.samsungnavi.co.kr/

Markets

Energy Harvesting, using KXOB22-12X1F

http://www.corechips.co.kr/

Hybrid Energy Harvesting Chip Power Management / Monitoring
Energy harvesting

L.+ Solar Radiation
. Frequency Effective Size Energy Density
(H2) (em’) (mW/cm”)

Energy Harvesting Source Converted Energy (mW)

Impact Energy

Vibration Energy

Strain Energy
(Flexible Piezo Patch®)

Power Management

Energy : Pi ic. El 3 Th Load voltagatcusment

|
indeor soiar cell, Microvawe, Electrostasic Input source - AC/DC Enargy hanvesting Solar P A :
Input voltage : 1.1V - 1kV , Consumpsion current ; under 11uA g5« and analy | HEEES ”“'7'"“ “W 05mAG3.9V/
Voltage regul 1 3.3V(Fixed)S.0V(Fxed)3.0V-5.5V(Ad.) Wireless sansor data display and logging
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Markets

INDUCTIVE LOOP VEHICLE DETECTOR, using SLMD481H12L

http://www.moru.com/

World Best [T is Next Generatian Detector

| Why Inductive Loop Vehicle Detector?

We all knows why we mainly used inductive
loop vehicle detector for traffic signal control
during last 100 years.

The typical reasons are known as

® Widely proved vehicle detect technology
© Best reliability, detect accuracy and economy

® Free to design the microscopic detect area

MP-ILD™ Technology

o Long life

NexLoop™is upgraded inductive loop vehicle
detector for next 100 years.

® Works with traditional inductive loop vehicle
detect principle

# Installable on the road surface close to the legacy
loop head

© Wireless and micro-power operable with solar
energy

© Eliminates troublesome lead in cable

¥4 Littelfuse -
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Markets

SMART CROSSWALK LIGHTING SYSTEM
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Markets

Virtual fence for animal

(¢

The collar uses the mobile phone network

Gy %o
L
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Markets

Container asset tracker

XT4800 Series

RIRGO

Xirgo Technologies provides application-specific
products which facilitate powerfubindustry
solutions.

¥4 Littelfuse
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Markets

Animal tracker

¥4 Littelfuse
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Markets

SOLAR PAPER for York Station
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Markets

Wireless Sensor Network for TI

Wireless Sensor Network + bq25504 Energy Harvesting BoosterPack for LaunchPad

TEAM MEMBERS:

« Joey Sankman

EXECUTIVE SUMMARY

Awireless sensor platform with energy harvesting for self-powered operation is presented. A new bq25504 BoosterPack is combined with the Launct
A hub collects data from the nodes and plots it in Excel in real-time.

WHAT'S THE MOTIVATION FOR THIS PROJECT?

Recently, energy harvesting has garnered great interest in order to enable autonomous wireless sensor networks. Continual advances in RF and low-
such that it s feasible to implement small-form factor batteries and energy transducers for powering wireless sensors indefinitely.

¥4 Littelfuse
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Advantages of IXOLAR™

IXOLAR™ SolarBIT

¥4 Littelfuse
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can connect as many BITs to match an
application

has high mechanical robustness
Is surface mount package

makes possible automatic pick & place
mounting

requires no hand mounting
reflow soldering compatible
tape & reel packaging

IXYSSCOWAR

Efficiency By The Sun

Why do IXOLAR™ not degrade over
time like other solar technologies?

IXOLAR™ cells are made from mono-
crystalline silicon free from impurities
that reduce the output voltage, current
and resulting efficiency.

In comparison polycrystalline, thin film
and amorphous materials contain
Impurities causing an efficiency
reduction of 20% in the first 10 to 100
operating hours, following an
exponential function.
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IXOLAR™ Product Nomenclature

« KXOB = SolarBIT

* SM = SolarMD

* SLUC =SolarET USB Charger

« SLFL = SolarET Flashlight

« SLBC = SolarET Battery Charger

EXAMPLE: EXAMPLE:
KXOB25- 14X1F SM141K10L
SolarBIT SloarMD
25% cell efficiency 141 : 141mm? cell size
14 : 141mm? cell size K : 25% high cell efficiency
1: one cell 10 : 10 cells in series
L : film laminated encapsulation

¥4 Littelfuse
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IXOLAR™ Datasheet
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Preliminary KXOB25-14X1F

OIXyYs

IXOLAR™ High Efficiency SolarBIT.

Description
IXOLAR™ SolarBITs are XS’ product line of SolarBITs made of monocrystaline, high efficiency solar
cells. The IXOLAR™ SolarBITs is an ideal for charging various hattery powered and handheld consumer
products such as mobile phones, eameras, RF-ID Tag, PDAs, MP3-Players and toys. They are also

suitable for industrial applications such as wireless sensors, portable instrumentation and for charging
emergency backup batteries.

With a cell efficiency of typically 25% measured at a wafer level, SolarBITs give the ability o extend run
time even in "low light" conditions and increase battery ife and run time in a small footprint, which can be
easily accommodated in the design of Portable Products. The design allows connecting SolarBITs flexibly in

series andior parallel to perfectly meet the application’s power requirements.

IXOLAR™ products have a very good response over a wide wavelsngtn range and therefore can be used in

both indoor and outdoar applications. .
Product and Ordering Information (Package Level)
Open ot~ Short Girout_ Typ. Vokage | Typ. Cumert
PatNumber  otage[V]  Cumeni[mt] @ PeelV] @ Feelmd) L
KXOBZSAEXIF 00 ED 058 =0 s A

Features
~ Mencorystaline siicon techndiogy

(Parameters given are typical values)
Dimensions (L xW x H 23 & x 1.8 [mm]
SoarBITs Weight 0.5 grams

Storags Tempersture : 40°C ~ +80°C
Operation Temperature : 40°C ~ +60°C
SoiarBITs are compiant to the RoHS Nom

- High effiency outdoor and indoor
~ Long lfe 3nd stable output
- Sealed Package

Electrical Characteristics ness

Symbol  Cell Parameter Typical Rafings* _ Units - Surface Mount Packsge

Voo ‘open circuit voitage G my « Reflow Solderable

s ‘short circuit cument 588 mA Applications

Vo voltage at max power point 50 mv + Battery chargers for portatles such as cell
[ current st max. powr pant =0 mA phones, POAs, GPS Systens, ..

Pres. mazimum peak porer w07 oW - “Green” elsctricity generation

FF Fil Eactor =70 % - Power backup for UPS, Sensors, Wearables
n solar cell eficiency x % Advantages

AVeeIAT  open st e e cent A7 muK + Autermtio ick & Flace Mounzng

BelAT o ot e, e 25 uAK - One Product for Mutigle Applications

* A8 Vs Ma3sLrea 3 SIENAIT CONGICN: 1 5L (= 100 TR, Ar M3Ss 1.5, 25°C  Fiesitie Integraton ino the Applicaion

DS PESEVSS I RO o change s, st COnaNCns 3Na AMEnans © 2010 XYS.

DOFS KOREA LTD. 1 s, n

Aong #1106, Uspace 1,650 CasWangpangye-, 1520 Eupteye Dirve, MIpISs,
A s 3

Bunang gu, Seangnam:. GyeongyH 5, Unies States
Phone +52-70.7 1120300, Far +32- 2000,

Rev. Juy 2018 Phone (408)

OIXyYs

Preliminary

KXOB25-14X1F

Curment-Voltage Characteristics

PERP—

8

Typical SolarBIT Performance Data

Open Circult Voltage ve. Temperature

" e fremsreT——

External Quantum Efficiency

2010 BXYS Al ighis resened

Ryt

XS Corporation
1550 Buciey Drive, Mipiss,
CA 350357418, Unken Statee.

Efficiency By The Sun
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Product sales, marketing, application supports

North and South AMERICA :

Sales & Marketing : Ray Segall, IXYS Long beach
Application Supports : David So, IXYS Korea

EUROPE and Middle EAST :

Sales & Marketing : Neil Lejeune, Adolf Huber, Jan Pothast, Manuel Nardiello, Harry
Van Turnhout, Andy Hurkett

Tim Elliott, Krzysztof Olesiejuk, Michael Ketterer, Navneet Vinaik

Application Supports : David So, IXYS Korea

ASIA :
Sales & Marketing : Eric Choli, IXYS Korea
Application Supports : Jae woo Choi, IXYS Korea

. o
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Summary

IXOLAR™ Solar Products are Monocrystalline Silicon resulting in:

» Higher Efficiency over Thin Film, Amorphous or Polycrystalline Cells
+ Typically 20%-40% more efficient and higher current density for same

surface area

* IXOLAR™ js the most efficient in small SolarBIT and SolarMD

applications

* Conversion of a Wider Frequency Range of Light
* Provides usability under most lighting conditions
* Indoors and outdoors
* Incandescent, fluorescent, etc.

* Consistent Performance Over Time
* No degradation of power output
* No loss of frequency response

* Extended Industrial Temperature Range

* Higher Reliability / Longer Life
¥4 Littelfuse

Expertise Applied | Answers Delivered I x l S ln

Efficiency By The Sun

Confidential and Proprietary | Littelfuse, Inc. © 2017 25



