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1 INTRODUCTION

1.1 Overview

The DW10000 can be used with a wide variety of external power sources. These include
button cells, Li-poly cells, standard alkaline batteries and Ni-MH rechargeable cell (AAA, AA
sizes). Each battery type and chemistry will have different internal characteristics that will
influence how it is optimally used. This application note is intended to assist in making the
right choice of battery and associated circuitry for a number of typical DW1000 applications.
It is assumed that the reader is familiar with the operating modes of the DW1000 as outlined
in the DW1000 datasheet [1].

1.2 Battery types tested

The following battery types have been tested to date:

Table 1: Battery types tested to date

Battery Type Ql&igty (;/glltggg) (\I/Sr!\tdaeg de) Rechargeable? | Chemistry Cgﬁ:ﬁl)ty
Button CR2477 1 3.3 3.0 N Li-MnO2 1000
Li-Poly Cell 1 4.0 3.7 Y Li-Poly 150
AA  “Duracell” 2 3.2 3.0 N Alkaline 2100
AAA “Duracell’ 2 3.2 3.0 N Alkaline 1000
AA  “Duracell’ 3 4.2 3.6 Y Ni-MH 1300
AAA “Duracell” 3 4.2 3.6 Y Ni-MH 750

1.3 Summary of Results

A summary of the battery test results is shown below:

Table 2: Summary of test results

Battery Type Chemistry sz;r;téty Reglljl:l)a?ed? RX Operation TX Operation
Button CR2477 Li-MnO2 1 No No Yes*
Li-Poly Cell Li-Poly 1 No Yes Yes
AA  “Duracell” Alkaline 2 No Yes Yes
AAA “Duracell” Alkaline 2 No Yes Yes
AA  “Duracell’ NiMH 3 Yes Yes Yes
AAA “Duracell” NiMH 3 Yes Yes Yes
* Short duration packet modes (short preamble, high data rate)
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2 DW1000 PoOWER SuPPLY OVERVIEW

The diagram below outlines the main ways in which the eight DW1000 supply pins can be
connected up to an external supply. In this diagram a number of options are shown. Note
that where “3.3 V supply” is mentioned it refers to the collection of power pins (VDDBAT,

VDDLNA, VDDAON, VDDPA1, VDDPA2, VDDIOA) that can be powered from between 2.8V

and 3.6 V.

1. Aregulator on the main 3.3 V supply. This is required if the input voltage will ever
exceed the max operating voltage of 3.6 V. By utilising a high efficiency DC-DC
switching converter down to 3.3 V or even 3.0 V greater savings in power can be
achieved. More complex regulation incorporating “buck-boost” circuits can also be
used to allow operation over a wide range of supplies (e.g. from 2.5V up to 5V)
Direct feed of the main 3.3 V (from 2.8 V to 3.6 V) supply. This can be used in
systems where a regulated 3.3 V supply already exists, or where the battery
configuration will not exceed 3.6 V.
A regulator on the VDDLDO<x> supplies. As these supply pins only require 1.6 V to
operate, significant power savings can be made by using a DC-DC switching
converter here. These pins can otherwise be directly connected to the main 3.3 V

supply.

Optional regulator to ensure
supplies are within max

EN / operating spec and to reduce
- power consumption. A DC-DC
>36V Supply RegU|at0r convertor is recommended for
VIN 3.0Vto3.3V highest efficiency. Optional regulator to reduce
VOUT - - power consumption. A DC-DC
convertor is recommended for
highest efficiency.
3.3V Supply (2.5V to 3.6 V)
EXTON
EN VIN
Regulator
VOUT
>16V
< < <
g <
S S g S S S |5|s
) 9 o g > 9 3 8
L o o} e} e o] = | =
> S > — z S NS
—— " ) S
L On-chip On-chip “Always 9
Internal Dl%tal LDO for LDOs for AIIS(\J/'(ger Oon” Rx TX g
Switches Ring digital analog circuits Config LNA PA 8
circuits circuits Store o
L]
< < I<
< S g 5
g [} 0 |1
g o =~
o z
Can be used for digital 10 pull-
up connections. Turns off in
SLEEP and DEEPSLEEP
To External Decoupling Capacitors
Figure 1: DW1000 power supply overview
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2.1 Modes of Operation and their impact on supply choice

Depending on the users requirements, the external power supply requirements may be
broken down in to two categories of operation. The first is where the DW1000 will only be
used for TX (e.g. a TDOA tag); the second category is when the DW1000 will be used in
both TX and RX modes (e.g. Two-Way Ranging, data communication)

2.1.1 TXonly operation

During TX the power consumed has a high peak but a low average due to the pulsed nature
of the UWB transmission. The peak current pulses are filtered by the off-chip decoupling
capacitors (refer to the reference schematic in the DW1000 datasheet [1] for exact values),
so the battery will never see these peak currents. If the duration of transmission is kept
short, then the peak average current may be further filtered and so will never be seen by the
battery. This means that batteries that cannot handle high discharge currents can still be
used for TX only solutions (e.g. button cells) provided that a sufficient recovery time is
allowed between pulses. The diagram below shows the current profile for various length
packets:

120

40

Current Consumption (mA)

20

100 -~ \ —_
A \ =——TX-Preamble Len=64
30 =—TX-Preamble Len=256 _
A \ \ = TX-Preamble Len=1024
60

FAN

\

oSS

1.5 2 2.5 3
Time (ms)

Figure 2: TX current profiles for different preamble lengths (no DC-DC Converter)
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Figure 3: Comparison showing TX current with and without a DC-DC converter on the 3.3 V supply

2.1.2 RXand TX operation

During RX, the average current can approach the peak RX current if the DW1000 is left
listening in the RX state. So this will not be suited to batteries like button cells that cannot
handle sustained 180 mA loads. The diagram below shows a typical Two-Way Ranging
(TWR) message exchange with 5 ms response time (the response time is a user
configurable parameter). The current consumption figures are based on a regulated supply
at 3.3 V connected to all the DW1000 3.3 V supplies and a DC-DC switching converter
supplying 1.8 V to the VDDLDOA and VDDLDOD pins.

180

160 (f:!Rc;nZ);) RX Message
p (optional)
140 J r
< 120
£
= 2WR - TX
'%_ 100 +— (poll)
g 2WR -TX
2 (final)
S 80
% 3 N
g
3 60
Sleep State
20 IDLE State \
20 L X/ LESES IS _\ \j
0 : : :

Time (ms)

Figure 4: Typical TWR power profile for a tag using a DC-DC converter. Channel 5, 6.8 Mbps,
128 symbol preamble.

If we take one of the RX periods from above and compare to a similar period where we don’t
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use a 1.8 V DC-DC switching converter on VDDLDOA / VDDLDOD we get the following
profiles:

250

200

== RX without DC-DC convertor r

150 || ===RXwith DC-DC convertor /V\

50 / \

3
Time (ms)

Current Consumption (mA)

Figure 5: RX current consumption difference when using a DC-DC converter at 1.8 V. Channel
5, 6.8 Mbps, 128 symbol preamble.
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3 PERFORMANCE OVER SUPPLY VOLTAGE

When considering different power supply options we must ensure stability of operation over
the operational voltage range. For this we need to consider both the RX sensitivity and also
the quality of the accumulated Channel Impulse Response (CIR). For the transmitter we
need to consider the spectral shape and output power level.

3.1 TX Power Level over supply voltage

TX Power level varies with the voltage level of VDDPA1L and VDDPAZ2 supplies. This
variation in TX power can be compensated for by adjusting the TX power level based on the
reading of the voltage on the VDDBAT pin from the onboard ADC. The variation in TX power
for a number of different DW1000s is shown below.

_30-5 T T T T 1
27 2.9 3.1 3.3 3.5 3.7

s /.

TX Power Level (dBm)
Q
w

Supply Voltage (V)

Figure 6: TX Power Level versus VDDPA supply voltage for 4 different devices
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3.2 Receiver Sensitivity

Before looking at different battery types, a useful baseline measurement is how well the
DW1000 performs across a range of supply voltages provided by a regulated bench supply.
The plots below show the stability or RX sensitivity for two different data rates (110 kbps and
6.8 Mbps) over a number of supply levels. Any degradation in RX sensitivity would equate to
a reduction in operating distance. Note that the margin of error in the plots is ~ 1 dB.
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Figure 7: RX Sensitivity versus supply voltage for 110 kbps data rate
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Figure 8: RX Sensitivity versus supply voltage for 6.81 Mbps data rate
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3.3 Receiver Quality (Channel Impulse Response Quality)

To verify that the power solutions have no impact on the receiver performance it is
necessary to check both the RX sensitivity and also the RX Channel Impulse Response
(CIR). In a system where the RX sensitivity shows no degradation, it is possible to have poor
CIR’s which will impact the precision of the first path and hence the precision of the reported
range.

The figure below shows 150 overlaid RX CIRs. This visual check and the reported ranging
statistics were used to check for any degradation in the channel response due to power
supply choice.r

T i =~

Figure 9: CIR response overlays all centred on first path (red line)
The results for mean ranging distance and standard deviation across the supply voltage are:

Table 3: Ranging performance over supply voltage

. Supply Ranging Mean Ranging
Voltage (V) (m) StdDev (m)
2.7 2.487 0.029
3.0 2.478 0.034
TX/RX
3.3 2.475 0.033
3.7 2.465 0.033

Any degradation in the CIR response due to the supply voltage would result in a large
variation in the standard deviation. The above results show no degradation and all of the
variances are within the measurement error.
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4 BATTERY TEST RESULTS

All of the performance results for the different battery types are compared against a golden
reference using a regulated bench supply at 3.3 V.

4.1 Button Cell (CR2477)

Button cells such as the CR2477 are not suited to prolonged current drain of greater than a
few mA. They will have high internal resistances ranging from 15 Q up to 30 Q as they
discharge. High current pulsed operation is possible provided that the pulse is short and an
external capacitor is used to filter out the voltage drop. This makes button cells suited to
short TX pulse operation (short preamble, high data rate) but not to long RX operations.
High pulsed current consumption (> 1 mA) will reduce the rated capacity of button cells by
up to 50%, the actual de-rating will depend on cell capacity. Details on pulsed capacity can
usually be found in the cell manufacturer’s datasheet.

The testing involved a single CR2477 cell with a 47 puF capacitor in parallel feeding the
DW1000. The DW1000 was configured to wake up from SLEEP 3 times a second. There
was no drop in TX performance provided the TX power level was calibrated. RX tests were
not performed.

4.2 Li-Poly

Li-Poly cells are well suited to high peak currents as they have a very low internal resistance
(< 1 Q). The testing involved one single Li-poly cell directly powering the DW1000. There
was no loss in performance compared to the reference bench supply. The operating range
of Li-poly is 4.1 V in the unloaded fully charged state, while this is outside the max operating
range of the DW1000; the supply quickly drops to 3.9 V under a small load and 3.7 under
normal loads. The Li-poly cell output may be regulated, via an LDO, to 3.0 V to supply the
DW1000. This will provide sufficient headroom to the regulator across most of the battery’s
discharge profile.

For these tests the Li-poly cell was directly powering the DW1000 (unregulated). There was
no loss in performance compared to the reference supply for both TX and RX operations.

4.3 Alkaline AA (Duracell)

The test setup consisted of 2 AA in series feeding the DW1000 directly (unregulated). There
was no loss in performance compared to the reference supply for both TX and RX
operations. TX power should be calibrated to the typical output voltage of 3.0 V.

4.4 Alkaline AAA (Duracell)

The test setup consisted of 2 AAA in series feeding the DW1000 directly (unregulated).
There was no loss in performance compared to the reference supply for both TX and RX
operations. TX power should be calibrated to the typical output voltage of 3.0 V

4.5 Rechargeable AA (Ni-MH - Duracell)

The test setup consisted of 3 AA in series. As the combined voltage of the three cells can
exceed the 4.2 V, it should be regulated via an LDO or DC-DC switching regulator before
supplying the DW1000. For these tests an LDO was used with an output voltage of 3.3 V.
There was no loss in performance compared to the reference supply for both TX and RX
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operations.
4.6 Rechargeable AAA (Ni-MH - Duracell)

The test setup consisted of 3 AAA in series. As the combined voltage of the three cells can
exceed the 4.2 V, it should be regulated via an LDO or DC-DC switching regulator before
supplying the DW1000. For these tests an LDO was used with an output voltage of 3.3 V.

There was no loss in performance compared to the reference supply for both TX and RX
operations.

4.7 Receive Sensitivity plots for different batteries

The plot below shows that no degradation in RX sensitivity performance was seen when
using the batteries listed (the margin of error in the plots is ~ 1 dB). The button cell was not
tested as long duration RX operation is not possible.
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Figure 10: RX sensitivity plots for various battery options (110 kbps data rate)
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Figure 11: RX sensitivity plots for various battery options (6.81 Mbps data rate)
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5 BATTERY LIFE

Expected battery life will vary depending on the configuration of the DW1000 and the active
TX/RX intervals. Using the power consumption values in the DW1000 datasheet [1] for some
common modes of operation it is possible to calculate the expected battery life. The rated
capacity of battery cells is usually significantly lower for pulse-based loads when compared
to low continuous loads. Battery capacities are usually stated assuming a continuous low
current consumption. Some manufacturer’s datasheets may provide the de-rating for pulsed
current operation, for certain battery types (button Li-MnO- cells) this de-rating can be up to
50% of the stated capacity.

The table and plot below show some sample calculations to help estimate the battery life of
a DW1000 in TX only mode. Note that these calculations exclude any microprocessor’s
current consumption. It is also assumed that the blink rate is continuous; the actual blink rate
of a TX only device might depend on motion detection to further extend the battery life.

Table 4: Battery life calculation

TX Format Channel: 5, PRF: 16, Data Rate: 6.81Mbps, Preamble: 256 symbols
Battery Capacity 500 mAh (capacity assumes steady state low load)
Blink Rate 1 times per second
Current Duration Consumption
(mA) (mS) (mA)

TX Blink 60.00 0.30 18.0E-3
Startup 3.00 4.00 12.0E-3
Sleep 0.002 995.70 2.0E-3

Average Current 32.0E-3
Life span 15629 hours

651.22 days

Using the above table if we plug in a selection of blink rates we get the following battery life
profiles. A curve showing a de-rated (60%) battery capability is also shown.

1460

1095 \

\ No battery derating
\ \ = Battery derated to 60% of capacity
730

Battery life (days)

N{ \\
365 \\\ \\
~
\\\ T ————
0
0 05 1 15 2 25 3 35 4

Blink Rate (times per second)

Figure 12: Battery life estimates as the TX blink rate varies
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6 ADDITIONAL BATTERY MANAGEMENT CONSIDERATIONS

When designing a complete power solution a number of additional requirements may need
to be considered: -

1. Additional circuits (microprocessor) supply levels. Are the supply levels common?

2. Blink rate, fixed frequency or motion sensitivity requirements.

3. Rechargeable battery and the associated recharging circuits. Additional active
circuits that will impact the DEEPSLEEP current consumption. Use of the EXTON
pin from the DW1000 to shut devices down during SLEEP and DEEPSLEEP states.

4. System power consumption can be reduced by using DC-DC switching regulators on
the low voltage VDDLDOA and VDDLDOD rails. This has implications for BOM cost.

5. The use of Buck-Boost converters to allow lower battery voltages (single AA cells) to
be used while maintaining the minimum supply voltage to the DW1000.
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7 REFERENCES
7.1 Listing

Reference is made to the following documents in the course of this Application Note: -

Table 5: Table of References

Ref Author Date Version Title

[1] DecaWave 2.00 DW1000 Datasheet
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8 ABOUT DECAWAVE

DecaWave is a pioneering fabless semiconductor company whose flagship product, the
DW1000, is a complete, single chip CMOS Ultra-Wideband IC based on the

IEEE 802.15.4-2011 UWB standard. This device is the first in a family of parts that will
operate at data rates of 110 kbps, 850 kbps and 6.8 Mbps.

The resulting silicon has a wide range of standards-based applications for both Real Time
Location Systems (RTLS) and Ultra Low Power Wireless Transceivers in areas as diverse
as manufacturing, healthcare, lighting, security, transport, inventory & supply chain
management.

Further Information

For further information on this or any other DecaWave product contact a sales
representative as follows: -

DecaWave Ltd

Adelaide Chambers
Peter Street

Dublin 8

t: +353 1 697 5030

e: sales@decawave.com
w: www.decawave.com
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