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Infineon

Next Generation Micro Controller Supply TLE7368

A= RoHS
Qualified

1 Overview

Features

» High efficient next generation microcontroller power supply system
* Wide battery input voltage range <4.5V up to 45V
* Operating temperature range 7; = -40 °C to +150 °C
* Pre-regulator for low all over power loss:
Integrated current mode Buck converter 5.5 V/2.5 A
* Post-regulators, e.g. for system and controller 1/O supply:
— LDO1: 5V £2%, 800 mA current limit
— LDO2: 3.3V £2% or 2.6V +2% (selectable output), 700 mA
current limit
* Integrated linear regulator control circuit to supply controller cores:
— LDOS3 control for an external NPN power stage:
— 1.5V 2% at TLE7368G and TLE7368E
- 1.2V +2% at TLE7368-2E
— 1.3V 2% at TLE7368-3E
* Post-regulators for off board supply:
— 2 Tracking regulators following the main 5 V, 105 mA and 50 mA
» Stand-by regulator with lowest current consumption:
— Linear voltage regulator as stand-by supply for e.g.
memory circuits

Power-P-DS0O-36

— Hardware selectable output voltages as 1.0 V or 2.6 V, 30 mA PG-DSO-36
— Independent battery input, separated from Buck regulator input
+ Hardware controlled on/off logic
» Undervoltage detection:
— Undervoltage reset circuits with adjustable reset delay time at power up
— Undervoltage monitoring circuit on stand-by supply
*  Window watchdog circuit
« Overcurrent protection on all regulators
* Power sequencing on controller supplies
» Overtemperature shutdown
+ Packages: Low Ry, Power-P-DSO-36; small exposed pad PG-DSO-36
+ PG-DSO0-36 only: Green Product (RoHS compliant)
+ AEC Qualified
Type Package Marking Remark
TLE7368G Power-P-DSO-36 TLE7368 G -
TLE7368E PG-DS0O-36 TLE7368 E RoHS compliant
TLE7368-2E PG-DSO-36 TLE7368-2 E RoHS compliant
TLE7368-3E PG-DSO-36 TLE7368-3 E RoHS compliant
Data Sheet 3 Rev. 2.1, 2010-11-22



. TLE7368

Overview

Description

The TLE7368 device is a multifunctional power supply circuit especially designed for Automotive powertrain
systems using a standard 12 V battery. The device is intended to supply and monitor next generation 32-bit
microcontroller families (13 um lithography) where voltage levels such as 5V, 3.3 V or 1.5/1.2/1.3 V are required.

The regulator follows the concept of its predecessor TLE6368/SONIC, where the output of a pre-regulator feeds
the inputs of the micro’s linear supplies. In detail, the TLE7368 cascades a Buck converter with linear regulators
and voltage followers to achieve lowest power dissipation. This configuration allows to power the application even
at high ambient temperatures.

The step-down converter delivers a pre-regulated voltage of 5.5 V with a minimum peak current capability of 2.5 A.

Supplied by this step down converter two low drop linear post-regulators offer 5V and 3.3 V (2.6 V) with high
accuracy. The current capability of the regulators is 800 mA and 700 mA. The 3.3 V (2.6 V) linear regulator does
have its own input allowing to insert a dropper from the Buck output to reduce the on chip power dissipation if
necessary. For the same reason, reduction of on chip power dissipation, the core supply (1.5V, 1.2V or 1.3 V)
follows the concept of integrated control circuit with external power stage.

Implementing the on board and microcontroller supplies in this way described, allows operation even at high
ambient temperatures.

The regulator system contains the so called power sequencing function which provides a controlled power up
sequence of the three output voltages.

In addition to the main regulators the inputs of two voltage trackers are connected to the 5.5 V Buck converter
output voltage. Their protected outputs follow the main 5 V linear regulator with high accuracy and are able to drive
loads of 50 mA and 105 mA.

To monitor the output voltage levels of each of the linear regulators two independent undervoltage detection
circuits are available. They can be used to implement the reset or an interrupt function.

For energy saving reasons, e.g. while the motor is turned off, the TLE7368 offers a stand-by mode. The standby
mode can be enabled and disabled either by battery or the microcontroller. In this stand-by mode just the stand-
by regulator remains active and the current drawn from battery is reduced to a minimum for extended battery
lifetime. A selection pin allows to configure the output voltages of the stand-by regulator to the application’s needs.
The input of the stand-by regulator is separated from the high power input of the pre-/post-regulator system.

The TLE7368 is based on Infineon’s Power technology SPT™ which allows bipolar, CMOS and power DMOS
circuitry to be integrated on the same monolithic chip/circuitry.
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Block Diagram

2 Block Diagram
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Figure 1 Block Diagram
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TLE7368

Pin Configuration

3 Pin Configuration
3.1 Pin Assighment
GND
GND_A 1 36 [ MON_sTBY GNDA ] 1 3 [ JGNDA
RT 2 35 [ IN_sTBY RT ] 2 O 35 [] MON_STBY
RO_1 3 34 []a_sTeyY RO 3 34 1 IN_sTBY
RO_2 4 33 [ NC. RO2[] 4 33 [ ] Q_sTBY
N.C. 5 32 [INcC. IN_LDO2 ] 5 I_ _______ | 32 [ ] DRV_EXT
IN_LDO2 6 31 [ DRV_EXT Qlpo2 [] 6 | | 3 [CJFBEXT
Q_LDO2 7 30 [ FBEXT argg 7 | : % []a.lpo1
QT 8 29 :I Q_LDO1 QT2[] 8 : | 29 [ JFB/LIN
QT2 9 28 [JFBILLIN ENC[] o | | 28 [1ssT
EN_uC 0 TLE 7368 G 7 FJest EN_IGN ] 10 : : 27 [ sw
EN_IGN 1 26 []sw SEL_STBY [] 11 I I 26 [Jsw
SEL_STBY 12 25 [Jsw c- 12 | | 25 [Jwoo
C1- 13 24 [—] wpo C-[] 8 : : 24 [ wol
C2- 14 23 [ woi e+ 14 ——m—————— 23 [ SEL_Q2
c1+ 15 2 []sEL 2 c+[] 15 2 [N
co+ 16 21 [Inc cep [ 16 20 N
cep 17 20 [N GND_P[] 17 TLE 7368 E 20 [N
GND_P 18 19 [N GND_A[] 18 19 16ND A
GND
Figure 2 Pin Configuration
3.2 Pin Definitions and Functions TLE7368G
Pin Pin Symbol Function
(TLE7368G) | (TLE7368E)
1 1 GND_A Analog ground connection;
Connect to heatslug resp. exposed pad.
2 2 RT Reset and watchdog timing pin;
Connect a ceramic capacitor to GND to determine the time base for the
reset delay circuits and the watchdog cycle time
3 3 RO _1 Reset output Q_LDO1;
Open drain output, active low.
Connect an external 10 kQ pull-up resistor to microcontroller I/O
voltage.
4 4 RO 2 Reset output Q_LDO2 and FB_EXT;
Open drain output, active low.
Connect an external 10 kQ pull-up resistor to microcontroller I/O
voltage
5 - N.C. Internally not connected; Connect to GND_A
Data Sheet 6 Rev. 2.1, 2010-11-22



TLE7368

Pin Configuration

Pin
(TLE7368G)

Pin
(TLE7368E)

Symbol

Function

6

5

IN_LDO2

LDO2 input;
Connect this pin straight to the Buck converter output or add a dropper
in between to reduce power dissipation on the chip.

Q_LDO2

Voltage regulator 2 output;

3.3V or 2.6V, depending on the state of SEL_LDO2.

Block to GND with capacitor for stable regulator operation; selection of
capacitor Cq | po, according to Chapter 4.4 and Chapter 6.

Q.M

Tracking regulator 1 output;
Block to GND with capacitor for stable regulator operation; selection of
capacitor Cq 14 according to Chapter 4.4 and Chapter 6.

Q_T2

Tracking regulator 2 output;
Block to GND with capacitor for stable regulator operation; selection of
capacitor Cq 1, according to Chapter 4.4 and Chapter 6.

EN _uC

Enable input microcontroller;

High level enables / low level disables the IC except the stand-by
regulators;

Integrated pull-down resistor

EN_IGN

Enable input ignition line;

High level enables / low level disables the IC except the stand-by
regulators;

Integrated pull-down resistor

12

11

SEL_STBY

Selection input for stand-by regulator;
Connect to GND to select 2.6 V output voltage for Q_STBY;
Connect straight to Q_STBY to select 1.0 V output voltage for Q_STBY

13

12

C1-

Charge pump negative #1;
Connect a ceramic capacitor 100 nF, to C1+

14

13

C2-

Charge pump negative #2;
Connect a ceramic capacitor 100 nF, toC2+

15

14

C1+

Charge pump positive #1;
Connect a ceramic capacitor 100 nF, to C1-

16

15

C2+

Charge pump positive #2;
Connect a ceramic capacitor 100 nF, to C2-

17

16

CCP

Charge pump output;
Connect a ceramic capacitor, 220 nF, to GND;
Used for internal IC supply, do not use for other circuitry.

18

17

GND_P

Power ground;
Exclusive GND connection of charge pump;
Connect this pin to the power ground star point on the PCB.

18,19

GND_A

Analog ground connection;
Connect to exposed pad.

19, 20

20, 21, 22

N

Buck regulator input;

Connect to a pi-filter (or if not used to battery) with short lines; connect
filter capacitors in any case with short lines; connect a small ceramic
directly at the pin; For details refer to Chapter 6.

Interconnect the pins.

21

N.C.

Internally not connected; Connect to GND_A.

Data Sheet
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TLE7368

Pin Configuration

Pin
(TLE7368G)

Pin
(TLE7368E)

Symbol

Function

22

23

SEL_LDO2

Selection input LDO2;
Connect to GND to select 2.6 V output voltage for LDO2;
Connect straight to Q_LDO2 to select 3.3 V output voltage for LDO2.

WDI

Window Watchdog input;
Apply a watchdog trigger signal to this pin

WwDO

Window Watchdog output;
Open drain output, active low,
connect external 10 kQ pull-up resistor to microcontroller I/O voltage

SW

Buck power stage’s output;
Connect both pins directly, on short lines, to the Buck converter circuit,
i.e. the catch diode and the Buck inductance

BST

Bootstrap driver supply input;
Connect the buck power stage’s driver supply capacitor to the SW pins;
For capacitor selection please refer to Chapter 6.

FB/L_IN

Buck converter feedback input plus input for LDO1 and trackers;
Connect the output of the buck converter circuit with short lines to these
pins; For Buck output capacitor selection please refer to Chapter 6.

Q_LDO1

Voltage regulator 1 output;

5 V output; Block to GND with capacitor for stable regulator operation;
Selection of capacitor Cy | poq according to Chapter 4.4 and
Chapter 6. -

30

31

FB_EXT

External regulator feedback input;

Feedback input of control loop for the external power stage regulator.
Connect to the emitter of the regulating transistor; Block to GND with
capacitor for stable regulator operation; Selection of capacitor

Cq e ext @ccording to Chapter 4.4 and Chapter 6.

31

32

DRV_EXT

Bipolar power stage driver output;
Connect the base of an external NPN transistor directly to this pin;
Regarding choice of the external power stage refer to Chapter 6.

32, 33

N.C.

Internally not connected; Connect to GND_A.

34

33

Q_STBY

Stand-by regulator output;

Output voltage depending on the state of SEL_STBY; Block to GND
with capacitor for stable regulator operation; Selection of capacitor
Cq stay according to Chapter 4.4 and Chapter 6.

35

34

IN_STBY

Input to stand-by regulator;

Always connect the reverse polarity protected battery line to this pin;
Input to all IC internal biasing circuits;

Block to GND directly at the IC with ceramic capacitor; For proper
choice of input capacitors please refer to Chapter 6.

36

35

MON_STBY

Monitoring output for stand-by regulator; power fail active low
output with special timing, open drain, connect external pull-up resistor.

36

GND_A

Analog ground connection;
Connect to exposed pad.

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 +150 °C; all voltages with respect to ground.
Pos. Parameter Symbol Limit Values Unit | Conditions
Min. Max.
Stand-by Regulator Input IN_STBY
4.1.1 Voltage ViN_sTaY -0.3 45 \Y -
41.2 Current Iin_stBY - - A Limited internally
Selection Input SEL_STBY
41.3 Voltage VseL stey  |-0.3 5.5 \ -
414 Voltage VseL stey |03 6.2 v t<10s?
415 Current Isg| sty - - A Limited internally
Buck Regulator Inputs IN
4.1.6 Voltage VN Vow - 0.3 45 \Y -
4.1.7 Voltage VN -0.3 45 \ -
4.1.8 Current N - - A Limited internally
Watchdog Input WDI
41.9 Voltage Vwoi -0.3 5.5 \Y -
4110 |Voltage Vol -0.3 6.2 v t<10s?
4.1.11 Current Ly - - A Limited internally
Watchdog Output WDO
4112 |Voltage Vwoo -0.3 5.5 \ -
4113 |Voltage Voo -0.3 6.2 \Y t<10s?
4.1.14 Current oo - - A Limited internally
Charge Pump Positive C<1+, 2+>
4115 |Voltage Vo<t 2e» |-0.3 18 \Y, -
4.1.16 Current Iccqs 24> - - mA |-
Charge Pump Negative C<1-, 2->
4117 Voltage Vo<t 2> -0.3 5.5 \Y -
4.1.18 Current Icar. 2> - - mA |-
Charge Pump Output CCP
4119 |Voltage Veep -0.3 18 \ -
4.1.20 Current Iocp - - mA |-
Reset Output RO_1
4.1.21 Voltage VRo_1 -0.3 5.5 \Y -
4122 |Voltage Vro_1 -0.3 6.2 v t<10s?
4.1.23 Current Iro 1 - - A Limited internally
Data Sheet 9 Rev. 2.1, 2010-11-22



TLE7368

Absolute Maximum Ratings (cont'd)"

T;=-40 °C to +150 °C; all voltages with respect to ground.

General Product Characteristics

Pos. Parameter Symbol Limit Values Unit | Conditions

Min. Max.
Reset Output RO_2
4.1.24 |Voltage Vro 2 -0.3 5.5 \ -
4.1.25 |Voltage VRo 2 -0.3 6.2 \ t<10s?
4.1.26 Current Iro 2 - - A Limited internally
Reset Timing RT
4.1.27 |Voltage Vet -0.3 5.5 \ -
4128 |Voltage Var -0.3 6.2 v t<10s?
4.1.29 Current Inr - - A Limited internally
Tracking Regulator Outputs Q_T<1..2>
4.1.30 Voltage Va 112> |5 40 \Y, Ve in = 5.5V
4.1.31 Voltage Va 1<1.2> -5 35 \% off mode;

Vesin = 0V

4.1.32 Current Iq 1<1.2> - - A Limited internally
Enable Ignition EN_IGN
4.1.33 |Voltage Ven_ion -0.3 45 \ -
4.1.34 Current Ien ion - - mA |-
Enable Micro EN_uC
4.1.35 Voltage Ven_uc -0.3 5.5 \Y -
4.1.36 |Voltage Ven_uc -0.3 6.2 \ t<10s?
4.1.37 Current Ien ue -5 5 mA |-
Voltage Regulator Outputs Q_LDO<1..2>
4.1.38 |Voltage Va Lot -0.3 Veg n+0.3 |V -
4.1.39 |Voltage Va Loz -0.3 VN tpo2 + 0.3 |V -
4140 |Voltage Va 1po<t.2> |-0-3 5.5 \ -
4141 |Voltage Va Lpo<t.2> |-0.3 6.2 v t<10s?
4.1.42 Current Iq 1po<t.2> |~ - A Limited internally
Selection Input SEL_LDO2
4143 |Voltage VseL ooz |-0.3 5.5 \ -
4.1.44 |Voltage VseL tpo2  |-0-3 6.2 \ t<10s?
4.1.45 Current Isg| 1po2 - - A Limited internally
External Driver Output DRV_EXT
4146 |Voltage Vorv exr |-0.3 5.5 \ -
4.1.47 | Voltage Vorv ext  |-0.3 6.2 Y t<10s?
4.1.48 Current Iory ext - - A Limited internally
External Regulator Feedback Input FB_EXT
4149 |Voltage Ves ext -0.3 5.5 \ -
4150 |Voltage Ves_ext -0.3 6.2 v t<10s?
4.1.51 Current Ieg ext - - A Limited internally
Data Sheet 10 Rev. 2.1, 2010-11-22
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General Product Characteristics

Absolute Maximum Ratings (cont'd)"
T;=-40 °C to +150 °C; all voltages with respect to ground.

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

Feedback and Post-Regulators Input FB/L_IN

4.1.52 Voltage Veai in Vq 1po1-0.3 |18 \Y -

4.1.53 Voltage VesiL N -0.3 18 \Y -

4.1.54 Current Tegi N - - A Limited internally

Linear Regulator 2 Input IN_LDO2

4.1.55 Voltage VN _Lpo2 Va 1po2 - 0.3 |18 \Y -

4.1.56 Voltage VN Lpo2 -0.3 18 \Y -

4.1.57 Current In_Lpo2 - - A Limited internally

Bootstrap Supply BST

4.1.58 Voltage Vast Vow-0.3 Vow + 5.5 \Y, -

4.1.59 Voltage Vast -0.3 51 \Y, -

4.1.60 Current Igst - - A Limited internally

Buck Power Stage SW

4.1.61 Voltage Vsw -2 Vin+0.3 \ -

4.1.62 Voltage Vaw -2 45 \ -

4.1.63 Current Isw - - A Limited internally

Stand-by Regulator Output Q_STBY

4.1.64 Voltage Va stey -0.3 5.5 \Y -

4165 |Voltage Va_stay -0.3 6.2 v t<10s?

4.1.66 Current Iq steY - - A Limited internally

Monitoring Output MON_STBY

4.1.67 |Voltage Vvon_stey  |-0.3 5.5 \ -

4.1.68 Voltage Vmon sty |-0-3 6.2 \Y, t<10s?

4.1.69 Current Ivon steYy |~ - A Limited internally

Temperatures

4.1.70 Junction Temperature T -40 150 °C -

4.1.71 Storage Temperature Ty -50 150 °C -

ESD-Protection (Human Body Model)

41.72 Electrostatic discharge Vesp -2 2 kV Human Body Model
voltage (HBM)®

ESD-Protection (Charged Device Model)

4.1.73 Electrostatic discharge Vesp -500 500 \Y, Charged Device
voltage to GND Model (CDM)®

4.1.74 Electrostatic discharge Vesp -750 750 \ Charged Device
voltage, corner pins to GND Model (CDM)?

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

2) Exposure to those absolute maximum ratings for extended periods of time (¢ > 10 s) may affect device reliability.
3) According to JEDEC standard EIA/JESD22-A114-B (1.5 kQ, 100 pF)

4) According to EIA/JJESD22-C101 or ESDA STM5.3.1
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General Product Characteristics

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.

421 | Stand-by input voltage Vinstey |30 45 v R

422 | Buck input voltage VN 4.5 45 v R

423 Peak to peak ripple voltage at Vesun |0 150 mVpp |—

FB/L_IN
424 Junction temperature T -40 150 °C -

1) At minimum battery voltage regulators with higher nominal output voltage will not be able to provide the full output voltage.
Their outputs follow the battery with certain drop.

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

Power-P-DSO-36

4.3.1 | Junction to ambient Ria - 49 - K/W | Footprint only™

4.3.2 | Junction to ambient Ry - 39 - K/W | Heat sink area
300mm?2 "

4.3.3 | Junction to ambient Ry - 32 - K/W | Heat sink area
600mm? "

4.3.4 | Junction to case Ric - 4.4 - KW |-

PG-DSO-36

4.3.5 | Junction to ambient Rin - 54 - K/W | Footprint only"

4.3.6 Junction to ambient Ry - 42 - K/W | Heat sink area
300mm? "

4.3.7 |Junction to ambient Ry - 35 - K/W | Heat sink area
600mm?2 "

4.3.8 | Junction to case Ry - 5.6 - KW |-

1) Worst case regarding peak temperature; zero airflow; mounted on FR4; 80 x 80 x 1.5 mm?; 35u Cu; 5u Sn

Data Sheet 12 Rev. 2.1, 2010-11-22
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General Product Characteristics

4.4 Electrical Characteristics

Electrical Characteristics

V|N = V]N_STBY = 13.5 V, ]-] = '40 0C tO +150 OC,
Veep =9.0V; SEL_STBY = Q_STBY; all voltages with respect to ground.

Pos. Parameter Symbol Limit Values Unit | Conditions
Min. ’Typ. ‘ Max.
Buck Regulator
441 Switching frequency f 280 370 425 kHz |-
442 Current transition t - 50 - ns Y; slope magnitude 1 A; fixed
rise/fall time internally
443 Power stage on Ron, Buck - - 280 mQ |-
resistance
444 Power stage peak Loeak, sw 25 - 4.6 A Vn=5.0V;
current limit Vsw ramped down from 5.0 V
to 3.7 V;
Vesn=5-0V
445 Buck converter output | Vegy 5.4 - 6.0 v Iy = 2.0 A?
voltage
446 Buck converter output | Vg 1y 5.4 - 6.4 \Y, Igye = 100 mA?)
voltage
4.4.7 Buck converter, turnon | Vi o, — - 4.5 \% VN increasing
threshold
448 Buck converter, turn off | Viy o 3.5 - - \Y V\n decreasing
threshold
449 Buck converter On/off | Vi pyst 450 500 550 MV Vin hyst = Vincon = Vin, off
hysteresis
4410 | Bootstrap undervoltage | Vgst uv,on |~ - Vaw*t |V Bootstrap voltage increasing
lockout, turn on 5.0
threshold
4.4.11 Bootstrap undervoltage | Vest yy o | Vew + |~ - \ Bootstrap voltage decreasing
lockout, turn off 3.2
threshold
4412 Bootstrap undervoltage | Vgsr yy, nyst |0-2 - 1 \% Vast uv, hyst =
lockout, hysteresis Vast uv,on = VesT uv, off
Charge Pump
4413 |Charge pump voltage | Vecp 9 - 15 \ C¢q =100 nF;
Ce, =100 nF;
Cecp =220 nF
4.4.14 Charge pump voltage | Vgep 9 - 135 |V Vn=45YV;
C¢q =100 nF;
Ce, =100 nF;
Cecp =220 nF
4.4.15 Charge pump switching | focp 1.0 - 25 MHz |-
frequency

Data Sheet 13 Rev. 2.1, 2010-11-22
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General Product Characteristics

Electrical Characteristics (cont'd)

I/|N = I/|N_STBY = 135 V, T; = '40 OC tO +150 OC,
Veep =9.0V; SEL_STBY = Q_STBY; all voltages with respect to ground.

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

Voltage Regulator Q_LDO1

4416 | Output voltage Va oot 4.9 - 5.1 v 1 mMA < Ig 1pos <700 mAY

4.417 | Output current limitation | /q | poq, jim [ 800 - 1600 |mA | Vq po1=4.0V

4.4.18 |Drop voltage Var,atoor  |— - 400 mV | Iq 1por = 500 mA;
Veg v = 5.0 V34

4.4.19 - - 400 mV | Iq por = 250 mA;
Vin=45V;349

4.4.20 |Load regulation AVq 1por - 60 120 mV/A |-

4.4.21 Power supply ripple PSRRq (po1|26 - - dB Veg n=56V;

rejection VesiL N, ripple pp = 150 mV;

fFB/L_IN, ripple = 370 kHZ;
Cq oot = 4.7 uF, X7RY

4.4.22 | Output capacitor Cq_Loo1 1 - 470 |uF |D?

4.4.23 Output capacitor ESR 0 - 2 Q at 10 kHz"

CQ_LDO1

Voltage Regulator Q_LDO2

4.4.24 | Output voltage Va 1po2 3.23 |- 3.37 |V SEL_LDO2 =Q_LDO2;
IN_LDO2 = FB/L_IN;
1 mA <1 |poz < 500 mA

4.4.25 | Output current limitation | Iy | pop jim | 700 - 1400 |mA |SEL_LDO2=Q_LDO2;
IN_LDO2 = FB/L_IN;
VQ_LDOZ = 28 V

4.4.26 |Drop voltage Var,alboz  |— - 400 mV | SEL_LDO2 =Q_LDO2;
Veer =9V,
Iq Loz = 500 mA;H) ©)

4.4.27 Drop voltage Var, Q_LDo2 - - 400 mV |SEL_LDO2 =Q_LDOz;
Vecr =9V,
Iq 1 po2 = 250 mA;
V=45V

4.4.28 |Load regulation AVq 1po2 - - 80 mV/A |3.3 V mode

4.4.29 | Output voltage Va ooz 256 |- 267 |V SEL_LDO2 = GND;
IN_LDO2 = FB/L_IN;
1 mA < Iy |pop <500 mA

4.430 | Output currentlimitation |/ | pop jim | 700 - 1400 |mA |SEL_LDO2 = GND;
IN_LDO2 = FB/L_IN;

4.4.31 Drop voltage Var.alboz  |— - 400 mV | SEL_LDO2 = GND;
Veer =9V,
I pog = 500 mA; )
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. TLE7368

General Product Characteristics

Electrical Characteristics (cont'd)

I/|N = I/|N_STBY = 135 V, T; = '40 OC tO +150 OC,
Veep =9.0V; SEL_STBY = Q_STBY; all voltages with respect to ground.

Pos. Parameter Symbol Limit Values Unit |Conditions
Min. |Typ. |Max.
4.4.32 |Drop voltage Var,atboz  |— - 400 mV | SEL_LDO2 = GND;
Veep =9V,
Iq 1po2 = 250 mA;
Vin=4.5V;4%
4.4.33 |Load regulation AVqipoe |- - 65 mV/A [ 2.6 V mode
1 mA <Iq | pop < 650 mA
4.4.34 | Power supply ripple PSRRq (po2 |26 - - dB VN Lpoz2 = 5.6 V;
rejection VN Lbo2, ripple pp = 150 MV,
fIN_LDOZ, ripple = 370 kHZ;
I 1po2 = 250mA;
Cq Lpoz = 4.7 UF ceramic
X7R"
4.4.35 |Selector Pull-down Rsel 1po2 0.7 1.2 1.9 MQ |-
resistor
4.4.36 | Output capacitor Cq 1po2 1 - 470 |uF |
4.4.37 | Output capacitor ESR 0 - 2 Q at 10 kHz;"V
CQ_LDOZ
External Voltage Regulator Control
4.4.38 Driver current limit IDRV_EXT’ im |75 - 150 mA |TLE7368G, TLE7368E
Vegexr =12V
4.4.39 Driver current limit Iory ext,im |75 - 150 mA | TLE7368-2E
Veg exr = 0.9V
4.4.40 Driver current limit Iory ExT im |79 - 150 mA | TLE7368-3E
Veg exr = 1.0V
4.4.41 Feedback voltage Ves ext 1.51 |- 1.55 |V TLE7368G, TLE7368E
4.442 |Feedback voltage Ves ext 1.19 |- 123 |V TLE7368-2E
4.443 |Feedback voltage Ves ext 130 |- 134 |V TLE7368-3E
4.4.44 Feedback input current | Ieg gxr -250 |- - pA |-
4.4.45 |Load regulation AVeg ext - - 20 MV/A | Veg Ny =54V,
Veep =9.0V,;
Ieg exr = 100 pAto 1 A;")
4.4.46 | Output capacitor Crs_ext 4.7 - - uF |19
4.4.47 | Output capacitor ESR 0 - 0.1 Q at 10 kHz;V
Crg_ext
Voltage Tracker Q_T1
4.4.48 | Output voltage tracking |AVq 14 -10 - 10 mV [0 mA </ 14 <105 mA
accuracy to Q_LDO1
4.4.49 | Output current limitation | /o 14 120 - 240 mA |Vq11=40V
4.4.50 |Drop voltage Var, o 11 - - 400 mV g 14 =105 mA;
Vegn=53V;
Va Lpot1 = 9.0 v4)
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. TLE7368

General Product Characteristics

Electrical Characteristics (cont'd)

I/|N = I/|N_STBY = 135 V, T; = '40 OC tO +150 OC,
Veep =9.0V; SEL_STBY = Q_STBY; all voltages with respect to ground.

Pos. Parameter Symbol Limit Values Unit |Conditions
Min. |Typ. |Max.
4.4.51 Power supply ripple PSRRq 11 26 - - dB Ves n=56V;
rejection Vegi N, ripple pp = 190 mV;
fFB/L_IN, ripple = 370 kHZ;
Va 1po1 =9.0V;
Iq 71 =100 mA;
Cq 11 = 4.7uF ceramic X7R;"
4.452 | Output capacitor Caq 11 4.7 - - urF |9
4.4.53 | Output capacitor ESRCq 1y |0 - 3 Q at 10 kHz;"
Voltage Tracker Q_T2
4.4.54 | Output voltage tracking |AVq 1 -10 - 10 mV |0 mA < /g 1, <350 mA;
accuracy to Q_LDO1
4.4.55 | Output current limitation | Iy 1, 60 - 110 mA Vg 1,=40V
4.4.56 Drop voltage Var.a 12 - - 400 mV | Iq 1, =50 mA;
Vesin=5-3V;
Va_1po1 = 5.0 VY
4.4.57 | Power supply ripple PSRRy 1, |26 - - dB Ve n=5.6V;
rejection - VesiL N, ripple pp = 150 MV;
fFB/L_lN, ripple = 370 kKHz;
Vo ipo1 =5.0V;
Iq 1, =40 mA;
Cq 12 = 4.7 uF ceramic X7R;"
4.4.58 | Output capacitor Ca. 2 4.7 - - urF |
4.459 | Output capacitor ESRCq 1, |0 - 3 Q at 10 kHz;"
Stand-by Regulator
4.4.60 |Output voltage Va stey 093 |1.02 |1.08 |V Vin stey >3V,
100 WA < Iq gy < 10 MA;
SEL_STBY = Q_STBY
4.4.61 Output voltage Va stey 093 |1.02 |1.08 |V Vin sty > 4.5V,
Iq_stay = 30 MA;
SEL_STBY = Q_STBY
4.4.62 |Output voltage Va stey 251 (262 |273 |V Vin sty > 3.0V,
100 WA < Iq gy < 10 MA;
SEL_STBY = GND
4.4.63 | Selector pull-up current | Isg stay -2 -5 -10 uA  |SEL_STBY = GND
4.4.64 | Output current limitation | Iy srgy jim |31 - 90 mA |V stey =05V
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. TLE7368

General Product Characteristics

Electrical Characteristics (cont'd)

V]N = V]N_STBY = 135 V, T; = '40 OC tO +150 OC,
Veep =9.0V; SEL_STBY = Q_STBY; all voltages with respect to ground.

Pos. Parameter Symbol Limit Values Unit |Conditions

Min. |Typ. |Max.

4.4.65 |Load regulation AVq stey |- - 5 VIA  |1q sty = 100pA to 10 mA
Vi stey > 4.9V,
SEL_STBY = Q_STBY
Va stey = 1.0V

- - 10 VIA |1 sty = 100pA to 10 mA
Vi stey > 4.9V,
SEL_STBY = GND

Va stey = 2.6V
4.466 |Line regulation AVq sty |~ - 5 mV/V |-
4.4.67 |Power supply ripple PSRRq stgy |60 - - dB VN_sTBY, ripple pp = 900 MV;
rejection JiN_sTBY, ripple = 100 HZ;

Iq sty = 5 MA;
Cq sty = 1 UF ceramic X7R;"

4.468 | Output capacitor Cq_sTay 047 |- 2 urF |19
4.4.69 |Output capacitor ESR 0 - 0.5 Q at 10 kHz;V
CQ_STBY
Device Enable Blocks and Quiescent Current
4.4.70 Ignition turn on VenioN,on  |— - 4.0 \Y, Device operating
threshold
4.4.71 Ignition turn off Ven_ion, ot [2:0 - - \ Only stand-by regulators are
threshold active if Ven 1o < Ven_ion, off
and Ven uc < Ven_uc, off
4.4.72 |lIgnition pull-down Ien ion -100 |- - WA [ Venien =135V
resistor current
4.4.73 | Turn on threshold Ven_uc, on - - 2.0 \% Device operating

4.4.74 | Turn off threshold VEN_uc, off 0.8 - - \Y Only stand-by regulators are
active if Ven 1on < Ven_ion, off
and Vey e < Ven_uc, off

4.4.75 Pull-down resistor Ien we -30 - - LA VeN uc =5V
current B -
4.4.76 |Quiescent current I,=1\ stey-|-120 |- - UA Ven uwec = Venian =0V;
Iq_stay SEL_STBY = Q_STBY;
B MON_STBY = H;
Iq sy = 100 pA; 7;<125°C
4.4.77 |Quiescent current Iy=1N sy~ |-130 |- - BA | Venwe = Venien =0V,
Iq_stay SEL_STBY = GND;
B MON_STBY = H;
Iq stey =100 UA; T; <125 °C
4.4.78 |Quiescent current Iy N -10 - - WA [ Venwe = Venien =0V,
VinsteYy =0V,
T;<125°C

Reset Generator RO_1 Monitoring Q_LDO1
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TLE7368

Electrical Characteristics (cont'd)
Vin=Vin stey = 13.5V, T; = -40 °C to +150 °C,

Veep =9.0V; SEL_STBY = Q_STBY; all voltages with respect to ground.

General Product Characteristics

Pos. Parameter Symbol Limit Values Unit |Conditions
Min. |Typ. |Max.
4.4.79 Undervoltage Reset ViRt o tpot, 450 |- 475 |V VQ_LDo1 decreasing;
threshold on Q_LDO1 | 4 Vegn_in = open;
4.4.80 Undervoltage Reset VurTa Loot, |495 |- 490 |V Va Lpos increasing
threshold on Q_LDO1 |,
4.4.81 Undervoltage Reset Vuro 1,nyst | 100 - 220 mvV |-
hysteresis
4.482 |Overvoltage Reset Vorra lpo1, [940 |- 565 |V Vq Lpo1 increasing
threshold on Q_LDO1 |,
4.4.83 |Overvoltage Reset Vorta lpo1, [525 |- 5.60 |V Vaq Lpos decreasing
threshold on Q_LDO1 |4,
4.4.84 |Overvoltage Reset Voro 1,nyst |80 - 180 mvV |-
hysteresis
4.4.85 RO_1, Resetoutputlow | Vg 1 10w - - 0.4 Vv Iro 1 =-10 MA;
voltage Va lpo1 >25V
4.486 |RO_1,Resetoutputlow | Vg 1 jow - - 025 |V Vin sty = 3.0V,
voltage Va oot = 2.5V
4.4.87 RO _1, Reset output Iro 1, high -1 - 1 A Veo 1=50V
leakage
4.4.88 |Resetdelay time base |7, e 416 |50 62.5 |us Crr=1nF
4.4.89 Reset timing capacitor | Cgy 033 |1.0 4.7 nF -
range
4.4.90 Reset delay time RO_1 |#rp ro 1 - 160 - Toyere
4.4.91 Undervoltage Reset foRrR. RO 1 |2 - 10 us Voltage step at Q_LDO1 from
reaction time 5.00Vto4.48V
4.4.92 Overvoltage Reset fovrr,RO_1 |20 - 80 us Buck converter operating;
reaction time Voltage step at Q_LDO1 from
5.00Vto 567V
Reset Generator RO_2 Monitoring Q_LDO2 and FB_EXT
4.4.93 |Undervoltage Reset Vurt @ Lpoz, [3:135 |- 3.230 |V SEL_LDO2 =Q_LDO2;
threshold on Q_LDO2 |4 Vq Lpo2 decreasing;
Vin_Lpo2 = open
4.4.94 Undervoltage Reset Vurt @ Lpoz, |99 1175 |- mV |SEL_LDO2=Q_LDOz2;
headroom on Q_LDO2 | eqq VUrT @_LDO2, head
= Va_1po2 - Vurt a_tooz, des
Va ooz @ Iq 1 poz = 500 mA
4.495 |Undervoltage Reset Viro 2.nyst |19 - 55 mV | SEL_LDO2 =Q_LDOZ;
hysteresis Q_LDO2 ViURro 2, hyst
= ViyrT a_1p02,in = VurT @_LDO02, de
4496 |Overvoltage Reset Vorta poz, [3:70 |- 3.85 |V SEL_LDO2 = Q_LDO2;
threshold on Q_LDO2 |, Vq Lpoz increasing
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TLE7368

Electrical Characteristics (cont'd)

Vin=Vin_stey = 13.5V, T; = -40 °C to +150 °C,

Veep =9.0V; SEL_STBY = Q_STBY; all voltages with respect to ground.

General Product Characteristics

Pos. Parameter Symbol Limit Values Unit |Conditions
Min. |Typ. |Max.
4.4.97 |Overvoltage Reset VorTta Loz, [3.55 |— 3.80 |V SEL_LDO2 =Q_LDO2;
threshold on Q_LDO2 |, Va Loz decreasing
4.4.98 |Overvoltage Reset Voro 2, nyst |90 - 200 mV | SEL_LDO2 =Q_LDO2,;
hysteresis
4.4.99 Undervoltage Reset VurTQ LDO2, [2:485 |— 2.560 |V SEL_LDO2 = GND;
threshold on Q_LDO2 |4 B V4 Lpog decreasing;
VIN_LDOZ = open
4.4100 |Undervoltage Reset VirtQ Lpo2, |47 - - mV |SEL_LDO2 = GND;
headroom on Q_LDO2 |4 VURT Q_LDOZ, head
= VQ_LDOZ - Virr Q_LDO2, de’
Va ooz @ Iq 1 poz = 500 mA
4.4.101 |Undervoltage Reset Vuro 2,hyst |15 - 60 mV | SEL_LDO2 = GND;
hysteresis Q_LDO2 VURro_ 2, hyst
= Vurra Doz, in = VurT Q_LDO2, de
44102 |Overvoltage Reset Vortq Lpo2, [2:85 |- 3.0 \Y SEL_LDO2 = GND;
threshold on Q_LDO2 |, - V4 Lpbog increasing
4.4103 |Overvoltage Reset Vorta Lpoz, [2-73  |— 295 |V SEL_LDO2 = GND;
threshold on Q_LDO2 |, - V4 Lpop decreasing
4.4.104 |Overvoltage Reset Voro 2, nyst |90 - 120 mV | SEL_LDO2 = GND;
hysteresis Q_LDO2
4.4.105 |Undervoltage Reset Viortre ext, | 1425 |- 1.480 |V TLE7368G, TLE7368E
threshold on FB_EXT |4 B Veg ext decreasing;
Vesn=9V
or Vg 1poz = 3.3/2.6 V
4.4.106 |Undervoltage Reset Veg ext - 40 60 - mV | TLE7368G, TLE7368E
headroom on FB_EXT | Vyrr s exr, Ves n=5V
e or Vg 1po2 = 3.3/2.6 V;
Veg ext @ I exr = 1A
4.4.107 |Undervoltage Reset Vuro 2,hyst |15 - 45 mV | TLE7368G, TLE7368E
hysteresis FB_EXT
4.4.108 |Overvoltage Reset Vortrs ext, [1.65 |— 1.72 |V TLE7368G, TLE7368E
threshold on FB_EXT |, - Veg exT increasing
4.4109 |Overvoltage Reset Vortes ext, [1.55  |— 167 |V TLE7368G, TLE7368E
threshold on FB_EXT |4 - Veg ext decreasing
44110 |Overvoltage Reset Voro 2. nyst |90 - 120 mV | TLE7368G, TLE7368E
hysteresis FB_EXT
4.4111 |Undervoltage Reset Viorree exr, |1.08  |— 115 |V TLE7368-2E
threshold on FB_EXT |4, Veg_exr decreasing;
Vesin=9VorVq poz =
3.3/2.6 'V,
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TLE7368

Electrical Characteristics (cont'd)

Vin=Vin_stey = 13.5V, T; = -40 °C to +150 °C,

Veep =9.0V; SEL_STBY = Q_STBY; all voltages with respect to ground.

General Product Characteristics

Pos. Parameter Symbol Limit Values Unit |Conditions
Min. |Typ. |Max.
4.4112 |Undervoltage Reset Veg ext - 40 60 - mV | TLE7368-2E
headroom on FB_EXT | Vyrr s exr. Ves n=5Vor Vg 1pos =
e 3.312.6 V; )
4.4113 |Undervoltage Reset Vuro 2,hyst |15 - 45 mV | TLE7368-2E
hysteresis
4.4.114 |Overvoltage Reset Vortes ext, [1.30  |— 139 |V TLE7368-2E
threshold on FB_EXT |, - Veg ext increasing;
4.4.115 |Overvoltage Reset Vortre ext, |1.23 |- 1.38 |V TLE7368-2E
threshold on FB_EXT |4 - Veg ext decreasing;
4.4116 |Overvoltage Reset Voro 2,hyst |10 - 70 mV | TLE7368-2E
hysteresis
4.4117 |Undervoltage Reset Vortes exr, |117  |— 1.25 |V TLE7368-3E
threshold on FB_EXT |4, Veg_ext decreasing;
Ve in=95Vor Vg 1pos =
3.3/2.6 V;
4.4.118 |Undervoltage Reset Veg ext - 40 60 - mV | TLE7368-3E
headroom on FB_EXT | Vyrrrs ext, Veg in=5V or Vg 1poz =
o 3.312.6 V; B
4.4119 |Undervoltage Reset Vuro 2,hyst |15 - 45 mV | TLE7368-3E
hysteresis
4.4.120 |Overvoltage Reset Vorters ext, [1.35  |— 143 |V TLE7368-3E
threshold on FB_EXT |, - Veg exT increasing;
4.4.121 |RO_2,Resetoutputlow | Vg 5 0w - - 0.4 \Y Izo 5, =-10 mA;
voltage B Vo Lpo2 > 2.0V
4.4.122 |RO_2, Resetoutputlow | Vgg 5 10w - - 025 |V Izo > =-500 pA;
voltage ) Va ooz = 1V
44123 |RO_2, Reset output Iro 2 high -1 - 1 WA | VRo =50V
leakage
4.4.124 |Reset delay time RO_2 |#zp ro » - 160 - Toycie
4.4.125 |Undervoltage Reset fUVRR.RO 2 |2 - 10 us Voltage step on Q_LDO2 from
reaction time B V4 Lbo2. nom 10
VurT @ D02, de, min - 20 MV
4.4126 |Undervoltage Reset fuvRR.RO 2 |2 - 10 us Voltage step on FB_EXT from
reaction time B Veg T, nom 1O
VURT FB_EXT, de, min = 20 MV
4.4.127 |Overvoltage Reset fovrr RO 2 |20 - 80 us Buck converter operating;
reaction time - Voltage step on Q_LDO2 from
Va 1002, nom t0
VorT @ D02, in, max T 20 mV
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. TLE7368

General Product Characteristics

Electrical Characteristics (cont'd)

I/|N = I/|N_STBY = 135 V, T; = '40 OC tO +150 OC,
Veep =9.0V; SEL_STBY = Q_STBY; all voltages with respect to ground.

Pos. Parameter Symbol Limit Values Unit |Conditions
Min. |Typ. |Max.
4.4.128 |Overvoltage Reset lovrr,RO 2 |20 - 80 us Buck converter operating;
reaction time Voltage step on FB_EXT from
Ves xT, nom tO
VorT F8_EXT, in, max T 20 mV
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General Product Characteristics

Electrical Characteristics (cont'd)

I/|N = I/|N_STBY = 135 V, T; = '40 OC tO +150 OC,
Veep =9.0V; SEL_STBY = Q_STBY; all voltages with respect to ground.

Pos. Parameter Symbol Limit Values Unit |Conditions
Min. |Typ. |Max.
Monitoring Block
4.4129 |MON_STBY, Vvon.q sTay, [0-90 |- - Vin stey =3.0V;
Threshold on Q_STBY |4 SEL_STBY = Q_STBY;
Vq stey decreasing;
4.4.129a | MON_STBY headroom | Vyon q sTay, | 10 - - mV | Viy stey =3.0V;
head SEL_STBY = Q_STBY;
Vq stey decreasing;
4.4130 |MON_STBY hysteresis | Vyon stay, |10 - 30 mV | SEL_STBY = Q_STBY
hyst
4.4131 |[MON_STBY, Vmon,a_sTey, [2:36 |- 250 |V Vin sty = 3.0V,
Threshold on Q_STBY |4 SEL_STBY = GND;
Vq stey decreasing;
4.4132 |MON_STBY hysteresis | Vyon stay, |20 - 50 mV | SEL_STBY = GND
hyst
4.4133 |MON_STBY, Vmon_stey, |— - 0.4 \Y Iyvon stey1 < 10 mA;
Monitoring output low |, Vin_stey > 3.0V
voltage
44134 |MON_STBY time delay |fyon_stey |~ 8 - lrp, |See diagram in section
ro_1 | “Monitoring Circuit” on
Page 31
4.4.135 | Monitor reaction time | /gg mon_sTeY |3 - 6 us -
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Electrical Characteristics (cont'd)

I/|N = I/|N_STBY = 135 V, T; = '40 OC tO +150 OC,
Veep =9.0V; SEL_STBY = Q_STBY; all voltages with respect to ground.

General Product Characteristics

Pos. Parameter Symbol Limit Values Unit |Conditions
Min. |Typ. |Max.
Window Watchdog
4.4.136 |H-input voltage Vwol, high - - 2.0 \
threshold
4.4.137 |L-input voltage Vbl tow 0.8 - - \
threshold
4.4.138 |WDI pull-up resistor Ry 60 100 140 kQ |connected to Q_LDO2
4.4.139 |Watchdog cycle time Two - 2 - Teyole
4.4.140 | Window duration (OW, |#yp w - 512 - Two
CW, FW)
4.4.141 | Window duration (IW) | fp 1w - 32 - Two
44142 |Window watchdog fwp, start - 32 - Two | Watchdog will start/initialized if
initialization time WDI is kept low for this period
and RO_2 is released
4.4.143 | Watchdog output low | Viypo jow - - 0.4 \ Lypo =2 mA
voltage
4.4.144 |Watchdog output Twpo jeak - - 1 uA  |WDO state = High
leakage current
Thermal Shutdown
4.4.145 |Overtemperature T;, shtdwn 160 175 190 °C
shutdown
4.4.146 |Overtemperature AT 15 - 30 K

shutdown hysteresis

1) Specified by design, not subject to production test.

2) Tested according to measurement circuit 1.

3) Vccp supplied externally with a voltage according to the actual value of Vcp measurement.

4) Vi a1oo1 = Vesiin - Va oot Var, o ooz = Vin_tooz = Va ooz Var, 1<1,2> = Vesiin = Va 1<1, 2>

5) Minimum value given is needed for regulator stability; application might need higher capacitance than the minimum.

6) Measured when Vg | po, has dropped 100 mV from its nominal value obtained at ¥y | poo = 5.4 V.
7) External power transistor type: Fairchild KSH200.

8) Permanent operation of the device above 150 °C degrades lifetime; please refer to quality information.
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. TLE7368

Detailed Internal Circuits Description

5 Detailed Internal Circuits Description

In the following the main circuit blocks of the TLE7368, namely the Buck converter, the linear regulators, the
trackers, the charge pump, the enable and reset circuits and the watchdog are described in more detail.

5.1 Buck Regulator

The TLE7368’s DC to DC converter features all the functions necessary to implement a high efficient, low emission
Buck regulator with minimum external components. The step down regulator in the TLE7368 follows a concept
similar to the one of its predecessor, TLE6368, which allows operation over a battery voltage range from as low
as 4.5 V up to a maximum of 45 V at peak currents of 2.5 A at minimum. Figure 3 shows the block diagram of the
converter with its major components, i.e. the internal DMOS power stages, the high side driver including its supply
scheme, the power stage slope control circuit for reduced EME, the current mode control scheme and various
protection circuits for safe converter operation.

511 Buck Regulator Control Scheme

The step down converter’s control method is based upon the current mode control scheme. Current mode control
provides an inherent line feed forward, cycle by cycle current limiting and ease of loop compensation. No external
compensation components are needed to stabilize the loop, i.e. the operation of the Buck converter. The slope
compensation circuit in addition to the current sense amplifier and the error amplifier prevents instabilities/sub
harmonic oscillations at duty cycles higher than 0.5. The cycle by cycle current limiting feature supports also a soft
start feature during power up. Additional implemented current blanking prevents faulty DMOS turn off signals
during switching operation.

5.1.2 High Side Driver Supply and 100% Duty Cycle Operation

The supply concept of the Buck converter’s power stage driver follows the Bootstrapping principle. A small external
capacitor, placed between pins SW and BST, is used to provide the necessary charge at the gate of the power
stage. The capacitor is refreshed at each switching cycle while the power stage is turned off resulting in the ability
to power the gate at the next turn on of the power stage.

In cases where the input/battery voltage approaches the nominal Buck converter output voltage, the duty cycle of
the converter increases. At the point where the power stage is statically turned on (100% duty cycle) a refresh of
the Bootstrap capacitor as described above is not possible. In this case the charge pump helps to accomplish the
gate over drive in order to keep the power stage turned on with low Ry,,. With decreasing input voltage, shortly
before switching to 100% duty cycle, the device operates in pulse skipping mode. In this mode the device appears
to be operating at much lower frequencies with very small duty cycles. In real, the device is doing a few 100% duty
cycle periods followed by a period with a duty cycle smaller than 1.
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Detailed Internal Circuits Description
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Figure 3 Buck Converter Block Diagram

5.1.3 Electromagnetic Emission Reduction

The Buck DMOS power stage is implemented as multiple cells. This allows to control the slope of the power
stage’s current at turn on/off by sequentially turning on/off the cells, achieving a smooth turn on/off and therefore
avoiding high frequency components in the electromagnetic emissions to the battery line. The current slope control
is adjusted internally, the typical current slew rate is 50 ns/A.
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Detailed Internal Circuits Description

514 Charge Pump

The charge pump serves as support circuit for the Buck converter’s high side driver supply, the linear regulators
drive circuits for low drop operation and the internal device biasing blocks. In order to guarantee full device
operation at battery voltages as allow as even 4.5 V, the concept of a voltage tripler is chosen for the charge pump.
It operates at a switching frequency of typical 2 MHz utilizing three small external capacitors, two pumping caps
and one storage capacitor. The CCP circuit is equipped with a current limit function which avoids destruction in
case of a short of one of the external CCP capacitors. The charge pump’s output, CCP, is designed to supply the
circuitry described above, it should not be used as e.g. driver rail for external on board/PCB circuits.

5.1.5 Buck Converter Protection Circuits

Besides the circuits mandatory for the Buck converter operation additional protection circuits are foreseen which
help preventing false operation of the device. Undervoltage lockouts are foreseen at the battery input line” and
the high side driver supply rail to ensure the device operates only with proper voltages present. The overvoltage
shutdown at the Buck converter output provides a safe high side shutdown for the case where the Buck control
loop becomes messed up due to non predictable circumstances. At overtemperatures the thermal shutdown circuit
disables the Buck converter until the device cools down to be enabled again.

5.2 Linear Regulators

The TLE7368 features three linear voltage regulator circuits, two fully integrated DMOS low drop voltage
regulators and one integrated linear control circuit to operate with an external NPN power stage.

Integrated linear regulator one (LDO1) offers a 5 V output and the second integrated linear regulator (LDO2) can
be configured with pin SEL_LDO2 either for 2.6 V or for 3.3 V. With SEL_LDO?2 tied to GND 2.6 V will adjust at
the output of LDO2, SEL_LDO2 being connected to Q_LDO2 gives the 3.3 V option. The external regulator will
adjust its output to 1.5V or 1.2 V or 1.3 V (depending on variant of TLE7368) with the emitter of the NPN power
stage directly connected to pin FB_EXT, by using a voltage divider, higher output voltages can be achieved.

The regulators are designed for low drop operation and offer high output voltage accuracies to meet the needs of
current and next generation 32-bit microcontroller families. Additionally all regulators feature a short circuit
protection, i.e. the integrated regulators contain a output current limit function whereas the control circuit for the
external NPN power stage limits the maximum base current.

For low on chip power dissipation the input of LDO1 is internally directly connected to the Buck converter output
(FB/L_IN). LDOZ2’s input is on purpose externally accessible at IN_LDO2. This allows the insertion of a drop
element between the Buck converter output and IN_LDOZ2 to split the power dissipation and avoid high losses on
the TLE7368. Similar for the external NPN power stage regulator, the collector of the NPN can be either connected
directly to the Buck converter output or a drop element can be inserted in between to split power dissipation.

5.3 Voltage Tracking Regulators

For off board/off PCB supplies, i.e. sensors, two voltage tracking regulators are incorporated in the TLE7368. Their
outputs follow the output of the main 5V regulator, Q_LDO1, within a tight tolerance of £10 mV. The tracking
regulators are implemented with bipolar PNP power stages for improved ripple rejection to reduce emission when
lead off board. Both tracker outputs can withstand short circuits to GND and battery in a range of -5V to +40 V.
When shorted to lower levels than the nominal output voltage level the current limit function prevents excessive
current draw.

1) Not shown in the schematic, Figure 3.
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54 Power Up and Power Down Sequencing

In a supply system with multiple outputs the sequence of enabling the individual regulators is important. Especially
32-bit microcontrollers require a defined power up and power down sequencing. Figure 4 shows the details for
the power up and power down sequence of the TLE7368.

At power up, the first circuit block to be enabled is the charge pump as it is mandatory for the other circuits to
operate. With the charge pump reaching its nominal value, the Buck converter starts to power up its output. Also
the output voltage the linear regulators are enabled. The three linear regulators power up simultaneously. The 5V
regulator acts as the master, the 3.3 V/2.6 V regulator and the 1.5 V regulator follow. As the 5 V regulator powers
up also the tracking regulators follow. The ramp if the increasing output voltage of each line is determined by the
connected output capacitance, the load current and the current limit of the regulator under consideration. In
addition an integrated supervision circuit ensures the following two conditions during power-up:

‘03 V < (VQ_LDO1 - VQ_LDOZ) < 31 V and (1)

-0.3V < (Vq ooz - Ves_ext) @

The power down sequence is practically vice versa to the start up procedure. With the battery decreasing to zero
the charge pump and Buck regulator will stop to operate at the minimum battery threshold, the Buck output voltage
will fall down and so will the outputs of the linear regulators.

In the event where the device is disabled, EN_IGN = low and EN_uC = low, the charge pump, the Buck converter
and the linear regulators are disabled immediately.

The linear regulators’ outputs are not discharged actively in any case of power down. Diode circuitry (i.e. Schottky
diodes) might be necessary to avoid violation of certain microcontrollers’ sequencing requirements.
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Figure 4  Power Sequencing of the TLE7368
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5.5 Stand-by Regulator

The intention of the stand-by or keep alive regulator is to supply e.g. external memory even with the main
microcontroller supply being disabled. Therefore the state of the stand-by regulator is not controlled by the enable
block, but it is active all the time. The stand-by regulator starts to operate as soon as the battery voltage increases
above its operating threshold. The current consumption during single operation of the stand-by regulator is
reduced to a minimum. It can be configured for output voltages as either 1.0 V or 2.6 V through the SEL_STBY pin.

5.6 Overtemperature Protection

At junction temperatures between 160 °C and 190 °C, which can be caused by e.g. excessive power dissipation
or increased ambient temperatures, the overtemperature protection kicks in and disables the Buck converter. With
the Buck converter disabled the linear regulators will most likely not be able to keep up their output voltage and a
system reset can be expected. Due to the drop in power dissipation the junction temperature will decrease. The
built in hysteresis circuit ensures that the junction temperature cools down by a certain temperature delta before
the Buck converter is enabled again.

5.7 Device Enable Function

The device enable block controls the operation of the Buck converter as well as of the linear regulators and tracker
blocks. Two external signal inputs determine the state of those blocks, a high voltage input EN_IGN and a low
voltage input EN_uC. Internally the two signals are logic OR-ed which means that with either signal the Buck and
linear regulators can be turned on or held active, provided that the battery voltage is above its minimum operating
range. In order to turn off the regulator blocks, the signals on both inputs, EN_IGN and EN_uC must be lower than
their deactivating threshold. The stand-by regulator’s operation is not affected by the device enable block.

5.8 Reset Function

The Reset concept of the TLE7368 is chosen to support multiple microcontroller platforms. Two open drain
outputs, i.e. the Reset outputs, RO_1 and RO_2, indicate the states of the different regulators. Figure 5 gives the
details on the Reset timing. RO_1 is tied to LDO1 and will indicate whenever its output, Q_LDO1, is crossing the
under- or overvoltage threshold. The second Reset output, RO_2, turns low whenever one of the two outputs,
Q_LDO2 or FB_EXT, are crossing their under- and overvoltage thresholds. At power up in order to avoid a faulty
microcontroller start, a so called Reset delay function, i.e. the Reset release delay, is implemented. This delay until
the reset is released, counted from the time where the regulator outputs cross the threshold, is determined by a
small external delay capacitor at pin RT.

The power up reset delay time t5 is directly proportional to the capacitance Cry within the capacitance range of
0.33 nF ... 4.7 nF:

trp = 160 x 50 ps x Cry/nF (3)
For the tolerance calculation please refer to the parameters 4.4.81, 4.4.82 and 4.4.83. In order to find the worst
case limits of 7z the capacitance tolerance should be taken into account.

The Reset generators within the TLE7368 are supplied from multiple sources, VIN_STBY, VCCP, VFB_L/IN,
VQ_LDO1 and VQ_LDO2, to fulfill next generation microcontroller requirements during power up and power down.
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5.9 Monitoring Circuit

The monitoring block within the TLE7368 detects an undervoltage at the stand-by regulator output and is able to
distinguish between two different undervoltage situations. When the stand-by output gets back into regulation after
an undervoltage event, the timing on the MON_STBY output signal indicates the kind of undervoltage scenario
which has happened before. The behavior of the monitoring block is also described in Figure 6 and Figure 7
below.

In case of an undervoltage at the stand-by regulator with the 5 V regulator LDO1 in regulation (which means that
RO_1 = HIGH) the monitoring circuit has basically a power fail functionality which means that the MON_STBY
output will be LOW just as long as the undervoltage at the stand-by output occurs. As soon as Q_STBY is coming
back into regulation MON_STBY turns high again.

When the 5V regulator is out of regulation (RO_1=LOW), e.g. in case of EN_uC = EN_IGN = LOW, the
MON_STBY will turn LOW again if an undervoltage event happens at Q_STBY. The difference to the scenario
described above is now that when Q_STBY gets back into regulation the toggling of the MON_STBY output to
HIGH is coupled with the 5 V Reset line, RO_1, turning HIGH. In detail, the MON_STBY line turns high delayed
by tmon sTay after the Reset line RO_1 had gone high.
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VQ STBY <
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\

MON, Q_STBY, de V
and

\

asmy < Vmon, a_sTBY, de
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Figure 6 Stand by Monitor State Diagram
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5.10 Watchdog Circuit
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No Trigger

AEA03533.VSD

Figure 8 Window Watchdog State Diagram

Principle of Operation:

A Window Watchdog is integrated in the TLE7368 to monitor a microcontroller. The Window Watchdog duty cycle
consists of an "Open window" and a "Closed window". The microcontroller that is being monitored has to send a
periodic falling edge trigger signal to the watchdog input pin WDI within the "Open Window". If a trigger signal is
not sent or if it is sent during the "Closed Window", then Watchdog Output (WDO) switches from high to low
signaling a potential microcontroller fault has occurred. The watchdog cycle time 7\, is derived from the time base
Tcye- AN external capacitor connected between pins RT and GND determines 7t .

Initialization:

The Watchdog is switched off per default and activated by pulling WDI to low at least for the time 7 s, after RO_2
has turned to high. Watchdog input pin WDI has an integrated pull-up resistor R, connected to Q_LDO2. If WDI
transitions to high before fp oot has elapsed, then the watchdog will not start operation. To initialize the Watchdog
the watchdog input WDI should transition to high within the "Ignore Window". The WDI signal may also transition
to high during the following "Open Window", but sufficient time must be left for a falling edge transition before the
end of the "Open Window". The watchdog function is turned off following a RO_2 reset, and must be reinitialized
to be turned back on.

Normal Operation:
Please refer to Figure 8.

The Watchdog starts operating in the "Ignore Window" state for a duration of #,,p . Within the "Ignore Window"
the microcontroller is given time to initialize. Any signal to watchdog input WDI within the "Ignore Window" is
ignored. After time ¢, v, the watchdog transitions from the "Ignore Window" state to the "Open Window" state for
a maximum duration of 7, ,y. Within the "Open Window" a valid trigger signal must be applied to the watchdog
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input WDI. A valid trigger signal is a falling edge from Vyyp, nign 10 Viyp) 10w After receiving a valid trigger signal within
the "Open Window" the watchdog immediately terminates the "Open Window" and enters the "Closed Window"
state. The "Closed Window" has a fixed duration #,,y. During normal operation a trigger signal should not be
applied during the "Closed Window. After the "Closed Window" time #,\y an the watchdog returns back to the
"Open Window" state. Within the "Open Window", a valid trigger signal must be applied to the watchdog input WDI.
In normal operation, the watchdog continues to cycle between the "Open Window" and "Closed Window" state. If
reset signal RO_2 is asserted and transitions to a low state, then the watchdog needs to be reinitialized as
described in the Initialization section. The watchdog output WDO stays high as long as the watchdog input WDI
is triggered correctly.

Valid Trigger Signal:
Please refer to Figure 9.

Watchdog input WDI is periodically sampled with a period of T,,5. A valid trigger signal is a falling edge from
Vwoihigh © Vwpijow- TO improve immunity against noise or glitches on the WDI input, at least two high samples
followed two low samples are required for a valid trigger signal. For example, if the first three samples (two HGH
one LOW) of the trigger pulse at pin WDI are inside the closed window and only the fourth sample (the second
LOW sampile) is taken in the open window then the watchdog output WDO will remain High.

Invalid Triggering:
Please refer to Figure 8 and Figure 9.

No trigger signal detected during the "Open Window" or a trigger signal detected during the "Closed Window", is
considered invalid triggering. Watchdog output WDO switches to low for a duration of #, ,y immediately after no
valid trigger during the "Open Window" or immediately if a trigger signal is detected during the "Closed Window".

Fault Operation:

If a capacitor failure on the watchdog timing pin RT causes a short circuit to GND, then the internal oscillator stops
operating. Without oscillator operation there is no time reference for the watchdog so it does not know when the
"Closed Window" period has ended. Thus, every second trigger signal on watchdog input WDI generates a
watchdog failure causing WDO to switch from high to low. An open circuit at pin RT also causes WDO to switch
from high to low.

. . Watchdog . .

‘Closiad Wl‘ndow‘ | Ope‘n Wln‘dow _| output wpo) |_ Ope‘n Wln‘dow | ‘Clossed W|‘ndow‘

wo TRCE L High sl R I
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| | e ol e i i | e o lEs o i i i
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el IR A
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Figure 9 Window Watchdog Input Signal Validation
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6 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.

Application Information
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Figure 10 Application Diagram, Example

Note: This is a very simplified example of an application circuit. The function must be verified in the real application.
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This section intends to give hints for correct set up of the IC, i.e. to avoid misbehavior caused by the influence of
other PCB board circuits and shows also how to calculate external components, power loss, etc.

6.1 Choosing Components for the Buck Regulator

Stable operation of the Buck converter is ensured when choosing the external passive components according to
the characteristics given below:

» Buck inductance: 18 uH < Lg, < 220 pH

» Buck output capacitor: Cg, > 20 uF
+ ESR of Buck output capacitor: ESR_Cp, < 150 mQ

6.2 Setting up LDO1, LDO2

The linear regulators LDO1 and LDO2 need to be connected to appropriate output capacitors in order to keep the
regulation loop stable and avoid oscillations. The essential parameters of the output capacitor are the minimum
capacitance and the equivalent series resistance (ESR). The required ranges for each output are specified in
Chapter 4.4 (Electrical Characteristics). Tantalum capacitors as well as multi layer ceramic capacitors are
suitable for LDO1 and LDO2.

Table 1 LDO2 Output Voltage Configuration

No. |SEL_LDO2 Q_LDO2
1 GND 26V

2 Q_LDO2 3.3V
6.3 Setting up of LDO3

LDO3 consists of an integrated regulator which needs to be equipped with an external power transistor (NPN-
Type). Suitable NPN power transistors types are e.g. KSH 200 from Fairchild semiconductor or NJD 2873T4 from
ON semiconductor. The most important parameters to be checked when choosing the external transistor are the
‘current gain bandwidth product’ (f7), the ‘DC current gain’ (hz) and the thermal resistance of the package.
Darlington type transistors should not be used. For stability of the regulation loop a multi layer ceramic capacitor
of min. 4.7 uF must be connected to the LDO3 output voltage (Emitter of the external power transistor). In order
to improve suppression load current steps an additional capacitor of tantalum type can be connected in parallel.

In case LDO3 voltage is not needed the external NPN transistor can be spared. For this configuration the pins
‘DRV_EXT and ‘FB_EXT’ should be directly connected to each other in order to ensure correct operation of
Reset 2. Also in this case a small ceramic capacitor of 220 nF connected from pin ‘FB_EXT to GND is
recommended in order to avoid oscillations of the regulation loop LDO3.
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6.4 Setting up the Stand-by Regulator

The stand by regulator provides an output current up to 30 mA sourced via linear regulation directly from Battery
even when the main regulator is disabled. This low quiescent current regulator is commonly used as supply for
stand by memory. The output voltage can be selected as 1.0 V or 2.6 V. For stability of the regulation loop the
output Q_STBY should be connected via a ceramic capacitor (470 nF to 2 uF) to GND.

6.4.1 Stand-by Regulator’s Output Voltage Configuration

The stand by regulator provides an output voltage of nominal 1.0V or 2.6 V which is associated with an
appropriate stand-by monitoring threshold. The output voltage level is selected by the SEL_STBY configuration.
Connecting SEL_STBY to GND results in a voltage level of 2.6 V at Q_STBY, while connecting SEL_STBY with
Q_STBY leads to 1.0 V configuration. An integrated pull-up current ensures that the system will turn in the lower
stand-by voltage mode in case of open mode at the SEL_STBY pin. However the SEL_STBY pin should be
connected either to Q_STBY or to GND in order to select the appropriate Q_STBY voltage level. Intermediate
voltage levels at SEL_STBY should be avoided.

Table 2 Stand-by Regulator’s Output Voltage Configuration

No. |SEL_STBY Q_STBY
1 GND 26V
2 Q_STBY 1.0V
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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 additional package information, please go to the Infineon Internet

Page “Products”: http://www.infineon.com/products. Dimensions in mm
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