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SECTION 1
CHARACTERISTICS

General Information

The Tektronix Type 130 L-C Meter is a direct reading
reactance meter that measures small reactances at a fre-

quency between 125 kHz (Hz = Hertz; one cycle per second)

and 140 kHz. The meter indicates inductance up to 300 uH
and capacitance up to 300upF. The unknown inductor
or capacitor is part of a resonant circuit whose frequency
is compared to a 140 kHz reference oscillator. The meter
actually indicates the frequency difference between the
two oscillators, but is calibrated directly in uH and puF.
The Type 130 is designed for making measurements where
possible errors of up to 5% of indicated value are permis-

sible.

The Type 130 is particularly useful for measuring small
capacitances in the presence of enviromental strays. A front-
pane! Guard Voltage output provides in-phase drive to the
environmental capacitance terminal to eliminate strays from
a measurement. Thus it is possible to measure vacuum tube
interelectrode capacitances.

Measurement of very small reactances is possible if
special reeasuring procedures described in the Operating
Instructions of this manual are followed.

ELECTRICAL CHARACTERISTICS

Ronges—Fr:om zero to 3, 10, 30, 100 and 300 pH or puF
full scale. Minimum scale divisions are 0-3: 0.1; 0-10: 0.5;
0-30: 1.0; 0-100: 5.0 and 0-300: 10.

Accuracy (Not using the Guard VYoltage|—==3% of full
scale, with minimum of 0.2 uH or 0.2 uuF readable on 0-3
scale when meter set af zero before the unknown is con-
nected. Use of suppressed zero technique described in
Operating Instructions permits greater resolution of very
small reactances. Accuracy of small reaciance measurements
can be valid only when the circuit resistance at 140 kHz is
known. Full scale accuracy of any cne range can be
improved by special calibration at the time of measurement.

Absolute measurement accuracy will be affected by resi-
stance in series or parellel with the unknown as stated below.

Circuit Resistance Loading Limits

The Type 130 resistance loading compensation is opti-
mized for operation af or near a line voltage of 117 volts
RMS. When operated at or near 117 volts, resistance in
series or parellel with the unknown (including the effects of
dielectric and core icsses) may be tolerated within the
following limits.

Capacitance Measurements. Resistance as low as 100
KQ in parallel with the unknown will have regligible effect
upon the measurement accuracy. Correction tables in the
Operating Instructions indicate corrections needed for values

as low as 30kQ. Resistance in series with the unknown will
affect accuracy in proportion to the capacitive reactance at
the measuring frequency (excepting the actual lead and body
capacitance of discrete resistances involved).

Inductance Measurements. Effective resistance compon-
ents up to 10Q in series with the unknown (core losses
appear as series resistance} or as low as 20kQ parallel
resistance will have negligible effect upon the measurement
accuracy. Correction tables in the Operaling Instructions
indicate corrections needed for series values as high as 35 Q.
Resistance in parallel with the unknown will affect accuracy
in proportion to the inductive reactance at the measuring
frequency.

Guard Voltage

The Guard Voltage can be used to neutralize the effect
of up to 300 puF environmental capacitance around an
unknown capacitor if the -guard terminal loading is not
excessive. Loading limits must be determined fer each instru-
ment. Nominal limits for guard circuit use in three terminal
capacitance measurements are:

Capacitance  between Guard VYoltage ferminal and
Unknown terminal is 300 uwuF maximum.

Capacitance between Guard Voltage terminal and
chassis ground is 100 puF maximum when its parallel resi-
stance is >50kQ, and 200 puF maximum when its parallel
resistance is > 100 k.

Total series resistance between Unknown terminal and

chassis ground must be >100kQ. (See Fig. 2-9.)

Voltage Across Unknown

The sine wave voltage at the unknown reactance is not
greater than 1 volt peak to peak across capacitors, nor
greater than Y, volt peak to peak across inductors. Capaci-
tors above 100 uuF decrease the voltage slightly. Very small
inductors have much less voltage across them.

Power Requirements
105 to 125 or 210 to 250 volt AC RMS, 50 to 60 cycles.

Do not use saturable rcactor line voltage stabilizers that
distort the waveform more than 5%. Power consumption
at 117 or 234 volts, 40 watts.

PHYSICAL CHARACTERISTICS

The chassis is made of light weight cluminum alloy, with
blue vinyl finished cabinet and anodized front panel.

Dimensions—7"" wide, by 10V,” high and 103" deep.
Weight—Approximately 9 pounds.
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SECTION 3
CIRCUIT DESCRIPTION

The Tekironix Type 130 L-C Meter employs low power
vacuum tubes in stable circuits for direct reactance meas-
urements. The circuits include a Variable Oscillator with
frequency controlled by the unknown, a fixed reference
oscilletor, buffer amplifiers, a mixer, a counter, and a
power supply. The power supply is soft-tube regulated to
stabilize the oscillators and counter circuits.

Block Diagram

The block diagram of Fig. 3-1 shows the general lay-
out of the Type 130 circuits. With the RANGE SELECTOR
switch at any puF position, and with no capacitor attached
to the UNKNOWN L OR C terminal, the Mixer receives
two identical 140 kHz signals. The oscillators are identical
circuits  with equal temperature compensation, so their
output frequency changes with temperature are essentially
the same after warmup. Connecting a capacitor to the

UNKNOWN L OR C terminal reduces the frequency of .

the Variable Oscillator. At this time the Mixer produces
an output frequency equal to the difference between the
two oscillator frequencies.

A twin-tee filter prevents any 140 kHz signal from pass-
ing from the Mixer to the Counter circuits. Low frequency

Mixer output signals are DC coupled through the filter to
a Bistable Multivibrator that standardizes their shape and
amplitude. Consistent amplitude square waves drive a
bucket and ladle circuit to deflect the meter by an amount
proportional to frequency.

The Guard-Voltage Cathode Follower provides a front
panel signal with equal amplitude and phase to that of
the signal at the UNKNOWN L OR C terminal.

Variable Oscillator (Capacitance
Measurement)

The Variable Qscillator is a tuned-grid oscillator with
energy to the fickler winding provided by a cathode fol-
lower. The grid tank circuit is made up of the winding
between terminals 1 and 5 of Tl and capacitance consist-
ing primarily of C5. Capacitance in parallel with C5
includes C2, C3, C4 and the unknown. The tank capaci-
tance is approximately 1060 puF without an  unknown
attached. Connecting a 300 uuF unknown capacitor adds
about 30% additional capacitance and reduces the fre-
quency of oscillation from 140 kHz to 125 kHz.
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Fig. 3-1. Type 130 Block Diagram.
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Circuit Description—Type 130
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Fig. 3-2. Variable Oscillator active elements when Type 130 is set to measure capacitance,

‘hen operating to measure unknown capacitors (see
Fig. 3-2), terminal 5 of T1 is grounded, causing the grid
circuit of V4A to see a normal resonant grid tank fhrough
grid leak resistor R paralleled by C6. Any change in
grid voltage of V4A is amplified and inverted at its plate
and directly coupled to the grid of cathode follower V4B.
V4B serves three purposes: (1) low impedance drive to
buffer amplifier V15A, (2} DC stabilization and control
of the screen grid voltage of V4A, and (3) drive to the
tickler winding of T1 through C10. V4B assures that the
oscillator power level is adequate to minimize the effect
ot changes in frequency due to resistive loading that may
be placed in parallel with the unknown capacitor. As
the UNKNOWN terminal is lightly loaded, the signal to
V4A grid is reduced, lowering the normal negative grid
bias. Reduced bias increases plate current, causing the
plate voltage to drop. Reduced plate voltage reduces the
cathode voltage of V4B and the screen voltage of V4A,
reducing V4A plate current so the plate voltage returns to
approximately its original value. This action keeps the trans-
conductance of V4A essentially constant and assures con-
stant feedback drive to T1. Heavy resistive loading of the
UNKNOWN ' terminal will reduce V4A grid bias enough
fo stop oscillations. Then V4B reduces V4A screen voltage
to a low value to limit dissipation of VAA and protect the
circuit until the heavy loading is removed.

Terminals 1 and 4 of T1 are a tertiary winding that is
described later under the Guard-Voltage circuit.

3-2

C7-R7 (in V4A plate circuit) allow a slight phase adjust-
ment to the feedback loop. Adjusting C7 sets the oscillator
regulation fo the proper value so the meter will ignore
resistive loading changes from infinity to 100kQ. Load-
ing by resistance less than 100kQ will affect the meter
accuracy, with corrections given near the end of Section
2 of this manual.

Variable Oscillator {Inductance
Measurements)

When operating to measure unknown inductors (see Fig.
3-3), terminal 5 of Tl is connected to the UNKNOWN
L OR C terminal. This opens the Variable Oscillator tank
circuit.  With no unknown inductor, the oscillator is turned
off. R14 supplies a few volts of charge to capacitors C2
through C5 so that there is reserve tank current available
to start oscillations the instant an unknown inductor is
connected. The grid and cathode of V4A act together as
a diode that essentially grounds one end of R4, so the
DC bleeder shown in Fig. 3-4 places about +12 volts
charge on capacitors C2 through C5. With V4A grid cur-
rent flowing, the protective circuit of V4B lowers V4A
screen voltage (and current) limiting V4A plate dissipation
fo a safe volue. As an unknown inductor is placed between
the UNKNOWN L OR C terminal and ground, the charge
on capacitors C2 through C5 forces current into the tank
winding of T1, quickly setting up the proper magnetic flux

©



Circuit Description—Type 130
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Fig. 3-3. Variable Oscillator active elements when Type 130 is set te measure inductance.

for oscillations. The Type 130 meter thus responds quickly
to the connection of an unknown inductor.

The VYariable Oscillator has two output signals; one to
a buffer amplifier and thus the Mixer, and the other to
the Guard-Yoltage Cathode Follower.

Fixed Oscillator

V30 is the 140kHz fixed oscillator, adjusted by the
powdered-iron tuning slug in T30. The circuit is sim-
ilar to the variable oscillator circuit, but without the feed-
back phase adjustment. V45A is the buffer amplifier.

Buffer Amplifiers

V15A and V45A are self-biased buffer amplifiers that
provide isolation between the two oscillators and their
mixer. Common grid coupling in the mixer would disturb
both oscillators without the buffer isolation provided by
the high output impedance pentode amplifiers. Each buffer
stage plate dissipation is limited by the large screen grid
resistor, and the tube will not be damaged in the event
drive is removed.

Guard-Voltage Circuit

V110 is a cathode follower whose gain is slightly less
than one. The voltage at ifs grid is increased over the
voltage at the UNKNOWN terminal by o small additive

©

winding on T1. The additional voltage is just enough to
make up for the slight voltage loss in the cathode follower,
so that the GUARD YOLTAGE output voltage is equal to the
UNKNOWN terminal voltage. Voltage divider R112, R113,
sets the DC grid voltage at about 450 volts so that about
5mA of cathode current flows. The output impedance is
about 250 ohms.

Mixer

The Mixer V60 is a common type of dual-grid hetero-
dyne mixer. Non-linear operation for proper mixing action
is assured by the grounded-cathede self-biased circuit. The
output circuit includes a series 140 kHz Twin-Tee filter (Cé4-
R64-Cé5 and R61-C62-R62) with additional low-pass capac-
itors C61 and C63. This network assures that mixer output
signals above about 30 kHz do not reach the multivibrator
and counter circuits.

V60 plate current passes through Rét and Ré2 of the
filter. R&1-R62 make up 44 kQ of the adjustable plate load
resistors. The plate load resistor is adjustable so the DC
input voltage to the following multivibrator can be set to
the correct value for symmetrical output square waves.
The high impedance plate circuit of V40 prevents signifi-
cant change in mixer gain through the range of R&B.

Bistable Multivibrator

The Bistable Multivibrator converts the Mixer output
signals to consistent amplitude square waves. As the grid
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Circuit Description—Type 130
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Fig. 3-4. DC bleeder network that charges capacitors C2 through
C5 without unknown inductor.

of V70B rises positive past about +39 volts, Y70B con-
ducts and V70A turns off. The coupling from V70B plate
to V70A grid, and their common cathode connection,
assures fast regenerative switching. The multivibrator
remains in a stable state until the grid voltage of V708
is taken below about 436 volts. This turns V70B off and
V70A on.

The output signal from VY70A switches between two volt-
age limits set by V76 and its associated resistors. When
V70A is cut off, its plate voltage rises to near 4150 volts.
The upper voltage limit is set by the clamp diode con-
nection of V76B and the 4150 volt supply. When V70A
is conducting, the plate voltage rests at about 4100 volts
as set by clamp cathode follower V76A. V76A grid volt-
age is set by R78 as adjusted in the Calibration Procedure.
Thus, any frequency difference between the two 140 kHz
oscillators is converted to square waves of approximately
50 volts peak to peak. The pentode plate circuit high
impedance of Y70A permits the multivibrator output volt-
age to be externally controlled without disturbing the
multi's ability to switch properly.

Symmetry of the multivibrator output square wave is con-
trolled by adjusting the DC level of the mixer output sig-
nal. Symmetry is important for proper operation of the
counter circuit. Fig. 3-5A shows the mixer output signal af
the grid of V70B. The arrows indicate the voltage at which
the muliivibrator switches. Note that the multivibrator
square wave (Fig. 3-5B) is in time agreement with the arrows
on the mixer output signal.

Counter

The Counter is a two-diode, two-capacitor bucket and
ladle circuit with a meter across the bucket capacitor. The
Bistable Multivibrator pumps current pulses from the ladle
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Fig. 3-5. (A) V70B grid. (B) V70A plate. Waveforms are fime-
related.

capacitor into the bucket capacitor. The meter quickly dis-
charges the bucket capacitor, deflects upward, and its damp-
ing holds the meter there until the next current pulse.

To understand Counter operation, assume that the RANGE
SELECTOR switch is set at 300 puF, the meter is electrically
zeroed and V70A ancde is at +100 volts, Under these
conditions C90 has a charge of about 50 volts. The anode
of V70A is at about 4+ 100 volts, and V15B cathode at
+148 volts. C97 has equal voltage on each of its plates,
and the meter is not conducting any current. V15B anode
is at 4148 volts to prevent VI5B or V45B current, thus assur-

. ing no current flow at meter zero.

Any difference in frequency of the two oscillators will
cause V70A anode to rise to +150 volts. Both plates of C90
fry to rise 50 volts, but V45B diode connects C97 to C90, and
the capacitors divide the 50 volt step. Fig. 3-6 shows wave-
forms faken at Y70A anode and V45B cathode with a 240
uuF capacitor connected to the UNKNOWN L OR C con-
nector. The V70A waveform shows the RC rolloff of the
square wave, with a time constant set by R74 and the series
capacitance of CP0 and C97 (the meter terminal resistance
is about 1.8kQ). The V45B cathode waveform shows the
voltage pulse across C97 with the discharge slope caused by
meter current. Thus, the V458 cathode waveform shows that
the meter recieves periodic current pulses. Changing the
number of pulses per second changes the meter deflection
in a linear manner. The meter receives pulses at a 15 kHz
rate for full scale deflection ar 300 puF or 300 uH.

Changing the RANGE SELECTOR switch to 100 uuF (uH)
and 30 puF (uH} changes the bucket and ladle capacitors
that allow full scale deflection at frequencies less than 15
kHz. Also a variable resistor {one for each range) is placed
across the meter to allow calibrating each range. At 10 puF
(H) and 3 puF {H) the ranges allow usable meter deflection
from very low frequency pulses. Damping capacitors are
placed across the meter on these two ranges to minimize
needle vibration and permit valid readings when the meter
would vibrate seriously without damping.

The counter circuit basic calibration is made on the 300
ppF range with proper meter deflection set by adjusting the
amplitude of V70A anode swing (adjusting R78, ADJ 2 300).
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3-6. Counter circuit waveforms,

Circuit Description—Type 130 »

The lower value ranges are adjusted by varying the value
of the shunt resistor across the meter.

Power Supply

DC power is furnished by a capacitor input full-wave
rectifier circuit. V400 is the rectifier. V403 is a soft-tube
regulator that provides the <4150 volts for circuits that
require a stable voltage throughout normal line voltage
chenges. The tube heaters are elevated to 475 volts to
reduce the heater-to-cathode potential of V74, VI5B and
V45B. The Variable Oscillator heater has 1.5 ohms in series
to partially stablize cathode temperature with varying line
voltage.

The power transformer has two equal primary windings

that permit operating the Type 130 at either 117 volts or 234
volts AC RMS.
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