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LED driver in boost to battery topology

About this document

The TLD5099EP is a flexibly usable DC/DC boost controller with built in diagnosis and protection features
especially designed to drive LEDs. It also includes an embedded pulse width modulator to easily implement a
dimming function with reduced color shifting and spread spectrum modulator.

This document explains how to design a DC/DC in boost to battery topology for automotive LED lighting.

The solution proposed is tailored on characteristics of TLD5099EP, showing how to enable all the features
embedded oniit.

Scope and purpose

The purpose of this application note is to give to the audience some design hints related to boost to battery
topology

Intended audience

This application note is intended for hardware engineers.

Table of contents

LED driver in boost to battery tOPOlOgY..cccciviireirriiniinninicncrrsinccaesrnscaecsestrscsessessacsrsssscsessrsssssssssnssassne 1
AbouUt this dOCUMENt.....cvciiriiiiiriiiniineiiiiniirsiniinecsstrecsesrrscsessrssssssssrrsssssssssssssssssssssssssssssasssrsssssssssnoss 1
L1 e Gl o 11 T N 1
1 1LY [T T TN 2
1.1 APPLICAtION EXAMPLE ..ttt ettt e st e b e sse et e b e s sa e aesseesa e saesaesbesreess e sasraensannes 2
2 Main regUlator deSIZN ..uccviiuiireiiriineiresinicresrritaecsestrscsesrrsssessrsrssssesrrssssssrsssssssssrsssssssssnssasssnssnssss 3
2.1 INAUCEON ettt ettt et et eete et e st e et et e st e e b essessa e bessassaassassaessansasssansasseessansesssassenseessansesssensenses 4
2.2 OUTPUL CAPACITON weteiniieiiiiieiieeriteeste st e esreesie e e staeeste e s baesesbaessbeessbaesssaeesssesessaeesssessssaessssesssseesssseensaesns 5
2.3 INPUL Pl IIIEET ettt ettt ettt st e st e s e e st e sse s s et e s st e s asbassaassasssessassesssassasseessansesseensenses 7
2.4 E AN S STOT ettt et e st e st e e st e e s tae e bbe e s b be e e baeessbaeesbae e sbaeessae e sbeessbae e baeensbaeebaeensbaeenrraens 9
2.5 D] T [T OO EOURTRURPRPR 10
2.6 CUITENT SENSE TESISTONS. viuveiieirieerrerireriressressieestesaessesssessseesseessessssesssesssasssesssessssesssessseessesssaessaesnessnes 10
3 FOATUIES. . cuiuiuiiiuiuinrntutnrerereretesesesesesesesesesesesesesesesesesesesesesesesesesssssesssssesssssssssssesssssssssssssessssseses 12
3.1 OVEIVOItAZE PrOTECTION ....eiveiieiterterteteriteteste et ste et et e ste st este et et esbessbessesssessassasssessasssessessaensessaensessesns 12
3.2 Protection diodes for short to ground proteCtion ..........e.ceeeevvereeieerenenenenerieieeeeeeeesreseesreseeneens 12
3.3 ProtECHION SWITCR ettt te e et e s e et e s e et et e s se et e saesaessaesaessansens 13
34 SPIEAA SPECIIUM...ciiiiiieciecieee et te e erte et e st esaesaeebesbaebsesssessseessesssasseesssesssesssessseessessssessaesssessees 14
35 BINNING FESISTON .ttt sttt s et sb et e b st e be s st et e be s st sbesseeneesesneensensenn 15
4 Compensation NEEWOIK ....cuccieiiuiineciniineceesinicaecsrsraecsestsscsessrsssssssssssssessrssssssssssssssssssssssssssrssassss 17
5 Layout CONSIAErationsS ...c.cceuiiviieecrniiaceesieicaecsrsrsscsessssssessesssscssssrssssssesssssssssssssssssssssssssssssnssassss 21
REVISION NISTONY.uiuiiiiuiiniiiiecniiniiniicrecasiesiessecastnsressecssssssessecsscsssssssssscsssssssssssssssssssssssssssssssssssssssasses 23
Application Note Please read the Important Notice and Warnings at the end of this document Rev.1.00

www.infineon.com 2020-03-20



TLD5099EP @neon

LED driver in boost to battery topology -
Introduction

1 Introduction

Boost to battery is a topology very close to boost to ground, where the output current recirculates back to the
positive pole of the battery instead of flowing to ground. A simplified schematic is shown in Figure 1.
TLD5099EP is a multitopology controller that easily enables this topology.
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Figurel Boost to ground topology simplified

The core of the DC/DC is a boost regulator. The system generates at the positive output (cathode of Dgo) a
higher voltage than input voltage. As depicted in Figure 1, the load is connected from the cathode of Dy, back to
the positive pole of the battery. In this way a buck boost topology is realized because the voltage across the
LED string can be lower or higher than input voltage (at the cathode of Dgo, the voltage is always higher than
VBATT)-

1.1 Application example

The LED driver module (LDM) with TLD5099EP presented in this note is for automotive application and it has to
fulfil the following requirements:

Table 1 LDM requirements

Target
Number of LED 5 (Reference Nichia NCSW170DT)
LED current 0.9A
Currentripple +/-5%
Switching frequency 400 kHz
EMC requirements CISPR class V
Battery voltage 135V

The board works with every kind of white high power LED and current ratings higher than 1.0 A. Thermal
management of LED has to be taken into account by the user.

Application Note 2 Rev.1.00
2020-03-20



TLD5099EP @neon

LED driver in boost to battery topology -
Main regulator design

2 Main regulator design

The key points related to the stability of the DC/DC are the load characteristics and the boundary conditions.

As mentioned in the Application example section, the load is a string of 5 LEDs. The LED string is considered as
an equivalent voltage source with an equivalent series resistor (Thevenin equivalent circuit transformation).
The equivalent voltage source is the sum of all forward voltages of the LEDs, while the equivalent resistor is the
sum of all equivalent resistors. The LED equivalent resistor is calculated as incremental ratio of voltage versus
current in the around of working point. The LED forward voltage is calculated as the intercept on x-axis of the
line tangent to the curve on the desired working point. For the reference LED, Figure 2 shows graphically how to
extrapolate Viynarg aNd Rigp
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Figure2  LED characteristic curve.

The load is described in a typical condition by the equivalent parameters below

Viep = Mwep " Vrorwara = 5252V =12.6V

RieD string = Meep " Rugp = 5040 =2.0Q

Due to the back connection of the load to the positive pole of the battery, the voltage at the output of DC/DC is
a sum of battery voltage and load voltage.

VOUT_MIN - VIN_MIN + VLED + RLED_string * ILED == 8 V + 126 V + 2 .(2 * 09 A == 224 V
VOUT_TYP = VIN_TYP + VLED + RLED_string " ILED = 135 V + 126 V + 2 .Q * 09 A = 279 V

VOUT_MAX - VIN_MAX + VLED + RLED_string * ILED == 26 V + 126 V + 2 .Q * 09 A = 404 V

The duty cycle (DC) of the DC/DC regulator is a function of input and output voltage. The formula for the boost
converter is

VI N

DC=1-
Vour

Application Note 3 Rev.1.00
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It shows that the duty cycle DC varies with input voltage and output voltage. In case of typical forward voltage
of LED string, DC variation is reported in Table 2.

Table 2 Duty cycle vs. input voltage

Input voltage V,, [V] Duty cycle [%]
8V (maximum DC) 64.3 %
Transient undervoltage

13.5 V (typical condition) 51.6 %
Nominal battery

26V (minimum DC) 35.6%

Jump start

Considering the output power is related to Viep and not to Vour, the average input currents (maximum, typical
and minimum) are estimated by equalizing the input power and output power with the effect of the efficiency.
The formulas below report the value of the average input current supposing 90% of overall efficiency

_ Pour _ Viep “lour _ (VOUT_MIN - VIN_MIN) “loyr _ (224V -8V)-094 _
<Iin_max >= = = = = 1804
- Vinmiv ' Vinmn ' Vinmiv M 8V-0.9
_ Pour _ Viep * lour _ (VOUT_TYP - VIN_TYP) “lour _ (27-9 V- 13-5) ‘094 _
<Iiyryp >= = = = = 1.07A4
B Vintyp'n  Vintyp™ 7 Vin typ 1 13.5V-0.9
_ Poyr _ Viep “lour _ (VOUT_MAX - VIN_MAX) “loyr _ (40-4 V-26 V) 094 _
<Iinmin >= = = = =0.554
B Vinmax M Vinmax N Vin max "M 26V-0.9

The values reported are useful to define the ratings of the components during the design in the following part
of the document.

2.1 Inductor

The inductorin a boost converter is designed based on the specified average and ripple current. Usually, the
peak current is in the range of 20% to 40% of the average value (in this application 30% has been chosen). To be
fastin react on input voltage steps, the DC/DC is designed to work in continuous conduction mode. Then, two
equations are needed to choose the correct value of inductor for the DC/DC.

The first equation determines the inductor value to obtain the required ripple current with typical voltage at
input.

i > D Vin Typ — 0516 135V = 40.69 uH
MIN1 = MTYP Aiy ryp(p—p) * fow e 2:02-1.07A-400kHz &

The second equation determines the minimum inductor to prevent discontinuous conduction mode when the
input currentis at minimum (i.e. with maximum input voltage that is the worst condition)

Application Note 4 Rev.1.00
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L > D . ViNyax = 0.356 - 26V = 21.04 uH
MIN2 = EMIN "5~ LNy > fow ' 2-0.55A-400 kHz R

The closest standard value that satisfies both equations is 47 uH.

With this value, the actual peak current in worst condition (i.e. when input voltage is at minimum) can be
calculated as:

g ViNyin 8V
AI’L(P—P) =DMAX.L-f =0643.47MH-400 kHZ=030A
sw

And then, the maximum peak current into inductor is:

Aiy p_
Iomax = < Iy max > + % =180A44+0304A=214

The important key parameters to select an inductor are then:
e Inductance>47 pH
e Saturation current>2.1A

An inductor that fulfills above requirements (nominal inductor value and saturation current) is the Coil Craft
MSS1246T-473ML.

2.2 Output capacitor

The output capacitor acts as an energy tank when the diode is in reverse polarity and for this reason it sees a
high ripple current. This component affects the bandwidth of the system and also the output current ripple
performance. Usually, for this kind of application multilayers ceramic capacitors (MLCC) with low ESR are
preferred over electrolytic capacitors.

Figure 3 depicts how the system manages the current into reactive components and LED string.

Application Note 5 Rev.1.00
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Figure3  Waveform of current in reactive components and LED string

The output voltage ripple can be approximated by:

AVOUT = AIOUT . RLOAD = IOUT - TippleOUT - RLOAD =900mAd-0.1-2.00=0.18V

Assuming the capacitor is discharged by a constant current (equal to average output current) for a time equal
to ton, its value can be calculated in worst case condition when duty cycle is maximum by:

o> lour Dusx _900mA  0.643

= : = 8.0 uF
= Mour fow 018V 400 kHz &

Also the equivalent series resistor (ESR) of the capacitor affects the ripple of the output voltage. Its effect is
calculated during two phases:

e During capacitor dischargingitis described by
AVgsr = Rgsg * lour
e During the charging phase itis described by
AVesr = Rgsg * (I, = Tour)

To make it negligible (for example less than 10% of the ripple imposed by capacitor), its contribution has to be
lower than AVour on both cases. From the equations above, it is possible to calculate the maximum ESR
acceptable by the application.

AVESR _ 01 " AVOUT _ 01 " 018 V
lLour  loyr  900mA

Rgsp < = 20 mQ

Application Note 6 Rev.1.00
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/

R < AVESR _ 01 " AVOUT _ 01 " 018 V
ESR

= = = =15mQ
I max — lovr  limax —lour 2.1A—900mA

To fulfil both equations, ESR of the capacitor bank has to be lower than 15 mQ. This is a reasonable value for a

ceramic capacitor.

Note: MLCC capacitors show quite good value of capacitance related to small package and also very good
performances related to ESR, but they show a strong variation of the capacitance as a function of the applied
voltage. As an example, in Figure 4 the behavior of TDK CGAIN2X7R2A475K230KA is shown.

DC Bias Characteristic
10

-10
-20
-30
-40
-50
-60
-70
-80

Cap. Change/%

0 20 40 60 80 100 120
DC Bias/V

Figure4 DC bias characteristic of TDK CGA9N2X7R2A475K230KA
The capacitor is rated 100 V to work properly at maximum of Vour = 40.4 V, but it shows a 30% drop of its
nominal value.

Here a good choice is a 4.7 uF capacitor at the output of the boost converter referred to ground (mainly to
lower the EMC emission) and two 3.3 uF capacitors across the load (stressed by V o4p); With this solution, the

total capacitoris 4.7 uF * 0.7 +2 * 3.3 uF = 9.89 uF (no degradation of 3.3 uF capacitor has been taken into
account for 100 V rated component because it is biased with V ., only)

2.3 Input Pl filter

A Pl filter is a common choice for filtering out the undesired frequency components in the standardize bands.
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Figure5 Pl filter schematic simplified
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Parasitic effects on capacitors and inductor shape the high frequency response of Pl filter and for this reason, it
works fine up to 5-10 MHz Above this frequency fast transients signals dominate the emissions. To mitigate this
effect a good PCB layout is important.

To achieve good results damping zone of the filter has to be put where harmonics of the switching frequency
causes problems in AM band (500 kHz - 1.8 MHz).

Rule thumb to design the Pl filter is the following:
o SelectL,lower1/10 * Lgo
e Putthe corner frequency of Pl filter 1/10 of the switching frequency of DC/DC: fp = 0.1 * fsw

e Have equal capacitance distribution on both sides of PI-Filter and value

1 1

C: =
P™4-n2-Lp-f2  4-m2-33/10 uH - (0.1 400 kHz)?

= 4.8 uF

For each side of the Pl filter at least 4.8 uF is needed. Considering the reduction of the capacitor with the
applied voltage a possible choice is to have 2 capacitor of 3.3 uF.

For this purpose CGA5L3X7TR1H475K160AB is a good candidate for the capacitors while the inductor could be
Coilcraft XGL4020-472ME

Application Note 8 Rev.1.00
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2.4 Transistor
The switching element of the boost to battery DC/DC is the Tsw transistor. It is an n-type MOSFET. The switching

activity behavior and how the current is split into the transistor and the diode is depicted in the Figure 6.
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Waveform of current in power devices and inductor

Figure 6
The RMS value of the repetitive trapezoidal current waveform into the transistor is calculated as:
e = Zj%fTiMos(t)zdt _ i/%fT ((IT + Aly ; Ip+ At 0~ AIT)>2 it
0 0 ON
= \/ ?_;V (Iéi0s min + Imos min * Imos max + lios max)

D 2 2
§ (IMos_min + IMOS_min ' IMOS_max + IMOS_max)

During the ON state the MOSFET conducts the inductor current. Then it has a maximum when Viy is minimal

(also duty cycle is maximum) and it can be calculated as:

DMAX

IT_rms,max \/T
0.643
= |53 (214-034)2+(214-034) 214+ (214)*) = 156 4

((IL_MAX - AiL(P—P))Z + (IL_MAX - AiL(P—P)) I max + ILZ,_MAX)

During switching, it is also stressed by the voltage equal to output voltage (voltage drop on diode is not taken

into account).
Rev.1.00
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For EMI reasons, itis common practice to putin series a resistor (Rgate) of approximately 5 to 15 Q. This helps
reducing the current spikes into the gate and also having a smooth transition from OFF state to ON state. On
the other hand, this lowers the overall efficiency of the converter.

Infineon offers a wide variety of MOSFET suitable for this purpose; IPD25N06S4L-30 is a good compromise of
gate charge and Res_on.

2.5 Diode

The diode Dg, is the rectification device of the DC/DC. The current flowing into the device is shown in blue in
Figure 6. It has a trapezoidal waveform as the currentinto the transistor and it is described by a similar
equation. Changing the limits in the integral on the equation of transistor current, the current into the diode
Dy, is described by the following equation

T,
Ip rms;max = \/ BO;F ((1 LMAX — AiL(P—P))Z + (Inmax — Digp—py) I max +1 E_MAX)

0.357
= -3 (214-0304)?+(214-0304)- 214+ (214)) =117 4

During the ON state of the transistor, the voltage across the diode is Vour = 40.4 V (voltage drop on the transistor
and sensing resistor is not taken into account). Adding some margin, the next higher voltage class should be
taken, e.g. a 60 V Schottky.

A good choice for this application could be the Vishay VSS8D2M6 that provides also low forward voltage.

2.6 Current sense resistors

There are still few components that are needed to be chosen for a proper behavior of the main regulation loop.
Two of these are resistors needed to sense the current into the switching transistor, and the output current.

The first resistor limits the current into the switching NMOS and inductor. It is placed below the transistor
(please refer to Figure 7) and it is useful to improve the stability (current mode control loop). This resistor
converts the current flowing into the transistor in a voltage sensed by SWCS pin. The maximum voltage across
the resistor must not reach the Vswcs threshold of 150 mV. This has to be true not only during the steady state
but also during the transition phase.

Lleo IL Ioope  Dso
A > NI

L
1|MOS

VBATT |

TSW

I

Rswes

TLD5099EP

——

Figure7 Peak current sensing resistor
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For example, with system phase margin of 45° (the reasonable bandwidth for a stable system), the output
current has an overshoot about 50%; it affects also the input current and switching current too. Taking into
account the corner case with minimum Vi, the maximum current in the Rswcs is calculated with the following
equation

VSWCS _ 150 mV
15-1 max 15-214

Repes < = 47.6 mQ

Adding some margin, 22 mQ is selected (the effects on stability of DC/DC, will be evaluated in Section 3.The
RMS current flowing into the resistor is equal to the current flowing into power NMOS. Therefore the power
dissipated by the resistor is

P = Rgyes * 1amos = 22 mQ - (1.56 A)? = 53.5 mW

To avoid overheating of the resistor it is a common practice to use resistors with 4-5 times power rating
needed. For this application RCWL2010R022JQ from Vishay satisfies the requirements. It is a low inductive
resistor that is needed to sense current with steeply edges.

The second component involved in the regulation loop is the output current sensor (please refer to Figure 8). It
can be easily calculated by imposing the feedback voltage Vrer regulated by the device with the required output
current.
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Figure 8  Output current sensing resistor

For this application, the resistor can be calculated as:

_ Vegr 03V
" Ioyr  900mA

RFB = 0339

The power rating of this device can be calculated as

P = Rpg- 13,7 = 0.33Q - (900 mA)? = 0.27 W

To avoid overheating of the resistor it is a common practice to use resistors with 4-5 times power rating
needed; for this application RCWL2512R330JQ from Vishay is a good candidate.

Application Note 11 Rev.1.00
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3 Features

3.1 Overvoltage protection

This feature helps to avoid overvoltages during open fails of the load (for example if the load is disconnected).
This voltage has to be set higher than the maximum voltage of the load. To avoid unwanted tripping it is
designed at minimum threshold of the device.

Vp=8V 1034V Leo

“
TLD5099EP

Figure9 Overvoltage protection schematic

Overvoltage is triggered when the voltage on OVFB pin reaches 1.21 V. The resistor divider to enable this feature
is shown on Figure 9

To reduce the parasitic effects of the moisture, the resistors of this path cannot be too high. A reasonable value
for resistance of the string is below 100 kQ. This means the currentin this path has to be higher than 0.6 mA
during the overvoltage (61 Vis the maximum absolute rating for the output voltage). With this current, Rov. has
to be lower than 2 kQ. Adding some margin a reasonable value for Rov is 1 kQ. With this resistor at low side, the
current flowing into the string during the overvoltage is 1.21 mA. Itis calculated by dividing the Vores 11_min bY
Rovi. Then, Rowy is calculated as:

VOUT_MAX - VOVFB,TH_min _ 404V —-121V

Rovy = = = 32.39 kQ
OVH In—ovrs 1.21mA

The closest value as off the shelf component on E96 series is 33.2 Q. It provides the over voltage protection at
41.4V.

3.2 Protection diodes for short to ground protection

To increase the reliability of the system, three extra diodes at the output are needed. A possible solution is
depicted on Figure 10.

Application Note 12 Rev.1.00
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Figure 10 Protection diodes

Main purpose is to protect the system from short to ground failures that could accidentally happen at load
terminals.

e D protectsin case of a short of cathode of LED string and it prevents to burn Ree. It has to be able to

sustain load current, because it is a part of the output current path. Vishay VSS8D2M¢6 fits well for this
the load current.

e D, plus Rum are needed to bias FBH pin at start up. FBH and FBL are not biased from the battery due to
the presence of Dy; in this condition TLD5099EP recognizes a short to ground (Vesw and Ves. = 0 V) and
then switching activity is disabled. D, and R,;,, network correctly biases FBH and to ensure the stat-up.
The current flowing on this branch is limited by Riim (10 kQ). BAS16 is a good candidate for this
application.

e Dsactsin case of short to ground of positive terminal of the LED string. If a short is present at the output
of the DC/DC, the switching activity is not disabled because any fault is detected. This diode needs to
bias FBH pin below the Vrenre._s2c and this freezes the switching activity. The current flowing on this
branch is limited by Riim. And then also here BAS16 can be used.

3.3 Protection switch

A PMOS transistor is used to protect the load in case of failures at load side. The applicationis illustrated on
Figure 11. In case of a fault, Towm: disconnects the load from the positive terminal of DC/DC. The level shifter
(needed for properly bias the PMOS) is made up of transistor Tpws, resistors Romi and Roma. When the transistor
Towa is in conduction state (no fault detected), a current flows into the resistor string Row: and Rome. Then the

voltage across Romz has to be enough to bias the gate of transistor Towm.. The 10 V Zener protects the gate of
PMOS TD|M2.

Application Note 13 Rev.1.00
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Figure11 Dimming PMOS setup

Tomz manages the load current. Therefore the current rating of transistor should be higher than 900 mA. The
voltage between drain and source can reach 60 V when the transistor is in open state, its Vps can reach 60 V. A
suitable product for Tom: and Tomz is BSO615CG provided by Infineon. Itis a dual N and P channel MOSFET in
one package.

The threshold voltage of PMOS is 2V. In order to minimize the Rpson a gate to source voltage of 10V can be
applied. Fixing the current on the NMOS to 1 mA, Rom is easily calculate as ratio between the desired Vs of
PMOS transistor and the current

Ves pmos _ 10V

R = = =10 kQ
DIM2 In 1mA

While Rom: can be calculated as:

Vour min — Ves.pmos _ 312V —10V

R = = = 21.2 kQ
DIM1 In 1mA

The closest value on E24 series is 22 k2.

3.4 Spread Spectrum

The spread spectrum modulator helps the designer to mitigate EMI issues by moving the energy from the
narrow peaks of the spectrum into a broad band signal. The switching frequency is internally modulated by a
triangular waveform running at 7 kHz. By using the spread spectrum technique, it is possible to optimize the
input and output filters to fulfil the EMC requirements.

This feature is easily activated by selecting the correct resistor set. To switch at 400 kHz with spread spectrum
activated, a resistor can be selected by equation:

1 1

R = — 600 = —
FREQ_SSMon (600 . 10-12 _fFREQ)0.943 (600 -10-12 - 400 kHZ)0.94-3

600 = 1.99 kQ

Here 2.0 k€ (E96 series) has to be selected and connected between pin 11 and ground.
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3.5 Binning resistor

LED manufactures sort products based on forward voltage and light flux emitted in standard conditions. For
the LED selected in this application, the binning table is presented in Figure 12

Item Rank Min Max Unit
Forward Voltage - 2.75 3.55 V
R425 425 450
R400 400 425
Luminous Flux R375 375 400 Im
R350 350 375
R325 325 350

Figure 12 LED binning table

Using the embedded PWM engine, it is possible to keep the total amount of flux of the headlamp constant also
when higher ranks of LED are used. PWM operation is used in order to adjust the light output according to LED
rank neglecting the non-linearity between LED current and output flux. Moreover, modulating the LED current,
the color shift is minimal.

The basic circuit to enable the embedded PWM engine is shown in Figure 13.

Vin

TLD5099EP

(L EE

Figure 13 Embedded PWM engine application scheme

For this application 500 Hz (Cgpyy = 390 pF) has been used as a dimming frequency. Such high frequency does
not provide any flickering effects to human eyes. The duty cycle of the modulation is fixed by selecting a proper
analog voltage on EN/PWMI pin. It has to be included between a valid logic “low” level and a valid logic “high”
level. The desired duty cycle can be calculated by

V —0.32-V

DC[%)] = EN/PWMI wcce
024’ " VIVCC
From this formula, Vgypww is calculated by using the equation below
VEN/PWMI = (032 + 024 * DC) : VIVCC

Fixing R, to 10 kQ, it is possible to calculate Rg as a function of Venpwm.

V R V
Ry = EN/PWMI _ A Vanpwan = 10k EN/PWMI

IR B (VIVCC - VEN/PWMI) (VIVCC - VEN/PWMI)

All the data related to the binning are reported in Table 3
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Table 3 Summary of different LED rank and R

Rank Current reduction DC Ven/pwwmi Re

R325 0 100 % 5V Not mounted
R350 7.6% 92.4% 271V 11.8 kQ

R375 7.1% 85.3% 2.62V 11 kQ

R400 6.6 % 78.7% 2.54V 10.2 kQ

R425 6.2 % 72.5% 247V 9.76 kQ

For the start-up network Ruwm, Ts and Ds are needed. Run = 10KQ satisfies equation 7.4 of the datasheet. The
transistor and the diode are for small signal applications (suggestion are IRLMLO100TRPBF-1 and 1N4148)
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4 Compensation network

The TLD5099EP has one dedicated pin where a second type of compensation network can be applied
(proportional and integral -PI- compensation or only integral compensation).

In small signal approximation, the open loop transfer function of a DC/DC is the product of modulator transfer
function and the feedback network transfer function.

The modulator transfer function can be expressed as product of two main parts: the gain of the error amplifier
and the gain of the current mode modulator.

VREF VLED
/‘\ /_\
T 7 Ry b/ Ay A
S I - - - - A<
: I LEDy LED, LED;
1 |
: : ILEDA
Vi 1 Leo [1)3?
© ] | 17|
| |
I | ==CBO Vour
| |
1 1
I I L
| | -
| |
| |
| |
1 1
| |
|
|
|
|
|
|
|
|
: TLD5099EP
|
|
l
Figure 14 Compensation network schematic
The gain of the error amplifier is described with the following formula:
(1+s-14)
Apa(S) = gmga Rea- 2
(1+s-rp1)-(1+s-rp2)
Where
® gn.eais the trans-conductance of the error amplifier (typical 600 ps)
e Reisthe output resistance of the error amplifier (typical 2.5 MQ)
® 7,1 = Ceomp1* Reomp is the zero of compensation network
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° T, = (Cwmpl + Cwmpz) * Rp4 is the pole associated to compensation network and the resistor of
error amplifier

® T, = Ceompz " Reomp is @ pole associated to compensation network

The gain of the current mode modulator can be described following the model presented by R.B Ridley
(Reference: Ridley, R. B.; “Anew Continuous Time Model for Current Mode Control”; IEEE Transaction on Power
Electronics; Vol. 6; Issue 2; pp. 271-280; 1991). It can be mathematically described as:

0.2-(1—D) " Ripaa . (1+s-175)

<1+L)-R (1+s-7 )-(1+L+i)
Vour + Vyeg) ~ W p3 Wy Q " w?

Acy(s) =

Where:
Ruaa is the total resistor at the output of DC/DC and it is the sum of Res and Riep_string
Veer is the voltage reference across FBH and FBL (typical 300 mV)

Vouris the voltage on LED string V. plus input voltage Vv (Voltage across PMOS has been neglected)

Ty = — Lso - Uour) ;s the zero (RHP) of the boost DC/DC with the return to battery
(1-D)? (Vour+Vref)
Tps = —QUTRLED ¢ the pole associated to boost converter with the return to battery
p ref
VourtVrer

Wy =T" 2—5 is the natural pulsation of the system

1
n-<(1+§—:)-(1—0)—0.5

compensation circuit (coefficient fixed by internal references) and S, is the slope of the current sensed by Rqucs.

Q:

) is the quality factor of a second order system, where S. is the slope of current

S, =50-107%"f,,

_ Vin * Rswes 11073

n
Lpo

Using the data previously calculated, it is possible calculate the gain in DC and cross over frequency f. and the
phase margin.

The transfer function of the feedback network is the ratio between Rrs and the Riep

Rrp
B

RLED_string

For the gain calculation in typical conditions, the three part to be calculated are:

Apa(0) = Gm ga* Rga = 0.0006 S - 2.5 MQ = 1500
Ay (0) = 0.2-(1—D) " Rypaa _ 0.2-(1-0.516)-2.33Q — 1014
(&t - V, - 03V T
_ref ). - S
(1 * Vour + Vm,f) Roves  (1+ 7757 5037) 00220
Rrg 0.33Q
RLED_string 2Q
Application Note 18 Rev.1.00

2020-03-20



TLD5099EP @neon

LED driver in boost to battery topology -
Compensation network

And then the gain in DC can be calculated as:

T(0)|45 = 20 - 10g(Ag4(0) - Acp (0) - B) = 20 - log(1500 - 10.14 - 0.165) = 67.99 dB

Using just a proportional and integrative compensation with Recomp = 698 €2 and Ceomp = 33 nF, the constant time
elements are:

01 = (Ceompr + Ceompz) * Rea = (33nF 4+ 0) - 2.5 MQ = 0.0825 sec
Tp2 = Ceompz " Reomp = 0 F - 698 Q = 0 sec

_ Coyr " Ripp string 989 uF-20Q

Veer 03V
14— 1t
Vour + Voer 279V + 03V

=19.57-107° sec

71 = Ceomp1 * Reomp = 33 nF - 698 Q = 23.0 - 1076 sec

0, = — B0 Uour) _ __47pH 094 —6.40-107° sec
z2 (1=D)2 (Vour + Vrer) (1-0.516)2 279V +0.3V '
400 kHz
wy, = n-]CSTWzn-Tz 628 - 103 rad/sec
1 1

Q= = =0.16

n'<(1+§_2)'(1_m_0'5> 50 - 400 kH

|1+ f35v -(1-0.516) — 0.5
0.001 775+ 0,022 0

For stability reasons, it is common practice to have Q below 1;in case Q is too high, it is necessary to lower it by
increasing the value of inductor or/and increasing the switching frequency and/or reducing Rswcs.

By using a mathematical analysis tool, it is possible to extract the cutoff frequency and phase margin of the
system. The Bode plot graph is reported on Figure 15.
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Bode Diagram
Gm = 8.15 dB (at 24 kHz), Pm = 54 deg (at 9.02 kHz)
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Figure 15 Cutoff frequency and phase margin calculated

As a rule of thumb, 1,1 is the dominant pole and changing the value of Ccomp: it is possible to tailor the
bandwidth of the system. The zero generated by Ccomp1 and Reomp is Needed to compensate the pole 1ps. If

needed, Ceomp2 can be used to reduce the second order effects.

Infineon also provides SPICE models of the device for electrical simulations.
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5 Layout considerations

For a DC/DC converter, the PCB design is a critical task as well as the component selection. Even if the circuit
topology and components selection are reasonable, if the PCB layout is not good enough, the performances of
the whole system will be lower than expected. Due to parasitic coupling between traces, high ripple and poor
regulation could appear. Even EMC problems can be mitigated with a proper layout.

The regulation is directly related on the voltage across FBH and FBL pins. To avoid poor regulation use a Kevin
connection from the sensing resistor (Res) to TLD5099EP; if possible, route these traces as a differential pair and
avoid coupling with noisy lines. A possible layout of these traces are shown in Figure 16

D; Rrs lout
—

— <t

DBO RFB

T

TLD5099EP

(OO0
Uuouuyl

Figure 16 Possible layout of sensing resistor Ry

The path of high impedance pins has to be as short as possible or shielded by the ground plane. High
impedance pins sensitive to noise are:

e FPWM
e FBHandFBL
e QVP

Exposed pad aids to dissipate the power through the PCB. Adding several vias under the device to connect the
bottom of the package to bottom layer improves the thermal resistance. The diameter of the vias has to be
carefully selected with the PCB manufacturer: holes too big suck the tin paste during the welding process and
produce voids under the device, lowering the expected thermal performances; holes too small are not
completely filled during welding process, lowering also in this case the expected thermal performances.

A good grounding of the device and of current loop sensing resistor (Rswcs) helps to reduce the noise on the
references and improves the regulation and the stability performances. A good grounding means having very
low ohmic path (also at high frequency) between the GND pin of the TLD5099EP and the returning pad of Rsucs.
A suggested layout is proposed on Figure 17.
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Figure 17 Possible layout of switching path

Discontinuous currents are critical for the electromagnetic interferences. On a boost converter, discontinuous
current flows on switching elements (transistor Tsw and diode Dgo).Particular attention has to be paid when
routing these paths. Inductor, switching transistor and rectifier diode have to be placed as close as possible.
The switching node (drain of Tsw) is sensitive to capacitive coupling due to high dv/dt. Therefore the copper
area related to this node shall be minimized. A possible layout solution with switching transistor in TDSON-8
package is proposed in Figure 18.

==Ceo2 ) vy
Vin Leo Dgo Y Leo
o PUNNN N + I
€
J_ Cing 'N"[
I | Cgo1 CBoz[ ] YY)
= Vour(+) |
Tsw Cao1[ ] Deo 0o | 1]
° —_—
= Cne 29000 Rswes | |

= } Rswes — —
—] - Tsw

—_ I -

— & =

Top layer [ ] —] 2 —

Cina — -

Bottom layer —] o

TLD5099EP
° Vias ©0000 Ground plane
Figure 18 Possible layout solution with transistor in TSDON-8
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