TECHNOLOGY

| t i \D DEMO MANUAL DC2103A

LTC3107EDD

Ultralow Voltage Energy Harvester
und Primary Battery Life Extender

DESCRIPTION

Demonstration circuit 2103A featuring the LTC®3107 is a
highly integrated DC/DC converter designed to extend the
life of a primary battery in low power wireless systems by
harvesting and managing surplus energy from extremely
low input voltage sources such as thermoelectric gen-
erators (TEG). The step-up topology operates from input
voltages as low as 20mV.

The DC2103A demonstration circuit has been optimized
for low start-up voltage with a 100:1 turns ratio trans-
former. For applications where it is desirable to trade-off
a higher start-up voltage for higher current, a lower turns
ratio transformer can be used. Refer to the LTC3107 data
sheet for more information.

The LTC3107 is designed to accumulate and manage
energy from low voltage and low impedance sources
while providing battery backup with seamless transitions
between Energy Harvesting (EH) and battery power.

By utilizing the EH source when it is available, the life of
the battery can be extended by only taking energy from
the battery only when necessary. The battery backup also
ensures continuous power to the load. The demonstration

circuit has been set up with battery terminals to allow for
different battery configurations to be used. Please con-
sult the schematic for proper switch positioning. Space
is provided, and alternate part footprints have been built
into the PCB to allow experimentation with larger capaci-
tors and different battery types for more energy storage.

Refer to the data sheet for more information including
equations to properly size the output capacitors for a
given application.

The DC2103A demo board also incorporates a connector
(J1) which can be used to connect to a Dust Networks®
mote demo board

The LTC3107 data sheet has detailed information about
the operation, specification, and applications of the part.
The data sheet should be read in conjunction with this
Quick Start Guide.

Design files for this circuit board are available at
http://www.linear.com/demo/DC2103A

A7, LT, LTC, LTM, Linear Technology, the Linear logo, Dust Networks and Dust are registered
trademarks of Linear Technology Corporation. All other trademarks are the property of their
respective owners.

PGRFOﬂmﬂﬂCE SUITIITIHBV Specifications are at Ty = 25°C
PARAMETER CONDITIONS
Input Voltage Range 30mV to 500mV (Typical No Load Start-Up = 20mV)
VLDO 2.2V
VOuT Typically: VBAT —30mV (Harvesting)
VBAT —220mV (Not Harvesting)
VBAT 2V to 4V
VSTORE 4.3V (Clamped to VAUX)
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DEMO MANUAL DC2103A

QUICK START PROCEDURE

Using short twisted pair leads for any power connections
and with all loads and power supplies off, refer to Figure 1
for the proper measurement and equipment setup. The
Power Supply (PS1) should not be connected to the circuit
until told to do so in the procedure below.

The LTC3107 andthereforethe demoboard require a battery
to operate and regulate the output voltage, evenifa source
is available at the VIN terminals. The battery provides a
reference for the output voltage regulation loop. Several
battery options are provided on the demo board. A coin
cell battery, CR2032 can be used by populating BTH1 and
setting SW1 in the appropriate position (see schematic
and step 2 below). A CR2032 battery is provided with the
demo board. Alternatively, battery holders are provided for
AA size batteries. In the case of a primary battery such as
aLithium Thionyl Chloride battery, ina AA case size, which
has a terminal voltage of 3.6V, a single battery should be
used and the switches configured as described below. Two

AA alkaline batteries can also be used. In that case, the
switches should be configured to connect the batteries in
series as described below for the 2 battery case.

The demo board can also be powered by a power supply,
or any other custom battery configuration, (the voltage
needs to be within 2V to 4V) by connecting the source
between VBATT and ground using the terminals provided
on the demo board (E9 and E10)

NOTE: The battery voltage, at the VBATT pin, should be
a minimum of 2V and should not exceed 4V for proper
operation.

When measuring the input or output voltage ripple, care
must be taken to avoid a long ground lead on the oscil-
loscope probe. Measure the input or output voltage ripple
by touching the probe tip directly across the VLDO or
VOUT and GND terminals. See Figure 2 for proper scope
probe technique.
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Figure 1. Connection Diagram
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DEMO MANUAL DC2103A

Q@UICK START PROCEDURE
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Figure 2. Measuring Input or Output Ripple

. Jumper, Power Supply and LOAD Settings to start:
PS1:  OFF

LOADS: OFF

SW1: CR2032

CR2032 installed

JP1: (DUSTPWR)  NC

JP2: (LED) NC

. A CR2032 battery is supplied with the demo board.
Install the battery in BTH1 and configure the switches
as follows:

a. Set SW1 to CR2032. SW2 can be set to GND.

. Foroperation with batteries other thana CR2032, refer
to the Battery Settings section that follows.

. Once the batteries are installed and the switches are
set to the correct position, connect a power supply
(PS1) to VIN.

. TurnonPS1andslowly increase voltage untilthe voltage
at VIN is 50mV. Monitor input current. If input current
exceeds 50mA turn off PS1 and look for shorts.

. Confirm 2V < VBATT < 4V

7. Confirm VLDO = 2.2V (for VBATT > 2.4V)
8. Increase VIN = 100mV

9. Set LOAD on VLDO to 50pA. Set LOAD on VOUT =
25)A.

10. Confirm VOUT ~ VBATT - 30mV.

11. At this point VIN and the loads can be varied. As long
as the input source can supply the average power to
the load, the battery is acting solely as a reference for
the output voltage. Ifthe input source is disconnected,
or the power available is less than the load requires,
the load will be satisfied by the battery.

12. Battery Settings:

The LTC3107 demo board can be configuredto operate
with a coin cell primary battery, a AA battery, or 2 AA
Size batteries in series. In any of these configurations,
the maximum battery voltage at the VBATT terminal
should not exceed 4V. When using a single AA battery,
the minimum voltage should be greater than 2V.

a. For operation with a single AA battery:
Set SW1 to AA and SW2 to GND

b. For operation with two AA batteries
Set SW1 to AA and SW2 to 2,AA

c. To operate the demo board with an external supply,
or a different battery case size, connect the source
to the VBATT and GND terminal provided on the
edge of the demo board. Care should be taken to
not populate the battery holders with batteries, as
this could potentially damage the batteries and/or
damage the board.
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DEMO MANUAL DC2103A

QUICK START PROCEDURE

For use with a DUST Networks MOTE demo hoard:

13. Connector J1 is designed to interface with a Dust Net-
works mote demo board. Consult the Dust® documen-
tation for more information on power requirements. In
generalthe Dust Networks mote will operate with VOUT
proportional to a primary battery such as a CR2032.
However, care should be taken to not overvoltage the
mote. Newer motes may require a different VOUT.

14.0nce the output voltage has been configured to the
propervoltage and with JP1 setto NC connect DC1922A
to the Dust Networks mote demo board using J1. See
Figure 3 for the proper connections and orientation.

15. Once the boards have been connected, move Jumper

JP1toVOUT. The DC2103 can be operated as described
above, with a power supply (PS1) or an Energy Har-
vesting source connected to the input terminals.

The board is now ready for operation. The voltage on
VOUT should closely follow the battery voltage minus
approximately 30mV when the EH source is present, and
supplying power to the load, or minus approximately
220mV when no EH source is present.

Several variations of this design are possible, including
increasing the energy storage by populating C9, or C10.
Please refer to the data sheet for design equations.
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Q@UICK START PROCEDURE
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Figure 3. Top and Bottom View of DC2103 Connected to Dust Mote
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DEMO MANUAL DC2103A

PARTS LIST
ITEM | aty |REFERENCE PART DESCRIPTION MANUFACTURER/PART NUMBER
Required Circuit Components
1 1 |C1 CAP CER, X7R, 1000pF, 50V, 10%, 0603 TDK, C1608X7R1H102K
2 1 |C2 CAP CER, X7R, 330pF, 50V, 10%, 0603 TDK, C1608X7R1H331K
3 1 |C3 CAP POLYMER SMD, 330pF, 4V, 20% PANASONIC, EEFUEOG331ER
4 2 |C4,C8 CAP POLYMER SMD, 220uF, 6.3V, 20% PANASONIC, EEFUEQJ221ER
5 1 |C5 CAP CER 2.2yF 6.3V 10% X7R 0805 TDK, CGB4B3X7R0J225K055AB
6 1 |C6,C7 CAP CER 10pF 6.3V 20% X5R 0805 TDK, C2012X5R0J106M125AB
7 1 | D1 LED 0402 RED 50mW 20mA SMD ROHM, SML-P11VTT86
9 1 |R1 RES 499k, 1/10W, 0603 PANASONIC, ERJ-3EKF4993V
10 1 |R2 RES 100, 1/10W, 0603 PANASONIC, ERJ-3EKF1000V
11 1 |R3 RES 4.99k 1/10W 1% 0603 SMD PANASONIC, ERJ-3EKF4991V
12 | 2 |SW1,SW2 SWITCH, SPDT SWITCH DIP SPDT 1POS SMT LOWPRO CTS, 204-121LPST
13 1 M TRANSFORMERS, 100:1 TURNS RATIO COILCRAFT, LPR6235-752SML
14 1 U1 ULTRA-LOW VOLTAGE ENERGY HARVESTER AND PRIMARY LINEAR TECHNOLOGY, LTC3107EDD
BATTERY LIFE EXTENDER
15 1 | BTH1 SMT, CR2032 BATTERY HOLDER MPD INC, BU2032SM-HD-GCT-ND
16 | 2 |BTH2, BTH3 HOLDER BATTERY AA SMD KEYSTONE, 1024
17 1 | BATTERY CR2032 COIN CELL BATTERY DURACELL, CR2032
Additional Demo Board Circuit Components
1 C9 (OPT) CAP, 0.47F, 5.5V COOPER/BUSSMAN, KR-5R5C474-R
2 C10 (OPT) CAP, TANT, 2200pF, 6.3V VISHAY, 592D228X06R3X2T22H
Hardware: For Demo Board Only
1 10 |E1-E10 TESTPOINT, TURRET, 0.095" MILL-MAX, 2501-2-00-80-00-00-07-0
2 1 |1 HEADER, 2X6, 12-PIN, SMT HORIZONTAL SOCKET w/KEY, 0.100" SAMTEC, SMH-106-02-L-D-05
3 3 |JP1-JP3 3-PIN 0.079 SINGLE ROW HEADER SAMTEC, TMM-103-02-L-S
4 3 |JP1-JP3 SHUNT SAMTEC, 2SN-BK-G
5 4 SPACER SELF-RETAIN #4 SCREW 3/4" RICHCO PLASTICS, SRS4-12-01
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DEMO MANUAL DC2103A

SCHEMATIC DIRGRAM
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However, no responsibility is assumed for its use. Linear Technology Corporation makes no representa-
tion that the interconnection of its circuits as described herein will not infringe on existing patent rights.

Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
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DEMO MANUAL DC2103A

DEMONSTRATION BOARD IMPORTANT NOTICE
Linear Technology Corporation (LTC) provides the enclosed product(s) under the following AS IS conditions:

This demonstration board (DEMO BOARD) kit being sold or provided by Linear Technology is intended for use for ENGINEERING DEVELOPMENT
OR EVALUATION PURPOSES ONLY and is not provided by LTC for commercial use. As such, the DEMO BOARD herein may not be complete
in terms of required design-, marketing-, and/or manufacturing-related protective considerations, including but not limited to product safety
measures typically found in finished commercial goods. As a prototype, this product does not fall within the scope of the European Union
directive on electromagnetic compatibility and therefore may or may not meet the technical requirements of the directive, or other regulations.

If this evaluation kit does not meet the specifications recited in the DEMO BOARD manual the kit may be returned within 30 days from the date
of delivery for a full refund. THE FOREGOING WARRANTY IS THE EXCLUSIVE WARRANTY MADE BY THE SELLER TO BUYER AND IS IN LIEU
OF ALL OTHER WARRANTIES, EXPRESSED, IMPLIED, OR STATUTORY, INCLUDING ANY WARRANTY OF MERCHANTABILITY OR FITNESS
FOR ANY PARTICULAR PURPQSE. EXCEPT TO THE EXTENT OF THIS INDEMNITY, NEITHER PARTY SHALL BE LIABLE TO THE OTHER FOR
ANY INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES.

The user assumes all responsibility and liability for proper and safe handling of the goods. Further, the user releases LTC from all claims
arising from the handling or use of the goods. Due to the open construction of the product, it is the users responsibility to take any and all
appropriate precautions with regard to electrostatic discharge. Also be aware that the products herein may not be regulatory compliant or
agency certified (FCC, UL, CE, etc.).

No License is granted under any patent right or other intellectual property whatsoever. LTC assumes no liability for applications assistance,
customer product design, software performance, or infringement of patents or any other intellectual property rights of any kind.

LTC currently services a variety of customers for products around the world, and therefore this transaction is not exclusive.

Please read the DEMO BOARD manual prior to handling the product. Persons handling this product must have electronics training and
observe good laboratory practice standards. Gommon sense is encouraged.

This notice contains important safety information about temperatures and voltages. For further safety concerns, please contact a LTC applica-
tion engineer.

Mailing Address:

Linear Technology
1630 McCarthy Blvd.
Milpitas, CA 95035

Copyright © 2004, Linear Technology Corporation
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