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1. Introduction

This document provides an insight into the operation and application of the mains isolated
SSL152x and SSL1623 flyback LED drivers. It is intended for anyone interested in this
product and flyback LED drivers.

Remark: This document is also applicable to other Switched Mode Power Supply (SMPS)
products as shown in Table 1.

This introductory section describes the contents of this Application note and the purpose
of each section. Each section is a self contained piece of information which in most cases
can be read independently from the other section(s). Specific references to other sections
are included which contribute to an even better comprehension of the subject.

The first part of this application note is background information about flyback converters
using a transformer with only one output, and especially about the SSL152x and SSL1623
flyback LED driver itself; see Ref. 1 on page 21. The second part illustrates the SSL152x
and SSL1623 flyback LED driver demo board design.

The basic theory and operation of the flyback topology is explained in Application note
AN10754; see Ref. 2 on page 21. The SSL152x and SSL1623 flyback LED drivers are
also able to operate in a Buck converter configuration. This type of topology is described
in AN10876; see Ref. 4 on page 21. More details of the exact operation of flyback or Buck
converters can readily be found in electronic reference books.

Section 2 “Functional description” serves as background information about the SSL152x
and SSL1623 flyback LED driver IC features in general.

The actual application design is covered in Section 3 “General Step-by-step design
procedure” which provides details of how to build the flyback converter.

In Section 3.3 “Short-circuit shutdown latch” a short-circuit shutdown circuit is described.
This can be connected to the SSL152x and SSL1623 based circuits, which are supplied
by the auxiliary winding.

Table 1.  Applicable documents: cross reference

SSL product types Applicable TEA product types
SSL152x (SSL1522, SSL1523) TEA152x (TEA1522, TEA1523)
SSL1623 TEA1623

2. Functional description

AN10925

This section serves as background information. It describes the features and control
mechanism of the SSL152x and SSL1623 LED driver. Most features can be identified in
Figure 1.
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Pin numbers without parenthesis refer to DIP8 packages and within parenthesis refer to SO14 packages.

Fig 1. SSL152x LED driver block diagram

2.1 Start-up and under voltage lockout

Start-up of the SSL152x is initialized by an accurate, high voltage, start-up current source
(no dissipative external start-up resistor required). When the voltage on the DRAIN pin is
high enough, a start-up current will flow towards the V¢ pin. The SSL1623 has no
intelligent internal high voltage start-up option so it must be externally supplied at start-up
and during operation. The SSL152x and SSL1623 LED driver starts switching as soon as
the voltage on the V¢ pin passes the V¢ start level.

For high efficiency operation, the supply drawn from the DRAIN pin of the SSL152x IC is
stopped as soon as the V¢ voltage is high enough, and the auxiliary winding of the
transformer takes over.

In the event that the auxiliary supply is insufficient, the internal high voltage supply of the
SSL152x also supplies the IC. When the voltage on the V¢ pin drops below the VinuvLo)
level, the IC stops switching and restarts from the rectified mains voltage.
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Power MOS transistor

The SSL152x and SSL1623 LED driver has an on-board power switch which is capable of
withstanding 650 V on the drain. The devices are not avalanche rugged so sufficient
device breakdown protection measures must be taken. The drain-source on-state
resistance (Rpsgn) of the MOS transistor depends on the type of IC selected.

Oscillator

The switching frequency (fsy,) of the SSL152x and SSL1623 LED driver is set by
connection of a capacitor and a resistor in parallel with the RC pin. The capacitor is rapidly
charged to the Vrcmax) level and, starting from a new primary stroke, it discharges via the
resistor to the Vrc(miny level. When the Vre(min) level has been reached, the capacitor is
recharged. The switching frequency is calculated in Equation 1

1 _ VRCgmax)
f—"' - tcharge + Rosc x Cosc x 1n( ] ) 1)
Sw RC(min)
where:

tcharge = Charge time
Rosc = oscillator resistance
Cosc = oscillator capacitance

Control mechanism

The SSL152x and SSL1623 LED driver uses current mode control. An optocoupler
transfers the LED current information to the primary side of the circuit. The conduction
time of the internal MOS transistor is modulated. The average output current to the LEDs
is controlled by setting the primary peak current through the transformer. The
implementation is shown in Figure 2.

RC

PWM

I : driver

TN Vregfintern

019aaa435

Fig 2. SSL152x and SSL1623 LED driver regulation mechanism

2.4.1 On-time Control

The internal regulation voltage (Veg_intern) iS €qual to the difference between the external
regulation voltage and the internal voltage source (2.5 V) multiplied by a factor of 10. This
internal regulation voltage is compared with the oscillator voltage. When the oscillator
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voltage is lower than the internal regulation voltage, the power MOS transistor is turned
off. The higher the external regulation voltage, the lower the conduction time of the MOST
transistor. The MOST's controlling mechanism is shown in Figure 3.

l low power

VRe

Vregfintern

high power

—» |+ ton (low power)

t—— ton (high power) —» 019aaa436

Fig 3. Regulation mechanism

2.4.2 Maximum duty cycle

The power MOS transistor will always be switched off as soon as the maximum duty cycle
is reached. The maximum duty factor is set to 75 % (typical value at 100 kHz oscillation
frequency).

2.4.3 Minimum duty cycle

The minimum duty cycle is equal to 0 %. This is achieved when the internal regulation
voltage is equal to or higher than the maximum oscillator voltage. In this case the power
MOS transistor is not switched on.

2.4.4 Advantage exponential oscillator

The use of an exponential oscillator has the advantage that the relative sensitivity of the
duty cycle to the regulation voltage at low duty cycles is almost equal to the relative
sensitivity at high duty cycles. The result is a more constant gain over the duty cycle range
compared to a PWM system with a linear sawtooth oscillator. A small variation in the
regulation voltage, see Figure 4 results in a variation of the MOS transistor's conduction
time. This variation is smaller at low duty cycle levels than at high duty cycle levels. For a
sawtooth oscillator, the variation is equal over the full duty cycle range. The variation in
the conduction time of the MOS transistor results in a variation of transferred power. For
an exponential oscillator the variation in transferred power at a low duty cycle level is
lower with respect to the linear oscillator. This guarantees stable operation at low duty
cycle levels.
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Fig 4. Regulation mechanism

2.5 Demagnetization

The SSL152x and SSL1623 LED driver always operates in Discontinuous Conduction
Mode (DCM) or Boundary Conduction Mode (BCM). The auxiliary winding of the
transformer is connected to the SSL152x and SSL1623 LED driver AUX pin with a
resistor. Current will flow to or from the AUX pin via the two antiparallel diodes. The
direction in which the current flows depends on the transformer's auxiliary winding voltage
and direction.

When the secondary diode is conducting, the voltage of the auxiliary winding is positive.
This supplies a current to the AUX pin. As a result, the AUX pin voltage is clamped to a
positive diode voltage. When the AUX pin voltage is higher than 100 mV, the oscillator will
not start a new primary stroke.

Demagnetization recognition is suppressed during the ts;ppr time. This time starts at the
moment of switching off the integrated power MOS transistor. This might be necessary in
order to prevent false demagnetization detection, especially for applications with low
output voltages and transformers with a large leakage induction.

2.6 Valley switching

In order to increase the efficiency of the SSL152x and SSL1623 LED driver, dedicated
valley switching circuitry is built in. Minimizing the power MOS transistor's switch-on
losses increases the efficiency of the converter; see Figure 5, Figure 6 and Figure 7.
When the internal power MOS transistor is switched-on, a new primary stroke is started.
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Fig 7. Components at the DRAIN pin

After a period of time determined by the oscillator voltage (Vrc) and the internal regulation
voltage (Vreg_intern), the power switch is turned off, see Section 3.1.4 “Oscillator”. At this
moment, the secondary stroke is started. The duration of the secondary stroke is
determined by the energy stored in the transformer and the output voltage. The SSL152x
and SSL1623 LED driver detects the end of the secondary stroke with the
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demagnetization function. Due to the primary transformer's inductance and a parasitic
capacitance on the DRAIN pin, the voltage on the DRAIN pin shows an oscillation. The
frequency of this oscillation is calculated with Equation 2. As soon as the oscillator is
ready (Vrc = V(rc(max)) @and the secondary stroke has ended (Vaux < 100 mV), the
oscillator waits for a low drain voltage before a new primary stroke is started. The voltage,
the value of the parasitic capacitor and the switching frequency determine the switch-on
losses; see Equation 3.

1
fring = @

2x T X /Lp X Cp
where:
fring = ringing frequency
Lp = primary self-inductance
Cp = parasitic capacitance on drain node

1 2
P = _XCpXVDRAIN x fow 3)

switch—-on 2

where:

Pswitch-on = Switch-on losses
Vprain = actual voltage on pin DRAIN at moment of switching on
fsw = switching frequency
The power MOS transistor can be switched on just before the actual valley (at low ringing

frequencies) or just after it at high ringing frequencies. For a flyback application with a
reflected output voltage (n x Vo = 80 V), a typical curve is shown in Figure 8.

40 mgt424
phase
(deg)
20
L~
v i
0 /1
/ e
-20 //
-40
0 200 400 600 800
f (kHz)
Fig 8. Typical phase of drain ringing at switch-on (at N x V, =80 V)
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Figure 8 shows that for a ringing frequency of 480 kHz, the power MOS transistor is
switched on exactly in the valley, thus at the minimum drain voltage. This reduces the
switch-on losses to a minimum. At a ringing frequency of 200 kHz the MOS transistor is
switched on approximately 33 degrees before the actual valley and the switch-on losses
are still significantly reduced. The impact of valley switching on the switching losses is
greatest when the excitation voltage that caused the ringing, is half that of the drain
voltage.

Current protections

The current through the internal power MOS transistor is converted into a voltage via the
external source resistor and supplied to two comparators. With these two comparators,
two types of current protection are implemented in the SSL152x and SSL1623 flyback
LED driver. Both protections will be discussed in Section 2.7.1 and Section 2.7.2 as
follows:

Overcurrent Protection (OCP)

The voltage on the SOURCE pin is measured cycle by cycle and compared to the Vocp-max
maximum level. The power MOS transistor is switched off as soon the voltage on the
SOURCE pin exceeds the Vocp.max level (typical 0.5 V). To prevent a false OCP detection
at switch on of the power MOS transistor, the comparator is disabled during the tje time
(typical 350 ns). When OCP is detected, the actual switching cycle is terminated until the
next cycle starts.

Short Winding Protection (SWP)

The voltage on the SOURCE pin is measured and compared to the Vgyp-max maximum
level. The power MOS transistor is switched off as soon the voltage on the SOURCE pin
exceeds the Vgyp.max level (typical 0.75 V). To prevent a false SWP detection at switch on
of the power MOS transistor, the comparator is disabled during the tig, time

(typical 350 ns). When SWP is active, the IC oscillator is disabled until the IC is reset by
removing Vcc.

>3
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N igs
——| PROTECTION L
— LOGIC Rsrc
blank
F overcurrent 1 05V
i O
1
| 1
short winding ){ 0.75V
N
_/

019aaad42

Fig 9. Current protections
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OverTemperature protection (OTP)

An accurate temperature protection is provided with the SSL152x and SSL1623 flyback
LED driver. When the junction temperature exceeds the thermal shutdown temperature,
Tpimax) the 1C will stop switching and the supply current is reduced to the start-up current
level for the SSL152x. As a result, the internal junction temperature will decrease. The
SSL152x and SSL1623 flyback LED driver resumes operation as soon as the temperature
has sufficiently decreased; Tpimax) — Tpithys)- Should the temperature rise higher than the
Tpimax) level again, switching is stopped and the supply current is reduced. Blinking
between on and off state therefore occurs

3. General Step-by-step design procedure

This section guides you through the procedure for designing a basic flyback converter
with the SSL152x and SSL1623

3.1 Designing the basic SSL152x and SSL1623 application
Figure 10 shows a basic application using the SSL152x and SSL1623 for universal mains
and high power factor. This application behaves like a primary regulated voltage source.
d high factor. Th lication beh lik lated volt
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Fig 10. Basic SSL152x and SSL1623 application

AN10925

The mains voltage is rectified, buffered and filtered in the input section and connected to
the primary winding of the transformer. The following blocks can be identified from the
SSL152x and SSL1623:

¢ Oscillator
¢ OverCurrent Protection (OCP) and ShortWinding Protection (SWP)
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Regulation
* Demag (demagnetization detection)
* Supply generation

Feedback circuit

In the output section, the transferred energy is stored in a capacitor and filtered before it
becomes available on the output pins. The current feedback circuit is described in Section
3.2 “Feedback circuit dimensioning”

A clamp is added across the primary winding of the transformer to prevent too high a
voltage overshoot on the DRAIN pin of the SSL152x and SSL1623, when the internal
power MOS transistor is switched off.

Input section

Determine system requirements

In order to calculate the input section, the following system parameters must be identified:

¢ Minimum and maximum AC input voltage, see Table 2

Table 2. Input voltage range
Input voltage (AC) Minimum Maximum
universal mains 100V 254V

* Mains frequency, see Table 3

Table 3.  Input frequency range
Input frequency Minimum Maximum
universal mains 45 Hz 65 Hz
* Required output power and voltage
¢ Estimated efficiency
Efficiency loss due to output voltage
The voltage drop across the output diode affects the efficiency of the whole converter. The

increased voltage drop across the output diode and high output current will lower the
converter's efficiency.

If the output voltage is below about 25 V and high efficiency is required, a Schottky Barrier
diode is recommended or alternatively a fast PN diode can be used.

The efficiency loss due to the output diode is calculated with Equation 4.

Vf Dout
PIoss, Dout — _~V...9.i x 100 x 82 @)
0

where:

Ploss, bout = output diode power loss
Vi pout = Output diode forward voltage
V, = output voltage
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PN dIOde = Vf’Dout = 0.7 V.
Schottky diode = Vi poyt = 0.5 V.

Efficiency loss due to snubber/clamp circuit

A snubber network on the DRAIN pin or a clamp circuit across the transformer's primary
winding is required in order to keep the drain voltage below the breakdown voltage of the
integrated MOS transistor. The estimated efficiency loss due to a snubber or clamp circuit
is shown in Table 4

Table 4.  Clamp/snubber efficiency loss

Method Power range Efficiency loss
RC snubber Po<3W 20 %
RCD clamp full range 15 %
Zener clamp full range 10 %

Efficiency loss due to other components
Efficiency loss due to other components in the application is estimated to be
approximately 5 %.

Efficiency of the whole converter
The estimated efficiency of the whole converter is calculated with Equation 5.

— I:’in_ PIoss,Dout_Ploss,clamp_Ploss, additional 5
n = 5 (5)

in
where:
Pin = input power
Ploss, Dout = output diode power loss
Ploss, clamp = clamping power losses
Additional losses (Pjoss, additionar) @re typically: inrush, transformer, switching, IC, wiring etc
Remark:

1. These are estimated values and can differ in a practical application.
2. The peak clamp might not be necessary for the 100 V to 120 V only applications.

Calculate the inrush resistor value (R1)

The inrush resistor (Rinrush) limits the maximum peak current through the diode bridge
rectifier. For most of the diode bridge rectifiers suitable for this application, the lggpm
parameter is approximately 20 A. The minimum value for this resistor is calculated with

Equation 6.

R — ﬁ X VAC, max (6)
inrush — I
FSM
where:
Vac, max = maximum AC voltage
AN10925 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2010. All rights reserved.
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3.1.1.3 Calculate the input buffer capacitance

AN10925

3.1.2

3.1.3

Before the input buffer capacitance (Cgys) can be calculated, two additional parameters
must be defined:

1. The required power factor of the mains input current. The power factor of the mains
input current depends on the combination of the value of the output power, the total
capacitance of the buffer capacitors, and the inrush resistor. The minimum value is
defined in Section 3.1.1.2.

2. The mains input voltage and/or the mains input voltage range

In Table 5 the Rinrush and the Cgys multiplicators are given for an application with a power
factor of 0.9 of the mains input current.

Table 5.  Inrush resistor and buffer capacitance multiplicators

Input voltage range Rinrush (Q x W) Cguf (NF/W)
110V >40 <240

230 VC > 160 <60
universal mains > 160 <60

Taking into account the system efficiency results in the correction factors of Equation 7
and Equation 8:

Rinrush, tot — g’ X Rinrush (7)
0

where:

Rinrush, tot = total inrush resistance

PO
Cauf,tot = Y x Cgyt 8)

where:

Cauf, tot = total input buffer capacitance

Input voltage clamp

A MOV or a Transorb at the input of the circuit is required to protect the circuit against
lighting surges. The input buffer capacitor is too limited to absorb the energy of lighting
surges.

Clamp on DRAIN pin

The maximum clamping voltage (Vciamp, max) can be determined if Equation 9 is applied.
In this equation V(gr)pss is the breakdown voltage of the SSL152x and SSL1623's
integrated power MOS transistor. Since the power MOS transistor is not avalanche
rugged, a small safety margin (Vmargin) is added (25 V is sufficient).

VClamp,max = V(BR)DSS_VDC,max_Vmargin (9)
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Oscillator

Before the oscillator components can be calculated, the operating frequency must be
chosen. The switching frequency of the SSL152x and SSL1623 can be set between

10 kHz and 200 kHz. A commonly used switching frequency is 100 kHz.

The oscillator frequency is set by two parallel components, a resistor (Rqsc) and a
capacitor (Cosc). The capacitor is rapidly charged to the Vrcmax) level (typical 2.5 V) and
discharged via the resistor to the Vrc(min) level (typical 75 mV). The discharge takes

3.5 RC times (RC = oscillator time constant = Rgge X Cosc)-

The oscillator time constant is calculated with Equation 10. The oscillator charge time
(tcharge) is derived from the SSL152x and SSL1623 specification (tcharge = 11S).

_ 1 1
RC =35 (f_w ~tonare) (10)

The values for both Rggc and Cygc can now easily be extracted from the RC time constant.
Using an oscillator capacitor less than 220 pF is not recommended as the drain voltage
might distort the oscillator voltage. From an efficiency point of view, a high value Cgg¢
capacitor is not preferred at high operating frequencies (at 200 kHz and Cyc = 10 nF,
12.5 mW of power is dissipated in the oscillator).

For a switching frequency of 100 kHz, an oscillator time constant of 2.57 seconds is
required. This time constant is achieved by the parallel connection of a 7.5 kQ resistor and
a 330 pF capacitor.

OCP resistor

The OCP resistor (Rgc) sets the transformer's primary peak current and thus also the
maximum transferred output power.

As the power factor is assumed to be 0.9, the mains current is almost sinusoidal and in
phase with the mains voltage.

The OCP resistor defines the dimming curve and regulates the maximum power delivered
to the LEDs. It regulates the peak current through the inductor and thus the maximum
power level. It also provides overcurrent protection to the converter. This technique
removes part of the dependency between the output power and the mains voltage. The
built-in overcurrent protection circuit triggers at 0.52 V. If the secondary losses and
frequency are known, Rg can be calculated with Equation 11 as follows:

Ry = [com by (11)

8 x Pin
where:

feonv = converter frequency

Pin is the transformer input power at the peak of the mains input voltage including snubber
losses. The transformer power is modulated by the rectified mains input voltage shape. As
the peak transformer input power is twice the average power, twice the average
transformer power must be used for Pj,. The snubber losses must be added to this
number.
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Example: For a 5 W application running at a switching frequency of 100 kHz and an
efficiency of 80 %, the transformer input peak power will be 5 W x 24 g = 12.5 W. The
snubber losses must be added. The Rg resistor is set to 1.2 Q, limiting the peak current
to approximately 400 mA.

3.1.6 Transformer

An SSL152x or SSL1623 flyback application requires a transformer with three windings; a
primary input winding (Np), a secondary output winding (Ns) and an auxiliary winding (Na).
The number of turns will be calculated for all three windings.

For transformer calculations see Application note: Ref. 2 “AN10754". The energy
transferred through the transformer has a sinusoidal shape, so the peak power is twice
the average power.

As result, the figures for Pj, in Ref. 2 “AN10754" must be multiplied by 2.

3.1.7 Regulation components

Easy interfacing with secondary regulation is possible. Additional secondary electronics
drives the photodiode of an optocoupler. In this case, the optocoupler's transistor is
directly connected to input pin REG of the SSL1523 IC.

To prevent distortion on the regulator pin due to in coupling of high voltage signals it is
recommended to keep the lower regulator resistor (Ryeg2) below 10 kQ.

3.1.8 Demag

The auxiliary resistor (Raux) limits the current to the AUX pin of the SSL152x and
SSL16223. According to the specification, the maximum current into or out of the AUX pin
is respectively 5 mA and 10 mA. These values are far beyond the current that is
necessary for detecting demagnetization. A good approximation for the resistance value

for Raux is given in Equation 12.

Rauy © 7 %V (KQ) (12)

aux
where:
Vaux = auxiliary voltage

3.1.9 Supply generation

Due to the fact that the integrated start-up current source (SSL152x only) is switched off
when the auxiliary winding provides enough energy to supply the IC, only a small supply
capacitor (Cycc) of maximum 1 pF is required (470 nF will fit practically all applications).
The SSL1623 requires an external startup resistor.

The diode which connects the supply to the auxiliary winding is of the General Purpose
PN type. The required breakdown voltage of this diode (Vp; paux) IS calculated with

Equation 13.

_Ng

Vbr,Daux - N ><Vdc,max"'v
p

(13)

aux
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The transformer parameters N, and N, are determined in Ref. 2 “AN10754". A resistor is
placed in series with the input buffer capacitor. The function of this resistor is to prevent
overcurrent at startup. The value for this resistor is given in Table 5 of Section 3.1.1.3

Output section

Output diode

The output section starts with the output diode. The type of diode required (PN or
Schottky) is decided in Section 3.1.10 (4.1.1). Equation 14 can be used to determine the
maximum peak current (Ipk, psec) for the diode.

x |

pk,Dsec = NE pk, prim (14)
s

where:
lpk, prim = Primary peak current

Further detail can be found in Ref. 2 “AN10754", Section 6.2.

Output capacitor

The converter is designed for a power factor of the mains input current of 0.9. As result
the input capacitor has a relative low value, so the buffered rectified mains voltage is
almost zero at the zero crossings of the mains voltage. As consequence the converter
cannot generate a constant output current. A high mains-current related ripple current will
be generated at the output of the flyback converter. In order to prevent this low frequency
ripple current of 100 Hz to 120 Hz flowing through the LED load an output capacitor must
be applied.

The estimated value of the output capacitor (Coytput) is given in Equation 15 based on a
ripple current of 25 %: Further detail can be found in Section 6.2, AN10754.
I .ep(A)
Coutput(MF) = 36000 x ——— (15)
LEDs
where:

N eps = humber of series connected LEDs

Example: for six series connected LEDs at a current of 0.25 A, an output capacitor of
1500 uF is required.

When using an electrolytic capacitor for the output capacitor, it is recommended that a low
ESR ceramic or foil capacitor be connected in parallel to improve EMC filtering and
reduce dissipation. This capacitor should be mounted closer to the output diode than the
electrolytic output capacitor.

To fulfill the lifetime requirements it is recommended to use a capacitor developed for high
temperatures such as 105 °C or 130 °C.
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3.1.10.3 Output filter

AN10925

3.2

The cut-off frequency of the output filter must be set to a frequency below the minimum
operating frequency. The minimum operating frequency of the SSL152x and SSL1623
application can be as low as 0 Hz, but this is not a practical value. With Equation 16 and
Equation 17, an output filter section can be calculated which has a resonance frequency
of 15 th of the switching frequency of 100 kHz.

Lc = 100 (16)

2
(m x fsw)

100

Lfitter = 5 17)

2 f
filter X T X Ty

Feedback circuit dimensioning

The developed demo board is designed with a current feedback circuit.

The actual LED current is measured by a sense resistor R10 and a current mirror (R11,
R12, Q10, R14 and R15); see Figure 11.
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Fig 11. Schematic of output current measurement
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The reflected current is measured as voltage across resistors R16, R18, R19. When this
voltage exceeds the Zener voltage of D13 and the forward voltage of the diode in IC2, the
optocoupler will be activated. The setting of the SSL152x IC (IC1) on the REG pin will be
increased in order to stabilize the output current at the desired value. The current through
R16 is defined by the ratio between R10, R11 and the output current; see Equation 18

| = | X R10
R16 R10 R11

Example:

(18)

With an output current of 250 mA, the current through R16 will be approximately 1.1 mA,
generating a voltage of approximately 9 V across R16, R18 and R19. This voltage is
higher than the Zener voltage of D13 added by the forward voltage of the diode in IC2,
resulting in a current to flow through R17, D13 and IC1.

Short-circuit shutdown latch

The developed demo board is designed with auto-restart functionality. During overload
mode of operation the output current is limited to a safe value and if an output short-circuit

occurs, the circuit is operating in a Hiccup mode

For some applications the requirements demand a complete switching off of the circuit
with a short-circuit or overload condition.

An additional circuit will add this functionality to the SSL152x and SSL1623 based
applications. This principle can also be applied to the SSL210x based applications.

Description of the short-circuit shutdown schematic

The schematic diagram of the short-circuit shutdown protection is shown in Figure 12.

D3

Fig 12. Schematic of the short-circuit shutdown protection
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This protection principle can be applied in combination with the SSL LED driver as shown
in Ref. 1 “Data sheet SSL152x". During normal conditions the voltage from the auxiliary

winding of the converter to the V¢ pin of the IC is above 14 V. During overload and/or
short-circuit of the LED output connection, the auxiliary voltage will drop and the V¢
voltage will drop below 14 V.
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The latching signal is supplied to the REG pin of the SSL152x or SSL1623 IC. During the
latched status, the REG pin voltage rises above 2.5 V forcing the SSL152x or SSL1623 IC
to the off-state condition.

The circuit is based on a latching configuration with two PNP transistors Q1 and Q2.

The latch is activated when the V¢ voltage drops below a predefined value set by the
value of D2. A time delay function is added to the latch to prevent false latching and to
temporarily disable the latch function during start-up of the SSL152x, or SSL1623
LED driver

During normal operation of the LED driver the V¢ voltage is above 14 V. A base current
activates transistor Q1, which is in conduction mode. As a consequence transistor Q2
remains in the off-state condition.

During an overload or a short-circuit condition the V¢ voltage will decrease below 14 V.
The base current, which activated transistor Q1 will reduce to zero, resulting in transistor
Q1 switching off. As a consequence transistor Q2 will switch on and the REG pin of
SSL152x and SSL1623 IC will increase above 2.6 V, resulting in the LED driver switching
off. The internal supply of SSL152x and SSL1623 IC will now be activated and the V¢
voltage will stabilize at a lower value of approximately 10 V to 12 V. The transistors Q1
and Q2 remain in the latched condition.

The latch can only be released if the V¢ voltage is switched off for at least one second. In
order to switch off the V¢, the mains voltage must be removed from the input of the
complete driver unit. However the V¢ voltage remains active as long as the rectified
mains voltage across the input buffer capacitors has a value above 60 V DC.

After discharging the buffer capacitors to a level below 60 V DC, the capacitors C1, C2,
C3, and C4 will discharge. The total time for releasing the latch is also highly dependent
on the discharge time of the rectified mains buffer capacitors.

4. Abbreviations

AN10925

Table 6. Abbreviations

Acronym Description

AC Alternating Current

DC Direct Current

BCM Boundary Conduction Mode
DCM Discontinuous Conduction Mode
ESR Equivalent Series Resistance
LED Light Emitting Diode

MOV Metal-Oxide Varistor

MOS Metal-Oxide Semiconductor
MOST Metal-Oxide Semiconductor Transistor
OCP OverCurrent Protection

OTP OverTemperature Protection
PWM Pulse Width Modulation

SWP Short Winding Protection
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5. References
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(1]
(2]
(3]
(4]

Data sheet SSL152x — SMPS ICs for mains LED drivers

AN10754 — How to design an LED driver using the SSL2101 or SSL2102
UM10406 — SSL1523 high power factor 5 W LED driver for universal mains
AN10876 — Buck converter for SSL applications
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6. Legal information

6.1 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.

6.2 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

AN10925

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

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
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.

6.3 Trademarks

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