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Introduction

There have been various discussions on the US microwave reflector regarding
the use of the new Mitsubishi RA... series power amplifier modules as amplifiers
for both 1.3GHz and for VHF/UHF talkback. This article is intended to explain
how to get the most out of these very useful and versatile devices and to
counter some of the myths and half-truths that have developed over the years
about PA modules in general. At the time of writing, it is anticipated that this
article will be in two monthly parts — part 1 outlines the use of the PA modules
in general, part 2 will describe in detail the use of the RA18H1213G for use at
23cm, although it may have to be spread over three parts depending on how
long the thermal measurements take.

This article may seem rather long but it is surprising how such an easy-to-use
component as a 12V 50 ohm PA module can be abused and even destroyed
though lack of understanding of how these devices should be handled and
operated. So what follows is an attempt to explain in detail some of the more
subtle points.

History
The RA... series of Power Amplifier modules from Mistubishi follow on from the
hugely successful M5/6xxx series which were introduced in the 1980s as a
means of easily amplifying RF power in the VHF and UHF frequency ranges.
Literally millions of M5/6xxx series PA modules were sold worldwide to both
commercial and amateur radio customers. They offered many advantages
compare to RF amplifiers using discrete power transistors and everything was
included in a single module — all that was required externally was a heatsink, a
main DC supply (which could be taken directly from a 12V car battery), a
regulated bias supply and some de-coupling capacitors. Output powers ranged
up to 60W at 144 and 432MHz and many of the modules could be used for SSB,
although not at the full rated output power.

The M5/6xxx series are now obsolete; the last ones rolled off the production
lines around 2003/2004. Many of these PA modules are still available, but as
time goes on it is getting ever more difficult to find them, as the old stock gets




used up.

Photo below: The new 23cm module on anti-static
bag New RA... series PA modules One of the main problems for Mitsubishi
with the M5/6... series was that the modules did not have a very wide frequency
range and consequently, in order to meet the needs of thousands of different
customers, together working at nearly all frequencies from 50MHz to 1.3GHz,
many different modules had to be produced. In fact, at one time there were
more than 200 different types of Mitsubishi PA module in production, each one
with a separate part number and the overheads involved in managing such a
huge number of relatively similar devices were enormous. Mitsubishi’s solution
to this problem was to scrap the old M... series entirely and develop a range of
new modules which would offer a much greater frequency range, thus reducing
the number of variants. One of the knock-on effects of this was that, generally
speaking, the new RA.. series modules are cheaper than their M5/6xxx
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The technology used for these new modules still uses silicon (as opposed to
other semiconductor materials such as Gallium Arsenide amongst others) but,
instead of using bipolar transistors, the new modules use MOSFETs. MOSFETs
offer a number of significant advantages over bipolar transistors, including wider
frequency range, higher gain, higher power output, better linearity and
practically no bias current. The supply voltage remains the same, which means
that some applications can use the new modules with only a small number of
changes, which will be described later. Note that the new modules do not use a
technology called ‘LDMOS’ (Laterally Diffused MOS) — this is a slightly different
type of technology, which usually requires a 28V DC supply. The MOSFETs used
in the RA... series modules are ‘enhancement mode’, which means that a +ve
gate voltage is required for them to operate, and zero gate voltage completely
turns them off.

The modules that will be of most interest to radio amateurs are the high
power modules, and these are the ones that will be discussed in more detail.

Part numbering
The M5/6... series of PA modules simply took numbers from a list, in sequence,
as they were developed. It was impossible to determine the performance of a



module simply from the part number; one had to have access to the data sheet
or have a very good memory (think of how many devices there were!) .

The new RA series have part numbers that relate directly to the device’s
performance. Therefore, it is possible to ascertain many of the operational
parameters without access to data sheets, and conversely it is possible to find the part number of a module
from a specification.

The new part numbers are of the form :
RAaabccdde

RA RF PA Module

aa nominal ouput power in Watts

b  supply voltage code

cc lower frequency limit

dd upper frequency limit

e  Frequency Multiplier — either M or G.
The supply voltage code is as

follows : H 12.5V
N 9.6V
M 7.2V

f the frequency multiplier is M, then the lower and upper frequencies are in 10s
of MHz. This gives the operating frequency to within 10MHz, the exact
operating frequency limits are specified on the datasheet.

There is only one module with a ‘G’ suffix, with is the RA18H123G.

Examples: RA45H4047M 45W, 400 — 470MHz, 12.5V
RA30HO608M 30W, 68 — 88MHz, 12.5V
RAO3M8894M 3W, 889 — 940MHz, 7.2V
RA18H1213G 18W, 1240 — 1300MHz, 12.5V

Note that in practice the modules can be used outside of their stated frequency
range, for example the RA30H0608M can be used at 50MHz, with good
performance.

Using the new RA series modules

None of the RA series modules are a direct replacement for any of the M5/6...
series modules. There are a number of detail changes that the user must be
aware of, in order to avoid the possibility of damage to these modules.

Static Discharge

All electronic components that use FETs are susceptible to damage from static
discharges, and as such the same precautions must be taken when handling the
new PA modules as when handling GaAsFETs and similar devices. The older
M5/6xxx series used bipolar transistors and as such were not easily damaged by
static.



In addition to the possibility of damage from static, the modules can also be
damaged by small leakage currents from the tip of a soldering iron. Therefore, it
is imperative that any soldering iron used has a ground connection to the tip,
and that this connection is checked with a multi-meter — the author has managed
to destroy at least one module due to a fault with the earth connection on a high-
guality (Metcal) soldering iron; a fault that took a lot of time to investigate but
was easily corrected.

Package and Pinout

All of the new high-power PA modules operate from a nominal +12.5V supply,
and can be operated at 13.8V without damage. The package and location of the
pins are the same as previously, which is very convenient. However, the new
modules have only 4 pins instead of 5 for the M5/6xxx series. The pin
connections are :

Pin 1 RF in Pin 2 Bias supply Pin 3 Main DC supply Pin 4 RF out

Note that the bias connection has moved from pin 3 to pin 2. Therefore, if a
PCB is being used which was designed for the M5/6xxx series modules, then
the PCB will require modification, although this will usually be a simple track
cut and wire link.

Bias supply

This is probably the biggest difference between the M5/6xxx series and the RA...
series. Most of the M5/6xxx modules required a bias supply of 9V, although
there were some exceptions where an 8V supply was needed. The bias current
for the M5/6xxx series varied from module to module but as an example the
M57762 used on 23cms required approximately 700mA, which would typically
have been supplied from an L78S09CV or similar voltage regulator in a TO-220
package.

The RA... series modules require a bias voltage of between 4.2 and 5V, and
the bias current is tiny -in the order of 1mA or so. Therefore it would be
possible to use much smaller, lower-current voltage regulators, although high
current regulators will still work of course.

With no bias supply, the FETs are completely turned off, and the PA module
acts as an attenuator. Therefore, it is possible (and desirable) to connect the
main DC supply to a constant +12V supply; there is no need to use a separate
high current relay or switch. PTT operation can then be accomplished by keying
the bias supply.

The setting of the bias voltage is the subject of some discussion. Unlike the
M5/6xx series PA modules, there is no one, single optimum bias supply voltage.
In fact it is possible to set the bias voltage to suit individual requirements. The
Mitsubishi data sheet is very vague in this area, although the device parameters
have been characterised with a bias voltage of 5V. However, many users report
good results with bias voltages lower than this, and in one case as low as 4.2V.
What is known is that the drain current, output power and gain increase as the
gate voltage increases, particularly above 4V. Also, the RF/DC efficiency of the



modules decreases as the bias voltage is increased, due to the fact that the
drain current increases more rapidly than the output power.

Decoupling and PCB

The supply pins require decoupling in order to reduce the possibility of instability.
Mitsubishi recommend a 4.7nF capacitor in parallel with ‘at least 22uF’. The 4n7
needs to be placed as close to the PA module as practicable. This is easily
accomplished, especially since there are only 2 DC supplies.

The gain of the RA... series modules is much greater than the M5/6xxx series.
The modules have been designed to be stable into any output load with a VSWR
of up to 3:1. However, this assumes that the supply pins are sufficiently de-
coupled. In order to achieve the best decoupling performance, a very low
impedance path must be provided to ground. The best means of achieving this
is with a printed circuit board that uses plated-through holes. These PCBs are
more expensive to produce than ‘non-PTH’ boards, but give much better
performance than boards where the grounding has been achieved by other
means, especially at 1.3GHz. This is one case where it really is worth spending a
little extra in order to achieve the best performance.

One further note which is related to both de-coupling and static discharge — it
is worth placing a high-value resistor in parallel with the 2 DC supply pins and the
RF output pin in order to further reduce the possibility of damage due to static
discharge. This is best done by soldering the resistors to the PCB before the
module is fitted; that way the pins of the module will be grounded as they are
soldered. The authour uses 68k, but any value from 10s of kohms to 1Mohm
could probably be used. Note that the RF input pin is internally connected to
ground with a Pl-attenuator, and does not require an external resistor.

Grounding
There is some considerable confusion as to how the PA modules are grounded.
The modules are designed to be mounted on a large, flat heatsink. With
theM5/6xxx series modules, the best thermal performance is achieved by
applying a thin, even layer of thermal compound on the flange of the heatsink.
The application of the thermal compound means that a good electrical contact
between the flange of the module and the heatsink cannot be guaranteed.
Therefore, the electrical ground path for both DC and RF from the module to the
PCB is via the mounting screws and the heatsink! This may seem totally counter-
intuitive, but this is indeed the situation, which leads to some interesting points
that need to be considered :

The mounting screws should be made of brass and be bright zinc plated;
screws made of other materials such as steel will not give as good
performance and should be avoided. The mounting holes in the heatsink
must be tapped; it is not sufficient to drill clearance holes in the heatsink and
use long screws with a nut on the other side.

The mounting holes must be clean — this means that any residual cutting fluid
must be removed with a cotton bud or similar, and great care must be taken to
ensure that no thermal compound gets on the screw thread. (The author is



aware of several 1.3GHz amplifiers that were unstable and actually oscillated; in
all cases the instability was cured simply by cleaning the mounting screws.)
Black anodised heatsinks can be used without the need to remove the
anodisation from under the module.
The real confusion arises with the new RA.... series, which have an indentation
in the centre of the module. It is hoped that this will be discussed in detail either
in part 2 of this article if time allows, otherwise a part 3 will be written.



