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PT3100/4100 Series

Reliability Prediction for PT3100/4100 Isolated
DC-DC Converters

Power Trends’ isolated DC-DC converters are designed
for high efficiency, small size, and high reliability.

Reliability prediction is used not only for estimating time
to failure but also as an important design tool. The calcula-
tions can help locate problem areas by identifying
overstressed parts or finding the highest contributor to fail-
ure. It determines the reliability impact of design changes as
well as the degree of environmental control needed to achieve
a desired reliability objective. To attain the best reliability,
Power Trends uses the latest and most advanced technology
in power supply components and very low thermal resistance
materials for packaging.

Design and Construction The Power Trends’ PT3100/4100
Series uses a forward converter topology as shown in Figure 26.
These converters switch at fixed frequencies of 650Khz

or 850Khz depending on the unit. The high frequency allows for
small magnetics and capacitors. The unit is packaged using a
copper leadframe, ceramic printed circuit board, and aluminum
case. Itis designed to have very low thermal

resistance from the internal components to the outer case. Ther-
mal characteristics are important to understand because device
temperature is a significant variable in reliability calculations.

Figure 26
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Reliability Prediction Methods While several prediction
standards exist, no one standard can be considered optimum
for all situations. A particular standard must be chosen based
on the operating conditions and the operating environment
that best reflects the end application.

The telecommunications industry uses Bellcore’s Techni-
cal Reference TR-NWT-000332, Reliability Prediction
Procedure for Electronic Equipment as their standard. This
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document includes 3 different prediction methods — “Parts
Count Method,” “Combining Laboratory Data With Parts
Count Data,” and “Predictions From Field Tracking.”
Within each method are several different cases that define the
various conditions.

MIL-HDBK-217, Reliability Prediction of Electronic Equip-
ment is a widely used standard that defines two prediction
methods — Part Stress Analysis Prediction that is applicable
during later design phases and Parts Count Reliability Predic-
tion that is applicable during early design phase and during
proposal formulation.

Bellcore Using Bellcore’s TR-NWT-000332, Method 1,
Case 1, the predicted reliability for the PT3100/4100 Series
is 250 FITs (Failures in 102 hours) or an MTBF (Mean Time
Between Failure) of 4,000,000 Hours. See Table 19. MTBF is
the inverse of FIT. This number is derived using the parts
count method and it assumes that all components have 50%
stress and an ambient temperature of 40°C in a ground, fixed,
controlled environment. TR-NWT-000332 states that
Method 1 prediction must be provided for all units unless the
requesting organization allows otherwise. Using the same
method but for a ground, fixed, uncontrolled environment,
the calculated reliability would be 375 FIT or an MTBF of
2,666,667 Hours.

MIL-HDBK-217F For a Part Stress Analysis Prediction, reli-
ability is determined by adding the failure rate of each part.
The failure rate of each part is evaluated individually and is
calculated by including the variables of temperature, stress
level, base failure rate, power rating, part quality factor, and
operating environment factor. For example, Equation (1) is
the formula for calculating the part failure rate, A, for a fixed
film resistor.

Equation (1)

Ap=Ap x Tl x T x Tz Failures/106 Hours
where,

Ab=5 x 10-5G.5 TR exp (S (5#))

Tk = Resistance factor

TTp = Quality factor

Tlg = Environment factor

Ay is the base failure rate where T is the ambient tempera-
ture in degrees C and S is the ratio of operating power to
rated power. The values are found in lookup tables within
MIL-HDBK-217. The MTBF is equal to the inverse of the
sum of all the part failure rates:

Equation (2)
MTBF = —-
N
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The PT3100/4100 Series has a predicted reliability of
over 1,000,000 hours MTBF in a ground benign environ-
ment. See Table 19. The part quality factor used as stated in
MIL-HDBK-217 is equal to “lower” (lower than military
rated components). The operating conditions are 48 volts
input and maximum load current in a 25°C ambient tempera-
ture environment.

Figures 27 and 28 show the MTBF with respect to tem-
perature, input voltage, and output load. The MTBF
decreases exponentally with temperature. The graphs also
show that reliability decreases as the input voltage increases
because the voltage stress ratio and component junction tem-
peratures increase. Higher output loads also raise the
component junction temperatures and decrease the reliability.
In essence, a high efficiency design using good thermal man-
agement maximizes the reliability by reducing junction and
case temperatures.
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Table 18
PREDICTED RELIABILITY FOR PT3100/4100 SERIES
Parameter
MTBF (Hours)
FITs (Failures in (Mean Time
Method 10° hours) Between Failures)
Bellcore TR-NW'T-000332
Parts Count
(ground fixed, controlled 250 4,000,000
environment)
(grqund fixed, uncontrolled 375 2,666,667
environment)
MIL-HDBK-217F
Part Stress Analysis 963 1,038,000
(Ta= 25°C, ground benign)
Figure 27 Figure 28
MTBF VS TEMPERATURE MTBF VS TEMPERATURE
AND INPUT VOLTAGE AND OUTPUT CURRENT
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TIPRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'’S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.
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