














www.qrparci.org/ The QRP Quarterly Spring 2006  ·  51

dynamic range, far greater than the dynam-
ic range of the discrete logarithmic ampli-
fier shown in recent editions of the ARRL
Handbook. As with the original article, the
circuit is built using mostly Manhattan
construction. The LM358 operational
amplifier is best mounted dead bug style,
directly on the PC board.

Figure 4 is the power supply schemat-
ic. It is also quite straightforward, as can
be seen. The 15-16 volt output powers my
signal generator [3], when the two devices
are used as a pair.

Some construction pictures are shown
in Figures 5 through 8. Figure 5 is the crys-
tal test circuit board, and Figure 6 shows
the inside of the logarithmic amplifier. The
latter device is contained in a box made of
scrap PC board material. Device sensitivi-
ty requires that this circuit be shielded in
order to prevent stray signals from reduc-
ing dynamic range. Input feedthroughs for
power, and shielded cable inputs for signal
input and output are also good ideas.
Figure 7 shows how the various modules
fit inside the box. The f-Check board is at
the upper left, partially obstructed by the
power supply along the left side of the
case. The Crystal Tester board is in the
upper center of the picture, and the loga-
rithmic amplifier box is on the right side of
the case. Figure 8 shows the front of the
device and how controls are arranged.

Component and Construction Notes
In general, very few components are

critical, and circuit layout can be quite
flexible. Manhattan construction is more
than adequate.

The 20 dB attenuator is designed for a
signal generator supplying –10 dBm to the
tester, thus reducing that input to –30 dBm.
Input impedance to the tester is assumed to
be 50 ohms. You may want to change this
attenuator, if your generator supplies more
or less output power. However, at least a
10 dB attenuator should be used, in order
to isolate the generator from the crystal
under test. Don’t try to put more than 20
dB of attenuation on the PC board, as sig-
nal leakage across the attenuator may well
occur. Resistance values in this portion
don’t need to be too precise, as we are only
trying to provide isolation and prevent
excess voltage on the crystal. Absolute
power levels can vary by several dB.

The 3 dB attenuator is a slightly differ-
ent story. Here, if the attenuation is more or

less than 3 dB, test results for the crystal’s
3 dB bandwidth will be affected. So, pre-
cise values are more important. However,
if 1% resistors are not immediately avail-
able, you could check a batch of resistors
for values that are close to nominal.

The Mini-Circuits ERA devices are
available from several vendors. However,
Down East Microwave offers a particular-
ly handy service, besides offering the
devices in small quantities at reasonable
prices. This firm also offers the chokes and
resistors needed to supply DC voltage to
the devices. Chokes are of good quality,
and show no DC resistance. These parts
definitely make the job of providing the
right supply voltage easier.

Most any type of small signal diode
will work in the detector. However, the
diode chosen should have reasonably high
reverse resistance. A recent message string
on the qrp-tech forum indicates that the
higher reverse resistance gives better
results, and I have noticed modest differ-
ences in the results obtained with higher
reverse resistance diodes. I would suggest
obtaining one or two dozen of the chosen
type diodes, and testing them for reverse
resistance. The easiest way to accomplish
these tests is to place the diode in series
with a 100K ohm to 330K ohm resistor.
Then, apply a reverse biasing voltage of 3
to 5 volts on this circuit. The resulting volt-
ages across the diode and resistor will tell
you the diode’s reverse resistance under
operating conditions.

Finally, although many different meters
will work, it is probably a good idea to

Figure 4—Power supply schematic diagram.

Figure 5—Crystal test circuit board.

Figure 7—Interior of the crystal test fix-
ture.

Figure 6—Inside the logarithmic ampli-
fier.

Figure 8—The finished crystal test fix-
ture.
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check the amount of damping present in
the meter. Some meters are quite slow to
respond to adjustments in signal frequency.
In turn, this makes finding the crystal’s res-
onant frequency a harder task. Fortunately,
it’s easy to put a few volts DC across the
sensitivity potentiometer, and then connect
the variable potentiometer output arm to
the meter. Varying the potentiometer will
give you a feel for how fast the meter indi-
cates change.

Also, note that in Figure 8 I show a pair
of clips at the crystal socket. The clips are
soldered to round brass stock from a hobby
store, which is then inserted in the crystal
socket. The clips are kept properly spaced
by a piece of drilled Plexiglass, to which
the brass stock is glued. This arrangement
is helpful for testing the many crystals with
wire outputs, as opposed to pins.

Operation of the Test Fixture
Crystals are often modeled using the

circuit of Figure 9 [4]. The steps listed here
will lead to values for RS, Lm, and Cm. C0
can either be measured with a capacitance
meter, or a value can be assumed. For most
modern crystal packages, a value of about
5 pF can be assumed for a starting filter
design.

For operation of the test fixture, you
will need a signal generator, a step attenu-
ator (unless the signal generator has vari-
able power output), an ohmmeter, and a
frequency counter with 1 Hz resolution.
The signal generator of Reference 3 is suit-
able, as is the Precision VXO developed by
Jim Kortge [4]. An outboard adjustable
attenuator may also be helpful in prevent-

ing overload of the test fixture amplifiers.
Start by connecting the frequency

counter to the COUNTER jack. Place the
test crystal in the f-Check holder, and turn
on the f-Check oscillator power. Read the
output frequency.

Then, place the test crystal in the
XTAL holder and put the SERIES
R/XTAL switch in XTAL position. Place
the 0 dB/–3 dB switch in the 0 dB position
and connect the signal generator output to
the SIG GEN connector, using the f-Check
frequency as a starting frequency. Turn on
the XTAL TEST switch, and vary signal
generator frequency until the response
peaks on the test fixture meter. You may
need to change the SENSITIVITY setting.
Once the meter has peaked, lower signal
generator power until the meter just reach-
es full scale with SENSITIVITY near max-
imum. This prevents overload in the test
fixture, which can broaden the response
peaks. Note the peak frequency, which is
the crystal’s series resonant frequency.

Now, leaving the signal generator at the
peak frequency, place the SERIES
R/XTAL switch in the SERIES R position
and vary the SERIES R potentiometer to
match the peak meter reading achieved
with the switch in XTAL position. Return
the switch to the XTAL position, and mea-
sure the value of the SERIES R poten-
tiometer at the test points on the front of
the fixture. This value corresponds to the
equivalent series resistance of the crystal.

Next, still leaving the signal generator
at the peak frequency and the SERIES
R/XTAL switch on the XTAL position,
place the 0 dB/–3 dB switch at the –3 dB

position. Use the SENSITIVITY control to
set the meter at a convenient point where
an exact match of the position can be made
later, such as a reading at a major marking
on the meter. Move the 0 dB/–3 dB switch
back to the 0 dB position, and lower the
signal generator frequency until the meter
matches the position reached with the
switch at the –3 dB position. Note this fre-
quency as fLOW. Similarly, raise the signal
generator frequency until the meter again
matches the position reached with the
switch at the –3 dB position. Note this fre-
quency as fHIGH.

Now, the crystal model parameters can
be found by using the following equations
[4]:

LM = (100+RSeries)/(2*Pi*(FHIGH – FLOW))

CM = 1/(4*Pi^2*FSeries^2*LM)

Q = (2*Pi*FSeries*LM)/RSeries

The value 100, used in the equation for
LM, is the sum of the input and output
impedances to the crystal under test.

Summary
So, there you have it—a suitable piece

of test equipment for around $40, or less if
you have a good junk box. Good luck with
making your own crystal filters, using
equipment you made yourself.
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Figure 9—A crystal model.




