TECHNOLOGY

| t ’ \D DEMO MANUAL DC2048A

LTC3330EUH

Nanopower Buck-Boost DC/DC with
Energyy Harvesting Buttery Life Extender

DESCRIPTION

Demonstration Circuit 2048A is a nanopower buck-
boost DC/DC with energy harvesting battery life extender
featuring the LTC®3330. The LTC3330 integrates a high
voltage energy harvesting power supply plus a DG/DC
converter powered by a primary cell battery to create a
single output supply for alternative energy applications.
The energy harvesting power supply, consisting of an
integrated low-loss full-wave bridge with a high voltage
buck converter, harvests energy from piezoelectric, solar
or magnetic sources. The primary cell input powers a
buck-boost converter capable of operating down to 1.8V
at its input. Either DC/DC converter can deliver energy to
asingle output. The buck operates when harvested energy
is available, reducing the quiescent current drawn on the

battery to essentially zero. The buck-boost takes over
when harvested energy goes away.

A low noise LDO post regulator and a supercapacitor
balancerarealso integrated, accommodating a wide range
of output storage configurations.

Voltage and current settings for both input and outputs
are programmable via pin-strapped logic inputs.

The LTC3330EUH is available in a 5mm x 5mm 32-lead
QFN surface mount package with exposed pad.

Design files for this circuit board are available at
http://www.linear.com/demo/DC2048A

L7, LT LTC, LTM, Linear Technology and the Linear logo are registered trademarks and Dust
is a trademark of Linear Technology Corporation. All other trademarks are the property of their
respective owners.
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Figure 1. DG2048A Demo Board
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Figure 2. Typical Efficiency of DG2048A.
Buck Efficiency vs I gap
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DEMO MANUAL DC2048A

PGBFOﬂmﬂﬂCE Summﬁﬁ\' Specifications are at T = 25°C

SYMBOL PARAMETER CONDITIONS MIN MAX UNITS
Vin Input Voltage Range 3.0 18.0 v
Viar Battery Voltage Range 1.8 5.5 v
Vour 1.8V Output Voltage Range 0UTO=0,0UT1=0,0UT2=0 1.728 1.872 v
Vout 2.5V Output Voltage Range 0UT0=1,0UT1=0,0UT2=0 2.425 2.575 v
Vout 2.8V Output Voltage Range 0UT0=0,0UT1=1,0UT2=0 2.716 2.884 v
Vour 3.0V Output Voltage Range 0UTO=1,0UT1=1,0UT2=0 2.910 3.090 v
Vour 3.3V Output Voltage Range 0UT0 =0, 0UT1=0,0UT2=1 3.200 3.400 v
Vour 3.6V Output Voltage Range 0UTO=1,0UT1=0,0UT2=1 3.492 3.708 v
Vout 4.5V Output Voltage Range 0UT0 =0, 0UT1 =1,0UT2=1 4.365 4.635 v
Vour 5.0V Output Voltage Range 0UTO=1,0UT1 =1,0UT2=1 4.850 5.150 v
LDO 1.2V LDO Voltage Range LD00=0,LD01=0,LD02=0 1.176 1.224 v
LDO 1.5V LDO Voltage Range LD00=1,LD01=0,LD02=0 1.470 1.530 v
LDO 1.8V LDO Voltage Range LDO0=0,LD01=1,LD02=0 1.764 1.836 v
LDO 2.0V LDO Voltage Range LDO0=1,LD01=1,LD02=0 1.960 2.040 v
LDO 2.5V LDO Voltage Range LD00=0,LD01=0,LD02 =1 2.450 2.550 v
LDO 3.0V LDO Voltage Range LD00=1,LD01=0,LD02 =1 2.940 3.060 v
LDO 3.3V LDO Voltage Range LDO0=0,LD01=1,LD02 =1 3.234 3.366 v
LDO LDO_IN LDO Voltage Range LD0O0=1,LDO01=1,LD02=1 LDO_IN v
OPERATING PRINCIPLE

Refer to the block diagram within the LTC3330 data sheet
for its operating principle.

The LTGC3330 combines a buck switching regulator and
a buck-boost switching regulator to produce an energy
harvesting solution with battery backup. The convertersare
controlled by a prioritizer that selects which converter to
use based ontheavailability of a battery and/or harvestable
energy. If harvested energy is available, the buck regula-
tor is active and the buck-boost is off. With an optional
LDO and supercapacitor balancer and an array of different
configurations, the LTC3330 suits many applications.

The synchronous buck converter is an ultralow quiescent
currentpower supply tailored to energy harvesting applica-
tions. It is designed to interface directly to a piezoelectric
or alternative A/C energy source, rectify and store the har-
vested energy onan external capacitor while maintaining a
regulated output voltage. It can also bleed off any excess
input power via an internal protective shunt regulator.

An internal full-wave bridge rectifier accessible via AG1
and AC2 inputs, rectifies AC sources such as those from
a piezoelectric element. The rectified output is stored on
a capacitor at the V,y pin and can be used as an energy
reservoir for the buck converter. The bridge rectifier has
a total drop of about 800mV at typical piezo-generated
currents, but is capable of carrying up to 50mA.

When the voltage on V| rises above the UVLO rising
threshold the buck converter is enabled and charge is
transferred from the input capacitor to the output capaci-
tor. When the input capacitor voltage is depleted below
the UVLO falling threshold the buck converter is disabled.

These thresholds can be set according to Table 4 of the
data sheet which offers UVLO rising thresholds from 4V
to 18V with large or small hysteresis windows.

Two internal rails, CAP and Vy», are generated from Vy and
are used to drive the high side PMOS and low side NMOS
of the buck converter, respectively. Additionally the Viy2
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DEMO MANUAL DC2048A

OPERATING PRINCIPLE

rail serves as logic high for output voltage select bits UV
[3:0]. The Vo rail is regulated at 4.8V above GND while
the CAP rail is regulated at 4.8V below V. These are not
intended to be used as external rails. Bypass capacitors
should be connected to the CAP and Vo pins to serve
as energy reservoirs for driving the buck switches. When
Viy is below 4.8V, Viyo is equal to Vyy and CAP is held
at GND. V3 is an internal rail used by the buck and the
buck-boost. When the LTC3330 runs the buck, V,y3 will
be a Schottky diode drop below Vyo. When it runs as a
buck-boost V3 is equal to BAT.

The buck regulator uses a hysteretic voltage algorithm
to control the output through internal feedback from the
Vout sense pin. The buck converter charges an output
capacitorthroughaninductortoavalue slightly higherthan
the regulation point. It does this by ramping the inductor
currentupto 250mAthroughaninternal PMOS switchand
then ramping it down to OmA through an internal NMOS
switch. When the buck brings the output voltage into
regulation, the converter enters a low quiescent current
sleep state that monitors the output voltage with a sleep
comparator. During this operating mode, load current is
provided by the buck output capacitor. When the output
voltage falls below the regulation point, the buck regulator
wakes up and the cycle repeats. This hysteretic method of
providingaregulated output reduces losses associated with
FET switching and maintains an output at light loads. The
buck delivers a minimum of 100mA average load current
when it is switching. Vgyr can be set from 1.8V to 5.0V
via the output voltage select bits OUT [2:0] according to
Table 1 of the data sheet.

The buck-boost uses the same hysteretic algorithm as
the buck to control the output, Voyr, with the same sleep
comparator. The buck-boost has three modes of operation;
buck, buck-boost and boost. An internal mode compara-
tor determines the mode of operation based on BAT and
Vout. In each mode, the inductor current ramps up to
Ipeak Which is programmable via Ipk [2:0]. See Table 3
of the data sheet.

An integrated low drop out regulator (LDO) is available
with its own input, LDO_IN. It will regulate LDO_OUT to
seven different output voltages based on the LDO [2:0]
selectionbitsaccordingto Table 2 of the data sheet. Amode
is provided to turn the LDO into a current-limited switch in
which the PMOS is always on. LDO_EN enables the LDO
when high and when low, eliminates all quiescent current
into LDO_IN. The LDO is designed to provide 50mA over
arange of LDO_IN and LDO_OUT combinations. The LDO
also features a Tms soft-start for smooth output start-up.

Power good comparators, PGVOUT and PGLDO, produce
a logic high referenced to highest of Vo, BAT and Voyt
less a Schottky diode drop. PGVOUT and PGLDO will
transition high the first time the respective converter
reaches the programmed sleep threshold, signaling that
the output is in regulation. The pin will remain high until
the voltage falls to 92% of the desired regulated voltage.

An integrated supercapacitor balancer with 165nA of
quiescent current is available to balance a stack of two
supercapacitors. Typically the input, SCAP, will be tied to
Vour to allow for increased energy storage at Voyt with
supercapacitors. The BAL pin is tied to the middle of the
stack and can source or sink 10mA to regulate the BAL
pin’s voltage to half that of the SCAP voltage. To disable
the balancer and its associated quiescent current, the
SCAP and BAL pins can be tied to ground.
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DEMO MANUAL DC2048A

QUICK START PROCEDURE

Using short twisted pair leads for any power connections,
with all loads and power supplies off, refer to Figure 3 for
the proper measurement and equipment setup.

Follow the procedure below:

1. Beforeconnecting PS1tothe DC2048A, PS1musthave
its current limit set to 300mA and PS2 must have its
current limit set to 500mA. For most power supplies
with a current limit adjustment feature the procedure
to set the current limit is as follows. Turn the voltage
and current adjustment to minimum. Short the output
terminals andturnthe voltage adjustmentto maximum.
Adjust the current limit to 300mA for PS1 and 500mA
for PS2. Turn the voltage adjustment to minimum and
remove the short between the output terminals. The
power supply is now current limited to 300mA and
500mA respectively.

Verify that there is not a battery installed in the BH1
battery holder.

2. Initial Jumper, PS and LOAD settings:
JP1=0JP2=0JP3=0 JP4=0
JP5=0 JP6=0 JP7=0
JP8=0JP9=0 JP10=0

JP11 = OFF
PS1 = OFF PS2 = OFF
LOAD1 = OFF LOAD2 = OFF

3. Connect PS1 to the V,y terminals, then turn on PS1
and slowly increase voltage to 2.0V while monitoring
theinput current. If the current remains lessthan 5mA,
increase PS1to 5.0V.

4. Set LOAD1 to 50mA. Verify voltage on Voyr is within
the Voyr 1.8V range in Table 1. Verify that the output
ripple voltage is between 20mV and 60mV. Verify that
PGVOUT is high. Decrease LOAD1 to 5mA.Verify that
PGVOUT is high. Decrease PS1 to 0V.

5. Set JP1, JP2, JP3, JP4 to 1. Slowly increase PS1 to
16V and verify that Vgt is off. Increase PS1 to 19V
and verify that Vgyr is within the Vgyt 1.8V range of
Table 1.

6. Decrease PS1to 0V and disconnect PS1 from V. Set
the current limit of PS1 to 25mA as described above.

7. Connect PS1 to AC1 and slowly increase PS1 volt-
age to 2.0V while monitoring the input current. If the
current remains less than 5mA, increase PS1 to 19V.
Verify voltage on Vgt is within the Vgt 1.8V range in
Table 1.Decrease PS11to 0V, swap the AC1 connection
to AC2 and repeat the test. Decrease PS1 to 0V and
disconnect PS1 from AC2.

8. SetJP5to1,JP6to1,and JP7 to 1. Connect PS1 to
the V) turret. Increase PS1 to 19V and set LOAD1 to
50mA. Verify voltage on Vgt is within the Voyt 5.0V
range in Table 1. Verify that the output ripple voltage is
between 20mVto 60mV. Set PS1to 0V and disconnect
PS1.

9. SetJP1to1;JP2,JP3, JP4and JP5to 0; JP6 and JP7
to1; PS1to0Vanddisconnect PS1.Connect PS2tothe
BAT Terminals, then turn on PS2 and slowly increase
voltage to 1.0V while monitoring the input current. If
the current remains less than 5mA, increase PS2 to
2.0V. Verify voltage on Vgt is within the Vgyt 3.0V
range in Table 1. Verify that the output ripple voltage
is between 20mV to 60mV.

10. Increase PS2 to 3.0V. Verify voltage on Vqyr is within
the Voyt 3.0V range in Table 1. Verify that the output
ripple voltage is between 20mV to 60mV.

11. Increase PS2 to 5.0V. Verify voltage on Vgyr is within
the Voyt 3.0V range in Table 1. Verify that the output
ripple voltage is between 20mV to 60mV. Decrease
PS2 to 0V and disconnect PS2.

12. Set the current limit of PS1 to 300mA as described
above. Connect PS1 to the V,y terminals. Set JP5 to
1, JP6 to 1 and JP7 to 1. Set PS1 to 14V.Connect a
jumper lead from Vgt to LDO_IN. Verify that LDO is
off. Move JP11 jumperto EN and verify that LDO_OUT
isnow 1.2V. Increase Load 2 to 50mA and verify than
LDO is within the 1.2V range in Table 1. Verify that
PGLDO is high.

13.SetJP8to1,JP9t0 1, JP10to 1, verify that LDO_OUT
is slightly below Vgyt. Verify that PGLDO is low.
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DEMO MANUAL DC2048A

QUICK START PROCEDURE

14. Add a jumper lead from Vgt to SCAP. Verify that BAL
is approximately %2 of V.

15.Set JP8 to 0, JPI to 0 and JP10 to 0 and verify that
LDO_OUT is now 1.2V. Quickly remove PS1 + lead
from Vy and verify that LDO_OUT remains at 1.2V
for approximately 5 seconds.

16. Turn off PS1, PS2, LOAD1 and LOAD2.
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Figure 3. Proper Measurement Equipment Setup
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DEMO MANUAL DC2048A

CONNECTION TO A DUST MOTE (DC2003A-B)
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*CAUTION: 50mA MAX
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Figure 4. DC2048A with Dust™ Mote

Remove the battery from the BH1 holder on the bottom
side of the DC2048A. Attach a Dust mote to J1 of the
DC2048A, refer to Figure 4 for the proper setup. J1is a
keyed connector and is connected to the left side of the
P1 connector on the Dust mote. Figure 12 is a schematic
of the Dust mote and the DC2048A interconnections plus
three extra connections which; 1) connect the SCAP to
Vout, 2) connect BAL to the middle of the supercapacitors
and 3) connect EH_ON to OUT2. The DC2048A contains
NC7SZ58P6X universal configurable 2-input logic gates
that are input voltage tolerant and allow level shifting
between the LTC3330 and the Dust mote.

On the DC2048A set JP1t0 0, JP2t0 0, JP3 to 1, JP4 to
0,JP5to 1, JP610 0, JP7 to 0, JP8, JPY and JP10 to O,
JP11 to OFF.

Piezoelectric Transducer Evaluation

Mount a series connected MIDE V25W to a vibration
source and connect the electrical connections to the
AC1 and AC2 turrets. Activate the vibration source to
an acceleration of 1G and a frequency of 60Hz. Figure 5
shows an open circuit voltage of 10.6V for the Mide V25W
piezoelectric device that was tuned to 60Hz. In order to
set the VIN_UVLO_RISING and VIN_UVLO_FALLING
thresholds, the open circuit voltage of the piezoelectric
device must be measured. The internal bridge network of
the LTC3330 will have approximately 800mV drop at an
input current of 300pA.

The peak power load voltage of a purely resistive source
is at one half (¥2) of the rectified no load voltage. In this
case, the optimal average input voltage regulation level
would be 4.9V. Using a VIN_UVLO_RISING threshold of
6V and a VIN_UVLO_FALLING threshold of 5V (UV3 = 0,
Uv2=0,UV1=1,U0V0=0)yields anaverage input voltage
close to the theoretical optimal voltage.
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CONNECTION TO A DUST MOTE (DC2003A-B)
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Figure 5. MIDE V25W Open Circuit AC Voltage
with 10;ms, 60Hz Acceleration Applied
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Figure 6. Mide V25W Output Power Into a 42.2kQ Load
with 1gyms, 60Hz Acceleration Applied to the Mide V25W
Piezoelectric Transducer, [2 ® sin(2% ® 60Hz * )]

BH_ON
5V/DIV

Vour
1V/DIV

Vi
2V/DIV

DC2048A FO7

455)s/DIV

Figure 7. Mide V25W Charging the 18pF Input
Capacitance from 4.48V to 5.92V in 208ms

Figure 6 is a plot of the output power and load voltage
of the V25W piezoelectric transducer into a 42.2kQ load
for various rms acceleration levels. The output power
compares well with the input power that is charging Cyy
during the sleep cycle between VIN_UVLO_FALLING and
VIN_UVLO_RISING thresholds at an acceleration force of
1grms, shown in Figure 7.

In Figure 7, the input capacitor is being recharged from
the V25W piezoelectric transducer. The input capacitor is
charging from 4.48V to 5.92V in 208 milli-seconds. The
power delivered from the V25W is 648uW.

Assuming that the circuit is configured as shown in
Figure 8, it will take a significant amount of time for the
piezo transducer to charge the 0.09F supercapacitor on
the output of the LTC3330. As used above, the 22pF input
capacitor is only 18pF at an applied voltage of 5V, so
every VIN_UVLO_RISING and FALLING event produces
26 micro-coulombs [(5.92V-4.48V) «18pF)] that may be
transferred fromthe input capacitorto the output capacitor,
minus the losses of the buck regulator in the LTC3330.
The buck regulator efficiency is approximately 90% at Vy
equal to 5V and Voyt between 2.5V and 3.6V. Thus, for
every UVLO event, 23.3 microcoulombs are added to the
outputsupercapacitor. Givena0.09F output supercapacitor
charging to 3.6V, 324 millicoulombs are required to fully
chargethe supercapacitor. Assuming noadditional load on
the output, it takes 13,906 (.324/23.3e-6) UVLO events to
charge the output supercapacitorto 3.6V. From Figure 7, it
can be observed that each VIN_UVLO event takes 208ms
so the total time to charge the output capacitor from 0V
to 3.6V will be greater than 2900s. Figure 9 shows the no
load charging of the output supercapacitor, which takes
approximately 3300s. The above calculation neglects the
lower efficiency at low output voltages and the time it
takes to transfer the energy from the input capacitor to
the output supercapacitor so predicting the actual value
within =12% is to be expected.
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CONNECTION TO A DUST MOTE (DC2003A-B)
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Figure 8. LTC3330 Circuit Charging Supercapacitor
at No Load without a Battery (Vgyt = 3.6V)
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Figure 9. Scope Shots of LTC3330 Charging
Supercapacitor at No Load without a Battery
(Vour = 3.6V)
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CONNECTION TO A DUST MOTE (DC2003A-B)

Figure 10 shows the LTC3330 with a supercapacitor on
the output, a battery installed and the output voltage set
to 3.6V. The scope shots in Figure 11 were taken after
applying a pulsed load of 15mA for 10ms. With the battery
attached and a pulsed load applied, the EH_ON signal will
switch back and forth from high to low every time the
Viy voltage transitions from the VIN_UVLO_RISING to
VIN_UVLO_FALLING threshold. When the pulsed load is

applied, the output capacitor is depleted slightly and the
input capacitor must recharge the output cap. Because the
input capacitance is much less thanthe output capacitance,
theinput capacitor willgo through many UVLO transitions to
charge the output capacitor back up to the sleep threshold.
Once the output is charged to the output sleep threshold,
the EH_ON signal will again be consistently high indicating
that the energy harvesting source is powering the output.
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ViN SW — Y N
220F 1WF LTC3330 22pH
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[ Ving
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_-L_ HZ202F
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Figure 10. LTC3330 Circuit with a Supercapacitor, a Battery Installed
and a Pulsed Load Applied (Vgyt = 3.6V)
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Figure 11. Charging a Supercapacitor with a Battery Installed and a

Pulsed Load (Vgyrt = 3.6V)
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DEMO MANUAL DC2048A

CONNECTION TO A DUST MOTE (DC2003A-B)

Figure 12 shows the LTC3330 with an output superca-
pacitor,a Dust mote attached, a battery installed and EH_ON
connected to OUT2. In this configuration, when EH_ON
is low, Voyt will be set to 2.5V and when EH_ON is high,
Vout Will be set to 3.6V. The first marker in Figure 13 is
where the vibration source was activated; Vy then rises
above the VIN_UVLO_RISING threshold. EH_ON will then
go high causing Vgyr to rise towards 3.6V (Vgyr started
at 2.5V because the battery had charged it up initially).
At the same time EH_ON goes high, PGVOUT will go low,
since the new Vg level of 3.6V has not been reached.
As the charge on Vy is being transferred to Voyr, Viy is
discharging and when Vy reaches its UVLO_FALLING
threshold, EH_ON will go low, causing the targeted Vourt
to again be 2.5V. Given that the output capacitor is very
large and the average load is less than the input power
supplied by the Mide piezoelectric transducer, the output
voltage will increase to the higher set-point of 3.6V over
many cycles. During the transition from the BAT set-point

PIEZO
MIDE V25W

i

— AC1 AC2 |—

22uH

Lor L™ |
LTC3330 22H
22uF 1uF SWA

I

25V —[ 6V
47UE BV CAP SWB
I Ving Vout 4 *

of 2.5V to the energy harvester set-point of 3.6V, Voyr is
above the 2.5V PGVOUT threshold, hence, PGVYOUT will
go high every time EH_ON goes low. This cycle will be
repeated until Vgt reaches the PGVOUT threshold for the
Vour setting of 3.6V. When a pulse load is applied that is
greater than the energy supplied by the input capacitor,
VIN will drop below the VIN_UVLO_FALLING threshold,
EH_ON will go low and the buck-boost regulator will be
ready to support the load requirement from the battery,
but will not start to switch until the supercapacitor is
discharged to 2.5V. In this way, the circuit can store a
lot of harvested energy and use it for an extended period
of time before switching over to the battery energy. The
supercapacitor could be sized to accommodate known
repeated periods of time that the energy harvester source
will not be available, such as overnight when a vibrating
machine is turned off or in the case of a solar application,
when the lights are turned off or the sun goes down.

Vgur = 3.6V FOR EH_ON = 1
VouT = 2.5V FOR EH_ON = 0

‘ —_L_ 10V
ovz SCAP l 180mF =

L1 uv1 2.5V -

BAL
uvo 180mF v i
= j__ 2.5V
_ o — HZ202F I\r' VsuppLy Ty

ﬂ_ _L 22)F IPK2 PGVOUT l/ PGOOD

CR2032 6V o
EH_ON
IPKO

ouT2

0ouT1

L
- om0 ey Vins 1 1F
J__ IGV

@D

GND
L

LINEAR TECHNOLOGY DC9003A-A/B
DUST MOTE FOR WIRELESS MESH NETWORKS :

_________________________

1 1
1 1
1 1
1 1
1 1
1 1
T 1
1 1
S EHORBAT '
1 ]
1 1
] ]
1 1
1 1
1 1
1 1
]
1

DC2048A F12

Figure 12. Dust Mote Setup with a Supercapacitor,
a Battery and EH_ON Connected to OUT2
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DEMO MANUAL DC2048A

CONNECTION TO A DUST MOTE (DC2003A-B)

While the EH_ON signal is low the buck-boost circuit
will consume 750nA from the battery in the sleeping
state. The effects of a pulsed load are shown in Figure 13
at approximately 1850s, where Vyy is discharged and the
EH_ON signal pulses low to high for a brief period of time,
which occurred as a result of the Dust mote radio making
a data transmission.

Figure 14 showsthe discharging of Vot whenthe vibration
sourceisremovedand V,y drops belowthe UVLO_FALLING
threshold causing EH_ON to go low. The supercapacitor

POVOUT
5V/DIV

EH_ON
5V/DIV

Vout
1V/DIV

Vin
200V/DIV

DC2048A F13

200s/DIV

Figure 13. Mide 25W Charging Output Supercapacitor
from 2.5V to 3.6V with Dust Mote Attached

on Voyr will discharge down to the new target voltage of
2.5V at which point the buck-boost regulator will turn on
supplying power to the Dust mote. The discharging of
the supercapacitor on Vgyt provides an energy source
for short term loss of the vibration source and extends
the life of the battery.

Figure 15is the same Dust mote configurationas Figure 12
but withoutthe output supercapacitor. Figure 16 shows the
charging ofthe output without the supercapacitor attached.

PovouT
5V/DIV

EH_ON
5V/DIV

Vour
1V/DIV

Vi
200V/DIV

DC2048A F14

200s/DIV

Figure 14. Output Supercapacitor Discharging
When the Vibration Source Is Switched Off

dc2048afb
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DEMO MANUAL DC2048A
CONNECTION TO A DUST MOTE (DC2003A-B)

PIEZO
MIDE V25W

IDI
|_ — J
AC1 AC2
224H

Vin SW b—"Y YY"
| 22uF | 14F LTC3330 22)H
o T o
CAP SwB Vour = 3.6V FOR EH_ON = 1

4'7”F'|6V VouT = 2.5V FOR EH_ON = 0
[ Ving Vour ¢
= uv3 1 100
V2
soap |— s

L1 uvi
uvo BALI— miuiuinintntiaiaint ittt I
— 1 1
_ BAT | i VsuppLy | :
\ 4 1 Tx 1
+ | 1 1
i CR2032 Fread IPK2 PGVOUT P PGOOD :
IPK1 I i
| | EH_ON I|> ; EHORBAT :
t ] IpKo | |
(x2) 1 T 1
ouT ' = '
= ouTo Vins | LINEAR TECHNOLOGY DC9003A-AB !
GND 1 1F | DUST MOTE FOR WIRELESS MESH NETWORKS |
< E tmTmTmTmTTTmmm oo B

DC2048A F15

Figure 15. Dust Mote Setup without a Supercapacitor and with EH_ON Connected to OUT2

POVOUT
500V/DIV

EH_ON
500V/DIV
Vout
1V/DIV

Vi
200V/DIV

DC2048A F16

100ms/DIV

Figure 16. Output Voltage Charging with
Dust Mote Attached without Supercapacitor
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DEMO MANUAL DC2048A

PARTS LIST

ITEM | Q1Y |REFERENCE

PART DESCRIPTION

MANUFACTURER/PART NUMBER

Required Circuit Components

1 1 BAT1 CR2032 COIN LI-ION BATTERY DURACELL, CR2032

2 1 BTH1 SMT, CR2032 BATTERY HOLDER MPD INC, BU2032SM-HD-GCT-ND
3 1 C1 SUPERCAP, 90mF, 5.5V, 20mm x 15mm CAP-XX, HZ202F

4 1 G2 CAP, CHIP, X5R, 150pF, 20%, 10V, 1210 SAMSUNG, CL32A157MQVNNNE
5 2 C7,C8 CAP, CHIP, X5R, 22yF, 20%, 6.3V, 1206 SAMSUNG, CL31A226MQHNNNE
6 2 G3, C6 CAP, CHIP, X5R, 1pF, 10%, 6.3V, 0402 SAMSUNG, CL05A105KQ5NNNC
7 1 C11 CAP, CHIP, X5R, 10yF, 10%, 6.3V, 0805 SAMSUNG, CL21A106KQFNNNE
8 1 C4 CAP, CHIP, X5R, 22yF, 10%, 25V, 1210 SAMSUNG, CL32A226KAJNNNE
9 1 G5 CAP, CHIP, X5R, 4.7uF, 10%, 6.3V, 0603 SAMSUNG, CL104A475KQ8NNNE
10 1 L1 INDUCTOR, 22pH, 0.800A, 0.36€, 3.9mm x 3.9mm COILCRAFT, LPS4018-223MLC
11 1 L2 INDUCTOR, 22pH, 0.75A, 0.19Q, 4.8mm x 4.8mm COILCRAFT, LPS5030-223MLC
12 3 R2, R4, R6 RES, CHIP, 0€, 0603 VISHAY, CRCW06030000Z0EA
13 0 R3, R5, R7 RES, CHIP, 02, 0603 VISHAY, CRCW06030000Z0EA
14 1 R10 RES, CHIP, 10M, 1/10W, 5%, 0603 VISHAY, CRCW060310MOJNEA
15 1 U1 ENERGY HARVESTING DC/DC WITH BATTERY LINEAR TECH, LTC3330EUH

Additional Demo Board Circuit Components

1 0 G9, G10 (OPT) CAP, CHIP, X5R, 0.1pF, 10%, 10V, 0402 TDK, C1005X5R1A104K

2 0 C12 SUPERCAP, 330mF, 55V, 60mQ MURATA, DMF3R5R5L334M3DAO
3 0 BTH2 SMT, CR2477 BATTERY HOLDER RENATA, SMTU2477-1

4 1 R1 RES,CHIP, 1k, 1/16W, 1%, 0402 VISHAY, CRCW04021K00FKED

5 0 R8, R9 RES, CHIP, 7.5k, 1/16W,1%,0402 VISHAY, CRCW04027K50FKED

6 3 Uz, U3, u4 IC, UHS UNIV. CONFIG. TWO-INPUT GATES, SG70-6 FAIRCHILD, NC7SZ58P6X

Hardware: For Demo Board Only

1 15

E1-E8, E12-E19

TURRET, 0.09 DIA

MILL-MAX, 2501-2

2 3 E9-E11 TURRET, 0.061 DIA MILL-MAX, 2308-2

3 1 J1 HEADER, 12 PIN, DUST HEADER 2x6 SAMTEC, SMH-106-02-L-D-05
4 10 JP1-JP10 HEADER, 3 PINS, 2mm SAMTEC, TMM-103-02-L-S

5 1 JP11 HEADER, 4 PINS, 2mm SAMTEC, TMM-104-02-L-S

6 11 JP1-JP11 SHUNT 2MM SAMTEC, 2SN-BK-G

dc2048afb
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DEMO MANUAL DC2048A

SCHEMATIC DIAGRAM

Newayas 1nail) owaq yeyozda ‘i ainbiy

v

L

T T z T € | v I s
Z 40 | 133HS * €1-62-L 3lva 3INON =31VIS ‘SL¥Vd AD0TONHIIL ¥VINIT HLIM 3SN Y04 A3NddNS ‘NMOHS SV SHIdINNF NO SLNNHS TTV.LSNI '€
I3 V8r0z 1LINJdId OWaA VIN A S A0 %0 ‘Z0¥0 ‘SQVAY-0HOIN NI 34V SHOLIOVAV TIV 2 =
ATy HN30€€€DLT ‘ONDI | 3ZIS z«wm_“ P .t_w__.‘m_“mw_ﬁmhmﬂ“uumw "MOH/L ‘%) ‘T0¥0 ‘SINHO NI FAV SHOLSIST TV b . @
YIANTLX3 3417 AYILLYE ONILSIAUVH AD¥INT HLIM LINDYID 19344Y ATLNVOIHINOIS AVIN LNOAYT QHYOS LINJHID .
UQ \ UD Hwoom - V_O_Jm mm>>°loz<z (G3LNIYd ANV NOLLNLILSENS ININOJINOD ‘NOILYIINddY Qm_m_omlm mw_;mm—-_._.O\mwml_Z: wm._.oz o
JILVINIHOS ‘31LIL ar "ON3 ddv/| TVNLIV 3HL NI NOILVHIdO F18VINIY ANV ¥3d0dd AJRIA ano T AS9 )
Y| Auo asn Jswiosng Jo4-fepuapyuo 917 ON |'s3amod|  OLALISISNOASIY SHINOLSN FHL SNIVINT LI HAIMOH j 2021 1NOASd © 1nonod
1050-vep(g0y) xe4 ADOTONHOIL ‘SNOLLY MddnS-¥: SLIIN LYHL LINONID vwos €43 $——> 1NOADd Ha
0D JEaUI MMM 006L-ZEh(80Y) * En_za g:—J h ‘ STVAONAdY VN9IS3Q OL 140443 1538 V 3QVIN SYH ADOTONHOIL ¥VaNIT NI Oa1-AZ) T uMMN
‘sepd _ o Q
.um_mﬁn,ﬂwwnz_.ws. JOILON ¥3NOLSNI moom O oaTod ngodred
13
vwose| 9 | v A%} AS A8L 1 ) ) ) e @ ) u_»w.—o . > 0019d .
vwost| 24 | vd | zu AV | as [0 [ [ [ = - T S -
M [ Vw00l 94 | S¥ | 2z¥ AS AL I 0 I I e 1d0 6 —>NO H3
vwos | 14 | 69 | ov Ak | e o Jo v | g} X oz 140 01 Oane
vwez | 94 | v | ey s | mwe [y v o [ T w T o 0
vugy | 24 | v | ey A | A o [+ o [ wup xunz © L augs | =) & [ Ao yey va Onaoat
wwolL | 9 | S¥ | e AS AL |V [0 [0 |1 |ovicewsecisusucana 10 H—~~r N3
vug | 24 [ [ gy ALL AL o (o [o | u_s\%.m * 1do 69 1dO 84 Wngogeeorn | N 001 -~
a . — L T ano
W[ Ol | IMdI] 2ol I T P R R ) 1d0 219 NroaT BPIB o O 03
TIVLSNI A6 | AL [0 b [V [0 | dws — T PP
NOILOTT3S W AS A8 [V [0 |V |0 eongy, P 8 8§ B8 2 @ 1do = =
A0S~ ABL e x5 7o § & TFNLIVZNLNS ﬂu ﬂu IT2802NLNS
AL ae Jo o v o |- ] = o & 3 aN T
NOGT=] v [ V] ¢ A | A [+ [ [0 |o - o = e g = wua L [IL[*] wue
L I L AS A o[ JoTo = 5080 H oz _ S>NT0a1 R -
X anosk 1NOA N NO H3 57— ASSA8'L
P Ae o n [ oA [v [o [o [0 [aw Q|; 2 nez / - we O e
AST 0 0 1 AS Ay 0 0 0 0 Vg dnoL L1 g Ms N3 0a1 > 1ve = s3
MZT | L | v | 0 |[oNmIva| onisi A0S~ A8 a negpor [
- OAN | LAN | 2AN | €AN 1}
AT 0 [ v[o || ow | om 1non O Tron wnz ams M e e O
L I S NOILOZT3S OTAN o3 Lnon < vmS N Foz e ‘ "
X33 0 0] o 1 AN ZNIA 4L 90 Ag9, €090 Asz
°| [Lno oa1]0 oa1joai zod1 z E WA pes gy’ e L “”M
NOILO313S I9VLI0A 0aT = g A 1 g9 v A6k~ Ae
4ani
lﬁ «{2An NIA b O
NS L | 1 b / £3
AN
ASY | 0 b b vdr €dr zdr Ldr 7l° A\ “¥l% F@ Zov
Ho[age] 1 0 1 0 0 0 0 7| ol OV | *
At 0| 0| ) , ' ' s 3 56 6 6 28228 “
N b } 0 0AN AN ZAn AN 23838883 33 1OV «
Mz 0| v | o aNiR T S S 1
NT| ) 0 0 = XVIN YW0S :NOLLNYD
ML 0] o 0 = *
o [LnoAjoLno[1Lno[ zLnO T
JA-] dNa S 2dNQ | €¥ ¢ dNa
NOILD3T3S 39VLT0A LNdLNO o odr adr
0 0 0
[o-62-2] ar [ avinowonaowd | ¢ | - s wso S b b L
| 3wva | o3no¥adv | NolLdmos3a | A3y [ 003 oo toa zoa1
7 AYOLSIH NOISIAY ENIA N od1
T T 2 € 2 T S

dc2048afb

LY AR

14



DEMO MANUAL DC2048A

SCHEMATIC DIAGRAM
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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 DC2048A

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 LTG 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. Common 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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