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A Solid State Transceiver
Except:

• Panel buttons

• Relays
– Band switching filters

– Transmit and receive switching
• Push to talk is the safest

– Typically no power on SSB till you start to talk

• VOX one may have reasonable power to switch
– May have some power

• CW key down is full power!
– If timing is not correct SWR is infinite at full power!



How Fast Do Relays Need to Be?

• At 20 wpm a dot is about 50ms long
– At contest speeds of 40 wpm it is 25ms

• Reed and vacuum relays normally take sub 10 
ms to operate
– As a reference: 60 cycle is 16.66 ms per cycle

• Larger mechanical relays ie the Drake L4b take 
15 to 30 ms to operate with normal voltages

• This problem occurs every time you start to 
transmit



Overexcite a Relay

• A common way to increase the speed of a relay is to 
over excite it
– A higher than normal voltage is applied for a short time to 

close the relay 
– Close times can be halved
– Release times are not affected

• Typically not critical

• A simple circuit is a capacitive input half wave rectifier
– The capacitor charges to 1.4X the supply voltage
– The resistance in the ac supply then limits the relay voltage 

after closed
– Resistors before the diode can limit steady state voltage



Modifying the Drake L4b

• The T/R relay was going bad

– Dirty contacts not going back to receive

– Arcing sometimes in transmit

• Decided to modify it to full QSK

• Use vacuum relays even though they are expensive



Drake L4b



L4b

• Needed a 3 pole double through relay

– None available

• Used 3 spdt vacuum relays

– Because of the expense I bought 3 used ones

– Worked good for a while!

– Bought a few more swapping out the output relay



Additional Research

• Input and bias could be switched with small 
inexpensive relays

– 100W at 50 ohms:

• 70 volts

• 1.4 amps

• Had a supply of Omron G5V-2-H1s in the 
shack



2 amp contacts





Vacuum Relays

• Used vacuum relays are typically not a good 
deal

• GigaVac has a ham radio discount

– GH1 was about $90 

– Working great in my new amplifier

• At 2KW:
– 316 Volts

– 6.3 amps





GigaVac detail

Note!



Life Expectancy

• At 20 wpm and 50 ms on, 50 ms off

– 2,000,000 operations minimum life 

– Equals 138 days of steady dots!

• If properly designed you will not wear the relays out



Next Relay Project

• Single “on” button from the K3
– Turning on the k3 will

• Turn on the pan adapter

• Connect the antenna
– Turn off and ground the antenna when not in use

• Turn on the amplifier

• Maximum current on the accessory out is 
500ma
– The plan is to use an automotive relay and power 

up a fuse block



Switching Inductive Loads

• All relay coils are inductive

– Without a diode the relays in the amplifier wiped 
out the Arduino processor

– Transient protection is a must in solid state circuits

• Switching DC loads can be difficult

– DC is more difficult than AC

• AC has a off time every 1/120 of a second

• HF becomes more difficult because of the off time and 
capacitance.



Miscellaneous Relays

• Automotive 
– 12v coils
– 30 amp SPDT contacts
– 40 amp SPST contacts
– I have used them in RF circuits

• Latching
– Mechanical
– Magnetic

• A positive pulse latches the relay
• A negative pulse unlatches the relay

• Time delay
– Time delay on

• Step start a tube amplifier

– Time delay off
• Cooling fan



Miscellaneous Relays

• Stepper relays

• Solid state optically isolated

– Typically AC only

• Motor starters

– Designed for high contact current

– Designed to break inductive loads

• Mercury wetted contacts

– Use for signal level switching



Questions?


