Tube of the Month

WE 416 (*)
Microwave techniques developed during the war years led to significant improvements in the performance of the telephone system starting in the 1950s.  Western Electric designed and manufactured a new microwave telephone relay system employing the WE 416 triode tube.  This tube has a mu of 200 and could deliver useable broadband power at 4 GHz.  The backbone of the new system was the TD2 microwave relay equipment.  In the output of the TD2, three of the WE 416 tubes were cascaded to produce 23 dB of gain over a bandwidth of 30 MHz.  The amplifier assembly photo was taken from the WE TD2 manual.  When the first WE 416A tubes were used, the system could handle 2400 circuits and by the time the more powerful WE 416D tube was in use, the circuit count went up to 19,800.  These relay stations were for the long-haul traffic and were often from one mountain top to another.  We have all seen the big horn antennas that look like a giant ear.  These ears have a gain of about 40 dB.  Branch links into the cities and towns was often done on 10 GHz.
The WE 416 tubes are only 1 inch in diameter.  The high gain is achieved because of the design of the grid.  The grid wires are wound with a pitch of 1000 turns per inch.  The grid wires are .0003-inch in diameter which is 61 AWG.  The tungsten grid wire was first drawn to .0005 and then further reduced with an electrochemical etch.  The depth of the etch was monitored in real time by measuring the wire’s resistance as the grid was being wound. The last of the approximately 100,000 tubes that were used were replaced by 1982 with solid state GaAs devices.  The “C” and “D” tubes were capable of higher gain than the earlier devices with an output of 1 watt.  These tubes were also used in test equipment, converters and even low noise receiving pre-amplifiers.  Much of this information came from Bernard Magers’ book on WE tube manufacturing.
EIMAC wanted to try and make these tubes so they acquired some surplus equipment from Canada including the giant grid winder.  They made 100 tubes of which 50% passed testing.  They couldn’t find a buyer so abandoned the project.  They gave me #66 some years later.  Note that the white insulator is BeO (beryllia).
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                 EIMAC  416C  #66                    TD2 AMPLIFIER ASSEMBLY

