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Q METER

J. Bareford

Among the main electrical properties of an inductor are its self-inductance, its
quality {Q) factor and its self-resonance frequency. An instrument to imeasure the
Q factor is described here. Based on resonance frequency measurement, the
instrument can be used for testing inductors at frequencies up to about 50 MHz.

Many elecironics expetimentalists shy
away from the design and use ofinductors
because they feel that these components
are difficult to test and measure Also.
often owing to lack of cxperience and suit-
able test instruments, these constructors
are not always aware of the relative im-
purtance and mcaning of inductor proper-
tics like the sclf-inductance and  the
qualily factor Inslruments for measuring
sell-inductance have been described for
iow-hequency and high-trequency induc-
tors in Ref 1 and Ret 2 respectivedy The
Q-factor, which is cqually important for
many applications. may be measured at
reasonable accuracy with the present in-
strument The Q meter discussed 1s not
intended for laboratory use where high
accuracy and repeatability are prime con-
siderations Rather, it is a low-cost test
instrument for comparative Q measure-
ments with an accuracy ot about 10%  [ts
usable frequency range extends from
70 kHz to aboat 50 M7 while QQ factors
up fo abeut 200 can be mcasured wilh
reasonable accuracy

The principle

Since Q factor measurement is covered in
detail In many clectronics textbooks, a
recap may suftice to oxplain the basic
operation of the instrumont —see Fig 1
A generator, G, with an internal resist-
ance RG is connected to an inductor and a
variable capacitor. The voltage across the
capacitor U s mweasured  The inductor.
L. is actually a combination of an induct-
ance and a series resistance. R. The vari-
able capacitor is adjusted until the {-C
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Fig 1 Principle of G factor measurement
tuned circuit resonates at the frequency
set on the gencrator At the resonant fre-
quency o (= 2Zxf), the voltages on the ca-
pacitor and the inductor are in opposite
phase, so that

U/ Uc = wlx/(Rc+Rs) = QL

In other words, the loaded Q factor, i, is
the inverse of the loss factor of the induc-
tor The higher its Q. the better the induc-
tor, or in mote practical terms, the more

selective the parallel- or a series-tuned cir-

cuit that can be made by connectmg ittoa
capacitor.

From the above rformula, the internal
resistance of the generator, Ro, deter-
mines the Q factor along with the self-in-
ductance . the resonant frequency and the

inductor s internal resistance Assuining
that Ro<<Rs. the real {or unloaded} Q fac-
tor may be calculated from

Q = GJLx/R:.

The unloaded Q factor exists in thHeory
only since there is always a generatur re-
sistance, however small

A few points should be noted here. The
loss resistance, Ry, is not simply the risist-
ance measured by, say, an ohmmeter; For
most small inductors, the d ¢ resistarceis
formed by the wire turns and remains
smaller than 1 £ or so The actual valile of
Rs. however, is a function of frequincy
because it is determined by the skin-gffect
which forces high-frequency currents to
be ‘pushed’ towards the surface .ot the
wire The skin effect thus reduces tlie ef-
fective wire diameter and increases ghmic
losses in the inductor owing to dissipa-
tion As aresuit, Rs of an inductor is often
much higher than the ochmic resistarite

Fhe sccond point o note is evident
from the equations: the internal resistance
of the generator must be as low as possible
to . prevent large deviations of . the
measured Q factor of inductors wlth a
relatively smail Rs.

Finally, losses in the tuning capacxtor
and stray capacitance in the test cifcuit
may lower the measured Q factor In prac-
tice, deviations of up to 10% must be
allowed for, but these are not usua‘lly a
problem in practical electronics work.

A more practical approach to Q _féctor
measurement is illustrated in Fig 2. The
voltage across an L[-C tuned circtiit is
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Fig. 2 3-dB bandwidth test method for es-
tablishing the Q factor of an inductor in a
tuned circuit.

measured at the resonant frequency This
voltage is called the reference level, Live
Next, the generator is tuned up and down
to determine the frequencies at which the
voltage drops to 0 71 Lx-. These two fre-
{uencies are the —3-dB roll-off points and
the range between them is the 3-dB band-
width, B. A parallel combination of an
ideal capacitor and inductor would result
in a tuned circuit with an infinitely small
bandwidth In practice, however. there
are small losses, so that -

Q :erF/B

This test methed may be applied in prac-
tice with the aid of an RF signal generator
to supply the required signal at the reson-
ant frequency, and an oscilloscope to find
the -3 dB points Care should be taken,
however, to couple these instruments as
lightly as possible to the tuned circuit
Also, the previously mentioned loss fac
tors in I and C, as weil as stray inductance
and capacitance, must be taken into ac-
count

Practical circuit

All the ingredients mentioned in the con-
text of theoretical  measurement are
found back in the circuit diagram in Fig. 3
The RF signal generator is realized by
an amplitude-controlled oscillatoy, Ts
with six frequency ranges The oscillator
is tuned by a vatiable capacitor, Ci3, at the
pole of the range selector. 51 Amplitude
stabilization is achieved by rectifying the
oscillator output signal and using the di-
Tect voltage so obtained to control the cur-
rent sunk by differential amplifier Tr-Tz.
The RF rectifier for this purpose is formed
by Cs and Di-Dz. The latter are two Schott-

Hewlett Packard The voltage at the gate
of FET T4 goes mote negative as the oscit-
lator amplitude increases Since the am-
plification of T1 is inversely related to the
negative control voltage, a tendency of the
oscillator to produce a higher output volt-
age is counteracted by a smaller gainof Ti
When the oscillator starts, Cs is rapidly
charged and causes the gain control cir-

ky-barrier diodes Type HP2800 from'

cuit to reduce the output amplitude until
a stable level is achieved

The function of the amplitude stabili-
zation circuit is. of course, bound by prac-
tical limits The actual oscillator output
voltage varies between 0.9 Vi and 1 6 Vi,
at the lowest frequency in any range (Cis
st to maximum capacitance) This vari-
ation may be greater in the highest fre-
gquency range as stray capacitance and
inductance in the circuit become signifi-
cant.

FETs T¢ and T; form a complementary
power output amplifiet capable of driving
the 50-Q RF test output, Ki, and imped-
ance transformer Ls The quiescent cur-
rent of the power output stage is
determined by 1, which is adjusted for
minimum distortion of the oscillator out-
put signal

Switch Sz selects between the rectified
oscillator cutput voltage (position B} and
the rectified voltage developed across
tuning control Cot {position A} Both volt-
ages ate obtained with the aid of virtually
identical MOSFET buffers, Tu/To, which
are followed by signal rectificrs Da-Ds-
C23/Ds-Do-Cx - The ratio of the resonant
voltage to the reference voltage (= oscilla-
tor output voltage) is a direct measure of
the Q factor of the inductor. Ls

Inductor [s forms a wideband imped-
ance transformer to ensure a low gener-
ator series  rcsistance and  stray
capacitance. The importance of these
characteristics is evident from the carlier
discussion on basic Q measurement

Opamp [C) forms the meter output
driver. The maximum output voltage of
2V corresponds to a Q of about 200 The
actual read-out may be digital on a ready-
made 3-digit LCD module, or analogue on
asmall moving-coil meter witha full-scale
deflection of 2V

The circuit is powered by a symmetri-
cal £5 V supply obtained ina conventional
manner by creating a virtual ground with
the aid of an apamp, ICa The input voit-
age to the circuit may be unregulated be-
tween 12 VDC and about 18 VDC
supplicd by a low-powcr mains adaptor
The current consumption of the circuit is
smaller than 30 mA

If used, the LCD must be powered by
a separatc battery, which will provide
ample power for at least 200 hours of
operation

Consfruction

The fitst and foremost consideration that
must be given to the construction of the
instrument is to keep the connections be-
tween the inductor under test and the ter-
minals martked Ix as short as possible.
This is the reason that the printed-circuit
board (see Fig 4) is fitted vertically be-
hind the front panel of the enclosure, a
Type LC850 from Telet, which has been
used for previous instruments in this
series

Inductor L&
Start the construction by winding Ls as

shown in Fig 5 Use 05 mm dia ena-
melled copper wire Winding A is simple
to make because it consists of 40 turns on
the ferrite ring core Spread the turns
evenly along the core. and at the same
time ensure that the connections end up
close together

The ow-impadance winding. B, con-
sists of ten parallcl-connected sub-wind-
ings on the ring core Each of those
sub-windings is formed by ¥ wire turm,
the top and lower connection of which are
connected to others by common wites that
run round the outside of the ring core
First, make the ten sub-windings from 20-
mm long picces of enamelled copper wire,
of which the enamel must be carefully
removed over a length of about T mm at
both ends Next. cut off two 65-mm long
pieces of the same wire and remove the
e¢namel at the ends as well as at ten loca-
tions at 6-mm intervals Clamp the ten
sub-windings on to the ring core; the con-
nections are at the outside Run the first
common wire around the outside of the
core and jein the ten top connections of the
sub-windings Next. do the same with the
second commeon wite and the lower con-
nections of the sub-windings. Press the
common wires in place and bring their
free ends together Connect the B termi-
nals to the respective points on the PCB
—the wire that jeins the tep connections
of the sub-windings goes to ground on the
PCB. Solder the A terminals to the respec-
tive PCB connections

The Type G2-3/FT16 ring core from
Micrometals may be hard to find locally
To cnable constructors to find equival-
ents, the main clectrical characteristics of
it atc given below

outside diameter: 16 mm
inside diameter: 96 mm
height: 63 mm
relative permeability (u: 4300
Ar value: 3280-5500

trequency range: 0 1-30 MHz
Piinted-circuit board
The printed-circuit board for the Q meter
is double-sided but not through-plated
The large copper surface at the component
side forms an carth plane to assist in RF
decoupling

Mount the six trimmer capacitors on to
the board making surc that they are sol-
dered rapidly to prevent deformation of
the PTFE material by overheating Next,
fit the associated six inductors Note that
these are mounted alternately vertically
and hortizontally to prevent inductive
coupling As a further precaution. reverse
the orientation of every scecond inductor
This is easiest done by noting the position
of the coloured tolerance ring at one of the
sides of the body

The remainder of the passive parts on
the printed-circuit board are fitted in the
usual manner. Voltage regulator 1Cs is
fitted upright (like all resistors) and does
not need a heat-sink as it dissipates little
heat under normal circumstances Part
terminals not shown with a small circle on
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Fig. 3

meter —the choice between these is entirely up to the constructor.

the component overlay are soldered direct
to the copper surface at the compenent
side of the board

Solder rotary switch Si direct on to the
board (dv net use a type with wire connec-
tions; these however short. introduce un-
acceptable stray inductance) Only one
section of a dual-pole b-way swiich is
used

The FETs arc static scnsitive and their
terminals must remain shott-citcuited by
a small picee of aluminium foil until they
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have been soldered on to the board The
actual soider operation should be as brief
as possible, and take place with the solder
tip connected to the ground surface of the
PCB.

Finally, fit solder terminals for all ex-
ternal connections

Mechanical work and connections

Study the lay-out of the front-panel
(Fig. 6) and determine the location of the
PCB to the right Drill the front panel,

Circuit diagram of the Q meter. The read-out is either digital in the form of an LCD module, or analogue in the form of a moving-coil

using the ready-made adhesive as a temi-
plate At this stage, you have to choose
between a digital read-out and a moving-
coil meter before cutting the required
clearance 1f used, the moving-coil meter
must be provided with a scale of 0-208
The fs d.voltage mustbe2 V (if necessary
fit the required series resistors to make
this voltage correspond to the fsd. cur-
rent of the meter).

Provisionally fit all controls and sog-
kets on the tront panel Mark the locatioi




TEST AN1) MEASUREMENT

f the four holes in the PCB corners at the
utside of the front-panel, to the right
here the PCB is to be fitted vertically.
il holes for M3x50 screws with
untersunk heads. Insert these screws
from the outside of the aluminium front
“-pane) Secure them at the inside witha nut
and a focking ring Next slide approxi-
‘mately 30-mm long plastic PCB spacers
‘over the screws and install the board with
the components facing the inside of the
front panel Determine how much space
you need for the tuning capacitors the
#REQ BNC socket and the Ix terminals,
then cut the PCB spacers to the minimum
required length The Lx terminals are me-
divm-duty binding posts for panel
mounting

" Remove all centrols and terminals
from the front panel and apply the self-ad-
lesive. two-colour. front panel foil
Mount all controls and sockets and
tighten them without damaging the foil
Cut the spindle of the CAL potentiometer,
Ps, to enable the knob to be fitted Do the
same with the spindle of the rotary switch
on the PCB Solder wires to the terminals
of all controls and the meter {or LC dis-
play): those to the tuning capacitors, the
FREQ socket and the Lx terminals must be
kept as short as possible Their length,
inclusive of the cable connector, must not
exceed 30 mm Coax cable (RG174/U)
may be used for the FREQ output, but
given the short length ordinary screened
cable is also suitable.

" OPERATION AND CONTROLS

TUNING COAHSE switc (81} select .
st fraqueticy ange Alwa

: lNDUCTANCE ADJUSTMENT ¢ :
: (Caq): turn 10 find resanant_frequency i

'_ ING control,

| TUNING FINE control (C1a): peak res- -
- onant voltage.indication on_meter or .
dnsplay
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Fig. 4. DPouble-sided printed-circuit beard for the Q meter
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Finalty, drill a suitably sized hole in the
back pancl of the enclosure to cnable the
adapter (d ¢ input) socket to be fitted [f
you use an LC display. install a battery
holder for a single 9-V PI'3 size battery,
and usc a double-pele (DPDTY on/off
switch to power the display and the in-
strument simultancously bul separately

Ready for testing

Provisionally connect the PCB to the wires
from the controls. the meter, the FREQ oui-
put socket and the binding posts Set all
trimmers, Iz, and the front panel controls
to the centre of their travel Only P1is sct
to minimum resistance (fully clock-wisc)

Setting up

Although the meter may be set up without
the help of an oscilloscope and a fre-
quency meter, it is recommended to use
these instruments to achieve the best oper-
ation

Set the coarse tuning control to the lo-
west range (70 kHz) Switch on and use
the scope to check the presence of a signal
at the FREQ output on the front pancl
Adjust 1 for minimum distortion of the
sine-wave Do this for all ranges. In the
highest range, a compromise will'have to
be reached between an acceptable output
level and minimum distortion If you do

_ _Res!stofsz
1. BE0Q

40p PTFEfo@ltrimmerC_n—Cw
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W - ]
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Fig. 5.

not have an oscilloscope, use the meter on
the instrument to adjust P set Cis to
maximum capacitance (fully cw) and ad-
just P1 until the amplitude in the highest
range (70 MHz} is not more than half that
in the lowest ranges

The calibration preset, Pz, is adjusted
with the aid of an inductor whose Q factor
is accurately known (read the section on
practical use below to find out how the Q
factor is measured) Unfortunately, there
is practically no other way to calibrate the
instrument. Owners of an oscilloscope
and an RF signal generator may, however,
use the previcusly discussed 3-dB band-
width method to approximate the Q factor
ofa patticular inductor If this method can

1 G.20FT16 ferrita
loroid Ls
: Enameiied copper wire 0 5 mm.di

16 way rotary Gwitch for
i pCB moumlng.Zpoias BEEN:
" miniature SPDT sw:tch B
. ‘BNC socket.

Construction of the wideband transformer, ks {left), and practical version (right). .

not be used, or if a reference inductor is
not available, Pz is simply left at the centre
of its travel

Some manufacturers of small chokes
and other inductors, eg, Siemens and
Toko, state the approximate Q factor of
their products in the related datasheets;
extracts of which are often reproduced i
catalogues of electronics mail-order firms;
These values may be used as a guidance
to verify the correct operation of the
meter, and to provide the best possible
setting of P2 in the absence of a reference
inductor.

The frequency ranges may be calix
brated, although this is not strictly necess-
ary If desired. connect a frequency meter
to the FREQ output, and adjust trimmers
Cu-Cu9 in the respective ranges for thé
maximum frequency indicated on the
front panel Fine tuning control Cia is set
to minimurm capacitance (fully ccw} for
this adjustment i

Practical use

The meter is simple to operate: connect the
inductor to be tested to the terminals L%
and set Sz to OPERATE Starting in the hig-
hest range, find the resonant frequency by
operating the FINE TUNING and INDUCT:
ANCE ADJUSTMENT controls. Step down tg
the next lower range if you do not find d

clear resonance indication, which 1is
marked by a sudden increase in the meter
reading

When the resonant frequency has bees‘r_
found, the two tunmg controis are ad-
justed for a maximum meter indication,
Switch S2 to CAL. and adjust P3 (caL) for
V2 f.s.d. on the meter {indication ‘100’)
Switch Sz back to OPERATE and check that
the resonance is still there by carefully
turning the FINE TUNING control. The
factor of the inductor can be read from thc
mueter,

In the highest frequency range, it may
be impossible to make the meter indicate
100 in the calibrate mode In that case,
adjust the cal control to set a reading &f
‘50" and multiply the meter reading in the
OPERATE mode by a factor of two ]

References:
1 Self-inductance meter Elektor Electro-
ftics September 1988,
2. RE inductance meter. Elektor Electronick
October 1989
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