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Introduction

In this article, we describe the design of a portable power supply capable of
providing 100 mA, 3.3 V continuous power to an embedded application. The batteries in
the power supply are inductively charged so no physical connections to the charging
apparatus from the portable application need to be made. The design is based on an
LTC1325 [1] microprocessor-controlled battery management system. The supply
consists of two battery packs. One battery pack supplies power to the embedded
application while the other pack is charged. When the pack supplying power to the
application is discharged, the two packs are switched. The second pack then supplies
power while the first pack is recharged. Temperature and voltage of the battery packs are
monitored by the LTC1325 during system operation in order to maximize the health and
longevity of the battery packs. System parameters may be changed to optimize

performance depending on the type of batteries being used (e.g. NiMH, NiCd, or Li-lon).

Design Requirements
Mobile and portable battery-operated wireless sensors are all the rage these days,

it seems. For example, it costs less than $20 in parts to stick a ZigBee radio on a smart



sensor and have the sensor data reported back to a main control center continuously and
in real time — even in an environment where connecting the sensor to the power mains is
impossible. But ultimately, every battery pack deployed in a sensor package must be
replaced or recharged.

Typically, recharging involves connecting the battery pack through a charge
controller to the electric power mains via a wired connection. It isn’t too much of a
stretch to imagine that every reader of Circuit Cellar goes home at night and plugs their
cell phone into a wall-wart charger so that they can use up more of their anytime minutes
tomorrow. But for a variety of reasons, it may not be possible to plug every embedded
application into a power source — even for a couple of hours to recharge the battery pack.
Examples where this situation arises include embedded sensors deployed inside the
human body (no connections to the outside world once the implant incision has healed),
or sensors placed in industrial settings where wired connections may be undesirable for
safety reasons, or sensors that — for a variety of reasons — are deployed in situations
where wired connections would draw undue attention to the installation. In each of these
instances, a mechanism for charging the battery wirelessly is needed.

As part of our research at The University of lowa, we were asked to develop a
telemetry application where a portable, rechargeable battery-based power supply was
required. The power supply needed to provide continuous power to the embedded
telemetry controller, while maintaining the standards of long life and high reliability.
The application was not going to be physically accessible for connecting a power supply,
so the power supply would have to be inductively charged as well.

Further, there were additional constraints on the quality of the power required by
our application. The amount of transient switching behavior that typically occurs when a
single-battery-pack supply switches between powering the application from the battery
pack and powering the application from the charging circuit during battery recharging
was more than our application permitted. This was primarily due to the nature of the
charging circuit. An inductive charging circuit involves a much more tenuous connection
than a wired charging circuit. Even with the hysteresis permitted by the internal charging
unit, an inductive charger tends to switch into and out of charge mode, and as a result

presents more transient switching behavior than does a wired charger. Also, a two-pack



supply can provide enhanced reliability for mission-critical applications due to the
redundancy provided by the second pack.

In order to satisfy the requirements of our application, namely: high quality,
continuous power (100 mA with a 24 hour charge cycle), long life, and high reliability,
we determined that the system would require two separate battery packs. While one
battery pack was providing power to the application, a second battery pack would be
charged as needed. Also, to assure that the batteries were not damaged by the charging
process, a smart battery controller device was required that would monitor the
temperature of the battery packs and stop the charging process if the temperature rose too
high. Finally, as battery technologies are continuously improving, having a charge
controller with adjustable parameters depending on the specific battery technology in use
seemed like a good idea as well. This would permit us to optimize system performance
based on the particular kind of batteries in use.

Additionally, our application was not going to be physically accessible during the
battery charging process. No wires could be attached to the application module when it
was deployed, and so we would not be able to directly connect a power source to the
battery charger As a result, we determined that inductive charging was the most suitable
method for providing recharging energy to the battery packs. For those not familiar with
inductive charging, it essentially uses two coils to couple energy wirelessly into the
battery charging system. One can think of the coil connected to the electric power mains
as representing the primary coil of a transformer and the coil connected to the battery
charging circuit as representing the secondary coil of the same transformer. In an
ordinary transformer, the coils are typically wound together (often around a layered iron
core to enhance coupling). In our case, the coils are wound separately and must be
positioned close together when it is desired to charge batteries in the ICU. When the
electromagnetic flux lines from one coil intersects the second, energy can be transferred

from the electric power mains to the battery charging circuit.

System Architecture
The power supply system described in this paper consists of two main modules.
They are the external charging unit (ECU) and the internal charging unit (ICU) as shown



in the block diagrams of Fig. 1. The ECU handles determination of when a charging
current is desired through interaction with the user, and the generation and management
of the charging current. This charging current is sent through an external transinductance
coil where it generates an electromagnetic field that can be used to couple energy to the
ICU. The transinductance coil for the ICU couples energy from the electromagnetic field
into a current that is rectified and routed to a DC-to-DC step-up switching voltage
regulator. The voltage from the switching regulator is used to charge one of two battery
packs in the system. The second system battery pack is routed to another switching
regulator and used to provide power to the embedded application. The second switching
regulator permits the user to select the desired power supply voltage. With this
configuration, the power supply voltage will not slowly decay as the battery is
discharged. Instead, the power supply will remain constant as the battery is discharged.
At an appropriate point, the battery management hardware will determine that the battery
packs will be switched. This switching process will provide power from a freshly-
charged pack while the discharged pack is charged again. A block diagram of the
system, including both ECU and ICU modules, is shown in Figure 1.

The ECU uses an ATmega8 [2] microcontroller to interact with the user as well as
to generate the alternating current (AC) waveform required to drive the transinductance
coil. The AC waveform is created using a power FET array. The terminals of the
transinductance coil are alternately switched from Vsyppy/Ground to Ground/Vsyppry by
modulating the gate voltage of each device in the four-FET array. The modulation
frequency is chosen to optimize energy transfer between the ECU and ICU by trial and
error. For our application and coil geometry, a frequency of 4.7 kHz resulted in the
shortest battery-charging times.

The ICU also uses an ATmega8 microcontroller to provide battery management
services. This microcontroller is interfaced via an SPI bus to an LTC1325
microprocessor-controlled battery management system IC. Power is coupled into the
ICU through a transinductance coil. The current waveform from the coil is rectified,
filtered, and passed to an LM2621 [3] DC-to-DC switching voltage regulator. The

regulator circuit is designed for an output voltage Vpeost = 5V. Vipoost IS the power source



used by the LTC1325 for charging the discharged battery pack and is monitored by one
of the Atmega8 internal analog to digital converters as well.

The output voltage of the charged battery pack is input to a second LM2621
switching regulator. The circuit for the second regulator can be optimized to provide any
desired power supply voltage for powering the external embedded application. For the
example given in this paper, the voltage is set to 3.3 V. This voltage source is also used
to provide power to the internal Atmega8 microcontroller as well as to the LTC1325 and
a MAX3233 that has been included in the design so that there is an RS232 interface to
the Atmega8 microcontroller for diagnostic and development purposes.

The microcontrollers for both the ECU and the ICU are programmed via separate
6-pin SPI-based programming buses using an STK500 programmer available from

Atmel. Source code development was done in C using the AVR Design Studio.

External Charging Unit

The purpose of the ECU is to convert energy from the electric power mains into
an AC waveform that can be transmitted to the ICU through a pair of mutually-coupled
transinductance coils. Operation of the ECU is initiated by the user closing an SPST
slide-switch. When this switch is closed, it takes pin PD7 of the microcontroller high.
The microcontroller continuously polls PD7 and when the input is high, an AC waveform
through the transinductance coil is generated. The AC waveform is generated by
alternately opening and closing the FETs diagonally opposite each other in the array
shown in the ECU schematic diagram using control pins PD5 and PD6 of the ATmega8.
An NDS9956A FET array is used, rather than microcontroller pins directly, in order to
provide higher currents than the microcontroller would be capable of by itself. For the
transinductance coil developed for our application, a nominal self-inductance of 4 mH
was measured, along with a series resistance of 5 Q2. This corresponds to a coil self-
impedance of approximately 120 Q at 4.7 kHz. A detailed schematic diagram of the
ECU is shown in Fig. 2.

Internal Charging Unit



The purpose of the ICU is to receive energy that is inductively-coupled from the
ECU and to use that energy to charge one of the two battery packs contained in the ICU.
Simultaneously, the ICU uses the other, fully-charged battery pack to provide a regulated
power supply voltage to an embedded application. A detailed schematic diagram of the
ICU is shown in Fig. 3. As configured, the ICU is capable of providing a regulated
supply of 3.3 V at up to a maximum of 700 mA to an application.

The ICU uses a transconductor nearly identical to the one used for the ECU, to
couple in power from the ECU. The power is rectified using a KAB-10E rectifier device
and filtered with a 22 uF capacitor to ground and a series 6.8 uH inductor. This filtered
voltage is input at pin 8 of a LM2621 switching regulator. When the voltage on pin 8
goes above the turn-on threshold (1.1 V) for the LM2621, the battery-charging process is
initiated. When the input voltage has risen above 1.1 V, the LM2621 circuit is designed
to provide an output voltage of Voost =5 V. The LM2621 exhibits input hysteresis so
that once the charging process starts, the voltage input on pin 8 of the LM2621 may go as
low as 0.6 V and the charging voltage Vyoost Will still be maintained. Vpoost is provided to
the LTC1325 battery management IC as its power supply and also for use in re-charging
used battery packs. The ATmega8 microcontroller in the ICU is alerted to the presence
of a charging voltage by continuously polling the voltage through its analog to digital
converter at pin ADC6.

The LTC1325 battery management IC is capable of monitoring various kinds of
battery data. It communicates with the ICU microcontroller using the SPI bus, and
supports many options related to charging, such as rate, voltage, and current for charging
the battery. It is also capable of charging NiMH, Li-ION, and NiCd batteries. Further, it
is capable of monitoring battery temperature, ambient temperature, and the battery
voltage, in order to facilitate the microcontroller making decisions on the appropriate
charging configuration for the system.

The microcontroller determines if inductive power is being transmitted. If power
from the ECU is present, the microcontroller puts the system in charging mode. After
determining which battery pack has the lower voltage, the system charges that battery
pack, while using the other battery pack to provide power to the embedded application.

Every 20 minutes the condition of the battery packs is re-evaluated by the microcontroller



and packs are switched as required. The system operation is summarized in the flowchart
in Fig. 4.

Control of the use of each of the two battery packs is performed via the solid state
relays AQV251 shown in the schematic diagram. These relays are driven by
microcontroller pins PD5, PD6, PD7, and PBO of the ICU microcontroller and alternately
connect a battery pack to the charging circuitry or the power supply circuitry.

Thermistors are used to monitor the temperature of the ambient environment as
well as the battery packs. The ambient temperature is monitored by the thermistor
connected to pin 13 of the LTC1325 and battery temperature is monitored by a pair of
thermistors selectively switched into pin 14 of the LTC1325.

Charging Coils

For the charging coils, we needed something that would work as a proof-of-
concept coil but we didn’t want to spend a lot of money in developing and putting
together the coils. A cheap-yet-elegant solution to this problem yielded coils that were
constructed of approximately 200 turns of 24 AWG enameled magnet wire around a ¥4-
20 x % Class V hex-head bolt with flat washer and nut, and were held in place by a pair
of plastic half-height CD cases as is shown in Fig. 5. For a particular application, the coil
geometry will change. The charging frequency that is set in the ECU firmware should be
optimized for the particular coil geometry of choice.

In laboratory use, the performance of these coils proved to be quite satisfactory.
Coil spacings ranging from 0 — 3/8” provided sufficient transinductance coupling for the
power supply to function properly. Naturally, the tighter the spacing between the coils,
the stronger the coupling and therefore the higher the rate of energy transfer between the
ECU and the ICU. In practice, however, the coil details will be application-dependent
and such parameters as the excitation frequency, coil geometry, and spacing will need to
be optimized based on performance metrics related to the particular application being

developed.

Charging Data



The power supply development was based on a pair of two AA NiMH-cell battery
packs. These packs provide a nominally fully-charged voltage of approximately 2.5 V.
In the completely discharged state, the output voltage from the NiMH packs was
approximately 1.25 V. Charging time for the batteries in various states of discharge is

summarized in Table 1.

Initial Battery Voltage | 1.25V | 2.0V
Charging Time 3hr 1hr
Final Battery Voltage |25V |25V

Table 1. Charging times for various initial NiMH battery pack voltages.

The nonlinear charging rate that is evident from Table 1 is consistent with the results
anticipated from the data sheets [4] for the batteries used in this supply. The data indicate
that fully charging both battery packs during a 6 hour typical overnight time period is
certainly feasible. The packs are rated at 3200 mAh each, so the supply is certainly
capable of providing in excess of the required 100 mA of current continuously over a
single day time period.

Although we did not investigate operation with battery packs other than the
NiMH type, the performance of the LTC1325 battery management IC can be optimized,
through both hardware and firmware tuning, for a particular type of battery. These
modifications are fully documented in the LTC1325 data sheet and are not discussed

further here.

Summary

In this article, we have described the design of a portable power supply capable of
providing more than 100 mA of continuous current at 3.3 V to an embedded application
with a recharge cycle of 24 hours. The supply is inductively charged and does not
require the physical connection of any leads to enable the charging cycle. The supply
uses a pair of ATmega8 microcontrollers, together with an LTC1325 battery management

IC to monitor and charge a pair of battery packs for optimal long-term performance of the



supply. Parameters of the system hardware and firmware may be optimized for various
battery types, including NiMH, NiCd, and Li-ION.

The power supply design presented here should prove useful in a wide variety of
portable embedded applications — including sensor deployment where power supply lead
wires can become problematic. Examples where this is the case include specialized
industrial situations and the healthcare industry. Mobile, wireless networks of easily-
rechargeable sensors will simplify process monitoring and problem diagnosis in many

walks of life.



Figure Captions
Fig. 1. Block diagram of the power supply showing (a) the external charging unit and (b)

the internal charging unit.

Fig. 2. Schematic diagram of the external charging unit.

Fig. 3. Schematic diagram of the internal charging unit.

Fig. 4. Flow chart showing the charging algorithm implemented in firmware.

Fig. 5. Photograph of the internal (I) and external (r) charging units. Power is applied to
the external charging unit (ECU) via a wall plug supply as shown. Energy is
inductively coupled from the ECU across the gap between the transinductors, and
is processed by the ICU to charge the AA battery packs. Radios (Radiotronix
EWD-900-HDTC) and 900 MHz antennas can also be noted on the boards — these
were for the telemetry application we developed the power supply for use with

and are not documented in the text.
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See Eagle .sch file for Fig. 2

Fig. 2. Schematic diagram of the external charging unit.
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See Eagle .sch file for Fig. 3

Fig. 3. Schematic diagram of the internal charging unit.
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