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Lifetime of BLF574XR in broadcast and ISM applications

1. Introduction

BLF574XR is a device capable of delivering 600 W in CW or pulsed CW mode. The
device has no internal matching and can be used in very different applications such as
broadcast FM / VHF and ISM (Industrial, Scientific, Medical). The wide variety of
applications means that both RF parameters and reliability must be considered during the
design. This report explains the expected lifetime of the product in both typical and the
more severe applications.
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2. Failure mechanism at high temperature

The bath-tub curve, as shown in Figure 1, describes the failure rate of an LDMOS

transistor. Early failures temp
failures determine the failure

orarily dominate the failure rate but during useful life, random
rate which is flat. After the useful life, the failure rate

increases due to deterioration failures.

High temperature electromigration is the known dominating deterioration failure
mechanism. It has a lognormal distribution.
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Fig1. Failure rate bath-tub curve

Electromigration can be analyzed with Equation 1:

Ea

C it

MTF = <.e
n

(&)

where:

Ea = activation energy [eV]

k = bolzmann constant [eV/K]

n = current density acceleration exponent

J = current density [A/m?]
C = constant

TTF = glnom(p, u, o)

glnom (p, W, o) is the inverse

M =mean = In(MTF)
p = failure fraction, 0 < p <
o = standard deviation

AN11287#2 All information provided in

(1)
()
log normal distribution, where:
1, for example, p = 0.001 (0.1 %)
this document is subject to legal disclaimers. © Ampleon The Netherlands B.V. 2015. All rights reserved.

Application note Rev. 2 — 1 September 2015 4 of 17



ANNPLEON AN11287

Lifetime of BLF574XR in broadcast and ISM applications

Electromigration is dependent on temperature and current density. Current density can be
calculated using the DC current, the number of parallel cells of the device and the
width/thickness of the total metallization. The generation 6 LDMOS High-Voltage process
of Ampleon is designed to have excellent electromigration behavior, also under the most
severe conditions. The parameters Ea, n, C and metallization are specific for the Gené HV

process.
MTF = median time to failure, this number gives the time where 50 % of the population
has failed.
TTF = time to failure, this number gives the time where p [%] of the population has
failed.
p = normally given for 0.1 % failure fraction (0.1 % of the population has failed).

Ioc = DC current [A]
Note:

Ea is strongly material and process dependent and is determined and verified for each
major process change during process development.

Figure 2 and Figure 3 provide the TTF (p = 0.1 %) and MTF (p = 50 %) as a function of
temperature and DC current (Ipc of total device).

For pulsed applications, define lifetime during the pulse and correct it with 1/duty-cycle.
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(1) TTF;, T; = 200 °C: (5) TTF;, T; = 160 °C: (9): TTF;, Tj = 120 °C
(2) TTF;, T;= 190 °C: (6) TTF;, T; = 150 °C: (10) TTF;, T; = 110 °C
(3) TTF;, T; = 180 °C: (7) TTF;, T; = 140 °C: (1) TTF;, Tj = 100 °C
(4) TTF;, T;= 170 °C: (8) TTF;, T;= 130 °C

Fig2. Graph TTF BLF574XR (p = 0.1 %)

AN11287#2 All information provided in this document is subject to legal disclaimers. © Ampleon The Netherlands B.V. 2015. All rights reserved.

Application note Rev. 2 — 1 September 2015 50f 17




ANNPLEON AN11287

Lifetime of BLF574XR in broadcast and ISM applications

aaa-005940
L v s s s e s s s Tj:
year N0 ene o oeon—
OMTFio 100 WMMNNN [ /Y [T ] ] 11
@)MTF; 4 e : : 12
M NN H 7] =
i2 *&LJ\ i A A K
MTFis | oo SN TL | [ f000c] L
MTFi4 NN |1
MTF; 5 IO ﬁ e 1€

7 ) AN J /L] B—
MTF; g 5 / k / / e~ |19
@B MTF; 7 10 s — |1
MTFig N~k 1
MTF o ~ — |2

(DMTF; 10 10 B e T

i =

] || ~

0 8 16 24 32 40

DC current

(1) MTF;, T; = 200 °C: (5) MTF;, T, = 160 °C: (9) MTF;, Tj = 120 °C
(2) MTF;, T; = 190 °C: (6) MTF;, T, = 150 °C: (10) MTF,, T; = 110 °C
(3) MTF,, T, = 180 °C: (7) MTF;, T, = 140 °C: (11) MTF;, T; = 100 °C
(4) MTF;, T;= 170 °C: (8) MTF;, T; = 130 °C

Fig 3. Graph MTF BLF574XR (p = 50 %)

Figure 2 provides the time where the first failures due to electromigration can be
expected. In broadcast applications, the expected lifetime is 20 years or more. If the
lifetime is below the required lifetime, then the following can be done:

* more cooling (lower Ty, T¢c and T))

* lower Rin(c-h) by soldering or using better compound (for example, graphite-based
compound)

* increase drain efficiency using improved matching (optimum efficiency load instead of
optimum power load) or high efficiency architectures such as Doherty (for modulated
signals)

* reduce power (and dissipation)
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3. Thermal definitions and limitations

Tjunction Theatsink

\ 1 mm below Tjunction
heatsink surface Tcase at bottom flange

——

— Il

- Theatsink

1 mm below
heatsink surface

die

heatsink

cross section, flange is modeled here as 3 layers upper view (1/2 device)
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Fig4. Junction, case and heatsink temperature definitions of the device

BLF574XR Rip(j.c) = 0.18 KIW

The device can be soldered or mounted with thermal compound. Soldering the device
gives best thermal and electrical performance. A typical Ry c.h) for compound is
0.15 K/W to 0.2 K/W and for soldering, it is lower than 0.05 K/W.

The maximum junction temperature for BLF574XR is 200 °C.
The advised operational junction temperature for BLF574XR is approximately 150 °C.

A case temperature of 110 °C is considered as maximum to prevent any damage to the
device or PCB. AT; of 110 °C is used in the examples given on the following pages.

The maximum case temperature is limited by:

* the MOT (Maximum Operating Temperature) of the PCB material used. MOT is the
maximum temperature at which the PCB can be operated for an indefinite period
without significant degradation

¢ the maximum allowed flange/case temperature of the device
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3.1 Thermal resistance under pulsed condition (Zy,)
Figure 5 provides the Zi.c) for a duty cycle of 1 %, 2 %, 5 %, 10 %, 20 % and 50 %
(100 % = CW).
Rth(j-c) = Zth(j-c) at tp =10s.
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Fig 5.  Zs(.¢) for various duty cycles

examples:

tp =100 ps, d = 10 %: Zin.c) = 0.046
tp =100 ps, d = 20 %: Zin(i.c) = 0.060
tp=1ms,d =10 %: Zin.c) = 0.084
tp=1ms, d =20 %: Zipng.c) = 0.094
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4. Broadcast applications

BLF574XR can be used in broadcast applications such as VHF band 3 (DVB-T) and FM.
Electromigration has been calculated for both of these applications in the following
examples.

4.1 Example 1: Broadcast, DVB-T VHF Band-3
P, =100 W DVB-T, frequency = 225 MHz, efficiency = 30 %, T, = 110 °C

Vps =50 (V)

P, = 100 (W)
n=0.30

Ioc = 6.67 (A)

P = 233 (W)

0jc = 0.18 (K/W)
Te = 110 (°C)

T, = 146 (°C)

TTF = 209 (year)
MTF = 528 (year)

For this example: Ipc =6.7 A, TTF 0.1 % and MTF [year] as functions of Tj is as follows:
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Fig6. Example 1: TTF and MTF as a function of junction temperature
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4.2 Example 2: Broadcast, FM
P, = 600 W CW, frequency = 108 MHz, efficiency = 75 %, T, = 110 °C

Vps =50 (V)

Py =600 (W)
n=0.75

Ioc =16 (A)

P = 200 (W)

0.0 = 0.18 (K/W)
T, =110 (°C)

T, = 146 (°C)

TTF = 52 (year)
MTF = 130 (year)

For this example: Ipc = 16 A, TTF 0.1 % and MTF [year] as functions of T; is as follows:

105 aaa-005944

year

104

103

102

TTF 2) (1)
10

100 140 180 220 260
junction temperature (°C)

(1) MTF as a function of junction temperature
(2) TTF as a function of junction temperature

Fig7. Example 2: TTF and MTF as a function of junction temperature
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5. Industrial Scientific Medical (ISM) and Synchrotron applications

BLF574XR is used increasingly in ISM applications, for example to ignite a plasma. In
general, synchrotron applications belong to the most severe applications because high
CW power and an extreme ruggedness and reliability is needed. An example of a
frequency used in Synchrotron applications is 352 MHz or 500 MHz. BLF574XR requires
power levels of 500 W to 600 W pulsed or CW. Clearly for electromigration, CW is the
worst case signal (highest current density and temperature). Some examples are given for
typical and worst case synchrotron applications, on the following pages.

In the worst case situation (Section 5.2: 600 W, 65 % efficiency), approximately 11 years
lifetime (TTF 0.1 %) was calculated. To increase the lifetime, a reduced power level of
500 W results in an increased lifetime of 27 years (Section 5.3).
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5.1 Example 1: Typical efficiency
P, = 600 W CW, frequency = 500 MHz, efficiency = 70 %, T, = 110 °C

Vps = 50 (V)

P, = 600 (W)

n =0.70

Ioc = 17.14 (A)
P = 257 (W)

Bjc = 0.18 (K/W)
T, = 110 (°C)

T, = 156 (°C)

TTF = 25 (year)
MTF = 63 (year)

For this example: Ipc = 17.1 A, TTF 0.1 % and MTF [year] as functions of T; is as follows:

105 aaa-005945

year

104

103

102

TTF ) )
10 I~

1 ~ >

100 140 180 220 260
junction temperature (°C)

(1) MTF as a function of junction temperature
(2) TTF as a function of junction temperature

Fig8. Example 1: TTF and MTF as a function of junction temperature (typical efficiency)
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5.2 Example 2: Worst case
P, = 600 W CW, frequency = 500 MHz, efficiency = 65 %, T, = 110 °C

Vps = 50 (V)

P, = 600 (W)
n=0.65

Ioc = 18.46 (A)
P = 323 (W)

Bjc = 0.18 (K/W)
T, = 110 (°C)

T, = 168 (°C)

TTF =11 (year)
MTF = 28 (year)

For this example: Ipc = 18.5A, TTF 0.1 % and MTF [year] as functions of T; is as follows:
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Fig9. Example 2: TTF and MTF as a function of junction temperature (worst case)
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5.3 Example 3: Reduced power level (500 W)
P, =500 W CW, frequency = 500 MHz, efficiency = 65 %, T, = 110 °C

Vps =50 (V)

P, =500 (W)

n =0.65

Ipc = 15.39 (A)
P =269 (W)

0j.c = 0.18 (K/W)
T =110 (°C)

T; =158 (°C)
TTF = 27 (year)
MTF = 69 (year)

For this example: (Ipc = 15.4 A), TTF 0.1 % and MTF [year] as functions of T; is as follows:
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Fig 10. Example 1: TTF and MTF as a function of junction temperature (reduced power)

6. Conclusion

BLF574XR is a device suitable for broadcast and ISM applications. It can handle CW
power levels up to 600 W with very high ruggedness. Whether the full specified power
level gives sufficient lifetime, is dependent on cooling and efficiency of the device.
Synchrotron applications are among the most severe applications for electromigration. In
a worst case situation for a synchrotron application (for example, 600 W, 65 % efficiency,
T; =110 °C), lifetime (TTF 0.1 %) becomes critical (just above 10 years). In case more
lifetime is needed, reduce the junction temperature and/or lower the power level. For 500
W, 65 % efficiency and a case temperature of 110 °C, the lifetime TTF 0.1 % > 27 years
and MTF > 68 years.
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7. Abbreviations

8.

Glossary

Table 1. Abbreviations

Acronym Description

Cw Continuous Wave

DVB Digital Video Broadcast

DVB-T Digital Video Broadcast - Terrestrial
FM Frequency Modulation

ISM Industrial, Scientific and Medical
MTF Median Time to Failure

PCB Printed Circuit Board

RF Radio Frequency

TTF Time to Failure

UHF Ultra High Frequency

VHF Very High Frequency

AN11287#2

lpc — DC current

n — efficiency

P — Power dissipation

P, — Output power

R¢h — Thermal resistance

Rtn(c-n) — Thermal resistance case to heatsink
Rth(j-c) = 6j.c — Thermal resistance junction to case
T. — Case temperature

T, — Heatsink temperature

T; — Junction temperature

Vps — Drain source voltage

Zy, — Thermal impedance

Zih(c-h) — Thermal impedance case to heatsink

Zih(j-c) — Thermal impedance junction to case

All information provided in this document is subject to legal disclaimers.
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9. Legal information

9.1 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
maodifications or additions. Ampleon does not give any representations or
warranties as to the accuracy or completeness of information included herein
and shall have no liability for the consequences of use of such information.

9.2 Disclaimers

Limited warranty and liability — Information in this document is believed to
be accurate and reliable. However, Ampleon does not give any
representations or warranties, expressed or implied, as to the accuracy or
completeness of such information and shall have no liability for the
consequences of use of such information. Ampleon takes no responsibility for
the content in this document if provided by an information source outside of
Ampleon.

In no event shall Ampleon be liable for any indirect, incidental, punitive,
special or consequential damages (including - without limitation - lost profits,
lost savings, business interruption, costs related to the removal or
replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, Ampleon’ aggregate and cumulative liability towards customer
for the products described herein shall be limited in accordance with the
Terms and conditions of commercial sale of Ampleon.

Right to make changes — Ampleon reserves the right to make changes to
information published in this document, including without limitation
specifications and product descriptions, at any time and without notice. This
document supersedes and replaces all information supplied prior to the
publication hereof.

Suitability for use — Ampleon products are not designed, authorized or
warranted to be suitable for use in life support, life-critical or safety-critical
systems or equipment, nor in applications where failure or malfunction of an
Ampleon product can reasonably be expected to result in personal injury,
death or severe property or environmental damage. Ampleon and its
suppliers accept no liability for inclusion and/or use of Ampleon products in
such equipment or applications and therefore such inclusion and/or use is at
the customer’s own risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. Ampleon makes no representation
or warranty that such applications will be suitable for the specified use without
further testing or modification.

Customers are responsible for the design and operation of their applications
and products using Ampleon products, and Ampleon accepts no liability for
any assistance with applications or customer product design. It is customer’s
sole responsibility to determine whether the Ampleon product is suitable and
fit for the customer’s applications and products planned, as well as for the
planned application and use of customer’s third party customer(s). Customers
should provide appropriate design and operating safeguards to minimize the
risks associated with their applications and products.

AN11287#2

All information provided in this document is subject to legal disclaimers.

Ampleon does not accept any liability related to any default, damage, costs or
problem which is based on any weakness or default in the customer’s
applications or products, or the application or use by customer’s third party
customer(s). Customer is responsible for doing all necessary testing for the
customer’s applications and products using Ampleon products in order to
avoid a default of the applications and the products or of the application or
use by customer’s third party customer(s). Ampleon does not accept any
liability in this respect.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Evaluation products — This product is provided on an “as is” and “with all
faults” basis for evaluation purposes only. Ampleon, its affiliates and their
suppliers expressly disclaim all warranties, whether express, implied or
statutory, including but not limited to the implied warranties of
non-infringement, merchantability and fitness for a particular purpose. The
entire risk as to the quality, or arising out of the use or performance, of this
product remains with customer.

In no event shall Ampleon, its affiliates or their suppliers be liable to customer
for any special, indirect, consequential, punitive or incidental damages
(including without limitation damages for loss of business, business
interruption, loss of use, loss of data or information, and the like) arising out
the use of or inability to use the product, whether or not based on tort
(including negligence), strict liability, breach of contract, breach of warranty or
any other theory, even if advised of the possibility of such damages.

Notwithstanding any damages that customer might incur for any reason
whatsoever (including without limitation, all damages referenced above and
all direct or general damages), the entire liability of Ampleon, its affiliates and
their suppliers and customer’s exclusive remedy for all of the foregoing shall
be limited to actual damages incurred by customer based on reasonable
reliance up to the greater of the amount actually paid by customer for the
product or five dollars (US$5.00). The foregoing limitations, exclusions and
disclaimers shall apply to the maximum extent permitted by applicable law,
even if any remedy fails of its essential purpose.

9.3 Trademarks

Notice: All referenced brands, product names, service names and trademarks
are the property of their respective owners.

Any reference or use of any ‘NXP’ trademark in this document or in or on the
surface of Ampleon products does not result in any claim, liability or
entitlement vis-a-vis the owner of this trademark. Ampleon is no longer part of
the NXP group of companies and any reference to or use of the ‘NXP’
trademarks will be replaced by reference to or use of Ampleon’s own Any
reference or use of any ‘NXP’ trademark in this document or in or on the
surface of Ampleon products does not result in any claim, liability or
entitlement vis-a-vis the owner of this trademark. Ampleon is no longer part of
the NXP group of companies and any reference to or use of the ‘NXP’
trademarks will be replaced by reference to or use of Ampleon’s own
trademarks.
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