No. 90652 SOLID-STATE DIPPER

CAUTION: This dipper is powered by a self-contained battery.

It is essential to turn off the

battery power to conserve the battery when the dipper is not in use. The ON-OFF switch is on
the SET METER potentiometer knob, which shows a colored stripe in the ON condition, The

switch clicks off when the battery is shut off.

I. OPERATING INSTRUCTIONS

1. General Description of the SOLID-STATE
DIPPER

The Millen No. 90652 SOLID-STATE DIP-
PER is a calibrated radio-frequency tunable
oscillator with plug-in coils, and an output
voltmeter with a rugged taut-band indicating
meter. The Dipper functions

(1) as a device for measuring the resonant
frequency of non-energized tuned circuits, and

(2) as an absorption frequency meter with
a Q-multiplier circuit to increase sensitivity
and sharpen response.

A phone jack is provided for listening to
beat notes. The use of semiconductor circuits
enables the extension of dipper-oscillator tech-
niques to applications which have been imprac-
tical because of the requirement for either a-c
power or bulky battery packs.

The oscillator frequency calibration ac-
curacy is =2% when the DET.-OSC. control
(oscillator-level control) is set for maximum
output by setting full clockwise (to OSC.).

2. CONTROLS
A. ON-OFF Switch

The ON-OFF Switch is operated by the
rotation of the SET METER potentiometer
knob. The OFF position is indicated by the
arrow on the panel, and is also indicated by a
click when the switch is turned ON or OFF.
A bright colored stripe on the knob is visible
whenever the battery switch is in the ON con-
dition. It is important to shut off the switch
when the dipper is not in use in order to con-
serve battery power. The dipper requires no
warm-up period when switched on,

B. SET METER Control

To operate the dipper oscillator, plug in
the desired coil, and turn the SET METER
control ON. After the dipper is turned ON,
it is necessary to set the meter reading to a
convenient value by rotating the SET METER
knob to the right until a meter reading above
half scale is obtained.

The SET METER control adjusts the
meter reading by setting the bias on the zero-

suppression circuit of the d-¢ amplifier. When
the SET METER knob is rotated to the right
from the OFF position, the meter reading will
be zero until the bias has been set to a value
which will allow current to flow. With a coil
plugged into the coil socket, and the DET.-OSC.
control set full clockwise, the SET METER knob
should be rotated to increase the meter reading
to a value near full scale, Then, a trial rotation
of the tuning control (see below) should be tried
to see if the meter reading will stay on the
scaﬂle in the frequency range desired. The SET
METER control is conveniently located for ad-
Justment as a thumb-operated knob.

The meter reading will remain constant at
whatever setting is made if —

(1) no coil is in place, or

~ (2) the oscillator transistor is not oscil-
lating, and

(3) the oscillator circuit is not picking up
an external signal and amplifying it (as a
Q-multiplier).

C. DET.-0O8C. Control

The variable resistor control at the lower
left c&:irner of the panel, marked DET.-OSC.,
is use

(1) to adjust the oscillation level of the
dipper oscillator (OSCILLATOR position), and

(2) to control the regeneration of the os-
cillator circuit when it is used as a Q-multiplier
amplifier to feed the diode detectors (DETEC-
TOR position),

~ To use the SOLID-STATE DIPPER as a
dipper oscillator, it will normally be required

that the control be set at maximum clockwise
(OSC.=>») rotation.

The SOLID-STATE DIPPER may be op-
erated as a sensitive absorption frequency me-
ter by adjusting the DET.-OSC. control coun-
ter-clockwise until the oscillation stops. With
the control set so that the oscillator circuit is
not oscillating but is regenerating, the cireuit
operates as a Q-multiplier amplifier which in-
creases the sharpness of resonance and the
amplitude of the response to any signal picked
up by the tuned circuit, In setting the control



for DETECTOR operation, it is useful to make
a check for self-oscillation by observing the
meter reading as the DET.-OSC. control is
rotated counter-clockwise. When the self-os-
cillation stops, the meter reading will remain
stationary as the DET.-OSC. control is rotated
below the threshold. Familiarization with the
action of this control will facilitate correct set-
tings.

It should be noted that the meter circuit
remains connected even with the battery power
switched off. To trace through this circuit,
start with the diodes at the coil connections of
the tuned circuit, proceed through the 47,000-
ohm resistor, R5, to the gate of the 2N5459
JFET d-c amplifier stage, then out through
the source, through the meter to the emitter
of the 2N1132 zero-suppression-bias transistor,
out through the base to the movable arm of
the SET METER control, and through this
variable resistor to ground. When the switch
is OFF, the arm will be 25,000 ohms away from
the ground end. Thus, the meter circuit goes
from the diodes through two semi-conductor
Junctions and 72,000 ohms, via the meter, back
to ground, The 470,000-ohm resistor, R8, from
the JFET (2N5459) gate to ground is a paral-
lel current path. If the meter reads up scale
with the switch OFF, it is an indication that
the dipper is in a strong r-f field and it may
be strong enough to damage the oscillator FET.

D. Tuning Control

The SOLID-STATE DIPPER makes use
of a Colpitts oscillator with plug-in coils and a
split-stator tuning capacitor., The oscillator
frequency is adjusted by rotation of the
thumbwheel which rotates the drum dial and
the capacitor via an anti-backlash gear. The
ranges covered are indicated on the panel ad-
Jacent to the dial.

3. Adjustment of controls for operating
conditions in various coil ranges.

The performance of the dipper oscillator
is affected by the setting of the controls. The
calibration of the oscillator frequency is cor-
rect with the DET.-OSC. control set full clock-
wise (to OSC.). The following notes should be
helpful in the adjustment of the controls for
best results,

A. DIPPER-OSCILLATOR MEASURE-
MENTS

Coil Ranges
“A” (1.6-3.6 Mc/s)
“B” (3.0-7.0 Mc/s)
“C” (6.7-16 Mc/s)
“D” (13-32 Mc/s)
“E” (25-60 Me/s)

The procedure for these ranges is approx-

imately the same for all, namely:

1. Insert the chosen coil in the coil soc-
kets.

2. Set the DET.-OSC. control for max.
OSC. amplitude (full clockwise),

3. Set the SET METER control for a
meter reading in the upper quarter of the scale
(between 0.8 and 1.0) with the tuning dial set
for the lowest frequency (near 0 on the logging
scale). This setting will generally give best
sensitivity for dipping.

4. Rotate tuning control to the desired
frequency, observing the meter reading, When
the resonant frequency of the circuit being
tested is passed, the dipper meter reading will
dip if sufficient coupling is provided.

“F” (60 - 150 Mc/s)

In this coil range, the oscillation level
varies somewhat as the tuning dial is rotated.
The SET METER control should be used to
keep the reading in the upper half of the meter
scale. Generally, the meter reading will be
high at the low-frequency end of the range,
decreasing at the higher frequencies. The
DET.-OSC. control should be set for maximum
OSC. level (clockwise).

“G” (125 - 300 Mc/s)

In this range, the oscillation level is max-
imum at the lowest frequency, decreasing
enough to require re-setting of the SET ME-
TER control at the top frequencies,

B. DETECTOR — Absorption Frequency
Meter Measurements

The SOLID-STATE DIPPER incorporates
provision for use of the oscillator circuit as a
regenerative amplifier, or Q-multiplier ampli-
fier, to sharpen the selectivity and increase
the sensitivity of the frequency meter. To use
the SOLID-STATE DIPPER as a frequency
meter, a selected coil should be plugged in, and
the DET.-OSC. control rotated toward the
DET., marking (counter-lockwise) until oseil-
lation stops. The frequency-meter function is
then available, and rotation of the TUNING
control should produce a sensitive deflection of
the meter. For reduced sensitivity, the control
must be set farther toward the DET. end.
the control is not set for a low enough sensi-
tivity level, the oscillator may start up again
as the circuit is tuned through an external
signal, causing the meter reading to fluctuate
vigorously as the dipper oscillator goes in and
out of lock with the external signal.

It is, of course, possible to use the dipper
oscillator circuit with the oscillator deliberately
set for a low level of oscillation, observing the



meter fluctuation as an external signal is
passed. Experience in the use of the SOLID-
STATE DIPPER will enable the user to im-
prove his techniques.

Although the available oscillator power
output falls off as the operating frequency is
increased, the sensitivity of the frequency me-
ter is maintained up to the top of the operating
frequency range. The regeneration is adjustable
to provide the proper amount of gain over the
entire range.

4. Replacing the Oscillator Transistor

It is possible to damage the RCA Type
3N128 oscillator transistor by subjecting the
dipper to high-power-level radio-frequency
fields. This accidental exposure of the MOS-
IGFET 3N128 to too high voltages will punc-
ture the insulation internally in the insulated
gate, ruining the electronic function of the
device. If the oscillator transistor has been so
damaged, it is necessary to replace it. In the
design of the No. 90652 SOLID-STATE DIP-
PER, particular attention was directed to mak-
ing it easy and inexpensive to replace this
transistor. The FET used is an RCA Type
3N128, a relatively inexpensive, high-perform-
ance device, which is easily replaceable without
soldering since it plugs into a socket,

The replacement is carried out as follows:

a. Remove the four screws holding the
cover (bottom of the case) on the No. 90652
SOLID-STATE DIPPER and remove the cover.
Set the unit down on a flat surface with the
glastic insulating plate resting on the flat sur-
ace,

b. Be sure the battery switch is in the
OFF position. Check to be sure.

¢. The replacement RCA 3N128 FET
transistor will be provided with a phosphor-
bronze shorting wire wrapped around the leads
next to the case of the transistor, Leave this
wire in place, cut the leads to approximately
35" length.

d. Remove the damaged transistor and
insert the replacement, being sure that the tab
on the transistor can lines up with the indenta-
tion in the Teflon body of the socket.

e. Pull off the phosphor bronze shorting
wire to un-short the 3N128 leads. Press the
transistor firmly into the socket so that it is
seated against the Teflon body of the socket.

f. Replace cover of dipper case.

g. The calibration of the oscillator may
be shifted slightly by this transistor replace-

ment. If it is important to know the exact
frequency of operation, a calibration check
would be desirable. In most cases, the shift in
calibration will be negligible. See ADDENDUM
for further instructions.

5. Replacement of Battery

The Millen No, 90652 SOLID-STATE DIP-
PER makes use of a 9-volt alkaline battery
for its self-contained power source. Suitable
replacements are the Mallory Type MN-1604,
or RCA Type VS1323. These batteries are
usually available at radio distributors, or can
be ordered from drug store or other battery
sales counters. The alkaline battery has a
good shelf life (approx. 2 years) and will pro-
vide many months of service under normal
conditions. Tests in our laboratories indicate
that, when used approximately 2 hours per
day, and the dipper is turned off when not
actually in use in hand, the alkaline battery
should last between 2 and 6 months, It is dif-
ficult to specify this figure more closely.

If the recommended alkaline battery re-
placement is not available, it is possible to use
8.4-volt mercury batteries as replacements.
Suitable types are Mallory TR146X, RCA
VS146X, Eveready E146X, or Burgess HI46X.
The battery life obtained should be equal to,
or slightly greater than, that obtained with
the alkaline batteries recommended. The cost
of the mercury batteries is somewhat greater
than that of the alkaline units, and the mer-
cury batteries are not satisfactory at low
temperatures (below 50°F).

In case of non-availability of either of the
above battery types, a temporary replacement
could be provided by a zinc-carbon transistor
radio battery, 9-volts rating, such as Mallory
M1604, RCA VS323, Eveready 216, Burgess
2U6, or Ray-O-Vac 1604, The NEDA size is
1604. The zinc-carbon batteries will provide
less than half of the service hours of the
recommended replacements, and will show
more droop in output voltage as they are used.

It is probable that a replacement battery
will be required when the supplied voltage drops
much below 7 volts at the battery terminals.
The battery current required varies from about
3 ma. to about 7 ma., maximum, depending on
the coil range in use and the adjustment of the
SE’%‘ METl ER control, and also of the DET.-OSC.
control,

6. General Considerations

a. A tapped insert is provided with 14”-20
thread to allow attachment of a wrist strap or
other safety retainer to guard against dropping



the SOLID-STATE DIPPER. This threaded
socket fits most camera tripods and wrist straps.
This feature is most useful in protecting the
Dipper from damage when it is used in poten-
tially dangerous locations, such as on antenna
masts for tuning beams.

b. Accessories available

The No, 46721 Probe is a coupling loop de-
signed for use with Millen dippers, It enables
coupling to circuits which are inaccessible to
the SOLID-STATE DIPPER because of space
or coupling limitations.

II. METHODS OF USE

The Millen No. 09652 SOLID-STATE DIP-
PER may be used in any of the following man-
ners:

1. A Dipper Oscillator for use as an oscil-
lating frequency meter to determine the reso-
nant frequency of de-energized r-f circuits.

With the DET.-OSC. control set maximum
clockwise to “OSC”, the SOLID-STATE DIP-
PER becomes an r-f oscillator. (See Section I,
Para. 3, above). A transistorized electronic
voltmeter built into the unit measures the rela-
tive output of the oscillator.

When an external circuit, resonant at the
oscillator frequency, is coupled to the “probe”
inductance, power is absorbed from the oscilla-
tor and is indicated by a dip (decrease) in the
voltmeter reading. The SOLID-STATE DIP-
PER used in this manner may then be used to
check the resonant frequency of a circuit with-
out the application of power to the circuit in
question, This results in a considerable saving
of time; and a definite assurance of correct
frequency adjustment of a circuit is obtained
without the danger of working in the presence
of high voltage d-¢ or r-f, Circuits may be
checked or pre-tuned before completion of the
unit in which they are to be used. Only minor
trimming is generally required under actual
operating conditions. Guesswork or “cut and
try” methods are eliminated, while, at the same
time, possible damage to components during
initial tune-up and adjustment is eliminated.

2. An Oscillating Detector for determin-
ing the fundamental or harmonic frequencies of
energized r-f circuits.

With the DET.-OSC. control set clockwise
to “OSC” and a pair of headphones plugged into
the ‘phone jack, an audible beat note may be
heard when the instrument is tuned to the

fundamental or harmonic frequency of a source
of r-f. The frequency in question, or its har-
monics (and sub-harmonics may be read direct-
ly from the calibrated dial to an accuracy of
+2%. Headphones for use in this application
must carry d.c. (i.e.-magnetic or dynamic, not
crystal 'phones).

3. A Signal Generator for use as a source
1(\);‘ ;-f frequencies between 1700 Ke¢/s and 300
c/s.

When the DET.-OSC. control is set to
*0SC” the instrument may be employed in place
of a signal generator, except in those cases
where special shielding or a known r-f voltage
is required. Special coils are available to extend
the oscillator range to lower frequencies.

4. A Tuned R-F Diode Detector for use as
an absorption-type frequency meter, using the
oscillator circuit as a regenerative Q-Multiplier
amplifier.

To use the SOLID-STATE DIPPER as an
absorption frequency meter, set the DET.-OSC.
control counter-clockwise toward DET, till oscil-
lation stops, and advance the SET METER con-
trol so that, with no r-f being picked up, the
meter reads approximately 0.2 ma. (See Sect.
I, Para 2C DET.-OSC, control above). The
meter reading will now increase when the probe
is brought into the presence of an r-f field of
the same frequency as that to which the dial
is tuned. The frequency may be read directly
from the dial if between 1.7 Me/s and 300 Mc/s.

The sensitivity of the #90652 is consider-
ably greater than conventional Grip Dip meters
when used as an absorption frequency meter
because of the improved indicator circuit using
a Q-multiplier amplifier to drive the diode de-
tectors, and a JFET d.c. amplifier in the indi-
cator circuit.

IIIl. MEASUREMENT TECHNIQUES

Correct methods of coupling the SOLID-
STATE DIPPER to circuits under test are
shown in Fig. 1. Because of the improved in-
dicating circuit, the coupling need not be as
close as with conventional Grid Dip Meters,
particularly at the higher frequencies.

When used as a Dipper Oscillator, harmon-
ics of lumped-constant resonant circuits will not
be indicated; however, other resonant frequen-
cies are sometimes indicated. These will be due
to other resonant circuits formed by circuit wir-
ing, stray capacitances, etc. In most cases






