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OPTIREG™ linear TLS820F3ELV33

Low dropout linear voltage regulator with watchdog and reset

=\
Kecd & a RoHS

Qualified

Features

+ Outputvoltage 3.3V +2%

+ Current capability 200 mA

+ Inputvoltage range from3Vto42V

« Stable with 1 uF ceramic output capacitor

« Ultra low current consumption: typically 26 A

+ Very low drop out voltage: typically 100 mV at 100 mA

+ Watchdog circuit for monitoring a microprocessor

+ Watchdog inhibit

« Output voltage supervision by reset circuit:
- Programmable undervoltage reset threshold: minimum 2.5V
- Programmable delay time

+ Separate outputs for reset and watchdog

« Enable

« Output current limitation

« Overtemperature shutdown

« Green Product (RoHS compliant)

Potential applications

+ Automotive general ECUs

+ Telematics systems

« ADAS cameras and radar systems
« Navigation systems

« Body control modules

Product validation

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

Datasheet Rev. 1.1
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Low dropout linear voltage regulator with watchdog and reset

Description

The OPTIREG™ linear TLS820F3ELV33 is a high performance low drop out fixed output voltage regulator in a
PG-SSOP-14 package. With an input voltage range of 3V to 42 V and very low quiescent current of only 26 pA,
these regulators are perfectly suitable for automotive systems or other supply systems connected to the
battery permanently. The TLS820F3ELV33 provides an output voltage accuracy of +2% and a maximum output
current of 200 mA.

The loop concept combines fast regulation and very good stability while requiring only one small ceramic
capacitor of 1 uF at the output. The operating range starts already at an input voltage of only 3V (extended
operating range). This makes the TLS820F3ELV33 also suitable to supply automotive systems that need to
operate during cranking condition.

The device can be switched on and off via Enable.

The Reset supervises the output voltage, including undervoltage reset, delay reset at power-on and an
adjustable lower reset threshold.

An integrated Watchdog circuit with adjustable timing monitors the microcontroller’s operation. A shared
external delay capacitor sets both reset timing and watchdog timing.

Internal protection features such as output current limitation and overtemperature shutdown are
implemented to protect the device against immediate damage due to failures such as output short circuit to
GND, overcurrent and overtemperature.

Type Package Marking
TLS820F3ELV33 PG-SSOP-14 820F3V33
Datasheet 2 Rev.1.1

2023-10-16



o _.
OPTIREG™ linear TLS820F3ELV33 |nf|ne0n
Low dropout linear voltage regulator with watchdog and reset

Table of contents

2.1
2.2

3.1
3.2
3.3

4.1
4.1.1
4.1.2
4.2
4.2.1
4.3
431
4.4
4.4.1
4.4.2
4.5
4.5.1
4.5.2

5.1
5.2
521
5.2.2
5.3
5.4
5.5

Datasheet

FEAtUIES . vviiviiinieniereseoesroseosssosensssasssossossssssasssnsssssssssnsannns 1
Potential applications .. ....cciiiiiiiiiiiiiietneeeeeeeetoseososcossscososcoassssanans 1
Productvalidation ........coiiiiiiiiiiiiriieeiereieresroessnssssssnssssssnssscsnnns 1
DS CHIPEION .« it tiiititeteeeeeeoeoeacacoeoeasasasassssssssssosssssssssosasasssnsns 2
Tableofcontents ........ciiiiiiiiiiiiiiiiiiiiiiieeeieesseesereesesnsseesssncsnanns 3
Blockdiagram .......ciiiiiiiiinioiocosssssosasassssssssssssosssesssssesesosnsnans 4
Pinconfiguration .......oiiiiiiiiiiiineriieereenseessesossesassosssssssssnssosanns 5
PN @SS ENMENt . .. e e 5
Pin definitions and funCtions ......... i e e 5
General product characteristics .......ccciiiiiiiiiiiereeenreeceseocssescessssannnnes 7
Absolute MaximuUmM ratings ... ...ttt i et e e 7
FUNCEIONAl raN e ...ttt e e e e e 8
Thermal reSiStanCe L. e e e e 9
Block description and electrical characteristics .......ccoiiiiiiiiiitnieereececencenes 10
VOlEagE regUIAtOr . ..ottt e 10
Electrical characteristics voltage regulator ..........c..iiiiiiiiiiii it 11
Typical performance characteristics voltageregulator .......... ..o .. 13
CUITENt CONSUMPTION L. ittt ettt e ettt e ettt eneneeeennnnnnnnnns 16
Typical performance characteristics current consumption ...............ccciiiiieinn.... 18
BNl Lo e 20
Typical performance characteristicsenable ...........c i 21
RES Ot Lt e e e s 22
Electrical characteristics reset . ... ..ot e e 25
Typical performance characteristics reset .........vviiiiiii i e eeeeenns 28
WatChdOg .o e 30
Electrical characteristicswatchdog ...t e e 33
Typical performance characteristicswatchdog ...........coo i 35
Applicationinformation.........coiiiiiiiiiiiiinreterererosocssossosocococscncncnns 37
Application diagram .. ... e 37
Selection of external ComMpPONENtS ...ttt e et 37
g o U o 1 o 37

L 11 T o o TP 37
Thermal considerations ... ...ttt e et e 38
Reverse polarity ProteCtion ... ... e e e i e 38
Further applicationinformation ....... ... e e e 39
Packageinformation .........coiiiiiiiiiiiiiieiinresesrosrecasrossssassssassncnns 40
ReVISION NiStOry .. iviuiiiiiiiiiiiereeeeeeenasosesososossssssssssssssasssssssasass 41
3 Rev. 1.1

2023-10-16



o _.
OPTIREG™ linear TLS820F3ELV33 |nf|ne0n
Low dropout linear voltage regulator with watchdog and reset

Block diagram

1 Block diagram
(i ] - o
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Enable < Reset & RADJ ]
i ——1
Temperature Primary Watchdog
Shutdown Refelrenoe Generator D il
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Figurel Block diagram
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Pin configuration

2 Pin configuration
2.1 Pin assighment
| CI]10 SSOP-4 147171 Q
n.c.I | :2_““"“'_;1“"“"}13 | In.c.
EN I:I:3i § ;12:I:I WO
nc. [ 1 |4 o 1111 RO
WINH [T 5 » 1101 n.c.
WI [T 16 > ' 911 RADJ
GND 17 811D

Figure2  Pinassignment PG-SSOP-14

2.2 Pin definitions and functions
Pin Symbol |Function
1 | Input
It is recommended to connect a small ceramic capacitor from this pin to GND, close to
the pins, in order to compensate line influences.
2 n.c Not connected
Leave this pin open or connect it to GND.
3 EN Enable input
“High” signal enables the IC.
“Low” signal disables the IC.
This pin has an integrated pull-down resistor.
4 n.c Not connected
Leave this pin open or connect it to GND.
5 WINH Watchdog inhibit input
“Low” activates the watchdog function.
“High” deactivates the watchdog function.
This pin has an integrated pull-down resistor.
6 Wi Watchdog input
Serve watchdog with trigger input signal (usable for microcontroller monitoring).
This pin has an integrated pull-down resistor.
7 GND Ground
8 D Delay input
Connect an external capacitor from this pin to GND to set reset timing and watchdog
timing. If no capacitor is placed, then disable the watchdog.
Datasheet 5 Rev.1.1
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Pin configuration

Pin Symbol |Function

9 RADJ Reset threshold adjustment

Connect this pin to GND to use the default reset threshold.

Connect this pin to an external voltage divider to set a reset threshold other than the
default value.

If the reset function is not needed, then connect this pin to Q.

10 n. c. Not connected
Leave this pin open or connect it to GND.
11 RO Reset output

This pin has an integrated pull-up resistor to Q.
If the reset function is not needed, then leave this pin open.

12 WO Watchdog output
This pin has an integrated pull-up resistor to Q.
If the watchdog function is not needed, then leave this pin open.

13 n.c. Not connected
Leave this pin open or connect it to GND.

14 Q Regulator output
Connect the output capacitor C,, from this pin to GND close to the pin, respecting the
values specified for its capacitance and ESR in Functional range.

Pad - Exposed pad
Connect the exposed pad to a heatsink area.
Connect the exposed pad to GND.

Datasheet 6 Rev. 1.1
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General product characteristics

3 General product characteristics

3.1 Absolute maximum ratings

Table1 Absolute maximum ratings?

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

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

Voltage rating

Input voltage | v -0.3 |- 45 v - P_3.1.1

Enable voltage EN Ven -0.3 |- 45 v - P_3.1.2

Output voltage Q Vq -0.3 - 7 v - P_3.13

Reset output RO Vro -0.3 - 7 v - P_3.1.4

Delay voltage D Vo -0.3 |- 7 v - P_3.1.5

Reset threshold RADJ Vrapy -0.3 |- 7 v - P_3.1.6

Watchdog input WI Vi -0.3 |- 7 \Y - P_3.1.7

Watchdog output WO Vo -0.3 |- 7 \Y - P_3.1.8

Watchdog inhibit WINH Vivine -0.3 |- 7 \Y - P_3.1.9

Temperature

Junction temperature T, -40 - 150 °C - P_3.1.10

Storage temperature stg -55 - 150 |°C - P_3.1.11

ESD robustness

ESD robustness to GND Vespmam |2 - 2 kv 2/ HBM all pins P_3.1.12

ESD robustness to GND Vesp, com [-500 |- 500 |V ) CDM all pins except 1,7, | P_3.1.13

8,14
ESD robustness pins 1,7,8,14 | Vesp cpy |-750 |- 750 |V 3 CDM P_3.1.14
to GND

1) Not subject to production test, specified by design.
2) Human body model (HBM) robustness according to AEC-Q100-002.

3) Charged device model (CDM) robustness according to AEC-Q100-011 Rev-D; voltage level refers to test condition (TC)
mentioned in the standard.

Notes

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

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

3. Latchup robustness: class Il according to AEC - Q100-04.

Datasheet 7 Rev. 1.1
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General product characteristics

3.2 Functional range

Table 2 Functional range

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

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

Input voltage range V, Vonom* |~ 42 \Y 2 P_3.2.1
Vdr

Extended input voltage Viext 3 - 42 Vv 2 P_3.2.2

range

Enable voltage range Ven 0 - 42 v - P_3.2.3

Junction temperature T -40 - 150 °C - P_3.24

Output capacitance for Co 1 - - pF o |3 P_3.2.5

stable operation

ESR of output capacitor ESRcq - - 20 Q 49) P_3.2.6

1) Seethe values of output voltage V, and drop out voltage V,,, in Voltage regulator.

The output voltage V, follows the input voltage, but is outside the specified range, see Voltage regulator.
The minimum output capacitance requirement is applicable for a worst case capacitance tolerance of 30%.
Not subject to production test, specified by design.

Relevant ESR value at f= 10 kHz.

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

Datasheet 8 Rev. 1.1
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General product characteristics

3.3 Thermal resistance

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

Table 3 Thermal resistance

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

Junction to case Rijc |- 14 - K/w [ P_3.3.1

Junction to ambient Riua |- 132 |- K/W | Y2 Footprint only P_3.3.2

Junction to ambient Riua |- 67 - K/W  |Y2300 mm? heatsink | P_3.3.3
area on PCB

Junction to ambient Riyoa |- 57 - K/W |2 600 mm?heatsink | P_3.3.4
area on PCB

Junction to ambient Riua |- 48 - K/W  |[Y¥2s2p PCB P_3.3.5

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

2) Specified Ry, 5 value is according to JEDEC JESD51-3 at natural convection on FR4 1s0p board; The Product (chip and
package) was simulated on a 76.2 x 114.3 x 1.5 mm? board with 1 inner copper layer (1 x 70 um Cu).

3) Specified Ry, 4 valueisaccording to JEDEC JESD51-2,-5,-7 at natural convection on FR4 2s2p board; The Product (chip
and package) was simulated ona 76.2 x 114.3 x 1.5 mm?®board with 2 inner copper layers (2 x 70 um Cu, 2 x 35 um Cu).
Where applicable a thermal via array under the exposed pad contacted the first inner copper layer.

Datasheet 9 Rev. 1.1
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Block description and electrical characteristics

4 Block description and electrical characteristics

4.1 Voltage regulator

A resistor network divides the output voltage V,,. The device compares this fractional voltage to an internal
voltage reference and drives the pass transistor accordingly.

The control loop stability depends on the following factors:

« Output capacitor

+ Load current/q

+  Chip temperature T,

+ Internal circuit design

Output capacitor

To ensure stable operation, the capacitance of the output capacitor C, and its equivalent series resistor ESR
requirements must be maintained, see Functional range. The output capacitor must be sized according to
the requirements of the application, for example to buffer steps in the load current .

Input capacitors, reverse polarity protection diode

An input capacitor C, is recommended to compensate line influences. In order to block influences, such as
pulses and high frequency distortion at the input, use a reverse polarity protection diode and a combination
of several capacitors. Connect the capacitors close to the component’s terminals.

Smooth ramp-up

In order to prevent overshoot during startup, a smooth ramp-up function is implemented. This ensures a
reduced output voltage overshoot during startup, mostly independent from load and output capacitor.

Output current limitation

Due to a short circuit or overload condition the load current can exceed the specified limit. In this case the
device limits the output current and the output voltage decreases.

Overtemperature shutdown

The overtemperature shutdown circuit prevents the device from immediate destruction in case of a fault
condition, for example due to a permanent short circuit at the output. In such a condition the
overtemperature shutdown circuit switches off the device. After the device cools down, the regulator restarts.
This leads to an oscillatory behavior of the output voltage V,,. However, any junction temperature above 150°C
is outside the maximum ratings and therefore significantly reduces the lifetime of the device.

Datasheet 10 Rev. 1.1
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Block description and electrical characteristics

Regulated
Supply ! | /\ QJ., I Output Voltage
) Lt >
- gy
EN Current
Limitation
I— -——
Vv, =G = G I Vo
Enable |
- ESReo | LOAD
Temperature Primary | |
Shutdown Reference Ll
v | v
€1 GND
I 1 1

Figure3  Functional block diagram voltage regulator circuit

4
Vi
Vdr
VQ nom |
, 7
Vl(ex!),min’ ”””””” I/ STVQ = % LVQ ~ IQ,max - Jioad
'l Q dr Ca
T —
t
Figure4  Output voltage versus input voltage
4.1.1 Electrical characteristics voltage regulator

Table 4 Electrical characteristics voltage regulator

Vy=13.5V; T;=-40°C to 150°C; all voltages with respect to ground, direction of currents as shown in Figure 3
(unless otherwise specified)

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

Output voltage accuracy Vo 3.23 3.3 3.37 |V 50 pA = /g =100 mA; P_4.1.3
Vonom* Var V<42V

Output voltage accuracy Vo 3.23 3.3 3.37 |V 50 pA = /4 =200 mA; P_4.1.4
Vgnom * Var <V, <28V

Output voltage accuracy Vo 3.23 3.3 3.43 |V lq =50 uA; P_4.1.6
Vonom* Var sVi=42V

Output voltage startup slew  |AVy/At |7 - 70 V/ms |AV,/At=50V/ms; P_4.1.11

rate Co=1pF;
0.33V =V,=2.97V

Load regulation steady state |AVq 5,q |15 -5 5 mV l4=0.05mAto 200 mA; |P_4.1.12
V=65V

Line regulation steady state  |AVj ;e |5 1 10 mV V,=8Vto32V; P_4.1.14
lg=5mA

Power supply ripple rejection | PSRR - 64 - dB 2 fripple = 100 Hz; P_4.1.16
Viippte = 0.5 V3
1,=10 mA

Datasheet 11 Rev.1.1
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Block description and electrical characteristics

Table 4 Electrical characteristics voltage regulator (cont’d)

V,=13.5V; T;=-40°C to 150°C; all voltages with respect to ground, direction of currents as shown in Figure 3
(unless otherwise specified)

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

Dropout voltage V.=V, -V, Vyr - 110 250 mV Y I =100 mA P_4.1.19
Dropout voltage V.=V, -V, Vyr - 220 500 mV Y lq =200 mA P_4.1.20
Output current limitation lg.max 201 350 550 mA 0Vs=Vys Vonom 0.1V |P_4.1.25
Overtemperature shutdown | T, 4 151 175 200 °C 2 T;increasing P_4.1.27
threshold

Overtemperature shutdown | T, .4, - 15 - K 2 T, decreasing P_4.1.28
threshold hysteresis

1) Measured when the output voltage V,, has dropped 100 mV from its nominal value obtained at V,=13.5 V.
2) Not subject to production test, specified by design.

Datasheet 12 Rev. 1.1
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Block description and electrical characteristics

4.1.2 Typical performance characteristics voltage regulator
Output voltage V, versus Output current limitation /,,,,, versus
junction temperature 7, input voltage V,
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Output voltage V, versus Output voltage V, versus

output current /, input voltage V,
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Power supply ripple rejection PSRR versus

frequency f
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Block description and electrical characteristics

4.2 Current consumption

Table 5 Electrical characteristics current consumption

V/=13.5V, T;=-40°C to 150°C; all voltages with respect to ground; direction of currents see Figure 5
(unless otherwise specified)

Parameter Symbol Values Unit |Note or Test Condition | Number

Min. |Typ. |Max.
- - 1 MA Ven=0V; P_4.2.1
T;=105°C
- - 2 HA Ven=0V; P_4.2.2
T;=125°C
- - 2 HA Ven=0.4V; P_4.2.3
T;=125°C
Current consumption lg=1-1q]1 - 23 35 MA lo =50 pA; P_4.2.4
T;=25°C;
watchdog disabled
Current consumption /q =h-1y |l - 26 43 MA lq =50 pA; P_4.2.5
T;=125°C;
watchdog disabled
Current consumption Iq =h-lg |l - 29 51 MA lo =50 pA; P_4.2.6
T;=150°C;
watchdog disabled
Current consumption /,=1,-Iq |/ - 26 39 pA lq =50 pA; P_4.2.7
T;=25°C;
watchdog enabled
Current consumption /=1~ Iq |/ - 30 47 HA lq=50 pA; P_4.2.8
T;=125°C;
watchdog enabled
Current consumption lg=1-1q! - 33 55 MA lo =50 pA; P_4.2.9
T;=150°C;
watchdog enabled
Current consumption lg=1-1q]1 - 33 55 pA Y lq=200mA; P_4.2.10
T;=125°C;
watchdog enabled

Current consumption /, =/, g off

Current consumption /, =/, g, off

Current consumption /, =/, lq off

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

Datasheet 16 Rev. 1.1
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Block description and electrical characteristics

Regulated
Supply I | Q Iq Output Voltage
O 1] Ct >
Voltage Regulator +
"
c Ca T Vo [| roan
Vi — GND
I
Iq
\j
\ )
Figure5 Parameter definition
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Block description and electrical characteristics

4.2.1 Typical performance characteristics current consumption
Current consumption /, versus Current consumption /, versus
junction temperature 7, output current/,
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Block description and electrical characteristics

Current consumption [, . versus
input voltage V,
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Block description and electrical characteristics

4.3 Enable

The device can be switched on and off via the EN input:
«  “High”, for example battery voltage, enables the device
« “Low”, for example GND, disables the device

The enable function has a built in hysteresis to avoid toggling between on-state and off-state when signals
with slow slopes are applied to the EN input.

Table 6 Electrical characteristics enable
V,=13.5V, T;=-40°C to 150°C, all voltages with respect to ground (unless otherwise specified)

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

Enable “high” input voltage | Vgy 2 - - v Vq settled P_4.3.1

Enable “low” input voltage Ve, - - 0.8 v Vo=0.1V P_4.3.2

Enable threshold hysteresis | Vgy 1y, 90 - - mv |- P_4.3.3

Enable “high” input current | /gy - - 1 HA Vey=3.3V P_4.3.4

Enable “high” input current | /gy - - 6 HA Vey <18V P_4.3.5

Enable internal pull-down Ren 2.8 10 20 MQ |- P_4.3.6

resistor

Datasheet 20 Rev. 1.1
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Block description and electrical characteristics

4.3.1 Typical performance characteristics enable
Current consumption I, versus Output voltage V, versus
input voltage Vg, timet
20 6
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—T=1580°C 5
16 —T25C
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=1 v 5. 7
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- e
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4.4 Reset

The reset function monitors the output voltage V. It allows a connected system or microcontroller to react to
an imminent loss of power. To meet the requirements of the application, some reset related parameters can
be adjusted by measures described below.

Output undervoltage reset event

If V, drops below the output undervoltage reset lower switching threshold Vg1 ,,,, then the device detects an
output undervoltage event and sets the reset output pin RO to “low”. This signal can be used to reset a
microcontroller, which is supplied by V.

Reset reaction time

If the output voltage of the regulator drops below the output undervoltage reset lower switching threshold
Variowr then the delay capacitor Cj, discharges with the discharge current /g 4, As soon as the delay
capacitor’s voltage V, reaches the lower delay switching threshold Vi |, then the device sets the reset output
RO to “low”. The time from V/, dropping below V and the transition of the reset output RO to “low” is the
total reset reaction time ¢,

T,low
rr,total®
The total reset reaction time t
reactiontimet

rrotal 1S Telated to the delay capacitor discharge time ¢t 4 and the internal

rr,int*

Errtotal = Lerint T e (4.1)
with

tr total: TOtal reset reaction time
« t_. . Internal reset reaction time, see Internal reset reaction time

rr,int*
« t, 4 Delay capacitor discharge time. For C;, = 10 nF see value specified in Delay capacitor discharge time.
If the output voltage drop lasts shorter than the reset blanking time ¢,, .., then the delay capacitor does not
discharge and the device does not set the reset output RO to “low”. The reset blanking time prevents
unintentional microcontroller reset due to very short distortion of the output voltage, see Timing diagram
reset.
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Power-on reset delay time

Before startup of the regulator or after an undervoltage reset event, the delay capacitor C, discharges. If the
output voltage of the regulator exceeds the output undervoltage reset upper switching threshold Vi ;, then
this triggers the charging cycle of Cy,. C;, is charged with the delay capacitor charge current I, .. If /;, reaches
the higher delay switching threshold Vjy ,;, then the device sets the reset output RO to “high”. The time from
Vq exceeding Vyr y,; until the device sets the reset output RO to “high” is the power-on reset delay time ¢4 pyg on-
The power-on reset delay time allows a microcontroller to start up properly before the reset output RO is
released to “high”. The power-on reset delay time t4 oz oy Can be configured with the capacitance of the delay
capacitor C connected to pin D.

If a power-on reset delay time t oz oy different from the value for C, = 10 nF is required, then the necessary
delay capacitor’s value can be derived from the specified value given in Reset delay timing by:

Cp =10 nF Xty owron / tapwr-oN 10nF (4.2)
with

+ typwron: Desired power-on reset delay time

*  typwron10nr: POWer-on reset delay time, see Power-on reset delay time

+ Cp: Delay capacitor required

The formulaisvalid for Cp = 1 nF. For precise timing calculations also consider the delay capacitor’s tolerance.

Reset output RO

The reset output RO is an open collector output with an integrated pull-up resistor. If a lower-ohmic RO signal
is desired, then connect an external pull-up resistor to the output Q. Since the maximum RO sink current is
limited, the minimum optional external resistor Ry, ., is specified in Reset output, external pull-up resistor

to Q.

Reset output RO “low” for Vo, =1V

If an undervoltage reset condition occurs, then the device keeps the reset output RO “low” for V, = 1V, even if
the input voltage V,is 0 V. This is achieved by supplying the reset circuit from the output capacitor.

Primary and secondary voltage reference

There are two voltage references implemented in the reset circuit to provide the Vi,p, 4, signal. The input of
the device supplies the primary voltage reference, while the output of the device supplies the secondary
voltage reference. If EN is “low”, then the device disables the primary bandgap along with the power stage. As
aconsequence, the primary bandgap voltage drops below the secondary bandgap voltage reference, whereas
the secondary bandgap then defines Vgyp, - This ensures that the device performs a controlled reset of the
output on being disabled. Due to internal filtering and buffering, switching from the primary voltage reference
to the secondary voltage reference occurs with some delay. The EN slope and the speed of the output voltage
ramp down determine this delay.
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Reset adjust function

An external voltage divider (Ryp,15 Rapyp) connected to RADJ can adjust the undervoltage reset switching
threshold to the application’s needs. To select the default threshold, connect the RADJ pin to GND. For reset
adjustment range, see Reset adjustment range.

For dimensioning the voltage divider, consider the additional current flowing through the resistors.

With a voltage divider connected to RADJ, the output undervoltage reset lower switching threshold V
is calculated as follows (neglecting the reset adjust pin current I,y ):

T,low,new

VRT,low,new = VRADJ,th X (RADJ,l + RADJ,2) / RADJ,Z (4.3)
with

* Vit.iownew: Desired reset switching threshold

* Rapy1» Ranyo: Resistors of the external voltage divider, see Figure 7

* Viapun: Reset adjust switching threshold, see Reset adjust switching threshold

Supply’ ] l i l

L ’ VDD

T

}—HA—[] Reset

Q

Rro

optional

Secondary
Reference

RO

Microcontroller

Primary
Reference

Ip,charge +
Vs high—| =
—o

|RD‘d\sdwarge

EN

VosTion—+

Irany E
L . g
] o ol [] Riosz oo
T 1o T
1 i
Figure7  Functional block diagram reset
4.4.1 Electrical characteristics reset

Table 7 Electrical characteristics reset

V,=13.5V, T;=-40°C to 150°C; all voltages with respect to ground; direction of currents see Figure 7
(unless otherwise specified)

Parameter Symbol Values Unit |Note or Test Condition | Number

Min. |Typ. |Max.

Output undervoltage reset comparator default values (Pin RADJ = GND)

Output undervoltage reset VRt low 297 |3.03 [3.10 |V Venz2.0V; P_4.4.5
lower switching threshold Vq decreasing;

RADJ connected to

GND;

Variow S V542V
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Table7 Electrical characteristics reset (cont’d)

V/=13.5V, T;=-40°C to 150°C; all voltages with respect to ground; direction of currents see Figure 7
(unless otherwise specified)

Parameter Symbol Values Unit |Note or Test Condition | Number
Min. |Typ. |Max.
Output undervoltage reset VRT high 3.03 [3.10 [3.17 |V Ven22.0V; P_4.4.7
upper switching threshold Vq increasing;
RADJ connected to
GND;
Verpigh=V =42V
Output undervoltage reset VRT hy 20 66 132 |'mV |V, within operating P_4.4.11
switching hysteresis range;
RADJ connected to GND
Vey=2.0V
Reset threshold adjustment
Reset adjust switching Vrap th 0.82 |0.9 0.94 |V - P_4.4.13
threshold
Reset adjustment range VRt range 2.5 - 29 |V 2 P_4.4.15
Reset output RO
Reset output “low” voltage Vro low - 0.2 04 |V 1V=Vo=Vip P_4.4.16
Reo.ext = 6.2 kQ
Reset output, external pull-up | Rgg oy 6.2 - - kQ 1VsVysWey P_4.4.17
resistorto Q Vep 0.4V
Reset output, internal pull-up | Rgg ot 10 20 35 kQ Internally connected P_4.4.18
resistor toQ
Reset delay timing
Upper delay switching VR igh - 0.9 - v - P_4.4.19
threshold
Lower delay switching VoRr low - 0.6 - v - P_4.4.20
threshold
Delay capacitor charge I ch - 1.6 - HA Vp=1.2V P_4.4.21
current
Delay capacitor reset IpR dsch - 180 |- mA |Vp,=1.2V P_4.4.22
discharge current
Power-on reset delay time ta pwr- 3 6 9 ms |2 Calculated value; P_4.4.23
ON,10nF Cp=10nF;
Cp dischargedto 0V
Internal reset reaction time | ¢, 3 8 40 us Cp=0nF, V=264V, P_4.4.25
Viinm high < Ywinn
Delay capacitor discharge ter d,10nF - 0.2 03 |pus 2 C,=10nF P_4.4.26
time
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Table7 Electrical characteristics reset (cont’d)

V/=13.5V, T;=-40°C to 150°C; all voltages with respect to ground; direction of currents see Figure 7
(unless otherwise specified)

Parameter Symbol Values Unit |Note or Test Condition | Number

Min. |Typ. |Max.

Total reset reaction time tr total1onF |~ 10 41 us Calculated value: P_4.4.27
trr,d,lOnF + trr,int;
Cp=10nF

Reset blanking time o blank - 3 - us |3 P_4.4.28

1) Ifthe reset switching threshold is modified, then the related parameters Vi i, Vi, are changed directly
proportional.

2) For programming a different delay and reset reaction time, see Reset.

3) Notsubject to production test, specified by design.
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4.4.2 Typical performance characteristics reset
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4,5 Watchdog

The device offers a watchdog with inhibit feature and programmable watchdog timing. The watchdog
function monitors a microcontroller to detect time based failures. If the device detects a missing rising edge
at the Wi pin, then it sets the watchdog output to “low” after a defined time. An external delay capacitor C is
used to configure the timing. For details on how the Wi signal can comply with watchdog timing, see Timing
diagram watchdog.

The watchdog output WO is separated from the reset output RO. Therefore, the watchdog output can be used

as an interrupt signal for the microcontrollerindependently from the reset signal. It is possible to interconnect
WO pin and RO pin in order to establish a wired OR function with a dominant “low” signal.

Supply| | K QrI'|
O—I.Jl @ L1 +—L1 vDD
Lo fe
Rwo I |:|-§
S
wo
¢—[}<+—— 4] Reset
Int.
—@—/TO— Supp|y "
ID,charge Q R
= — Vow high
Microcontroller
o q s> | L
O +
OR ?"*" [ Rising w| «— JUL
Rwin Edge >—e— 1 {1 /0
_@_\O_' detect
|WD,disd1arge s Q RWI
D ‘L—._LGND

[9)
Hi1g

I

Figure8 Functional block diagram watchdog

Watchdog inhibit input WINH

The watchdog inhibit input WINH enables or disables the watchdog function. A “high” signal at WINH disables
the watchdog. When disabled, the capacitor at the D pin is charged to the watchdog deactivation hold voltage
Vow nola- The signal applied to WINH must comply with the values in Watchdog inhibit WINH.

Watchdog output WO

The watchdog output WO is an open collector output with an integrated pull-up resistor. If a lower-ohmic WO
signal is desired, then connect an external pull-up resistor to the output Q. Since the maximum WO sink
current is limited, the minimum external resistor value Ry ., is specified in Watchdog output external pull-
up resistor.
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Watchdog input WI

A positive edge at the watchdog input Wi triggers the watchdog. Because of the integrated high pass filter, the
amplitude and slope of the signal at Wi pin must comply with the values in Watchdog input WI. For details on
the test pulse applied, see Figure 9.

. A
" fwi,ph
Viwipigh -
, N
Wiow dVin! dt
t

Figure9 Test pulses watchdog input WI

Watchdog timing

If the watchdog is enabled and the device does not detect a rising edge at the WI pin, then the delay
capacitor C, is continuously charged and discharged between Vp o, @nd Vpy igh, Se€ Functional block
diagram watchdog. The WO pin goes “low” for t,,, , when the delay capacitor voltage V, discharges to Vi o
Due to the cyclic nature of this behavior, this pattern repeats with the watchdog period t, ,.

If the device detects a rising edge at the WI pin during the C,, discharge cycle, then a new charge cycle starts.
To prevent the device from setting WO to “low”, a rising edge on the WI pin must occur within the watchdog
trigger time ¢, ,,. For timing details see Timing diagram watchdog.

If a watchdog trigger time t,,, ., different from the one for C;, = 10 nF is required, then the delay capacitor’s value
can be derived from the value in Watchdog timing by:

Co =10 nF Xty o / twitr 10nF (4.4)
The watchdog output “low” time t;, |, and the watchdog period t, , equate to:

two,lo = two,io,10nF X Cp / 10 NF (4.5)
two,p = twier T two,lo (4.6)

The formula applies for C, = 1 nF. For precise timing calculations consider the delay capacitor’s tolerance.
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Figure10 Timing diagram watchdog
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4.5.1 Electrical characteristics watchdog

Table 8 Electrical characteristics watchdog

V/=13.5V, T;=-40°C to 150°C; all voltages with respect to ground, direction of currents see Figure 8
(unless otherwise specified)

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

Watchdog inhibit WINH

Watchdog inhibit “low” signal | Viynp 0w | = - 0.8 v - P_4.5.1

valid

Watchdog inhibit “high” signal | Vi pign |2 - - \Y - P_4.5.2

valid

Watchdog inhibit “high” level |y pign |- - 35 HA Vg =3.3V P_4.5.3

input current

Watchdog inhibit “high” signal | tyyupn |- 2.5 - ms Cp=10nF; P_4.5.5

pulse length Viuink = Ywinn.nigh

Watchdog inhibit internal pull- | Ryny 0.9 1.5 2.6 MQ |- P_4.5.6

down resistor

Watchdog input WI

Watchdog input “low” signal | Vi 0w |- - 0.8 |V 2 P_4.5.7

valid

Watchdog input “high” signal | Vi pgn |2 - - v 2 P_4.5.8

valid

Watchdog input “low” signal |ty 5 1 - - us Dy, < Wi,low P_4.5.9

pulse length

Watchdog input “high” signal |ty ,p 1 - - us Dy, = Vi high P_4.5.10

pulse length

Watchdog input “high” level |/, - - 35 HA V=33V P_45.11

input current

Watchdog input signal slew AV, /At |1 - - Vips | Y Viviiow = Vi < Vi pign | P—4.5.12

rate

Watchdog inputinternal pull- |Ry, 0.9 1.5 2.6 MQ |- P_4.5.13

down resistor

Watchdog output WO

Watchdog output “low” Vivo,tow - 0.2 0.4 v Vo225V, P_4.5.14

voltage Ryo26.2kQ

Watchdog output external pull- | Ryyg ey 6.2 - - kQ Voz2.5V; P_4.5.15

up resistor Vo <0.4V

Watchdog output internal pull-| Ry int 10 20 35 kQ - P_4.5.16

up resistor

Watchdog timing

Delay capacitor charge current |/, - 1.6 - HA Vp=1.2V P_4.5.17
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Table 8 Electrical characteristics watchdog (cont’d)

V/=13.5V, T;=-40°C to 150°C; all voltages with respect to ground, direction of currents see Figure 8
(unless otherwise specified)

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

Delay capacitor deactivation | Ipy ch geact | ~ 1.6 - HA Vp=1.2V P_4.5.18

charge current

Delay capacitor watchdog lowdisch |~ 0.5 - HA Vp=1.2V P_4.5.19

discharge current

Upper watchdog timing Vowhigh |~ 145 |- \Y - P_4.5.20

threshold

Lower watchdog timing Vow low - 0.9 - v - P_4.5.21

threshold

Upper delay watchdog Vow deact | = 1.5 - v Viving = Yivinm high P_4.5.22

deactivated hold voltage

Watchdog trigger time twitrionf | 3-5 13 21 ms |2 Calculated value; P_4.5.23
Cp=10nF

Watchdog output “low” time | typ 010nF |1-5 4 6 ms |2 Calculated value; P_4.5.24
Cp,=10nF

Watchdog period two,p,10nF | 17 27 ms |2 Calculated value; P_4.5.25
twi tr,10nF T twp,jo,10nF>
Cp=10nF

1) Fordetails on the test pulse applied, see Figure 9.
2) Forprogramming the watchdog timing, see Watchdog.
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4.5.2 Typical performance characteristics watchdog
Watchdog trigger time t, . versus Watchdog trigger time t, , versus
delay capacitor C, junction temperature 7,
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5 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.

5.1 Application diagram

Regulated output voltage

11
l 10upF| 100nF EN wo
12
<av
Enable

| WINH

Diy
Supply l 1 fﬁj\ o Q rJ'!
- IERR ]
o |l Limitation RO
I

o
]
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1}
]

Reset & RADJ Co=1uF | Microcontroller

Temperature Primary Watchdog
Shutdown Reference Generator

Wi

J‘j_' GND
I

(9]
Hiz

€ 4 L

e.g. Ignition

Figure 11 Application diagram

5.2 Selection of external components

5.2.1 Input pin

Figure 11 shows the typical input circuitry for a linear voltage regulator. A ceramic capacitor at the input, in
the range of 100 nF to 470 nF, is recommended to filter out high frequency disturbances imposed by the line,
such as SO pulses 3a/b. The capacitor must be placed very close to the input pin of the linear voltage regulator
on the PCB.

An aluminum electrolytic capacitor in the range of 10 puF to 470 pF is recommended as an input buffer to
smooth out high energy pulses, such as ISO pulse 2a. This capacitor should be placed close to the input pin of
the linear voltage regulator on the PCB.

An overvoltage suppressor diode can be used to further suppress any voltage exceeding the maximum rating
of the linear voltage regulator and protect the device against damage due to overvoltage.

The external components at the input are not mandatory for the operation of the voltage regulator, but they
are recommended in case of possible external disturbances.

5.2.2 Output pin
An output capacitor is mandatory for the stability of a linear voltage regulator. The requirement to the output
capacitor is given in Functional range.

The deviceis designed to be stable with extremely low ESR capacitors. According to automotive requirements,
ceramic capacitors with X5R or X7R dielectrics are recommended.

The output capacitor should be placed as close as possible to the regulator’s output and to GND pins and on
the same side of the PCB as the regulator itself.
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In case of rapid transients of input voltage or load current, the capacitance should be dimensioned in
accordance and verified in the real application to fulfill the output stability requirements.

5.3 Thermal considerations

Knowing the input voltage, the output voltage and the load profile of the application, the total power
dissipation can be calculated:

Py = (V- Vo) x g+ Vi %1, (5.1)
with

+ Pp:continuous power dissipation

« V:inputvoltage

« Vy outputvoltage

+ Iy output current

*+ Iqquiescent current

The maximum acceptable thermal resistance Ry, can then be calculated:

Ripsamax = (Tj,max -T,) /Py (5.2)
with

T max Maximum allowed junction temperature

+ T,:ambient temperature

Based on the above calculation the proper PCB type and the necessary heat sink area can be determined with
reference to the specification in Thermal resistance.

Example

Application conditions:

V=135V

Vp=3.3V

lq=50 mA

T,=85°C

Calculation of Ry, ja max:

Po = (V- Vo) X Ig +V;x 1,
=(13.5V-3.3V)x50mA+13.5Vx33 A
=0.510 W +0.000446 W

=0.510446 W

Rihsamax = (Tj,max -T,) /Py

=(150°C - 85°C) / 0.510446 W =127.33 K/W

As a result, the PCB design must ensure a thermal resistance Ry, lower than 127.33 K/W. According to
Thermalresistance, at least 300 mm? heatsink area is needed on the FR4 1s0p PCB, or the FR4 2s2p board can
be used.

5.4 Reverse polarity protection

The device must be protected from reverse polarity by external components. An external reverse polarity
diode is required. The Absolute maximum ratings of the device must be maintained.
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5.5 Further application information

+ Please contact Infineon for information on pin behavior assessment
+ Existing application note

» For further information you may contact https://www.infineon.com
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6 Package information

72X

1)
1) 2% 3.9:0.1

4.9:0.1 QAfB ® ‘ 0.35 x 0.45°
_ X —
x 1 0641025
ke Slo (=0 08[]
2 3 2 < 6:0.2 14:x
- =iF> eating Plane

J ‘ 0.2510.052> 3402
“HAARARME [

-

2.65:0.2

Index Marking

i, T

1) Does not include plastic or metal protrusion of 0.15 max. per side
2) Lead width can be 0.61 max. in dambar area

All dimensions are in units mm
The drawing is in compliance with ISO 128-30, Projection Method 1 [76@]

Figure12 PG-SSOP-14"

Green Product (RoHS compliant)

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

Further information on packages

https://www.infineon.com/packages

1) Dimensionsin mm
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IMPORTANT NOTICE

The information given in this document shall in no
event be regarded as a guarantee of conditions or
characteristics ("Beschaffenheitsgarantie").

With respect to any examples, hints or any typical
values stated herein and/or any information regarding
the application of the product, Infineon Technologies
hereby disclaims any and all warranties and liabilities
of any kind, including without limitation warranties of
non-infringement of intellectual property rights of any
third party.

In addition, any information given in this document is
subject to customer's compliance with its obligations
stated in this document and any applicable legal
requirements, norms and standards concerning
customer's products and any use of the product of
Infineon Technologies in customer's applications.
The data contained in this document is exclusively
intended for technically trained staff. It is the
responsibility of customer's technical departments to
evaluate the suitability of the product for the intended
application and the completeness of the product
information given in this document with respect to
such application.

For further information on technology, delivery terms
and conditions and prices, please contact the nearest
Infineon Technologies Office (wWww.infineon.com).

WARNINGS

Due to technical requirements products may contain
dangerous substances. For information on the types
in question please contact your nearest Infineon
Technologies office.

Except as otherwise explicitly approved by Infineon
Technologies in a written document signed by
authorized representatives of Infineon Technologies,
Infineon Technologies’ products may not be used in
any applications where a failure of the product or any
consequences of the use thereof can reasonably be
expected to result in personal injury.
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