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6865

MAGNETRON

Tunable
8750 - 9600 Mc

Forced-Air Cooled
Integral Magnet

200 Kw Peak
Power Qutput

TENTATIVE DATA

RCA-6865 is a tunable magnetraon intended for
service as a pulsed oscillator at frequencies
between 8750 and 9600 megacycles per second., |t
offers the advantage of providing in one tube an
adjustable frequency for radar equipment without
requiring appreciably more space than that occu-
pied by a fixed-frequency magnetron having compa-
rable power output.

The 6865 operates with high efficiency at
pulse durations up to 2.5 microseconds, and has
a maximum peak input power rating of 630 kilo-
watts, a maximum peak anode voltage of 23 kilo-
volts,and a maximum peak anode current of 27.5
amperes. When operated at a peak anode current
of 27.5 amperes, corresponding to a peak anade
voltage of about 22 kilovolts, the 6865 is capa-
bleofgiving a peak power output of approximately
200 kilowatts., Similarly, when the 6865 is oper-
ated at a peak anode current of 21 amperes, the
peak power output is approximately (55 kilowatts.

The 6865 design provides good spectrum
shape, low pushing figure, good frequency
stabilization, low thermal drift during warm—
up and after tuning, and a relatively uni-
form power output over the frequency band. |In
addition, the €865 features an axial cathode
having good structural rigidity; a getter to
maintain a high vacuum and minimize any tendency
toward arcing after a period of storage; and an
output waveguide which can be coupled to a stand-
ard JAN RG-51/U waveguide by means of a modified
JAN UG-52A/U choke flange. A doublie-helical
heater minimizes mechanical resonance of the
heater and reduces hum modulation at the power-
tine frequency.

The design of the output waveguide flange
and the mounting flange permits use of pressure
seals. The heater-cathode stem of the 6865 will
operate without electrical breakdown at atmos-
pheric pressures of 600 mmof mercury or greater.

The 6865 iselectrically similar tothe fixed-
frequency type 4J50 and has the same mounting ar~
rangement .

GENERAL DATA

Electrical:

Heater, for Unipotential Cathode:
vVoltage {aC or D€) . . . . . .
Current at 13.75 volts . . . . . 3.15 amperes

Starting Current . . The maximum instantaneous starting
current must never exceed 12 amperes, even momentarily

13.75 ¢ 10% volts

TMK ®, Morco Registrada
Printed in US.A.

Minimum Cathode Heating Time . . . 2,5 minutes
Frequency. . . . « « « « .« . « . . 8750~9600 Mc
Maximum Frequency Pulling at

VSWR of 1.5 ., . ., . . . . 13 Mc
Mechanical:
Mounting Position. . . . . . . . . . .. .. ..., Any
Dimensions . ., . . . . .. .. . .See Dimensional Outline
Air Flow:

o Fins--An air stream should be directed altong the
cooling fins toward the body of the tudbe., Adequate
flow should pe provided so that the temperature of
the anode block does not exceed 150°0C,

fo Heater-Cathode ferminal--Adequate flow should be
provided to maintain the temperature of the heater-
cathode terminal beiow 1650C.

Waveguide Output Flange. . . . . .Mates with Modified JAN
UG-52a/U Flange
Tuner., . . . .

N . » Calibrated, equipped with Tock
weight (Approx.} . . . . « . . . . . . < . . . 11-1/2 1bs

PULSED OSCILLATOR SERVICE

Maximum and Minimum Ratings, Zdsolute Falues:

For Duty Cycle of 0.001 max.
PEAK ANODE VOLFAGE . . . . 23 max, 23 max. kv
PEAX ANODE CURRENT . . . . 23 max., 27.5 max. amp
PEAK POWER (NPUT . . . . . 530 max. 630 max, kw
AVERAGE POWER [NPUT, . . . 0.530 max. 0.630 max. kw
PULSE DURAT{ION . . . . ., . 2.5 max, 1.1 max, usec
OPERATION TIME IN ANY.
100-M|CROSECOND INTERVAL 5.0 max. 5.0 max., insec
150 max. 150 max. kv/usec
RATE OF RISE OF VOLTAGE PULSE 70 min., 70 min. kv/usec
ANODE~BLOCK TEMPERATURE. 150 max. 150 max. oc
HEATER-CATHODE TERMINAL
TEMPERATURE. . . 165 max. 165 max. o
LOAD VOLTAGE STANDING WAVE
RATIO. +» . . . 1.5 max, 1.5 max.

Typical Operation® with Load Voltage Standing Wave
Ratio Equal to or Less than 1.05, except as noted:

¥ith Duty Cycle of 0.00!

TUBE DIVISION
RADIO CORPORATION OF AMERICA, HARRISON, NEW JERSEY

Heater Voltage . . . . . .. - - See Text
Peak Anode Yoltage . . . . . . . 21,5 22.0 kv
Peak Anode Curren. . . . . . . . 21,0 27.5 amp
Pulse Repetition Rate. . . . . . 1000 1000 cps
Pulse Duration . . . ., . . , . . 1 1 usec
RF Bandwidth with worst phasing

of 1.5 VSWR. . . . . . . . .. 2.0 2.0 Mc
Side Lobes with worst phasing

of 1.5 VSWR, ., . . . . ., . . 10 B db
Pulling Figure at VSWR of 1.5. . 14 9 Mc
Pushing Figure . . . . . . . . . 0.2 0.2 Mc famp
Thermal Ffactor for any 300

range between 700 and 1309, 0,2 0.2 Mc/oC
Peak Power Qutput. . . . . . . . 165 210 kw
CHARACTER ISTICS RANGE VALUES FOR £QUIPMENT DESIGN

Note Nin. Nax.
Heater Current . . . . . . . . . 1 3.0 3.15 amp
Peak Anode Voltage . . . . . . . - 20 23 kv
6865-3-56



CHARACTERISTICS RANGE VALUES (Cont'd):

Fote Nin, Nax
Peak Power Output (1). . . . . . 2 140 - kw
Peak Power COutput (2)., . . . . . 3 180 - hw
Pulses Missing frem Total (1). . 2.4 - 0.25 ]
Pulses Missing from Total (2). . 3.8 - 0.50 H
Note 3: With $3.75 volts ac or dc on heater.

Note 2: With peak anode current of 21.0 amperes corre-
sponding %o a peak anode voltage in the order aof
21,5 kv, apode-block temperature of 1009C approx.,
pulse duration of 1 microsecond, and maximum ioad
voltage standing wave ratio equal toor less than
1.05. For hecater voltage, see page 4.

With peak anode current of 27.5 amperes corre-
sponding to a peak anode voltage in the order of
22,0 kv, anode-block temperature of 1000C approx.,
pulse duration of 1 microsecond, and maximum load
voltage standing wave ratio equal tcor less than
1.05. For heater voltage, see page 4.

Pulses are considered tobe missing if the energy
tevel at the operating frequency 1s less than 70
per ceant of the normal value at & VSWR of 1.5,
and with VSWR phase adjusted to produce maximum
instability,

Note 3:

Note 4:

® For atmospheric pressures greater than 600 millimeters
of mercury in the vicinity of the heater-calhode stem,
Operation at pressures lower than 600 millimeters of
mercury may result inarc-over across the stem with con-
sequent damage to the tube. The waveguide should always
be pressurized to a minimum of 30 psi absolute to pre-
vent arcing, especially when there isa mismatched load,
Arcing in the waveguide due to lack of pressure can
damage the tube.

4 |t is essential that the input circuit be designed so
that if arcing occurs the energy per pulse delivered to
the tube cannaot greatly exceed the normal energy per
puise. To satisfy this requirement, it is recommended
that pulsers of the discharging-network type be used.

OPERATING CONSIDERATIONS

The maxtmum rattngs shown in the tabulated
data are |imiting values above whigh the service-
ability of the 6865 may be impaired from the
viewpoint of |ife and satisfactory performance.
Therefore, in order not to exceed these absolute
ratings, the equipment designer has the responsi-
bility of determining an average design value
for each rating below the absolute value of that
~ating by an amount such that the absolute values
will never be exceeded under any usual condition
of supply-votltage variation, load variation, or
manufacturing variation in the equipment itself,

The high voltage at which the 6865 is oper-
ated is very dangerous. Great care should be
taken in the design of apparatus to prevent the
operator from coming in contact w~ith the high
voltage. Precautions include the enclosing of
high-potential terminals and the use of inter-~
locking switches to break the primary circuit of
the power supply when access to the equipment is
required.

Magnetic-Field Precautions. In general,
magnetrons with integral magnets, such as the
6865 should be stored so as tomaintain a minimum
distance of 6 inches between tubes. If this
precaution is not followed, excessive interaction
between the magnetic fields of adjacent magnets
may occurwith consequent decrease inthe strength
of the magnetic fields. In addition, it is

important tomaintainaminimumdistance of 2 inches
between the magnet and any magnetic materials and
to use non-ferrous tools during installation,
Failure to observe this latter precaution may
subject the magnet to sharp mechanical shocks which
may result in demagnetization of the magnet.
Furthermore, precautions should be observed to
insure that the magnetic field of the 6865 does
not affect nearby instruments and tubes,
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Fig.1-Typical Stabilization Characteristic
of Type 6865.

in handling the 6865, exercise care to pre-
vent rough treatment which might distort the
metal structure and cooling fins. Any such dis-
tortion may result in loss of vacuum or impair-
ment of the electrical characteristics. The tube
should never be held by the heater-cathode stem
because undue strain on the cathode assembly will
weaken the structure and will result in permanent
damage to the tube.



Care should be taken to prevent any foreign
matter or corrosive substances from entering the
recessed cathode terminat or from fodging in the

opening in the waveguide output flange. As 2
safeguard, it is recommended that the protective
dust cover over this flange be left on until the
tube is ready tc be mounted in the equipment.
; FREQUENCY RANGE: 8750 - 9600 Mc
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Fig.2 - Operating Region of Type 6865.
The approximate weight of the 6865 is: packed
for shipment, I8 pounds; and unpacked, [{-1/2

pounds.

Hounting of the 6865 should be accomplished
by means of the mounting flange w~hich may be
positioned to operate the tube in any orienta-

tion. The fiange is made so as to permit use of
the 6865 in applications requiring a pressure
seal. Care should be taken by the equipment de-

signer to insure that the tube is mounted on a

surface having adequate flatness so as to avoid
possible distortion of the mounting flange when
it is bolted to the mounting surface.

Fastening the JAN RG-51/U waveguide to the
waveguide output flange of the tube is accom-
plished in the following manner. A JAN UG-52A/U
choke flange or equivalent should be modified by
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Fig.3 - Performance Chart of Type 6865.

drilling out the screw threads from the four
mounting holes in the choke flange using a No.I5
drill, This operationwill permit four size 8-32

bolts inserted through the flange mountingholes,
to engage the threaded waveguide output flange
of the tube. It is recommended that the choke
flange be sufficiently tight to avoid arcing and
other contact effects. Before the choke flange
is fastened to the waveguide output flange of the
tube, the user should make certain that the wave-



guide window is entirely free of dust to prevent
possible arcingwith consequent damage to the tube.

Cooling of the 6865 is accomp!ished by direct-
ing a stream of clean air along the cooling fins
toward the body of the tube, Adequate flow
should be provided to maintain the temperature
of the anode block below 150°C under any condi-
tion of operation. Failure to provide adequate
cooling will impair tube life.

The heater terminal and the heater cathode
terminal require the use of a comnector with
flexible leads such as the Ucinite® No.lI5364
with built-in capacitor, or equivalent. Unless
flexible leads are used, the heater-and-cathode
seals may be damaged. Adequate air flow should
be provided to maintain the temperature of the
heater-cathode terminal below 165°C.

When a new tube s first placed in service,
it is recommended that the pulse voltage be
raised gradually to minimize possible arcing
within the tube, |f there is evidence of arcing,
operate the tube with reduced input for a period
of from 15 to 30 minutes after which arcing usu-
ally ceases.

A heater starter should be used to raise the
voltage gradually and te |limit the instantaneous
starting current through the heater when the cir-
cuit is first closed. The starter may be either
a system of time-delay relays cutting resistance
out of the circurit, a high-reactance heater
transformer, or a simple rheostat. Regardless
of the method of control, it is important that
the maximum instantaneous starting current never
exceed, even momentarily, a value of 12 amperes.
Exceeding this value may damage the heater,

After the heater voltage is raised to its
rated value of 13.75 volts, atlow the cathode to
warm up for at least 2-1/2 minutes to make sure
that the cathode reaches operating temperature.
When the cathode has reached full operating
temperature, high-voltage pulses, negative with
respect to anode (ground), can be applied to the
heater-cathode terminal. As soon as the 6865
begins to oscillate, the heater voltage (Ef} should
be reduced in accordance with the following for—
mula, depending on the average power input (P;)

to the tube: P
t
P; up to 450 watts: Ef=1[3.75 (' -4—56) volts
Pi greater than 450 watts: Eg=0 volts

When the 6865 is oscillating, the cathode is
subjected to considerable electron bombardment
which raises the temperature of the cathode. The
magnitude of such heating is a function of the
total dissipation and must be compensated by re—

duction of heater voltage in order to prevent
overheating of the cathede., Failure to start the

* Manufaclured by Ucinite Oivision of United-Carr Fastener
Carporation, Newtonville 80, Mass.

tube at rated heater voltage and to reduce the
heater voltage as soon as oscillation starts may
adversely affect tube life,

The heater should be protected against input
pulse power by placing a suitable capacitor in
shunt with the heater leads as near the heater-
cathode stem as possible in order to limit high
transient voltages from developing across the
heater.

Stabilization. After the high-voltage pulses
are applied, the temperature of the tube rises
until a condition of thermal equilibrium is
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Fig.g - Typical Tuning Characteristic
of Type 6865.

reached. During this period the physica! dimen~
sions of the tube change, causing the rescnant
frequency of the anode structure to change. The
time required for stabilization is shown in Fig.l.

For standby operation, during which the high~
voltage pulses are not applied to the tube, the
heater veltage should be restored to 13.75 volts,

The anode-circuit return should be made to
the heater-cathode terminal. If the anode-cir-
cuit return is made to the heater terminal, all
of the anode current will flow through the heater
and may result in heater burnout.

The leads between the pulse generator and
the magnetron should be kept as short as possible
because the reactance of long leads may distort
the pulse waveform,

The shape of the voltage pulse as supplied
to the tube by the driving circuit should con-
form to the values indicated in the tabulated
data. It is essential that the total voltage
variation across the top ofasingle pulse be less
than five per cent of the smooth peak value to
insure good spectrum shape. Poor pulse shape can
cause excessive frequency modulation and tube



instability. Modulation of the mean pulse volt-
age from pulse to puise should be held to a mini-
mum. The trailing edge of the voltage pulse
should decrease rapidly to produce the best fre-
quency spectrum, High positive peaks in the
ripple, or backswing following the voltage pulse,
if excessive, may cause instability or noise.
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Fig.5 - Operation Characteristics
of Tybe 6865.

The 6865 should be operated with a well-
matched load. Tube life and reliability will be
increased if the VSWR of the load is kept near
unity, either by the use of a suitably matched
load or by using a ferrite load isalator. Under
no circumstances should the tube be operated
with a VSWR greater than 1.5,

The use of an electrically long transmission
line between the output of a magnetron and its

load can cause fregquency instability with re—
sulting detericration of spectrum. Such unsatis-
factory operation has been called "long-1ine
effect”. The extent to which "long-line effect”
is exhibited depends on three factors: the
pulling factor or degree of coupling of the load
to the osciflator, the length of line between an
impedance discontinuityand the tube, and the de-
gree of impedance discontinuity. Fig.2 indi-
cates the recommended operating region for the
6865 over its entire tuning range.

For optimum performance, the pulse—generating
equipment, pulse line, pulse transformer, the
magnet ron, and the associated circuitry should
all be considered as a unit and be designed to
work together.

A iypical performance chart for the 6865 is
given in Fig.3. It shows the peak power output,
tube efficiency, and peak anode voltage as func-
tions of peak anode current withthe tube operat-

ing into a matched load.

Tuning is accomplished by turning the tuning
knob until the setting of the micrometer-type
indicator is reached which corresponds to the

desired frequency, as determined from the cali-
brat ion on the tube. Then lock the tuning knob.
A typical curve of indicator setting vs frequency
is shown in Fig.4. For precise tuning adjustment,

the final indicator setting shou!d be approached
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Fig.6 - Waveforms Showing Smooth Peak Value,
Trailing Edge, Backswing, and Pulse Width.

using the same direction of rotation of the tuning
knob. There is little frequency drift after
changing tuner setting. A typical curve of peak
power output vs freguency is shown in Fig.5.



Our engineers are ready toassist you tn circuit
applications of the RCA-6865., For further infor-
mation, write to Commercial Engineering, RCA,
Harrison, New Jersey, giving complete details as
to thke proposed service.

DEFINITIONS

Smooth Peak Value. The maximum value of a smooth
curve drawn through the average of the fluctua-
tion over the top of a voltage or current pulse,
as iltustrated in Fig.6.

Pulse Width., The time interval hetween the two
points of the current pulse at which the current
is 50 per cent of the smooth peak value.

Rate of Rise of Voltage Pulse. The steepest

slope of the voltage pulse leading edge above 50
per cent of the smooth peak value.

Measurement of the rate of rise of voltage
should be made using a capacitance divider with
an input capacitance not exceeding 6 puf. An
oscilloscope of sufficient bandpass,such as the
Tektronix 517 or equivalent, should be used.
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NOTES FOR DIMENS | ONAL QUTLINE

Reference plane A is defined as the plane through that
portion of the mounting flange designated as annular
surface 0,

Reference plane B is defineo as the plane which is per—
pendicular to plane A and passes through the exact centers
of mounting flange holes No.Z & No.3.

Reference plane £ is defined as the plane which is per-
pendicular to plane A4 & plane B & passes through the
exact center of mounting fiange holes No.3 & No.%,

NOTE |: surface E of the waveguide output flange, and the
entire mounting fiange are made so that they may be used
to provide a hermetic seal,

NOTE 2: The axis of the heater-cathode terminal will be
within the confines of a cylinoer whose radius is 3/6u"
and whose axis is perpendicular to reference plane a at
the specified location,

NOTE 3: At} points on mounting flange will lie within
0.025" above or pelow reference plane A,

NOTE 4: The Yimits include angular as well as lateral
deviatijons.

NOTE 5: These dimensions define extremities of the 0.169"
internal diameter of the cytindrical heater terminal.

NOTE 6: These oimensions define extremities of the 0.530*
internal diameter of the cylindrical heater-cathopde
terminal.

NOTE 7: No part of the connector device for the heater ano
heater-cathode terminals should bear against the under—
side of this lip.

HROTE 8! The heater terminal and the heaier-cathode terminal
are concentric within p.Q10°",

NOTE 9: Clockwise rotation of tuser increases frequency.
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