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NXQ1TXH5/101 one-chip 5V Qi wireless transmitter

1. Introduction

AN11775

Fig 1. NXQ1TXH5/101IC

This application note describes the NXQ1TXH5/101 wireless charger solution designed
for A1l Qi coils. It is based on the NXP Semiconductors NXQ1TXH5/101 fully integrated
wireless power transmitter product for Qi compliant 5 V low-power transmitters.

The NXQ1TXH5/101 comes in a5 mm x 5 mm HVQFN32 package. It implements all the
logic and power electronics required to realize a compact ultra-low component count 5 W
Qi power transmitter application. To complete the whole application, only a handful of
small passive components and a transmission coil are required. The application operates
from a 5 V power supply (e.g. a USB adapter).

In this application note guidelines are given for the implementation of a fully operating
wireless power transmitter. Electrical, thermal and compliance aspects are covered.
Recommendations for tuning and potential customizations are explained.

1.1 Features

* Single-chip WPC 1.2 Qi-compliant device for A5/A11/A12/A16 5 V single-coil
low-power transmitter

* Operates from 5 V supply

* Integrated high efficiency full-bridge power stage with low EMI radiation meeting
EN55022 radiated and conducted emission limits

* Very few external components required, minimizing cost and board space

* Extremely low-power receiver detection circuitry by integrating an analog ping circuit;
standby (wait-state) power 10 mW (typical)

* Power stage protected against overcurrents and overtemperature
¢ Dual-channel Amplitude Shift Keying (ASK) demodulation

¢ Demodulates communication packets from Qi-compliant receivers
* PID regulation for power drive and control

* Internal 1.8 V digital supply generation

¢ LED (x2) and buzzer outputs

* NTC input for external temperature check and protection

* On-chip thermal protection
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¢ Small HVQFN 32-pin package (5 mm x 5 mm) with 0.5 mm pitch

* FOD with WPC receiver versions 1.2 and 1.1 and for legacy receiver support; when a
WPC 1.0 receiver is detected, FOD is switched off automatically

* The FOD configuration can be adjusted using external resistors to compensate for
application differences to meet Qi certification requirements

* Smart Power Limiting (SPL) function to adapt to power-limited 5 V supplies
¢ Static Power Reduction (SPR) function to limit power consumption

* Peak efficiency > 75 %

* Excellent low power (< 2 W) transfer efficiency. Ideal for charging wearables

1.2 Powering an NXQ1TXH5/101 application

The power supply that provides the power to the NXQ1TXH5/101 wireless power
transmission application must be able to supply a stable and sufficiently high voltage to
the application board. Especially when the wireless power transmitter operates at a
relatively high power level, the stable and sufficient high voltage is required. Some
commonly available USB adapters come with a thin (and sometimes long) USB cable. At
high current, the voltage drop across that cable may cause the voltage arriving at the
NXQL1TXH5/101 application board to drop well below 5.0 V and to vary significantly with
current consumption. This voltage drop can cause the NXQ1TXH5/101 application to
enter a fault state prematurely.

Use a good quality 5V 2 A USB adapter. It must be compliant with the USB specification
and equipped with at least an AWG24 power cable (not longer than approximately 1 m).
Adapters with built-in cable compensation can also overcome the problem of thin

(and long) wires.
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2. Functional description

2.1 Circuit description

In this section, aspects relating to the NXQ1TXH5/101 application and the circuitry are
described and explained. For more information about the IC, see the NXQ1TXH5/101
data sheet (Ref. 2).

2.1.1 Power transfer

The power transfer section is on the right-hand side in the circuit diagram. The
NXQ1TXH5/101 IC contains a full (4-MOSFET) power bridge that drives the
series-resonant network. The network consists of capacitance Cp, (realized by connecting
capacitors C3, C4, C5, and C6 in parallel) in series with the transmitter coil L, (connected
to terminals IND1 and IND2). The combination of C, and L, is also called the LC resonant
tank.

The NXQ1TXH5/101 regulates the amount of power that the coil transmits by varying the
switching frequency of the bridge. At high frequency (e.g. 205 kHz), power transfer is low
and at low frequency (e.g. 110 kHz), power transfer is high.

If at 205 kHz switching frequency the power transfer is still higher than required by the
load (Qi receiver), the NXQ1TXH5/101 IC reduces the operation duty cycle to arrive at the
required power transfer level. During the on-period of the duty cycle, the switching
frequency is 205 kHz.

To limit ElectroMagnetic Interference (EMI), snubber networks are connected from the two
bridge-output nodes to ground (resistor R1/capacitor C1 and resistor R2/capacitor C2).
Supply decoupling of the power stage is implemented using capacitors C7, C8, C9, and
C10.

Pins ASEN1, ASEN2, and VSEN monitor the behavior of the LC resonant tank. To do the
monitoring properly, the LC-tank midpoint voltage is rectified, filtered, and attenuated
before the signal is fed to these pins. Capacitors C15 to C18, diode D1, and resistors R13
to R18 make up the interface circuit.

Internally, the NXQ1TXH5/101 DSP core processes the signals. FOD and ASK
information is derived from it.
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2.1.1.1 Optimizing the LC resonant tank

According to Wireless Power Consortium (WPC) Qi specification (Ref. 1), values have
been specified for both the inductance (L) and the capacitance (Cy) in the resonant tank.

full-bridge
inverter

| |
T |
| |
| |
BN

| | Cp

| +——
input { I I
) control = |
voltage \/ | I
| |
| f
| |
v\
| |
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77 77 aaa-018554

Fig 2. Qi power transmitter principle - full-bridge inverter plus resonant tank

The assembly of the inductor coil and the shielding and accessories must have an
inductance (L) of 6.3 uH (£10 %). The capacitance (Cp) of the series capacitor must be
0.4 uF (£5 %). The input voltage to the full-bridge inverter must be 5V (x5 %). The
combination of L, and Cj, is intended to give the tank a target resonant frequency of:

foo= — L 110026 kHz (+8 %) )

2n- JL,-Cy

Under various conditions, tuning the resonant tank to perform optimally can be an option.
For example, when the inductance of a specific transmitter coil assembly is high, a lower
value for the capacitance can be chosen to shift the resonant frequency towards the target
resonant frequency. The result of failing to do so can be that the inverter/resonant tank
combination cannot transfer the required amount of power at the lowest operating
frequency (110 kHz). Tune the C, capacitance value through a small series of practical
experiments. When C, consists of a number of capacitors in parallel, make sure that the
individual capacitances have approximately the same value (preferably not more than

20 % difference). This way of tuning leads to the best performance when a specific
transmitter coil is chosen.

When the resonant frequency of the resonant tank is shifted slightly upwards

(e.g. 105 kHz), realizing maximum power transfer can be easier. When transferring power
to a critical receiver, a slightly upward frequency shift is beneficial. However, the resonant
frequency must never be so close to 110 kHz that the spread in component values causes
it to be higher than 110 kHz.

AN11775 All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2016. All rights reserved.

Application note Rev. 1 — 26 April 2016 6 of 37




NXP Semiconductors AN11775

NXQ1TXH5/101 one-chip 5V Qi wireless transmitter

2.1.2 Crystal oscillator

The NXQL1TXH5/101 uses an external low-cost 32.768 kHz crystal with a better than 1 %
accuracy. The crystal must support a load capacitance of approximately 12 pF (the load
capacitance is embedded in the NXQ1TXH5/101). It is connected to the oscillator input
pin (XTAL_IN) via a 2.2 pF series capacitor. To prevent oscillations or overtones, the
length of the crystal connections must be approximately 1 cm. Do not connect the crystal
to the NXQ1TXH5/101 using vias. Connect it directly on the top layer of the PCB. If
possible, shield the crystal by connecting the casing to ground.

Fig 3. Crystal to NXQ1TXH5/101 IC typical connection layout

2.1.3 NXQ1TXH5/101 configuration

The NXQ1TXH5/101 operation behavior is set with 5 resistors: R7 to R11. The IC ‘reads’
its configuration by the pulling the CNF1, CNF2, CNF3, and CNF4 outputs low, while
measuring the voltage that is being produced on pin CNF_IN. In this way, the resistor
combinations R7/R11, R8/R11, R9/R11 and R10/R11 define the NXQ1TXH5/101
operating characteristics.
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Fig 4. NXQ1TXH5/101 configuration

2.1.3.1 Static Power Reduction (SPR) and Smart Power Limiting (SPL) (CNF1 pin)

AN11775

Resistor combination R7 and R11 sets SPR and SPL behavior of the NXQ1TXH5/101 IC.
The SPR/SPL operational behavior is read by measuring the voltage on the CNF_IN pin
while CNF1 is low.

R7
Vene N = M'VDDP (2)

Table 1 lists the SPR level and SPL status that result from a certain Vcnr v Voltage. In the
table, Vppp (the supply voltage) is assumed to be 5.0 V. However, levels are automatically
compensated for deviations/changes in Vppp.

Table 1. SPR and SPL

Input voltage on pin CNF_IN SPR SPL
(CNF1 is active)

Venr in<0.04V off (maximum 2 A) off
0.085V < Ve n<1.29V SPR = (Vene v/ 1.2) +0.43 (A) on
1.335 < Vgpr < Vppp off (maximum 2 A) on
(Vppp is maximum input level)

[1] This formula assumes Vppp = 5 V; the results are automatically adjusted to compensate for changes in the
supply voltage level. CNF_IN in V.

SPR limits the supply current independently of the supply voltage. This feature can be
used, for example, when the supply is taken from a limited USB source. To detect if the
SPR setting via the CNF1 pin has changed, the CNF_IN pin is sensed every 3 s after
start-up. The NXQ1TXH5/101 limits the power accordingly.

Not mounting resistor R7 (leave the connection open) disables SPR. In that case, SPL
remains functional. SPR can also be disabled by connecting the CNF1 pin directly to the
CNF_IN pin (which is equivalent to R7 = 0 Q2). Connecting the CNF1 pin directly to the
CNF_IN also disables SPL functionality.
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SPL limits the supply current when the 5 V supply (Vppp) drops below the SPL threshold
(4.2 V). Even if the receiver requests more power, SPL continues to limit the output power
until the supply voltage recovers.

SPL can be disabled by connecting the CNF1 pin directly to the CNF_IN pin (which is
equivalent to R7 = 0 Q). Connecting the CNF1 pin directly to the CNF_IN also disables
SPR functionality.

A proprietary application that e.g. operates from a 3.6 V battery source (e.g. low-power
application for wearables) can be realized by disabling SPL. However, to protect the
power supply, SPL is mandatory for a Qi certified application.

The SPR and SPL are relatively slow power limiting mechanisms. They are intended to
prevent long-term overload conditions on the supply adapter. If the supply voltage of a

power adapter collapses near instantly because of an overload condition, the SPR and
SPL mechanism may not be fast enough to prevent the collapse.

FOD (CNF2 and CNF3 pins)

The NXQ1TXH5/101 features FOD functionality according to the WPC 1.2 and WPC 1.1
standard. When the NXQ1TXH5/101 IC notices that too much power is lost in the wireless
power transfer path (e.g. a metal object like a coin), the NXQ1TXH5/101 enters the FOD
fault state.

Ptxloss
NXQ1TXHS5 Qi
AC AC/DC POWER Qi LOAD/
MAINS CONVERTER TRANSMITTER RECEIVER BATTERY
APPLICATION
Psupply Ptransmitted Preceived aaa-021895

Fig 5. Power transfer chain

The NXQ1TXH5/101 can calculate the amount of power it is transmitting with Equation 3:

P =P — Pixtoss (3)

transmitted supply
Where:

* Psupply is calculated from the input voltage and the input current that the IC measures

* Pyioss IS the amount of power loss in the wireless transmitter electronics (IC and
peripheral circuit)

Piioss Must be calculated. To estimate/calculate the power loss in the transmitter
electronics, the NXQ1TXH5/101 uses Equation 4:

2
Ptxloss = IRMS(coiI) -FOD_E (4)
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Where:
* Irms(coily IS the RMS current that flows in the transmission coil. The NXQ1TXH5/101 IC
calculates the magnitude of this current internally

* FOD_E is an equivalent loss resistance, consisting of the internal resistance in the IC,
the PCB resistance, and the AC resistance of the transmission coil.

The FOD_E value is read by measuring the voltage on the CNF_IN pin while CNF2 is low.
So, FOD_E is set with resistor combination R8/R11.

R8
Venr N = M'VDDP )

The default value for FOD_E is selected by connecting pin CNF2 directly to pin CNF_IN
(which is equivalent to R8 = 0 Q).

Table 2.  CNF2: FOD_E parameter
Input voltage on pin CNF_IN (CNF2 is active) [FOD_E

Venr N <40 mVv default value for FOD correction (280)
85 mV < VCNF_IN <129V 400 x (VCNF_IN/ 15) + 1350
1.335V< VCNF_IN < Vppp reserved

(Vppp is maximum input level)

[1] This equation assumes Vppp = 5 V. The results are automatically adjusted to compensate for changes in
the supply voltage level.

Details about FOD configuration can be found in the NXQ1TXH5/101 FOD configuration
document (Ref. 4). This document is available through your NXP sales representative.

In addition to the transmitted power (Pyansmitted), the NXQ1TXH5/101 IC also knows the
power that was received by the Qi receiver (Preceiveq)- That information is communicated
from the Qi receiver to the Qi transmitter with Amplitude Shift Keying (ASK) modulation of
the absorbed power (by the Qi receiver).

It is not uncommon that some power is lost in the wireless transfer from Qi transmitter to
Qi receiver. Only when power loss gets too high, for example because power is being
absorbed by a metal object (typically a coin or similar), it can be desirable to halt power
transfer. A foreign object like that can heat up considerably and jeopardize safety. The
power loss level that is considered acceptable can be set with the FOD threshold level
through CNF3.

The FOD threshold level (FOD_T) is read by measuring the voltage on the CNF_IN pin
while CNF3 is low. Thus, with resistor combination R9/R11, the FOD threshold is set.

R9
VenEIn = RO+ R1L Voop (6)

FOD can be disabled by connecting pin CNF3 directly to pin CNF_IN (which is equivalent
toR9=0Q).
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Table 3.  CNF3: FOD_T parameter
Input voltage on pin CNF_IN (CNF3 is active) [FOD_T level

VCNF_IN <40 mV no FOD
250 mV < VCNF_IN <129V VCNF_IN /15 (W)M
1.335V < Vcnr in < Vopp 350 mW (default value)

(Vppp is maximum input level)

[1] This equation assumes Vppp = 5 V. The results are automatically adjusted to compensate for changes in
the supply voltage level.

When FOD is enabled, the following rule applies:

if Ptransmitted — Preceived > I:)FOD_threshoId
then {halt power transfer, enter fault state}

else {normal operation}

2.1.3.3 LED and buzzer mode (CNF4 pin)

The LEDs (H1 and H2) and the optional buzzer implement an elementary visual and
audial user interface. The application works without implementing the LEDs and the
buzzer. However, for Qi certification, at least one LED is required. Also, end users may
appreciate some form of feedback regarding the operation and status of the application.

Resistor combination R10/R11 sets the LED and buzzer behavior of the NXQ1TXH5/101
IC. The mode is read by measuring the voltage on the CNF_IN pin while CNF4 is low.

R10
Venr N = Rlo_,_Rll'VDDP (7)

Table 4 lists the modes that result from a certain Vene v Voltage. In the table, Vppp
(the supply voltage) is assumed to be 5.0 V, but levels are automatically compensated for
deviations/changes in Vppp.

Table 4. LED and buzzer configuration set via the CNF_IN pin (when CNF4 is active)

Input voltage on the CNF_IN pin R10[ LED/buzzer mode
(when CNF4 is active)

Venr i < 0.04V 002 1
0.085 V < Vong iy < 0.165 V 10 kQ 2
0.210 V < Vene iy < 0.290 V 205 kQ 3
0.335 V < Vonge v < 0415 V 32.4 kQ 4
0.460 V < Vene iy < 0540 V 432 kQ 5
0.585 V < Vone i < 0.665 V 56 kQ 6
0.710 V < Vene iy < 0.790 V 68.1 kQ 7
0.835 V < Vong iy < 0.915 V 82.5 kQ 8
0.960 V < Vene iy < 1.040 V 97.6 kQ 9
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Table 4. LED and buzzer configuration set via the CNF_IN pin (when CNF4 is active)

Input voltage on the CNF_IN pin R0 LED/buzzer mode
(when CNF4 is active)

1.085V < Vcne n< 1,165V 113 kQ 10

1.210 V <Vene n<1.290V 130 kQ 11

1.335V < Vcne in < Vopp - reserved

(Vppp is maximum input level)

[1] Resistor R10 is connected in series with 390 kQ resistor (R11) to Vppp; see application diagram
(Figure 11). Different resistor values can be used provided the ratio between R10 and R11 is maintained;
use 1 % tolerance. The resistance values are calculated assuming Vppp = 5 V; to compensate for changes
in the supply voltage level, the equation is automatically adjusted.

[2] Instead of a 0 Q resistor, connect the CNF4 pin directly to CNF_IN.

Figure 6 shows the behavior (logic levels) for modes 1 to mode 11 LED_R, LED_G, and
buzzer.
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LED mode LED and buzzer behavior
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4s 4s 4s 4s 4s
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Blink duration is 100 ms (not shown to scale) and is synchronized with digital ping.

When going from standby (wait state) state to charging state, the buzzer beeps twice at 1 kHz
When Charge state is entered, the buzzer beeps 4 times at 2 kHz

One beep (4 kHz) every 4 s.

Mode not recommended.

LED and buzzer modes for normal (non-inverted) green LED and inverted red LED

AN11775

The LEDs can be connected to the respective LED_R and LED_G outputs in two ways:

normal (not inverted) and inverted.

* Normal (not inverted; see Figure 7 (a))
* Inverted (Figure 7 (b))
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+5V +5V
to LED_R/G

. .

to LED_R/G

) (b)

(a aaa-021754

Fig 7. LED connection options; (a) normal, (b) inverted

LED (blinking) patterns for all modes and all LED connection options can be found in the
NXQ1TXH5/101 data sheet (Ref. 2).

Remark: Not all modes and configurations lead to Qi certifiable applications.

Thermal protections

Built-in thermal protection mechanisms

The NXQL1TXH5/101 has a built-in temperature reduction mechanism that reduces the
power transfer when the internal IC temperature exceeds the threshold level of 85 °C.
Effectively, this mechanism limits the operating temperature of the device to maximum
85 °C. The output power level reduction allows a very small PCB design with limited
cooling. The PCB can operate at full power when the receiver is aligned correctly, but
gradually reduces the output power at a high misalignment level. For more information,
see the NXQ1TXH5/101 data sheet (Ref. 2).

The built-in temperature reduction mechanism is disabled by connecting the NTC pin to
ground. Disabling the temperature reduction mechanism allows designs that operate at
device temperatures higher than 85 °C.

When the device temperature exceeds 110 °C, the output power is stopped. When the
junction temperature drops to below 80 °C, power transfer is resumed. It is an
OverTemperature Protection (OTP) to ensure safe device operation. It is always active,
also when the NTC input pin is connected to ground. LED blinking indicates when a
protection is triggered.

Additional hardware OTP is triggered when the junction temperature exceeds the
temperature protection threshold of between 125 °C and 140 °C. In this case, the output
stages are set floating. Because the temperature reduction mechanism reacts at lower
temperatures, this additional hardware OTP is only triggered under abnormal load
conditions (for example, when the application is heated-up by an external heat source).
The hardware OTP acts as an extra safety mechanism.
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2.1.4.2 External NTC protection mechanism

The NTC input pin is used to monitor the voltage level on an external NTC resistor
network. If the input level on the NTC input pin drops below 0.8 V (Vyip), the
NXQL1TXH5/101 stops delivering power. When the level exceeds 1.1 V (Viesume) again,
the NXQ1TXH5/101 resumes operation. The NXQ1TXH5/101 automatically compensates
these voltage threshold levels for variations in the 5V supply (Vppp).

If the voltage on the NTC input pin is below 60 mV (the NTC pin is considered grounded)
when charging starts, the temperature sensing function via the NTC is disabled
completely. The built-in temperature reduction mechanism (see Section 2.1.4.1) is also
switched off.

The NTC input pin can also be connected to the Vppp voltage level. In this case, NTC
sensing is inactive, but the built-in temperature reduction mechanism (see
Section 2.1.4.1) remains active.

The NTC input pin must always be connected to either Vppp, ground, or an NTC network.
A floating NTC pin can cause unpredictable operation.

One or more thermal tripping points can be implemented using the NTC pin of the
NXQ1TXH5/101 IC. Figure 11 shows the implementation of a single temperature
measurement point. NTC resistor R6 can be placed in the coil center. So the legacy
devices with Qi 1.0 receivers can be supported and protected. The combination of
resistors R6 and R5 determines at what temperature the thermal protection trips and at
what temperature normal operation resumes.

For example, a 100 kQ pull-up resistor (R5) in series with a 100 kQ NTC (R6, 1 %
thermistor with nominal p-parameter of 4500 K) causes the triggering of the thermal
protection at 62 °C. When the temperature has dropped to 52 °C, the application resumes
operation. This combination creates a hysteresis of 10 °C.

Capacitor C13 is used to suppress noise. Basically, a low-pass filter is created.

The trip temperature and the resume temperature of an NTC measuring network can be
calculated with Equation 8 and Equation 9. The required input:

* The value of the pull-up resistor R5 (in this case 100 kQ)

¢ The nominal resistance value (at T,ef) of NTC thermistor R6 (in this case 100 kQ at
25 °C/298.15 K)

* The NTC temperature dependency parameter 3: In this case 4500 K for R6.

1
" ) (D)
Tref B VDDP_Vtrip R
1
Tresume: ©)

?;_Jr%.(ln( Vresume )+In(§3)

VDDP - Vresume
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Where:

* Ttis the reference temperature of the NTC resistor in Kelvin
* In() is the natural logarithm function

* Vppp=5.0V

* Viip=0.8V

* Viesume = 1.1V

When R5 = 100 kQ, R6 = 100 kQ (at T, = 298.15 K), and = 4500 K, the results are:

Tuip = 334.95 K (= 61.80 °C, rounded to 62 °C)
Tresume = 325.44 K (= 52.29 °C, rounded to 52 °C)

Table 5.  Trip and resume temperature examples and associated component values

Ttrip Tresume R5 R6

60 °C 50 °C 115 kQ 100 kO; B = 4330 K
65 °C 55°C 95.3 kQ 1100 kQ; B = 4330 K
70 °C 60 °C 76.8 kQ 100 kO; B = 4330 K
75 °C 65 °C 90.9 kQ 1150 kQ; B = 4500 K
80 °C 70 °C 75 kQ 150 kO; B = 4500 K
85 °C 75°C 62 kQ 1150 kQ; B = 4500 K

Figure 8 shows a solution to monitor the temperature of more than one location by using
two NTC sensors. The lowest voltage is across the NTC resistor with the highest
temperature. Two diodes are used to select this lowest voltage. This voltage + the diode
forward-bias voltage is then across capacitor C13. The diode forward-bias voltage from
diode D3C is subtracted from this voltage so that the voltage on the NTC pin is the voltage
across the hottest NTC resistor.

Diodes D3A, D3B, and D3C must be in the same package (e.g. BAW56S), so that they
are identical and all have the same temperature.

+5V +5V +5V
Rbias5
[E o E] R5 R105
D3A
>
. D3C
to NTC pin ) LA
< D3B
NI
=
. T T
Rbias6 =c13 R6 R106

1MQ I

close to close to
coil NXQ1TXH5

aaa-021755

Fig 8. Multiple temperature protections using a diode-circuit
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In a similar configuration, more than two temperatures can be monitored and used for
tripping/resuming.
STBY - enable/disable operation

For normal operation of the NXQ1TXH5/101 IC, the STBY pin (pin 14) must be low
(grounded). To disable operation, the pin must be set high (Vppp level). This functionality
can be used in non-standalone Qi wireless power transmitter applications.

Test - factory test
The NXQL1TXH5/101 TEST pin (pin 31) is only used in factory testing. The pin must be
grounded in all Qi wireless power transmitter applications.

Support interface

An 12C interface is provided with the SDA and SCL pins (pin 3 and pin 4). Communication
with the NXQ1TXH5/101 processor core can take place through these pins.

To use the SDA and SCL I2C lines, they must have a pull-up resistor to a 3.3 V
(maximum 3.6 V) voltage level.

If 12C communication is not required, make the I2C pins available via test pads to allow
support.

The detailed use of the I2C interface is outside the scope of this application note. Contact
NXP application support for assistance.

Input protection

Figure 9 shows a potential implementation of the power interface circuit.

X1
10104111-0001LF
S1 [S2 +5V
6 7 5V o
r— 1
NI 1
+D c19 c20 L
- 3I— —=100pF ==10nF /N ]
D 63V 50V BZX384-B5V6
r— 41—
— 5 GND
8 9 —_—
S3 |s4
aaa-021749

Fig 9. 5V USB input power interface option

When an additional LED is required to indicate power-on state, use a high-ohmic series
resistance to limit the impact on the low-power standby (wait state) properties of the
application.

To protect the application against severe overvoltage (e.g. 12 V supplied via the micro
USB connector), an alternative USB input power interface can be used (see Figure 10).
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+5V
X1 Q
10104111-0001LF I[fl
™
BAS316
Q2
S1 |82 PMV27UPE
6 7 sV
+
- 1
D 231
- 2f=
+D R19
3 D 10 kQ
- 4=
GND & o
> 8 e N._BC857
8 9 1kQ c19 C20
1 = 100pF ==10nF
S3 [s4 D2 63V 50V
Zx BZX384-B5V1 R20
1kQ
micro USB power l
aaa-022132
Fig 10. Alternative USB input power interface option
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3. Schematic

Figure 11 shows a full basic circuit diagram for a NXQ1TXH5/101 wireless power
transmitter application.

+5V +5V +5V +5V +5V +5V
R4 R3 Rk RS R18
1kQ 1kQ T 100 kQ 1MQ
C15 R16
il
10nF 15kQ
25V
H R17 c1e H R15
180 kQ 25 15 kQ
close to coil  R6
T <100 kQ Clm
- 1
22nF
c17 R13 50V
22 nF 1.8 kQ
X2 « « 50V 1%
22-28-4020 8 e R14
R12 g H1 8 H2 27kQ
2 H ko S 4 creen S /¥ rep c8 J_ c1o 1%
% %' 16V == 10 nF 22 yF c3
50V 10V
BUZZER g g T 045V ——
zizl o o |88 | mBh
JEEl ol Bl ml 51 S 1PS765810
v ol 22512588 CIAI
LED_R 9 10 11 12 13 14 15 16 | oo 82 nF
— 8 17 50V ¢+
LED_G R2 c5
C] 18| 9UT2D
E1
100 nF
CNF4f 19 | GNDP2a Si | sov IND1
BUZZER GNDP2b 50 V c6 L1
5 20 —"— transmitter
scL NXQITXH5 GNDP1a_| 100nF coll
sCL 4 21 1 50V
E2
SDA SDA| 2| GNDP1b g{,)&\;f IND2
R10 R1
CNF3|, 3| OUT1a
130 kQ 10
1% CNF2|, 4 [OUTTD
R9 33 32 31 30 29 28 27 26 25
[} b = = 4 O Q o ©
] w 1) 2 = w by by
> gl w9 J a 2| 5| &
J &1 ©°l o al a
£ % S| >
47kQ x 0+5V
1% c7 _L c9
R7 ==10nF ==22pF
50V 10V
390 kQ
1% c12
2.2 pF
c14 50V ci
=22nF G1 == 100 nF
50V 16V
—i(
32.768 kHz aaa-021748
Fig 11. NXQ1TXH5/101 wireless power transmitter circuit diagram

The circuit diagram includes the status LED indicators and a connection for a buzzer. If
the LEDs, the buzzer, and the temperature sensor functions are not required, they can be
left out. In that case, the respective IC pins can be connected to GND. For Qi certification,
at least one LED is required in the application. One or more sensors can be implemented
in a specific application. However, it is also possible to omit the sensors and in this way
ignore specific temperature information. In this case, only the NXQ1TXH5/101 internal
temperature protection is functional.
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4. Bill Of Materials (BOM)
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NXQ1TXH5/101 one-chip 5V Qi wireless transmitter

Table 6 contains the component list for a basic stand-alone NXQ1TXH5/101 application.
The bill of materials more or less corresponds with the NXQ1TXH5/101 reference
application as described in the user manual NXQ1TXH5DB1401 one-chip 5 V Qi wireless

transmitter demo board (Ref. 3).

Table 6. NXQ1TXH5/101 bill of materials

Reference Description and values Part number Manufacturer

C1;C2 capacitor; 6.8 nF; 50 V; X7R - -

C3;C4 capacitor; 82 nF; 50 V; NP0 - -

v05; C6 capacitor; 100 nF; 50 V; NPO - -

(see Section 2.1.1.1)

C7;C8 capacitor; 10 nF; 50 V; NPO - -

C9; C10 capacitor; 22 uF; 10 V; X5R - -

C11; C13 capacitor; 100 nF; 16 V; X7R - -

YClZ capacitor; 2.2 pF; 50 V; NPO - -

Ci15 capacitor; 10 nF; 25 V; NPO - -

C16 capacitor; 1 nF; 25 V; NPO - -

C17;C18 capacitor; 22 nF; 50 V; X7R - -

D1 diode; Schottky; 30 V: 200 mA 1PS76PS10 'NXP Semiconductors

Gl XTAL; 32.768 kHz S3215-032768-12-20-NA Yoke
Q13FC13500004 'Epson
AB26TRQ-32.768kHz-T Abracon

H1 LED (green) - I-

H2 LED (red) - -

L transmission coil; 6.3 pH; Y31-60055F E&E

N1 IC NXQ1TXH5/101 NXP Semiconductors

le; R2 resistor; 1 Q; 5 % - I-

R3; R4; R12 resistor; 1 kQQ; 5 % - -

R5 resistor; 100 kQ; 5 % - -

R6 thermistor; 100 kQ NTC; B = 4500 K - -

R7;R11 resistor; 390 kQ; 1 % - -

R8L resistor; 47 kQ; 1 % - -

R9 resistor; 43 kQ; 1 % - -

R10 resistor; 130 kQ; 1 % - -

R13 resistor; 1.8 kQ; 1 % - -

R14 resistor; 27 kQ; 1 % - -

R15; R16 resistor; 15 kQ; 5 % - -

R17 resistor; 180 kQ; 5 % - -

R18 resistor; 1 MQ; 5 % - -

X2 2-pole connector pins - -

[1] See Section 4.1.

AN11775
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4.1 Alternatives for coil L1

The choice of L1 depends on the requirements regarding efficiency and cost. Table 7 shows some commonly used
transmission coils that can be used to meet these different demands. If a coil is not in this list, it does not mean that it cannot
be applied with the NXQ1TXH5/101.

If L1 is changed, the value of R8 must be adapted to get the right value for FOD_E.

Table 7.  Typical parameters and R8 recommendations for some commonly used transmission coils
Manufacturer Type Number Inner Outer Ferrite ACR at | Typical
of layers diameter |diameter 150 kHz | R8 value
(mm) (mm) (mQ) (k)
E&E Y31-60055F 2 21 43 50 mm x 50 mm x 2.6 mm 65 47
Y31-60081F 1 21 44 50 mm x 50 mm x 0.8 mm 64 47
Y31-60187F 1 20 43 <& 50 mm x 3.8 mm 60 47
MEC 31200043 2 20 44 53 mm x 53 mm x 2.5 mm 37 39
31200057 2 20 44 50 mm x 50 mm x 1 mm 38 39
Shenzhen SWA20N20H18C01B 2 6.3 17.4 20.4 mm x 20.4 mm x 0.5 mm 135 75
SWA50N50H30C01B 1 21 44 & 50 mm x 1.25 mm 52 43
TDK ' WT-505090-10K2-A11-G 1 21 43 <& 50 mm x 0.9 mm 61 47
Wiirth Elektronik 760308101103 1 17 28 <30 mm x 0.8 mm 150 82
760308101104 2 1 20 & 20.5 mm x 0.8 mm 125 68
760308111 2 21 43 54 mm x 54 mm x 2.5 mm 76 51

1e1wsuel} ssajUIM IO A § diyo-auo TOT/SHXLTOXN
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SJ1012Npuodlwas dXN



NXP Semiconductors AN11775

5. Layout

NXQ1TXH5/101 one-chip 5V Qi wireless transmitter

The layout of an NXQ1TXH5/101 wireless power transmitter application is critical from an
electrical and a thermal point of view. Both aspects are covered. A two-sided layout is

presented as an example. This layout is also used for the NXQ1TXH5DB1401 one-chip 5
V Qi wireless transmitter demo board (Ref. 3).

a. Top copper

Fig 12. NXQ1TXH5/101 demo board layout

b. Bottom copper

AN11775
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Fig 13. Top side copper with silk screen

Snubber current loops are highlighted in orange. Supply current loops are highlighted in green.

Fig 14. Top side copper with via pattern

AN11775 All information provided in this document is subject to legal disclai © NXP Semiconductors N.V. 2016. All rights reserved.

Application note Rev. 1 — 26 April 2016 23 of 37




NXP Semiconductors AN11775

AN11775

NXQ1TXH5/101 one-chip 5V Qi wireless transmitter

5.1 Electrical layout aspects

From the electrical perspective, the following points require special attention
(see Figure 12 to Figure 14):

To keep the current loops as small as possible, the snubber circuit capacitor C1,
resistor R1, capacitor C2, and resistor R2 must be mounted close to the output pins
(pins 17 and 18; pins 23 and 24). The GND connection of the snubber circuits must be
close to pins 19, 20, 21, and 22. Figure 14 shows the current loops (highlighted
orange).

Decoupling capacitors C10 and C8 must be mounted close to pins 15 and 16. They
must have a low-impedance connection to power GND. Capacitor C8 (10 nF) must be
closest to pins 15 and 16. Figure 14 shows the current loop (highlighted green).

Decoupling capacitors C9 and C7 must be mounted close to pins 25 and 26. They
must have a low-impedance connection to power GND. Capacitor C7 (10 nF) must be
closest to pins 25 and 26. Figure 14 shows the current loop (highlighted green).

To prevent power loss because of the high current (in the order of 2 A), Vppp power
traces to pins 15 and 16 and pins 25 and 26 must be low-impedance/low-loss (wide
traces).

Traces from the output pins 17 and 18 and pins 23 and 24 must be very
low-impedance/low-loss (wide traces).

Decoupling capacitor C11 must be mounted close to pin 28. It must have a
low-impedance connection to GND.

To prevent overtones, traces leading to the G1 crystal in series with the C12 capacitor
must be approximately 1 cm long.

To prevent adverse effects in power transmission coil characteristics, solder the coil
terminals directly to the PCB. Do not use extension wires.

Shielding (non-current conducting) GND planes in the top copper layer must be
stitched to the non-current conducting GND areas of the bottom layer GND plane. The
stitching must be done with vias on the edges of the planes (see Figure 14).
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5.2 Thermal layout aspects
The NXQL1TXH5/101 IC is the main dissipating component on the NXQ1TXH5/101 PCB.

All

thermal measures taken on an NXQ1TXH5/101 PCB must have one objective: Keep

the NXQ1TXH5/101 IC as cool as possible. Figure 15 shows a sketch of the top layer of
the board. The bottom layer is (almost) completely filled with copper.

Fig 15. Concept of a power-wise optimal layout for the NXQ1TXH5/101 IC
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Remark: The IC is placed in the center of the board.

From the thermal perspective, the following points require special attention:

The exposed die pad of the NXQ1TXH5/101 must be soldered to the top layer of the
board.

Underneath the NXQ1TXH5/101 IC, thermal vias must conduct heat from the top side
to the bottom side of the PCB. The thermal connection from top to bottom must
contain as much copper as possible. Standard double layer PCB manufacturing
techniques offer resin-filled copper-capped vias. To allow as much copper as
possible, it is better to use a high number of small resin-filled copper-capped vias than
a low number of large ones.

A shielding GND plane (in this case on the bottom layer) must be maximally
uninterrupted.

If signal traces must run in the main uninterrupted copper GND layer (the bottom layer
in our example), ensure that they are as short as possible. Also ensure that they run
in the direction of the heat flow. A long perpendicular trace obstructs the heat flow.
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¢ Place the NXQ1TXH5/101 IC more or less in the center of the PCB. In that way, the IC
benefits most from its cooling circle.

¢ Thin PCB material (e.g. 0.8 mm FR4) gives a shorter, and therefore better, thermal
path from top to bottom than thick PCB material (e.g. 1.6 mm FR4).

* A thick copper layer (70 um) conducts twice as good as a thin (35 um) copper layer. A
thick copper layer also enhances the thermal characteristics significantly. Use a
70 um copper layer.

¢ Attach as much copper as possible to the grounded pins of the IC. Good thermal
conduction from pins 33, 19, 20, 21, and 22 is important.

¢ Attach sufficient copper to the output pins 17, 18, 23, and 24. It is not only good for
electrical conduction, but also results in thermal conduction benefits.

¢ Attach sufficient copper to the supply pins 15,16, 25 and 26. Figure 15 gives an idea
of a power-wise optimal layout.

¢ Use high-thermal conductivity ceramic paste as the filling material for vias enhances
thermal conductivity further. Unfortunately, the use of this kind of material is usually
not a part of a standard PCB production flow.

* Do not use open vias underneath the NXQ1TXH5/101 IC. There is a risk that, most of
the solder paste that must connect pin 33 (the exposed lead frame pad) to the PCB is
sucked into these vias during the assembly process. It can result in a poor quality a
negative influence on the quality of the thermal (and electrical) connection from pin 33
to the PCB.

* Figure 16 shows the recommended footprint (for reflow soldering) for the
NXQ1TXH5/101 IC. The recommendation includes 16 thermal vias. However, the use
of more vias, optionally in a different configuration, which increases the amount of
copper between the top and the bottom layer underneath the IC is always
encouraged.

* More thermal vias from the top GND layer to the bottom GND layer that surround the
IC can improve the thermal connection from top to bottom.

* Thermal vias in remote areas (that is: relatively far from the dissipating element) do
not really contribute to the thermal performance. The thermal gradient from top to
bottom layer is already minimal in remote areas. So, connecting them with a low
thermal impedance path does not bring much improvement. All remote vias shown in
Figure 14 have an electrical (non-thermal) purpose.

* The bottom layer (or other inner layer if there is a multiple-layer PCB) must be a
(nearly) uninterrupted copper layer. This layer spreads the heat over the PCB and, if
the layer is the bottom layer, radiates the heat to the ambient.

* The outer layers (top and bottom layers) of the PCB must be covered with a
high-emissivity coating. In most circumstances, normal solder resist is good enough
because it has an emissivity of 0.9 to 0.95. Do not leave the copper blank or coat it
with a reflective (e.g. gold) finish.
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¢ Alarger PCB larger enhances thermal performance of the application significantly. A
PCB that is too small causes thermal issues for the application. To move heat out of
the NXQ1TXH5/101 component and the PCB, thermal radiation is essential. To lose
heat through radiation, the board surface area is more or less proportional to the
capability of the board.Figure 17 shows a graph that gives an impression of how
Rin(-a) (thermal resistance from the NXQ1TXH5/101 IC silicon to the ambient) varies
with PCB area. Trend lines are shown for 2-layer/70 um copper, 4-layer/35 um
copper, and 4-layer/70 um coppetr.

AN11775 All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2016. All rights reserved.

Application note Rev. 1 — 26 April 2016 27 of 37




NXP Semiconductors

AN11775

NXQ1TXH5/101 one-chip 5V Qi wireless transmitter

Footprint information for reflow soldering of HVQFN32 package NXQ1TXA5
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Fig 16. Application-specific reflow soldering footprint

AN11775

All information provided in this document is subject to legal disclaimers.

© NXP Semiconductors N.V. 2016. All rights reserved.

Application note

Rev. 1 — 26 April 2016

28 of 37



NXP Semiconductors AN11775

NXQ1TXH5/101 one-chip 5V Qi wireless transmitter

60 aaa-018839
Rih(j-a)
(KIW)
40
\N
\Q
§\ @®)
20
()
T
0
0 10000 20000 30000 40000
PCB area (mm?2)
(1) 4-layer: 70 um
(2) 4-layer: 35 um
(3) 2-layer: 70 um
Fig 17. Typical trend lines for the Rn(j.o) versus PCB area

The NXQ1TXH5/101 demo board used as illustration in this application note has a PCB
area of approximately 900 mm2. This PCB area gives the NXQ1TXH5/101 demo board an
Ry, value of approximately 45 K/W. Figure 17 shows that a smaller board can rapidly
cause thermal issues for the assembly. It also shows that increasing the PCB area beyond

a certain point (for this application say beyond 10,000 mm2) only ensures minimal thermal
improvement.

Figure 18 and Figure 19 show the preferred 2-layer and 4-layer PCB constructions.

Fig 18. Preferred 2-layer PCB construction
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Fig 19. Preferred 4-layer PCB construction
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6. Qi compliance testing

AN11775

6.1

6.2

This section contains several guidelines for products that are targeted to be Qi certified.

Receiver rectified voltage during identification and configuration

During standby (wait state), the NXQ1TXH5/101 consumes very little power, which
causes many USB power adapters to enter a low-power mode.

When the NXQ1TXH5/101 detects a receiver, it starts a power transfer. The power
transfer causes the USB power adapter to wake up from low-power mode. As the output
voltage of USB adapter can vary during wake-up, the input voltage to the NXQ1TXH5/101
application varies. The variation can cause issues with the Qi compliance test #8(a): The
receiver rectified voltage change during identification and configuration phase may not
exceed the limit of 200 mV. A USB cable with AWG20 wiring minimizes voltage variation
at the input of the power stage.

Guaranteed power transfer test

To pass Qi compliancy test #23(b) (Guaranteed power transfer test with test power
receiver #1 configuration b), sufficient voltage is required at the input circuit of the
NXQ1TXH5/101. An AWG20 cable minimizes the voltage drop over the USB cable. It
enables the transmitter to deliver the requested power to the receiver.

Use a USB adapter with cable compensation for Qi compliance testing.
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7. Appendix: NXQ1TXL5/101

Fig 20. NXQ1TXL5/101IC

The NXQL1TXL5/101 is a simplified version of the NXQ1TXH5/101 IC that allows a lower
cost, reduced component count solution. The NXQ1TXL5/101 IC does not have the
configuration options that the NXQ1TXH5/101 IC has. Preset configuration is similar to
the default settings in NXQ1TXH5/101 and the LED/buzzer mode is mode 11. For more
information, see the NXQ1TXL5/101 data sheet (Ref. 5).

Remark: It is not possible to realize a Qi certifiable application with the NXQ1TXL5/101
IC, because the device has reduced functionality. It does not differentiate between normal
charging and limited power charging, it does not support FOD, and it has a fixed LED
mode.
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Fig 21. NXQL1TXL5/101 wireless power transmitter circuit diagram

7.1 BOM differences between NXQ1TXH5/101 and NXQ1TXL5/101

Table 8 gives an overview of the BOM differences.

Table 8. BOM differences between NXQ1TXH5/101 and NXQ1TXL5/101

Component ‘Value/comment

C13 open; TMP pin must either be connected to Vppp or GNDD

Cl14 0 Q; connect pin 9 to GNDD

R5 open (o Q) or closed (0 Q); TMP pin must either be connected to Vppp or GNDD
R6 ‘closed (0 Q) or open (o0 Q); TMP pin must either be connected to Vppp or GNDD
R7 0 Q; connect pin 32 to GNDD

R8 0 Q; connect pin 1 to GNDD

R9 0 Q; connect pin 2 to GNDD

R10 ‘0 Q; connect pin 6 to GNDD

R11 o Q) (open)

R12 Y (open); pin 5 must be connected to GNDD, but may be left floating[l]

X2 No buzzer connector mounted

[1] Not recommended for thermal reasons.
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If an LED pin (LED_G, LED_R) is not used because the corresponding LED is not
included in the application, the LED pin can be connected to GNDD. Connecting the
unused LED pin to GNDD enhances the thermal performance of the application.

To allow application support, make the TST1 and TST2 pins available via test pads. When
these pins are connected to GNDD, no application support is possible.

Layout

The set of layout rules and recommendations for the NXQ1TXH5/101 also apply for the
NXQL1TXL5/101 application (see Section 5).

Thermal layout aspects

Many of the IC pins that are used for advanced settings and features in the
NXQL1TXH5/101 are GNDD pins in the NXQ1TXL5/101. In this way, more pins of the IC
are connected to the ground plane, which enhances the thermal performance of the
application.

Figure 22 shows a typical layout of the top layer. The bottom layer is (almost) completely
filled with copper. Please compare Figure 22 to Figure 15.

place SMD components
inside the VDD circle

aaa-021913

Remark: The IC is placed in the center of the board.
Fig 22. Typical NXQ1TXL5/101 power and GND layout pattern
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Table 9.
Acronym

Abbreviations

Description

ASK
EMI

Amplitude Shift Keying

ElectroMagnetic Interference

FOD
LED

Foreign Object Detection

'Light-Emitting Diode

NTC
OTP

Negative Temperature Coefficient

'OverTemperature Protection

PCB
PID

Printed-Circuit Board

'Proportional-lntegral Derivative

RMS
SPL

Root Mean Square

'Smart Power Limiting

SPR
USB

Static Power Reduction

Universal Serial Bus

WPC

9. References

Wireless Power Consortium

[1] Qi System Description Wireless Power Transfer — Volume |: Low Power,

Part 1: Interface Definition, Version 1.2, June 2015

[2] NXQ1TXH5/101 data sheet — One-chip 5 V Qi wireless transmitter;
2016, NXP Semiconductors

[3] UM10943 user manual — 7NXQ1TXH5DB1401 one-chip 5 V Qi wireless

transmitter demo board; 2016, NXP Semiconductors
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10.1 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences of
use of such information.

10.2 Disclaimers

Limited warranty and liability — Information in this document is believed to
be accurate and reliable. However, NXP Semiconductors does not give any
representations or warranties, expressed or implied, as to the accuracy or
completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation - lost
profits, lost savings, business interruption, costs related to the removal or
replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability towards
customer for the products described herein shall be limited in accordance
with the Terms and conditions of commercial sale of NXP Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s own
risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using NXP Semiconductors products, and NXP Semiconductors
accepts no liability for any assistance with applications or customer product

AN11775

All information provided in this document is subject to legal disclaimers.

design. It is customer’s sole responsibility to determine whether the NXP
Semiconductors product is suitable and fit for the customer’s applications and
products planned, as well as for the planned application and use of
customer’s third party customer(s). Customers should provide appropriate
design and operating safeguards to minimize the risks associated with their
applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default in the
customer’s applications or products, or the application or use by customer’s
third party customer(s). Customer is responsible for doing all necessary
testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications and
the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Evaluation products — This product is provided on an “as is” and “with all
faults” basis for evaluation purposes only. NXP Semiconductors, its affiliates
and their suppliers expressly disclaim all warranties, whether express, implied
or statutory, including but not limited to the implied warranties of
non-infringement, merchantability and fithess for a particular purpose. The
entire risk as to the quality, or arising out of the use or performance, of this
product remains with customer.

In no event shall NXP Semiconductors, its affiliates or their suppliers be liable
to customer for any special, indirect, consequential, punitive or incidental
damages (including without limitation damages for loss of business, business
interruption, loss of use, loss of data or information, and the like) arising out
the use of or inability to use the product, whether or not based on tort
(including negligence), strict liability, breach of contract, breach of warranty or
any other theory, even if advised of the possibility of such damages.

Notwithstanding any damages that customer might incur for any reason
whatsoever (including without limitation, all damages referenced above and
all direct or general damages), the entire liability of NXP Semiconductors, its
affiliates and their suppliers and customer’s exclusive remedy for all of the
foregoing shall be limited to actual damages incurred by customer based on
reasonable reliance up to the greater of the amount actually paid by customer
for the product or five dollars (US$5.00). The foregoing limitations, exclusions
and disclaimers shall apply to the maximum extent permitted by applicable
law, even if any remedy fails of its essential purpose.

Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

10.3 Trademarks

Notice: All referenced brands, product names, service names and trademarks
are the property of their respective owners.

GreenChip — is a trademark of NXP B.V.

© NXP Semiconductors N.V. 2016. All rights reserved.

Application note

Rev. 1 — 26 April 2016

36 of 37



NXP Semiconductors

11. Contents

AN11775

NXQ1TXH5/101 one-chip 5V Qi wireless transmitter

1
11
12

2.1
2.1.1
2111
2.1.2
213
2131

2.1.3.2
2.1.33
214
2141
2142
2.15
2.1.6
217
2.2

4.1

51
5.2

6.1

6.2

7.1

7.2
7.3

10

10.1
10.2
10.3

11

Introduction ......... ... .. 3
Features......... ... ... ... . . 3
Powering an NXQ1TXH5/101 application. . . . . 4

Functional description ................... 5
Circuitdescription. .. ......... ... ....... 5
Powertransfer ............ .. ... ....... 5
Optimizing the LC resonanttank ........... 6
Crystaloscillator . . ...................... 7
NXQ1TXH5/101 configuration . ............ 7
Static Power Reduction (SPR) and Smart
Power Limiting (SPL) (CNF1pin)........... 8
FOD (CNF2and CNF3pins) .............. 9
LED and buzzer mode (CNF4 pin)......... 11
Thermal protections .. .................. 14
Built-in thermal protection mechanisms . . . .. 14
External NTC protection mechanism ....... 15
STBY - enable/disable operation . ......... 17
Test-factorytest ...................... 17
Supportinterface .......... ... ... ... ... 17
Input protection. . ............ ... . ... 17

Schematic............ ... . ... .. 19

Bill Of Materials BOM) . ................. 20
Alternatives forcoil L1 .. ................ 21

Layout. . ... 22
Electrical layout aspects. .. .............. 24
Thermal layout aspects. .. ............... 25

Qi compliancetesting ................... 31
Receiver rectified voltage during identification
and configuration . ..................... 31
Guaranteed power transfertest .. ......... 31

Appendix: NXQ1TXL5/101. . .............. 32
BOM differences between NXQ1TXH5/101
and NXQ1TXL5/101 . ..........coovntn.. 33
Layout. . ... 34
Thermal layout aspects. . .. .............. 34

Abbreviations. .. ....... ... oL 35

References . ........ ... ... .. .. 35

Legal information....................... 36
Definitions. ... ....... ... . 36
Disclaimers. . ........ ... 36
Trademarks. . ......... .. ... . .. 36

Contents ... 37

Please be aware that important notices concerning this document and the product(s)
described herein, have been included in section ‘Legal information’.

© NXP Semiconductors N.V. 2016. All rights reserved.
For more information, please visit: http://www.nxp.com
For sales office addresses, please send an email to: salesaddresses@nxp.com
Date of release: 26 April 2016
Document identifier: AN11775



	1. Introduction
	1.1 Features
	1.2 Powering an NXQ1TXH5/101 application

	2. Functional description
	2.1 Circuit description
	2.1.1 Power transfer
	2.1.1.1 Optimizing the LC resonant tank

	2.1.2 Crystal oscillator
	2.1.3 NXQ1TXH5/101 configuration
	2.1.3.1 Static Power Reduction (SPR) and Smart Power Limiting (SPL) (CNF1 pin)
	2.1.3.2 FOD (CNF2 and CNF3 pins)
	2.1.3.3 LED and buzzer mode (CNF4 pin)

	2.1.4 Thermal protections
	2.1.4.1 Built-in thermal protection mechanisms
	2.1.4.2 External NTC protection mechanism

	2.1.5 STBY - enable/disable operation
	2.1.6 Test - factory test
	2.1.7 Support interface

	2.2 Input protection

	3. Schematic
	4. Bill Of Materials (BOM)
	4.1 Alternatives for coil L1

	5. Layout
	5.1 Electrical layout aspects
	5.2 Thermal layout aspects

	6. Qi compliance testing
	6.1 Receiver rectified voltage during identification and configuration
	6.2 Guaranteed power transfer test

	7. Appendix: NXQ1TXL5/101
	7.1 BOM differences between NXQ1TXH5/101 and NXQ1TXL5/101
	7.2 Layout
	7.3 Thermal layout aspects

	8. Abbreviations
	9. References
	10. Legal information
	10.1 Definitions
	10.2 Disclaimers
	10.3 Trademarks

	11. Contents


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 793.000]
>> setpagedevice


