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LED driver in buck-boost topology

About this document

Scope and purpose

This document explains how to design an LED driver using a TLD5542-1 for a powerful and efficient design. The
application requirements, used as an example, could be for a typical automotive low beam LED driver ECU.

The TLD5542-1 is an H-bridge buck-boost controller designed to build high power and high efficiency LED drivers

in automotive applications. It also includes built in diagnosis and protection features and spread spectrum
modulator.
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Figurel TLD5542-1 controller as LED driver
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HW designers, LED system architects for LED lighting applications
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LED driver in buck-boost topology -
Introduction

1 Introduction

An explanation for how to derive external components for a specific TLD5542-1 application will be given. All
DC-DC equations, for a deeper understanding of the circuit, are included.

For fast calculation it is possible to use the Infineon TLD5542-1 LED component calculator excel [1] available on
the TLD5542-1 Infineon website [2]. All TLD5542-1 external components, currents, efficiency, maximum power
and stability are calculated with minimum effort.
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Figure2  Application diagram - TLD5542-1 as LED driver

The core of the DC-DC is a current mode controller with compensation capacitor. Therefore, the dimensioning
of external components is similar to a standard boost converter.

Careful selection of external components has to provide the best compromise between efficiency, stability,
EMC and cost in all operating conditions.
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1.1 Application example

The LED driver module (LDM) with TLD5542-1 designed in this application note will have the following
specifications to drive a powerful automotive low beam function.

Table 1 LDM requirements

Value
Parameter Symbol - Unit Note/Test Condition
Min. |Typ. |Max.
6 135 |35 W Extended range
Input voltage Vin -
9 13,5 |16 \Y Operating range
Output voltage Vour 5 - 50 v -
Output current lout 700 - 1500 | mA -
Vin 9Vto 35V, Ta=25°C
Output power Pout 5 - 45 w . ]
Power derating applies for Viy<9V
Switching frequency | fow - 385 |- kHz -
_ Vin=13.5V
System efficiency n - 95 - %
LED mode: 6 LED, /oyt = 1500 mA,
Application Note 4 Rev.1.00
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2 External component design

2.1 Inductor

The inductor in a boost converter is designed based on the specified average and ripple current. Usually, the
ripple current is in the range of 20% to 40% of the average value at the maximum rated power.

The inductor value depends on the switching frequency. Increasing the switching frequency allows smaller
inductor and output capacitors, however increasing the switching frequency increases switching losses.

A high inductor value results in:
e Reduced core losses (which depend on ripple value)
e Reduced conduction losses on MOSFET (smaller ripple current)
e Improved light load efficiency
e Increased conduction losses on inductor (higher inductor DCR if same dimension is kept)
e Reduced stability (more delay between regulation duty cycle change and effective current change)

e Reduced loop speed
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Figure3  Main switching inductor

In this application 40% ripple current has been chosen, to minimize inductor size. An approximate efficiency
of 95% is used in order to calculate the inductor current.

The following equation determines the inductor value to obtain the required ripple current with typical input
voltage and maximum output power (Pour=45 W, Vout_maxe = 30 V, lour =1.5 A).

Lyy =D Vinrye oss._ 135V gl
viN =Dgyp ' —————=055———7——= 24
Al ey " fsw 1.4A - 385 kHz
where
Dypyp = VOUT,m‘r;xP—VIN,typ ~0.55
our
Application Note 5 100
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Pour_max _ 45w

=40%1I, = 04-I)y =04 ———— =04 ————
0% 1, = 04-I;y=0 Vo 11 13.5V - 0.95

=1.44

Al
Lpkpk_typ

The actual peak current in worst case condition (when minimum input voltage and maximum output power is
applied) can be calculated as:

Al o
It vee = litavemax + w =54A+1.094 =649 A

Where, in boost mode I;, = I, assuming efficiency is a little lower (approximately 93%) for Viy=9V

Poyr 45W
I, ave max = lin_ave_max = Vi 'ma); = 9-93% =544
_min

VINMIN oV
AIkapk_vinmin = DMAX ' L 'fsw =0.7- 15#1_1 385 kHz

=1.094

VouTmaxp ~VIN_min

=0.7

Dyax = v
OUTmaxp

The important key parameters to select an inductor are then:
e Inductance>13 pH
e Saturation current and RMS current>6.49 A
An inductor that fulfills above requirements is the 15 pH TDK SPM10065VT-150M-D.
Efficiency, minimum inductor value, inductor currents and ripples can be quickly calculated using the
Infineon TLD5542-1 LED component calculator excel [1].
2.2 Output capacitors

The output capacitor acts as an energy tank when M4 is off and for this reason it is subject to 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 (X7R - MLCC) with low ESR are preferred
over electrolytic capacitors.

Dimensioning of Cour is mainly driven by the output voltage ripple AVgyt. Worst case condition for the output
ripple is when the device is in boost mode (output current discontinuous), minimum input voltage, maximum
output current and maximum output power.

[l

3

Figure4  Output capacitors
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In boost mode the capacitor is discharged by a constant current equal to average output current, for a time
equal to ton= Duax/fsw.

Assuming an ideal capacitor (Resr= 0 Q) its value can be calculated from the desired output voltage ripple in
worst case condition:

“AVoyr few 0.2V 400 kHz

= 13.0 uF

The ESR of the output capacitor adds more ripple, given with the equation:

loyr AIkapkvinmin

AVOUTESR - ESR * ILpeak - ESR * ( )

From the equations above, it is possible to calculate the maximum ESR so that ESR contributes 20%; as a rule of
thumb, of Cour ripple.

AVESR _ 0.2 " AVOUT _ 0.1 " 0.2 V
6.254 6.254

Rgsp < = 6 mQ

ILpeak

A parallel 3 x 4.7 puF X7R capacitor can fulfill required capacitance and series impedance.

Note: MLCC capacitors show a strong variation of the capacitance as a function of the applied voltage. AX7R 100 V
capacitor shows up to 30% drop at 30 V bias.

2.3 MOSFETs

Switching MOSFETs must be logic level, and must withstand at least the maximum current calculated for the
inductor sizing in Chapter 2.1:

N
Isw peak = Iy = liave + — L2 = 5.2 4 +1.054 = 6.25 A

Voltage class on the buck (input) side must be higher than the maximum input voltage (35 V). At the boost
(output) side, voltage class must be higher than the maximum output voltage (50 V).

Ivee
VFB_VIN
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RSWCS
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Figure5 Switching MOSFETs
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Note: Choosing a very low Rpsony MOS it is not always the best choice. The optimum Rpson Shall balance switching
losses and conduction losses, improving the efficiency. Efficiency on several MOSFETs can be easily
compared during MOSFET selection process using the excel component calculator [1].

In this design focus is on the highest efficiency, so a 7 mQ 40 V MOSFET has been chosen for the buck side
(Infineon IPZ40N04S5L-7R4) and a 14 mQ 60 V MOSFET has been chosen for the boost side (Infineon
IAUZ30N06S5L140). These MOSFETSs have low parasitic capacitances with low reverse recovery charge (Qx)
providing a 96% efficiency at Vin=13.5V Vour =30V 1.5 A.

Note: For EMI reasons, it is common practice to place a resistor (Reare) of approximately 5 Q to 15 Q in series
depending on the gate charge and EMI performance of the circuit. This helps to reduce the current spikes
into the gate and also to have a smooth transition from OFF state to ON state. On the other hand, this lowers
the overall efficiency of the converter.

2.4 Switch current limiter Rswcs

The TLD5542-1 offers a switch current limit protection with the Rswcs resistor.

| I
IVCC D, D, |
VFB_VIN
- A (
BST1
BST2) | |
Casmi Cesi Cour1
— — Hl Ma
HSGD1 ‘ - I
SWN1 ' Lowl :
_'
i M,
LSGD1 §

Figure6  Switch current limiter Rswcs

The current limit shall be set higher than the previously calculated maximum switch current Igy, peqx (6.25A),
with the following formula:

VSWCS_boost(min) _ 70mV
6.254

RSWCS < =S 112mﬂ

ILpeak

Rswes is also the current mode controller inductor sensing resistor and impacts stability. The larger Rswcs, the
higher the phase margin and PSRR. Choose the resistor slightly smaller than the required value to fulfill the
minimum switch current limit for example, low ESL 10 mQ Susumu PRL1632-R010-F-T1, which provides a
switch current limit in boost mode of:

I _ VSWCSboost(typ) _ 75mV
SWrimIT(typ) — e T 10mQ

Application Note 8 Rev.1.00
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Note: In buck and buck-boost mode, the switch current limit threshold is decreased to Vs, . (typ)=20 MV, so if
the maximum power load it is in the buck boost region, use 50 mV in the R — typ 1O calculate Rswcs

properly

Note: Use low inductive resistor on Rswcs, in order to reduce fast transients switching activity noise.

2.5 Output current sense resistor

The output current sensor can be easily calculated by imposing the feedback voltage Vrsn-raL_rer regulated by the

device with the required output current.

'
-

Coast1 Cast2 L‘
f— é | My
— Ras
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I Csnus2 <

%
w
]
L=}

Figure7  Output current sensing resistor

For this application, the resistor can be calculated as:

_ VWrBn-rBLREF _ 0.15V

R = — = 100 mQ
FB lour 1500 mA m

The power rating of this device can be calculated as
P = Rpg - I3,y = 0.15Q - (1.54)2 =033 W

For this application PRL1632-R100-F-T1 from Susumu, satisfies the requirements.
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2.6 Bootstrap diodes and capacitor

Bootstrap capacitors and diodes on TLD5542-1 follow the standard design rules for any gate driver which uses
bootstrap circuitry.

IvCC_ext[]
Ivee
VFB_VIN []
BSTI[] g s
BST2
HSGD1[] I
SWN1[]

’

Figure8 Bootstrap diodes and capacitors

The bootstrap capacitors must have enough energy to drive the gate of the high-side MOSFET without being
depleted by more than 10%. Therefore, the bootstrap capacitor should be at least 10 times greater than the
equivalent gate capacitance of the high-side FET.

For this application a standard 100 nF 50 V capacitor is chosen, which could drive about any modern
generation MOSFET down to few mQ Rpsion) for example, 40 V 2Q IAUC100N04S6L020. This capacitor only will be
chargedto5V.

Bootstrap diodes generate the high-side gate driver bias by charging the bootstrap capacitor. In order to
minimize losses associated with the reverse recovery, a Schottky diode with low forward voltage drop and low
junction capacitance is recommended.

Another requirement that is often overlooked is the diode reverse current at the highest working temperature.
Reverse leakage current at high temperature may discharge the bootstrap capacitor and lead to driver's
undervoltage and shutdown the gate driver. Reverse leakage current impact is high for low switiching
frequency.

Reverse current Iz = f(VR)
Ta = Parameter

102 BASTOWEBAS 170W _ EHB00043

A 101

e

1072 //'

0 20 40 1 80 Vv 80
-V

BAS70-02V 70V 70mA

Figure9 Bootstrap diodes reverse current of the BAT 46WJ
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For this application with a 70 V Infineon BAS70-02V with low reverse current is chosen.

As a rule of thumb, the reverse current on the bootstrap at maximum application operating temperature and
voltage shall be smaller than 1 mA assuming switching frequency is above 250 kHz.

2.7 Soft start capacitor
The soft start routine has 2 functionalities:
e Fault mask and wait-before-retry time
e Limitinputinrush current and output overshoots at startup

The most relevant function of the soft start routine for LED drivers is only the fault (short to ground) mask at
startup. At startup the output voltage is very likely 0 V therefore, without the fault mask, a short to ground
would be detected.

Soft start duration is determined by the soft start capacitor Cssr. Minimum value for soft start capacitor shall be
designed such that, at startup, the output voltage exceeds the short to ground threshold (Vegn_s26_inc), before the
soft start expires (voltage reaches Vsoft_start_Lorr)-

Under the assumption of Viy> 6V and /oyr = 0 A at least until Vour < Vesn_s26_inc, if the soft start capacitor follows
the formula below, then a sufficient fault mask is achieved.

Csst > 0.6+ Ccomp

If the soft start time is higher than the minimum needed for S2G mask, then the only side effect on a LED driver
is a longer fault retry time. Therefore, for this application it is simple and safe to choose Cssr = Ccomp = 22 nF.

Note: The above formula has been tested for output capacitor below 100 pF, effectiveness of soft start should be
tested in the real application. Soft start network validation: Minimum temperature and minimum input
voltage shall be considered as worst-case condition for previously mentioned dimensioning.

SWN |IIIIII‘

SHORT
DETECTION

IsoF T_START_PU
IsoFT_sTaART

IsoFT_START_PD

Vscm Start_reg

Vsoft_Stant_LOFF
VsorFr_sTarRT \

Vsoft_Start_RESET

icati N i
gppl ication Startup _>< NQOE rmg, ;;'o,,\ >< Vout shorted|to GND >'< Q? rmg, :y on
tatus e

—
tsoFr sTam

WAIT_BEFORE | rauir_mass
RETRY

Figure 10 Wait before retry time
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Wait time before retry (t.w) in case of a fault will be:

Csst v —o2v) 22M _ 13
= ( 2V) seua = 13ms

tretry = (VsoftstartLOFF - VsoftStaTtRESET)

ISOf tSfaT‘l’pD

The first retry time after a fault is slightly longer than the following times, because the soft start capacitor
during regulation stays at Vo f¢ start reG instead of Vo rs stare Lorr- I addition, the first rise time of the soft
start after power on is different from the successive retry rise time, because the soft start capacitor starts
from 0 Vinstead of Vs, ¢t start RESET-

Note: To ensure PWM extension in case a low duty PWM is applied at startup place a capacitor on IOUTMON pin

2.8 Analog dimming - SET resistor divider

Analog dimming can be applied by the SET pin (TLD5542-1 only during limp home mode).

Ds DAL
Y 4

Cout2

Casti Casrz

£
[JENINUVLO HSGD1[] = = I

g L4
= My
MR ]

Csnus2

= 1comp LscD1 L}

L1SOFT_START

|

= H1FREQ swest " !
[]PWMI |

|

|

‘

Figure 11 SET resistor divider

A resistor divider can be applied to a reference voltage (example to the 5V IVCC) in order to set the desired
output current Ipyrapy by means of the SET pin.

In order to reduce the parasitic effects of moisture and leakage from the SET pin, it is recommended to choose
RSETL equal to 15 kQ.

Supposing that the requested output current, set by the SET pin, is Ioyr(apy= 0.9 A, then Rggry is calculated
using the following formula:

Virer — (lourcapy * RFB -8 +0.2) 5V — (0.94-0.1Q -8 + 0.2V)
R =R c = 15kQ - = 66.5 k()
SETH = 2SETL (Loyreapy - RFB -8 +0.2) (0.94-0.10-8 +0.2)
Choosing 68 kQ) as closest commercial value, the effective output current will be:
o Rsgr 15kQ

1 _ Vspr —200mV _ VRerRon 3 ey 209V SV para ¥ 15kn — 200mV 0.88 A

ouT(4D) Rpp - 8 Rpp - 8 0.10-8 '
Application Note 12 Rev.1.00
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3 Protections and spread spectrum

3.1 Overvoltage protection at the output
This feature protects the LED driver module if the load gets disconnected.
The overvoltage at the output (Vour wax) has to be set:
e higher than the maximum voltage
e lower than the absolute maximum voltage of the TLD5542-1 FBL pin (60 V)
e above the maximum expected battery voltage (see TLD5542-1 datasheet)

To avoid unwanted tripping, it is good practice to calculate Vour_max at the minimum overvoltage threshold
(Wrs_ovn) of the device (see datasheet).

IVCC_ext[]

Cout2

%
w
I.
[(Roves |

Overvoltage is triggered when the voltage on VFB pin reaches 1.46 V (typ). Overvoltage detection is enabled by
a resistor divider as shown in Figure 12.

In order to reduce the parasitic effects of moisture and leakage from the VFB pin, it is recommended to choose
RvesL equal to 1.5 kQ.

The second resistor of the voltage divider is calculated as:

Vour max 50V
Ryrgy = Rypp, *5——————— — Rypp, = 1.5kQ

— 1.5 kO = 49.86 kO
Vour_ovrH(typ) 146V

The closest value as off-the-shelf component on E96 series is 49.9 kQ.

Application Note 13 Rev.1.00
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The real output overvoltage value is calculated using the real component value with the following formula:

Ryppr + Rypsh

VOUT_MAX = VOUT_OVTH ’ R
VFBL

With the above formula it is also possible to check what the effect of Vi1 oyry deviations (min-max) would be.

The excel calculator also help to calculate the overvoltage protection.

3.1 Input undervoltage protection

The input voltage requirement for the LED driver module is 6 V (extended range) therefore, the input
undervoltage protection must be set below this threshold.

Even if the TLD5542-1 has switch current limiter (Rswcs) and gate driver undervoltage protection, it is better to
set the undervoltage threshold above 5 V. This is to avoid stress on switching MOSFETSs, due to increased input
current and reduced gate driver voltage.

IVCC_ext[]

——LJEN/INUVLO

comp LsGD1 [}

SOFT_START

FREQ
PWMI

Figure 13 EN/INUVLO resistor divider

For this application an undervoltage threshold of 5.5 V (entry threshold, Viy falling) has been chosen. The low-
side resistor should be in the range of 2 kQ to 10 kQ to avoid excessive leakage current and to provide an
accurate threshold.

Choosing R2 = 2.2 kQ as low-side voltage divider resistor, the high-side resistor (R1) is calculated as

UVen = EN/INUVLOy, _ .\~ 5.5V = 175V

R1=R2- 2k
EN/INUVLO,, EN/INUVLO,,

=4714Q

Standard value is R1=4.7 kQ. The same value can be calculated with the excel component calculator.
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3.2 Input current sense resistor

The input current of the application can be measured by the TLD5542-1 and a shunt resistor (Ruy) via IIN1 and
[IN2 pins. The sensed current can be monitored through an analog output pin (IINMON) and an SPI register. [IN1
is the positive sense terminal, IN2 is the negative sense terminal.

Figure 14 Input current monitor resistor and INMON output

IINMON pin produces a voltage proportional to Vini.inz following this equation:

VIINMON(typ) =1Iiy*Ryn - 20

[INMON pin voltage produces 1V (typ.) when Viniinv2= 50 mV. The sensing resistor shall be dimensioned in order
to have maximum 60 mV at [IN1-IIN2 when the current is at the maximum value, otherwise INMON will saturate
the above this value.

ViiNmon (max) _ 60mV

Ry <
N TN maz) 5.4 A

where:

I — POUT_max — 45W
INOMaX) =y min . 9-93%

=544

e Efficiency of 9V has been calculated with the TLD5542-1 excel component calculator.

e Astandard resistor value close to the calculated one could be Rswes = 10 mQ. If the component selected
is smaller than this value, less accurate input current reading will occur, especially at low input
currents.

e When IINMON goes above 1.2 V, then linearity decreases and will tend to saturate at approximately
1.4 V. 1INMON pin could present typically 2 mV and maximum 15 mV offset.

e The lINMON pin output impedance is typically about 36 kQ.

e IfIINMON is not used, it has to be left open, while 1IN1, IIN2 pins should be connected to VIN.

Application Note 15 Rev.1.00
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4 Compensation network

In this chapter the main stability equations are provided and an analytical approach can be completed in all the
operating conditions.

A faster approach is to use the TLD5542-1 excel component calculator, where several operating conditions and
compensation networks can be quickly verified.

Good practice is to dimension the external components and check stability in the corner cases, for example at
minimum Viy and maximum Voyr, and maximum Vour and minimum Vjy.

The RC compensation network is applied to the COMP pin (proportional and 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.

Vin Iy Re  lour
&

E]L M A h <| {0 HSGD2 I e FBHJ;.I GIFBL I‘VW
Lour :I—' |

| \‘\ I"
LsaD1 }SJ' S P e \Ay/ 4

s oSt

SWes A
= T
Rewcs (S0 seEcTon | a2 HSGD1
- - & Compensain [ GATE HSGD2
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[ LOGIC
>~ R | LSGD1
o A 2 LSGD2

BUCK
~ CLK
N
Vag_nr . AE:
,/
IcOMP
8 bit resolution [
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1

LHI

Figure15 Compensation network schematic

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. The equations are different if the device operates in boost mode
orin buck mode.

Buck operating mode stability equations:

In buck mode, the gain of the error amplifier is described with the following formula:

(1+5-175)
AEA_buck(S) = 9ImeEA" Rga- (1 +5s- ‘I.'Z )
p1

Where
®  gm eisthe trans-conductance of the error amp. (A5, A6 with comprehensive gain IFBXgmtyp) = 890 US)
e Reisthe output resistance of the error amplifier (TLD5542-1 Rea 1= 6 MQ)
o 7,1 = Ccomup * Rcomp is the zero of compensation network

e 7,1 = (Ccomp) * Rgais the pole associated to compensation network and the resistor of error amplifier
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Compensation network

Boost operating mode stability equations:
The gain of the current mode modulator can be described following the model presented by R.B Ridley [3].
Mathematically, it is described as:

017(1_D) .RLOAD (1+S.TZZ)

Acm_boost () = :
B I,-(1—=D) Rioap S s?
(1+ Voo )-Rms (1+s-rp3)-<1+wn_Q+w—%)

0.17-(1=D) - Rioap (145-17,)

Veer * Rroap s s?
(1+FEH2R) - Rowes (1+5'Tv3)'(1+wn-'o+w_,%)

Acm_poost (s) =

VREF

, =—
L Reg(1-D)

Where:
® Ruomis the total resistor at the output of DC-DC and it is the sum of Res and Riep_string
e Vgeris the voltage reference across FBH and FBL (typical 150 mV)

e Vouristhevoltage on LED string Viep plus input voltage Viy (Voltage across PMOS has been neglected)

o 1,=-——B2 - Jour) i< the zero (RHP) of the boost DC-DC with the return to battery
T (1-D)? (Vour)

Vour

* Tp3 = Coyr ' Rioap° p— is the pole associated with boost converter with the return to

‘RproaptVour

battery

° w,=T" E|sthe natural pulsation of the system

1
<(1+—) (1-D)-0.5

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

° Q:

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

S, =60-1073"f,,

_ Vin " Rswes
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 R.ep

RFB

ﬁ:

Rrp + Rigpgying

For the gain calculation in typical conditions, the three parts (Ag4(0) , Acp (0), B) to be calculated are shown
below, calculated in an exemplary boost duty cycle of 50%:
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A5a boost(0) = Gm pa* Rga = 0.00089 S - 6 MQ = 5340

0.17 - (1 = D) - Ryoup 0.17-(1-0.5)-2.1Q
Acm_boost(0) = ———p = TS A = 16.04
(1+-BEE_T0AD) . R, 0 (1 +—) £0.010 Q
Vour - Rrs 279V -0.10
R 0.10
B L = 0.0476

" Rep + RiED _string 210

And then the gain in DC can be calculated as:

T(0)]| 45 = 20 - 1og(Az4(0) - Acp (0) - B) = 20 - log(5340 - 16.04 - 0.0476) = 72.2 dB

Poles and zeroes can be calculated with the above formulas.

For this application, with the given inductor and output capacitor, a good compromise for stability and
transient response has been found with 22 nF Ccomp and 1 kQ Rcomp at the compensation network.

For illustration purposes, Figure 16 shows a screenshot of the excel component calculator bode plots.

TLD5542-1QV CCM Open Loop Bode piot
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7 Il I S I
- i | IS |
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Frequency (M)

Figure 16 Example bode plot screenshot from Infineon TLD5542-1 LED component calculator excel [1]

Itis common practice to consider a system stable when the phase margin is above 45° (better if closer to 60°).
Buck operating mode stability equations:

In buck mode, the gain of the error amplifier remains the same of the boost mode described above.

the current mode gain can be mathematically approximated as:

0.17 - Rioap 1

R S 52
swes (1+s-rp3)-(1+—wn_0+w—%)

Acm_buck (s) =

Where:
® Ruomis the total resistor at the output of DC-DC and it is the sum of Res and Riep_string

e Vreris the voltage reference across FBH and FBL (typical 150 mV)
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e Vouristhe voltage on LED string Viep plus input voltage Viy (Voltage across PMOS has been neglected)

e 17,3 = Coyr " Ry gp is the pole associated to buck converter with the return to battery

s

* wp=m-T is the natural pulsation of the system

o (=

n-<(1+§—fl)-n—o.5

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

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

S, =60-1073-f,,

s = Vour * Rswes
" Lo

Using the data previously calculated, it is possible to 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 R.ep

Rrp
B

RLED_string

For the gain calculation in typical conditions, the three parts for buck mode (A4(0), Acp (0), B) canbe
calculated as shown in the boost mode.

4.1 Stability tips

Phase margin could be improved by tuning some key components shown in Figure 17. Each component may

have some benefit, however there are also drawbacks in other aspects:

Table 2

Effect of tuning key components

Component

Improvement

Drawback

Increasing Rswcs

Phase margin and enhance
response to battery variation

reduced maximum output power:

Increasing CCOMP

Phase margin

slower response to battery
variations

DecreaSing RCOMP

could improve margin in buck
region

possible reduced stability in boost
mode, enhanced response to
battery variation

Increasing Rcomp

could improve margin in boost
region

possible reduced stability in buck
mode, enhanced response to
battery variation

Increasing Cour, Capacitor
(capacitor placed after sensing
resistor)

phase margin in both buck and
boost mode

lowers cut frequency
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Figure 17 Components that can be tuned to improve stability

Infineon is producing a SIMETRIX average model of the device for electrical simulations, which can be used to
verify the behavior of the device for any application circuits.
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5 EMC

5.1 Spread spectrum

eon
-~

The TLD5542-1 offers a spread spectrum modulation that significantly improves the EMC in the lower frequency
range of the spectrum (f < 30 MHz). Spread spectrum is disabled by default and can be enabled by setting the

register, ENSPREAD to 1, via SPI. Deviation frequency is set by FDEVSPREAD and modulation frequency is set by
FMSPREAD via SPI, see TLD5542-1 datasheet [4] for details.

The effect of the spread spectrum and the FDEVSPREAD register is evident in Figure 18. In this EMC test report

the emission peaks are reduced by 10 dB and more. Hereby, class 5 limits pass.

Larger deviations, in percent, and modulation frequency are lowering but widening the emissions peaks.
Depending on the switching frequency and regulator limits the shape of the emission can be modified for best

convenience.

60 1

50
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b uck, FM 10% 12kHz, ave

s buck, FM 20% 12kHz, avg
Load

40 A

30

noise
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Figure 18 Spread spectrum effects on radiated emission

The effect of the spread spectrum on the output current is a ripple with the deviation frequency, which does

not produce any visible flicker.
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Figure 19 Spread spectrum Ioyrripple
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A widely adopted setting for the 2 spread spectrum configuration bit, which is a good compromise of ripple and
EMC attenuation is:

e FDEVSPREAD =1 (8% of fi,)
e FMSPREAD =1 (18 kHz)

5.2 Gate driver resistors

Gate driver resistors are placed at the gate driver output in order to improve EMC performances. Rules for the
gate driver resistor dimensioning are as for any standard DC-DC controller. The effect of these resistors is to
reduce switching speed and ringing at the switching nodes. Gate driver resistors impact the efficiency of the
DC-DC converter, and they should be increased only to pass the target EMC regulation (for example, CISPR25).
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IOUTMON [ ]
AGND
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Figure 20 Gate driver resistors

The high-side gate driver resistor Reare1 impacts only the rise time of the buck switching node (SWN1).At the
boost side, the low-side gate driver resistor Reares impacts the falling time of the boost switching node (SWN2).

As starting point for good EMC performance (Class 5 CISPR 25), the buck switching node rise-time and boost
switching node fall-time, should be in the 10 ns to 50 ns range. The final EMC result depends on output voltage,
switching frequency, PCB layout, cable length and other application parameters. Therefore, gate resistors
should be tuned in the final application, after an EMC measurement.

With the current MOSFET choice, a 22 Q gate resistor has been selected as starting point, with a measured rise
time for the buck switching node of approximately 18 ns with a 4 LED load.

The impact of the efficiency is calculated with the TLD5542-1 excel component calculator, at the maximum
output power45W (30V 1.5 A):

e 93.4% with 22 Q gate resistor
e 95.65% with 0 Q gate resistor

This resistor value could be increased or decreased after EMC measurement.
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5.3 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 good, if the PCB layout is not good enough, the performances of the
whole system will be lower than expected. A proper layout is also the basis for good EMC performances. The
most important PCB layout rules are explained in a dedicated application note, “LITIX™ PCB design guideline
document” [5]. Figure 21 depicts a screenshot of this application.

SWITCH SWITCH. SWITCH. NODE 1 SWITCH. NODE 2
O NODE 1 NODE 2 O
ViN |—I L| Vour
Q—ll t‘ . . |—_.= @ Bottom Layer
A~ (Ground plane)
& .- -'E"V:W i
2| Llrat et |3
= " !z = .
Cin i Cs Cs Cout
C£| ::!::1 Ig, Top Layer
COMMUTATION COMMUTATION
LOOP 1 LOOP 2 000
Vias
Figure21 Hot loops and recommended layout for H-bridge topology
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