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Before the Hybrid Car Radio

Before the Hybrid Car Radio

e Before 1956:
* Most car radios had a tube line-up that looked like household radios.

* Main differences:
* High voltage (for the plates) was generated with a “Vibrator” power supply.

* Tuning was usually done with variable inductors (coils) rather than variable
capacitors in home radios. Apparently, variable capacitors are not good with
vibration, and tended to be “microphonic”.

» Radios were well shielded and filtered, and designed for a small external whip
antenna.

e Usually had an RF amplifier.



Before the Hybrid Car Radio

Vibrator Power Supply

e Cars have 12VDC (or back then, even 6V*) batteries.
* Conventional tubes used >100VDC on the plates.

* The best way to increase voltage is with a transformer. BUT
transformers only work on AC not DC.

e A vibrator is a device that converts the 12VDC to AC.
* This AC is boosted up with a transformer.
* The high AC voltage is rectified.

* Before about 1955, cars used 6V batteries. The conversion to
12V was apparently done to accommodate larger engines and
reduce the amount of copper needed.



Vibrator Power Supply

A vibrator is an electromechanical
device rather like a buzzer.

* A weighted contact, excited by an
electromagnet, vibrates back and
forth, alternatively making
connections to convert DC into
square-wave AC.

* Notoriously unreliable, a bit noisy
(though not as bad as you might
imagine), and they cause a lot of RF
interference. Think “spark
transmitter”.

Before the Hybrid Car Radio

Vibrator Step-Up Rectifier
DC>AC Transformer AC->DC
Filter Choke
"""""""""""""" W Choke 2~ 1 ps
6X5.G_ L —0
£/ C-6 L15
[ AL + +
T C-IS‘ j""
’ 10 Cilllﬁ
- 3 : B-
L2 'i'
"y L-1 Vibrato
gm;ﬂi}. [ "A" Choke Choke o Other :
“OND >
I C-1 |
I-E Chokes and Capacitors to I
i_ = supress RF interference i
_________________ e —————————



Vibrator

&
™

Car Rado Vibrator Supply




1956: The First Hyhrid Car Radio: Motorola?

Mix of tubes and transistors

 The transistor entered the car radio in 1956.

* The only stage in a 1955 car radio that really needed high voltage was
the audio output stage.

* By 1956, germanium PNP power transistors had matured enough that
they could perform in an audio output stage.

* The audio driver stage could have been done with a transistor, but
instead the industry resurrected an old idea, the 12 volt “Space
Charge Tube” that could provide adequate power to drive a transistor.

* The rest of the radio used more-or-less conventional tubes with 12V
on the plates!



Why Not an All-Transistor Radio in 19567

* Portable transistor radios were new but widely available.
* Indeed, transistor car radios appeared circa 1957.

* But they were very uncommon.
* Transistors were expensive, RF transistors were more expensive than tubes.

* In the early days, transistors were “binned” depending on their
characteristics, and good RF transistors were relatively rare.

* The conservative auto industry was probably concerned about the transistor’s
reliability, and early ones were fragile.

* Vibration + temperature swings make the car a challenging environment.
* Early transistors were temperature sensitive.
* | suspect that there may have been lobbying from tube manufacturers.



Hybrid Radio History

* Tubes optimized for 12V, and 12V space-charge tubes*, were introduced

by Tung-Sol, but soon many were available from all the main tube
manufacturers.

* From my limited research, Motorola made the first hybrid radio in 1956.

* By 1958, everyone was making them. Car radios with vibrator supply
were still made, but about half were vibrator-less hybrid radios.

* In the early 1960’s, entirely solid-state car radios started to take over.

* Hybrid car radios were a huge improvement over the vibrator-supply

radios, and used clever engineering. But solid-state radios were even

more revolutionary. )
More later



Compare!

Radio with
“Conventional viprator

beam power gypply
output tube

Z1-96€ pue As 8|apo orpey ¢

NOLLVINHOJNI ONIDIAYIS OFVH 9661 AAAJIIN

284d 1xau aés)

Space-Charge tube
(transistor driver)

Hybrid Radio
Transistor output stage

SERVICE NOTES -

. RADIO POLARITY - When servicing this radio on the a7~~~y H S oS n
n e bench, be sure that the “ housing Is connected VOLTAGES  Memernd 0 Chomin Wi 4 VTV 4 308
tha n.ﬁh slde of the power source uuu.un A" ot (5 Snst g, faped Vel VIC
lo“ conmnects to the positive side, If connected otherwise,
the radio will not operade u-l g¢ to the comp + . . .
will result, P tt
- ; re simiiar, ri
2. TRANSISTOR REPLACEMENT - When r ph m. < y ) .
sistor, be sure that the transistor contacts ou.nud »
uouw- the lead from the driver transfo uo'!)ullc

u 228 syuaunsnipe juawudiie J04)
I G661 PU® 9GHT Ul UOlIR|[BISUT JOJ

base terminal; the lead from the output transformer T-4 to
l.bomac terminal; the collector s astomatically Erouni~ 4 SRANKICTAD MITFEY - Yhe tecmeiote oo -4 o en o




Deconstructing a 1961 “Hybrid” Car Radio

* Delco 988413 (Chevrolet: General Motors)
* Very typical 1960’s “Hybrid” Radio. Made in Canada (Oshawa?).

* No vibrator power supply. 12V is the highest voltage anywhere in the
radio.

* Uses 4 tubes, all with 12V plate voltage.

12DZ6 RF Amplifier

12AD6 Converter

12EK6 IF Amplifier

12DS7 Detector, Audio (Space charge tube)

Germanium PNP power transistor for final audio amplifier
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Delco Hybrid

* Like most car radios, this uses “permeability tuning”. Rather than a
variable capacitor, it uses variable (moving slug) inductors.

* Apparently, this is less
microphonic and is considered
more robust. Better for a high-
vibration environment.

e Well shielded.

* Never run the radio with
speaker terminal open-circuited!
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Space Charge Tubes vs. 12V Plate Tubes

* There are sources on the internet that claim that all these tubes are
“space-charge” tubes. They are not.

* The RF amplifier, Converter, and IF amplifier are “Conventional” tubes
optimised for 12V operation.

* You can replace these tubes with conventional tubes (12BA6, 12BE6),
and the radio still works! | tried it; not quite as loud, but acceptable.

* The only tube that is truly a space-charge tube (with a space-charge
grid) is the audio driver that drives the transistor output stage. The
output transistor needs appreciable output power that is impossible
to achieve (with 12V) without a space-charge tube.



What is a “Space Charge” Tube?

e A true space charge tube has the first grid at a fixed DC positive
potential (12V in the case of the 12K5/12DS7 in a car radio). The second

grid is the “contro
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grid.

ne positive grid attracts electrons out of the space charge (cloud of
ectrons around the hot cathode).

ne electrons accelerate towards the grid.

* Many of the electrons hit the grid (cause grid current), but some (20-
30%) miss the grid and go flinging towards the distant (but also
positive) plate.

* It allows significant plate current to flow even when only 12V is present.



A TRUE SPACE CHARGE TUBE
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A TRUE SPACE CHARGE TUBE
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A TUBE OPTIMISED FOR 12V OPERATION W08
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Space Charge Tube Substitute

* A space charge tetrode can be replaced with a common n-channel JFET
like a MPF102. | tried it, it works.

e Source = Cathode ; Gate = Grid 2 ; Drain = Plate ;
No connection to G1

N-ch JFET
like MPF102

GE diodes
(Bottom view) like IN34A (Top view)




	Slide 1: Hybrid Car Radios: Tube Radios Without High Voltage
	Slide 2: Before the Hybrid Car Radio
	Slide 3: Vibrator Power Supply
	Slide 4: Vibrator Power Supply
	Slide 5: Vibrator
	Slide 6: 1956: The First Hybrid Car Radio: Motorola?
	Slide 7: Why Not an All-Transistor Radio in 1956?
	Slide 8: Hybrid Radio History
	Slide 9: Compare!
	Slide 10: Deconstructing a 1961 “Hybrid” Car Radio
	Slide 11
	Slide 12
	Slide 13: Delco Hybrid
	Slide 14
	Slide 15
	Slide 16: Space Charge Tubes vs. 12V Plate Tubes
	Slide 17: What is a “Space Charge” Tube?
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22: Space Charge Tube Substitute

