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Features

+ Wide input voltage range from 4.75Vto 45V
+ Constant current regulation

+ Constant voltage regulation

+ Very low shutdown current: /; <2 pA

+ Flexible switching frequency range, 100 kHz to 700 kHz

« Synchronization with external clock source

+ Available in a small thermally enhanced PG-SSOP-14 package
+ Internal 5V low drop out voltage regulator

+ Output overvoltage protection

+ External soft start adjustable by capacitor

« Overtemperature shutdown

« Green Product (RoHS) Compliant

Potential applications

« Stepup converter

+ Voltage stabilization during cold cranking
+ SEPIC

« Flyback converter

Product validation

Qualified for automotive applications. Product validation according to AEC-Q100.

Description

The TLE8386-2EL is a boost controller with built in protection features. The main function of this device is to
boost (step-up) an input voltage to a higher output voltage. The switching frequency is adjustable from
100 kHz to 700 kHz and can be synchronized with an external clock. The TLE8386-2EL features an enable
function reducing shut-down current consumption to less than 2 pA. The current mode regulation scheme of
this device provides a stable regulation loop maintained by small external compensation components. The
integrated soft-start feature with external components for adjustment limits the current peak as well as
voltage overshoot at start-up. This IC is suited for use in harsh automotive environment and provides output
overvoltage protection and overtemperature shutdown.

Datasheet Rev. 1.01
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Type Package Marking
TLE8386-2EL PG-SSOP-14 8386-2EL
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Block diagram
1 Block diagram
IN |14 T LDO » T K IVCC
Internal Power On
Supply Reset
On/Off
EN |13 Logic EN_INT
Oscillator —— PGO\;V,;rDSr\;VJ;Crh SWO
FREQ
JUL
Synchroni S| g GeF:lVeVr'\;Itor SWCS
sation ope
SYNC | 10 Comp. > " Switch Current
Error Amplifier
SGND
Thermal N
Protection *
Leading Edge
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Over Voltage
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COMP | s & Error Amplifier 6:| FB
TLE8386-2EL
]
12
L
GND
Figurel Block diagram
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Pin configuration

2 Pin configuration

2.1 Pin assighment

IVCC 1 O - 14 IN
- — _——
SWO | 113 EN
| I
SGND [ [ | 3 :12 | [ 1 GND
I
SWCS 4 111 FREQ
| I
SST 51 :1 0 SYNC
I
FB 6 J' 9 NC
NC [ ]|7 8|1 comp
Figure2  Pinassignment
2.2 Pin definitions and functions
Pin |Symbol |Function
1 IVCC Internal LDO output
Used for internal biasing and gate drive. Do not leave open, bypass with external capacitor.
Do not connect other circuitry to this pin.
2 SWO Switch output
Connect to the gate of external boost converter switching MOSFET.
3 SGND Current sense ground
Ground return for current sense switch, connect to bottom side of sense resistor.
4 SWCS Current sense input
Detects the peak current through switch, connect to high side of sense resistor.
5 SST Soft start
Connect an external capacitor to adjust the soft start ramp, do not leave open.
6 |FB Feedback
Output voltage feedback, connect to output voltage via resistor divider from output
capacitor to ground.
7 NC Not connected
Datasheet 5 Rev. 1.01
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Pin configuration

Pin |Symbol |Function

8 COMP Compensation input
Connect R and C network to improve stability of the regulation loop.

9 NC Not connected

10 |SYNC Sync
Synchronization Input; if synchronization feature is not used, leave open.

11 |FREQ Frequency select input
Connect external resistor to GND to set frequency, do not leave open.

12 |GND Ground
Connect to system ground.
13 |EN Enable

Apply logic high signal to enable device.

14 |IN Supply input
Supply for internal biasing, connect to input voltage.

Exposed Pad | Connectto GND.

Datasheet 6 Rev. 1.01
2021-12-03
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General product characteristics

3 General product characteristics

3.1 Absolute maximum ratings

Table1 Absolute maximum ratings®

T;=-40°C to +150°C; all voltages with respect to ground, positive current flowing into pin;
(unless otherwise specified)

Parameter Symbol Values Unit | Note or Number
Min. ‘Typ. ‘ Max. Test Condition
Voltages
IN Vi 03 |- |45 |V |- P_4.1.1
Supply input
EN Ver 40 |- |45 |V |- P_4.1.2
Enable input
FB Veg 03 |- |55 |V |- P_4.13
Feedback error amplifier input 03 |- 62 |V t<10s P 414
SWCS Vewes |03 |- |55 |V |- P_4.15
Switch current sense input 03 |- 62 |V |t<10s P 416
SWO Vswo 03 |- |55 |V |- P_4.1.7
Switch gate drive output 03 |- 6.2 vV t<10s P 418
SGND Veeno |03 |- |03 |V |- P_4.1.9
Current sense switch GND
COMP Veowe |03 |- |55 |V |- P_4.1.10
Compensation input 03 |- |62 |V [t<10s P_4.1.11
FREQ Vereq 03 |- |55 |V |- P_4.1.12
Frequency input 03 |- |62 |v |t<10s P_4.1.13
SYNC Vevne -0.3 |- 55 |V - P_4.1.14
Synchronization input 0.3 |- 6.2 |V t<10s P 4.1.15
SST Vesr 03 |- |55 |V |- P_4.1.16
Soft start setting input 03 |- 62 |V t<10s P 4.1.17
IVCC Vivee -0.3 |- 55 |V - P_4.1.18
Internal linear voltage regulator output 03 |- 62 |V t<10s P 4.1.19
Temperatures
Junction temperature T, -40 |- 150 |°C |- P_4.1.20
Storage temperature Tsg -55 |- 150 |°C |- P_4.1.21
Datasheet 7 Rev. 1.01
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General product characteristics

Table1 Absolute maximum ratings® (cont’d)

T;=-40°C to +150°C; all voltages with respect to ground, positive current flowing into pin;
(unless otherwise specified)

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

ESD susceptibility

ESD resistivity to GND Vespren |2 |- |2 kv |HBM? P_4.1.22

ESD resistivity to GND Vespcom |-500 |- 500 |V | CDM? P_4.1.23

ESD resistivity pin 1,7, 8, 14 Vesp comc | -750 |- 750 |V com® P_4.1.24

(corner pins) to GND

1) Not subject to production test, specified by design.
2) ESD susceptibility, Human Body Model “HBM” according to EIA/JESD 22-A114B.
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
datasheet. Fault conditions are considered as “outside” normal operating range. Protection functions are not
designed for continuous repetitive operation.

3.2 Functional range

Table 2 Functional range

Parameter Symbol Values Unit | Note or Test Condition | Number

Min. | Typ. | Max.

Supply voltage input Vin 4.75 | - 45 |V Vivee > Vivee rTh.d P_4.2.1

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.

Datasheet 8 Rev. 1.01
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General product characteristics

3.3 Thermal resistance

Note: This thermal data was generated in accordance with JEDEC JESD51 standards. For more
information, go to www.jedec.org.

Table 3 Thermal resistance

Parameter Symbol Values Unit | Note or Number
Min. | Typ. | Max. Test Condition
Junction to case? Ry |- |10 |- K/W |- P_4.3.1
Junction to ambient V? Rion |- |47 |- K/W | 2s2p P_4.3.2
Rina - 54 |- K/W | 1s0p + 600 mm? | P_4.3.3
Ryua |- |64 |-  |K/W 1sOp+300mm?|P_4.3.4

1) Not subject to production test, specified by design.
2) Specified Ry, valueis according to JEDEC 2s2p (JESD 51-7) + (JESD 51-5) and JEDEC 1s0p (JESD 51-3) + heatsink area
at natural convection on FR4 board.

Datasheet 9 Rev. 1.01
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Boost regulator

4 Boost regulator

4.1 Functional description boost regulator

The TLE8386-2EL boost (step-up) regulator provides a higher output voltage than input voltage. The PWM
controller measures the output voltage via a resistor divider connected between FB pin and ground, and
determines the appropriate pulse width duty cycle (on time). Overvoltage protection switches off the
converter in case the voltage at FB pin exceeds overvoltage limit. In case of loss of connection to the output
voltage resistor divider, an internal current source connected to FB pin will draw the voltage above this limit
and shut the external MOSFET off. The current mode controller has a built-in slope compensation to prevent
sub-harmonic oscillations which is a characteristic of current mode controllers operating at high duty cycle
(D>50%). An additional feature is integrated soft start which limits current through the inductor and the
through the external power switch during initialization.

The soft-start time Ty is adjustable using an external capacitor Cs1:

2,00V

TonA (4.1)

Tgg = Cggr X
The switching frequency may be adjusted by using an external resistor (please refer to Chapter 5 Oscillator
and synchronization). When synchronizing with an external clock, the internal frequency has to be adjusted
close to the external clock frequency.

Vivee

Synchroni A

SYNC zation

»s al—— » b 2| SWO
Oscillator Temp. > Gate
Sensor . Driver
FREQ Logic
R /Q
JUL Son
# Start ’

T~
Slope PWM Curr Over Voltage
Comp. Comparator Comparator - Vovre.H
\ /
(C)_l;rArent SenseJr SWCS
—{3] sGND
Soft Start

ssT [} ¢

A Feedback Error,
Amplifier 6 FB
COMP |[&] I o]

0 VRef

Figure3  Boost regulator block diagram

Datasheet 10 Rev. 1.01
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Boost regulator

4.2 Electrical characteristics boost regulator

Table 4 Electrical characteristics boost regulator *

Viy =6V to 40V; T; = -40°C to +150°C, all voltages with respect to ground, positive current flowing into pin;
(unless otherwise specified)

Parameter Symbol Values Unit | Note or Number
Min. ‘Typ. ‘ Max. Test Condition
Boost regulator
Feedback reference voltage Veg 232.125 |2.62 |V V=19V, P_5.2.1
lgo =100 mA to 500 mA
Voltage line regulation AVpee/AV,y | - - 0.15 |%/V |Vy=6t019V; P_522
Veo=30V;
Igo =100 MA
Figure 8
Voltage load regulation AVig/Algy |- - 5 %/A |Viy=13V;Vgo=30V; |P_5.2.3
lgo =100 mAto 500 mA
Figure 8
Switch peak overcurrent threshold | Vgyycs 120 |150 (180 mV |V, =6V; P_5.2.4
Vg < Vesows
Veowp =35V
Current to soft start setting capacitor |/sqr -8 |-10 |-16 |pA |- P_5.2.5
Feedback input current leg - -200 |- nA |- P_52.6
Switch current sense input current | /gycs -10 |-50 [-100 |pA | Vgpes =150 mV P_5.2.7
Input undervoltage shutdown Vin off 3.75 |- - v V,y decreasing P_5.2.8
Input voltage startup Vix on - - 4.75 |V V\y increasing P_5.2.9
Gate driver for boost switch
Gate driver peak sourcing current lswo.sre - -380 |- mA |Vguo=3.5V P_5.2.10
Gate driver peak sinking current lswosnk | 550 |- mA |Vguo=1.5V P_5.2.11
Gate driver output rise time tr.swo - 30 |60 |ns |C gyo=3.3nF; P_5.2.12
Vswo=1Vto4V
Gate driver output fall time tr swo - 20 |40 |ns |C_swo=3.3nF; P_52.13
Vowo=1Vto4V
Gate driver output voltage Vswo 45 |- 55 |V |Cswo=3.3nF; P_5.2.14

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

Datasheet 11 Rev. 1.01
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Boost regulator
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Boost regulator

Load regulation Load regulation
input voltage V,,=6V input voltage V,,=13.5V
Load Regulation vs Temp (0A<lout<1A) Load Regulation vs Temp (0A<lout<1A)
0,00 0,00
-0,10 -0,10
-0,20 -0,20

-0,30 -0,30
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o
S
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\
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Load regulation
input voltage V=19V

Load Regulation vs Temp (0A<lout<1A)
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-0,40 \
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Oscillator and synchronization

5 Oscillator and synchronization

5.1 Functional description oscillator and synchronization

The internal oscillator is used to determine the switching frequency of the boost regulator. The switching
frequency can be selected from 100 kHz to 700 kHz with an external resistor to GND. The external resistor for
setting switching frequency can be calculated by Equation (5.1):

1
- (3.5 x 103 [Q]) [Q]

RFREQ = 1

(141 x 1072 [5]) X (frreq [5])
(5.1)

In addition, the oscillator is capable of changing from the frequency set by the external resistor to an external
clock. If an external clock is provided at the SYNC pin, the internal oscillator should be set to about the same
frequency. Boost regulator switching frequency is then synchronized with the external clock frequency. The
synchronization frequency capture range is from 250 kHz to 700 kHz.

TLE8386-2EL

g

Detector . PWM Gate

Multiplexer . . [ | SWo
Oscillator

RFREQ

1

Vewk

Oscillator_BlkDiag.vsd

Figure4  Oscillator and synchronization block diagram and simplified application circuit

Tsyne=1/fsyne
R T oo
45V |
Vonen \ \
a5y e / \
g
Oscillator_Timing.svg
Figure5 Synchronization timing diagram
Datasheet 14 Rev. 1.01
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Oscillator and synchronization

5.2 Electrical characteristics oscillator and synchronization

Table 5 Electrical characteristics boost regulator

Viy =6V to 40V; T; = -40°C to +150°C, all voltages with respect to ground, positive current flowing into pin;

(unless otherwise specified)

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

Oscillator
Oscillator frequency fereq 250 300 (350 |kHz |Repeq=20kQ P_6.2.1
Oscillator Frequency fereq 100 |- 700 |kHz |17% internaltolerance |P_6.2.2
Adjustment range + external resistor

tolerance
FREQ supply current Iereq - - =700 |pA | Vigge=0V P_6.2.3
Synchronization
SYNC inputinternal pull-down Rsyne  [150 250 350 |kQ |Vgyc=5V P_6.2.4
Maximum duty cycle Dyaxfixea |90 |93 |95 |% |Fixed frequency mode |P_6.2.5
Maximum duty cycle Dyaxsync |88 |- - % |Synchronization mode, |P_6.2.6

ratio between

synchronization and

internal frequency (set

by resistor) is 0.8 to 1.2
Synchronization frequency foune 250 |- 700 |kHz |Ratio between P_6.2.7
capture range synchronization and

internal frequency (set

by resistor) is 0.8 to 1.2
Synchronization signal duty cycle Tp syne |20 |- 80 |% |- P_6.2.8
Synchronization signal Vowen |30 |- |- v oY P_6.2.9
High logic level valid
Synchronization signal Vower |- |- |08 (v |V P_6.2.10
Low logic level valid
1) Synchronization of external SWO ON signal to falling edge.
Datasheet 15 Rev. 1.01

2021-12-03



o _.
OPTIREG™ switcher TLE8386-2EL In f ineon
Basic smart boost controller

Oscillator and synchronization
Typical performance characteristics of oscillator

Switching frequency f,, versus
frequency select resistor to GND R,

700
w \
I
=
-, 600
&
-
500 \
400
T, =25°C
30
200 \\
100 ~_
0

0 10 20 30 40 50 60 70 80

Rrrea [kohm]
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6 Enable function

6.1 Functional description enable function

The enable function powers the device on or off. A valid logic low signal at enable pin EN powers the device
off, reducing current consumption to less than 2 pA. A valid logic high signal at enable pin EN powers the
device on.

Enable startup time tg sragr is the period from recognizing a valid enable signal to the device starting to

switch. During this time the internal supplies and the bandgap are initialized and reach their nominal values.
The TLE8386-2EL will start switching after the nominal values are reached.

ten,sTaRT > 100 YIS
VENA
VENON-— oo /
VEN,oFF /
[ >
t
Vivech
Vivee,on
-
t
Vswoh
t
- -
Power On Normal Power Off
SWO On lg<2pA
EN_Timing.svg
Figure6 Enable timing diagram
Datasheet 17 Rev. 1.01
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Enable function

6.2 Electrical characteristics enable function

Table 6 Electrical characteristics enable function

Viy =6V to 40V; T; = -40°C to +150°C, all voltages with respect to ground, positive current flowing into pin;
(unless otherwise specified)

Parameter Symbol Values Unit | Note or Number
Min. ‘Typ. ’ Max. Test Condition
Enable input
Enable Venon (3.0 |- - v - P_7.2.1
Turn on threshold
Enable Venorr | - 08 |V - P_7.2.2
Turn off threshold
Enable hysteresis Venwvs |50 [200 [400 |mV |- P_7.2.3
Enable len s - |- |30 |puA |V =16.0V P_7.2.4
High input current
Enable len - 01 |1 MA |V =0.5V P_7.2.5
Low input current
Enable startup time? tenstagr (100 |- |- us |- P_7.2.6
Current consumption
Current consumption, Shut-down mode I off - - 2 MA |V =0.8V; P_7.2.7
T,<105°C;
Viy=16V
Current consumption, I on - - 7 mA Vg 24.75V; P_7.2.8
Active mode? lso=0mA;
V=16V,

Vswo = 0% duty

1) Not subject to production test, specified by design.
2) Dependency on switching frequency and gate charge of boost.

Datasheet 18 Rev. 1.01
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7 Linear regulator

7.1 Functional description linear regulator

The internal linear voltage regulator supplies the internal gate drivers with a typical voltage of 5V and current
up to 50 mA. An external output filter capacitor with low ESR is required on IVCC pin for stabilizing and for
buffering transient load current. During normal operation the external boost MOSFET switch will draw
transient current from the linear regulator and its output capacitor. Proper dimensioning of the output filter
capacitor must be considered to supply sufficient peak current to the gate of the external MOSFET switch.
Please refer to Chapter 9 Application information for recommendations on dimensioning the output filter
capacitor. An integrated power-on reset circuit monitors the linear regulator output voltage and resets the
device in case the output voltage drops below the power-on reset threshold. Power-on reset helps protect
external switches from excessive power dissipation by ensuring the gate drive voltage is sufficient to drive the
gate of an external logic level n-channel MOSFET.

Vivec remains at around 300 mV when enable signal is off. No external circuit should be connected to IVCC.

[~ ]
L=

Linear Regulator

Gate
Driver

L
TN T

Figure7  Voltage regulator block diagram and simplified application circuit

Datasheet 19 Rev. 1.01
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Linear regulator

7.2 Electrical characteristics linear regulator

Table7 Electrical characteristics linear regulator

Viy =6V to 40V; T; = -40°C to +150°C, all voltages with respect to ground, positive current flowing into pin;
(unless otherwise specified)

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

Output voltage Vivee 46 |5 |54 |V |6V=V, =45V, P_8.2.1
0.1 MA</ycc =50 mA

Output current limitation Iim 51 |- 110 'mA V=135V, P_8.2.2
Vivee=4.5V

Drop out voltage Vor - |- |1000 [mV |/ycc=50mAY P_8.2.3

Output capacitor Civee 047 |- |3 uF |2 P_8.2.4

Output capacitor ESR Ryccesr |— - 05 |Q |f=10kHz P_8.2.5

Undervoltage reset headroom Vivee ppru | 100 | = - mV | V,cc decreasing P_8.2.6
Vlvcc - VIVCC,RTH,d

Undervoltage reset threshold Viveertha |40 |- - v Viycc decreasing P_8.2.7

Undervoltage reset threshold ViveerThii |~ - 45 |V Viycc increasing P_8.2.8

1) Measured when the output voltage V. has dropped 100 mV from its nominal value.
2) Minimum value given is needed for regulator stability; application might need higher capacitance than the minimum.

Datasheet 20 Rev. 1.01
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8 Protection and diagnostic functions

8.1 Functional description Protection and diagnostic functions

The TLE8386-2EL has integrated output overvoltage protection, open feedback protection and
overtemperature protection. During overvoltage the gate driver outputs SWO will turn off. In overtemperature
condition the thermal shutdown function turns off the gate drivers and the internal linear voltage regulator.
In case of loss of connection from FB pin to the output voltage resistor divider, an internal current source
connected to FB pin will raise the voltage above this limit and turn the external MOSFET off. The typical
junction shutdown temperature is 175°C. After cooling down the IC will automatically restart operation.
Thermal shutdown is an integrated protection function designed to prevent immediate IC destruction and is
not intended for continuous use in normal operation.

8.2 Electrical characteristics protection functions

Table 8 Electrical characteristics protection functions

Viy =6V to 40V; T; = -40°C to +150°C, all voltages with respect to ground, positive current flowing into pin;
(unless otherwise specified)

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

Temperature protection

Overtemperature shutdown Tisp 160 |175 190 |°C |- P_9.2.1

Overtemperature shutdown hystereses T spuvsT | = 15 |- °C |- P_9.2.2

Overvoltage protection

Output overvoltage feedback threshold Vovrs.n |8 10 |12 |% |10% higher of P_9.2.3

Increasing regulated voltage

Output overvoltage feedback hysteresis Vovrs hys | = 5 - % |Outputvoltage |P_9.2.4
decreasing

Overvoltage reaction time toverr |2 - 10 pus |Outputvoltage |P_9.2.5
decreasing

Note: Integrated protection functions are designed to prevent IC destruction under fault conditions

described in the datasheet. Fault conditions are considered as “outside” normal operating range.
Protection functions are not designed for continuous repetitive operation.
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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.
9.1 Boost converter application circuit
Linput Lsoost Dgoost
"o . N o Vi
CINZ
— — Rran Cour
e ——
IN swo — ——
4 SWCs
TLE8386-2EL Res Res.
SGND
o 13| EN
o 10| SYNC
{8 ] comp FB[s ]
FREQ
SST GND Ivee
!_\
Ccompa Cssr Cuee Cinz und Linput recommended for
suppression of EME
Figure8 Boost converter application circuit
Reference .
Designator Value Manufacturer Part Number Type Quantity
DgoosT Schottky, 3 A, 100 Vg Vishay SS3H10 Diode 1
Cout 100 uF, 80V Panasonic EEVFK1K101Q Capacitor 1
Cint 100 uF, 50V Panasonic EEEFK1H101GP Capacitor 1
Ccomp 10 nF - - Capacitor 1
Cwee 100 uF, 6.3V Panasonic EEFHDOJ101R Capacitor 1
IC, - Infineon TLE8386-2EL IC 1
LeoosT 100 uH Coilcraft MSS1278T-104ML_ Inductor 1
Rcowp 10 kQ Panasonic ERJ3EKF 1002V Resistor 1
RrsH 11 kQ, 1% Panasonic ERJ3EKF 1102V Resistor 1
ResL 1 kQ, 1% Panasonic ERJ3EKF 1001V Resistor 1
RrrEQ 20 kQ, 1% Panasonic ERJ3EKF 2002V Resistor 1
Rcs 50 mQ, 1% Panasonic ERJB1CFRO5U Resistor 1
Csst 4,7 nF - - Capacitor 1
Figure9 Boost application circuit bill of material
Note: This is a simplified example of an application circuit. The function must be verified in the real
application.
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9.1.1 Principle

The TLE8386-2EL can be configured as a boost converter, where the desired output voltage Vg, is always
higher than the input voltage V. A boost convertor is not short-circuit protected. If the output voltage Vg, is
shorted, the output current will only be limited by the input voltage V| capability.

Figure 8 shows a typical boost converter application circuit with the following components:
*  Lgoost = boost inductor

+  Lypur = input filter inductor, recommended to reduce electromagnetic emissions

+ C,y; = input filter capacitor

+ (= additional input filter capacitor, recommended to reduce electromagnetic emissions
+  Cour = output filter capacitor

+  Dggost = Output diode

+ Vj=inputvoltage

o Viywin=minimum input voltage

+ Vgo=boost output voltage

+ Rcs=current sense resistor

* Ry = boost output voltage resistor divider, high-side resistor

* R =boost output voltage resistor divider, low-side resistor

*  Recomps Ccomp = cOMpensation network elements

*  Rereq = frequency setting resistor

+ Cgq7 = soft start setting capacitor

»  Cycc = capacitor for internal LDO

« D=dutycycle

+  Dyax=maximum duty cycle

*  frpeq = SWitching frequency

« [y=inputcurrent

+ lgg=output current

*  Igomax = Maximum output current

The ratio of input voltage V| and output voltage Vg, in continuous conduction mode (CCM) is:
VBo 1 _ Vo~V

—2 = ——&D

= (9.1)

In discontinuous conduction mode (DCM) the conversion ratio at a fixed frequency is higher, switching current
increases and efficiency is reduced. The maximum duty cycle Dy, occurs for minimum input voltage V-
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9.1.2 Component selection

Power MOSFET selection
Important parameters for the choice of the power MOSFET are:

+ Drain-source voltage rating Vq:
The power MOSFET will see the full output voltage Vg, plus the output diode (Dggos7) forward voltage.
During its off-time additional ringing across drain-to-source will occur.

+ On-resistance Ry is relevant for efficiency and power dissipation
+ Maximum drain current /pyax

+ Gate-to-source charge and gate-to-drain charge

+ Thermal resistance

It is recommended to choose a power MOSFET with a drain-source voltage rating V5 of at least 10V higher
than the output voltage Vg,

The power dissipation P qcseer in the power MOSFET can be calculated using Equation (9.2):
f
_ 2 2 FREQ
PLossrer = Tgoostmax X Rpson+2X Vo XIpoostmax X Crss X A~ (9.2)
+  Crss = reverse transfer capacitance, please refer to power MOSFET datasheet

*  IgoostMax = Maximum average current through the boost inductor Lgosr

The first term of Equation (9.2) gives the conduction losses in the power MOSFET, the second term the
switching losses. To optimize the efficiency, Rysoy and Crss Should be minimized.

Current sense resistor RCS selection

For control and protection, the TLE8386-2EL measures the power MOSFET current by a current sense resistor
Rcs, which is located between the power MOSFET source and ground. For proper function make sure the
following:

« Place the current sense resistor as close as possible to the TLE8386-2EL

+ Use short (low resistive and low inductive) traces between the power MOSFET source and ground

+ Useshort (low resistive and low inductive) traces between the current sense resistor R high-side and low-

side and the pins SWCS and SGND (it is not recommended to use pin GND instead of pin SGND for power
MOSFET current measurement)

+ Thevalue of R.s should be selected to ensure that the maximum peak sense voltage Vegysepeak during
steady state normal operation will be lower than the adjusted current limit threshold (current limit
function). It is recommended to add a 20% margin.

+ Thevalue of R.s should be selected to ensure that the power MOSFET maximum drain current /., wWill not
be exceeded (please refer to power MOSFET datasheet)
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Figure 10 shows the voltage waveform at the current sense resistor R during a switching cycle:

VSENSE 4

VSENSEMAX VSENSEPEAK

el

| |
i‘- On-Time —»!

1
t¢——  Switching Cycle ——

Figure 10 Sense voltage V .\ Wwaveform during a switching cycle

+  Voensemax = Maximum average sense voltage at maximum output current /o measured during on-time
*  Veensepeak = Maximum peak sense voltage at maximum output current /g, at end of on-time

»  AVgpy\ o = ripple voltage across R (switch ripple current) during on-time, represents the peak-to-peak
ripple current in the boost inductor Lggaer

The maximum (peak-to-peak) switch current ripple percentage x (will be needed for further calculations of
inductor values) can be calculated considering the 20% margin by Equation (9.3):

— A\/SENSE
0,80 X Vgwes — 0,50 X AVgpns

X (9.3)

+  Vgyes =switch peak overcurrent threshold
+ Xisrecommended to be in the range of 0.2 to 0.6 (please refer to calculations in the following chapters)
The value of the sense resistor R can be calculated as follows:

Reg = (9.4)

IBOOSTPEAK

»  lgoostreak = P€ak current through the boost inductor Lggs7 (is calculated at boost inductor selection)

Boost inductor LBOOST selection

The important parameters for selecting the boost inductor are:
+ Inductor Lggosr

« Maximum RMS current rating Igoostrus fOr thermal design

+ Saturation current threshold Iggosrsar

The maximum average inductor current is:

1

'Boostmax = Ipomax X 1-D. - Dy ax (9.5)

The ripple current through the boost inductor is:

Algoost = X X Igoostmax = X X Ipomax ¥ 1-D. - (9.6)
MAX
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The peak current through the boost inductor is:

IgoostrEak = lBoOSTMAX ¥ (1 + %) <Ipoostsat (9.7)

The peak current trough the boost inductor must be below the saturation current threshold.
The RMS current through the boost inductor is:

2
Is00strRMs = IBoosTMAX X ﬁfl + % (9.8)

The boost inductor value Lgq,s7 can be calculated by Equation (9.9):

VINMIN

Lpoost = X Dyiax (9.9)

Algoost X frrEQ

In fixed frequency mode an external resistor determines the switching frequency. The minimum boost
inductor for fixed frequency is given Equation (9.10):

*  Lgoostmin = Minimum Inductance required (minimum value of Lggoe7)

Vol VIXReg[Q]
106X10°[V] X frgpo[Hz]

LgoostmIN 2 (9.10)

Following the equations above, the user should choose the boost inductor having sufficient saturation and
RMS current ratings.

The boost inductor value influences the current ripple Alggost:
+ Alarger boost inductor value decreases the current ripple Alz5os7, but reduces also the current loop gain

+ Alower boost inductor value increases the current ripple Algyos7, but provides faster transient response.
Alower boost inductor value also results in higher input current ripple and greater core losses.

Output diode DBOOST selection
Guidelines to choose the diode:

+ Fast switching diode

+ Low forward drop

+ Low reverse leakage current

+ Repetitive reverse voltage rating Vg, (please refer to diode datasheet) is recommended to be at least 10 V
above boost converter output voltage Vg,

Average forward current in normal operation is equal to the boost converter output current /g, and the peak
current through the diode /ypeai (during off-time of the power MOSFET) is:

IppEak = IBOOSTPEAK = IgoosTmax X (1 + %) (9.11)

Power dissipation P q¢spio in the output diode Dggosr is:

Prosspio = Isomax X Vp (9.12)

+ Vp=forward drop voltage of diode Dgys7 (please refer to diode datasheet)
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Output filter capacitor COUT selection

Choosing the correct output capacitor for given output voltage ripple, consider the influence of:
+ ESR=equivalent series resistance

+ ESL=equivalent series inductance

« Bulk capacitance

These parameters can add ringing to the output voltage V.

The voltage ripple at the output voltage Vg, depends on:

+ AV in percent, related to the ESR of the output capacitor(s)

+  AV.ourt in percent, related to the bulk capacitance of the output capacitor(s)

+ For total voltage ripple, the influence of AV, and AV, must be considered together

The output capacitor can be calculated using Equation (9.13) (which contains the influence of the bulk
capacitance on the output voltage ripple):

Igomax
Cour 2 (9.13)
AVeout X Vour X frreq
Influence of the capacitor ESR on the output voltage ripple:
AV
ESR oy € —2 (9.14)
IppEAK

The output capacitor experiences high RMS ripple current. RMS ripple current rating can be determined using
Equation (9.15):

D
> ——MAX (9.15)

Icoutrms 2 IBomax X -D
MAX

*  lcoutrms = RMS ripple current rating at switching frequency fpeq

To meet ESR requirements multiple capacitors can be used in parallel. Typically, once the ESR requirement is
met, the output capacitance is adequate for filtering and has the required RMS current rating. Additional
ceramic capacitors are used to reduce the effects of parasitic inductance to reduce high frequency switching
noise on the boost converter output.

Input filter capacitor CIN1 selection

The input filter capacitor C,; has to compensate alternating current content or current ripple on the input
line. Recommended values are from 10 to 100 puF. To improve suppression of high frequency distortion a
ceramic capacitor in parallel might be necessary.

The RMS input capacitor ripple current /,;zys for a boost converter is:

Iinirms = 0,30 X Algoosr (9.16)
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Compensation network elements RCOMP, CCOMP selection

To compensate the feedback loop of the TLE8386-2EL a series network of Reqyp, Ccomp IS Usually connected
from COMP pin to ground. For most applications C.qyp should be in the range of 470 pF to 22 nF, and Rcqyp
should be in the range of 5 to 100 kQ. An additional capacitor C.oyp, Mmight be useful to improve stability. C.qyp
and C.oup, Should be low ESR ceramic capacitors.

A practical approach to determine the compensation network is to start with the application circuit as shown
in Figure 8 and then tune the compensation network for optimizing performance. Stability of the loop should
then be checked in any operating condition, including output current and variations and across the entire
temperature range.

Output boost voltage VBO adjustment by determining the output voltage resistor divider RFBH, RFBL

+ Vg =feedback reference voltage

R +R
Vpo = VFBX"‘"‘_"‘_FBH oL (9.17)

RFBL

(Vgo is always higher than V, during operation of the boost converter)

Additional input filter inductor LINPUT and capacitor CIN2 selection
+ ferer = resonance frequency of the additional input filter

The input filterinductor L, should have a saturation current value equal to Lgos7. Capacitor Cy, should be
a low ESR ceramic capacitor. Both components form a low pass filter for suppressing conducted disturbance
on the V) line. To obtain optimum suppression, the input filter resonance frequency fg, ¢z should be at least
ten times lower than the switching frequency fpeo:

1
f > 10 % (f = ) (9.18)
FREQ FILTER = 5 «/LINPUT X Crns

The use of an additional input filter is depending on the requirements of the application.

For selecting Regeq, Csst and Cyyc please refer to previous chapters.

9.2 Further information on TLE8386-2EL

9.2.1 General layout recommendations

Introduction

Aboost converter is a potential source of electromagnetic disturbances which may affect environment as well
as the device itself and cause sporadic malfunction or damage depending on the amount of noise.

Basic effects which should be considered:

+ Radiated magnetic fields caused by circular current, occurring mostly at switching frequency and its
harmonics

+ Radiated electric fields, often caused by voltage oscillation
+ Conducted disturbance (voltage spikes or oscillation) on the lines, mostly on input and output lines
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Radiated magnetic fields

Radiated magnetic fields are caused by circular current occurring in current windows. A current window is the
area, which is defined by circular current paths. Circular current is alternating current driven by the switching
transistor. Alternating current in current windows drive magnetic fields. The amount of magnetic emissions
depends on the amplitude of the alternating current and on the area of the current window.

Current windows:

+ Inputcurrent window:
Path consisting of C v, Lgoost @nd the power MOSFET - only the alternating current component of the input
current /,y is considered

« Output current window:
Path consisting of the power MOSFET, Dgqost @and Cqyr - Output current ripple A/

These current windows have to be kept as small as possible, with the relating components placed next to each
other. It is highly recommended to use a ground plane as a single layer which covers the complete regulator
area with all components. All connections to ground should be as short as possible.

Radiated electric fields

Radiated electric fields are caused by voltage oscillation due to stray inductances and stray capacitances at
the connection between power MOSFET, output diode Dgyosr and output capacitor Cqyp. They are also
influenced by the commutation of the current from the power MOSFET to the output diode Dggysr. The
frequency range of radiated electric fields might be between 10 MHz and 100 MHz. Therefore it is
recommended to use a fast Schottky diode and to keep connections in this area as low inductive as possible.
This can be achieved by using short and broad connections and to arrange the related parts as close as
possible to each other. Using a ground layer these low inductive connections form a small capacitances with
the ground layer. This capacitance damps the slope of these oscillations. Oscillations use connections or wires
as antennas. This effect can be minimized by using short and broad connections.

Conducted disturbances

Conducted disturbances are voltage spikes or voltage oscillation, occurring permanently or by occasion
mostly on the input or output connections. Like radiated electric fields they are caused by voltage oscillation
diode Dgyos7 and output capacitor Co -

The frequency range of conducted disturbance might be between 10 MHz and 100 MHz. Conducted
disturbance is superimposed to input voltage and output voltage and might disturb other components of the
application.

Countermeasures against conducted disturbances are similar to the countermeasures against radiated
electric fields:

« Itisrecommended to use short and broad connections between parts of the converter circuit

« All parts shall be mounted close to each other

+ Additionalfiltering capacitors (ceramic, with low ESR) in parallel to the output and an 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 are 10 nF to 220 nF.

« AT-filter for maximum suppression at input might be necessary, which requires additional capacitors at
the input
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9.2.2 Additional information

Please contact http://www.infineon.com/
+ For further information, especially regarding the FMEA pin
« Forapplication notes with more detailed information on this device
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10 Package information
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Figure1ll 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).

Further information on packages

https://www.infineon.com/packages

1) Dimensionsin mm
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11 Revision history
Revision | Date Changes
1.01 2021-12-03 | Editorial changes
Typo corrected: marking on device
1.0 2010-10-25 | Initial release of datasheet
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