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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

AN10932

2.1

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

Cilter

Lfilter

Vin o
~ ® Load
120V RMS ¢

019aaa332

Fig 1. Triac wall dimmer with LC filter

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 (o to = and
o + 7w to 2 ©t) as shown in Figure 2.
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Fig 2. Triac with phase-cut dimming angle o

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 lyisc flows. This
current continues to flow until lyjzc drops below its minimum holding current Iy

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.

+

Rated current I —|—

Breakover
voltage

Minimum holding .
currently - —L - _Gftflrl_gg_;e_rl/czltfge_ -

=l 019aaa334

Fig 3. Typical triac V, characteristics

The Lsjiter and Ciiirer 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 Iy to keep the triac switched on.
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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 Iy where an I 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.

Application note Rev. 2 — 17 January 2011 50f 33



1102 Arenuer T — Z 'A9Y a1ou uoneonddy

*s1awreasip [ebal 03 193[gns S UBWNIOP SIy) Ul papiroid uolewloul ||y

€e409

ZE60TNY

"pansasal SIYBU IV "TT0Z ‘A'9 dXN ©

TRIAC DIMMER

[ ]

120V
(RMS) o

BRIDGE
RECTIFIER

Fig 4.

Vin
M Lboost Vbus
* LYY YN '\'
l >t
Iboost
am )
= C
DIM Jl;- == Cbus
CONTROL
_L PFC
T v
v HALF
UBA2014 CONTROLLER BRIDGE
1
|
CSP
vCo DRIVERS
CSN =
—
CSW | IREF | CF

Triac wall dimmer with separate PFC and CFL ballast

RESONANT
TANK

Lres Cblock

Cres mm=

-

J_ <
7

LAMP CURRENT
SENSE

v

019aaa335

#TOZVEN yum 740 ajqewwip Jo01oe) 1amod ybiy A 02T

CE60TNY

SJ1012Npuodlwas dXN



NXP Semiconductors

AN10932

120 V high power factor dimmable CFL with UBA2014

Figure 5 shows the triac phase angle (o), input voltage (Vin), boost current (Ipoost) and
average boost current (Ipoost(av))-
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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
MOSFETSs are used to switch both the resonant tank circuit and the boost circuit. In
Section 5 the relevant waveforms are shown (see Figure 20).

AN10932
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A diode in series with Lygost to the half-bridge ensures that no reverse current flows if the
average voltage at the half-bridge (Vpys / 2) is greater than the instantaneous voltage at
the double rectifier bridge output.

During dimming (i.e. light load operating conditions), the bus voltage (Vps) 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).
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3. Application design

3.1 UBAZ2014 block diagram

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

using the UBA2014.
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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 (o = 0) is:

(3-Vp) _sin’(8)

W - Lboost Otl_ P

Pin(@s) = do [w] 1)

sin(0)

bus

where Vp = peak input voltage, 6 = inverter duty cycle, Tg = 1/ fg is the half-bridge
switching cycle, Vs = bus voltage, Lyqest = PFC inductor, o = triac firing angle (refer to
Figure 5 and Figure 6). The PFC is maintained in DCM operation when:

Vbus 1
Vo 1-3 @

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

The power delivered to the lamp is:

s—res

2 2
Viamp N2 Vhus 2 2 2 2
= - —(1- +
Plamp o L «/[“'Vmp (1- 5 LiosC) —(1—- a5 Lp(C+Cpy)) 3)

where os = 2nfs, Viamp = lamp RMS voltage, L,es = resonant inductor, Cyes = resonant
capacitor, C = secondary capacitance of inductive mode heating circuit transferred to
primary side. The expression for Pjamp in Equation 3 is derived using the equivalent circuit
shown in Figure 8.

Vbus

Csec Csec

Lres Viamp

Y YY)
—, Lsec Lsec
o O d ‘ g
> 0 - - C R
Vhb l i ? I‘_H res |:| lamp
—IT—*T T Cres Vs /2 T

(1) 019aaa338

15t harmonic of Vyp, = %Vbus (RMS)

Lsec VI
(1) C= ZE_ Cgec and RIamp = P_amp_
res lamp

Fig 8. Resonant tank equivalent for inductive mode heating

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

F)Iamp =n-Pi 4)
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A realistic value for the efficiency n is 80% (see Ref. 4 for efficiency calculations for this
application).

The value for the PFC inductor, Lygest, Can be calculated using Equation 1 once the values
for Pin, Vp, 8, Ts, Vpus and a are known.

The resonant inductor is the dominating component for the power delivered to the lamp
(Piamp), however, the resonant capacitor (Ces) also has influence. The current in the
MOSFETs increases for larger a C,s While for smaller C,5 the possibility of hard switching
increases because the resonant tank is no longer inductive.

An optimum is reached for C,es When the MOSFET current is minimized while Cieg
remains large enough so that hard switching does not occur for a given dV/dt capacitance
(Cqviat) on the half-bridge node.

Once Cyes is chosen and Pigmp, Viamps fs and Vyys are known, then Les 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 Cys for different CFL powers.

Table 1. Lres, Lboost @and Ces Values for different CFL powers
Conditions are fs = ~ 45 kHz, « = 0 (no dimming), Vpys = 350 V, Vp = 120, i = 80 %; Note

Pin = Plamp/ n

Pin Lboost PIamp Vlamp Cres Lres

30 W 2.5mH 24 W 80V 5.6 nF 2mH
25W 2.75mH 20w 110V 4.7 nF 2.75mH
225W 3 mH 18w 100 V 3.9nF 3 mH
225 W 3 mH 18 W 80V 4.7 nF 25 mH
205w 3.5mH 165W 80V 4.7 nF 2.75mH

The instantaneous current in each MOSFET which is lpgst — Inp IS calculated in Section 5
on page 25 where Iy, is the sum of the current through the resonant inductor L5 and the
current to the dV/dT capacitor. The RMS current is approximately 410 mA. The
instantaneous current loost — Inp together with the Cqyq: cCapacitor determine the rise time
(t,) or fall time (t;) of the half-bridge voltage according to Equation 5.

Iboost_lhb — Vbus (5)
Cavrat Tt

Using Cgqysat = 470 pF, t, and t; (i.e. rise and fall non-overlap times) remain within
specification.
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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 (Ipp) is supplied to the
filaments during the preheat period and is set using Equation 6.

C R
oy = 1.8-{ cT _9]( IREFaj ©)
330-10 /\33-10

The preheat time is 1.2 s when Cct = 220 nF and R\ggg = 33 kQ.

The preheat frequency (fon) can be set to fyay (i.€. 100 kHz) by connecting pin PCS to
Vree = 3 V. Itis 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 f,ax and sweeps down until the
voltage on the PCS pin reaches the Vy, level (defined in the UBA2014T specification).
The sweep then stops for the duration of the preheat time (tpn).

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.

f (kHz)

fmax

fnom

fmin \/

t (us)
019aaa340

toh

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

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 us, the RMS filament current is then 0.18 A. Then power dissipated in filament is circa
1.6 W when Ry = 50 Q. The power supplied to the filament Py during preheat is given by
Equation 7.

2
F)fil = fs : Csec ' Vsec (7)
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Y

Vsec = —-ﬁﬂ (8)
Lres

n= |[—%=16 9
O )

The primary voltage V,; = 350V and for n = 16, the power supplied to the filament is
approximately 1.6 W when Cgec = 33 nF, Lygs = 2.75 mH and Lggc = 10 pH.

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 fig, is reached. The lamp can be modeled now as a (negative)
resistance where:

- IamE (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 Ccp, resistor Rigrer 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.

-12 3

3 (100 x 10 33x10

fin = 40.5x 10 [ . (12)
C R

CF IREF
froae = 25 % f00 (12)
AN10932 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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019aaa341
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Fig 10. Transfer of resonant tank versus frequency before and after ignition

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.

S0S = 1.5, +17, (13)

Figure 11 shows the I | and I,y 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.
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Fig 11. Lamp and filament currents for inductive mode heating

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:

2

Vesn = - lamprms) - Rsense (14)

The ripple is reduced by adding a capacitor in parallel with Rggnske.
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Fig 12. Lamp current sensing

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 (o) of 0° to 120°. This voltage (after integrating with C4 and C5) is
supplied to pin CSP where:

Vo(1+cos a
( . T )'RzFi4R4)‘VD‘VZ
Vegp = -R5 (15)
R4 -R2 +R5

R2 + R4

TRIAC DIMMER

BRIDGE
ANy > ' RECTIFIER

120V

(RMS) o J7
019aaa344

Fig 13. Triac dimming control

The loop regulation is in balance when the average voltage of Vcgy is equal to Vcgp.
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 Vcgyn decreases

Therefore the loop regulation forces the average voltage of Vcgy to follow Vegp until
balance is reached.
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3.5 Supply of the UBA2014 and capacitive mode protection

The UBA2014 starts when the supply voltage Vpp exceeds the trigger level Vppstary)- The
half-bridge begins to switch and the UBA2014 is then supplied using capacitor Cgyy/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 MOSFETSs.

If capacitor Cqyqt 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.

oY
Vin
120V (RMS) T
O
[I] Rstartup
. Vbp I<} % Lboost
7
.
GND| 5 10 &1 —
11 SH .L Lres  Cblock
Y Y Y4
Cdv/dt 1
UBA2014 1
Nizv L
— UIES
12 |ACM ]
s 5 |:
u Racm
PGND
$ 019aaa345
Fig 14. IC supply circuit

The voltage is clamped by a 12 V Zener diode and supplied to Vpp using a fast recovery
diode. The charging current of capacitor Cqyy/qt is measured with resistor Racym 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 Rycy does not exceed the internal
Vemp 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 .
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3.6
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Vacm
0+

M

time (s)

Fig 15. Driver, half-bridge and ACM signal

019aaa346

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 Iyg / Iy is calculated using Equation 16 where
L=4.7 mH, C =100 nF and R =10 Q resulting in a attenuation of more than 60 dB (see

Figure 16).

Vin
120 V (RMS)
o

019aaa354

Fig 16. Transfer function input filter circuit

1
G(w) = 20log
[(1+ o> LC) + (- R-C)ZJ

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

(16)

© NXP B.V. 2011. All rights reserved.

Application note

Rev. 2 — 17 January 2011

19 of 33



NXP Semiconductors AN10932

AN10932

3.7

3.7.1

3.7.2

120 V high power factor dimmable CFL with UBA2014

019aaa347
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Fig 17. Transfer function input filter graph

The fused resistor R = 10 Q 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.

Extra protection circuits

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

OverVoltage Protection (OVP)

Overvoltage protection (see Figure 18 on page 22) is nheeded to protect the MOSFETs
from voltage transients during step dimming or fast transient dimming. During dimming,
the half-bridge frequency increases. When Ppgost > Plamp then the voltage Vs increases.

The circuit monitors the bus voltage and if Vs > 400 V (set by R7 shown in Figure 18),
Vesn 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 Vys is discharged.

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 Vpp < Vppstart)
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.

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 20 of 33



NXP Semiconductors AN10932

120 V high power factor dimmable CFL with UBA2014

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 I through the UVLO capacitor C21 in Figure 18 is calculated as:

lc = 2r-f-C-V 17)

At 10 % dimming, liamp = 20 MA, f =50 kHz, V|amp = 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.
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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, a=0) is calculated using Equation 20.

The run frequency is fg = 45 kHz. The nominal mains input voltage Vi, = 120 V (RMS) and
Vp = 120./2= 170 [V]. The CFL has a RMS lamp voltage of 110 V and the bus voltage
Vpus = 340 V

\
bus = 1 (18)
Vo  1-5

where § = 50 %.

To have a Pjgmp of 20 W then Lies = 2.75 mH, Cres = 4.7 nF and

LSBC
C = 2: == Cye= 240 [pF] (19)
res

where Cgec = 33 nF and Lgec = 10 uH.
With efficiency n = 80 %, the input power is Pjy = Pjgmp / n =25 W.

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

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

2 2
_ V| A/é . Vb 2 2 2 2
F)Iamp - wsalinri:sﬂ/[n'vlan:]; (1 - o LreSC) -(1- o Lres(C+Cres)) (20)
2
6-V in2
P (@)= (3-Vp) _ sin“(0) 46 [W] (21)
e D - Lboost o4 P .
1- sin(0)
Vbus

During dimming Pj, changes according to the phase angle a 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 Pj,
and Pjamp.
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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, R|amp = 574.25 Q, Lres = 2.75 mH, C = 240 pF and Vbus = 350 V,

Lhoost = 2.75 mH, 8 = 50 %, Cqy/gt = 470 pF, n = 0.1 to nmax and nmax = 32.
p=(2-n-f)-] (22)

T=1[5 (23)

The resonant frequency is given in Equation 24.

1
f =
res 2. - (m)[HZ] (24)
Vo = 120- 42 [V] (25)

The voltage at the half-bridge is a square wave and represented by Equation 26 where
Vhpa(t) in Equation 27 is the first harmonic of V(1)

nmaxSin{2~n~(2~n—l)~£:|

Vipp(t) = e g 2 Vous iy (26)
hb 2 T ) (2-n-1)
n=1
v 2 Viys . (2.7
Vip () = %“S + ﬂb . sm(2 ? t) [V] 27)

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

2
1 .(p 'Lres'C+1)'(p'Rlamp'cres+l)

L
lamp p2 . Lres . (Cres +C)+p- Ires 1
amp

Y(p) = R +P - Cyvat (28)

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

o = [V - (2222 sin(2E s argvcp)) | (29)

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

2-m-(2n-1)-t
| M = Vpk'5'T+Vpk'8'T 8 n;x cos T A 0
boost - 1o
00 2 Lpoost 2 Lpoost | =2 A (2n - 1)2
1 712 2

ltetrms) (D) = 1T Jo [E “(poost(D) = Ihb(t):| dt [A] (31)

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

2
E ’ (Iboost(t))

(32)

In addition, Inp(t) is subtracted from lpgast(t) because Ihp(t) is the current flowing out of
Vhp(t) node. Vppa(t) is the first harmonic of the Vipy(t).

(1)
(2)
(3)
(4)
(5)
Fig 20.

1000 T T T T T 1.5
current
(A
voltage
V) —1.0
)
AN
500 — ®)

Vhpa(t)
Vib(t)
Inp(t) +
Iho(t)
|boost(t)

Voltage and currents at half-bridge

-0.5
5 10 15 20 25 30

t (us)
019aaa351

Iboost(t)

In order to calculate the rise and fall times of the half-bridge vol[.age, the instantaneous
boost current lpgost @and the instantaneous bridge current Iy, at 2 and T are calculated as
shown in equations below:

Ioo(3) = 0.262 [A] (33)
lp(T) = —-0.262 [A] (34)
lhoos(3) = 2171 [mA] (35)
lhoost(T) = 0.684 [A] (36)
1t = Looos(3) + Ino(3) = 0:264 [mA] (37)
A o i e s s ) e, 0 0 205 s s,
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I1t, = lpoos(T) + 1hp(T) = 0.421 [MA] (38)

t, 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
Cqwvidt = 470 pF and Vp,s = 350 V, t; = 622. ns and t, = 390 ns.

C
= oty (39)
C
tr = (:\t//dt ’ Vbus (40)
r

The specified UBA2014 rise and fall times: minimum t; = 0.68 us and t; = 0.75 us.
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6. Appendix 3 Inductive mode preheat calculations

The inductive mode preheat calculations were performed with the following parameters:
t, is the time needed for the half-bridge voltage to rise from the minimum value to the
maximum value. Vys is 350 V, Tpyp is 10 us, t; = 0.5 pus, fnp = 100 kHz and m = 1 to 80.

1

fop = = = 100 [kHz] (41)
Tho
tr
y = =— -1 =0.157 (42)
Tho
The half-bridge voltage is represented by Equation 44 and Equation 45.
.V -H"-1 .
Vi (M) = Jzin”fy-( L=1 sin(m-y) (44)
m
jr2-mfyom-t
Vip (1) = 2- Re[Z(vhb_f(m) ) )} (45)
m
Vbus
Csec Csec
J Lres
_ Lsec Lsec Vius / 2 l — "_I
Lres Cblock y WoRoc Viamp
Vhb l il > O'LH' == Cres [] Rlamp
_,ﬁ Tcres Rl Riil Vel /2 T
~Vbus
(1) 019aaa352
@ C-= pmsee g lihesp ogp o V—P—'i’“
Lres s’ 2Lsec il famp PIamp
Fig 21. Inductive mode preheating
The current through the filament is given by Equation 46 using values of Lggc = 10 pH,
Cres = 4.7 NF, Cgec = 33 nF and Ry = 50 Q.
(46)
{L
-(m- a’hb)2 ’ I‘res ’ Cres ’ %
iy (M) = 1 , = C “Vpp_t(M)
: i —res
J-2-m- oy - Lo + Ry +m_(m " @np) - Lres Cres - Reji 1 M- @pp - Lygg - Ceee
2
ltiirRms)r = JZ : [Z(|'fi|_f(m)|) } (47)
m
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Ifil_t(t) = 2'RE[Z(H”_f(m).ej'z""fhb'm-t)}

(48)
; T T T T T, T T T T 0.4
[ »
1" "
1 hR)
Y\ Y current
B P *
1
200 - oA
_‘ 1
\ 1
\ 1 —0.2
A} 1
AY 1
voltage N (1) @ !
V) . N ;
\ 1 1
Y 1 1
* ' '
AN I 1
= \‘\ ,' /'_ 0
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
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1 1
1 ! 1 ’
-200 - [ v
1 1 1 1
1 N 1 1
1, 1y
1y 1
N N
y y
1) 1)
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019aaa353
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(2 th_®
Fig 22. Half-bridge voltage and filament current as a function of time
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120 V high power factor dimmable CFL with UBA2014

8. References

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

AN10932

[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
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9.1 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.

9.2 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.

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 accepts 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
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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 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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