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LED) and a photodetector has become indispensable, offering
simple and versatile wireless data transmission. The
applications are not limited to industrial settings — infrared
communication is relevant in everyday life, for example in
remote controls, medical devices, motion detectors, and
security systems. To use these components correctly, itis
important to understand how the IR diode and photodetector 50

“team” behaves in applications. This application note therefore

focuses on the behavior of phototransistors and photodiodes ,

under different circuit conditions. To this end, the effects on O vt
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collector current or photocurrent, output voltage, and, in the

case of phototransistors, switching times, are analyzed, Figure 1: Example of the forward current profile Ir against the

forward voltage Vr of the IR-LED.

First, a brief introduction explains how the IR LED and the
This provides a clear characterization and describes the

phototransistor or photodiode behave on their own, then to

understand what must be considered when combining the current-voltage behavior of the IR LED in forward direction.
“emitter”, the IR LED, with the "detector”, the phototransistor  For data transmission, however, the optical properties are
crucial, especially the IR emission at a given current. The key

or photodiode.
parameter for IR LEDs is radiant intensity.

1.1 IR-LED as emitter
For Wirth Elektronik's IR LEDs, the relationship between

Physical parameters in the datasheet radiant intensity and forward current is approximately linear
(see Figure 2).
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Like any diode, the IR LED has an |-V characteristic curve (see
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Figure 2: Example of the radiant intensity profile against the forward

current of the IR LED.
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This allows the electrical and optical behavior to be
characterized almost completely.

However, additional parameters are of critical importance for
data transmission. The wavelength (850 nm or 940 nm for
WE) and the emitted spectrum are particularly important and
both must be considered. These parameters must be matched
to the detector, which will be shown later. In relation with
radiant intensity, as previously described, the angle in which
the LED emits plays an important role. When selecting a
suitable IR LED, these datasheet values must be adapted to
the specific application and conditions.

For data transmission, the IR LED is operated in pulsed mode.
This has the advantage that less energy is required and the
signal can be digitized more easily than in continuous mode. To
ensure only minimal delays on the emitter side, it is important
to pay attention to the IR LED switching times. As can be seen
in Figure 3, IR LEDs have relatively long rise and fall times at
low currents; these decrease significantly as the current

increases.
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Figure 3: Example of the switching time profile of IR LEDs.

The exact dependence on current and the magnitude of the
switching times vary from one LED to the next and must be
evaluated individually for each application.

1.2 Phototransistor and photodiode as detectors

Once the optical signal has been transmitted by the IR LED on
the emitter side, it must then be converted back into an
electrical signal on the detector side. Wirth Elektronik offers
two options here: The phototransistor and the photodiode. In
both components, the input parameter is infrared light, and
the output parameter is a current: photocurrent for
photodiodes and collector current for phototransistors.
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Physical parameters in the phototransistor datasheet

= Wavelength of peak sensitivity - Areax: Wavelength at
which the phototransistor’s sensitivity is at its maximum

= Range of spectral bandwidth - A: Wavelength bandwidth
to which the phototransistor is sensitive

= Collector current - Icep: Current flowing through the
phototransistor (approximation e = Ic)

= Collector-emitter dark current - Icepar: Collector current
that flows without illumination of the phototransistor

= VViewing angle - 20s0%: Angle at which the phototransistor

detects

Physical parameters in the photodiode datasheet

= Wavelength of peak sensitivity - Areax: Wavelength at
which the photodiode’s sensitivity is at its maximum

= Range of spectral bandwidth - A: Wavelength bandwidth
to which the photodiode is sensitive

= Photo current - Ip: Current flowing through the
photodiode

= Dark current - In: Photocurrent that flows without
illumination of the photodiode

= Viewing angle - 20s0x: Angle at which the photodiode

detects

These detectors are available from the WE portfolio in
various packages with wavelengths of 850 nm and 940 nm.
The relationship shown in Figure 4 between irradiance and
photocurrent or collector current is linear for both.

Collector Current vs. Irradiance:
6

Collector Current [mA]
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Figure 4: Typical profile of the current against irradiance.
The main differences between the photodiode and

phototransistor are in the switching time and the current.
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The switching times of phototransistors are in the
microsecond range, whereas photodiodes operate in the
nanosecond range. The photocurrent is only a few
microamperes, while the collector current is in the order of
milliamperes. Depending on the application, it must be
determined which detector makes more sense. This
application note focuses on the behavior of both components
under different circuit parameters.

There are generally two basic circuit models for the two
detectors. For the phototransistor, these are the common
collector (CC) and common emitter (CE) circuits (Figure 5):

Vec Vec
0]
[]re N
—O Vour —O Vour

hN¢ i

= GND = GND

Figure 5: Circuit models for the photodetector (CC circuit on the left, CE
on the right).

With increasing irradiance, the output voltage decreases in an
emitter circuit, while it increases in a collector circuit. The same
circuit models can be applied to the photodiode. The output
voltage can be calculated from Ohm's law. For the collector
circuit, this means (1):

Vour =Vee - R legp (1)

And for the emitter circuit:

Vour =R " Iegsp (2)

The most important parameters for both the phototransistor
and the photodiode are listed in the datasheet. The key
electrical parameter is the collector current or photocurrent,
which is specified as a function of irradiance. There is a linear
relationship for both detectors, as was shown in Figure 4. For
the phototransistor, the collector-emitter voltage (the applied
supply voltage) also plays a role: as the collector-emitter
voltage increases, so does the collector current, as shown in
Figure 6.
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Collector Current vs. Collector-Emitter Voltage:
5.0
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Figure 6: Collector current against collector-emitter voltage.

These two graphs almost completely characterize the

electro-optical coupling.

As with the IR LED, additional optical parameters are
important for the photodetector. These include the
wavelength of maximum sensitivity and the bandwidth of
the phototransistor, which should be matched to the IR LED.
The viewing angle is crucial, as it indicates the angular range
within which the photodetector can detect. These
parameters are specified in the datasheet, as described
above.

When considering the bandwidth of the detector, it is
advisable to check whether a daylight filter should be used.
This filters visible light, thereby reducing interference from

external light sources.

1.3 Infrared Dream Team - a combination of emitter
and detector

The advertising slogan "Infrared Dream Team" describes the
perfectly matched combination of emitter and detector from
W(rth Elektronik. This ensures optimal communication
efficiency between the emitter and detector. In turn, this
enables fast switching times and perfect coupling between
the IR LED and photodetector.
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To make this work, the sensitivity of the photodetector is
matched to the emission spectrum of the IR LEDs — see
Figure 7.

100 A — 850 nm light spectrum
--- 940 nm light spectrum
— Spectral Sensitivity with daylight filter .
30 - -~ Spectral Sensitivity without daylight fi\terxx"

Relative Spectral Sensitivity [%]
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Wavelength (nm)

Figure 7: Relative sensitivity of the phototransistor/photodiode and

the relative emission power of the IR LED against wavelength.

1.4 Switching times of the components

The switching time describes the delay in the switch-on or
switch-off process of an electronic component. The entire
duration of the switching process can be shown by applying a
rectangular pulse. For using an IR emitter and a detector, the
profile of the signal applied to the IR LED is compared with the
signal at the detector’s load resistor. Figure 8 shows the
relationship between the switching times.
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Figure 8: Switching times of the input and output signal.

The time offset between the voltage applied to the IR diode
and the voltage measured at the phototransistor load resistor
includes both the delay of the IR diode current and the delay of
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the phototransistor collector current, depending on the
incident light.

The total delay from the rising edge of the input signal
(shown idealized in Figure 8) to 10% of the output signal is
known as the delay time to, on. The time the output signal
takes to rise from 10% to 90% of its value is known as the rise
time t.. The sum of these two times is referred to as the
switch-on time ton. Conversely, the time from the falling
edge of the input signal to 90% of the maximum value of the
output signal is the switch-off delay to, orr. The interval from
90% to 10% of the output signal is known as the fall time tr.
Here, the sum of the two is referred to as the switch-off time
torr. The following section considers how the rise and fall
times relate to the various circuit parameters.

The delay of the input signal at the IR LED to the
phototransistor is in the nanosecond range and thus
significantly shorter than the switching time of the
phototransistor, which is in the microsecond range, so itis
negligible in practice.

The following equation can be used to describe the switching
times of the phototransistor.[

k-T
t= BO . (— : (CEB + CCB) + RL : CCB) (3)
q-lce

Bo: photocurrent amplification

k-T: Boltzmann constant multiplied by temperature
g: elementary charge

Ice: collector current

Ccs: capacitance between collector and base

Cce: capacitance between collector and emitter

As evident from equation (3), the switching time depends on
the parasitic capacitances of the phototransistor. From the
analogy with a capacitor, it is known that it requires a certain
time to charge and discharge. As in this case, this leads to
delays in the rise and fall time of the voltage.

The switching times for the photodiode are not considered
separately in this application note, as they are in the range of
under 100 ns (as previously mentioned). In general, the
relationships described for the phototransistor can be
applied to the photodiode.

4|14
www.we-online.com



APPLICATION NOTE

ANOO14 | Signal transmission using IR diodes and photodetectors

2. CIRCUIT SETUP FOR ANALYSIS

Various circuits with transistors, OP amps, etc. can be used in
real applications on both the emitter and detector sides.
However, the focus of this application note is to illustrate the
behavior of the components, which is why a simple circuit was
chosen. This makes it possible to explain the fundamental
properties of the components and to transfer their behavior to
more complex circuits. On the emitter side, a pulse generator
is connected in series with a current-limiting resistor Rrand an
IR-LED. On the detector side there is a similar setup which
uses an emitter circuit. Here, a supply voltage Vcc is applied to
a series circuit consisting of a phototransistor/photodiode and
a load resistor Ri. The complete circuit diagram used for the

following results is shown in Figure 9.

(]
Ov 1

LED SZ\}A»QL/‘ PT

VOUT -

e

Figure 9: Circuit of the measurement setup with analyzed parameters

marked.

3. COLLECTOR CURRENT AND OUTPUT
VOLTAGE AS A FUNCTION OF VARIOUS
PARAMETERS

The circuit shown in Figure S is used to analyze the collector
current and output voltage with various circuit parameters.
The most important parameters for understanding are listed

below:

= |R-LED current, I
= Distance between IR-LED and PT/PD, d
= Supply voltage, Vcc

= | pad resistance, R
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3.1 LED current

The relationship between illuminance and collector current
was shown in Figure 2. In addition, the ratio between LED
current I and radiant intensity is shown in Figure 4. By
combining this information, it can be concluded that the
higher irradiance resulting from increased LED current leads
to arise in collector current on the detector side. As both
relationships are linear, their combination is linear. This
applies to both the phototransistor (Figure 10) and the
photodiode (Figure 11).

12mA o
1.0mA o
08mA
06 mA -

0.4 mA H

Collector Current

0.2mA H

0.0 mA T T 1
0mA 40 mA 80 mA 120 mA
LED Current

Figure 10: Collector current Ice against LED current lrat a constant
distance (1541418543011 to 1541411NEA210 at R, = 50 2 and
Vee=10V).
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Figure 11: Photocurrent Ip against LED current Irat a constant
distance (15414 194A3011 to 154114 1ECA570 at R, = 50 2 and
Vee=5 V).

The output voltage follows a linear relationship, as Ohm's

law applies according to equation (2).
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3.2 Distance

When designing emitter-detector circuits, the distance d
between the two components, “emitter” and “detector”, is one
of the most important parameters. It can be seen in Figure 12
(for phototransistors) and in Figure 13 (for photodiodes) that
the collector current Ic decreases quadratically with increasing

distance.
10mA - - 10V
1TmA A 1V )
- 80
& £
= o
= >
o
0.1TmA - + 01V
0.01mA T T 0.01V
0mm 100 mm 200 mm 300 mm
Distance
—— Collector current = = Output voltage
Figure 12: Collector current Ice and output voltage Vour against
distance d (15412094A3060 to 1541201NBA300 at Ir = 20 mA,
Vee=10Vand R, = 7 k).
TmA + - 10mVv
100 pA A ]
= %
c =
g F1mV ©
3 >
10 pA A
1 pA r 0.1mV
0mm 50 mm 100 mm
Distance

— Photocurrent — Output voltage

Figure 13: Photocurrent Ip and output voltage Vour against distance d
(15414 194A30117 to 1541741ECA570 at lr = 100 mA, Vec =5 I/ and
R =501

This can be explained by the distance law, which defines the

following proportionality between irradiance Ee and distance
d@
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Additionally, if we refer to the, linear relationship between
irradiance and collector current or photocurrent, as shown in
Figure 4, the relation from (4) can be additionally modified.
Taken into account the linearity of Ohm'’s law and the Output
voltage from eq. (1), (2) we can define the relation of the
output signal to distance as follow (5):

1

Vout~ F (5)

3.3 Supply voltage

For phototransistors, the relationship between collector

current and supply voltage in Figure 14 applies.

50mA

40mA
-
c
[J]
E 30mA -
3
(%]
A
2 20mA -
(*]
g —
S 1.0mA

0.0mA T T T 1

oV 10V 20V 30V
Supply voltage
— 1541411NEA210 — 1541201NBA300

Figure 14: Collector current Ice against supply voltage Vec for various
phototransistors (1541418543011 at lr= 100 mA and R, = 50 (J).

Here itis shown that different phototransistors exhibit
varying degrees of dependence on the supply voltage.

This profile corresponds to the relationship between collector
current and collector-emitter voltage described in the
datasheet. The following applies to the relationship between
supply voltage, collector-emitter voltage, and output voltage
e):

Vee =Vee +Vour (6)

The curves shown have strong similarities with the
characteristic curve of a bipolar transistor, with irradiance
replacing the base current. In this relationship, a set of
characteristic curves can be defined with the following
ranges:

= Saturation range: Vice < Ve sat
= Cutoff range (separation range): Vce >0 & Ee =0, lce = 0

= Active region (forward-active region): Vice > Vcesar
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Typical set of characteristic curves of a phototransistor is

shown in Figure 15.

A
Ic (R) Saturation

IFA

|F3

Active
le2
Ieq
T ||: = O >
Cut-off Vee (V)

Figure 15: Typical set of characteristic curves of a phototransistor.

When selecting the supply voltage Vcc itis important to note
that both the collector current Ic and the output voltage Vour
have a maximum value. These maximum values are defined by
Ohm's law: Ic < Vec / Re. For the output voltage, Vour < Vec
applies, as equation (2) applies here.

This relationship can be seen in Figure 16.

10mA

TmA o
-
c
[J]
=
3

Y 01mA -

0.01 mA : : !
0mm 100 mm 200 mm 300 mm
Distance
— 5V - 10V -_20V

Figure 16: Collector current Ice against distance d at different supply
voltages Vcc and with limitations (154 12094A3060 to
154120 1NBA300 at Ir= 20 mA and R. = 10 k12),

For photodiodes, a similar relationship applies between
photocurrent and supply voltage as for the phototransistor
(see Figure 17).
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Figure 17: Photocurrent Ip against supply voltage Vcc for different
photodiodes (1541419443011 at lr= 100 mA, R, = 50 2 and
Ee = 1 mW/cm?).

However, the same clearly defined ranges, as in the case of
the phototransistor, are not identifiable. Nevertheless,
different photodiodes exhibit varying degrees of dependence
on the supply voltage.

The profile shown in Figure 17 corresponds to the expected
behavior based on the (photo) diode characteristic curve.
According to theory, the reverse current rises with increasing
voltage. Like the phototransistor, the voltage across the
photodiode is directly linked to the supply voltage (7).

Vee = Vpiooe + Vour (7)

3.4 Load resistance

The appropriate load resistance for a specific application
depends on the parameters discussed earlier.

Figure 18 shows that the output voltage rises almost linearly

with increasing load resistance.

1.00 MA - - 9V

L 8V
. 096mA PV %
v}
b 6V =
e o
5 L sy 2
Y 092mA - 5
S Fa4v S
o =
K L 3y ©O

S

S 088mA L 5y

Y

0.84 mA ‘ ‘ ‘ ‘ ov

0kQ 2ka 4kQ 6 kQ 8kQ  10kQ

Load resistance

Figure 18: Collector current Ice and output voltage Vour against load
resistance R, at constant illuminance (154174 1854301717 to
15414 11NEA210at Ir= 120 mA, Vec =20V and d = 60.5 mm).
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The fact that this is the case follows from equation (2).
However, the profile is not perfectly linear, as the collector-
emitter voltage decreases with increasing output voltage
(Vee = Vee - Vour). This leads to a drop in collector current, as
shown in Figure 6. In combination with equation (2), this
results in the output voltage profile shown in Figure 18.

While the collector current shows only minor changes with
variations in load resistance (~pA/kQ), the change in output
voltage is significantly greater. In applications, this means that
a larger load resistance results in a higher output voltage. In
most cases, the influence of the collector current is negligible,
and the relationship between load resistance and output
voltage can be assumed to be linear.

For the photodiode, there is a similar dependence on the load
resistance as with the phototransistor. The cause is the same
and is related to the supply voltage curve shown in Figure 17.
As the profile is exponential, the behavior of the photodiode
has an exponential characteristic.

The collector current decreases, and the output voltage does
not increase linearly. In this case, since the photocurrent and
output voltage are low, these changes are not negligible and
need to be considered (Figure 19).

15pA ~ r 12mV
14 pA F 10 mV
[
8o
u F8mv 3
@ 13pA o =]
= >
2 F 6mV *é-
2 12pA 5
£ F4amV O
T1pA A L 2my
1-OUA T T T T omv
0kQ 2kQ 4 kQ 6 kQ 8k 10 kQ

Load resistance

Figure 19: Photocurrent Ip and output voltage Vour against load
resistance R, at constant illuminance (154174 7194A301717 to
7154005 1EC3590 at Ir = 100 mA, Vee = 10V and d = 20 mm).
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3.5 Summary

The graphs shown clearly indicate that various parameters

influence the collector/photocurrent and the output voltage.

Table 1 summarizes the effects of the individual parameters.

Collector Output voltage
Parameter Photocurrent Ip
current lee Vour
Increases . Increases
LED current I . Increases linearly .
linearly linearly
Decreases with Decreases with Decreases
Distance d 1/d2 1/d2 with 1/dz
| Approaches a |
ncreases ncreases
Suppl\\/lvoltage |- | value |- |
inear inear
« Y exponentially Y
Decreases Increases
Load Decreases

resistance R

approximately
linearly

exponentially

approximately
linearly

Table 1: Effects of the parameters on the collector current lce and

output voltage Vour.

This information serves as a basis for designing applications
thatinclude the IR LED and photodetector.

However, as shown in 3.3, the collector current and the

output voltage are limited by the supply voltage.

In applications, there are several approaches to counteract a

low output signal:

= Increasing the LED current, I

= Reducing the distance, d

= Increasing the supply voltage, Vcc

In addition, increasing the load resistance R. can achieve a

higher output voltage Vour.

If the listed options are not sufficient, it is possible to use

amplifier circuits with OP amps or transistors to amplify the

signal.
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4. SWITCHING TIME

As mentioned earlier, an IR LED is used to analyze the
switching times, as it has significantly shorter rise and fall
times (twr < 100 ns) than the phototransistor.

The rise and fall times are typically measured across the load
resistor R.. The circuit with the marked parameters is shown in
Figure 20, which are:

= collector current, Ice
= distance between IR-LED and photodiode, d
= supply voltage, Vcc

= |oad resistance, Rt

R(]

Ow. o
LED ¥/~ QL/‘ - C
—l— Vour — C:)
] I
L

Figure 20: Circuit parameters for measuring the switching time.

4.1 Collector current

Now that the behavior of the collector current under various
parameters has been explained, Figure 21 shows how the
switching time varies with the collector current.

25ps o
20 ps H

15 s A

Time

10 s

5ps +

O HS T T T T T 1
OmA 2mA 4mA 6mA 8mA 10mA 12mA
Current

= Rise Time — Fall Time

Figure 21: Rise time and fall time against collector current Ice
(1541418543011 to 15414 11NEA210 at lr= 100 mA, Vec = 10 V and
R =501
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The rise and fall times are inversely proportional to the
collector current and are significantly shorter at higher
collector currents. In general, the fall time is usually longer
than the rise time.

4.2 Distance

It has been shown that the collector current decreases
sharply as the distance increases. For the switching times,
this means that at greater distances, the rise and fall times
increase, see Figure 22.

25ps
20 ps A

15 ps o

Time

10 ps

5us -

Ops T T
100 mm 200 mm
Distance

0mm 300 mm

= Rise Time — Fall time

Figure 22: Rise time and fall time against distance d
(1541418543011 to 15414 11NEA210 at lr= 100 mA, Vec= 10V
and R, =501).

Combining equation (3) and equation (&) shows that the
relationship is quadratic. This means that the collector
current decreases with 1/d? and the switching times increase
with 1/lce.

4.3 Load resistance

In Figure 23, the profile of the switching times against load
resistance is shown.

160 ps
140 ps
120 ps
100 ps
80 ps
60 ps +
40ps H
20ps +

Time

Ops T T T T 1
0kQ 2kQ 4 kQ 6 kQ 8 kQ 10 kQ
Load resistance

— Rise time — Fall time

Figure 23: Rise time and fall time against load resistance R,
(1541418543011 to 15414 11NEA210 at lr= 100 mA, Vec= 10V
and Ee = 1 mW/cm?),
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The relationship shown is linear.

As previously explained, these delays are caused by parasitic
capacitances, among other factors. The exact theoretical
relationship is shown in equation (3). A simplified approach is
to compare this to the charging and discharging process of a
capacitor. The time constant is given by: t=R - C. To illustrate
the process, this relationship can be applied to the parasitic
capacitances of the phototransistor. This clearly explains the
linear profile of the switching times against resistance.

4.4 Supply voltage

The relationship between the rise and fall times and the supply
voltage is shown in Figure 24.
30ps
25ps o

20ps

Time

15 ps A
10 ps

5ps 4

Ops T T T T 1
oV 4\ 8V 122V 16V 20V
Supply voltage

— Rise time — Fall time

Figure 24: Rise time and fall time against supply voltage Vcc at
constant load (15414 1854301717 to 154741 1NEA210 at Ir= 100 mA,
R, = 10002 and E. = T mW/cr?).

It resembles an inverted phototransistor characteristic curve,
indicating that — with a lower collector currentin the
saturation range — the switching time is significantly longer
than in the active region. This relationship arises from the fact
that the connection between switching time and collector
current is inversely proportional. Here too, the dependence of
rise and fall times on the supply voltage varies between
phototransistors. It becomes clear that, like a bipolar
transistor, it is important to operate the phototransistor in its
active range.
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4.5 Results

For an overview, the key findings are summarized in Table 2,
which can be seen as a basis for circuit design with

phototransistors.
Parameter Impact on switching time ‘

. 1
Collector current Decreases with z

Distance Increases with d?

Supply voltage Decreases linearly

Load resistance Increases linearly

Table 2: Impacts of the parameters on the switching times.

The switching times depend strongly on the collector current,
which means that the distance between emitter and
detector can significantly influence the switching time. In
addition, a suitable supply voltage must be selected to
operate the phototransistor in the active range. However, it
is especially important to note that improper load resistance
can lead to a significant increase in switching time.

5. SUMMARY

The general relationships should now be clear for practical
application. The next step is to effectively link these
relationships and select the appropriate components and
settings. This will depend on the applications at hand — and
the geometric description. What is the detection length? Do
we have background noise? Etc..

In summary, it can be said:

= LED current: A higher LED current leads to a higher
irradiance and therefore to a larger output signal and

shorter switching times (until the system is saturated).

Distance: A greater distance between the LED and
receiver reduces the irradiance (= 1/r), resulting in

smaller output signals and longer switching times.

Supply voltage: A higher supply voltage increases the
available output voltage swing and can improve the

switching speed, especially by avoiding deep saturation.

Load resistance: A larger load resistance leads to a larger
output signal, but at the same time increases the time

constant (RC) and therefore the switching times.

With the goal of achieving short switching times and high
output signals, almost all parameters influence both output
signal and switching time, either positively or negatively.
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This means that a higher LED current, a shorter distance, and a
high supply voltage, can generally be optimized to achieve a
higher and faster output signal. The exception here is the load
resistance, as it increase results in a higher output signal and
in longer switching times. A compromise between signal
amplitude and speed must be found for the application.

This information can now be used to design simple circuits,
and it helps to understand behavior in more complex
applications.
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IMPORTANT NOTICE

The Application Note is based on our knowledge and experience of
typical requirements concerning these areas. It serves as general
guidance and should not be construed as a commitment for the
suitability for customer applications by Wiirth Elektronik eiSos GmbH
& Co. KG. The information in the Application Note is subject to change
without notice. This document and parts thereof must not be
reproduced or copied without written permission, and contents
thereof must not be imparted to a third party nor be used for any
unauthorized purpose.

Wirth Elektronik eiSos GmbH & Co. KG and its subsidiaries and
affiliates (WE) are not liable for application assistance of any kind.
Customers may use WE's assistance and product recommendations
for theirapplications and design. The responsibility for the applicability
and use of WE Products in a particular customer design is always
solely within the authority of the customer. Due to this fact it is up to
the customer to evaluate and investigate, where appropriate, and
decide whether the device with the specific product characteristics
described in the product specification is valid and suitable for the
respective customer application or not.

The technical specifications are stated in the current data sheet of the
products. Therefore the customers shall use the data sheets and are
cautioned to verify that data sheets are current. The current data
sheets can be downloaded at www.we-online.com. Customers shall
strictly observe any product-specific notes, cautions and warnings.
WE reserves the right to make corrections, modifications,
enhancements, improvements, and other changes toits products and
services.

WE DOES NOT WARRANT OR REPRESENT THAT ANY LICENSE,
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EITHER EXPRESS OR IMPLIED, IS GRANTED UNDER ANY PATENT
RIGHT, COPYRIGHT, MASK WORK RIGHT, OR OTHER INTELLECTUAL
PROPERTY RIGHT RELATING TO ANY COMBINATION, MACHINE, OR
PROCESS IN WHICH WE PRODUCTS OR SERVICES ARE USED.
INFORMATION PUBLISHED BY WE REGARDING THIRD-PARTY
PRODUCTS OR SERVICES DOES NOT CONSTITUTE A LICENSE FROM
WE TO USE SUCH PRODUCTS OR SERVICES OR A WARRANTY OR
ENDORSEMENT THEREOF.

WE products are not authorized for use in safety-critical applications,
or where a failure of the product is reasonably expected to cause
severe personal injury or death. Moreover, WE products are neither
designed nor intended for use in areas such as military, aerospace,
aviation, nuclear control, submarine, transportation (automotive
control, train control, ship control), transportation signal, disaster
prevention, medical, public information network etc. Customers shall
inform WE about the intent of such usage before design-in stage. In
certain customer applications requiring a very high level of safety and
in which the malfunction or failure of an electronic component could
endanger human life or health, customers must ensure that they have
all necessary expertise in the safety and regulatory ramifications of
their applications. Customers acknowledge and agree that they are
solely responsible for all legal, regulatory and safety-related
requirements concerning their products and any use of WE products
in such safety-critical applications, notwithstanding any applications-
related information or support that may be provided by WE.
CUSTOMERS SHALL INDEMNIFY WE AGAINST ANY DAMAGES
ARISING OUT OF THE USE OF WE PRODUCTS IN SUCH SAFETY-
CRITICAL APPLICATION.
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Tel. +49 7942945 -0
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