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XENSIV™ magnetic switch family with extended diagnostic

Features

ASIL B compliant device

Magnetic sensing using a horizontal Hall element for orthogonal sensing on PCB
ISO 26262 safety element out of context for safety requirements up to ASIL B
Built-in diagnostic with fault indication

Highly accurate magnetic sensitivity over temperature and life time

Over current protection

Over temperature protection

High robustness to thermal and mechanical stresses by active error compensation (chopping
technique)

Defined power on state at initial start-up
Optimized for pre-regulated power supply stages
Reverse battery protection (-18 V)

Load dump capability up to 42V

ESD performance * 4 kV

Potential applications

Window lift / sun roof

Power closure actuators

Seat positioning / seat belt pretensioner

BLDC commutation for automotive and industrial applications
Shutter & garage door openers

Product validation
Product validation according to AEC-Q100, Grade 0. Qualified for automotive applications.

Description
This sensor measures the magnetic field orthogonal to the PCB direction in Z direction. The sensor has an open drain

output providing speed information. The sensor is developed according to ISO 26262 and provides built-in diagnosis functions to
support functional safety applications with requirements up to ASIL B. The device is AEC-100 compliant and Grade 0 qualified.

infineon

Qualified

@ ISO 26262
compliant

Product type Package Marking Ordering code
TLE49601-1M-S2 SOT23-3 11M SP005924303
TLE49601-3M-S2 SOT23-3 13M SP005924485
TLE49601-5M-S2 SOT23-3 15M SP005924491
TLE49604-1M-S2 SOT23-3 41M SP005924627
TLE49604-2M-S2 SOT23-3 42M SP005924552
TLE49604-4M-S2 SOT23-3 44M SP005924634
TLE49604-6M-S2 SOT23-3 46M SP005924642
TLE49604-7M-S2 S0T23-3 47M SP005924558
TLE49608-1M-S2 SOT23-3 81M SP005924532
Datasheet Please read the sections "Important notice" and "Warnings" at the end of this document Rev. 1.00
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1 Block diagram

afineon

1 Block diagram
VDD
Power Management
GND
Diagnosis
Signal OPEN _[X Q
Path DRAIN
Figure 1 Functional block diagram
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2 Pin configuration

2 Pin configuration
1 2
Figure 2 Pin out (PG-SOT23-3)
Table 1 Pin definition and function
Pin no. Symbol Function
1 VDD Chip supply voltage
2 Q Output
3 GND Ground
Note: GND is reference of all voltages
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3 General product characteristics

3 General product characteristics

3.1 Absolute maximum ratings

Attention: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to
the device. This is a stress rating only and functional operation of the device at these or any other
conditions above those indicated in the section "functional range" is not implied. Furthermore, only
single error cases are assumed. More than one stress/error case may also damage the device. A
positive current is flowing out of the device. Exposure to absolute maximum rating conditions for
extended periods may affect device reliability. During absolute maximum rating overload conditions
the voltage on VDD pins with respect to ground shall not exceed the values defined by the absolute
maximum ratings. Lifetime statements are an anticipation based on an extrapolation of Infineon’s
qualification test results. The actual lifetime of a component depends on its form of application and
type of use etc. and may deviate from such statement. Lifetime statements shall in no event extend the

agreed warranty period.
Table 2 Absolute maximum ratings
Parameter Symbol Values Unit Note or condition

Min. | Typ. | Max.

Supply voltage |Vpp -18.0 |- 320 |V
Supply voltage |Vpp - - 420 |V 10 h, no external resistor required
extended
Outputvoltage |Vq -0.5 |- 320 |V
Reverse output | /g rev -30.0 |- - mA
current
Junction T, -40.0 |- 155.0 |°C for 2000 h (not additive)
temperature
155°C
Junction T, -40.0 |- 165.0 |°C for 1000 h (not additive)
temperature
165°C
Junction T, -40.0 |- 175.0 |°C for 168 h (not additive)
temperature
175°C
Junction T, -40.0 |- 195.0 |°C for 3 x 1 h (additive)
temperature
195°C
Storage Ts -40.0 |- 150.0 |°C
temperature
Thermal Rin A - - 300.0 |K/W for PG-SOT23-3
resistance
junction to
ambient

(table continues...)
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3 General product characteristics

Table 2 (continued) Absolute maximum ratings

Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.

Thermal Rin it - - 100.0 |K/W

resistance

junction to lead

Maximum Bumax -1000 |- 1000 |mT

magnetic flux

density

Table 3 ESD protection

Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.

ESD voltage Vesp 4.0 |- 4.0 kv

(HBM)

ESD voltage VEsp -0.75 |- 0.75 kv Method AEC-Q100-011,C=200 pF,R=0.0Q

(CDM, all pins)

3.2 Functional range

The following functional range shall not be exceeded in order to ensure correct operation of the device. All
parameters specified in the following sections refer to these operating conditions unless otherwise indicated.

Table 4 Operating range

All voltages with respect to ground, positive current flowing into pin.

Parameter Symbol Values Unit Note or condition

Min. | Typ. | Max.

Supply voltage |Vpp 3.0 - 320 |V

(operating)

Output voltage | Vg -0.3 |- 320 |V

Output current | /g 0.0 - 10,0 |mA

Junction T, -40.0 |- 170.0 |°C

temperature

Magnetic signal | fiaq 0.0 - 10.0 |kHz For life tick indication see SOA safe operating area

input frequency of life tick

Table 5 Electrical characteristics

Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.

Supply current | /pp 1.1 1.7 2.5 mA

(table continues...)
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Table 5 (continued) Electrical characteristics

Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.

Reverse supply |/ppr - 0.05 |1.0 mA for Vpp=-18V

current

Output VQSAT - 0.2 0.5 Vv IQ =10 mA

saturation

voltage

Output leakage |/qgak - - 10.0 |[pA

current

Output current | Iop T 15,0 (225 |30.0 |[mA Internally limited

limitation

Output fall time | ¢ 0.17 |0.4 1.0 gs R =1.2 kQ; C,_ =50 pF no bypass capacitance

Output rise time | t, 0.4 0.5 1.0 us R =1.2kQ; C, =50 pF (oscilloscope capacitance);

no bypass capacitor

Delay time ty 9.0 15.0 |30.0 |ps

Power-on time | tpon - 80.0 |150.0 |ps Vop>3V,B<Bgrp-0.5mTorB=Bgp+0.5mT

3.2.1 Magnetic characteristics

Table 6 Magnetic characteristics overall

Magnetic parameters valid for each device

Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.

Effective noise | Byeff - 62.0 |- HTrms |rms=1sigma @ 25°C

Table 7 Magnetic characteristics TLE49601-1M-S2

Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.

Operating point | Bop 0.7 2.3 3.8 mT

at-40°C

Operating point | Bop 0.5 2.0 3.5 mT

at 25°C (default)

Operating point | Bop 0.1 1.4 2.8 mT

at 170°C

Release point at | Bgp -3.8  |-23  |-0.7 mT

-40°C

Release point at | Bgp -3.5 |-20 |-0.5 mT

25°C (default)

(table continues...)
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Table 7 (continued) Magnetic characteristics TLE49601-1M-S2

Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.

Release point at | Bgp 28 |-14 |-0.1 mT

170°C

Hysteresis at Bhys 3.1 4.5 6.0 mT

-40°C

Hysteresis at Bhys 2.6 4.0 5.4 mT

25°C

Hysteresis at Bhys 1.9 2.8 3.7 mT

170°C

Magnetic offset |Bor -1.0 |- 1.0 mT

Temperature TC - -2000 |- ppm/K

compensation

of magnetic

thresholds

Table 8 Magnetic characteristics TLE49601-3M-S2

Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.

Operating point | Bop 5.4 8.5 116 |mT

at-40°C

Operating point | Bop 4.6 7.5 104 |mT

at 25°C (default)

Operating point | Bop 3.0 53 7.7 mT

at 170°C

Release point at | Bgp -116 |-85 |54 |mT

-40°C

Release point at | Bgp -104 |-75 |-46 mT

25°C (default)

Release point at | Brp 7.7 |-53 |-3.0 mT

170°C

Hysteresis at Bhys 115 [17.0 [224 |mT

-40°C

Hysteresis at Bhys 10.2 [15.0 |198 |mT

25°C

Hysteresis at Buys 7.2 10.7 |141 |mT

170°C

Magnetic offset | Bogr -1.0 |- 1.0 mT

(table continues...)
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Table 8 (continued) Magnetic characteristics TLE49601-3M-S2

Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.

Temperature TC - -2000 |- ppm/K

compensation

of magnetic

thresholds

Table 9 Magnetic characteristics TLE49601-5M-S2

Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.

Operating point | Bop 11.7 [17.0 [222 |mT

at-40°C

Operating point | Bop 10.3 [15.0 [19.8 |mT

at 25°C (default)

Operating point | Bop 7.0 10.7 |143 |mT

at 170°C

Release point at | Bgp -22.2 |-17.0 |-11.7 |mT

-40°C

Release point at | Bgrp -19.8 |-15.0 |-10.3 |mT

25°C (default)

Release point at | Bgp -14.3 |-10.7 |-7.0 mT

170°C

Hysteresis at Bhys 231 |339 (447 |'mT

-40°C

Hysteresis at Buys 204 |30.0 (396 |'mT

25°C

Hysteresis at Buys 145 [21.3 |281 |mT

170°C

Magnetic offset |Bogr -1.0 |- 1.0 mT

Temperature TC - -2000 |- ppm/K

compensation

of magnetic

thresholds

Table 10 Magnetic characteristics TLE49608-1M-S2

Parameter Symbol Values Unit Note or condition

Min. | Typ. | Max.

Operating point | Bop -0.3 1.0 2.3 mT
at-40°C
(table continues...)
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Table 10 (continued) Magnetic characteristics TLE49608-1M-S2

Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.

Operating point | Bop -0.3 1.0 2.3 mT

at 25°C (default)

Operating point | Bop -0.3 1.0 2.3 mT

at 170°C

Release point at | Bgp 23 |-1.0 |03 mT

-40°C

Release point at | Bgp 2.3 -1.0 0.3 mT

25°C (default)

Release point at | Bgp 23 |-1.0 |03 mT

170°C

Hysteresis at Bhys 1.1 2.0 2.9 mT

-40°C

Hysteresis at Bhys 1.1 2.0 2.9 mT

25°C

Hysteresis at Bhyvs 1.1 2.0 2.9 mT

170°C

Temperature TC - 0.0 - ppm/K

compensation

of magnetic

thresholds

Table 11 Magnetic characteristics TLE49604-1M-S2

Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.

Operating point | Bop 143 (203 [264 |mT

at-40°C

Operating point | Bop 125 [18.0 [235 |mT

at 25°C (default)

Operating point | Bop 8.6 12.8 |17.0 |mT

at 170°C

Release point at | Bgp 9.6 141 |18.7 |mT

-40°C

Release point at | Bgp 8.4 125 |16.6 |mT

25°C (default)

Release point at | Bgp 5.7 8.9 121 |mT

170°C

Hysteresis at Buys 4.2 6.2 8.2 mT

-40°C

(table continues...)
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Table 11 (continued) Magnetic characteristics TLE49604-1M-S2

Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.

Hysteresis at Bhys 3.7 5.5 7.3 mT

25°C

Hysteresis at Bhys 2.7 3.9 5.2 mT

170°C

Temperature TC - -2000 |- ppm/K

compensation

of magnetic

thresholds

Table 12 Magnetic characteristics TLE49604-2M-S2

Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.

Operating point | Bop 227 |316 (406 |mT

at-40°C

Operating point | Bop 200 |28.0 |36.0 |mT

at 25°C (default)

Operating point | Bop 139 199 259 |mT

at 170°C

Release point at | Bgp 18.1 |254 (328 |mT

-40°C

Release point at | Bgp 159 225 |29.1 |mT

25°C (default)

Release point at | Bgp 11.0 |16.0 |21.0 |mT

170°C

Hysteresis at Buys 4.7 6.2 8.5 mT

-40°C

Hysteresis at Bhys 4.1 5.5 7.5 mT

25°C

Hysteresis at Bhys 2.9 3.9 5.3 mT

170°C

Temperature TC - -2000 |- ppm/K

compensation

of magnetic

thresholds

Datasheet 11 Rev. 1.00
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Table 13 Magnetic characteristics TLE49604-4M-S2

Parameter Symbol Values Unit Note or condition

Min. | Typ. | Max.

Operating point | Bop 7.5 113 151 |mT

at-40°C

Operating point | Bop 6.5 10.0 |13.5 |mT

at 25°C (default)

Operating point | Bgp 4.3 7.1 9.9 mT use adequate B-field
at 170°C

Release point at | Bgp 6.2 9.6 13.0 |mT

-40°C

Release point at | Bgp 5.4 8.5 11.6  |mT

25°C (default)

Release point at | Bgp 3.5 6.0 8.5 mT use adequate B-field
170°C

Hysteresis at Bhys 1.0 1.7 2.4 mT

-40°C

Hysteresis at Bhys 0.8 1.5 2.2 mT

25°C

Hysteresis at Bhys 0.5 1.1 1.7 mT

170°C

Temperature TC - -2000 |- ppm/K

compensation

of magnetic

thresholds

Table 14 Magnetic characteristics TLE49604-6M-S2

Parameter Symbol Values Unit Note or condition

Min. | Typ. | Max.

Operating point | Bop 2.0 4.0 6.0 mT

at-40°C

Operating point | Bop 1.6 3.5 5.4 mT

at 25°C (default)

Operating point | Bgp 0.9 2.5 4.1 mT use adequate B-field
at 170°C

Release point at | Bgp 1.1 2.8 4.5 mT

-40°C

Release point at | Bgp 0.9 2.5 4.1 mT

25°C (default)

Release point at | Brp 0.3 1.8 3.2 mT use adequate B-field
170°C

(table continues...)
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Table 14 (continued) Magnetic characteristics TLE49604-6M-S2

Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.

Hysteresis at Bhys 0.8 1.1 1.5 mT

-40°C

Hysteresis at Bhyvs 0.7 1.0 1.3 mT

25°C

Hysteresis at Bhys 0.5 0.7 0.9 mT

170°C

Temperature TC - -2000 |- ppm/K

compensation

of magnetic

thresholds

Table 15 Magnetic characteristics TLE49604-7M-S2

Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.

Operating point | Bop 7.1 10.7 |144 |mT

at -40°C

Operating point | Bop 6.1 9.5 129 |mT

at 25°C (default)

Operating point | Bop 4.1 6.8 9.4 mT

at 170°C

Release point at | Bgp 49 7.9 109 |mT

-40°C

Release point at | Bgp 4.3 7.0 9.8 mT

25°C (default)

Release point at | Bgp 2.7 5.0 7.2 mT

170°C

Hysteresis at Bhys 1.9 2.8 3.7 mT

-40°C

Hysteresis at Bhys 1.7 2.5 3.3 mT

25°C

Hysteresis at Bhys 1.2 1.8 2.3 mT

170°C

Temperature TC - -2000 |- ppm/K

compensation

of magnetic

thresholds

Datasheet 13 Rev. 1.00
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3 General product characteristics

3.2.2 Magnetic sensing direction

Positive magnetic fields are defined with the south pole of the magnet as shown in Figure 3. Afield applied to the
branded side of the package is in Z-direction

Branded Side

AN

[ ]

Z-Axis

Figure 3 Field direction definition

The magnet wheel can be placed for example as shown in Figure 4

/-Position

Figure 4 Example of usage of magnet wheel

Datasheet 14 Rev. 1.00
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4 Product features

4 Product features

4.1 Functional description

The new Infineon Hall sensor provides an open drain speed output Q in order to detect a magnetic signal. ANMOS
output transistor for continuous current is implemented. It operates from a regulated supply voltage of Vpp_min up to
VDD_max.

The signal delay time t4 is a propagation time from detecting a signal to proceed the output. When a magnetic field is
applied or removed from the sensor, it switches as shown in the course of the switching process see Figure 5.

Applied Magnetic Field

Figure 5 Timing diagram
A Vo
Va high
Y
VQ_low
B
>
Brp 0 Bop
Figure 6 Output signal of bipolar latch when magnet field is applied
Datasheet 15 Rev. 1.00
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A VQ
VQ high
Y
VQ_low
B
»
0 Bop
Figure 7 Output signal of unipolar switch when magnet field is applied

The magnetic thresholds exhibit a hysteresis Byys = Bop - Brp. In case of a power-on with a magnetic field B within
hysteresis (Bgp < B < Bop) the output of the sensor is set to the pull up voltage level (Vq) per default. After the first
crossing of Bop or Brp of the magnetic field the internal decision logic is set to the corresponding magnetic input
value. This means for B > Bop the output is switching to low for B > Bgp and Bpp > B > Bgp the output stays at V. See

in Figure 8.
Voo A tPon
A
Vbp_on fo-emeeeeeee-
Power on ramp i . The device always applies
; . Walevel at start-up
______________________ S R ——————
Vay i . independent from the
Magnetic field above threshold § | applied magnetic field
[ 65w |
i ; > ¢
Vo,
Magnetic field below threshold i ;
| B < Brp | : '
— > ¢
Voy L
Magnetic field in hysteresis
| Bop > B> BRP| E E
1 ! } t
Figure 8 Initial start-up behavior
Datasheet Rev. 1.00
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4 Product features

The device has an overtemperature protection (OTP). In case an OTP is triggered, the device will drive the output to
High-Z (high-impedance on output pin). This fault indication is maintained until OTP initiator is no longer present.
The open drain is released and switch resumes the normal behavior.

4.2 Diagnostic

Table 16 Diagnostic timing

The table shows the timing of the internal diagnostic according to the drawings.

Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.

Trigger time trrigger 6.0 10.0 [15.0 |ms

Pulse width life | twiqth 6.0 10.0 |16.0 |ps

tick

Blind time tBlind - - 200.0 |ps

4.2.1 Life tick

In respect to Figure 9

North is present: When no movement and the north pole is present, the signal output (red) is HIGH during operation.
The life tick signal is send out with a falling edge first.

South is present: When no movement and the south pole is present, the signal output (red) is LOW during operation.
The life tick signal is send out with a rising edge first.

Description: the missing life tick defines a fault indication. The output is latched in the last state during fail.

Datasheet 17 Rev. 1.00
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Fault Indication

Failure |

|
Fail Statel(Latch): NO Life Tick

Y

Qutput
A

NO Movement —
- NORTH Pole is present
- Output is HIGH

A\ 4

Diag

Diag. | ¥
—

Diag

twidth
Life Tick LOW

Qutput
_ : |

NO Movement trisger Fail Statel(Latch): NO Life Tick
- SOUTH Pole is present )
- Output is LOW '
T : |
|

\

Diag
Diag. | Y
Diag.

A\ 4

twidth
Life Tick HIGH
Figure 9 Life tick operating principle
4,2.2 Signal path
Internal Diagnostic Timing
During the blind time, changes on the
OUTPUT Signal magnet field will be not detected
A : tBlind :
V:V :
Sensing Magnetic Signal Signal Path Diagnostic & Recovery Sensing Magnetic Signal
A_k >
No change of Q during trrigger
twidth
Life Tick
Figure 10 Internal diagnostic diagram
Note: The sensor is able to run a self diagnosis on the signal path and in case of a fail a fault indication state will
be provided on the output.
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4.2.3 Safe operating area SOA Life Tick

The life tick is only present during passive mode (no moving encoder) or slow frequent active mode (slow moving
encoders) with a worst case corner frequency of f_corner_max =83 Hz.

The boarder frequency for the active mode is moving between:
« f_corner_max= 83 Hz (trigger_min =6 MS)

«  f_corner_typ =50 Hz (tyigger typ =10 Ms)

«  f_corner_min =33 Hz (trrigger_max =15 ms)

NO Life Tick:
fmag > 83Hz (active mode)

The safe operating shown in Figure 11 area shows when ever the life tick is present or not.

SOA Life Tick in active Mode t_safety_min

35

30

25
=
o)
g 20 i i
[
NO Life Tick
& 15
Q@
(@]
[a

10

5
~ Life Tick =
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
Revolution per Minute of Encoder [1/min]
—e—6ms =83Hz
Figure 11 SOA of life tick characteristic - number of pole pairs vs. rotational speed.
Datasheet 19 Rev. 1.00

2024-10-31



o~ _.
Infineon-TLE4960x-DS-v01_00-EN In fl neon
Datasheet

5 Application information

5 Application information

EMC verification is performed based on standardized test methods under nominal environmental and operational
conditions within a typical application circuit, which are clearly documented in the test report. The procedure is
consistent with Generic IC EMC Test Specification (BISS v2.1) and according ISO 26262 Part 5, Clause 10.

EMC test pass/fail criteria are derived from product specifications, application requirements and top-level safety
requirements. A defined relevant subset of the functional behavior and parameters of an IC is monitored during EMC
tests. Observed deviations from the intended IC behavior are part of the test documentation.

EMC requirements are not subject to production test and are verified by design and/or characterization based on
typical samples from a typical lot.

The characterization results will be assessed by technical experts and shared with the customer as a reference. Given
the dependency of EMC performance on the integration on system level, it is the system integrators responsibility to
ensure performance on system level..

- - - e e e e e e e e e e e = e = =
I Sensor modul : : Controller modul Power Supply :
: I I Voo [
| I | GND [
| | I [
| | I [
| | I — [
| || | |
| I I [
| | I [
| | |Ra |
| | I [
| | I Vbb [
| Vop I | [
| | I [
| aQp—— Signal I
| Coo : I [
: TLE4960x | : uC :
| | I [
| | I [
| | I [
, GND : : GND |
[
| = |
______________ | L e e e e e e ]
Figure 12 Example application diagram in 3-wire configuration
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Figure 13 Basic application circuitry
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Figure 14 Application circuitry for harsh environmental conditions
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Figure 15 ISO 7637-2 test circuit
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6 Package
6.1 SOT23-3

The TLE4960x is available in a small halogen-free SMD package PG-SOT23-3. Figure 16 and Figure 17 show the
appearance of the used package as well as the dimensions. Figure 18 shows the footprint information of the device
for PCB design. The dimensions of the transport packaging is shown in Figure 19.

Figure 16 Package SOT23-3
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1) Lead width can be 0.6 max. in dambar area SOT23.P0 V08

Figure 17 Outline of package SOT23-3 with dimensions
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Figure 18 Footprint of package SOT23-3
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Figure 19 Outline of package SOT23-3 with dimensions
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Figure 20 Distance between chip and package. d =0.385 mm
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Table 17 Revision history

Revision Date of release | Description of changes

number

Rev. 1.00 2024-10-31 Initial release
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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.

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
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