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1. Introduction

In the semiconductor industry of today, it is accepted that using a product within its
life-time requirement is of upmost importance to guarantee a successful design.

This application note shows how to operate Ampleon driver products in an HYSON12
package within their life-time requirements.

The low-power driver BLP10H610 using Ampleon state of the art GEN6 HV LDMOS
technology is used as the leading example. This device is perfectly suitable as a
general-purpose driver in the HF to 1400 MHz frequency range.

2. Life-time

The limiting factor for the life-time of the current HYSON12-like package is the bond wire
to bonding pad interconnect. The life-time graph for this interconnect is presented in

Figure 1:
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The absolute maximum rating of the Ampleon HVSON12 driver products is 150 °C.

The life-time is defined as 0.1 % failures of the tested interconnects, that is the interconnect shows
a degradation that crosses a critical point.

Fig1. Ampleon HVSON12 life-time in relation to junction temperature

Figure 1 shows the relation between junction temperature (T;) and life-time (tjife-time)- It
shows that life-time can be increased by maintaining lower junction temperatures.

The achievable life-time depends on the application in which the product is used and
determines the maximum allowable junction temperature of the device in that application.
This maximum allowable junction temperature sets a boundary condition for performance
and thermal budget calculations.

The maximum junction temperature depends on:

* The dissipated power; Pgjss
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* The product thermal resistance from junction to case; Ry
* The product mounting thermal resistance; Rn(ch)

* The heatsink temperature; T.

The dissipated power depends on the application conditions and can be calculated from
Equation 1.
1-np

I:)diss = n_D X I:)out (1)

where: 1p is the drain efficiency and P, is the average output power.

The life-time requirement sets the junction temperature and the application determines
the power dissipation. As a result, these parameters set the boundary conditions for the
thermal resistances as indicated by Equation 2 and Equation 3.

. _ Tj(tlife—time)chase
th(j —case) Pdiss(nDaPout)

R (2)

Ti(tite _time) — Th
Pdiss(nDDPout)

)

Rth(j—h) = Rth(j—case)—’_Rth(case—h) =

where: Tase is the case temperature of the product.

The Rin(-n) is very useful to determine the contribution of the material stack and is used
together with the Rinc) in this document. In order to determine Tj, Tcase and Tp
temperatures, they are defined in Figure 2.
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(1) T;is defined as the maximum die surface temperature.
(2) Tecase is defined as the maximum temperature of the products heatsink bottom surface.
(3) T is defined as 1 mm below the surface of the cooling heatsink, in the center of the product.

Fig2. Thermal resistance stack

Figure 2 shows a basic setup used for thermal characterization of Ampleon HVSON12
driver products. It consists of:

* Asolder layer between the product and PCB (Printed-Circuit Board).

* A PCB with vias in a regular pattern for conduction of the generated heat.

* Athermal paste between the PCB and heatsink.

* Aheatsink to sink the heat to the environment.
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The thermal design is optimized in the application field. Describing such optimizations is
outside the scope of this application note.

To visualize and enhance the usability of Equation 2 and Equation 3, a graphical
representation is shown in Figure 3.
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Fig 3. Graphical representation of relation between life-time and thermal environment

The x-axis represents the heatsink temperature (or case temperature for curve(!)). The
point on the right lower corner of the graph T; (jife-time) represents the allowed junction
temperature. It corresponds to a certain life-time, as required by the application and/or
end user and can be determined from Figure 1.

The application according to Equation 1 determines the power dissipation on the y-axis.

The product provides curve() which represents the Rin(-c). Curves®) to (7) represent
different Rin.n) cases.

Based on this figure, the trade-off between Ty, Tc and Rin(.n) can be determined within the
required life-time and dissipated power.
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3. Thermal characterization

In order to have a successful and reliable thermal design, accurate characterization of the
thermal resistance is crucial. To determine the thermal impedances Riy(j.c) and Rin-n), the
product is soldered on a Printed-Circuit Board (PCB) as depicted in Figure 4.
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a. Thermal resistance stack b. Via design

Fig4. Material stack used for thermal characterization

Figure 4a shows the thermal resistance stack as discussed in Section 2, in which the
BLP10H610 is characterized. Figure 4b shows the used via pattern. The material
properties of the stack are listed in Table 1

Table 1. Thermal resistance stack

Layer Material Dimensions

solder 17.2 -

metal PCB top copper 35 um

PCB Rogers 4350 0.762 mm

thermal vias - viasl14 x 10 = 40; D = 0.25 mm;
via spacing 0.5 mm

metal PCB bottom copper 35 um

thermal paste industry standard 50 um

heatsink brass R001 12 mm

[11 The vias are implemented in a regular pattern and can be subjected to further optimization.

Based on Figure 4 and Table 1, the thermal resistance values Ryy(j.c) and Rin.n for
BLP10H610 have been measured as follows:

Rth(j-c) = 3.5 K/IW.
Rth(j-h) =6.1 K/W.
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4. Design example BLP10H610

This section uses a step-by-step approach. It demonstrates how to design thermal
parameters in relation to application conditions to operate the BLP10H610 safely within
the life-time requirements. A 1-tone CW application condition is used as an example.

4.1 Step 1: determine the life-time requirement

The required life-time of a product is in essence determined by the end-user requirement
and can vary for different application conditions.

In this example, a minimum life-time (tjfe-time) Of 20 years is taken.

4.2 Step 2: determine the maximum junction temperature

The minimum life-time of 20 years is used in Figure 5 to determine the maximum junction
temperature T; (tiife-time) in the application. The maximum junction temperature is 134 °C.
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(1) Tj=134 °C; tife-time = 20 years

Fig 5. Determine the maximum junction temperature

4.3 Step 3: determine the power dissipation

The power dissipation (Pgjss) can be calculated from Equation 1 by using the typical
1-tone CW application performance as listed in Table 2.

Table 2.  Application performance
Typical RF performance at Tcase = 25 C; Ipg = 60 mA; in a class-AB application circuit.

Test signal f IDq Vpbs PL(AV) Gp L[>} IMD3 ACPR
(MHz)  (mA) (V) (W) (dB) (%) (dBc) (dBc)
1-tone CW 860 60 50 10 22 60 |- -

The power dissipation is 6.7 W.
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4.4 Step 4: determine the thermal resistances
The thermal resistances consist of the product resistance Rin(.c) and the product mounting
resistance Rin-n).
* The product determines the Rin(.c) which is 3.5 K/IW

* The product determines the Rin(.n) by mounting method. It is 6.1 K/W for the material
stack, as shown in Figure 4a.

4.5 Step 5: determine the maximum heatsink and case temperatures

In this step, maximum junction temperature, dissipated power, and thermal resistances
are used to determine maximum heatsink and case temperatures (see Figure 6 and

Figure 7).
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(1) Tease =109 °C; P =6.7 W.
Based on worst case Rinj.q)-

( Th(max) = 94 °C; Pgiss = 6.7 W.

(2) T;=134°C.

(3) Ring-h) = Rin(c) = 3.5 KIW with Rypc.ny = 0 K/W.
(4) Ringn) =5 K/W.

(5) Rin(-n) =6 K/W.
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7) Rth(j—h) =8 K/W.
8) Rth(j—h) =9 K/W.
9) Ringh) = 10 K/W.
Fig6. BLP10H610: Recommended operating area, Fig7. BLP10H610: Graphical representation of
case temperature as a function of power relation between life-time and thermal
dissipation parameters

Figure 6 shows the recommended operating area for T; = 134 °C as presented in the data
sheet. It shows that for 6.7 W power dissipation, the maximum case temperature is
109 °C. The maximum heatsink temperature can be obtained from Figure 7 and is 94 °C.

4.6 Step 6: check the case temperature

In Step 5, it was determined that the maximum allowed case temperature is 109 °C.
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In general, the following limit the maximum case temperature:

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

2. Reliable operation of the solder between the product case and the PCB. In this
application, a value of 110 °C is used. If the case temperature is higher than 110 °C,
follow Section 4.6.1 “Step 6-1: recalculation of the junction and heatsink
temperatures” and Section 4.6.2 “Step 6-2: recalculation of the product life-time”.

4.6.1 Step 6-1: recalculation of the junction and heatsink temperatures

A decrease of case temperature necessitates a recalculation of the junction and heatsink
temperatures as shown in Figure 8.
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Fig8. BLP10H610: Recalculation of junction and heatsink temperatures

Recalculation is nothing more than applying a temperature shift of a lower junction
temperature (T; — AT) and a maximum heatsink temperature (T — AT).

4.6.2 Step 6-2: recalculation of the product life-time

The decrease in junction temperature increases the product life-time as shown in
Figure 9.
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(1) Tj(titetime) = (Tj — AT) °C; titetime = titetime(Tj — AT) years

Fig9. Recalculation of product life-time

The product life-time is increased from 20 years 10 tjietime(T; — AT) years.

Step 7: check the heatsink temperature

The heatsink temperature is determined to be 94 °C in Section 4.5 “Step 5: determine the
maximum heatsink and case temperatures”.

The ability to keep the heatsink temperature below this temperature depends on the
environmental temperature conditions in which the product is operating and the cooling
capacity.

If higher heatsink temperatures are required, optimization of the thermal resistance stack
is required. Figure 7 can be used to trade off heatsink temperature (Ty) and the total
thermal resistance Ry (j.h).

Thermal design summary

Based on the steps taken, the following thermal design is acquired as described in Table 3

Table 3. BLP10H610 thermal design summary

1-tone CW; f = 860 MHz

AN11520#2

Type number |Life-time |Junction temperature Casetemperature Heatsinktemperature Thermal resistance
(Tiite-time) | (T;) (Tcase) (Th) junction to heatsink

(Rth(j-n))

BLP10H610 20 years |134°C 109 °C <94 °C 6.1 KIW
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5. Abbreviations

Table 4. Abbreviations

Acronym Description

LDMOS Laterally Diffused Metal-Oxide Semiconductor
MOT Maximum Operating Temperature

Ccw Continuous Wave
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6. Legal information

6.1 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.

6.2 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.

AN11520#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.

Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

6.3 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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