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1. Introduction

The BLF0O910H9LS600 transistor is one of Ampleon's high performance transistors and
can deliver 600 W of output power at a gain of 19 dB and an efficiency higher than 66 %
across the 902 MHz to 928 MHz band. This transistor should deliver this power at a
rather limited footprint to enable cost effective designs in terms of physical dimensions.
Above combination requires many design and mounting challenges to get the best
performance out of this device. These challenges will be addressed in the reference
layout and transistor mounting guideline chapters.

Figure 1. Demo board of the BLF0910H9L S600

2. RF characteristics

Table 1. RF characteristics

Test signal: CW; RF performance at Vps = 50 V; Total Ipg= 90 MmA; Tamp = 25 °C

Symbol Parameter Conditions Typ Unit

f Frequency 902 - 928 MHz

Vbs Drain-source voltage 50 \%

Ves Gate-source voltage Total Ing = 90 mA 1.73 Vv

Gp Power gain PL =600 W >19 dB

no Drain efficiency PL =600 W > 66 %
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3. Reference layout

AN181008

An inherent side effect of high power transistors is that the output impedance decreases
for increasing output power. For the BLF0910H9LS600 this output impedance at the
drain lead is 0.45+j0.2 Ohm. To transform this impedance to the 500hm system
impedance, requires a careful design of the matching networks. One can imagine that
any slight impedance variation has more impact on a low output impedance than that it
would have on a higher impedance for lower power rated transistors. Therefore, the
matching design should be as symmetric as possible on the drain lead to provide equal
impedances to the internal LDMOS power dies. In this way, the power is delivered to the
matching circuit in the most optimal way. This can be seen in Figure 2 where the
reference layout of the BLFO910H9LS600 demo board is being showed. It's
recommended to make both the input and output matching circuitry symmetric.

C8

Figure 2. BLF0910H9LS600 reference layout

To provide the DC bias to the transistor, one quarter wavelength line is being used. Since
this bias line acts as an open in the 902-928 MHz band, the matching circuitry remains
symmetric. Besides this, it also reduces the demo board physical dimensions. However,
if there is space available it is recommended to put bias lines at both sides of the
matching structures as well at the gate side as the drain side for optimal symmetry.

To reduce the demo board dimensions even further a TC600 substrate with a thickness
of 25 mil is used. This substrate is Teflon based and has a high relative permittivity.

The in- and output matching networks consist each of two transmission line elements.
The second matching step at the drain side is matching to 50 Ohm at exactly the edge of
the PCB. On this PCB material it is not possible to extend this line with a 50 Ohm one
because such a line would be too narrow to carry the power. It is recommended to round
the corners of the pads below the DC blocking capacitors. This will lower the electric field
there to avoid dielectric breakdown of the material below the capacitors. For these
blocking capacitors, it is recommended to use capacitors with appropriate voltage level to
avoid the capacitors to breakdown at possible mismatch conditions.
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4. Transistor mounting guidelines

For the BLFO910H9LS600 it is important to correctly mount this transistor to the
baseplate. The load impedance of this transistor is approximately 0.5 Ohm which means
that every change in load impedance has quite some impact on the performance of this
transistor. The transistor should be carefully mounted and the PCBs with matching
networks should be soldered to the baseplate. The transistor should be soldered in the
cavity without or minimizing the number of voids between transistor flange and
baseplate. Another important aspect is the alignment of the transistor w.r.t. the cavity and
matching structure on the PCB. Due to the mentioned low impedances, one can imagine
that any misalignment of the transistor leads on the matching network will influence the
internal transistor loading and reduces the transistor stability. This is an inherent
(unwanted) side-effect of high power transistors.

Another important effect on transistor stability is the soldering of the transistor flange to
the baseplate. In the electrical domain, this solder layer is represented as a source
inductance. It's generally known that any increase of this inductance, in case of improper
soldering, will decrease the transistor stability. Besides this, in proper soldering will lead
to asymmetric thermal and electrical behavior inside the transistor.

The following guidelines should be followed for optimum performance:

1. Minimize the gap between transistor and PCB at the drain side. Figure 3 shows a
picture of a wrong and a correct positioning. The left picture shows a gap
between transistor and output matching PCB which is not desired. The right
picture shows the desired situation where there is no gap between transistor and
output matching PCB.

Figure 3. The gap between drain and PCB should be minimized
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2. Center the transistor leads exactly in the middle of the matching networks for
optimum performance and transistor stability. Figure 4 shows that both red
arrows should have the same length.

Figure 4. The transistor should be centered inside the matching networks. Both arrows
indicate the same distance from lead to edge matching network

The effect of the gap between drain and the output matching PCB is that the load
impedance will be different due to the introduction of extra length in the matching
network. This will result in loss of performance. Simulations are done to study the effect
of the gap between drain and PCB. Simulations are done with a gap size of 0.4 mm. in
figure 5 the results are shown. Output power can decrease by 40 W and efficiency can
decrease by 7 %.
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Figure 5. Simulations of 0.4mm gap at drain side
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5. Summary

In this application note, the importance has been shown of proper design of the transistor
matching networks and mounting. This can be summarized as follows:

- Design symmetric matching networks with preferable 2 bias lines or 1 bias line
implemented as a quarter wavelength line.

- Center the drain lead symmetric on the output matching track.

- Align the drain lead as close as possible to the output matching track.

- Ensure proper soldering of the transistor flange to the baseplate.
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6. Bill of Materials

Table 2. Bill of Materials

Part Description Part number Value

Ci,C3 Chip capacitor ATC100A101JT150XT 100 pF

C2,C6 Chip capacitor C3225X7S2A475K200AE 4.7 uF /100 V

C4,C7,C8 Chip capacitor ATC100B510FT500XT 51 pF

C5 Electrolytic ECA1JHG471 470 uF/ 63 V

capacitor

R1 Chip resistor ERJT06J100V 10 Ohm

R2 Chip resistor ERJP08J3R0OV 3 Ohm

T1 LDMOS transistor BLF0910H9LS600

Input board RO4360G2 24 mil thickness

Output TC600 25 mil thickness

board

Figure 6. BLF0910H9LS600 demo board component description
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7.1 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
modifications 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.

7.2 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

AN181008
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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.

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.

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.

Terms and conditions of commercial sale — Ampleon products are sold
subject to the general terms and conditions of commercial sale, as published
at http://www.ampleon.com/terms, unless otherwise agreed in a valid written
individual agreement. In case an individual agreement is concluded only the
terms and conditions of the respective agreement shall apply. Ampleon
hereby expressly objects to applying the customer’s general terms and
conditions with regard to the purchase of Ampleon products by customer.

7.3 Trademarks

Notice: All referenced brands, product names, service names and
trademarks are 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
trademarks.
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Please be aware that important notices concerning this document and the product(s)
described herein, have been included in the section 'Legal information'.
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