Reliability Assessment of VCSEL
Devices for 5 Gbit/s
Data Transmission
in Automotive Environments
Optical data transmission with data rates of up to 150 Mbit/s in automotive environments is realized today by using LED/RCLED transmitter devices. This article discusses a reliability assessment process for
VCSEL semiconductor devices by means of established reliability
methods to demonstrate the robustness under the demanding requirements. The assessment is based on the semiconductor device itself without regards to the packaging.
By Jörg Angstenberger and Dr. Viktor Tiederle

Description of automotive environmental requirements
First, the environmental requirements
and reliability goals of semiconductor
devices in automotive applications
have to be defined. By knowing the
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thermal distribution of the compartment area in the car, a temperature
model can be developed and the thermal requirements of the VCSEL in the
application can be derived. The mission
profile is principally defined by the required life time of the device in a specific compartment area of the vehicle.
In terms of motor vehicles made by important German manufacturers, this
information can be found in the LV124
specification [1] published by Audi, BMW,
Daimler, Porsche and
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ue to the fact that LED/PMMAbased transmission layers have
a limited bandwidth of about
100 up to 200 Mbit/s, there is a demand
to change some key devices in the optical physical layer to achieve higher data
rates. In terms of the transmitter, vertically emitting laser diodes (VCSEL, vertical cavity surface emitting diodes)
could be the choice to provide bandwidth in the range of several Gbit/s for
future optical automotive networks.
VCSEL devices are well established.
They are reliable in short-link datacom
applications such as Gigabit Ethernet.
However, there is no reliable data about
the robustness of VCSEL devices in automotive environments.

the failure rate of the device has to be
below the maximum accepted failure
rate over the defined car life time. The
required car life time is specified with
8,000 h according to LV124. With this
consequence, the potentially high failure rates in the early life of the device
have to be reduced by a production
measure such as burn-in. In addition,
the beginning of the wear-out phase
has to be far beyond the end of the defined car life time. There is no general
definition of a maximum accepted failure rate during the life of a car in the
automotive area. Nevertheless, for a
less complex automotive semiconductor device, random failure rates of
≤10 FIT are assumed and accepted.
Therefore, to demonstrate that a VCSEL
device is able to meet the reliability of
a standard automotive semiconductor,
a test setup is sought that proves this
magnitude over the defined car life
time with a confidence level of generally 90 percent.

(Source: Laser Components)
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Required temperature conditions
According to LV124 there are certain
temperature profiles corresponding to
different compartment areas in the car.
In the case of MOST applications, only
temperature profiles 1 and 2 are relevant. Considering the worst-case application condition, the further study
will be focused only on temperature
profile 2 (Table).
Figure 2 shows the thermal model
of a VCSEL device packaged and mounted within an electronic control unit
(ECU) in the compartment area. The
relevant temperature for the reliability
assessment is the same as the junction
temperature of the VCSEL device. The
junction temperature depends on the
ambient temperature – out of the related temperature profile of the compartment area – and the thermal resistance between the ambient temperaTemperature Temperature
Operating
Percentage
Profile 1 in °C Profile 2 in °C
hours
−40
−40
6
480
23
23
20
1,600
40
50
65
5,200
75
100
8
640
80
105
1
80
Operating hours complete:
8,000 h

Table. Temperature profiles according to LV124.
ture and the junction temperature. The
resulting thermal resistor is defined by
the thermal model of the VCSEL itself;
the thermal resistance of the packaging
and the temperature increase between
the surface of the VCSEL packaging and
the ambient temperature of the compartment area.

the maximum substrate temperature
and the power dissipation of the VCSEL.
This is fixed by the individual thermal
model of each VCSEL device. The power dissipation is related to the operating
current and has an assumed value of
about 5 mA (typical).
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Equation 1. Modified Arrhenius.
In this reliability assessment, there are
basically two intentions in performing
life time testing:
➜➜To determine the point in time when
the wear-out phase of the device begins and
➜➜to predict the random failure rate of
the device during the specified car
life time.
In this case, the scope of the reliability
validation is related to the bare VCSEL
chip without packaging and connections. So the life time test is focused
only on the failure mechanisms that are
activated by thermal stress. Therefore,
testing is done by using a high temperature operating life test setup
(HTOL). During the test, the VCSEL devices are in an active mode that is comparable with real operation, for instance
similar power dissipation.
To ensure that all possible failure
mechanisms are addressed by the test
setup, the junction temperature of the
VCSEL under test conditions has to coincide with the maximum possible
junction temperature of the corresponding temperature profile of the
compartment area at least. The maximum test temperature is limited by the
maximum junction temperature of the
VCSEL device and is specified by the
thermal model of each individual VCSEL.
Life time testing in order to predict
low random failure rates and late wearout behaviour is very time consuming.
Because the life time of an electronic
device generally decreases over an increase of operating temperature, there
is a possibility of accelerating the test

under certain conditions by increasing
the junction temperature in addition.
This behaviour is described by the
modified acceleration model of Arrhenius (Equation 1) and by the Telcordia
GR-468-CORE [3].
Obtaining wear-out and random
failure rate information from one single
test setup is challenging. On the one
hand, a significant acceleration by increasing the temperature and operating current is necessary to achieve an
acceptable test time for wear-out. On
the other, this high acceleration increases the risk of activating additional
random failure mechanisms that increase the random failure rate. Therefore, the life test is divided into two
different setups:
➜➜Determining the point of time for
wear-out and
➜➜the prediction of random failures.

Test setup for wear-out

Wear-out failures are generated by using a limited number of samples and
performing a high-temperature operating life test with a large acceleration
factor. Equation 1 demonstrates that a
high acceleration factor can be achieved
by increasing the test temperature and
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In Equation 2 you can see how to
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20,000 h with a confidence level of
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Model of Arrhenius considering a conand current), the graph can be transservative approach according to Telcorformed by using the Model of Arrhedia GR-468-CORE; the activation energy
nius. This results in a parallel right-shift
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tional current acceleration.
According to LV124, the required life
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Test setup random failures

Equation 3. Random failure rate.
In comparison to the test setup for
wear-out failure mechanisms used to
generate a significant number of failures in an acceptable time frame, the
test setup for random failure mechanisms tends to generate a large number
of device hours.
To assure that all inherent failure
mechanisms are activated, the test tem-
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Equation 2. Calulation of device hours at application condition.
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and a certain confidence level is calculated according to Equation 3:
To predict a failure rate not only for
a certain temperature but for the complete specified temperature profile according to LV124, the random failure
rate is calculated for each temperature
segment separately. Afterwards, the
failure rate of each temperature segment is weighted by the individual percentage of this segment. Finally, the
weighted failure rate of each segment
is added to obtain the random failure
rate for the complete temperature distribution. According to the defined requirements, the test setup has to be
able to prove a random failure rate of
about 10 FIT with a confidence level of
90 per cent.
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Future perspective
In 2012 a reliability study based on the
introduced evaluation method was realized on three VCSEL devices by different manufacturers. The selected devices fulfill the basic functional requirements of a potential further optical
MOST Physical Layer. Initial test results
furnish proof that the requirement of
an 8,000 h life time can be achieved
without running into wear-out. There
are also some initial test results that
demonstrate that a random failure rate
of around 10 FIT is realistic and feasible.
Some tests are still running and planned
to be finished by the middle of 2013.
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