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Bodger’s Guide #7 
A simple PSU, control and sequencer for a large GaAs PA 

Introduction

I was given the task of putting together the 10GHz transverter system for use during the Camb-Hams DXpedition to Mull in 2012. It uses a DB6NT transverter and a Mikom 10 Watt SSPA.  Now this PA is a “bit of an animal” requiring a drain supply of 11Volts at nearly 10 Amps to produce 10 Watts of RF at 10GHz. It also requires a negative 9 volt supply at a few mA and a TTL logic “low” to enable it. 

I suspect that like all depletion mode GaAsFETs if the negative supply is removed from the Amplifier while the drain supply is switched on, the amplifier will rapidly become a very nice doorstop! In depletion mode FETS the channel is active even with zero volts on the gate, and a negative supply turns the device off. 

So the main requirements were a Supply that runs from a 13.8V PSU, with failsafe protection against the removal of the negative supply. 

To complete the control board requirements I needed a TX-RX sequencer that can fire a 12V latching coaxial antenna changeover relay and enable the PA. For this I incorporated a variant of my reliable “PICwencer” circuit and code (Ref 1)

While designed for a specific application, the circuitry and PIC code are easily adaptable for a number of PA and relay applications.

Block Diagram


[image: image1]
Figure 1 Controller Block Diagram
Circuit description

Please refer to Figure 1 and Figure 2. 
A transient suppression and protection Zener D5 protects the negative voltage regulator and electrolytics from an accidental supply above 16Volts. 
The Negative Supply U$3 uses a MAX764 switch mode power supply IC, Resistors R14, 18 and 16 determine the output voltage. 
The 12F629 8 pin DIL PIC IC3 uses its own internal clock and is powered from a 5V linear regulator U$4. The switching outputs GP0and GP1 of the PIC feed the TX and RX relays; the PIC generating a short pulse to trigger the relay via inverters Q1 and Q2 and source follower twin Power FETS U$2. The PTT input from the transverter is applied to GP3, resistive divider R1 and R2 allowing it to be fed direct from the 12 Volt level DB6NT transverter PTT out. GP4 feeds the TTL level signal direct to the PA,  Low = enabled, and the dual FET U$1 provides 12V buffered outputs from the PIC, but are not used in this application and need not be fitted.

The high current 11Volt linear regulator uses parallel LM1084 low-dropout 5 Amp regulators with balancing resistors R15 and R17 in the outputs to facilitate current sharing. Q3 in the “adj” legs ensures that the 11V supply is only enabled when the negative supply is present via D1. The PCB provides the facility to run a separate negative voltage sense wire right up to the PA connector, to protect against a broken -9.5 volt wire if you wish, or they can just be linked at the PCB.          
Circuit Diagram
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Figure 2 Circuit Diagram
PCB layout

I used surface mount technology allowing the PCB to fit inside a standard Schuberth tinplate box of dimensions 55.5 x 74 x 30mm. (see Reference 3) Layout is mainly surface mount apart from the PIC which is a standard 8-pin DIL package in a socket to allow easy program changes. The PIC is fitted on the opposite side of the board to the SMD components. The linear regulators are best mounted off the PCB and must be on a suitable heatsink such as that used by the PA itself. 
If surface mount scares you, there is no reason why the circuit could not be adapted to use through-board components, and built on Veroboard or your own PCB, as all the devices should have leaded equivalents. The relay FETSs just need to be able to handle the current pulse drawn by the coax relay you use.  
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Figure 3 Component layout
The “Eagle” schematic and my PCB layouts are downloadable from my Website (see reference 2), The circuit and PCB layout are © Bravo Alpha Oscar 2012 not to be resold or used for any  commercial purposes whatsoever without written permission from the author .

PCB Mask

The PCB mask below should be scaled to 72 x 55mm. The board is double sided FR4, and Copper is shown as white. There are a number of vias (shown as small green squares in Figure 3) that need to be linked to the bottom side ground plane.   
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Figure 4 PCB mask

Parts list 

	Part
	Value
	Package

	
	
	

	C1 C3 C4 C7 C14 C13
	0.1uF
	C0805

	C5 C6 C11
	10uF
	SANYO-OSCON_SMD_A5

	C10
	150uF
	SMC_D

	C15
	47uF
	SANYO-OSCON_SMD_A5

	D1 D2 D3 D4
	BZX84CSMD
	TO236

	D5
	TVS 16V
	SMBG

	IC2
	LM1084-V
	317TS

	IC3
	PIC12F629P
	DIL8

	IC4
	LM1084-V
	317TS

	L2
	47uH
	POWER-CHOKE_WE-TPC

	Q1 Q2 Q3
	BC847BSMD
	SOT23

	R1 R2
	10k
	R0805

	R3 R4
	1k2
	R0805

	R5 R7
	10
	R0805

	R6
	820
	R0805

	R8
	100
	R0805

	R9 R10 R12 R13 R21
	12k
	R0805

	R11
	1k5
	R0805

	R14 R18
	750k
	R0805

	R15 R17
	0.01R
	R2512

	R16
	120k
	R0805

	R19
	SOT
	R0805

	R20
	470
	R0805

	U$1 U$2
	FDC6401N
	SOT23-6L

	U$3
	MAX764CSA
	SO08

	U$4
	LM317SO8
	SO-08


Firmware     
The PIC firmware source code can be downloaded from the “Downloads” page of my website. See reference 2. 

Like the PCB layout is © Bravo Alpha Oscar 2012 not to be resold or used for any commercial purposes whatsoever without written permission from the author. Should you make improvements or modify it, in the spirit of sharing, please send me a copy of your updated code. `

In simple terms here is what it does

Power up, set relay to RX (pulse GP0 high) 

; and ensure +5 to PA PTT line.(GP4 high) PA is disabled            

;   wait for PTT to go low (GP3)                                        

;   at PTT low, immediately set relays to TX (pulse GP1 low)                 

;   wait for relay to settle                                      

;
put GP4 low to apply 0V to PA PTT line
     



    

;   wait for PTT to go high.                                      

;   at PTT high, wait 25ms to allow drive to drop                              

;       apply +5V to PA PTT (GP4 low)                                 

;       set antenna relay to RX again (pulse GP0 low)

;   wait for PTT to go low (GP3)                                        
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