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1 Overview

Features

+ 500 mA step down voltage regulator

+ 5V Output voltage

« 12% output voltage tolerance

+ Low quiescent current (less than 45 pA at nominal battery voltage)
+ Integrated power transistor

+ Current mode PWM regulation

+ PFM mode for light load current

+ Inputvoltage range from 4.75Vto 45V

+ 2.2 MHz switching frequency

« 100% Duty cycle

« Synchronization input

+ Soft-start function

+ Reset generator

+ Inputundervoltage lockout

+ Suited for automotive applications: 7;=-40°C to 150°C
« Green Product (RoHS compliant)

Potential applications

« Applications with a 5.0 V switching regulator as replacement for linear voltage regulator with low
quiescent current, such as:
- dashboard
- engine management
- braking
- body
- infotainment

Product validation
Qualified for automotive applications. Product Validation according to AEC-Q100/101.
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Overview

Description

The TLF50241EL is a high frequency PWM step-down DC/DC converter with an integrated PMOS power switch,
packaged in a small PG-SSOP-14 with exposed pad. The wide input voltage range from 4.75V to 45V makes
the TLF50241EL suitable for a wide variety of applications. The device is designed to be used under harsh
automotive environmental conditions.

The switching frequency of nominal 2.2 MHz allows the use of small and cost-effective inductors and
capacitors, resulting in a low, predictable output voltage ripple and in minimized consumption of board
space.

In light load condition the device operates in Pulse Frequency Modulation (PFM) to optimize the efficiency.
Between the single pulses, all internal controlling circuitry is switched off to reduce the internal power
consumption.

The TLF50241EL includes protection features such as a cycle-by-cycle current limitation, overtemperature
shutdown and input undervoltage lockout.

The voltage regulation loop provides an excellent line and load regulation, the stability of the loop is ensured
by an internal compensation network. This compensation network combined with a current mode regulation
control guarantees a highly effective line transient rejection. During start-up the integrated soft-start limits
the inrush current peak and prevents output voltage overshoot.

Type Package Marking
TLF50241EL PG-SSOP-14 TLF50241
Data Sheet 2 Rev.1.1
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Block diagram

2 Block diagram
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Pin configuration

3 Pin configuration
3.1 Pin assignment
RO II O TLF50241EL 71 ne.
=7
| |
oG ) @
|
Ne. 3] : L [12] ne
|
| |
SYNC SWO
L] | E
FREQ 5 10 GND
[=] | o e
RTADJ E‘ : ' ‘E GND
B [ 7] L __ [&] ne.
L PG-SSOP14 J
Figure2 Pin configuration
3.2 Pin definitions and functions

Pin | Symbol | Function

1 |RO Reset Output
Provides the reset output signal. Open collector output, connect a pull up resistor to V. or
another voltage source, if feature is used, if not, leave open.

2 |N.C. Not Connected
Internally not connected. Leave open or connect to GND.

3 [N.C. Not Connected
Internally not connected. Leave open or connect to GND.

4 |SYNC |Synchronization input
Connect to an external clock signal in order to synchronize/adjust the switching frequency.
This feature is not functionally in PFM mode.

5 |FREQ |Frequency adjustment pin

Connect an external resistor to GND to adjust the switching frequency, do not leave open. In
case the synchronization option is used, the resistor must be dimensioned close to the desired
synchronization frequency.

6 |RTADJ |Reset Threshold Adjust pin
Connect an external resistor divider to adjust the Reset threshold. If function is not used,
connectto V.

7 |FB Feedback input
Connect this pin directly to the output capacitor. Also input for internal power supply. The
internal power supply is taken from the output voltage.

Data Sheet 5 Rev.1.1
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Pin configuration

Pin | Symbol | Function

8 |N.C. Not Connected
Internally not connected. Leave open or connect to GND.

9 |GND Ground
Connect this pin directly with low inductive and broad trace to ground, do not leave open.

10 |GND Ground
Connect this pin directly with low inductive and broad trace to ground, do not leave open.

11 |SWO Buck Switch Output

Drain of the integrated power-PMOS transistor. Connect directly to the cathode of the catch
diode and the buck circuit inductance.

12 |N.C. Not Connected

Internally not connected. Leave open or connect to GND.

13 |VS Supply Voltage input
Connect to supply voltage source.

14 |N.C. Not Connected
Internally not connected. Leave open or connect to GND.

Exposed pad | Connect to heatsink area and GND by low inductance wiring.

Data Sheet 6 Rev.1.1
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General product characteristics

4 General product characteristics

4.1 Absolute maximum ratings

Tablel  Absolute maximum ratings®
7;=-40°C to 150°C; all voltages with respect to ground (unless otherwise specified)

Parameter Symbol Values Unit | Note or Number
Min. ‘ Typ. ‘ Max. Test Condition

Voltages

Synchronization input Veyne -0.3 |- 55 \% - P_4.1.1
62 |V |t<10s? P_4.1.2

Reset threshold adjust pin Werapy  |-0.3 |- 5.5 Y - P_4.1.3
62 |V |t<10s? P_4.1.4

Reset output Vo -0.3 |- 5.5 \Y - P_4.1.5
62 |V |t<10s? P_4.1.6

Feedback Input Vg -0.3 |- 5.5 Y - P_4.1.7
62 |V |t<10s? P_4.1.8

Frequency adjustment pin Vireq -0.3 |- 5.5 \Y - P_4.1.9
62 |V |t<10s? P_4.1.10

Buck switch output Vowo 2.0 |- Wsios |V |- P_4.1.11

Supply voltage input Ys -0.3 |- 45 v - P_4.1.12

Temperatures

Junction temperature 7; -40 |- 150 °C |- P_4.1.13

Storage temperature Tstg -55 |- 150 °C |- P_4.1.14

ESD susceptibility

ESD resistivity Vesp 2 |- 2 kv |HBM P_4.1.15

ESD resistivity to GND Veso 500 |- /500 |V |CDM? P_4.1.16

ESD resistivity corner pins to GND Visp 750 |- |750 |V |CDM? P_4.1.17

1) Not subject to production test, specified by design
2) ESD susceptibility HBM according to ANSI/ESDA/JEDEC JS-001.
3) ESD susceptibility, Charged Device Model “CDM” EIA/JESD22-C101 or ESDA STM5.3.1

Notes

1. Stresses above the ones listed here may cause permanent damage to the device. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

2. Integrated protection functions are designed to prevent IC destruction under fault conditions described in
the data sheet. Fault conditions are considered as “outside” normal operating range. Protection functions
are not designed for continuous repetitive operation.

Data Sheet 7 Rev.1.1
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General product characteristics

4.2 Functional range

Table 2 Functional range

Parameter Symbol Values Unit | Note or Number
Min. |Typ. Max. Test Condition

Supply voltage Vs 475 |- 45 v - P_4.2.1

Buck inductor Ly, 33 |- 22 |pH |- P_4.2.2

Buck capacitor Gour 10 - 50 |uF |- P_4.23

Buck capacitor ESR ESRy,, |0.015|- |0.100(Q |-V P_42.4

Junction temperature A -40 |- 150 |°C |- P_4.25

1) Seesection “Application information” on Page 25 for loop compensation requirements and refer to Application
Note for dimensioning the output filter.

Note: Within the functional range the IC operates as described in the circuit description. The electrical
characteristics are specified within the conditions given in the related electrical characteristics
table.

4.3 Thermal resistance

Table 3 Thermal resistance

Parameter Symbol Values Unit | Note or Number
Min. | Typ. | Max. Test Condition
Junction to case? R |- |10 |- K/W |- P_4.3.1
Junction to ambient ? Ron |- |47 |- K/W | 2s2p P_4.3.2
Rem |- |54 |- K/W |1s0p + 600 mm2 | P_4.3.3
Rem |- |64 |- K/W |1s0p +300 mm2 | P_4.3.4

1) Not subject to production test, specified by design.

2) Specified Ry, valueisaccording to JEDEC 2s2p (JESD 51-7) + (JESD 51-5) and JEDEC 1s0p (JESD 51-3) + heatsink area
at natural convection on FR4 board.
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Buck regulator

5 Buck regulator

5.1 Description

The TLF50241EL is a monolithic current mode step down converter with adjustable switching frequency fyq.
Itis capable to operate either in Pulse Width Modulation (PWM) or in Pulse Frequency Modulation (PFM) Mode.

5.1.1 Regulator loop

Power stage

The supply voltage is connected to pin VS. Between pin VS and pin SWO there is an internal shunt resistor and
the internal PMOS power stage. The PMOS is driven by the driver stage.

Regulator block

The device is on as soon as an input voltage higher than input voltage startup threshold Vs, is applied to pin
VS. The feedback signal I is connected to pin FB. Between pin FB and pin GND is an internal resistor divider.
An error amplifier and a comparator are connected to this resistor divider: The error amplifier EA-gmV, which
is controlling the output voltage in PWM mode, and the PFM comparator, which will switch the TLF50281EL
into PFM mode and trigger the pulses. The error amplifier EA-gmV is connected to the PWM comparator. The
regulation loop operates in current mode: The output current of EA-gmV is subtracted from the sum of the
current loop CS-gml and the slope compensation /4 ope. The result is evaluated by PWM Comp (a current
comparator). The output of PWM Comp defines duty cycle (pulse-width-modulated signal) in PWM mode.

The Slope Compensation added to the signal from the error amplifier EA-gmV to the PWM Comparator ensures
that no sub harmonics will occur on the input current.

The PWM comparator output and the PFM comparator output are connected to the PWM /PFM logic.

An external resistor at pin FREQ is required to set the switching frequency (for details please refer to chapter
8 Module Oscillator). The TLF50241EL may also be synchronized to an external frequency. In this case an
external clock signal should be connected to pin SYNC. The frequency setting resistor at pin FREQ is still
necessary, it has to be selected according to the desired synchronization frequency (for details please refer to
Chapter 8 Oscillator.

The TLF50241EL can only be synchronized to an external frequency source in PWM mode, this function does
not work in PFM mode.

The clock manager is clocking the PWM/PFM logic. The PWM/PFM logic is triggering the driver to apply pulses
to the internal PMOS power stage.

Safety features

The shunt resistor in line with the internal PMOS power stage (between pin VS and the power stage) is
connected to a current sense amplifier CS-gml. It detects the voltage above the shunt resistor. The amplifier
creates a signal which shuts the pulse down in case that the shunt voltage exceeds the reference limit. The
current limitation acts as a cycle-by-cycle limitation. Cycle-by-cycle limitation means, that every pulse is
switched off as soon as the current through the PMOS exceeds the buck peak over current limit /. The next
pulse starts and will also be switched off as soon as the current limit is exceeded again. This results in a
lowered output voltage whilst the output current is limited to a certain value.

Input undervoltage shutdown: If the input voltage is below the input undervoltage shutdown threshold V5 .
the device will shut down.

Data Sheet 9 Rev.1.1
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Output overvoltage protection: If the output voltage exceeds the PFM threshold the device will switch from
PWM to PFM. Pulses will then be generated only depending on the value of the output voltage /..

Soft start function: An integrated soft start function of duration .., ensures, that the inrush current will be

limited. After an overtemperature shutdown the regulator always restarts with a soft start.

Overtemperature shutdown: An internal temperature sensor detects the temperature of the device. It will be
switched off if the junction temperature exceeds the overtemperature shutdown threshold 7,4 and restart
with a certain hysteresis 7, .4 1, (for details please refer to Chapter 7 Thermal shutdown ).

Biasing
The internal biasing is taken from pin VS as well as from pin FB (connected to I/ (for details please refer to
Chapter 7 Thermal shutdown ). Thus the power consumption from the supply voltage I, can be minimized.

VS

[ ]

—

PFM CS-gml
VBG Comparator
> +
F J
| GateD .
3 PWM Driver T:
N _ 1 > PFM M
EA-gmV é PWM Comp Logic
4 SWO
SYNC_IN| SoftStar Slope
MCIOCk | LCKA [0) a Comp.
anager I
FREQ Dﬁ ° i CLK

h

GND

Figure3  Block diagram buck regulator

5.1.2 PWM (Pulse Width Modulation) mode

Under normal conditions the TLF50241EL will operate with a constant switching frequency 7. in PWM mode.
The ratio between switch-on-time 7, and switch-off-time 7. is mainly determined by the ratio between the
input voltage I and the output voltage ;.. and is influenced by the output current /.

In PWM mode the device may operate with 100% duty cycle, in this case the internal PMOS is constantly
conducting current. The current limitation feature is operating under this condition.

If the switch-on-time 7, should theoretically be below the minimum threshold 7, ..;, (due to low load or due
to the ratio between input voltage I, and output voltage I depending on the switching frequency), it will be
reduced to the minimum value switch-on-time 7, ..;, and stay there. As a consequence the output voltage I
will increase. The PFM comparator detects the PFM threshold and will then switch the device into PFM mode.
There is no possibility to disable the PFM function.

Data Sheet 10 Rev. 1.1
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Buck regulator

5.1.3 PFM (Pulse Frequency Modulation) mode

To optimize the efficiency and to reduce the current consumption, the TLF50241EL automatically switches to
PFM mode under low load conditions. In PFM mode the internal power stage including the driver stage is
switched off and will only be switched on for applying pulses to charge the output capacitor. The pulses will
be created by monitoring the voltage of the output filter capacitor Gy ;. Thus in PFM mode the repetition time
of pulses depend on the output current and/or the ratio between input voltage I and output voltage I/.

Transition from PWM to PFM

Figure 4 shows the transition from Pulse Width Modulation to Pulse Frequency Modulation under the
assumption, that the input voltage I will be constant and only the output current /.. will vary. The diagram
shows the principle, in reality the signals might look slightly different. The diagram is without scale in respect
of time, voltage and current values.

Starting from left of the figure a certain output current, here named 4, is applied to the regulator output. This
results in a duty cycle D, with the on-time 7, of the internal power stage. The switching frequency £ is
constant as set by the frequency setting resistor Rpeo. The regulator is in PWM mode, the output voltage is
Vaer pwm Which is equal to Vizin PWM mode.

At point ¢, the output current decreases from /; to a lower 4. This results in a duty cycle 0, with the on-time
Ton, Of the internal power stage. Due to the reduced output load the on-time 7, is shorter (the regulator is
in Discontinuous Conduction Mode DCM) than T7;,,. The switching frequency £y is constant as set by the
frequency setting resistor Axzo. The regulator is still in PWM mode, the output voltage is Vie pyy Which is
equal to Vgin PWM mode. In Continuous Conduction Mode CCM the variation from 7, to 75, will be very
small due to smaller conduction losses.

At point ¢, the output current decreases again from £ to a lower 4. As a consequence the on-time 7, will be
reduced also. The output current 4 is so low, that the on-time 7,,; would be smaller than the 7,y ;.- The
regulator does not allow a on-time smaller than 7,y ... Therefore we can say that the output current 4 is
under the imaginary current threshold for transition from PWM to PFM /oy pem- With the pulse staying at on-
time 7,y min the output voltage V¢ will rise. The regulator is still in PWM mode, but the output voltage rises.

At point & after a normal time period 7, as adjusted by the frequency setting resistor Ao, a further pulse
of the duration 7y i, is applied, the output voltage V.. keeps onrising. The regulator is stillin PWM mode.

At point ¢, the output voltage V. touches (or exceeds) the voltage threshold for transition from PWM to PFM
Vowwpem- The regulator is now switchinginternally from PWM to PFM. In PFM mode the power consumption of
the internal blocks is reduced. The reference for the output voltage I is switched from Vgee pyy (Which is
equal to Ifzin PWM mode) to Vi pry (Which is equal to Vgin PEM mode). The reference for Iz in PFM mode
is higher than the reference in PWM mode to avoid voltage dumps at the output voltage I/ due to sudden load
steps and to give the regulator more reaction time to switch back to PWM mode.

The regulatoris now in PFM mode, the output voltage is Vger ppy Which is equalto Vg (orslightly higher) in PFM
mode.

The output voltage I is monitored and as soon as it touches the PFM reference voltage Vger pry @ pulse of the
on-time 7oy i, is triggered. The time between two pulses is depending on the discharging of the output
capacitor Cyyr-

Data Sheet 11 Rev. 1.1
2018-03-07



o~ _.
TLF50241ELV50 Infineon
2.2 MHz Step-Down Regulator 500 mA, 5 V, low quiescent current '

Buck regulator
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Figure4 PWM to PFM transition (timing diagram)

Transition from PFM to PWM

Figure 5 shows the transition from Pulse Frequency Modulation to Pulse Width Modulation under the
assumption, that the input voltage I will be constant, and only the output current /¢ will vary. The diagram
shows the principle, in reality the signals might look slightly different. The diagram is without scale in respect
of time, voltage and current values.

Starting from left of the figure a certain output current, here named £, is applied to the regulator output. 4
shall be below the imaginary current threshold for transition from PFM to PWM /pgy/pwy- The regulator is in
PFM mode, the output voltage is Ve pry, Which is equal to Vg in PFM mode (or slightly higher).

Pulses of the duration 7, ..., are triggered whenever the output voltage I touches the PFM reference voltage

Vrer_prm-

At point £ the output current increases from £ to a higher 4, that shall be above the imaginary current
threshold for transition from PFM to PWM fpgypwu- Due to the higher output current more pulses of the
duration 7,y .., have to be triggered, the frequency of these pulses is monitored. The frequency of these
pulses increases until it is higher than the switching frequency s set by the frequency setting resistor Ao
The regulator is still in PFM mode.

At point ¢ the frequency monitoring detects that the frequency of the PFM pulses is being higher than the
frequency threshold for transition from PFM to PWM £, py- Therefore the regulator switches back to PWM
mode. This results in a certain duty cycle D, with the on-time 7, of the internal power stage. The time period
Toww is as adjusted by the frequency setting resistor Rqqeq.
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Figure5 PFM to PWM transition (timing diagram)

Frequency variation during PWM/PFM transition

Figure 6 shows the transition from Pulse Frequency Modulation to Pulse Width Modulation (and vice versa) in
relation to output current and switching frequency. The diagram shows the principle, in reality the signals
might be slightly different. The diagram is without scale in respect of frequency and current values.

The transition from PWM to PFM is shown in a grey line. Starting from right the switching frequency % is
constant as set by the frequency setting resistor Az¢o. The output current k. is decreasing.

As soon as the output current /. is below the imaginary current threshold for transition from PWM to PFM
Iowmyprm> the regulator will be switched from PWM to PFM mode depending on the output voltage V. With the
output current /. decreasing, the switching frequency will also decrease, as the pulses are triggered by
monitoring the output voltage Vcat capacitor Cyys.

The transition from PFM to PWM is shown in a black line. Starting from left the switching frequency is
increasing with the increasing output current /.

As soon as the switching frequency is crossing the frequency threshold for transition from PFM to PWM £y /e
(which is above the switching frequency £ set by the frequency setting resistor R;o) the regulator will
switch from PFM to PWM.
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5.2 Electrical characteristics buck regulator

Table 4 Electrical characteristics: buck regulator
l5=6.0Vt0o40V, 7,=-40°C to 150°C, all voltages with respect to ground (unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. | Typ. Max. Test Condition
Output voltage Vg 4.90 |5.00 |5.10 |V TV<l<12V P_521
100 MA < /o <610 mA
PWM Mode
Output voltage Vg 4.90 |5.10 |5.30 |V 10V< <35V P_5.2.2
Jec = 100 pA
PFM Mode
Power stage on-resistance R, - 1.5 |23 |Q Tested at 100 mA, P_5.2.8
V=7.0V
Buck peak over current limit huoc 0.85 |- 1.7 |A - P_5.2.9
Current transition rise/fall time & - 100 |- mA/ns |V P_5.2.10
Maximum duty cycle Do - |- |100 |% 2 P_5.2.11
Minimum switch on-time Tonmin |- |100 |- ns b P_5.2.12
Minimum switch off- Time TorFmin |~ 200 |- ns Y PFM mode P_5.2.13
Soft start ramp art 300 (450 |750 |ps Wgrisingfrom5%to  P_5.2.14
95% of Vg nom
Input undervoltage shutdown V,off  [3.75 |- - v V; decreasing P_5.2.15
threshold
Input voltage startup threshold Vs,on - - 4.75 |V I increasing P_5.2.16
Input undervoltage shutdown Vg,hyst 130 300 |- mV - P_5.2.17
hysteresis
Voltage threshold for transition from | Voyypem | = - 53 |V 2 P_5.2.18
PWM to PFM
Frequency ratio for transition from Tormspun/ | = 1.20 |- - 2 P_5.2.19
PFM to PWM -

1) Specified by design. Not subject to production test.
2) Consider Chapter 4.2 Functional range .
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5.3 Performance graphs

Typical performance characteristics
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Line regulation PFM mode Line regulation PFM mode
Iec =100 pA; T, =-43°C Iec =100 pA; T, = +25°C
5,128 5,128
5112 5,112
5,096 5,096
~N
r
S 5,08 S 5,08
m 1]
'->'- 5,064 I->l- 5,064
5,048 5,048
5,032 5,032
5,016 5,016
5 5
Yo} o Y9} o ‘o) o Yo} o %9} 0 \9 2 8 g 8 g g qu_)
— -~ N N ™ (32} < <
VS (V) VS (V)
Line regulation PFM mode Power stage on resistance: black 7,=+25°C
lec =100 pA; 7,=+150°C light grey 7,=-43°C, dark grey 7,=+150°C
1,400
5,128
p
5,112 AL 1,200 //
5,096 1,000 /
<~ 508 ~
S 20,800
@ o
'->'- 5,064 3
4 /
> 0,600 y
5,048 " /
> /
0,400 /
5,032 / /
5,016 0,200 V‘
4
5 0,000 |
w2 2 g 8 8 8 8 % "o o a w9~
o o o o o o o
VS (V) Iswo(A)
Data Sheet 17 Rev.1.1

2018-03-07



o~ _.
TLF50241ELV50 Infineon
2.2 MHz Step-Down Regulator 500 mA, 5 V, low quiescent current

Buck regulator
Efficiency for Efficiency for
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Reset

6 Reset

6.1 Description reset function
Principle:

The reset function supervises the value of the regulator output voltage ;.. The result is monitored by the
status of pin RO. A high level at pin RO means that the output voltage I .is above the desired reset threshold.
Alow level at pin RO means that the output voltage I is below the desired reset threshold. The reset function
does not work, if the supply () voltage is below 1 V.

Adjustment of reset threshold:

The reset generator consists of an internal comparator with a reset threshold i, 1. By adding an external
resistor divider between the output voltage /.. and ground (GND) and connecting the point between the
upper (R1) and lower (R2) resistor to pin RTADJ the desired reset threshold Vj; (where the reset generator
indicates an undervoltage) might be adjusted.

If reset function is not used please connect pin RTADJ to .

(6.1)

Desired reset threshold = VRO, T(B—lﬁ—-zg—z) = Vit

Operation mode (please refer to Figure 7):

The reset generator starts operating as soon as the regulator is activated by supplying the device with aninput
(battery) voltage higher than the input voltage startup threshold I .
The pin RO is low at this time.

When the regulator starts to operate, V.. ramps up and passes the desired reset threshold. The reset delay
time £, is the time duration between that point and pin RO turning to high level.

The reset reaction time %z is the maximum duration or time, the output voltage I/.. may dip below the desired
reset threshold, before a reset is indicated and pin RO is pulled to low level. This is implemented to avoid
wrong reset triggering by short glitches on the output voltage V. If the output voltage I/ dips below the
desired reset threshold Vi for more than fye; f:z is also the time until pin RO is pulled below I .

Avoltage dip at the output voltage I/ leads to a low level at pin RO under the following condition:

R1+R2
Vee < Vro, T(—RZ )(for t >tzgr)

In case the pin RO is pulled to low level, it stays low for the time until the output voltage I/ is higher than the
desired reset threshold l4; plus the reset delay time &,
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Reset output pin (please refer to Figure 7):

The reset outputis an open collector structure. As soon as a reset condition occurs, the pin is pulled to ground.
A pull up resistor (R4) connected to I/ or another voltage source is necessary. If the supply (V4g) voltage is
below 1V the open collector structure does no longer pull pin RO to ground. In this case pin RO goes up to the
pull-up voltage (if not supplied by voltage V().

A

V
felated 1o RTADJ) <y

-

VRT__L___.u._________\ ———m e 2N,
kR Irg t

—»|

VRO“-’ tRD — —p |
— -~ tRD -—

VROH'-----:V---------- o e o o
VROL--------------------------"- - >
{

Figure7  Reset function and timing diagram

+ ROH:=Reset Output High Level, depending on voltage sourcing the pull-up resistor at pin RO.
+ ROL:=Reset Output Low Level, Reset signal valid.

The recommended maximum value for the sum of both resistors R1 and R2 of the external resistor divider is
1.2 MQ.
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6.2 Electrical characteristics reset function

Table 5 Electrical characteristics: reset
l5=6.0Vt0o40V, 7,=-40°C to 150°C, all voltages with respect to ground (unless otherwise specified)

Parameter Symbol Values Unit | Note or Test Condition |Number
Min. | Typ. | Max.

Reset Output RO

Output voltage low Vool - 02 |04 |V Vee2 1V; Warapy <09V, P_6.2.1
ko=1mA

Sink current limit hswax |1 - - MA | Vee=5V; Vrrapy <09V, P_6.2.2
lho=0.4V

Leakage current hoLmax | = - 1 MA | Wo=5V P_6.2.3

Output undervoltage threshold Vot 0.96 |[1.00 |1.04 |V - P_6.2.4

decreasing

Output undervoltage hysteresis Veomhyst |50 |- 150 |mV |Outputvoltage P_6.2.5
decreasing

Pin RTADJ input current hraoymax |-1 0.1 |1 MA | Vgraps=1.2V P_6.2.6

Delay time tap 6 8 10 ms |- P_6.2.7

Reset reaction time tor 2 - 10 |ps |Outputvoltage P_6.2.8
decreasing
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7 Thermal shutdown
7.1 Description

The integrated thermal shutdown function turns off the power switch in case of overtemperature. The typical
junction shutdown temperature is 175°C, with a min. of 155°C. After cooling down, the IC will automatically
restart with a soft start into normal operation. The thermal shutdown is an integrated protection function
designed to prevent IC destruction when operating under fault conditions. It should not be used for normal
operation.

7.2 Electrical characteristics bias and thermal shutdown

Table 6 Electrical characteristics:bias and thermal shutdown
l5=6.0Vto40V, 7;=-40°C to 150°C, all voltages with respect to ground (unless otherwise specified)

Parameter Symbol Values Unit | Note or Test Condition | Number
Min. | Typ. | Max.
Bias
Current consumption of V. lg.ony cc| - - 60 MA | =16V; I =54V P_7.2.5
7 < 105°C;
PFM mode
Current consumption of lyony.s |~ 15 |25 |pA | K=16V; V=54V, P_7.2.6
T <105°C;
PFM mode
Internal overtemperature protection
Overtemperature shutdown T sd 155 (175 [195 [°C |V P_7.2.7
Overtemperature shutdown hysteresis | 7, s |- 15 |- K 1) P_7.2.8
1) Specified by design. Not subject to production test.
Data Sheet 22 Rev.1.1
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8 Oscillator
8.1 Description

The oscillator supplies the device with a constant frequency. The power switch will be switched on and off
with a constant frequency fysc. The time period 7, is derived from this frequency and some safety functions
are synchronized to this frequency.

The oscillator frequency can be set by connecting an external resistor R between pin FREQ and GND using
the following table (selected values, for more precise setting please refer to Figure 8).

Frequency setting resistor
Frequency adjusting resistor Rereg |39 43 56 82 100 kQ |P_8.1.1
2400 |2250 |1800 |1330 |1100 |kHz |P_8.1.2

Oscillator frequency £,

2,5

2,35

2,2

2,05

19

1,75

16

Switching Frequency [MHz]

1,45

13

1,15

1

30 35 40 45 50 55 60 65 70 75 80 85 920 95 100 105

Resistor at Freq pin [kQ]

Figure8  Switching frequency £,  versus frequency setting resistor Rqqe,.

The turn-on frequency can optionally be set externally via the SYNC pin. In this case the synchronization of the
PWM-on signal refers to the falling edge of the SYNC-pin input signal. In case the synchronization to an
external clock signal is not needed, the SYNC pin should be connected to ground. The frequency setting
resistor Reeq is also necessary for SYNC option and must be dimensioned according to the desired
synchronization frequency (the ratio between synchronization and internal frequency has to be less than or
equal to 1).

The synchronization function is not available in PFM mode.
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8.2 Electrical characteristics buck regulator

Table 7 Electrical characteristics: buck regulator
l5=6.0Vt0o40V, 7,=-40°C to 150°C, all voltages with respect to ground (unless otherwise specified)

Parameter Symbol Values Unit | Note or Number
Min. ‘Typ. ‘ Max. Test Condition

Frequency setting FREQ

Oscillator frequency spread e 2025|2250 (2475 |kHz | Voyyc=0V; P_8.2.1

Repeo =43 kQ

Synchronization SYNC

Synchronization capture range foync 1500 | - 2200 |kHz |- P_8.2.2

SYNC signal high level valid Vowen (2.9 |- |- v oY P_8.2.3

SYNC signal low level valid Vower |- |- |08 v |V P_8.2.4

SYNC input internal pull-down Rsywent [0.1510.25 1040 [MQ | Voypc =5V P_8.2.5

SYNC signal minimum high time byne,H, min |90 |- - ns |- P_8.2.6

SYNC signal minimum low time tyneumin |90 |- - ns |- P_8.2.7

1) Synchronization of PWM-on signal to falling edge.
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9 Application information
Note: The following information is given as a hint for the implementation of the device only and shall
not be regarded as a description or warranty of a certain functionality, condition or quality of the
device.
Din Lin
Vs O
Lin, Cin1 and Cy3 recommended for
Cint Cnz  Cus suppression of EME,
— Dy depending on application
Vs
TLF50241EL
- Over
Temperature
Shutdown
ne. [ ]
Buck Lour
Converter _| } SWO L 0 Vcc
FREQ J
Oscillator|
SYNC m Dcarcn Z S Cour
RS Bandgap ' FB
--------- g
Soft Start — ﬁ -
Ramp R1 R4
enerator|
Gte'?\eesl::or : »0 To pP
J R2
Figure9 Application diagram
Note: This is a very simplified example of an application circuit. The function must be verified in the real
application.
Part-No. | Value Type Manufacturer Remark
Cinz 47uF/50V | electrolytic AVX
Cins 100nF/50V | ceramic AVX For improving EME
Cout 10uF/25V | ceramic AVX
Dcatcn | TA/100V 10BQ100 Schottky | International Rectifier 1 A current capability
Lour 10uH MSS1278T Coilcraft 4.7 uH also possible
R1 330 kQ 0.25wW Panasonic Vgrrsetto 4.3V
R2 100 kQ 0.25wW Panasonic Vgrrsetto 4.3V
R4 100 kQ 0.25W Panasonic
R5 43 kQ 0.25W Panasonic fosc set to 2.2 MHz

Figure 10 Bill of material for application diagram
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9.1 General layout recommendations

Introduction:

A switch mode step down converter is a potential source of electromagnetic disturbances which may affect
the environment as well as the device itself and cause sporadic malfunction up to damages depending on the
amount of noise.

In principal we may consider the following basic effects:

+ radiated magnetic fields caused by circular currents, occurring mostly with the switching frequency and
their harmonics;

+ radiated electric fields, often caused by (voltage) oscillations;
+ conducted disturbances (voltage spikes or oscillations) on the lines, mostly input and output lines.

Radiated magnetic fields:

Radiated magnetic fields are caused by circular currents occurring in so called “current windows”. These
circular currents are alternating currents which are driven by the switching transistor. The alternating current
in these windows are driving magnetic fields. The amount of magnetic emissions is mainly depending on the
amplitude of the alternating current and the size of the so-called “window” (this is the area, which is defined
by the circular current paths.

We can divide into two windows:

+ theinput current “window” (path consisting of Cy,, Gys» Loyt @and Coyr): Only the alternate content of the
input current /Sis considered;

+ the output current “window” (path consisting of D-prcn» Loyt @nd Coyr): Output current ripple 4/

The area of these “windows” has to be kept as small as possible, with the relating elements placed next to each
others as close as possible. It is highly recommended to use a ground plane as a single layer which covers the
complete regulator area with all components shown in the application diagram. All connections to ground
shall be as short as possible.

Radiated electric fields:

Radiated electric fields are caused by voltage oscillations occurring by stray inductances and stray
capacitances at the connection between internal power stage (pin SWO), freewheeling diode D¢y, and
output capacitor Cy 1. They are also of course influenced by the commutation of the current from the internal
power stage to the freewheeling diode D.,;¢y. Their frequencies might be above 100 MHz. Therefore, it is
recommended to use a fast Schottky diode and to keep the connections in this area as low inductive as
possible. This can be achieved by using short and broad connections and by arranging the related parts as
close as possible. Following the recommendation of using a ground layer these low inductive connections will
form together with the ground layer small capacitances which are desirable to damp the slope of these
oscillations. The oscillations use connections or wires as antennas, this effect can also be minimized by the
short and broad connections.

Conducted disturbances:

Conducted disturbances are voltage spikes or voltage oscillations, occurring permanently or by occasion
mostly on the input or output connections. Comparable to the radiated electric fields they are caused by
voltage stage, freewheeling diode D, 1cp, and output capacitor Cyr.

Their frequencies might be above 100 MHz. They are super positioned to the input and output voltage and
might therefore disturb other components of the application.

The countermeasures against conducted disturbances are similar to the radiated electric fields:
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+ itisrecommended to use short and thick connections between the single parts of the converter;
+ all parts shall be mounted close together;

+ additional filter capacitors (ceramic, with low ESR i.e G5 in the application diagram) in parallel to the
output and input capacitor and as close as possible to the switching parts. Input and load current must be
forced to pass these devices, do not connect them via thin lines. Recommended values from 10 nF to
220 nF;

« fortheinputfilter a so called i - Filter for maximum suppression might be necessary, which requires
additional capacitors on the input.

9.2 Further application information

+ Please contact us for information regarding the FMEA pin

+ Existing Application Notes with more detailed information about the possibilities of this device
« For further information you may contact http://www.infineon.com/
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10 Package outlines

0.35 x 45°
5 3.9:01" ©l0.1[C[D]
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Slgg|s $
ol =y & Y
== =) %
- =10081C b
C 0.08/C ¢
0.65 0.64+0.25 ®
0.25:0.052)
—=————J=1{$/0.15M|C|A-B|D] 14x []0.2[D] 8x
Bottom View
3+0.2
1 ot ﬂ|7 %
,+,+ 8
Exposed 14 8 o

Diepad

Index Marking

1) Does not include plastic or metal protrusion of 0.15 max. per side
2) Does not include dambar protrusion

PG-SSOP-14-1,-2,-3-PO V02

Figure 11 Package outline PG-SSOP-14

Green Product (RoHS compliant)

To meet the world-wide customer requirements for environmentally friendly products and to be compliant
with government regulations the device is available as a green product. Green products are RoHS-Compliant
(i.e Pb-free finish on leads and suitable for Pb-free soldering according to IPC/JEDEC J-STD-020).

For further information on alternative packages, please visit our website:
http://lwww.infineon.com/packages. Dimensions in mm
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11 Revision history
Table 8 Revision history
Revision |Date Changes
Rev1.1 2018-03-06 |P_8.2.6 Min value changed from 25 ns to 50 ns.
P_8.2.7 Min value changed from 25 ns to 50 ns.
Editorial changes.
Rev 1.0 2013-06-19 |Initial data sheet.
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