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DESCRIPTION

Demonstration circuit2321Aisalow power wireless sensor
node development platform equipped with an E-ink display
foruserfeedback. The systemis capable of monitoring and
managing its available energy, logging information from
sensors and sharing this data over a wireless network.

The board is designed to connect to the DC2344A or
DC2509A energy harvesting demonstration boards
which output a regulated power supply as well as status
information from energy harvesting ICs and their backup
batteries. Two coulomb counters on the DC2321A allow
the processor to monitor the energy output of these bat-
teries which will vary depending on the amount of energy
which can be harvested from the system’s surroundings.

Data acquisition and general operation is controlled by
the LTP5901-IPM a wireless sensor node, or mote. This
module is integrated with Dust Networks’ low power radio
design as well as an ARM Cortex-M3 32-bit microproces-
sor which is embedded with SmartMesh IP™ networking
software, allowing it to form a reliable network with other
motes in even the noisiest of environments.

Dust® Energy Harvesting
Application Demo Bourd
with E-Ink Display

The board is configured with multiple programming
headers for users to download their own software onto
the mote. Source code for the demonstration application
is available on the LTC website. The design allows for the
simpleinstallation of a user-developed circuit using ashield
board which has access to all pins of the LTP5901-IPM.
The ease of programming and the established connections
to peripheral devices makes the DC2321A the perfect
evaluation tool for a wireless sensor node system.

Please refer to the individual IC data sheets for the op-
eration of each data management circuit. The application
section of this demo manual describes the system level
functionality of this board and the various ways it can be
used in early design prototyping.

Design files for this circuit board are available at
http://www.analog.com/DC2321A

All registered trademarks and trademarks are the property of their respective owners.
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Figure 1. DC2321A Dust Wireless Sensor Node Development Platform with E-Ink Display
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TYPICAL
TYPE PARAMETER CONDITIONS MIN DEFAULT MAX UNITS NOTES
VCC 2.1 3.3V 3.76 V
EHVCC 2.1 3.3V 3.76 V
Inout SVusB 5 7 v Power Either 5VUSB or
p 3V3USB 33 3.76 V 3V3USB Not Both
Coulomb Absolute Max 6 Vv J1 Pin 15 (Primary) or
Counter Input For Accurate Data 26 37 v Pin 17 (Secondary)
Default Program Loaded, Not
Connected to GUI, Not 10 pw
DC2321A Joining Network
Average Power | Default Program Loaded, Not
Power/Energy Connected to GUI, 135 Hw Powered from
Consumption Joined to Network EHV¢g at 3.3V
Display Update
Energy 22.7 mJ
GUI Data Read
Energy 152 1
RADIO ZONE
(METAL-FREE)
SHIELD (408) 432-1900
HEADERS www.linear.com
E-INK DISPLAY
LTP5901-1PM
DUST MOTE
POWER g PUSH SHIELD HEADERS
SWITCHES © BUTTON GPIO /
usse SIGNAL
SELECTION GLEANERGY

DC2321A: DUST APPLICATION WITH E-INK DISPLAY
FOR USE WITH DC2344A EH DEMOBOARD

ANALOG
|I| I otvices s
\ |
PROGRAMMING HEADERS ENERGY HARVESTING

Figure 2. Board Layout Organization Diagram
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o,~ O
b 1Ll
LTC CONFIDENTIAL - FOR CUSTOMER USE ONLY = =
2RI SSHITNE
Toma @ c4
.a.‘_ s g m — o & 24 o DR T
“E E:E: : pios 311:1\ 3 : : o8 HER) JTAG (20-PIN)
R12
zee oo ThR2 T oo c7m e sce *PB1 FUNCTIONS
oo Bl oe BT
®® TR31 R4S et o' collm nlllm ncs [1 cLick [NEXT SCREEN
o0 ®0® TR26 R4 ﬁ o0 5 Iﬁucr(s REFRESH/AUTO-WRITE OFF
e R45 P4 0‘011|h o= mjc1o
o0 ormrg SR 13 n Bl 12 oS HOLD> SECSET AUTO-WRITE INTERVAL
oeC .I_ﬁ nﬁﬂ: Rﬂ? o0 3 CLICKS (3 SEC HOLD)|RESET COULOMB COUNTER)
LN o0 o TiibRr2 UE rie 2@ c15[m nlfim wi)c14 [CLICKS (3 SEC HOLD,
oo 300 el @ @ 99 iRER
o .D‘;N - %)
S00 RI6Em 0 oo hg....mﬂ"- .
L o IK2 8 erd
o0 RI5qm» @@ Us E00 o 8
L X ee C24 3 D10 oo oRit Y= pap =)} peo )
EE -
e . o026 oo TRE 05 g Eg'iﬁ“’ vy Ll s g
ll:.m o *°F o RUN APP e uem = nl:lﬁ
o ci7 BEEBR ussFuncTion [IFIFENE R 1lllar Qi & °
5 o -
SW3|12345]|ESP Swa B cz1 U7 8 °
*HEnEn UART cul
OO0 ®®® ETERNA SERIAL R33
@ ococemrFrRoGRAMMER  JTAG(E-PN 33383 ® 00 O 0 O

Figure 3b. DG2321A Bottom Assembly Drawing
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QOUICK START PROCEDURE
Procedure for DG2321A with DC2344A/DC2509A:
1. Ensure the switches on DC2321A are as follows:

Table 1. Switch Positions for Procedure with Power Board

REFERENCE DESIGNATOR POSITION
SW1 VCC
SW2 EHVCC
SW3 All ON
Sw4 UART

2. Follow the DC2344A or DC2509A Quick Start Proce-
dure to step 7. Once completed, remove LOAD1 (used
in power board procedure) and connect DC2321A to
DC2344A or DC2509A.

3. Observe as DC2321A displays the startup screen (WE
and LTC logos) and then displays the LTC3330 as the
energy source. Depending on the available amount of
energy, the display may toggle between showing the
sourceasthe LTC3330 powered by a battery or powered
by energy harvesting.

4. Press PB1 to show the status of all PGOOD and EH_ON
signals from the ICs on the DC2344A or DC2509A.

Optional Continuation with GUI:

5. Download the QuikEval™ software from http://www.ana-
log.com/en/design-center/design-tools-and-calculators
and follow the installation instructions carefully.

6. 0n DC2321A, set SW1 = OFF to stop the display from
updating.

7. Connect DC2321A to a computer using a USB cable.
The GUI will be automatically downloaded from the web.
Once it has finished installing, open the GUI.

8. 0n DC2344A or DG2509A, set SW7 = CCTR to route the
batteries through the coulomb counters on DC2321A.

9. Onthe GUI, observe the average current of the primary
battery.

10. Cover the solar panels on DC2344A with your hand or
disable the power supply on DG2509A. Observe the
current from the battery increase.

11. Apply reasonable light (>400 LUX) to the solar panels
on DG2344A orenable the power supply on DC2509A.
Observe the current from the battery drop to OpA.

Figure 4. DC2321A Connected to DC2344A Energy Harvesting Board
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QOUICK START PROCEDURE
Procedure for DC2321A Standalone:
1. Ensure the switches on DG2321A are as follows:

Table 2. Switch Positions for Procedure without Power Board

REFERENCE DESIGNATOR POSITION
SW1 VCC
SW2 ERVCC
SW3 All ON
SW4 UART

2. Configure the board as shown in Figure 5. This routes
the board’s power supply through the primary battery’s
coulomb counter.

3. To power the coulomb counters, either connect a USB
cable or apply 5V to the 5VUSB turret using a power

supply.

4. Observe as the DC2321A displays the startup screen
(WE and LTC logos).

5. Press PB1to go to the next screen (black background).
Oncethere, press PB1againto gotothe coulomb counter
screen. Observe that the voltage measurement for the
PRI battery shows 3.3V and the charge increases with

each write to the display (double-press PB1 to rewrite
the same screen).

Optional Continuation with GUI:

6. Download the QuikEval software from http://www.ana-
log.com/en/design-center/design-tools-and-calculators
and follow the installation instructions carefully.

7.0n DC2321A, set SW1 = OFF to stop the display from
updating.

8. Connect DC2321A to a computer using a USB cable.
The GUI will be automatically downloaded from the web.
Once it has finished installing, open the GUI.

9. Onthe GUI, observe the average current on the primary
battery monitor. This is the idle current of the board as
it fulfills occasional data requests from the GUI.

10. Observe the charge on the primary battery monitor.

11. OnDC2321A, set SW1=VCCto update the display and
re-allow updating. Observe the charge as it increases
as a result of the display update.

SET SW2 = EHVCC
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EPD
.
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av3
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Figure 5. Configuring DC2321A to Measure Application Energy Consumption
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OPERATION OVERVIEW

DC2321Aisademonstration wireless sensor node system
as well as a development platform which provides all of
the tools necessary for users to create their own wireless
sensor nodes.

Demonstration Program

The main purpose of the demonstration program on the
mote is to show how the system executes the basic func-
tions of a wireless sensor node. For information on the
energy harvesting and storage operation of the system,
refer to the DC2344A or DC2509A demo manual.

Once every second, the mote gathers data from its own
sensors as well as the ICs and batteries on DC2344A or
DC2509A. The ICs output status signals (EH_ON and
PGOOD) which are read by the mote to determine which
IC is providing power and whether the power is coming
from a battery or harvested energy. Based on this data,
the display is updated; if a PGOOD signal is present, it will
assume that power is coming fromthe respective IC. If that
IC outputs a high EH_ON signal, it will know that power is
coming from an energy harvesting source; otherwise, if
EH_ONis low, it will assume that power is coming from the
battery. Because the LTC3106 does not output an EH_ON
signal, the mote has no way to tell whether it is relying on
EH power or a battery.

In addition to passing IC status outputs through the out-
put header, DG2344A and DC2509A allow the batteries to
be routed through coulomb counters on DG2321A. As a
result, the mote is able to monitor the voltage, current,
and charge of the batteries. This is useful for calculating
the average power draw from the batteries under various
levels of energy harvesting availability. If enough energy
is available from the transducers, the battery will either

be unused or will charge depending on which IC is used.
In addition, removing EH sources and relying on battery
power alone allows the mote to determine, for example,
exactly how much energy is used in a specific portion of
the program or how much average power is consumed
in a one-second program cycle.

The mote also takes readings of the temperature using
its built-in temperature sensor. In addition, the mote is
capable of monitoring its own supply voltage. This is a
useful feature for energy harvesting applications which
do not use a battery. When relying on energy harvesting
alone, the mote is able to monitor the amount of energy
in the system based on the voltage of the supercapacitor
(which must be connected to the output to use the demon-
stration program without a battery). Because voltage and
capacitance are known, stored energy is known through
the relation E = 5CV2.

The mote uses this information to determine if it can write
to the display without killing its own power supply. The
electronic paper display, EPD1, works well for long-term
energy harvesting because it consumes no power in an
idle state. However, a write to the display takes 22.7mJ
of energy which is substantial relative to the average
load of the application. The supercapacitor on DC2344A
and DC2509A is sized accordingly to ensure that there
is enough energy to write to the display once and leave
enough energy stored that the voltage remaining on the
supercapacitor is sufficient to keep the mote alive. Once
a write occurs, the mote must wait until harvested energy
is again sufficient for the next write. In this way, the mote
monitors the system’s energy storage to make program
decisions which involve large load pulses.
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OPERATION OVERVIEW

Summary Screen

In summary mode, the mote monitors the status outputs
of the energy harvesting ICs and uses this information to
determine which [Cis supplying power and whether power
is coming from the battery or entirely from an energy
harvesting transducer. Ifa PGOOD signal is high, the mote
will assume it is being powered by the corresponding IC.
Depending onthe EH_ON state of the selected IC, the mote
will display the power source as a battery or an energy
harvesting source. Because this information is determined
using only the PGOOD and EH_ON signals, only one IC
should be powered at a time and the output of the IC
under evaluation must be routed to output header J1 on
DC2344A or DG2509A in order for the mote to accurately
detect its source.

IC Status Screen

The IC status screen shows all PGOOD and EH_ON signals
foreach ICinaway that is more clear and informative than
the summary screen. Whereas the presence of multiple
PGOOD signals will confuse the demonstration mode, the
|C status screen simply displays all of the monitored status
outputs. When a change in any IC status is detected, the
screen will refresh to display the new information. This
screen also displays the temperature in degrees Celsius

ANALOG
DEVICES

iy =N
L—TEHS“ deu".h LTC310E
POLIER ki "

SOURCE: PIEZ0/AC/SOLAR

Figure 6a. Summary Screen

ANALOG
DEVICES

Figure 6b. IC Status Screen

and will update periodically if this temperature changes
by a few degrees.

Battery Status Screen

The battery status screen shows all of the information
gathered from each of the coulomb counters. Every time
the screen is updated, the mote samples voltage and
charge data from the batteries and stores a timestamp of
the event. Using the change in charge evaluated over the
difference between timestamps, a current measurement
is calculated. As a result, the displayed current is the
average current between two updates of the display. This
works well for long-term monitoring of average power
consumption, but can be significantly skewed at low cur-
rents if read in short intervals due to the resolution of the
coulomb counters and the pulses of current required for
a display write. For a more accurate measurement under
these conditions, it is recommended that the GUI current
meter is used to avoid constant display updates. For the
secondary battery, a negative image (white background
and black text) means that current or charge is flowing
into the battery rather than being drawn.

The battery status screen can be set to auto-write data
to the display at an interval set by the user. Refer to the
push button functions for an explanation of this mode.

ANALOG
DEVICES

s
CHARGE [8.53nC/0.00n0

Figure 6¢c. Battery Status Screen
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Figure 7. DG2321A Simplified Block Diagram
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Switch Functions

SWH1: Selects display power source and WRITE_EPD
signal. In the OFF position, the display is not powered
and WRITE_EPD is low meaning that the display will not
update. In the VGC position, the display is powered from
the application power, VCC. In the 3V3USB position, the
display is powered by the USB; in this position, the mote
will still use power from VCC for SPI communication
to the display. In both the VCC and 3V3USB positions,
WRITE_EPD signal is high meaning that the display will
update when necessary. Note that if SW2 is in the 3V3USB
position, then VCC = 3V3USB and there is no difference
between the VCC and 3V3USB option for SW1.

SW2: Selects source for VCC. In the EHVCC position, the
board is in application mode and power for the applica-
tion, VCC, comes from EHVCC on header J1. This mode is
meant for EH evaluation purposes when using DC2344A or
DC2509A. In the 3V3USB position, the board is in debug
mode and power for the application, VCC, comes from the
USB. This mode is meant for programming and debug-
ging the mote while using USB power rather than battery
or EH power from DC2344A or DG2509A. Note that if no
USB is attached while in debug mode, extra power will be
drawn from EHVCC.

SW3: Toggles GPI0 connections on ESP signal lines. Five
of the signals used by the Eterna® Serial Programmer can
also be used as GPIO pins. SW3 allows the user to utilize
these GPIOs in an application while allowing them to also
be temporarily disconnected for programming. In the
RUN APP position, the GPIO/ESP pins are routed to the
shield headers in addition to the ESP header. For proper
operation, the user should ensure that the programmer
is physically disconnected from the ESP header, J3, while
running the application. In the ESP position, the GPIO/ESP
pins are routed only to the ESP header for programming.

SW4: Selects which UART is routed to the USB. In the
UART position, the mote’s general purpose UART is in
communication with the USB. These UART lines are used
for transmitting GUI data (or any custom user-defined
commands) to or from a computer. In the CLI position,
the mote’s command line interface UART lines are in
communication with the USB. The CLI is useful for setting
some mote functions, reading network status information,
and debugging code.

Turret Functions
5VUSB (E1): 5V USB power output.
3V3USB (E2): USB power output regulated to 3.3V.

GND (E3, E4, E5, E6): Ground. When a power board
(DC2344A or DC2509A) is attached, GND on DC2321A
is physically connected to HGND (header ground) on the
power board. Once the power board reaches its program-
mable voltage output threshold, HGND is connected to
BGND (the power board’s ground) through a FET in order
to complete the circuitand power DC2321A. See DC2344A
or DC2509A documentation for further information.

VCC (E7): Application power. VCC powers the mote, the
display (optionally), and any components associated with
the application itself. For demonstration and monitoring
purposes, 3V3USB powers USB communication, coulomb
counters and anything else that would not be used in a
final WSN application. The source for VCC is selected
using SW2; VCC can either be powered by EHVCC (en-
ergy harvested power) for WSN application evaluation
purposes, or by 3V3USB (USB power) for programming
and code debugging purposes. See SW2 documentation
for further information.

Push Button Functions (PB1)
1 CLICK: Goes to the next screen of the display.

2 CLICKS: Redisplays the current screen. If auto-write is
on, it is turned off and the screen is redisplayed.

2 CLICKS (HOLD>1 SEC): Turn on auto-write and set the
writing interval in seconds. With auto-write enabled, the
mote will attempt to write to the display regularly at the
interval set by the user. The write interval is equal to the
duration that the button is held. If the mote detects that
the supply has insufficient energy to write to the display,
it will skip an interval.

3 CLICKS (3 SEC HOLD): Reset the coulomb counter’s
accumulated charge register for both batteries.

4 CLICKS (3 SEC HOLD): Restart the program on the
mote. The mote will wait 5 seconds and then reset.
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Enabling Additional GPIOs

By default, only four GPIOs are unused and open for a
user application. However, by disabling some of the GP10s
used in the demonstration application, a total of 18 GP10s
are available to the user. These modifications can be
made by removing 0Q jumper resistors from the board.
Table 3 shows which resistors can be removed and which
associated functions will be disabled.

Electronic Paper Display (EPD1)

The electronic paper display gives the user the ability to
monitor the the power supply and the status of the mote’s
program. Because the display takes no power in an idle
state, it is well-suited for long-term data acquisition with
occasional user feedback.

However, an average write to the display can take about
22.7mJ. For many low power energy-harvesting applica-
tions, thisisa substantialamount of energy when compared
to a Dust mote program’s average load power. As a result,
coordinating a write to the display demonstrates how the
system is able to monitor its energy storage and make
program decisions based on how muchenergyisavailable.

The mote is able to internally read its own supply volt-
age. When the mote’s power is supplied by DC2344A or
DC2509A (SW2=EHVCC), the supply voltage is generated
across a known capacitance: either the output capacitor

Table 3. Additional GPIOs

of each individual IC, the bank of ceramic capacitors, or
the supercapacitor. With the voltage across the capacitor
known, the amount of available energy can be calculated
(E = %CV2). In most cases, however, enough energy must
be left in the capacitor to meet some minimum voltage
requirement for the application; inthis case, the remaining
energy after an impulse needs to be enough to keep the
capacitor voltage higher than the configurable power-fail
threshold (2.25V default) of the LTC2935-2 power monitor
on DC2344A or DC2509A. Otherwise, power to DC2321A
will be switched off.

With the demonstration program loaded, the display has
three screens: the summary screen, the EH status screen,
and the battery status screen. Asingle press of PB1 allows
the user to view the next screen. The summary and EH
status screens each update automatically when the data
has changed. These screens both monitorthe PGOOD and
EH_ON signals generated by the EH ICs and each screen
displays the data in a different way.

Note that if an EH IC is using a battery and the harvested
energy is almost, but not quite, enough to fully keep the
outputinregulation, the EH_ON signal will duty cycle. This
causes the display to continuously refresh because new
data is being detected. Although this accurately illustrates
the status output ofthe IC, it also causes a greater drain on
the battery due to the number of display writes needed. If
this additional load power is undesirable, the display can
be disabled using SW1.

SIGNAL REFERENCE GPIO CONSEQUENCE
GROUP INDIVIDUAL DESIGNATOR
BAT_OFF_LTC3107 R8 GPI1017 (Pin 4) Mote Does Not Know Whether LTC3107 Is Using EH or Battery
EH_ON_LTC3330 R7 GP1018 (Pin 5) Mote Does Not Know Whether LTC3330 Is Using EH or Battery
EH_ON_LTC3331 R6 GPI019 (Pin 6) Mote Does Not Know Whether LTC3331 Is Using EH or Battery
EH é?gﬁgﬁ‘ws PGOOD_LTC3106 RS GPI020 (Pin 45) Mote Does Not Know if LTC3106 Has Reached Regulation
PGOOD_LTC3107 R4 GP1021 (Pin 26) Mote Does Not Know if LTC3107 Has Reached Regulation
PGOOD_LTC3330 R3 GP1022 (Pin 25) Mote Does Not Know if LTC3330 Has Reached Regulation
PGOOD_LTC3331 R2 GP1023 (Pin 21) Mote Does Not Know if LTC3331 Has Reached Regulation
Switch WRITE_EPD (SW1) R41 GPI014 (Pin 27) Mote Does Not Know if it Should Write to the Display
Positions SRC (SW2) R42 GPIOO (Pin 28) Mote Does Not Know Whether it is Being Powered by EH or USB
usB 3V3USBVCC R43 GP106 (Pin 33) Mote Does Not Know if the Board Has USB Power
SS_EPD R1 GPI012 (Pin 44)
Display PANEL_ON R44 GPI1013 (Pin 43) If Any of These Resistors are Removed, the Mote Cannot
Driving RESET_EPD R45 GPIO1 (Pin 63) Properly Drive the Display.
DCHG_EPD R46 GPI015 (Pin 64)
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When USB is connected, the coulomb-counter circuit is
powered and the battery status screen can be displayed.
This screen does not update automatically when new data
isdetected. Instead, the usercandouble-clickand hold PB1
to set an auto-write interval so that the display updates at
a fixed time rate. The user can also just double-click PB1
to update the screen once; doing so will also turn off the
auto-write feature.

Shield Headers

The LTP5901 is surrounded by three shield headers (J4,
J5, and J6) which allow user access to every pin of the
mote. For the NC and RESERVED pins on the mote, al-
ternate signals have been routed to the respective header
pins: 5VUSB, 3V3USB, LTC3330 LDO signals, and every
EH IC status signal.

The DC2510A shield board allows the user to create a
customized application directly on the DC2321A. This
prototyping board features various footprints for popular
surface mount IC packages as well as arrays of 2mm-
pitch and 2.54mm-pitch through-hole pads for making
connections. See the DC2510A demo manual for more
information.

Coulomb Counters

DC2321A hosts a coulomb counter for each battery on the
power board (DC2344A or DC2509A). With SW7 on the
power board in the CCTR position, the batteries are routed
out to header J1, through the sense resistors on DC2321A
and backtothe powerboard’s battery routing jumpers. This
configuration allows the coulomb counters on DC2321A
to monitor the charge leaving or entering each battery. Be-
tween charge measurement intervals, the average current
can be calculated by dividing the change in charge by the
time between the measurements. The coulomb counters
can also measure the voltage of each battery.

Because the power supply for the coulomb counters
is drawn from one of the sense inputs, each coulomb
counter’s sense inputs are buffered with an LTC2051 dual
zero-drift op amp package. As a result, the sense inputs
each show the same voltage drop across the sense resis-
tor, but the ICs take their power from 5VUSB instead of
the batteries. USB power must be present in order to use
the coulomb counter circuit.

The coulomb-counters have the same fixed 12C address, so
an LTC4305 I2C bus multiplexer is used to communicate
with each G individually.

The coulomb counters are programmatically configured to
use the lowest ADC prescaler available which gives them
the finest precision possible for the default sense resistor
value of 3.32Q. This results in a charge value of about
36.220iC per bit. As a result, measurements of currents in
pA range should be averaged over an appropriate amount
of time to ensure accuracy.

The length of time between charge samples that will ensure
an accurate current measurement can be determined by
the relation:

_2¢Cgp _ 2(36.224C) _72.44
o | I(uA)

t

Forexample, if an average current of 10pAis being passed
through a coulomb counter, there should be at leastat =
72.44 /10 = 7.244-second delay between data measure-
ments to guarantee an accurate measurement.

Data for battery voltage, average current, and charge can
be viewed on the battery status screen as well as the GUI.
The benefits of the coulomb counters are twofold. Firstly,
they allow the user to find how much harvested energy
needstobeavailableinorderto stop using energy fromthe
connected battery. Once the battery output current drops
to a steady OpA, this means that the load is being powered
entirely by EH power. Forthe LTC3106and LTC3331 energy
harvesters, the secondary battery can be charged if there
is sufficient energy; this is denoted by a white background
on the display or a positive number on the GUI.

The second benefit of measuring the battery voltage is
application development and the assessment of load
power requirements. With energy harvesting sources
disconnected from the IC that is powering the DC2321A,
all of the power for the load comes from the battery. Under
these conditions, the user can determine exactly how much
average poweris consumed by the mote’s programandthe
general application. The resettable charge measurement
alsoallows the userto determine exactly how much energy
isused inaspecific part of the program cycle; for example:
a write to the display. Because the ability to expend this
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energy is directly related to the amount of energy storage
on the power board, this information is invaluable in the
power management design process of an efficient and
durable energy harvesting system.

Coulomb Counter Notes for DC2344A/DC2509A

The coulomb counters will read wrong values if HGND of
the power board (which connects to GND on DC2321A)
is not connected to the battery ground reference, BGND.
This connection is dependent on the level of EHVCC and
the configuration of LTG2935-2. Alternatively, HGND and
BGND can be tied together to disable the power-switching
feature. See the DC2344A or DC2509A demo manual for
more information.

Battery voltages over 3.7V can cause a small error in
charge measurements. For best measurement results,
and to prevent draining batteries during tests, it is recom-
mended that a separate power supply, such as 3V3USB,
is used to emulate the batteries. Refer to the Battery
Removal/Emulation Instructions section in the DG2344A
or DG2509A demo manuals.

If DC2321A is connected to DC2344A or DG2509A and
an IC is being evaluated without a battery (or emulated
battery) present, it is important that the respective bat-
tery selection jumper (JP5 to JP8) on the power board is
removed, even if SW7 is in the OFF position. Otherwise, a
leakage path can be created from the IC’s battery input to
groundthrough sneak paths inthe coulomb counter circuit.

Programming and Debugging

DC2321A is designed to facilitate the writing and debug-
ging of a program on the Dust mote. The board allows the
mote to be programmed using eithera JTAG programmer/
debugger or an Eterna Serial Programmer (ESP). Docu-
mentation for getting started with software can be found at:

dustcloud.atlassian.net/wiki/display/OCSDK/
Getting+Started
In programming/debugging mode, SW2 must be put in

the 3V3USB position to power the entire board from the
USB supply.

JTAG Debugger

There are two options for connecting a JTAG programmer
to DC2321A. The default JTAG header (J2) has a reduced
pin countand the adapter for this header can be purchased
from SEGGER along with their JTAG debuggers. DC2321A
also hosts a footprint for the standard 20-pin JTAG con-
nector (J9) which can be purchased separately (see BOM)
and mounted onto the back of the board. In order to use
the JTAG debugger, the USB cable must be plugged in to
provide power.

JTAG debuggers are intended for use with IAR Embed-
ded Workbench IDE for development and debugging of
a program on the mote. For more information on getting
started with a JTAG debugger in IAR Workbench, refer to
the aforementioned link.

The board can also communicate with a computer for
debugging purposes. With SW4 in the CLI position, the
mote’s command line interface can be used with the GUI
or any terminal client such as PuTTY. The CLI is useful
for easily outputting data from the program on the mote
by using the Dust Networks® On-Chip SDK version of a
print() command.

Eterna Serial Programmer

The Eterna Serial Programmer can be connected to header
J31to program the mote. This programmer cannot be used
asadebuggertostepthrough code, butisinstead useful for
more advanced functions. The ESP can be used to rewrite
fuse tables and load a program’s compiled binary onto a
mote. It can also be used as an alternative connection to
the CLI port; in this case, SW4 can be set to UART and the
user can monitor the GUI and the CLI at the same time.
Otherwise, the user can only communicate with one at a
time as determined by SW4.

In order to use the ESP all five switches on SW3 need to
be in the ESP position; once finished with the ESP all five
switches should go back to the RUN APP position. The
USB cable can be plugged in when programming with the
ESP but it is not required. For more information on the
ESP see the Eterna Serial Programmer Guide.
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Figure 9a. JTAG Connection with Reduced Pinout Adapter

Figure 9b. JTAG Connection with Standard Connector (Not Populated, See BOM)

L L e

dust

(5a) 10luny,

uss (31}

Etama™ Serial
Programmer

Figure 10. Eterna Serial Programmer Connection
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Overview

The GUI which accompanies DC2321A displays all of the
data monitored by the mote in a user-friendly way that
consumes much less energy than a write to the electronic
paper display. Ratherthan stepping throughdisplay screens
to read the mote’s data, the GUI allows the user to view
all of the information at once. In addition, long-term data
loggingis supported andthe gathered datacan be exported

toa CSV file.

Figure 11. Energy Harvesting Demo Board GUI — Main Form

The GUI can also be used for changing network settings.
From the GUI, the mote can be told to join a particular
network or to stop using its radio function entirely.

Because the power consumption of DC2321A’s default
program is so low, frequent communication with the GUI
can have a significant impact on the average power of
the board. To alleviate this extra consumption, the rate at
whichthe GUlautomatically requests data can be adjusted

or data requests can be sent manually instead.
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1. Serial Port

The serial port sectionis used to open or close a serial port
connectionto DG2321A. This connection generally happens
automatically when the GUI is opened. The board’s COM
port number is shown when the board is found and status
lights blink when the GUI is sending or receiving data.

Serial Port @ Output

Close | COM £ @ Input

Figure 12. Serial Port Section

2. Data Reading

The data reading section controls when the GUI will request
data from the mote. As long as the mote is connected to
the GUI, the default program remains in a slave mode
where it performs only its bare minimum checks once
every second. This allows the DC2321A to consume the
least energy possible. The GUI is configured from startup
torequest datafromthe mote onafixed 10 secondinterval.
This interval is user configurable and can be turned off
entirely. If the Auto-Read Data checkbox is unselected, the
auto-read function is disabled, and the Read Data button
becomes enabled which allows the user to read data with
manual requests at any time.

Y| Auto-Read Data

Read Dat
= : Every 5 |secunds -

Figure 13. Data Reading Section

3. Mote Timer

The mote timer shows how long it has been since the
mote’s last reset.

MOTE TIMER:
0000:00:20:36

Figure 14. Mote Timer

4. IC Status

The IC status section allows the user to monitor which
PGOOD and EH_ON signals are present.

LTC3106

Solar Energy Harvester
with Primany and
Secondary Batteries

LTC3107
TEG Enengy

Harvester with
Primary Battery

LTC3330

High-Impedence AL,
Piezoelectric, and Solar Enengy
Harvester with Primany Batteny

LTC3331

High-Impedence AL,
Piezoelectric, and Solar Energy
Harvester with Secondary Battery

PGOOD
EH ON

Figure 15. IC Status Section

5. Battery Status

The battery status section shows data gathered from the
two coulomb counters. Voltage and charge data are ac-
quiredand measurementtimestamps are usedto calculate
the current from the change in charge values over time.

Tocompensate forthe granularity of the coulomb counters,
the user has the option to average the current reading over
anumber of samples or a fixed time interval. If the battery
currentis in the pA range and data is being gathered at an
interval less than 5 seconds (see Auto-Read Data section),
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it is recommended to average the current reading for the
sake of accuracy (see the Coulomb Counters section).

The coulomb counters can also be cleared if the Reset CC
button is pressed. This will cause the charge to restart
accumulating from OpC. This is useful for calculating the
total energy consumed by the application during some
timespan or event.

Primary Secondary

Voltage Voltage
AR 3200 M — 4029 ¥

Awg Currert Awg Cument
-7.191 pA 0 pA
Charge Charge
-5.689 mC 0 mC

Awg Current Every 1 |samples - || I Reset CC

Figure 16. Battery Status Section

6. Mote Status

The mote status section shows various program informa-
tionas well as some data from the mote’s internal sensors.
The mote has the ability to read its own supply voltage
and is integrated with a temperature sensor. Monitoring
the supply voltage is especially useful for energy harvest-
ing applications because, in a case where no battery is
connected, the voltage measurement combined with the
known capacitance onthe supply (configured on DC2344A
or DC2509A) allows the processor to determine exactly
how much energy is stored in the system:

E = %5CV2 = %Cs1oRaceVsupPLY

If the GUI display is in Match Board mode, this section
of the GUI has the ability to show the current screen on
the DG2321A. This is especially useful for cases where
the user would like to view a screen without consuming
all of the energy required for a write. With SW1 = OFF, the
display on the board will not update, but the display on
the GUI will update with very little impact on energy con-
sumption. In addition to showing the display, the Display
Mode buttons allow the user to write a specific screen

from the GUI. In addition to showing a desired screen,
this is useful for invoking a substantial pulse of energy
consumption from DC2321A for the purpose of energy
management evaluation.

Supply Voltage 334V

Temperature: 25.00| °C

Display Mode ANALOG
DEVICES

LTC3330 ey
aun ) g
——— | POWER Py
| Bt Status || SOURCE: PIEZO/AC/SOLAR

Update Enabled: 10 | GUI Display
Update Waiting: MO | Match Board @
Auto-Update: MO | View Screen

Power Source: EH .
[SWW2 = EHVCC)

Figure 17. Mote Status Section

If the GUI display is in View Screen mode, the user can
view the possible displays of the summary screen.

This section also shows some of the demonstration pro-
gram’s status variables.

* Update Enabled meansthat display updatesare enabled.
This functionality is controlled by SW1. If SW1 = OFF,
the display on DC2321A will not update. Otherwise,
the display will update if the mote detects sufficient
energy. The display on the GUI will always update.

 Update Waiting means that the DC2321A has new data
that it wants to write to the display, but it cannot yet
perform an update because there is not enough avail-
able energy in its supply. This will only occur when the
board is being powered from DC2344A with no battery
powering the selected IC. In this case, the mote will
wait until enough energy is detected and then perform
the screen update.

* Auto-Update is applicable only to the battery status
screen. This means that an auto-refresh interval has
been set and the battery status screen will update peri-
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odically on afixed interval. For more information about
auto-refresh, see the Push Button Functions section.

» Power Source tells the user whether DC2321A is being
powered by EHVCC (from DC2344A or DC2509Avia 1)
or by 3V3USB (from the USB via a voltage regulator).
This is determined by SW2.

7. Network Status

The network status section allows the user to configure
the network activity of the mote. By default, the mote
is not configured to join a network. Clicking the Show
Network Configuration button allows the user to view
and modify some of the network settings. By toggling the
Join checkbox, the user can configure the mote to join or
leave a network. If the mote ever leaves a network, it will
restart. Any time the mote restarts from software, there
is a delay of about five seconds. The mote must also be
manually restarted for a Network ID change to take effect.
This panel also shows the mote’s default MAC address;
this MAC address is unique to the mote and also serves
as its serial number.

Any data received by the mote is displayed in the Received
Data text box in hexadecimal notation. The time that the
message was received will also be shown.

| Show Metwork Configuration |

Received Data: 12:33:36 PM
0123456725ABCDEF

[Supply Voltage = 1000]
Send Cugtom Data
@ Send Mote Measurement
Auto-Send at Interval

Mote Measurement Settings

Joined Network

Figure 18a. Network Status Section

Hide Network Config || Refresh |

MAC Addr: 00170D00006055AC

Join [/
Metwork (D 1228

Joined Network

Figure 18b. Network Settings Section

Data can also be sent to a manager on the network by us-
ing the Send Data text box. In Send Custom Data mode,
the user can manually send data by entering a hexadeci-
mal value into the text box. In Send Mote Measurement
mode, the user can tell the mote to send some of its own
monitored data to the manager over the network. This
data can be sent just once or, if Auto-Send at Interval is
checked, it can be sent continuously on a user-defined
interval. This functionality can be customized by clicking
the Mote Measurement Settings button.

8. Mote Measurement Settings

In the Mote Measurement Settings window, the user is
able to choose which type of data should be sent to the
manager. Thisincludes every piece of datathatis displayed
onthe GUI, butthere are a few extra features for evaluation
purposes. For example, to test radio communication, the
mote can be configured to send an incrementing value
to the manager on every send. These data settings also
allow users to transmit data from additional sensors that
are connected to the inputs on the mote. All four of the
mote’s ADCs can be used to send custom voltage data
to the manager. Also, the GUI allows the user to send the
12C response of any compatible sensor over the network.
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Mote Measurement Settings [-EZ-J
a 2
Data: FCData  ~ BrEaimee
Result: C Data Altiess
Ox 44
Type ID Data Write Command:
Sample: OF 00000048 | Test 0x S
Decoded: (setup data is for initialization, it is sent
0x43 once to a device at the above address)
Read Command: Read Length:
ox 03 1 bytes
Auto-Send Interval: (enter a command that requests data
from an I*C device, the response will be
Send Data Every 30 d 8
A sent to a manager on the network)

Figure 19. Mote Measurement Settings Window

If the 12C data option is selected, the Mote Measurement
Settings window expands to allow the user to input extra
communication data in hexadecimal notation. The address
of the I12C device must be entered. The Setup Data text
box allows the user to write 12C data to the device without
anticipating a response; this allows the user to initialize
an 12C device before requesting data. The Read Data
Command text box should be filled in with the I2C that is
used to read the desired data. This command will be sent
when the user hits the Send Data button in the network
settings section; it can also be sent on a regular interval.

Inorder to preserve the precision of data as it is converted
into a hexadecimal value, the data must be scaled up
by some factor. The scaling value for the data is shown
when a type of data is selected. This scaling value must
be known when decoding the data on the receiving end
of a transmission and the user must know this value if
raw hexadecimal data is being decoded as is necessary
when using APIExplorer. For example, sending a supply
voltage measurement:

Actual Value: =3.2963 (V)

Scale Up by 1000: =3296.3 (mV)

Convert to Hex: = 0x0CEOQ [decimal dropped]
Received by Manager: = 0x0CEO

Convert to Integer: = 3296 (mV)

Scale Down by 1000: =3.296 (V)

Note that the actual data sent is prepended by a byte which
is used to determine the type of data. This is not shown
in the previous example.

The Sample text box allows users to see the data that
would be received over the network. Instead of sending
the data to the manager, the mote just sends it back to
the GUI for a preview of what the data should look like
and how it should be decoded. This is especially useful
for troubleshooting 12C communication.

The Auto-Send Interval Text box allows the user to define
the automatic send interval (if used) for the data. This
determines how frequently the mote will send this data
to the manager.

9. Received Serial Data

The Received Serial Data text box shows a description of
the data sent from the mote to the GUI and the time that
data was received. The frequency of serial communica-
tion has an impact on power consumption, so this text
box serves as an abridged log of recent communication.

In addition, this text box can be used for CLI monitoring
and communication. SW4 on DC2321A determines whether
the CLI port is connected to the computer. However, be-
cause the GUI does not know the position of this switch,
it is the responsibility of the user to set the GUI into CLI
Mode when SW4 is in the CLI position. GLI Mode sup-
presses UART communication used in the demonstration
application so that the user can read and write to the CLI.

Commands can be sent to the CLI using the Send to CLI
text box. Refer to the SmartMesh IP Mote CLI Guide for
a complete list of commands.

Received Serial Data:  Auto-Scroll [V]

[1:27:54 PM] Received: Al Mate Data -~
[1:27:55 PM] Received: Al Mate Data
[1:28:04 PM] Received: All Mote Data
[1:28:059 FM] Received: Al Mate Data
[1:28:14 PM] Received: Al Mote Data
[1:28:15 PM] Received: Al Mate Data
[1:28:24 PM] Received: Al Mate Data
[1:28:29 PM] Received: Al Mote Data i

Sendto CLI | CLI Mode |

Figure 20. Received Serial Data Section
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10. Graph and Table

The GUI also supports long-term data logging. The graph
and table provide a functional preview of the recorded
information. Logging can be started and stopped using the
Start button. A log can be cleared entirely using the Clear
Data button. Also, any of the logged data (even that which
is not shown on the graph or table) can be exported to a
CSV file using the Export Data button. This exported data
can be opened in Microsoft Excel or any CSV-compatible
spreadsheet application.

| Graph | Table |
[l 35
EH_OM
LTC3330
34— 16
E (9]
33 etenad ' | | .
L | | 1 Il
Iz )
< [
= o 2t !
o 3
& 249
Supply Voltage == PRI Voltage PRI Charge
71 . . . . . 1 . 27
0 10 20 30 40 50 &0 70 20
TIME (sec)
Scope Mode Left Y Axis Right Y Axis | Show Legend [V
Range: |3 seconds |Voltage h ”Charge v| | Advanced... |
Mote Data PRI Battery SEC Battery
START | IC Status /| Voltage Voltage

/| Supply Voltage | | Cument Cument

Temperature +/| Charge Charge

Figure 21a. Graph Section

The checkboxes below the graph/table area determine
which data will be shown on the GUI preview. Even though
some data may not be shown at some times, all data is
recorded and can be exported to a CSV file. All selected
data will be shown on the table. However, since there are
only two possible Y axes on the graph, only two types of
data can be shown at once. As a result, selected data will
only appear on the graph if its applicable Y Axis type is
present. The Y Axis data types can be set using the Left
Y Axis and Right Y Axis drop-down lists.

Graph | Table
;221:} \?Du Irapgh; Voﬁtglge O:al?'glje
: (V) V) {mC)
30.077 33404 |32 -1.508
35.070 33152 |32 -1.508
40,064 172 |32 -1.508
45055 33264 |32 -1.508
50.109 33404 |32 -1.508

£5.113 33472 |3.2003.. -1.908
£0.095 33192 |3.1952..|-1.908
£5.088 33124 |3.1959.. -2.016
70.140 33192 |3.1948.. |-2.088
75.134 33192 |3.1959.. |-2.19%
80.128 33124 |3.1956.. |-2.268 -

m

s A S
e e 7] Voltage Voltage Clear Data
Tempersture || Charge Charge

Figure 21b. Table Section

The graph has a few additional options. If Scope Mode
is checked, the graph will snap to the most recent data
points and it will only show the specified range of time
on the X axis. The visibility of the legend can be toggled
using the Show Legend checkbox.

The Advanced button allows the user to zoom in on a
specific range for any axis type. This can be done while
data is still being gathered.

There are a few types of events that will show up as
vertical lines on the graph. If the IC Status checkbox is
selected, a vertical green line will be shown to denote an
|C status signal (PGOOD or EH_ON) transitioning high or
low. A dashed line symbolizes a signal going low and a
solid line symbolizes a signal going high. The graph will
also denote a mote dead/alive event with a vertical blue
line. In this case, when the mote becomes unresponsive,
the line will be dashed. When the mote begins to respond
again, the line will be solid.

For more information on graph events, the user can hover
the mouse over a vertical line. For an IC Status event, this
will show exactly which signal changed. The user can also
hover the mouse over any series in the graph to display
information about a data point.
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'

2 APIExplorer © Dust Networks [
api

network type: SmartMesh P — |de‘.ficetype: manager = |E|
connection

through serial port:

port name: _ discunnectl

Connection successful.
command

sendData = |

8B (hex) | INTEU

‘ INT16U ‘ INT16U ‘ INTEU ‘ hex ‘

send

response

=sendData

0 (RC_OK) 1
INTEU INT32U

notifications

SmartMeshSDK 1.0.4.110

Figure 22. APIExplorer Application

APIExplorer

To use the DG2321A’s radio functionality, a Dust manager
must also be present in the system. Network activity can
be monitored and altered using various computer ap-
plications. APIExplorer provides a simple user interface
for a manager/mote plugged into the USB port of the
computer. A few different types of manager boards can
be used, so refer to the documentation for the manager
board to determine how it needs to be connected to a USB
port (For example, DC9003A-A is a manager board which
needs a DCI006A Eterna Interface Card to connect to a
computer via a micro-USB port. DC2274A, however, can
plug directly into a USB port).

APIExplorer is included in the SmartMesh® SDK software
download which is available on the LTC website on any
Dust mote/manager product web page. With only one
board using APIExplorer, the SerialMux application is not
needed and the board can be connected using its COM port
name. This COM port (the API port) is the fourth of the
four COM ports that appear when the board is connected
to the computer. These ports can be viewed in Device
Manager — Ports (COM & LPT). For more information,
refer to the SmartMesh IP Tools Guide.

APIExplorer is a user interface for configuring and testing
network transmission. For a detailed description of the
commands, refertothe SmartMesh IP Manager API Guide.
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Network communication testing with this software is best
used in conjunction with the DC2321A GUI because the
GUI shows the mote’s MAC address, network 1D, and
whether or not it has joined a network.

Network Setup

To communicate over the network, the mote and manager
must be joined using the same network ID. DG2321A is
configuredto network ID 1228 by default,as are DC2274A-A
modules that come in the Gleanergy energy harvesting
kit. However, DC2274A-A modules purchased separately
are configured to the default Dust evaluation kit network
ID, 1229.

* To view or change the manager’s network 1D, refer
to the example in the CLI Applications section of this
manual.

* Toviewthe mote’s network ID, click the Show Network
Settings button on the GUI. To change this network
ID, enter the desired network ID into the appropriate
text box and press Enter. Then, click the Reset Mote
button.

To configure the mote to join the network, check the Join
checkbox on the GUI and wait until the Network Status
section shows Joined Network.

Note that any network configuration can also be done
through the CLI.
Network Communication Testing Workflow
1. Send Data from Manager to Mote:
a) Open APIExplorer and the DC2321A GUI.

b) On the GUI, wait until the Network Status section
shows Joined Network.

¢) On APIExplorer, select the send Data command.

d) On the GUI, click the Show Network Configuration
button.

e) Fill in the data for the send Data command (right
click to paste in APIExplorer):

e Copy the mote’s MAC address into the
macAddress box on APIExplorer.

Choose any priority.

Set srcPort to 60000 (default).
Set dstPort to 60000 (default).
Set options to 0.

Enter any hexadecimal value into the data box.
f) On the GUI, click the Hide Network Config button.
) On APIExplorer, click the send button.

h) Onthe GUI, observe the data shown inthe Received
Data text box.

2. Send Data from Mote to Manager:
a) Open APIExplorer and the DC2321A GUI.

b) On the GUI, wait until the network status section
shows Joined Network.

¢) On APIExplorer, select the subscribe command.
d) Fill in the data for the subscribe command:

 Set filter to 11111111 to subscribe to all types
of messages.

o Set unackFilter to 00000000 to acknowledge all
types of messages.

e) Onthe GUI, send data in one of the following ways:

» \With Send Custom Data selected, enter a hexa-
decimal string into the text box and hit the Send
Data button.

» With Send Mote Measurement selected, click
the Send Data button. The type of data sent can
be configured by clicking the Mote Measure-
ment Settings button. If Auto-Send at Interval is
selected, the mote will repeatedly send the data
at the interval that has been set. If the mote is
configured to send data on an interval, it will
continue to send the data whenever it is joined
to the network, even if it is disconnected from
the computer or reset.

f) On APIExplorer, observe the data shown. If Send
Mote Measurement was used, the value can be
decoded as detailed in the Mote Measurement
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Settings section of this manual. The first byte of
this data denotes the type of data sent and should
be omitted from calculations.

CLI Applications

DC2321A has the ability to route the mote’s command
line interface (CLI) to the computer via USB. This allows
the user to communicate directly with the mote using
built-in text commands. In order to connect the CLI port
to the computer, SW4 must be in the CLI position. Note
that DC2321A cannot communicate with the GUI while
SW4 is in this position.

This interface allows the user to easily read or modify
network configuration settings within the mote or manager.
For a detailed list of commands, see the SmartMesh IP
Mote CLI Guide and the SmartMesh IP Embedded Manager
CLI Guide. Because the SmartMesh IP library’s print()
function on the mote writes strings to the CLI port, this
function is also useful for debugging code.

“
#& PuTTY Configuration [&J
Category:
= Sgssion Basic options for your PuTTY session
~Logging Specify the destination you want to connect to
- Terminal Serial e
" i Keyboard enal line pee
LBl com4 9600
- Features Connection type:
- Window Raw Telnet Rlogin S5H @ Seral
ADDEE!T:IHCE Load, save or delete a stored session
i i Behaviour
i Translation Saved Sessions
i i Selection
-+ Colours Default Settings Load
- Connection
Da«ta Sa\fe
.- Proxy
. Telnet Delete
- Rlogin
+- 55H
""" e Close window on exit:
Always Mewer @ Only on clean exit
About Cpen ] | Cancel

Figure 23. PuTTY Serial Setup

The CLI can be accessed through any serial terminal
program such as PuTTY or HyperTerminal. For example,
to communicate with the mote or manager using PuTTY:

1. Find the appropriate COM port:
a) Find the COM port of DC2321A:

* Option 1: Open the GUI (SW4 position does not
matter). When the board connects, the COM port
will be listed in the serial data section as shown
in Figure 12. Close the serial port or close the
GUL.

* Option 2: Navigate to Device Manager — Ports
(COM & LPT) and find the COM port listed for
LTC Demo Board. If multiple LTC demo boards
are connected to the computer, double-click the
entries until DC2321A is found.

b) Find the COM port of the manager’s CLI:

* Navigate to Device Manager — Ports (COM &
LPT) and find the four COM ports that appear
when the manager is connected to the computer.
The CLI port is the third of the four COM ports.

2. Open PuTTY.
3. Set Connection Type to Serial.

4. Enter the COM port which hosts the mote or manager’s
GCLI.

5. Ensure that Speed is set to 9600.
6. Click Open.

Once the serial port is open, the CLI can be used to con-
figure the network. For example, to view the manager’s
network 1D and then set it to 1228, type:

* login user

* get config netid

* set config netid 1228

A reset is required for this change to take effect.
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ITEM | QTY |REFERENCE

PART DESCRIPTION

MANUFACTURER/PART NUMBER

Required Circuit Components

1 1 | BRD1 SMARTMESH IP NODE, 2.4GHz, 802.15.4e, ANALOG DEVIGES, LTP5901IPC-IPMA1D0#PBF
WIRELESS MOTE MODULE
2 10 [R11TOR17,R29 TO R31 |RES, CHIR 10M<Q, 1%, 1/10W, 0603 SAMSUNG, RC1608F106CS
Display Components
3 8 |C1T0C4,C10T0OC13 CAP, CHIR 2.2uF, 25V, £10%, X7R, 0805 WURTH, 885012207079
4 1 |C5 CAPR CHIR 1uF, 10V, £10%, X7R, 0805 WURTH, 885012207022
5 6 |C6T0CY,C14T0C15 CAP, CHIP 2.2yF, 16V, £10%, X7R, 0805 WURTH, 885012207052
6 1 |C16 CAR CHIR 2.2uF, 10V, +10%, X7R, 0805 WURTH, 885012207024
7 1 | D1 DIODE, SCHOTTKY, 30V, 0.1A, SOD-523 CENTRAL SEMICONDUCTOR, CMOSH-3
8 1 |EPD1 1.44" E-PAPER DISPLAY PERVASIVE DISPLAYS, E1144CS021
9 1 Q1 MOSFET, N/P-CH, 20V, 660mA, SC70-6 VISHAY, SI1553CDL-T1-GE3
10 2 1Q2,Q3 N-CHANNEL MOSFET, 60V, SOT-323 FAIRCHILD, 2N7002KW
11 1 |R9 RES, CHIP 2kQ2, +1%, 1/10W, 0603 PANASONIC, ERJ-3EKF2001V
12 1 |R10 RES, CHIR 5.1MQ, 5%, 1/10W, 0603 PANASONIC, ERJ-3GEYJ515V
13 1 |R48 RES, CHIR 10M<, +1%, 1/10W, 0603 SAMSUNG, RC1608F106CS
Additional Demo Board Circuit Components
14 0 |C22,C23 (0PT) CAP CHIR 47pF, 10V, £5%, COG, 0603 WURTH, 885012006006
15 0 [D3(OPT) DIODE ZENER 3.6V 500MW MINIMELF MICRO COMMERCIAL, BZV55C3V6-TP
16 0 |D4 (DOES NOT EXIST) — —
17 0 |R27,R28 (OPT) RES, CHIP 0, 1/10W, 0603 VISHAY, CRCW06030000Z0EA
Hardware For Demo Board Only
18 2 |C17,C21 CAP CHIR 0.22pF, 6.3V, +10%, X7R, 0603 KEMET, C0603C224K9RACTU
19 3 |C18,C25,C26 CAP, CHIR 1pF, 10V, £10%, X7R, 0603 WURTH, 885012206026
20 2 |C19,C24 CAP, CHIR 0.01pF, 6.3V, £10%, X7R, 0603 KEMET, C0603C103K9RACTU
21 1 |C20 CAP, CHIP, 10pF, 6.3V, +20%, X5R, 0603 WURTH, 885012106006
22 5 |D2,D5,D7T0D9 DIODE, SCHOTTKY, 30V, 0.1A, SOD-523 CENTRAL SEMICONDUCTOR, CMOSH-3
23 2 |D6,D10 DIODE, LOW LEAKAGE, 75V, 250MA, S0T23 CENTRAL SEMICONDUCTOR, CMPD6001
24 1 | DB1 SHIELD BOARD FOR DC2321A ANALOG DEVICES, DC2510A
25 7 |E1TOE7 TURRET, 0.061 DIA MILL-MAX, 2308-2-00-80-00-00-07-0
26 1 | 2X10, 20-PIN, RIGHT ANGLE MALE HEADER (WITH | WURTH, 61302021021
KEY PIN 14), 0.100"
27 1 |J2 2x5, 1.27MM PITCH, VERTICAL MALE HEADER WURTH, 62201021121
(WITH KEY PIN 7)
28 1 |J3 2x5, 2.00MM PITCH, VERTICAL MALE HEADER WURTH, 62001021121
29 2 [J4,06 2x16, 2MM PITCH, VERTICAL SOCKET WURTH, 62003221821
30 1 |J5 2-PIN, 2MM PITCH, VERTICAL SOCKET WURTH, 62000211821
31 1 |J7 MICRO USB CONNECTOR WURTH, 629105136821
32 1 |J8 40-PIN, 0.5MM PITCH, HORIZ FCP CONNECTOR WURTH, 68714014522
WITH BOTTOM CONTACTS
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ITEM | QTY | REFERENCE PART DESCRIPTION MANUFACTURER/PART NUMBER

33 0 [J9(OPT) CONN, HEADER, 2.54MM, 20P0OS, GOLD, SMD SULLINS, SBH11-NBPC-D10-SM-BK

34 1 | PB1 SWITCH, TACTILE, SPST-NO, 0.05A 12V WURTH, 434111025826

35 2 108,Q9 MOSFET, N/P-CH, 20V, 660mA, SC70-6 VISHAY, SI1553CDL-T1-GE3

36 3 104,05 06 MOSFET N-CH 20V 4.1A SOT23 ZETEX, ZXMN2F30FHTA

37 1 107 MOSFET 2N-CH 30V 5.7A 8S0IC ZETEX, ZXMN3F31DN8TA

38 17 | R1TO R8, R26, R32, RES, CHIR 0€, 1/10W, 0603 VISHAY, CRCW06030000Z0EA

R41 T0 R46, R49

39 1 |R18 RES, CHIR 2M€, 1/10W, £5%, 0603 PANASONIC, ERJ-3GEYJ205V

40 1 |R19 RES, CHIP 5.1M€, +5%, 1/10W, 0603 PANASONIC, ERJ-3GEYJ515V

4 11 2421[7) TO R23, R35 TO R40, | RES, CHIR 10k<2, 1/10W, 0603 PANASONIC, ERJ-3EKF1002V

42 2 | R24,R25 RES, CHIP, 3.32Q, 1%, 1/8W, 0805 VISHAY, CRCW08053R32FKEA

43 2 | R33,R34 RES, CHIP 1kQ, 1%, 1/10W, 0603 VISHAY, CRCW06031K00FKEA

44 2 | R50, R51 RES, CHIR 300M, 5%, 0805 VISHAY, CRCW0805300MJPEAHR

45 1 | SW1 DP3T SLIDE SWITCH, 12mm x 3.5mm, 0.2A 12VDC | COPAL, CL-SB-23A-01T

46 2 | SW2, SW4 DPDT SLIDE SWITCH, 8.5mm x 3.5mm, 0.2A 12VDC | COPAL, CL-SB-22A-01T

47 1 |SW3 |53)|(1§CP|-S|T SMD, LOW PROFILE, DIP SWITCH, 1.27mm | WURTH, 416 131 160 805

48 1 Ul 2-CHANNEL, 2-WIRE BUS MULTIPLEXER WITH ANALOG DEVICES, LTC4305CDHD#PBF
CAPACITANCE BUFFERING

49 2 |U2,U3 BATTERY GAS GAUGE W/ TEMPERATURE & VOLTAGE | ANALOG DEVICES, LTC2942CDCB#TRMPBF
MEASUREMENT

50 2 |U4,U5 DUAL OP AMPS, CHOPPER, R-R OUTPUT, 850 ANALOG DEVICES, LTC2051CS8#PBF

51 1 U6 3.3V, 100 mA, LOW NOISE, LDO MICROPOWER ANALOG DEVICES, LT1761ES5-3.3#PBF
REGULATOR, TS0T23-5

52 1 U7 IC USB TO I2C BRIDGE DEVICE 14TS MICROCHIP MCP2221-1/ST

53 1 (U8 IC, UHS UNIV. CONFIG. TWO-INPUT GATES, SC70-6 | FAIRCHILD, NC7SZ58P6X

54 | 0.001 |— 665 DOUBLE-SIDED TAPE, 1" x 1296", (CUT TO 1"x | 3M, 665-1X1296 (Kit Qty = # Reels, Round Up)
1.5" FOR EPD1)

95 5 ET%@DOFF (NOT IN EH STANDOFF, HEX .625'L, 4-40, THR NYLON KEYSTONE, 1902F

56 5 | SCREW (NOT IN EH KIT)* | SCREW, MACH, PHIL, 4-40, .250 IN, NYLON B&F FASTENER SUPPLY, NY PMS 440 0025 PH

57 1 |— FAB, PRINTED CIRCUIT BOARD DEMO CIRCUIT 2321A

58 2 |— STENCILS TOP & BOTTOM STENCILS, DG2321A

*Parts labeled NOT IN EH KIT (items 55 and 56) are omitted from boards used in Wurth Elektronik’s Gleanergy EH / WSN Development Platform. These
parts will be populated on boards built by Linear Technology.
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SCHEMATIC DIRGRAM
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Devices for its use, nor for any infringements of patents or other rights of third parties that may result from its use. Specifications

Information furnished by Analog Devices is believed to be accurate and reliable. However, no responsibility is assumed by Analog
subject to change without notice. No license is granted by implication or otherwise under any patent or patent rights of Analog Devices.
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ESD Caution
\ ESD (electrostatic discharge) sensitive device. Charged devices and circuit boards can discharge without detection. Although this product features patented or proprietary protection
& circuitry, damage may occur on devices subjected to high energy ESD. Therefore, proper ESD precautions should be taken to avoid performance degradation or loss of functionality.

Legal Terms and Conditions

By using the evaluation board discussed herein (together with any tools, components documentation or support materials, the “Evaluation Board”), you are agreeing to be bound by the terms and
conditions set forth below (“Agreement”) unless you have purchased the Evaluation Board, in which case the Analog Devices Standard Terms and Conditions of Sale shall govern. Do not use the Evaluation
Board until you have read and agreed to the Agreement. Your use of the Evaluation Board shall signify your acceptance of the Agreement. This Agreement is made by and between you (“Customer”)
and Analog Devices, Inc. (“ADI”), with its principal place of business at One Technology Way, Norwood, MA 02062, USA. Subject to the terms and conditions of the Agreement, ADI hereby grants to
Customer a free, limited, personal, temporary, non-exclusive, non-sublicensable, non-transferable license to use the Evaluation Board FOR EVALUATION PURPOSES ONLY. Customer understands and
agrees that the Evaluation Board is provided for the sole and exclusive purpose referenced above, and agrees not to use the Evaluation Board for any other purpose. Furthermore, the license granted
is expressly made subject to the following additional limitations: Customer shall not (i) rent, lease, display, sell, transfer, assign, sublicense, or distribute the Evaluation Board; and (ii) permit any Third
Party to access the Evaluation Board. As used herein, the term “Third Party” includes any entity other than ADI, Customer, their employees, affiliates and in-house consultants. The Evaluation Board is
NOT sold to Customer; all rights not expressly granted herein, including ownership of the Evaluation Board, are reserved by ADI. CONFIDENTIALITY. This Agreement and the Evaluation Board shall all
be considered the confidential and proprietary information of ADI. Customer may not disclose or transfer any portion of the Evaluation Board to any other party for any reason. Upon discontinuation of
use of the Evaluation Board or termination of this Agreement, Customer agrees to promptly return the Evaluation Board to ADI. ADDITIONAL RESTRICTIONS. Customer may not disassemble, decompile
or reverse engineer chips on the Evaluation Board. Customer shall inform ADI of any occurred damages or any modifications or alterations it makes to the Evaluation Board, including but not limited
to soldering or any other activity that affects the material content of the Evaluation Board. Modifications to the Evaluation Board must comply with applicable law, including but not limited to the RoHS
Directive. TERMINATION. ADI may terminate this Agreement at any time upon giving written notice to Customer. Customer agrees to return to ADI the Evaluation Board at that time. LIMITATION OF
LIABILITY. THE EVALUATION BOARD PROVIDED HEREUNDER IS PROVIDED “AS IS” AND ADI MAKES NO WARRANTIES OR REPRESENTATIONS OF ANY KIND WITH RESPECT TO IT. ADI SPECIFICALLY
DISCLAIMS ANY REPRESENTATIONS, ENDORSEMENTS, GUARANTEES, OR WARRANTIES, EXPRESS OR IMPLIED, RELATED TO THE EVALUATION BOARD INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTY OF MERCHANTABILITY, TITLE, FITNESS FOR A PARTICULAR PURPOSE OR NONINFRINGEMENT OF INTELLECTUAL PROPERTY RIGHTS. IN NO EVENT WILL ADI AND ITS
LICENSORS BE LIABLE FOR ANY INCIDENTAL, SPECIAL, INDIRECT, OR CONSEQUENTIAL DAMAGES RESULTING FROM CUSTOMER’S POSSESSION OR USE OF THE EVALUATION BOARD, INCLUDING
BUT NOT LIMITED TO LOST PROFITS, DELAY COSTS, LABOR COSTS OR LOSS OF GOODWILL. ADI’S TOTAL LIABILITY FROM ANY AND ALL CAUSES SHALL BE LIMITED TO THE AMOUNT OF ONE
HUNDRED US DOLLARS ($100.00). EXPORT. Customer agrees that it will not directly or indirectly export the Evaluation Board to another country, and that it will comply with all applicable United States
federal laws and regulations relating to exports. GOVERNING LAW. This Agreement shall be governed by and construed in accordance with the substantive laws of the Commonwealth of Massachusetts
(excluding conflict of law rules). Any legal action regarding this Agreement will be heard in the state or federal courts having jurisdiction in Suffolk County, Massachusetts, and Customer hereby submits
to the personal jurisdiction and venue of such courts. The United Nations Convention on Contracts for the International Sale of Goods shall not apply to this Agreement and is expressly disclaimed.
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