L] TECHNOLOGY

Monolithic Full Bridge AutoResonant Transmitter IC Simplifies

Wireless Battery Charger Design
By Eko Lisuwandi
Design Section Leader, Power Products
Linear Technology Corporation

Background

The use of batteries in everyday devices is getting more ubiquitous. In many of these
products, a charging connector is difficult or impossible to use. For example, some
products require sealed enclosures to protect sensitive electronics from harsh
environments and to enable for convenient cleaning or sterilization. Other products may
simply be too small to include a connector, and in products where the battery-powered
application includes movement or rotation, forget about charging with wires. Wireless
charging adds value, reliability and robustness in these and other applications.

There are many ways to deliver power wirelessly. Across a short distance of less than a
few inches, capacitive or inductive coupling is commonly used. In this article, solutions
using inductive coupling are discussed.

In a typical inductively coupled wireless power system, an AC magnetic field is
generated by a transmit coil, which then induces an AC current in a receive coil just like
a typical transformer system. The main difference between a transformer system and a
wireless power system is that an air gap or other non-magnetic material gap separates
the transmitter and receiver. Furthermore, the coupling between the transmit coil and
the receive coil is typically very low. Whereas a coupling of 0.95 to 1 is common in a
transformer system, the coupling coefficient in a wireless power system varies from 0.8
to as low as 0.05.

Wireless Battery Charging Basics

A wireless power system is composed of two parts separated by an air gap: transmit (Tx)
circuitry, including a transmit coil, and receive (Rx) circuitry, including a receive coil.

When designing a wireless power battery charging system, a key parameter is the
amount of power that actually adds energy to the battery. This received power depends
on many factors including:
e Amount of power being transmitted
e Distance and alignment between the transmit coil and the receive coil,
commonly represented as the coupling factor between the coils
e Tolerance of the transmit and receive components
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The main goal in any wireless power transmitter design is the ability for the transmit
circuit to generate a strong field to guarantee delivery of the required received power
under worst-case power transfer conditions. However, it is equally important to avoid
thermal and electrical overstress in the receiver during best-case conditions. This is
especially important when output power requirements are low, and the coupling is

great. An example would be a battery charger when the battery is fully charged with an
Rx coil placed close to the Ty coil.

A Simple but Complete Transmitter Solution Using the LTC4125

The LTC4125 transmitter IC is designed to pair with one of the various battery charger
ICs in Linear Technology’s portfolio as the receiver, for example the LTC4120 —a
Wireless Power Receiver and Battery Charger IC.

L] 3anF DR1

4% 20mo Vi

L
T ] L
E.Ell.:f ) I DR Topf
- 221k e ¢
19F ATyE 106 AIR GAP
L ¥
= T
STAT

Ixi b
100k 2 100k & Dsmar = 3mm
INT IN2

NTC
SW1

RUN N DHG
EOOST

W

LTC4120-4.2

LTc4125

SW2

PROG  GND FREQ INTVp:

%am
S

v

DR1, DRZ, DR3: DFLSMIL
Di: BIT52C13
M: Si730BDN
DC1: COBQRTD (RT: FMBTIO04M
Dmar: LTST-C193KGKT-54 Ryreme: NTHS0402NO2N1 002F
Drg: BASSZ1-7 Ly FGE COIL AND FERRITE: BET410-A0223-X105
Ryrene: NTHSOG03NOZN1002 O 750308101303
RED INDICATES HIGH VOLTAGE PARTS  L1: LPS4018-153ML

Figure 1. LTC4125 Driving a 24pH Transmit Coil at 103kHz, with 1.3A Input Current Threshold, 119kHz
Frequency Limit and 41.5°C Transmit Coil Surface Temperature Limit in a Wireless Power System with
LTC4120-4.2 as a 400mA Single Cell Li-lon Battery Charger at the Receiver

The LTC4125 comes with all of the features necessary for a simple, powerful and safe
wireless power transmitter circuit. In particular, it has the ability to adjust its output

power, depending on the receiver load requirement as well as to detect the presence of
a conductive foreign object.

As mentioned earlier, the transmitter in a wireless battery charger system needs to
generate a strong magnetic field in order to guarantee delivery of power under worst-



case power transfer conditions. To meet this goal, the LTC4125 employs a proprietary
AutoResonant technology.

Figure 2. LTC4125 AutoResonant Drive

The LTC4125 AutoResonant Drive ensures that the voltage at each SW pin is always in
phase with the current into the pin. Referring to Figure 2: when current is flowing from
SW1 to SW2, switches A and C are on while switches D and B are off, and vice versa in
reverse. Locking the driving frequency cycle by cycle with this method ensures that the
LTC4125 always drives the external LC network at its resonant frequency. This is true
even with continuously changing variables that affect the resonant frequency of the LC
tank such as temperature and the reflected impedance of a nearby receiver.

With this technology, the LTC4125 continually adjusts the driving frequency of the
integrated full bridge switches to match the actual resonant frequency of the series LC
network. In this fashion, the LTC4125 is able to efficiently build a large amplitude AC
current in the transmitter coil without the need of a high DC input voltage, nor of a
highly precise LC value.

The LTC4125 also adjusts the pulse width of the waveform across the series LC network
by varying the duty cycle of the full bridge switches. By adjusting the duty cycle higher,
more current is generated in the series LC network and therefore more power is
available to the receiver load.
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Figure 3. LTC4125 Pulse Width Sweep —
Voltage & Current in the Ty Coil Increases as the Duty Cycle Is Increased

The LTC4125 performs a periodic sweep of this duty cycle to find the optimum operating
point for the load condition at the receiver. This Optimum Power Point Search allows
operation tolerant of a large air gap and misalignment of the coils while avoiding
thermal and electrical overstress to the receiver circuit in all cases. The period between
each sweep is easily programmable with a single external capacitor.

The system shown in Figure 1 is quite tolerant of considerable misalignment. When the
coils are misaligned significantly, the LTC4125 is able to adjust the generated magnetic
field strength to ensure that the LTC4120 receives the full charge current. In the system
shown in Figure 1, up to 2W can be transmitted at a distance of up to 12mm.

Foreign Conductive Object Detection

Another essential feature of any viable wireless power transmit circuit is the ability to
detect the presence of a conductive foreign object placed in the magnetic field
generated by the transmit coil. A transmit circuit designed to deliver more than a few
hundred milliwatts to the receiver needs the ability to detect the presence of
conductive foreign objects in order to prevent eddy current from forming in the object
and causing undesirable heating.

The AutoResonant architecture of the LTC4125 allows a unique method for the IC to
detect the presence of a conductive foreign object. A conductive foreign object reduces
the effective inductance value in the series LC network. This causes the AutoResonant
driver to increase the integrated full bridge driving frequency.



Foreign Object Frequency Shift

50.0

WIO: A A
30.0 40V P to Pe

,>\ : 103kH \ \ \
E"; 10.0 —— ’
= ANAA
S 7 VIV VIV V
-10.0 —t 1
'é , 4Y| PeakK to Peak
= w00 3pBkHz
-50.0
-20.0 -10.0 0.0 10.0 20.0
Time (ps)

Figure 4. Comparison of the LTC4125 Transmitter LC Tank Voltage Frequency With & Without
the Presence of a Conductive Foreign Object

The graph in Figure 4 contrasts the frequency of the voltage developed across the
transmit coil, with and without the presence of a conductive foreign object.

By programming a frequency limit via a resistor divider, the LTC4125 reduces the driving
pulse width to zero for a period of time when the AutoResonant drive exceeds this
frequency limit. In this fashion, the LTC4125 stops delivery of any power when it
detects the presence of a conductive foreign object.

Note that by using this frequency shift phenomenon to detect the presence of a
conductive foreign object, the detection sensitivity can be directly traded off with the
component tolerance of the resonant capacitor (C) and the transmit coil inductance (L).
For a typical 5% initial tolerance on each of the L and C values, this frequency limit can
be programmed at 10% higher than the expected natural frequency from the typical LC
value for a reasonably sensitive foreign object detection and robust transmitter circuit
design. However, tighter tolerance 1% components can be used with the frequency
limit set at only 3% higher than the typical expected natural frequency for a higher
detection sensitivity while still maintaining the robustness of the design.



Power Level Flexibility & Performance

With some simple resistor and capacitor value changes, the same application circuit can
be paired with a different receiver IC for higher wattage charging.

LTC4125 Driving a 24pH Transmit Coil at 103kHz, 119kHz Frequency Limit and 41.5°C Transmit Coil
Surface Temperature Limit in a Wireless Power System with LT3652HV as a 1A Single Cell LiFeP0y
(3.6V Float) Battery Charger at the Receiver
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Due to the high efficiency full bridge driver on the transmit circuit as well as the high
efficiency buck switching topology of the receive circuit, overall system efficiency as

high as 70% can be achieved. This overall system efficiency is calculated from the DC
input of the transmit circuit to the battery output of the receive circuit. Note that the
quality factor of the two coils, as well as their coupling, is just as important to the overall
efficiency of the system as the rest of the circuit implementation.

All of these features in the LTC4125 are achieved without any direct communication
between the transmitter and receiver coils. This allows for a simple application design,
covering various power requirements up to 5W as well as many different physical coil
arrangements.
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Figure 6. Typical Complete Wireless Power Transmitter Board Using LTC4125

Figure 6 showcases the small overall size of the typical LTC4125 application circuit as
well as its simplicity. As mentioned before, most of the features are customizable using
external resistors or capacitors.

Conclusion

The LTC4125 is a powerful new IC that provides all of the features necessary to make a
safe, simple and highly efficient wireless power transmitter. The AutoResonant
technology, Optimum Power Search and the Conductive Foreign Object detection via
frequency shift ease the design of a full-featured wireless power transmitter with
excellent distance and alignment tolerance. The LTC4125 is a simple and exceptional
choice in a robust wireless power transmitter design.



