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1. Introduction

This application note describes the design of a dimmable CFL with a high Power 
Factor (PF) where in practice, a PF greater than 95 % is realized. An 18 W application 
with the UBA2014 and SPS04N60C3 external MOSFETS is described.

A CFL dimmer which is representative of most dimmers for 120 V mains input 
applications, is used as the triac wall dimmer. When using other dimmers some 
component values in the application may need adjusting to ensure dimming compatibility.

The topology is based on a combined free running PFC with resonant half-bridge inverter. 
OverVoltage Protection (OVP) is required and under voltage lockout (UVLO) is optional 
for deep dimming.

An external no-lamp detection/protection circuit has been added to the main board for 
evaluation in a laboratory set-up with different burners. This circuit is not necessary when 
the lamp ballast and burner are enclosed in a CFL housing.

2. Triac dimming

2.1 Triac dimming circuit
Figure 1 shows the circuit diagram of a triac wall dimmer for 120 V (RMS) mains input.
 

The triac employs forward phase-cut dimming, in which the load (i.e. incandescent lamp, 
CFL etc.) is energized only during the last portion of each power-line half cycle (α to π and 
α + π to 2 π) as shown in Figure 2.

Fig 1. Triac wall dimmer with LC filter
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The capacitor (C = 47 nF) is charged via the combination of a fixed and a variable resistor 
where the phase-cut dimming angle is set with the variable resistor.

When the resistance is low, the capacitor will be charged more quickly and once the break 
overvoltage of the diac is reached, the triac fires immediately and current Itriac flows. This 
current continues to flow until Itriac drops below its minimum holding current IH 

The triac is a bidirectional device that works in two quadrants as indicated in Figure 3 so 
the same process is repeated during the negative half cycle.
 

The Lfilter and Cfilter filter in the triac application (or LC filter in CFL application) can 
produce ringing of the triac current when the triac latches after a step response. The triac 
ringing current should remain above IH to keep the triac switched on.

Fig 2. Triac with phase-cut dimming angle α

Fig 3. Typical triac VI characteristics
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2.2 Triac wall dimmer and CFL ballast with separate PFC
In this application, the load is a CFL ballast (i.e. a half-bridge, resonant tank and lamp) 
and a separate PFC as indicated in Figure 4. 

The PFC maintains triac conduction once the triac current is greater than the minimum 
hold current IH where an IH of 15 mA to 20 mA is sufficient for most triac dimmers.
AN10932 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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Fig 4. Triac wall dimmer with separate PFC and CFL ballast
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Figure 5 shows the triac phase angle (α), input voltage (Vin), boost current (Iboost) and 
average boost current (Iboost(AV)).
 

The PFC operates in discontinuous conduction mode (DCM) and the average input boost 
current follows the input mains voltage which gives a power factor (PF) = 1. 

An extra MOSFET is required for this topology and its gate drive is provided either by a 
separate controller or the lower gate driver of the UBA2014. This extra MOSFET for the 
PFC can be eliminated by combining the half-bridge MOSFETs for both the PFC and CFL 
ballast. This is called a combined free running or free-ride PFC.

2.3 Triac wall dimmer and CFL ballast with combined free running PFC
The CFL ballast and combined free running PFC is shown in Figure 6. The half-bridge 
MOSFETs are used to switch both the resonant tank circuit and the boost circuit. In 
Section 5 the relevant waveforms are shown (see Figure 20).

(1) Vin

(2) Iboost

(3) Iboost(AV)

Fig 5. Input waveforms as function of phase cut angle α
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Fig 6. Triac wall dimmer with combined free running PFC and CFL ballast
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A diode in series with Lboost to the half-bridge ensures that no reverse current flows if the 
average voltage at the half-bridge (Vbus / 2) is greater than the instantaneous voltage at 
the double rectifier bridge output.

During dimming (i.e. light load operating conditions), the bus voltage (Vbus) can increase 
since the power delivered from the PFC boost can exceed the power used by the CFL 
burner. To prevent overstress on the MOSFETs and bus capacitance in this situation 
OverVoltage Protection (OVP) has been implemented.

The dimming control signal for pin CSP is derived from the average of the mains rectified 
signal. This control signal decreases during dimming and the frequency regulation loop of 
the UBA2014 simultaneously increases the frequency of the half-bridge so as the voltages 
on pins CSN and CSP are similar (see Section 3.4).
AN10932 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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3. Application design

3.1 UBA2014 block diagram
The block diagram (Figure 7) shows the basic configuration of the high PF dimmable CFL 
using the UBA2014.
 

Fig 7. Block diagram of a high power factor dimmable CFL with the UBA2014
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3.2 PFC and resonant parameters
The input power delivered by the PFC without dimming (α = 0) is:

(1)

where VP = peak input voltage, δ = inverter duty cycle, Ts = 1 / fs is the half-bridge 
switching cycle, Vbus = bus voltage, Lboost = PFC inductor, α = triac firing angle (refer to 
Figure 5 and Figure 6). The PFC is maintained in DCM operation when:

(2)

Refer to Ref. 3 for further information on the derivation of Pin.

The power delivered to the lamp is:

(3)

where ωs = 2πfs, Vlamp = lamp RMS voltage, Lres = resonant inductor, Cres = resonant 
capacitor, C = secondary capacitance of inductive mode heating circuit transferred to 
primary side. The expression for Plamp in Equation 3 is derived using the equivalent circuit 
shown in Figure 8.
 

The relationship between the power delivered from the mains and the power delivered to 
the lamp is given by:

(4)

1st harmonic of 

(1)  and 

Fig 8. Resonant tank equivalent for inductive mode heating
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A realistic value for the efficiency η is 80% (see Ref. 4 for efficiency calculations for this 
application).

The value for the PFC inductor, Lboost, can be calculated using Equation 1 once the values 
for Pin, VP, δ, Ts, Vbus and α are known.

The resonant inductor is the dominating component for the power delivered to the lamp 
(Plamp), however, the resonant capacitor (Cres) also has influence. The current in the 
MOSFETs increases for larger a Cres while for smaller Cres the possibility of hard switching 
increases because the resonant tank is no longer inductive.

An optimum is reached for Cres when the MOSFET current is minimized while Cres 
remains large enough so that hard switching does not occur for a given dV/dt capacitance 
(CdV/dt) on the half-bridge node.

Once Cres is chosen and Plamp, Vlamp, fs and Vbus are known, then Lres can be calculated 
using Equation 3. The value of C is already known from preheat requirements as 
described in Section 3.3.

The calculations are described in Section 4 on page 23. Table 1 gives practical values of 
Lres, Lboost and Cres for different CFL powers.
 

The instantaneous current in each MOSFET which is Iboost − Ihb is calculated in Section 5 
on page 25 where Ihb is the sum of the current through the resonant inductor Lres and the 
current to the dV/dT capacitor. The RMS current is approximately 410 mA. The 
instantaneous current Iboost − Ihb together with the CdV/dt capacitor determine the rise time 
(tr) or fall time (tf) of the half-bridge voltage according to Equation 5.

(5)

Using CdV/dt = 470 pF, tr and tf (i.e. rise and fall non-overlap times) remain within 
specification.

Table 1. Lres, Lboost and Cres values for different CFL powers
Conditions are fs = ~ 45 kHz, α = 0 (no dimming), Vbus = 350 V, VP = 120, η = 80 %; Note 
Pin = Plamp / η

Pin Lboost Plamp Vlamp Cres Lres

30 W 2.5 mH 24 W 80 V 5.6 nF 2 mH

25 W 2.75 mH 20 W 110 V 4.7 nF 2.75 mH

22.5 W 3 mH 18 W 100 V 3.9 nF 3 mH

22.5 W 3 mH 18 W 80 V 4.7 nF 2.5 mH

20.5 W 3.5 mH 16.5 W 80 V 4.7 nF 2.75 mH

Iboost Ihb–
CdV/dt

--------------------------
Vbus
tr,tf
----------=
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3.3 Inductive mode preheating and electrode currents
Adequate filament preheating is needed to ensure long life operation of the lamp and 
enables ignition at a lower ignition voltage. The preheat current (Iph) is supplied to the 
filaments during the preheat period and is set using Equation 6.

(6)

The preheat time is 1.2 s when CCT = 220 nF and RIREF = 33 kΩ.

The preheat frequency (fph) can be set to fmax (i.e. 100 kHz) by connecting pin PCS to 
VREF = 3 V. It is also possible to set the preheat frequency by measuring the voltage 
across the PCS resistor between the source and ground of the lower MOSFET (see 
Figure 18 on page 22). The half-bridge frequency starts at fmax and sweeps down until the 
voltage on the PCS pin reaches the Vph level (defined in the UBA2014T specification). 
The sweep then stops for the duration of the preheat time (tph).

During the preheat time the frequency is controlled ensuring the voltage on pin PCS 
remains constant, implying the half-bridge current is kept constant. The value of this 
current can be adapted by changing the PCS resistor’s value. Care should be taken that 
the lamp is not ignited during the preheat time. The frequency as a function of time is 
shown in Figure 9.
 

The relationship of the preheat (filament) current for inductive mode heating is calculated 
in Section 6 on page 28.

For example: when the half-bridge frequency is 100 kHz and the non-overlap time is 
0.5 μs, the RMS filament current is then 0.18 A. Then power dissipated in filament is circa 
1.6 W when Rfil = 50 Ω. The power supplied to the filament Pfil during preheat is given by 
Equation 7.

(7)

Fig 9. Frequency as a function of time during start up
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(8)

(9)

The primary voltage Vpri = 350V and for n = 16, the power supplied to the filament is 
approximately 1.6 W when Csec = 33 nF, Lres = 2.75 mH and Lsec = 10 μH.

To ensure sufficient filament current is available at the end of the preheat period, the hot to 
cold ratio of filament resistance should be approximately 5 : 1.

After the preheat period the frequency sweeps down further and the lamp will ignite once 
the ignition frequency fign is reached. The lamp can be modeled now as a (negative) 
resistance where:

(10)

Before ignition, the lamp has a much higher impedance as no-lamp current is flowing. 
Both characteristics are shown in Figure 10.

The internal VCO frequency (and thus the frequency of the half-bridge) is determined by 
capacitor CCF, resistor RIREF and the voltage on pin CSW. The minimum frequency 
calculation is shown in Equation 11 and the maximum frequency calculation is shown in 
Equation 12.

(11)

(12)
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After lamp ignition, the filaments must be powered adequately to maintain the optimal 
temperature over the full dimming range. A temperature which is too low will cause 
sputtering or local hot spots resulting in damage to the filament while excessive 
temperature will cause evaporation of the filament over a longer period. The SoS (Sum of 
Squares) is a measure of the amount of heat that should be generated in the filaments 
and is expressed by Equation 13.

(13)

Figure 11 shows the ILL and ILH direction with waveforms. The filaments are inductively 
preheated. The SoS should remain within the minimum and maximum settings (specified 
by the lamp manufacturer). However, remaining as close as possible to the target setting 
is preferred to ensure long life operation of the lamp. Further information is given in Ref. 2.

(1) Before ignition.
(2) After ignition.

Fig 10. Transfer of resonant tank versus frequency before and after ignition
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3.4 Dimming using lamp current feedback control loop
Once the lamp is ignited and the frequency of the half-bridge has reached minimum 
frequency then the internal Average Current Sensor (ACS) on pins CSP and CSN is 
enabled. The voltage on pin CSN is derived by sensing the lamp current and converting it 
to voltage using a sense resistor as shown in Figure 12. 

The average voltage supplied to pin CSN is shown in Equation 14:

(14)

The ripple is reduced by adding a capacitor in parallel with RSENSE.

Fig 11. Lamp and filament currents for inductive mode heating
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The average voltage on pin CSP is derived from the mains rectified signal (shown in 
Figure 13) and is used to provide a dimming voltage range of 0 V to 2.2 V on pin CSP for 
a phase-cut range (α) of 0° to 120°. This voltage (after integrating with C4 and C5) is 
supplied to pin CSP where:

(15)

 

The loop regulation is in balance when the average voltage of VCSN is equal to VCSP. 
During dimming this regulation is achieved using frequency control as follows:

• VCSP decreases
• the voltage on pin CSW decreases
• the frequency of the half-bridge increases
• the lamp current decreases
• the average value of VCSN decreases

Therefore the loop regulation forces the average voltage of VCSN to follow VCSP until 
balance is reached.

Fig 12. Lamp current sensing

Fig 13. Triac dimming control

019aaa343

VCSN

RSENSE

Ilamp(RMS)

VCSP

VP 1 acos+( )
π

----------------------------------- R4
R2 R4+
--------------------⋅⎝ ⎠

⎛ ⎞ VD Vz––

R4 R2⋅
R2 R4+
-------------------- R5+

------------------------------------------------------------------------------------------

⎝ ⎠
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎛ ⎞

R5⋅=

R4

R2

C4 R5 C5

019aaa344

VP

VD VZ
VCSP

TRIAC DIMMER

120 V
(RMS)

BRIDGE
RECTIFIER
AN10932 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.

Application note Rev. 2 — 17 January 2011 17 of 33



NXP Semiconductors AN10932
120 V high power factor dimmable CFL with  UBA2014
3.5 Supply of the UBA2014 and capacitive mode protection
The UBA2014 starts when the supply voltage VDD exceeds the trigger level VDD(start). The 
half-bridge begins to switch and the UBA2014 is then supplied using capacitor CdV/dt 
connected at the half-bridge (see Figure 14).

A larger capacitor is required when more current is needed by the external MOSFETs and 
the related internal gate which drive the external MOSFETs.

If capacitor CdV/dt is too large, hard switching at higher frequencies can occur because the 
non-overlap time decreases at higher frequencies (adaptive non-overlap time). A 
capacitor value of 470 pF is a good compromise between these two situations.
 

The voltage is clamped by a 12 V Zener diode and supplied to VDD using a fast recovery 
diode. The charging current of capacitor CdV/dt is measured with resistor RACM and 
supplied to the UBA2014’s capacitive mode detection input pin (pin ACM). Typical 
waveforms are shown in Figure 15. 

If after the preheat state, the voltage across resistor RACM does not exceed the internal 
VCMD during the non-overlap time then the internal Capacitive Mode Detection (CMD) 
circuit assumes capacitive mode operation at the half-bridge and consequently the 
half-bridge frequency is directly increased to fmax.

Fig 14. IC supply circuit
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3.6 Mains input filtering
The boost current through the PFC coil switches at the half-bridge frequency. The RLC 
filter is used to filter this from the mains to ensure good EMI performance at the 
half-bridge frequency and harmonics. The inductor is blocking the HF boost current and 
the capacitor provides a low ohmic path for this current. 

The damping of the HF current which is IHF / IVin is calculated using Equation 16 where 
L = 4.7 mH, C = 100 nF and R = 10 Ω resulting in a attenuation of more than 60 dB (see 
Figure 16).
 

(16)

Fig 15. Driver, half-bridge and ACM signal 
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The fused resistor R = 10 Ω is to limit/damp the inrush current during start-up and during 
large steps of input current during triac operation. More information is given in Ref. 1.

3.7 Extra protection circuits
The following sections describe the dedicated protection methods used in this application.

3.7.1 OverVoltage Protection (OVP)
Overvoltage protection (see Figure 18 on page 22) is needed to protect the MOSFETs 
from voltage transients during step dimming or fast transient dimming. During dimming, 
the half-bridge frequency increases. When Pboost > Plamp then the voltage Vbus increases.

The circuit monitors the bus voltage and if Vbus > 400 V (set by R7 shown in Figure 18), 
VCSN is reduced by 10 % (set using R9 shown in Figure 18) and the half-bridge frequency 
decreases resulting in more power being supplied to the lamp and Vbus is discharged.

3.7.2 No-lamp protection
During development different CFL lamps can be connected or disconnected to the inverter 
and resonant tank. It is important to switch off the UBA2014 and application, when the 
lamp is disconnected to avoid damage to the external MOSFETs or UBA2014’s MOSFET 
drivers. 

The circuit monitors the current through the source of the lower MOSFET. If the current is 
greater than a factor two of the current during ignition (set by source resistors R26, R27 
and R41 shown in Figure 18), the UBA2014 is powered down by reducing VDD < VDD(start) 
using a two transistor latch as shown in Figure 18. The RC time constants R42/C42 and 
R43/C43 prevent the circuit from latching during fast spikes or disturbances.

Remark: The protection circuit is not necessary when the board is mounted in an 
integrated CFL housing and consequently, it is not part of the main CFL application.

Fig 17. Transfer function input filter graph
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3.7.3 UVLO
The CFL can be switched off using an extra current in parallel with the lamp for dimming of 
< 10 %. The current IC through the UVLO capacitor C21 in Figure 18 is calculated as:

(17)

At 10 % dimming, Ilamp = 20 mA, f = 50 kHz, Vlamp = 200 V and C = 220 pF then 
IC = 10 mA.

Remark: The capacitor was not mounted in this application because no-lamp flicker was 
observed during deep dimming of the CFL.

3.8 Schematic diagram of the 18 W high power factor dimmable CFL
The full schematic of the application with a 18 W PL-C 4P CFL is shown in Figure 18. 
Refer to Ref. 4 for more details.
 

IC 2π f C V⋅ ⋅ ⋅=
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Fig 18. Schematic high power factor dimmable with a 18 W PL-C 4P CFL
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4. Appendix 1: Power calculations

The nominal lamp power (no dimming, α=0) is calculated using Equation 20.
The run frequency is fS = 45 kHz. The nominal mains input voltage Vin = 120 V (RMS) and 
VP = . The CFL has a RMS lamp voltage of 110 V and the bus voltage 
Vbus = 340 V 

(18)

where δ = 50 %.

To have a Plamp of 20 W then Lres = 2.75 mH, Cres = 4.7 nF and

(19)

where Csec = 33 nF and Lsec = 10 uH.

With efficiency η = 80 %, the input power is Pin = Plamp / η = 25 W.

Pin is calculated using Equation 21. With no dimming (α=0), a boost inductor value of 
Lboost = 2.75 mH is necessary to have Pin = 25 W.

The lamp power and input power are given in Equation 20 and Equation 21.

(20)

(21)

During dimming Pin changes according to the phase angle α of the triac as shown in 
Figure 19. The run frequency fS increases due to the lamp current feedback control loop 
as explained in Section 3.4 The bus voltage changes based on the difference between Pin 
and Plamp.

120 2 170 [V]=

Vbus
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1 δ–
-----------=

C 2
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V 2

lamp
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⎛ ⎞

2

1 ωs
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2
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∫⋅=
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Fig 19. Input power as a function of the phase cut angle
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5. Appendix 2: MOSFET current calculations

The MOSFET current calculations were performed using the following parameters: 
f = 45 kHz, Cres = 4.7 nF, Rlamp = 574.25 Ω, Lres = 2.75 mH, C = 240 pF and Vbus = 350 V, 
Lboost = 2.75 mH, δ = 50 %, CdV/dt = 470 pF, n = 0.1 to nmax and nmax = 32.

(22)

(23)

The resonant frequency is given in Equation 24.

(24)

(25)

The voltage at the half-bridge is a square wave and represented by Equation 26 where 
Vhb1(t) in Equation 27 is the first harmonic of Vhb(t)

(26)

(27)

The admittance of the resonant tank, lamp and dV/dT capacitance at the half-bridge is 
Y(p) and given by Equation 28.

(28)

The current from the half-bridge is Ihb(t) is given in Equation 29.

(29)

The boost current Iboost and MOSFET current is given in Equation 30 and Equation 31. 

(30)

(31)

The calculated RMS MOSFET current amounts 408 mA.
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When calculating the current in the MOSFETs, the average boost current over a line cycle 
is considered which is shown in Equation 32.

(32)

In addition, Ihb(t) is subtracted from Iboost(t) because Ihb(t) is the current flowing out of 
Vhb(t) node. Vhb1(t) is the first harmonic of the Vhb(t).
 

In order to calculate the rise and fall times of the half-bridge voltage, the instantaneous 
boost current Iboost and the instantaneous bridge current Ihb at  and T are calculated as 
shown in equations below:

(33)

(34)

(35)

(36)

(37)

(1) Vhb1(t)
(2) Vhb(t)
(3) Ihb(t) + Iboost(t)
(4) Ihb(t)
(5) Iboost(t)

Fig 20. Voltage and currents at half-bridge
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(38)

tr is the time needed for the half-bridge voltage to rise from the minimum value to the 
maximum value. The rise and fall times are given in Equation 39 and Equation 40 with 
CdV/dt = 470 pF and Vbus = 350 V, tf = 622. ns and tr = 390 ns.

(39)

(40)

The specified UBA2014 rise and fall times: minimum tf = 0.68 μs and tr = 0.75 μs.

Itr Iboost T( ) Ihb T( ) 0.421 [mA]=+=

tf
CdV/dt

Itf
--------------- Vbus⋅=

tr
CdV/dt

Itr
--------------- Vbus⋅=
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6. Appendix 3 Inductive mode preheat calculations

The inductive mode preheat calculations were performed with the following parameters: 
tr is the time needed for the half-bridge voltage to rise from the minimum value to the 
maximum value. Vbus is 350 V, Thb is 10 μs, tr = 0.5 μs, fhb = 100 kHz and m = 1 to 80. 

(41)

(42)

(43)

The half-bridge voltage is represented by Equation 44 and Equation 45.

(44)

(45)

 

The current through the filament is given by Equation 46 using values of Lsec = 10 μH, 
Cres = 4.7 nF, Csec = 33 nF and Rfil = 50 Ω.

(46)

(47)

(1) ,  and 

Fig 21. Inductive mode preheating
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(48)
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Fig 22. Half-bridge voltage and filament current as a function of time
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7. Abbreviations
 

8. References

[1] AN10803 — Triac dimmable CFL UBA2028/UBA2014
[2] AN10872 — TL application with UBA2014 - available on request from your NXP 

Semiconductors sales person
[3] Current waveform distortion in power factor correction circuits employing 

discontinuous mode boost converters  —  1989 IEEE
[4] UM10409  —  UBA2014 user manual

Table 2. Abbreviations
Acronym Description
ACS Average Current Sensor

CFL Compact Fluorescent Lamp

CMD Capacitive Mode Detection

EMI Electro Magnetic Interference

MOSFET Metal-Oxide Semiconductor Field-Effect Transistor

RLC Resistance, Inductance, Capacitance

SoS Sum of Squares
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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.
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safety-critical systems or equipment, nor in applications where failure or 
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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 

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