Recycling  Andrew Corporation  900MHz Power Amplifier modules for 23cms
Introduction 

Probably everyone knows the Andrew Corporation for their excellent antennas and microwave dishes. In fact the “red flash” logo seems to be on every picture or TV shot of a microwave dish these days.  I was therefore surprised to find surplus PA modules manufactured by Andrew.

They appear to come from a 900MHz band power amplifier designed for cellular base station use. There are two types, a single MRF9045 LDMOS driver device. And one containing a push-pull pair of MRF 9060 LDMOS devices.

MRF9060 is rated at a minimum of 60W CW output at 950MHz and the MRF9045 at 40 Watts. Pity we don’t have a band at 900MHz you might say. Well I’ve seen designs for 23cm PAs using both MRF9045 and MRF9060 devices so I felt a challenge coming on! 

How can I get these modules working on 23cms?   
Well, I bolted the 9045 stage, to a heatsink and powered it up. LDMOS needs a positive bias on the gate so I rigged up my variable supply bias, stuck 28volts on the drain and set the standing drain current to 350mA as per the data sheet. I then swept the input frequency from 850 upwards, watching the output power, and as expected, it was WAY down when I got to 23cms. 

Recycling begins

First of all, there is NO impedance data for these devices above 960MHz, so the design would have to be “cut and try“

Time to get out the scalpel and copper tape!

 Looking at some photos and real hardware for other designs for this and similar devices (see DG0VE, G4HJW  and DB6NT) and getting out my vernier callipers, it seemed that to match these devices at 23cms requires a pretty simple microstrip network with low impedance (i.e wide) lines on the input and output. Half a day playing with Appcad and my Smith chart programme  allowed me to get a reasonable handle on the required matching circuit.

MRF9045 module

Remove all the existing components except the bias decoupling capacitors and the output capacitor and cut track and add copper tapes so that the board looks like below.  
After much tweaking, I ended up with the following layout and performance. You might need to add tuning tabs on the output and input lines as per the MRF9060 design below. 
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Figure 1 MRF9045 module track layout
Peeling off the existing copper microstrips is relatively easy with a sharp scalpel, but take care not to rip off too much insulation under the copper.
MRF9060 module
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Figure 2 unmodified module
This is trickier. It is impossible to fit this matching network for two devices on the existing board, so I decided to go for a more drastic method. I considered that 200- 250 Watts would be more than adequate and simpler, so I decide to recycle the output modules as single device 60 Watt stages removing one of the transistors as a spare.

Now here’s where it gets really scary.  

The LDMOS devices are soldered down to the module’s copper heat spreader plate. Reading the Applications note from Freescale gave very strict guidelines on temperatures for soldering these devices but I thought “what the heck” I can’t afford a soldering oven, but I can afford to trash a couple of devices if it doesn’t work. So I waited until the XYL was out and dropped the module down on her ceramic hob, turned it on and waited for the solder to melt. It duly did, so I slid the module off the heat, grabbed the devices with the tweezers and pulled, and they came away easily. At the same time I swept off all the other components having first taken careful note of their positions, and also lifted the screen off to allow better access to the board. 
This left me with a bag of bits, and a (very hot!) blank PCB still glued to the heat spreader.  I realise now that the PCB must be fixed with silver epoxy, not soldered as I expected. 

Now I had to resolder a single device in the centre where the pair were, but first I had to Dremel flat the ridge in the heat spreader between the devices, right where I wanted to put the single device. 

Pain! 

Than done I returned the module to the hob, heated it up again, tinned the ground-flat area under the new single device, and dropped the device in place. Counted to 3, then pushed down with the tweezers on the device to make sure it bedded in the molten solder and removed it from the hob, keeping the pressure on it. The advantage of a glass topped hob is that you can slide the module off while keeping the pressure on it. Make sure the solder has set before taking off the pressure.

Now you can start hacking the unwanted tracks off and stick down the new matching lines cut out of adhesive copper foil. 

Take great care to drill out the plated through holes that are left behind if you are going to stick copper foil over them. The sparks from 28volt, 10 amp power supplies can be quite spectacular.   
The copper tape layout I ended up with is as follows 
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Figure 3 Layout and matching network in copper foil
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Figure 4 Modified output stage, not pretty , but effective
Alignment (either module) 

Bolt the module to a big heatsink. Connect up the input from your 23cms transmitter via a SWR meter and the output to a power meter/ dummy load capable of at least 70Watts. Connect the gate and drain bias, starting with ZERO volts on the gate and connect the drain to 28volts via an ammeter on the 1 amp range. VERY carefully increase the gate voltage until the device begins to take current. This onset is very sharp, so be very careful. Set the drain current for 350mA for the 9045 or 450mA for the 9060. 

Switch the ammeter to the 10 Amp range, apply 0.5 watts drive and look at the input VSWR. With a scalpel, trim the input tab until it is less than 1.7:1 and look at the output power and current. Trim the output tabs for maximum power.  Turn up the drive in 3dB steps to 2 Watts and check that the power increases about 3dB each time until it saturates. Now trim the output tab for minimum current consistent with maximum output power. 
I got about 70 Watts out for the 9060 and 35Watts for the 9045 at 5.3 and 3.3 Amps respectively. Check that the input VSWR is 1:5 or less and trim to suit.  This is a bit of an iterative process so you may have to repeat the process a few times, and even extend the tabs again if you go too far! 

Further work

Stand alone amplifier 

Either of the modules on a suitable heatsink will be idea for driving with a DB6NT or similar transverter, or a TS2000 with the power turned down a bit. This will give you a nice 70 or 35Watt PA. If you just want a stand alone single module amplifier, you can add a regulated bias circuit consisting of a 78L05 followed by a potentiometer to trim the quiescent drain current.
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Gate decoupling components in original positions 





Drain  decoupling components, pushed up to right 








