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Infineon

Basic Smart Boost Controller

A= RoHS
Qualified

Overview

Features

Wide Input Voltage Range from 4.75 V to 45V

Constant Current or Constant Voltage Regulation

Very Low Shutdown Current: IQ< 2pA

Flexible Switching Frequency Range, 100 kHz to 700 kHz
Synchronization with external clock source

Available in a small thermally enhanced PG-SSOP-14 package

TLE8386-2EL

Internal 5 V Low Drop Out Voltage
« Output Overvoltage Protection

Regulator

» External Soft Start adjustable by capacitor

* Over Temperature Shutdown
+ Automotive AEC Qualified
» Green Product (RoHS) Compliant

Description

PG-SSOP-14

The TLE8386-2EL is a boost controller with built in protection features. The main function of this device is to step-
up (boost) an input voltage to a larger output voltage. The switching frequency is adjustable from 100 kHz to
700 kHz and can be synchronized to an external clock source. The TLE8386-2EL features an enable function
reducing the shut-down current consumption to < 2 yA. 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 the harsh automotive environments and provides protection functions such as output

overvoltage protection and over temperature shutdown.

Type

Package

Marking

TLE8386-2EL

PG-SSOP-14

TLE8386-2EL

Data Sheet

Rev. 1.0, 2010-10-25



TLE8386-2EL

Block Diagram

2 Block Diagram
T LDO ® T ] 1 IVCC
Internal Power On
Supply Reset
On/Off
Logic EN_INT
FREQ Oscillator — Pég’tzrljsxgh SWO
L
Synchroni g GeFr:Vevr'\e/\Itor
SYNC sation gl)org: > Switch Current SWECS
—  Eror Amplifier
SGND
Thermal N
Protection *
Leading Edge
A I Blanking
Over Voltage
Protection
SST Soft Start
Feedback Volt
comp -+ Py o i s | FB
2]
GND
Figure 1 Block Diagram
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Pin Configuration

3 Pin Configuration
3.1 Pin Assighment
IVCC 1 O 14 IN
r — _——
SWO | 113 EN
| |
SGND [ ] 3 12| [ | GND
| |
SWCS 4 111 FREQ
| I
SST 51 :1 0 SYNC
|
FB | 61 J' 9 NC
A T
NC 7 8 COMP
Figure 2 Pin Configuration
3.2 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;
8 COMP Compensation Input;
Connect R and C network to improve the stability of the regulation loop.
Data Sheet 5 Rev. 1.0, 2010-10-25
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TLE8386-2EL

Pin Configuration

Pin Symbol Function
9 NC Not Connected;
10 SYNC Sync;
Synchronization Input, if feature synchronization 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

Connect to GND.

Data Sheet
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General Product Characteristics

4 General Product Characteristics

4.1 Absolute Maximum Ratings

Absolute Maximum Ratings"

T;=-40 °C to +130 °C; all voltages with respect to ground, positive current flowing into pin
(unless otherwise specified)

Pos. Parameter Symbol Limit Values Unit |Conditions
Min. Max.

Voltages
4.1.1 IN VN -0.3 45 \Y,

Supply Input
41.2 EN Ven -40 45 \Y,

Enable Input
41.3 FB; Veg -0.3 55 \Y,
414 Feedback Error Amplifier Input -0.3 6.2 v t<10s
415 SWCS Vswes -0.3 5.5 \Y,
416 Switch Current Sense Input 03 6.2 v t<10s
417 SWO Vswo -0.3 5.5 \Y,
4.1.8 Switch Gate Drive Output 03 6.2 v t<10s
41.9 SGND Vseno -0.3 0.3 \Y,

Current Sense Switch GND
4.1.10 COMP Veomp -0.3 5.5 \Y,
4.1.11 | Compensation Input -0.3 6.2 % t<10s
4112 FREQ; Frequency Input Verea -0.3 5.5 \Y
4.1.13 -0.3 6.2 \Y, t<10s
4.1.14 | SYNC; Synchronization Input Vsyne -0.3 5.5 \
4.1.15 -0.3 6.2 \Y, t<10s
4.1.16 SST; Softstart Setting Input Vsst -0.3 5.5 V
4117 -0.3 6.2 \Y, t<10s
4.1.18 IVCC Vivee -0.3 55 \Y,
4.1.19 Internal Linear Voltage Regulator Output 03 6.2 v t<10s
Temperatures
4.1.20 Junction Temperature T, -40 150 °C -
4.1.21 Storage Temperature Tyq -55 150 °C -
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General Product Characteristics

Absolute Maximum Ratings"

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

Pos. Parameter Symbol Limit Values Unit |Conditions
Min. Max.
ESD Susceptibility
4.1.22 |ESD Resistivity to GND Vesp Ham 2 2 kv |HBM?
4123 |ESD Resistivity to GND Veso.com -500 500 Y CDMm?
4.1.24  |ESD Resistivity Pin 1, 7, 8, 14 (comer | Vegpoome | -750 750 v CDM®)
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

Note: 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.

Note: 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.

4.2 Functional Range
Pos. Parameter Symbol Limit Values Unit |Conditions
Min. Max.
4.2.1 Supply Voltage Input VN 4.75 45 \Y Vivee > ViveerTHa

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

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

Pos. Parameter Symbol Limit Values Unit | Conditions
Min. Typ. Max.

4.3.1 |Junction to Case" Ric - 10 - KW |-

4.3.2 | Junction to Ambient" 2 Ria - 47 - KW |2s2p

4.3.3 Ria - 54 - K/W | 1s0p + 600 mm?

434 Ria - 64 - K/IW | 1s0p + 300 mm?

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

2) Specified Ry, value is according to JEDEC 2s2p (JESD 51-7) + (JESD 51-5) and JEDEC 1s0p (JESD 51-3) + heatsink
area at natural convection on FR4 board;

Data Sheet 8 Rev. 1.0, 2010-10-25


http://www.jedec.org
http://www.jedec.org

@I neon TLE8386-2EL

Boost Regulator

5 Boost Regulator

5.1 Description

The TLE8386-2 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 Pin FB and ground, and determines the
appropriate pulse width duty cycle (on time). An over voltage protection switches off the converter case if the
voltage at Pin FB exceeds the over voltage limit. If the connection to the output voltage resistor divider should be
lost, an internal current source connected to Pin FB 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 cycles (>50% duty). An additional built-
in feature is an integrated soft start that limits the current through the inductor and the external power switch during
Initialization.

The soft start time Tgg is adjustable using an external capacitor Cggr:

C % 2,00V
SST IOHA
The switching frequency may be adjusted by using an external resistor (please refer to chapter Oscillator and

Synchronization). If synchronization to an external frequency source is used, the internal frequency has to be
adjusted close to this external source.

Tgg =

Vivee
Synchroni A
zation
» S Q > b SWO
Oscillator Temp. Gate
FREQ Sensor [ ® Logic Driver
R /Q
JUL s
# Start ’
———
Slope PWM Curr Over Voltage
Comp. Comparator Comparator, L Vovrs
\ /
Current Sense
OTA L % SWCS
* ©
3] senD
Soft Start

ssT o} | @

A Feedback Error,
Amplifier 6 FB
COMP | s] )\ o]

O VRef

Figure 3 Boost Regulator Block Diagram
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TLE8386-2EL

5.2

Electrical Characteristics

Boost Regulator

Vin=6V1040V; 7;=-40 °C to +150 °C, all voltages with respect to ground, positive current flowing into pin; (unless
otherwise specified)

Pos. Parameter Symbol Limit Values Unit | Conditions
Min. ‘ Typ. ’ Max.
Boost Regulator:
5.21 Feedback Reference Voltage Ves 232. |25 2.62 \Y Vn=19V;
Izo =100 to 500 mA
5.2.2 |Voltage Line Regulation AVger - - 0.15 %N | Viy=61t019V;
IAV N Veo=30V,;
Izo =100 mA
Figure 8
5.2.3 |Voltage Load Regulation AV - - 5 %/A | V=13V,
IALgo Vao =30V,
Igo = 100 to 500 mA
Figure 8
5.2.4 Switch Peak Over Current Vawes 120 150 180 mVv |Vy=6V
Threshold Veg < Vegov
Veowe = 3.5V
5.2.5 Current to Softstart setting Isgr -8 -10 -16 MA
Capacitor
5.2.6 Feedback Input Current Irg -200 nA
5.2.7 | Switch Current Sense Input Tswes -10 -50 -100 MA | Vawes = 150 mV
Current
5.2.8 Input Undervoltage Shutdown | ¥y o« 3.75 - - \Y V\y decreasing
529 Input Voltage Startup ViNon - - 4.75 \Y V| increasing
Gate Driver for Boost Switch
5.2.10 |Gate Driver Peak Sourcing Iswosrc |— -380 - mA | Vgpo = 3.5V
Current"
5.2.11 | Gate Driver Peak Sinking Iswosnk |— 550 - mA | Vgwo = 1.5V
Current?
5.2.12 |Gate Driver Output Rise Time |7z swo - 30 60 ns CL swo = 3.3nF;
Vawo = 1V to 4V
5.2.13 | Gate Driver Output Fall Time I swo - 20 40 ns CL swo = 3.3nF;
Vawo = 1V to 4V
5.2.14 |Gate Driver Output Voltage" | Vano 45 - 5.5 \% C_swo = 3.3nF;
1) Not subject to production test, specified by design
Data Sheet 10 Rev. 1.0, 2010-10-25
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Boost Regulator

Efficiency dependingon
Input Voltage V|, and output Current Iz,

Efficiency for Viy = 6V Efficiency for Viy =12V
100 100
90 9 i
N \
80 / \ 80 / S~
Q0 / \ O
S \ g
5 5 0
0 0
€ 5 € 5
¢ 0
0 4 0 X
= [
o T
2 2
10 10
01 02 03 04 05 02 04 06 08 10 12
lgo [A] lgo [A]
Efficiency for Viy =19V
100
%0 ~~

60

50
40

30
20

Efficiency [%]

02 04 06 08 10 12
lgo [A]

Data Sheet 11 Rev. 1.0, 2010-10-25



o . TLE8386-2EL

Boost Regulator

Load regulation Load regulation
Input Voltage V|, = 6V Input Voltage V= 13.5
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

-0,40 o

-0,50 / -0,50

-0,60 0,60
-0,70 / 0,70
0,80 / 0,80
-0,90 /

/ -0,90

-1,00 -1,00
-50 0 50 100 150 200 -50 0 50 100 150 200

Temp (°C) Temp (°C)

-0,40

Line Reg (%/V)
Line Reg (%/V)

Load regulation
Input Voltage V= 19V

Load Regulation vs Temp (0A<lout<1A)

0,00

0,10 \
0,20 \

0,30 \
-0,40 \

-0,50

Line Reg (%/V)

-0,60

-0,70

-0,80

-0,90

-1,00
-50 0 50 100 150 200
Temp (°C)
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Oscillator and Synchronization

6 Oscillator and Synchronization

6.1 Description
R_OSC vs. switching frequency

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. To set the switching frequency with an
external resistor the following formula can be applied.

— 1 _ %103
fo = e T 1) 00D R

In addition, the oscillator is capable of changing from the frequency set by the external resistor to a synchronized
frequency from an external clock source. If an external clock source is provided on the pin SYNC, the internal
oscillator should adjusted close to this frequency. Then it synchronizes to this external clock frequency and the
boost regulator switches at the synchronized frequency. The synchronization frequency capture range is from 250
kHz to 700 kHz.

TLE8386-2EL

—] , .

Detector X PWM Gate SWO

FREQ Multiplexer Logic Driver ]
Oscillator

RFREQ

I

Voik

Oscillator_BlkDiag.vsd

Figure 4 Oscillator and Synchronization Block Diagram and Simplified Application Circuit

Tswe=1/fsye

tsyne R tsyne,R
1 -l

VSYNC J >t »— tsvne pw

45V : f
VsyneH / \ \
V,
05V SYNCL
>
t

Oscillator_Timing.svg

Figure 5  Synchronization Timing Diagram
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Oscillator and Synchronization

6.2 Electrical Characteristics

Vin=6V1040V; 7;=-40 °C to +150 °C, all voltages with respect to ground, positive current flowing into pin; (unless
otherwise specified)

Pos. Parameter Symbol Limit Values Unit |Conditions
Min. ‘ Typ. ’ Max.
Oscillator:
6.2.1 Oscillator Frequency Jfrrea 250 300 350 kHz | Rprgq = 20kQ
6.2.2 Oscillator Frequency Jrrea 100 - 700 kHz 17% internal tolerance +
Adjustment Range external resistor
tolerance
6.2.3 |FREQ Supply Current IrrEq - - -700 pA Vereq=0V
Synchronization
6.2.4 |SYNC input internal pull- Reyne 150 250 350 kQ Vsyne= 5V
down
6.2.5 |Maximum Duty Cycle Dyaxfixed |90 93 95 % Fixed frequency mode
6.2.6 | Maximum Duty Cycle Dyax sync |88 - - % Synchronization mode,
ratio between
synchronization and
internal frequency (set
by resistor) is 0.8 to 1.2
6.2.7 | Synchronization Frequency |fsync 250 - 700 kHz |ratio between
Capture Range synchronization and
internal frequency (set
by resistor) is 0.8 to 1.2
6.2.8 | Synchronization Signal Duty | Tp gyne |20 80 %
cycle
6.2.9 | Synchronization Signal Vevnen | 3:0 - -~ v R
High Logic Level Valid
6.2.10 | Synchronization Signal Vsyner | — - 0.8 \Y R
Low Logic Level Valid

1) Synchronization of external SWO ON signal to falling edge

Data Sheet 12 Rev. 1.0, 2010-10-25
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Oscillator and Synchronization

Typical Performance Characteristics of Oscillator

Switching Frequency fg,, versus
Frequency Select Resistor to GND Ryreq

700
600 \\
500

400 \

300

frreq [kHZ]

200 N
AN

100 T~

0O 10 20 30 40 50 60 70 80

Rrrea [kohm]

Oscillator_fFreq_vs_Rfreq.vsd
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Enable Function

7 Enable Function

71 Description
The enable function powers on or off the device. A valid logic low signal on enable pin EN powers off the device
and current consumption is less than 2 pA. A valid logic high enable signal on enable pin EN powers on the device.

The Enable Startup Time 7gy sTart iS the time between the Enable signal is recognized as valid and the device
starts to switch. During this period of time the internal supplies, bandgap are initalized and reach their nominal
values. The TLE8386-2 will start to switch after the nominal values are reached.

ten,sTarT> 100 HS
\/ENA
VENON-fooo /
VenoFF f-- /
L >
t
Vivech
Vivee,on
-
t
VSWOA
3 i
- >
Power On | Normal Power Off
| SWO On lg<2pA
EN_Timing.svg

Figure 6 Timing Diagram Enable
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TLE8386-2EL

Electrical Characteristics

Enable Function

Vin =6V to40V; T;=-40 °C to +150 °C, all voltages with respect to ground, positive current flowing into pin; (unless
otherwise specified)

Pos. Parameter Symbol Limit Values Unit |Conditions
Min. [Typ. |Max.
Enable Input:
7.21 Enable Ven.on 3.0 - \Y, -
Turn On Threshold
7.22 |Enable Venorr - - 0.8 \ -
Turn Off Threshold
7.2.3 |Enable Hysteresis Vennvs 50 200 400 mV -
7.2.4 |Enable Tenn - - 30 MA Ven =16.0V
High Input Current
7.2.5 |Enable Teny - 0.1 1 MA Ven=0.5V
Low Input Current
7.2.6 |Enable Startup Time" feN START 100 - - us -
Current Consumption
7.2.7 | Current Consumption, Iy off - - 2 MA Ven = 0.8V,
Shutdown Mode T;<103C; V) = 16V
7.2.8 |Current Consumption, Iy on - - 7 mA Ven=4.75V,
Active Mode? Igo = 0 MA;
Vin =16V
Vswo = 0% Duty

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

2) Dependency on switching frequency and gate charge of boost.

Data Sheet
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Linear Regulator

8 Linear Regulator

8.1 Description

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

IVCC stays at around 300 mV when Enable signal is off. No external circuit should be connected to IVCC

|
I
I Linear Regulator
I

g EN e

Gate
Driver

¢
[
=
(@]

Figure 7  Voltage Regulator Block Diagram and Simplified Application Circuit

8.2 Electrical Characteristics

Vin=6V1040V; 7;=-40 °C to +150 °C, all voltages with respect to ground, positive current flowing into pin; (unless
otherwise specified)

Pos. Parameter Symbol Limit Values Unit | Conditions
Min. Typ. Max.
8.2.1 Output Voltage Vivee 4.6 5 54 \% 6V<V)\<45V
0.1 mA < [jycc <50 mA
8.2.2 Output Current Limitation I 51 110 mA | V=135V
Vivee = 4.5V
8.2.3  |Drop out Voltage Vor 1000 |mV |[ycc =50mA Y
8.2.4 | Output Capacitor Civee 0.47 3 uF |2
8.25 | Output Capacitor ESR Ryceesr 0.5 Q f=10kHz
8.2.6 Undervoltage Reset Headroom | V¢ pprm | 100 - - mV | V\ycc decreasing
Vivee - Vivee rTh
8.2.7 Undervoltage Reset Threshold | Viyccrrhg |40 - - \Y Ve decreasing
8.2.8 Undervoltage Reset Threshold | Viyccrthi |~ - 4.5 \Y Vvce increasing

1) Measured when the output voltage Vs 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.

Data Sheet 16 Rev. 1.0, 2010-10-25
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Protection and Diagnostic Functions

9 Protection and Diagnostic Functions
9.1 Description
T

he TLE8386-2EL has integrated circuits to protect against output overvoltage, open feedback and
overtemperature faults. During an overvoltage the gate driver outputs SWO will turn off. In the event of an
overtemperature condition the integrated thermal shutdown function turns off the gate drivers and internal linear
voltage regulator. If the connection from pin FB to the output voltage resistor divider should be lost, an internal
current source connected to Pin FB will draw the voltage above this limit and shut 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.

9.2 Electrical Characteristics

Vin =6V to40V; T;=-40 °C to +150 °C, all voltages with respect to ground, positive current flowing into pin; (unless
otherwise specified)

Pos. Parameter Symbol Limit Values Unit | Conditions
Min. ‘Typ. ‘Max.

Temperature Protection:

9.21 Over Temperature Shutdown Tisp 160 175 190 °C -
9.2.2 Over Temperature Shutdown Tispnyst |~ 15 - °C -
Hystereses

Overvoltage Protection:

9.2.3 Output Over Voltage Feedback | Voyrgty |8 10 12 % 10% higher of
Threshold Increasing regulated voltage
9.24 Output Over Voltage Feedback | Voyrg hys 5 % Output Voltage
Hysteresis decreasing
9.25 Over Voltage Reaction Time foVPRR 2 - 10 VES Output Voltage
decreasing

Note: 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 17 Rev. 1.0, 2010-10-25
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Application Information

10 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.

10.1 Boost Converter Application Circuit
Lineur LeoosT DeoosT
v o— . N D o Vi
Cina Cint

Resn Cour

IN SWO | 2

-

SWCS | 4 b

TLE8386-2EL

SGND | 3

Res RraL

n COomMP FB [6]

88T GND IVCC | 1

Cuwee Cinz und Linpyt recommended for
suppression of EME

—
I
i

CCOMF’Z CCOMP

Figure 8 Boost Converter Application Circuit

See;?éﬁgf:r Value Manufacturer NuPriEer Type Quantity
DgoosT Schottky, 3 A, 100 Vg Vishay SS3H10 Diode 1
Cint, Cout 100 uF, 50V Panasonic EEEFK1H101GP Capacitor 2
Ccowmp 10 nF TBD TBD Capacitor 1
Civce 100 uF, 6.3V Panasonic EEFHDO0OJ101R Capacitor 1
IC4 -- Infineon TLD5095 IC 1
IC, - Infineon XC886 IC 1
LeoosT 100 uH Coilcraft MSS1278T-104ML_ Inductor 1
Rcomp 10 kQ TBD TBD Resistor 1
CssT 2.2 nF TBD TBD Capacitor 1
Rerea 20 kR, 1% Panasonic ERJ3EKF2002V Resistor 1
RreH 11 kR, 1% Panasonic ERJ3EKF1102V Resistor 1
RraL 1kQ, 1% Panasonic ERJ3EKF1001V Resistor 1
Rcs 50 mQ, 1% Panasonic ERJB1CFRO5U Resistor 1

Figure 9 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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Application Information

10.1.1 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,y capability.

A typical boost converter application is shown in Figure 8, the elements and abbreviations and their meanings are:

*  Lgoost = boost inductor

* Lput = input filter inductor, recommended to reduce electromagnetic emissions
*  Cy\ = input filter capacitor

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

Dgoost = output diode

V|\ = input voltage

Vinmin = Minimum input voltage

Vo = boost output voltage

R¢s = current sense resistor

Regy = boost output voltage resistor divider, highside resistor
RegL = boost output voltage resistor divider, lowside resistor
Rcomps Ccomp = compensation network elements

Rereq = frequency setting resistor

Cggr = softstart setting capacitor

*  Cycc = capacitor for internal LDO

* D =duty cycle

*  Dpax = maximum duty cycle

*  frreq = Switching Frequency

* |,y = input current

* lgpo = output current

*  lgomax = maximum output current

The ratio between input voltage V,y and output voltage Vgq in continuos conduction mode (CCM) is:

A\Y Vaon -V
Bo _ _1 oD = JBO”VIN
Viy 1-D Vso

In discontinous conduction mode (DCM) the conversion ratio at a fixed frequency is higher, the switching current
increases and efficiency is reduced. The maximum duty cycle Dyax 0ccurs for minimum input voltage V,yyn-
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10.1.2 Component Selection:

Power MOSFET selection:
The important parameters for the choice of the power MOSFET are:

+ Drain-source voltage rating Vpg: The power MOSFET will see the full output voltage Vg plus the output diode
(Dgoost) forward voltage. During its off-time additional ringing across drain-to-source will occur.
On-resistance Rpgq) for efficiency reasons and power dissipation

Maximum drain current lpyax

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 Vg of at least 10 V higher than
the output voltage Vg

The power dissipation P qsgrer in the power MOSFET can be calculated using the following formula:

» Cggg = reverse transfer capacitance, please refer to power MOSFET data sheet
lzgoosTmax = Maximum average current through the boost inductor Lggogt-

P =1 ®X Rpgon +2 X Vi X1 X Croq x FREQ
LOSSFET — "BOOSTMAX DSON BO BOOSTMAX RSS 1A

The first term in the equation above gives the conduction losses in the power MOSFET, the second term the
switching losses. To optimize the efficiency, Rpgoy and Crgg should be minimized.
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Current sense resistor R.g 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 it is very important:

* To locate the current sense resistor as close as possible to the TLE8386-2EL

* To use short (low resistive and low inductive) traces between the power MOSFET source and ground.

+ To use short (low resistive and low inductive) traces between the current sense resistor R.g highside and
lowside and the pins SWCS and SGND (it is not recommended to use pin GND instead of pin SGND for power
MOSFET current measurement).

The value of R;g should be selected to make sure that the maximum peak sense voltage Vggnsepeak during
steady state normal operation will be lower than the adjusted current limit threshold (current limit function!). It
is recommended to give a 20% margin.

The value of R¢g should be selected to make sure that the power MOSFET maximum drain current Ipy,ax will
not be exceeded (please refer to power MOSFET data sheet).

The figure below shows the voltage waveform over the current sense resistor R-g during a switching cycle:

VSENSE 4

VSENSEMAX VSENSEPEAK

vl :

| |
i<— On-Time —»

1
«4—— — Switching Cycle ——

Figure 10 Sense voltage Vg ge Waveform during a switching cycle

*  Vgensemax = Maximum average sense voltage at maximum output current Iz measured during on-time.

*  Vgensepeak = Maximum peak sense voltage at maximum output current Iz at end of on-time.

*  AVgenge = ripple voltage across Rqg (switch ripple current) during on-time, represents the peak-to-peak ripple
current in the boost inductor Lggogrt-

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

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

X

*  Vswes = Switch peak over current threshold
» yis recommended to fall in the range between 0.2 to 0.6 (please refer to calculations in the following chapters)
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The value of the sense resistor R can be calculated as follows:

0,80 X Vgwes
Reg = T .
BOOSTPEAK

lzoosTrEAK = P€ak current through the boost inductor Lgoogt (Will be calculated at boost inductor selection)

Boost inductor Lggosr Selection:
The important parameters for selecting the boost inductor are:

* Inductor Lggpst
*  Maximum RMS current rating lzoostrMs fOr thermal design
+ Saturation current threshold IggostsaT

The maximum average inductor current is:

Igoostmax = Ipomax X 1-D
MAX

The ripple current through the boost inductor is:

Algpost = X XIgoostmax = X X Igomax X 1-D
MAX

The peak current through the boost inductor is:

IgoostrEak = lBoOSTMAX X (1 + %) <Ipoostsat

(The peak current trough the boost inductor must be smaller than the saturation current threshold!)

The RMS current through the boost inductor is:

2
IgoostrMs = Igoostmax X /1 + %

The boost inductor value Lggnogt can be calculated by the following equation:

VINMIN

Lgoost = X Dyiax

Algoost X frrEQ
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In fixed frequency mode an external resistor determines the switching frequency. The minimum boost inductor for
fixed frequency is given by the formula below:

*  Lgoostmin = minimum Inductance required (minimum value of Lgoogt)

Vol VIXRg[Q]
106x10°[V] X fpppolHz]

LBOOSTMIN 2

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

The boost inductor value influences the current ripple Alggogt:

» Alarger boost inductor value decreases the current ripple Algoog7, but reduces also the current loop gain.
* Alower boost inductor value increases the current ripple Algoogt, but provides faster transient response. A
lower boost inductor value also results in higher input current ripple and greater core losses.

Output diode Dggos7 Selection:
Guidelines to choose the diode:

* Fast switching diode

* Low forward drop

* Low reverse leakage current

+ Itis recommended to choose the repetitive reverse voltage rating Vggy (please refer to diode data sheet) at
least 10V higher than the boost converter output voltage V.

The average forward current in normal operation is equal to the boost converter output current lz5 and the peak
current through the diode Ippeak (0ccurs in off-time of the power MOSFET) is:

Ippeak = IgoosTtrEAK = IBOOSTMAX X (1 + @

The power dissipation P qggpi0 in the output diode Dggpgr is:

Prosspio = Isomax X Vp

* Vp =forward drop voltage of diode Dgongr (please refer to diode data sheet).
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Output filter capacitor Cqr selection:
Choosing the correct output capacitor for given output ripple voltage, the influence of

* ESR = equivalent series resistance,

» ESL = equivalent series inductance and

* bulk capacitance have to be considered.

The effects of these three parameters is additional ringing on the output voltage Vg,
The voltage ripple at the output voltage Vg depends on:

*  AVggg: in percent, related to the ESR of the output capacitor(s)

* AV qur: in percent, related to the bulk capacitance of the output capacitor(s)
» To receive the total voltage ripple, the influence of AVggg and AV gy must be counted together.

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

Cos Igomax
ouT =
AVeout X Vour X frreq

Influence of the capacitor ESR on the output voltage ripple:

AV
ESReour ST

DPEAK

The output capacitor experiences high RMS ripple currents, the RMS ripple current rating can be determined using
the following formula:

>1 DMAX

IcoutrMs 2 Igomax X

1- DMAX

* lcoutrms = RMS ripple current rating at switching frequency Iggq.

To meet the ESR requirements often multiple capacitors are paralleled. 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 commonly used to reduce the effects of parasitic inductance to reduce high frequent switching
noise on the boost converter output.
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Input filter capacitor Cj, selection:

The input filter capacitor C,y, has to compensate the alternate current content or current ripple on the input line,
recommended values are from 10uF to 100uF, to improve the suppression of high frequent distortions a parallel
ceramic capacitor might be necessary.

The RMS input capacitor ripple current | y,rus for a boost converter is:
Iinirms = 0,30 X Algoost

Compensation network elements Rcoyp, Ccomp Selection:

To compensate the feedback loop of the TLE8386-2EL a series network of Rggue, Coomp is Usually connected from
pin COMP to ground. For most applications the capacitor Cyp should be in the range of 470pF to 22nF, and the
resistor Rgoyp Should be in the range of 5kQ2 to 100k€2. An additional capacitor Cqyp, might be usefull to improve
stability. Cgomp @and Ceompe should be a low ESR ceramic capacitors.

A practical approach to determine the compensation network is to start with the application circuit as shown in the
data sheet and tune the compensation network to optimize the performance. Stability of the loop should then be
checked under all operating conditions, including output current and variations and over the entire temperature
range.

Output boost voltage Vg, adjustment by determining the output voltage resistor divider Regy, Reg,:
* Vg = feedback reference voltage

Ve = Voo x Regn + Repp
BO = VFB R
FBL

(Vg0 is always higher than V  during operation of the boost converter)

Additional input filter inductor Ly and capacitor C, selection:
+ frLer = resonance frequency of the additional input filter

The input filter inductor L gt should have a saturation current value equal to Lgong7, Capacitor Cy, should be a
low ESR ceramic capacitor. Both elements are forming a low pass filter to suppress conducted disturbances on
the V| line. To obtain an optimum suppression, the input filter resonance frequency f, g should be at least ten
times lower than the switching frequency frreq:

1
frrEq > 10 X LfFILTER = J
2IT,/Linput X Cing

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

For selection of Regeq, Csgt @nd Cyycc please refer to previous chapters.
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10.2 Further Information on TLE8386-2EL

10.2.1 General Layout recommendations
Introduction:

A boost 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 mostly 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 C,y4, Lgoost @nd the power MOSFET): Only the alternate content
of the input current | is considered.
+ the output current “window”: (path consisting of the power MOSFET, Dggost @and Coyr): Output current ripple Al

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

Radiated electric fields:

Radiated electric fields are caused by voltage oscillations occurring due to stray inductances and stray
capacitances at the connection between power MOSFET, output diode Dgoogt and output capacitor Cqyr. They
are also of course influenced by the commutation of the current from the power MOSFET to the output diode
Dgoost- Their frequencies might be between 10 and 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 to arrange 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.
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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
oscillations occurring due to stray inductances and stray capacitances at the connection between power MOSFET,
output diode Dggngr @nd output capacitor Cqyr.

Their frequencies might be between 10 and 100 MHz. They are super positioned to the input and output voltage
and might thus disturb other components of the application.

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

» itis recommended to use short an thick connections between the single parts of the converter

« all parts shall be mounted close together

» additional Filter capacitors (ceramic, with low ESR) 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 10nF to 220nF

for the input filter a so called “p” — Filter for maximum suppression might be necessary, which requires
additional capacitors on the input

10.2.2 Additional information

* Please contact us for information regarding the Pin FMEA.
» and for 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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Figure 11 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 package information, please visit our website:

http://www.infineon.com/packages. Dimensions in mm
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.



mailto:org@eplast1.ru

