A New Hot-Cathode Gaseous Discharge
Amplifier and Oscillator

The Mercury-Vapor RK-100 Triode for Audio and Radio-Frequency
Service at Low Plate Voltage

By J. R. Nelson and James D. LeVan*

VERY experienced amateur radio operator
is acquainted with some of the bad effects
of gas in a radio tube that is intended to

operate &s a high-vacuum tube. He is also familiar
with the performance of grid-controlled mercury
rectifier tubes as relay and control devices, which
performance is made possible by the presence of
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gas or vapor. He has probably wondered why the
advantages that the gas or mercury vapor gives
in the latter case, such as ability to pass a large
plate current with low voltage drop and to oper-

P

G2
Cathode
Gy
FIG. 3

ate with only a small control grid voltage, cannot
be—or at least have not been—incorporated in
the ordinary type of radio amplifier or oscillator
tube. This idea has oceurred to a good many who

*Both of Raytheon Produection Corp., Newton, Mass,

have been experimenting in this field. The Rayth-
eon Laboratories, working on this problem for a
number of years, have finally developed a type of
tube in which this result is accomplished; that is,
a gas- or vapor-filled tube which performs the
normal functions of a high-vacuum tube as
amplifier, detector or oscillator, and which (be-
cause of its gas filling) has characteristics and
operating advantages not obtainable in high-
vacuum tubes. It is the purpose of this article to
describe a particular practical design (RK-100)
of this new type of tube and to give a brief and
approximate explanation of its operation.

HOW IT WORES

The functioning of this new gas-filled amplifier
tube can best be understood by comparing its
operation with that of the common grid-controlled
mercury rectifier. This rectifier structure is repre-
sented by Fig. 1. The anode current here cannot
in general be completely controlled by the grid.
Once the current starts it cannot again be stopped
or decreased by making the grid more negative.
The only function of the grid is to determine the
instant at which the anode current will start.
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The discharge can only be stopped by reducing
the anode potential to zero. In Fig.1 are pictured
the lines of force in such a rectifier after it has
started. Under these conditions the grid is im-
mersed in a highly ionized space where the elec-
tron space charge is essentially neutralized by the
positive ions. With negative potentials applied to
the grid, a positive ion sheath will form around
the grid whose thickness (z) can be determined
by Child’s space charge equation:

VY%
X=0.622X10+ % cm,

where V=potential applied to grid
I'=grid current in amperes per sq. cm.
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With —10 volts on the grid and a current of 10
ma.per sq. cm. flowing, thisgivesa sheath thickness
of .0035 ¢m., which is very small compared to the
openings in the usual grid. This thin sheath will,
however, contain nearly the whole voltage drop

RK-100 PLATE CHARACTERISTICS - FIG.5
lo%imc: DISCHARGE CURRENT 250 M.A.

E¢=6.3 voLrs
Jf = 0.6 AMPERES

average. We can, therefore, think of G; as a kind
of cathode with electrons being emitted with
1-volt initial velocity. In fact, the electrode Gy
might be called a “cathanode”, since it acts simul-
taneously as the anode for the discharge from the
hot cathode and as the cathode for
the amplifying section of the tube.

Since the spacing between Gy, G
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and the plate is small, and since
the mean free path of an electron
in mercury vapor at the pressures

used is from 10 to 20 cm., elec-
trons traveling from G; to the
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plate hit very few molecules and
thus create very few positive ions
in this region. Thus the. positive

ton-sheath thickness around the grid
wires can be made large and the grid
allowed to maintain control of all

]

electrons passing through it. Just
enough positive ions are’generated
in this space to neutralize partially
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the electron space charge and give
us a tube with a very low plate

impedance. The short spacing and

be i LI
“ __..--’/ £g=-100 || fine-mesh grid, coupled with the
a— 1| low ionization, give us high
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due to the grid and thus keep the grid from in-
fluencing electrons beyond the outer boundary of
the sheath. Thus the region filled with highly
ionized gas will project through the grid into the
plate region in very much the same manner as
would happen without the grid.

It is apparent, then, that if the grid is to remain
in control of the electron stream, the
positive ion sheath must be prevented
from becoming so thin that the highly

plification factor. Furthermore,

gince the spacing between the
cathode and G) can be made large as compared
with that between G and the plate, we are enabled
to make the grid and plate large enough to get
ample heat dissipation without the electrode
becoming unduly hot. Fig. 3 shows an end view
of the element arrangement in one form of gas-
filled amplifier and oscillator.

FIG. &

RK-100 PLATE CHARACTERISTICS IONIZING DISCHARGE CURRENT IS0 MA

£f=6.3vOLTS  [f= 0.6 AMPERE

ionized region ecan project through the 200
openings between the sheath boundaries;
that is, we must make the sheath bound-

aries overlap. From Child’s space charge 160
equation we see that the sheath thickness
can be increased greatly if we can find

some way to decrease the current density <
of positive ion flow to the grid. Thiscan ¥
be done by placing the grid in a region g

of low ionization, which is accomplished
in the RK-100 tube by placing another

screen electrode near the control gridand 40
between it and the highly ionized space
surrounding the cathode.
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As shown schematically in Fig. 2, this 9,
electrode, Gy, is kept at about 10 volts
positive with respect to the cathode and
maintains the glow discharge. The control grid,
(s, is always maintained more negative than G,
and thus electrons are slowed up in the space
between Gi and G:. However, electrons shoot
through G; with about 1 volt velocity on the
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TYPICAL CHARACTERISTICS
The gas-filled amplifier tube is particularly
useful at low voltages where conventional vacuum

tubes are not very efficient on account of high
internal drop. The introduction of gas to neutral-
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RK-100 PLATE CHARAETEglisgicg FOR SEVERAL VALUES OF tle: ths sontrol gl desws et ot all
BULB TEMPERATURE. Ef=6.3voLrs /(0.6 AMPERES times, the operation in practical circuits is similar

200 to that of conventional vacuum tubes. The grid
impedance is reasonably high with negative
values; the grid current is constant and only

160 Y changes as the grid goes positive, at which time
L _ 20" 2 the grid impedance decreases. The Ig-Eg curves
o ;‘5’0 = T fF?_r- sgveral values of plate voltage are shown by
rs ig. 8.
§ j /--"‘""- s0°C The gas-filled amplifier tubes may be used in
§ 8012 10 0= the same classes of service as co:}ventiona.l tubes.
/ /E&:ﬂ In fact, there are s_ievera.l p_oamble applications
50°C where they may give considerable advantage.
40 /, T 7210 2 They may be used as audio amplifiers, either in
| ’Pr/
oL = Ro_teo a0 20 280 |, RK-100 ourpur ;;106 bi?manou CHARAcr|ER|5ncs
7 VOLT. A
ize partially the space charge lowers the drop ~ s, 5
considerably, thus making possible values of %*® Free.avars Vo ~
efficiency only obtainable with conventional %4.‘ < Earx-toVOTY L% 10 rOLrs Tl
tubes of the same cathode power at considerably :32 % 150 M.A. PER TUBE
higher voltages. RETR
The characteristics of the tube with regard to gu-i‘ z l_ | | | ' | l
the element voltages and the ionizing discharge ,_6_3 AL VLT R R T0 0RO
circuit current are shown by Figs. 5, 6, and 7. ‘&‘
Fig. 5 shows the plate family with the ionizing ELT) 3
discharge current equal to 250 ma. Fig. 6 shows S 5.[': v T
the results when the ionizing discharge current LOAD RESISTANCE ~OHMS-TOTAL
is equal to 150 ma. The plate current varies
somewhat with the bulb temperature when 8 T
mercury vapor is used as the gas. At the low i | ourPe—T—]
values of current the effect of temperature is WAL
small but the effect increases as the plate current b T i AMPERES
is increased, as shown by Fig. 7. For the RK-100 & si—{¢'s LB e W
under the conditions of 100 volts on the plate, 2.5 & |q i", //
volts negative bias on G; and 150 ma. ionizing 3 *[¥ |3 /| A.=4000 -onms
current to Gy, the amplification factor is approxi- i 3. /5|3® /’
mately 50 and the mutual conductance 12,000 % z-ﬁ 101
micromhos. With 250 ma. current to Gy the > |¢ |X /
mutual conductance is increased to over 20,000 T8 oR 7 3RD
micromhos. -
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RK-100 GRID CHARACTERISTICS i Ef=6.3 VOLTS =06 AMPERES

an intermediate or the output stage, or as r.f.
amplifiers (Class A, B, or C), and as oscillators.
The radio frequencies over which the tubes will
amplify and oscillate cover the range now in
common use, including at least as high as 150
megacycles (2 meters). This is contrary to the
commonly accepted idea that gas filled tubes are
very limited in their frequency range.

The results obtained when tubes of the particu-
lar design described here are used in the audio
output stage are shown by Figs. 9 and 10, show-
ing that the use of ionized gas in tubes, with its
resultant advantages, does not introduce dis-

b -:..--: 2 tortion. The curves were taken under ideal condi-
| tions and show the capabilities of the tubes.

g It is evident that the results are very good for
(Continued on page 82)
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COUPI.ING TRANSFORMERS

R.K. R.K. R.C.A. SYLVANIA

20 18 800 830-B
Input Output
List List

;i;r::;; Qut of | Into Price E:::::r Into Price
AD 75 | 9-2A3 | RK-18 | $7.50 | AD-76 | Class C, RF| $15.50
AD 77 800 7.50 | AD-76 | ClassC,RF| 15.50
AD 78 " 830-B 7.50 | AD-79 | Class C 30.50
AD 92 To couple one 45 to R.K. 20 suppr. grid. 7.50

Write for

Good power supplies are required with Class B audio.
catalog Bulletin Q48-13.
RAYTHEON MANUFACTURING CO.
ELECTRICAL EQUIPMENT DIVISION
190 Willow Street, Waltham, Massachusetts

Successor to Delta Manufacturing Co.

New Classes Now

Forming! Send for 40-

page catalog, explains
fully. 190 licensed graduates placed in past 3 years in broad-
casting, shipping, police radio, aviation, ctc. We teach all branches.
Oldest, largest and best equipped school in New England. Equipped
with Western Electric sound and broadcasting equipment and RCA
marine transmitter. Course prepares for United States Govern-
ment telegraph or telephone license.

MASS, RADIO SCHOOL, 18 Boylston Street, BOSTON

PRECISION CRYSTALS

‘X" and *AT" cut crystals one inch
square carefully ground for fre-
quency stability and maximum out-
put. Be sure of your transmitter
rreq‘l{mncy use PRECISION
CR ‘STALS Guaranteed to be the
I nuality obt

‘X' eut PRECISION Crystals care-
fully ground for maximum power
supplied to your specified frequency
accurate to 0.19 and calibrated to
within 0.03% are priced as follows:
1750 and 3500 ke. bands—$3.00 each. 7000 ke. band—$3.50.
Add $1.00 to above prices if plugin, dustproofl holder is de-
sired. Jacks to plug holder into — $.15 pair.

Crystal Holder—31.00

The 'AT" cut crystal recently developerd has a temperature
coefficient ot practically zero and will handle more power
than ordinary crystals. "AT" cut crystals ground to your
specified frequency accurate to 0.19% and calibrated to within
0.03% are priced as follows: 1750 and 3500 kc. bands —
$6i00 each. Crystal holder — §$1.00. Jacks for holder $.15
pair.

Crystals and ovens for commercial use quoted on at your

request. When ordering our product you are assured of the
finest obtainable. Now in our sixth year of business.

PRECISION PIEZO SERVICE
427 Asia St_reel Baton Rouge, La.

antenna. TW has M.0.P.A, UH builds new receiver. PE and
UD are going c.c. PW builds new receiver. LI has gone to
the Pas. EL tries Collins antenna matcher, FW keeps
schedule with Calgary and Los Angeles. The Moose Jaw gang
will have transmitter on 3.5, 7 and 28 me, at Y.M.C.A, Fair
to originate traffic and stimulate public interest in amateur
radio. CM is replacing burnt-out junk.

Traffic: VE4CM 228 CC 58 RZ 48 PL 42 FW 38 GA 25
PM-EL 7 RE 2.

Hamdom
(Continued from page 26)

radio men, he joined the Burgess Battery Co. In
1929 he went with Radio and Television Insti-
tute. In October, 1932, while flying to Kansas
City, he was overcome by carbon monoxide
poisoning and invalided for eighteen months.
Now he’s back in harness again, for General
Household Utilities. The tricks at WI9UZ are
still maintained, however; get that automatic
transmitter singing at you some night and have
the time of your life—or have your sending
recorded on the automatic recorder.

A New Hot-(:.;athode Tube
(Continued from page £5)

the cathode wattage used, namely 4 watts.
Considerably more efficiency may be obtained, of
course, with the tubes used as either oseillators or
high frequency amplifiers, where distortion is

FIG 10
RK~100 QUTPUT & DISTORTION CHARACTERISTICS
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permissible and relatively high values of peak
current may be drawn.

Editor’s note: The adaptability of this type tube
to both audio- and radio-frequency eircuits is demon-
strated in the 14-me. 'phone transmitter described
elsewhere in this issue.
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