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Basic Superheterodyne Architecture 

From a current exhibit on a technical website.  This 

much had been established early in the research and 

patent process.  The challenge was in making it practical.
2



Some Historical Background

• Lucien Levy was determined the inventor of the basic 
superheterodyne, Armstrong’s patent voided

• RCA was created by US Government in 1920 and 4 US 
companies.  AT&T, Westinghouse, GE and United Fruit

• AT&T had previously bought Levy’s patent application - 
it transferred to RCA

• Armstrong and RCA worked together for many years; 
Armstrong had a number of patents related to the 
superhet – RCA bought them

• RCA refused to license superheterodyne patents, first 
commercial superheterodyne marketed by RCA in 1924

• US Government forced RCA (and its owners) to license 
patents to other manufacturers in 1930

3



RCA AR-812

• World’s first commercial 

superheterodyne receiver

• Used 6 UV199 triodes

• 45 kHz IF frequency

• Construction intended to 

prevent service/analysis

• Alan Douglas circuit published 

in 1996

• RCA also continued to offer 

more traditional radios
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Activities before 1930

• The technical communities knew about the 
superheterodyne

• Many designs were developed for superhets, which 
could be sold, but only for construction by 
individuals

• Commercial production was prohibited, RCA had 
the superheterodyne market to itself.  AC sets 
introduced in 1927

• By the end of the 20’s, the complaints were such that 
the government sued RCA and its owners for anti-
trust violation and forced licensing of the 
superheterodyne patents.  Licensing began in 1930.
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Many Articles and Studies Appeared in the 

Literature
This from Radio News, September 1930
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In 1930, what was needed to develop 

the modern Superhet?

• Electrolytic capacitors – first large 

production of Electrolytic capacitors was at 

Cornell-Dubilier in Plainfield NJ in 1931

• RCA was required to license the patents for 

the Superheterodyne – started in 1930

• Modern and multifunction tube designs to 

develop  more stable circuitry for 

economical (and exotic) radio production 

• Effective AVC functionality – H.A. Wheeler 

IRE, January 1928 (ref. Ed Lyon)
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Licensing of Superheterodyne Patents

Started in 1930

Zenith gained access to superheterodyne patents in late 1931
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Zenith Had Been Busy!
Release of H suffix models in 1931

Many 

groundbreaking 

aspects of their design

• Rider page 1-23

• Development of AVC  

circuitry using a type 27 

AVC tube, a 24 as 1st 

detector and 3AVC 

controlled tetrodes 

• 175 KC IF frequency

• In 1935, Zenith would 

introduce the massive 

Stratosphere
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Equipotential 

Cathode
• Page from the patent 

document

• “Divorcing the heating 
agent from that which 
produces the 
thermionic activity”

• Required advances in 
many materials

• Nicolson AT&T - filed 
1915, granted 1925

• Type 27 introduced in 
1927, the first “modern 
tube”?
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The Tubes

• 1927  The 27 as the first indirectly heated 
cathode tube.  71A power amplifier

• 1929  The 24, first indirectly heated tetrode, 
sharp cutoff characteristic, tricky to use, but a 
big improvement over triodes.  45 power amp

• 1931  35 super control tetrode,  36 tetrode,  37 
triode (similar to 27),  39/44 super control 
pentode

• 1932  56/76 triode, 57/77/6C6 sharp cutoff 
pentode, 58/78/6D6  super control pentode
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The Tubes – 1933
A Milestone Year

• 2A3 – “The Mother of High Fidelity”

• 2A5→42→6F6 power pentodes

• 2A6→75 high  mu triode + 2diodes

• 2A7→6A7→6A8 pentagrid converter 

• 2B7→6B7 pentode + 2 diodes for AVC 

• 6F7 triode + remote cutoff pentode 

• 41→6K6 power pentode

• 43, 25Z5, 300 mA filaments for series string 
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Massive Releases of 

new Tube Designs

• Radio Craft article  from 

October 1934

• Rapid releases provided 

major opportunities  and 

risks for manufacturers 

and service technicians

• Many early problems for 

service industry the result 

of poor design and lack of 

familiarity with new 

tubes and circuits
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RCA Announcement of 

“New all-metal radio 

tubes” 1935

First types:

• 5Z4

• 6A8

• 6C5

• 6F5

• 6F6

• 6H6

• 6J7

• 6K7

• 6L7
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Tetrodes → Pentodes

Tetrodes (35/41) had a screen grid, but also 

the tetrode area of instability in plate 

curves.  Remote cutoff.  24, 36 were sharp 

cutoff tetrodes.  Short lived.

Pentodes (39/44) added a third grid which 

eliminated the area of instability.  This one 

is also a remote cutoff control tube 58, 78, 

6D6, 6K7. 
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Great Advance for Effective AVC
“Super Control” – Variable mu pentode

Note non-uniform winding of the 

control grid

Delayed cutoff of the variable mu 

tube allows for smooth AVC 

operation

Credit H. A. Snow and Stuart Ballantine 1930
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Photo of a 6K7 

Control Grid

• Reality not quite like the 
illustration

• Small  area of increased 
pitch near the center

• Pitch distance overall 
more than for a 6J7 
which had a uniform 
shorter pitch over its 
entire length
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Mixer/Oscillator
(First Converter)

Single Tube Mixer/Oscillator

2A7, 6A7, 6A8

Separate Mixer/Oscillator

Pentode or Converter as Mixer 

(6L7 + 6J5 typ.)
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Triode + Pentode, Hexode
6F7 Triode/Pentode

Common Cathode

Hallicrafters Sky Buddy

6K8 Triode/Hexode Converter

Great upgrade for conversions 

From 6A8 and battery tubes

1938
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Effects of Various 

Types of AVC

• Simple AVC (b), most 

commonly encountered  in 

smaller radios

• Delayed AVC, control 

improves as more tubes are 

controlled

• Zenith used delayed AVC in 

many of their radios and 

some unusual combinations

• Delayed and amplified AVC  

including QAVC in top of the 

line  Stratosphere.
Terman, Radio Engineer’s Handbook 1943,

Electronic and Radio Engineering, 1955
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Philco 70/70-A  no AVC 1931

No AVC

Early Model 

70/70-A

Type 24 tetrodes 

and separate 27

oscillator

Plate  detector 

generates no DC 

signal for AVC
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Philco 70/70-A with AVC 1931

AVC added

Later Model

70/70-A

24 serves as 

converter

oscillator

Grid detector 

generates DC signal 

for AVC

Control applied to 

RF and IF amp 35s 

but not the 24
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Philco Model 60  1934

Philco 60  1934

Modern circuit with

basic AVC

460 kHz IF

Slight + biasing of 

the 75 is unusual -

typical of Philco 

practice at the time.
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Rapid Evolution of Vacuum 

Tube Design to Improve 

Receiver Characteristics

• Chart shows estimated release 
dates of tubes.  Many will have 
been released the year previous 
to that shown.

• Note 27 and 80 in 1927, 24 in 
1929 

• 1931 shows rapid release of 
tetrodes, then pentodes.  
Obvious cooperation between 
circuit and tube designers 

• 1932 releases - beginning of 
modern tube designs

• 1933 shows massive releases 
including the 2A7, 6A7, 6F7 + 
2A6, 55, 75

Bro. Patrick Dowd, 1978
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Zenith Model 462 Car Radio
From March 1934 Sylvania Service Publication
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Key Elements

• 2A7 single tube converter. 

(6A7, 6A8)

• Adoption of 264 kHz IF 

frequency.  Soon increased to 

455 kHz to minimize images

• 58 IF amp. (78, 6D6, 6K7, 

6SK7)

• 2A6 triode, 2 diodes. 1st audio 

and detector + AVC (75, 6Q7, 

6SQ7)

• 2A5 power pentode output. 

(42, 6F6).  Beam power. 

successors in 1936 – 6L6, 

6V6.

Atwater-Kent 735  July 1935
This design shows the fully mature circuit structure for 

the 5 tube superhet virtually universally adopted 

through to the end of radio production.
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Joe Koester 

1000Z

Stratosphere

See Radio Age

October 2024, page 

14

Snowshoe, the 

ultimate copy cat!
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Wretched Excess
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On to the Future

• Many new tube designs were to follow, as well as 
enhancements of receiver design, as well as  
incredibly varied uses.  Many were continuations of 
the technology established by 1935.  

• Onward to 1941, WWII, radar, magnetrons, TV all 
sorts of power tube designs and control tubes.

  

• Home receiver designs were enhanced, but with very 
few changes, endured basically unchanged until the 
days of ICs, due to the remarkable developments in 
the time frame 1930 to 1935.
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Circuit 

Perspective
• For reception of the 540 

kHz signal, the oscillator 

is tuned to 995  kHz.

• Both desired 540 kHz 

signal and image from 

1450 kHz are present at 

the input

• Each signal produces a 

455 kHz result
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Image Generation Graphic

For 455 kHz IF, Image 

frequency is 2x455= 910

above tuned frequency

For 264 kHz IF, Image 

frequency is  2x264=528 

above tuned frequency
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Wrapping it up

Thanks for your attention

Questions?

Copies of the slides available

Make sure to hear Ed Lyon tomorrow

Full size version available:

Send a message to me with MAARC Slides in the subject

Paul Hart

Pkharthave@gmail.com

770-299-1640
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