Making and baking
those old-time
components

The ingredients and recipes for manufacturing discrete
components have changed surprisingly little over the years

RETROSPECTIVE

: Open up any piece of pre-solid-state electronic
MANUFACTURING equipment and you’ll find discrete components—
electron tubes, resistors, capacitors. Those same
components now fit onto asingle chip, and a once
bulky radio nestles comfortably in vour hand.

Yet many of those components are still made
today, and in much the same way as they were in
the 1930s and 1940s. Automation has to some ex-
tent replaced assembly by hand, and materials are
often of better guality. The fundamental rechnol-
bey, however, remains unchanged.

To find out about manufacturing in the hevday of discrete components, IEEE
Spectrum talked to veteran engineers about the particular components with
which they worked. Engineers with an understanding of how components were
made were usually better than the most learned theoretician at figuring out why
a component right off the production line failed to meet electronic specifica-
tions, and it was frequently said that component manufacture involved a liber-
al dose of black magic.

Electron tubes

Low-power electron tubes, now virtually obsolete as amplifiers or logic com-
ponents, were at the the heart of most types of electronic equipment. An electron-
tube amplifier consists of a cathode, a heater within the cathode, one or more
grids {spirais of fine wire surrounding the cathode), and a nickel or nickebplated
anode or plate, all encased within a glass or metal envelope, The heated cath-
ode emits electrons, which are attracted by the positively charged plate. The
grids control the flow of elecirons from cathode to plate.

The cathode is usually a nickel sleeve surrounding a heater—often a folded
or cotled tungsten wire with an insulating ceramic coating adhered to it by heat-
ing. Most metals, however, do not emit enough electrons when voltage is ap-
plied to make the tube function, so the cathode is coated to boost emittance, . ‘
The coating is often sprayed on as a carbonate that turns into an alkaling-earth Pentodes—tubes with five electrodes—
oxide when heated in a vacuum, a process known as forming the cathode were once widely used for low-power ap-

The grid is made to the design engineer’s specifications on a winding ma- plications. The five electrodes are the cath-
chine that crimps the grid wires to the rods on either side of the cathode A ode (with heater inside); control grid,

carbon coating on the anode increases the heat it radiates as electrons collect- screen grid, suppressor grid, and anode or
ing at its surface produce current. The tube assembly, called a mount, is sealed plate. The hot cathode emits electrons,
into the envelope, which is exhausted by a mechanical vacuum pump attached whose negative charge atiracts them to the
to a small vent in the tube’s glass stem. Residual gas escaping from the tube's positive plate. The grids control the efec-
elements during operation may alter its electrical characteristics or even short- tron flow, and the getier maintains the
en its life. Radio-frequency induction heating is therefore used to degas the metal tube’s vacuum after it is sealed. A highly
parts during the exhaust cycle. reactive chemical is flashed onto the inside
Finally, a small amount of a getter, a highly reactive material such as bari- af the tube by a radio frequency coil. Any
um, is flashed onto the inside of the tube by means of a radio-frequency coil. residual gas molecules combine with thar
Because the getter readily oxidizes, even minute amounts of gas lingering in- chemical to form a stable and harmless
the tube’s metal parts are immediately converted into a stable, harmless oxide, oxide and thereby preserve the vacuum.

an effect that continues until the getter is used up.

After the getter is flashed, the exhaust tube is heat-sealed. The electron tube
receives its base, and its leads are soldered to the pins.

Among the most common defects of vacuum tubes are low emission, (oo
much gas left in the tube even after exhausting, and short circuits or open ele-

Erin E. Mwrphy Associate Editor

56 0018-9233/89/0300-005651.00€:1989 [EEE IEEE SPECTRUM  MARCH 1989

Authorized licensed use limited to: Technische Universiteit Delft. Downloaded on November 17, 2009 at 04:44 from IEEE Xplore. Restrictions apply.



Authorized licensed use limited to: Technische Universiteit Delft. Downloaded on November 17, 2009 at 04:44 from IEEE Xplore. Restrictions apply.






