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Abstract — Test signals that are used by high precise
measuring have to contain minimum harmonic comptsnen
of basic frequency. All non-linearity in electronaircuits

may be sources of harmonic components in testiggats. This further means from the standpoint of the non-
Traditional methods and new method for the smal-no |inearity, that if we neglect the influence of theise, the
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linearity measuring of electronic components anduiis
are described in this paper. There are presentu@rs of
measured intermodulation product levels on transios
lines components
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1. INTRODUCTION

Line wires, transmission lines and wiring are ubual
considered to be passive and linear electric dscdiheirs
non-linearity is minimum and it is practically ueidtifiable
according to a deviation of a VA characteristicsnir the
linear curve. Linearity errors are overlapped byeot
phenomena during monitoring of VA characteristichy-

temperature dependence, noise, measurement inagcura

and it is almost impossible to determine them ig tay. At
the same time, this kind of the non-linearity does cause
disturbance even upon measurements with a highraogu
if voltage levels, direct or alternate currents areasured.
Measurement will not be effected even by a nonaliite, if
it is drawn in order not to be affected by distacpi
phenomena, which have a higher level than a naadity.
But other situations occur, if the voltage timep@sse
will be measured. Let us say, if this course wdlused as a

primary standard. The problem of this kind has been

detected, if high pure sine — wave signal shouldised for
ADC testing. Requirements imposed on test signasary
high for converters with approximately 20-bit regan.
This test signal
components of basic frequency and minimum noisellev
Quality of the test signal is characterized e.gth®yratio of
the signal (carrier) to all disturbance signalsjolhis given
by a value SINAD (Signal to Noise and DistortiontiBga
(1), [1]. (Par is power of all signal components, power
direct component, and, Power of the carrier).

SINAD, needed for testing of the 20 bit ADC, isnhe
125 dB, for 24 bit ADC nearly 160 dB [2].
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has to contain minimum harmonic

sum of powers of all harmonic components of the s&mal
has to be more than the value of SINAD, lower thawer
of the carrier.

Although hardly, but it is nevertheless possible
implement generators (Fig. 1), which produce thigihh
quality test signal. The implementation is difficuFurther
problems, at the first sight unexpected, can howeneerge,
if we lead a signal thru one metre long jumper eablthe
midst of devices on the table in a laboratory. Asuitable
cable, which shows some non-linearity, can quitgraite
the test signal and the level df Barmonic increase about
80 dB and quite prevent the measurement, on whietigh
sine signal spectral purity has been needed.
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Fig.1 Frequency spectrum of high pure sine — veageal
generator 9,484 MHz

A non-linearity evaluation of also almost quite elar
electric circuit is therefore an important probleBome-

times it is impossible to measure without the swvof this

problem.
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2. PASSIVE INTERMODULATION (PIM) Intermodulation signals are disturbing signals émeyal,
which is based on two signals of different frequesdn the

Very seldom the systems are used for direct evialuatf a  non-linearity. The frequency of the intermodulat&ignalf,
higher harmonic frequency, which is generated Ipassive is different from the frequency of the exciting reddf; and
circuit at the exciting of a sine signal. CLT1 amgas f,, The valuen=n;+n, is described as an order of the
manufactured by RADIOMETER Company, which wasintermodulation product- See (2), fig.3.
produced in the late 1960s, was an example of that
arrangement [3]. The principle of operation is aaded in
the block diagram shown in Fig. 2

fo=mfi+nyf, (2
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Fig.3: Spectrum of intermodulation signals
Fig.2. The component linearity test equipment CLT-1 . . .
g P y qauip The power level of the intermodulation product aases

The output from the 10 kHz oscillator is feed viaWith the raising power of the exciting signal andthw

Attenuator AT to the special low distortion Powemplifier increase of the non-linearity. . . _
PA. The output voltage of the latter is feed to ltev-Pass- In case of equal levels of exciting signéis- P.Z_ P, a
Filter, LP, suppressing more thé& Barmonic, in order to power dependence of the_level of intermodulationdpct
obtain a very pure sinusoidal signal, which is aupto the, Prand order of produt (3) is usually supposed.
DUT, via the Matching Transformer. The exciting tegje,
which is applied to the component, is measured ésma of
the Voltmeter M1. The'8harmonic voltage generated in the wherec is a constant that is given by the deviation & th
component under test, is passed via the Matchingonlinear dependence of non-linearity from the dine
Transformer to the High Pass Filter, HP, which sapgpes course.
the exciting signal in order to avoid overloading the This measurement of the third harmonic correspand t
Preamplifier A. The 30 kHz output signal of thethese measurement for a special sgsg+n, = 3 andf, =f,
Preamplifier is fed via the Band Pass Filter, BFio  too.
keeps the noise bandwidth sufficiently low, to 8@ kHz Radio communications systems, especially mobiléorad
Voltmeter M2, which indicate thé“harmonic level. systems at present, are the most important fielterev the
This measurement procedure is however very difficul inter-modulation distortion is monitored. Measuring
because the used excitation generator and selemiim®-  equipment to this goal usually evaluates intermatioms of
voltmeter have to show such harmonic distortionjctvis  the third order using frequencies of the orderwidreds of
insignificant against measured values, the appsulzais the MHz to order of GHz and they are designed for
sensitivity about —160 dBc in optimal case and ipdssible measurements in circuits with the characteristipedance
to use it for two-terminal networks with the impedea from  of 50 Q with a use of directional coupling elements [Fhe
several) to hundreds of . sensitivity of the arrangement is -160 dBc at tkeitation
At the present time the non-linearity of low-nowar power 43 dBm with regard to noise floor and IN edioor
circuits is especially monitored by an evaluatioi o of the equipment.
intermodulation signals [4]
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Fig. 4 Schematic diagram of measuring system
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For our purposes, these measurements cannot
considered too representative. Our systems workh wi
frequencies about 2-3 orders lower. Characteristi€s
circuits with distributed parameters are far lagsificant at
measured part. A skin effect displays otherwise fbhe
block diagram arrangement, which has been realaed
further used for measurement PIM, is shown in &ig.

The system works on lower frequencies, c. 100 kii# u
4,5 MHz. Its construction is based on availableigment
and should achieve the maximum intermodulatio
immunity. Only this way it is possible to achieve ¢
maximum sensitivity of measuring intermodulatioignsils
generated by the measuring object do not overlap t
signals, which are generated by the system.

The most demanding parts of the system from ti
construction point of view are the power combined a
filter. In these the exciting signals f1 and f2 twthe high
power act at the same time and undesirable IM potsdare
likely to emerge.

The frequency plan according to the narrow bandtaty
filter with a central frequency 4,4 MHz and witheth
bandwidth 8 kHz, which was available, has been ehder
realized measuring system.

The first generator works in frequency bandwidtmir3
to 4,5 MHz, second generator works in frequencydiaddith
from 0,1 to 0,5 MHz and the measurement is realaeithe
frequency f1 +2f2.

High requirements are set also on excitation geoesa
which must embody a high spectral purity, in orfiberits

signal noise in the frequency band of the evaluate
signal not to reduce the sensitivity of the meamyri

Higher requirements are imposed from this pointietv
on the first generator, because the measuring drexyuis
always near to its operating frequency, where isierable
noise level is produced by common generators tde T
typical frequency dependence of the signal to nmsie of
the phase noise in surroundings of carrier for geEpe
SMY 01 and frequency 4,1 MHz is displayed in Fig.5.

The noise level of this generator is too high taibed in
measuring system, as well as by other tested gemnsra
With its usage, it would be possible to measurey onl
intermodulatory products with the signal to noisia that
is higher than approximately -140dB.

A resulting filtering out of disturbing signals, igh are
produced by frequency filter of generator on itspoi, is
very difficult too. A complicated generator (syrsimer)
with a complicated signal processing on a low lealelays
generates phase and broadband noise with a high lev
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Fig.5 Frequency spectrum of sine-wave signal geoera
SMY 01 at frequency 4,1 MHz with frequency spaaigarrier 0
to 400 kHz

The generator is planted by 12 W wideband pentode
with anode mutual conductance 15 mmhos and mutual
conductance for g2 3 mmhos. It supplies maximunpuut
power 10 W. Spectrum of the output signal for wogki
frequency 4,1 MHz is displayed in Fig. 6
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Fig.6 Frequency spectrum realised electron coupdedlator at
frequency 4,1 MHz with frequency spacing of carfigo 400 kHz

The realized generator gives far better spectratypaf

the signal than a commercial signal generator. Its

A simple generator with direct way of the signal isdisadvantage is only lower stability of the freqeyernso that

preferable to be used from aspect of achievemenhef
highest spectral purity of the test signal. Thenalgis
generated directly on required frequency and oigh level
and it does not have to be amplified anywhere hiexe the
required output power with a high gain in this sign
generator. The used generator has been specedigrebd
for described measuring system as an electron-edupl
oscillator using electron tube. This solution, rebéng a
small electronic CW transmitter from half of thestla
century, has been chosen, since it allows achientofehe
highest spectral purity of the test signal.

the frequency of the generator has to be contirflyous
checked by a counter during the measuring, in otder
enable adjustment of the generator in case of need.

The second generator can be implemented with better
use of commercial equipment and parts, with regard
higher frequency spacing towards the measuringuérecy,

The undesirable disturbing signals, that are preduuy
the generator in the area of measuring frequences,be
cleared out by use of filter, e.g. by low-passfiltbecause
measuring frequency is almost about one order highan
operating frequency of the generator.
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The second generator is composed together fromot even as screws. Capacitors are micaceous,st@msif
commercial signal generator, linear power ampliflerd the unplated mica, with electrodes made of metdl fo
filter. The signal generator supplies a test sigméth a low  because even the contact terminal with plating esumn-
level, approximately 10 dBm with possibility to d¢ool  linearity.
amplitude and frequency. Signal to noise ratiohi@ tange A current sensor, which serves as indication ofiser
of measuring frequencies for carrier at intervals ® 0,5 current during measurement too, is inserted abthput of
MHz, corresponds to the signal to broadband na@ite and a power combiner. Common current transformer orecir
it ranges from -120 to -140 dBc/Hz. The used angplif probe cannot be used, with regard to requirement of
supplies maximum output power 20 W, it has the gaimaximal linearity, here also valid. The special reat
practically 40 dB and a noise from 10 to 16 dB. Bignal transformer used here is implemented without ferro-
to broadband noise ratio at the output of amplifieslightly = magnetic core, rather by method corresponding to
worse than at an exciting generator, but howeveslayd Rogowsky potentiometer. The voltage at the resisthose
better than -100 dB. At the output of amplifier,eth value is at the loading small, when compared toatheolute
connected filter makes it possible to achieve frtimarked value of reactance of potentiometer colil, is appnately
improvement of the signal to noise ratio. The feggy proportional to the current carried through condgacivhich
response, displayed in Fig.7, is reached with lginfow- is enlaced by potentiometer.
pass filter LRC with ladder structure of the™drder. The Attenuation of the signal transmission is 0,5 dB
total suppression of disturbing products of theosdc maximum, from generator to DUT past a channel @f-lo
generator in the area measuring frequencies reachpass filter and also a channel of high-pass filiethe area
approximately 200 dB. of used frequencies. Attenuation of signal transiois

The power combiner is implemented as a diplexeh wit between outputs of generators is approximatelyBl@uad it
high-pass and low-pass filter, which always trartsntiie is sufficient to suppress the creation of measerddlel of
signal of the connected generator and suppressesighal intermodulation products in circuits of generators.
of the second generator, see Fig.8. The filter ensures separation of a measured

intermodulation signal with very small level andwsy
0 \\ —Fre(:;uency Spe(‘:trum 9xciting signals. Then_ it must ha}ve a minimal input
impedance for an exciting signals, in order toemflthese

— Frequency response | signals and instead of being loaded with their poesed

\ higher impedance (real) for the evaluated signhickvgoes

A(dB)
g

through with the low attenuation.

Filter has to be considerably selective, in order t

- ~— prevent creation of the intermodulation products the

following low noise amplifier or directly in speatranalyzer

were not generated owing to penetrating excitiiggmads.

The design of the filter comes out of a piezoeieatrystal

filter, which has suitable narrow band-pass chargsttc

-200 ‘ ‘ and a great attenuation in the stop band. Howetrer,

0 1 2 3 4 5 crystal filter does not bear up against power ef élxciting

f(MHz) signal and its intermodulation immunity is low faur

function. Therefore the filter was buffered by spetuned

Fig.7 Frequency response of low-pass filter; résgispectrum of  cjrcuit with a high Q factor and intermodulating rimanity

the 2nd generator. on a feeding side. The circuit has to be againgtiesi by a

special way, it has an air coil and a vacuum capapiaced

Ji u in a dimensional shield, see Fig.9. The tuned tincorks
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G : ¢ like a high linear band pass filter and on the whdl
8 xtal| ¢ = remarkably improves characteristics of the filt€he total
JJ ﬂ é—ﬁ FLTER ¢ | . .wa SUppression of both exciting signal by the filebetter than

ezT 100 dB, the attenuation of the measured signal tisealimit

of 6 dB
1 The low noise amplifier significantly increases alot

CURRE”T MEASURING sensitivity of measuring system. It decreasesdtsenfigure,

which can reach also value about 32 dB when a cammo

spectral analyzer is used as a selective detedtdevel.

The low noise amplifier with noise 3 dB and gain dB

decreases the noise to value from 3 to 4 dB andt so

increases the system sensibility by approximat8lgdR.

The spectral analyzer HP 8560 is used for evalgdtie
intermodulating signal level.

Fig.8: Principal circuit diagram of power combirserd filter

Only this way it is possible to provide the minimal.
influence of one generator on the second evereildhd of
the power combiner would be very mismatched. Higbrt
modulation immunity implicates the using of special
components. Coils must not have ferro-magnetic .chi@
ferro-magnetic materials can be used by the cortstny
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improve the adhesion. Ni layer, if it is not pregéwith a
special process, is ferromagnetic and causes neaflty of
the conductor, in which it is integrated.
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Fig. 9. Input resonant circuit of the filter X
Thi t allows t k with t t 180
is arrangement allows to work with currents up to
9 P 20 20 40 50

0,6 A and power to 40 dBm in measured circuit. The
arrangement sensitivity is approximately - 180 dBith

regard to a noise floor and IM noise floor of tluigment Fig. 10 The dependence of N adaptors generateddbluigts level
at the maximal level of the excitation signal. on a level of driving signal

Pin(dBm)

3. NON-LINEARITY EVALUATION

Measurement has been made by described above f .
arrangement on connectors of N type and jumperesabl
with connectors of N type that are used in our fatmy.

Tested connectors were interconnected with meagurin
equipment by segments of coaxial cable, which heenb k= ' -
soldered on equipment terminals.

An AIRCOM PLUS type cable, out of cables, which
were available, has been chosen. This cable, witigth
section approximately 1 m, did not generate intelutetion
products at measurable level.

Further cable section was broken. Furthermore, this
cable section was broken and fixed by male conngdto
which were connected each other by female-femadgptad
and measuring has been repeated. The dependence of
intermodulation products ofBorder level on a level of a Fig. 11. Tested PCB line-meander line
driving signal is stated in Fig. 10 at the conrmttiby
various adaptors.

If a mechanical defect is not on contacts or thesenot This effect was experimentally tested on PCB with
polluted, the materials, out of them contacts amdnector ~ various surfaces of lines connection, see fig 15t line
are produced, have the biggest influence from tietppf  of a length 360 mm with characteristic impedance50n
view of the level of generated intermodulation prais. The glass epoxy resin material FR4 has been compaesl, s
lowest level of PIM was shown by connectors witbuae  fig.12. The PIM level generated by line with pures C
silver-coated surface, in which ferro-magnetic rsetme not  surface, with tin-plated surface or chemical gditipg was
used, e.g. types BN 922484, adapter BN 29375@ractically the same and very low, on the resotutimit of
manufactured by  Spinner  company, 1AA4549 the measuring system. Markedly higher was the R\l at
manufactured by Tesla company. On the contraryusieel,  the power line with a galvanic gold plated surfagéh Ni
e.g. types BN 922484, adapter BN 293750, manufedthy  interlayer (3im Ni, 1um Au).

Spinner company, 1AA4549, manufactured by Tesl&Roughly 1 m long sections of cables with male Nrzartors
company. On the contrary, the connectors with nicke at their ends were tested for measuring on jumpétes.
coated surface or steel parts, e.g. NC1459, supgiES The gates of the measuring arrangement were setfed
company types, shown high-level of PIM. Connectoith ~ female connectors N of the type BN 290500 and hdzids
gold-coated contacts or their parts show ambiguesslts. 005670 by means of short sections of AIRCOM PLUS
The technological production process of gold ptatis an cable, on which it was possible to connect testalles.
evident reason for this; Gold plating is prepareithwNi ~ Measuring results on the cable with higher levePt¥l are
interlayer between background material and goldrier to ~ Summarized in Fig. 13.
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Fig.12: The dependence of PCB lines generated IMyatsdevel
on a level of driving signal
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Fig. 13: The dependence of N jumper cables gerkei&teroducts

level on a level of driving signal

also old cable QYB 500 02 by Tesla company embottied
level of IM products about -177 dBc, which is maasle
only for a peak level of an excitation signal.

Fig.14: Coaxial cable with foil outer sheath

CONCLUSION

PIM of cables and connectors has been evaluat¢diha
used in calibration system with high pure sine-waignal
generator in our laboratory. Products with ferrogmetic
parts made of steel, stainless steel or nickelllysganerate
a high-level of IM products. A contact non-linegiitetween
metal conductors of all kinds is also further seuof IM
products, especially if metal surfaces are notgudisf clean.
Conductor in the form of braided rope can embodg-no
linearity. Line wire in the form of wire braid caalso
embody the non-linearity. This line wire is usedaasouter
conductor of a coaxial cable, where the HF curisred
alternatively by several segments of line wire das to
pass among them.

The cable with a smooth cylindrical inner Cu cortduc
and outer sheath made of Cu foil (see Fig. 14-AIRCO
PLUS) had the best properties, out of tested cables
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Maximum IM level was found at cable PE 33231-3
manufactured by Pasternack company. This result i
evidently caused ferro-magnetic materials, whichengsed
in the construction of cable and connectors — thexial
cable has a steel core of inner conductor, whetteasteel
outer conductor is in connectors. Cable CBL-3FT-NWIN
by manufactured by MINI-CIRCUITS company generates
approximately by 80 dB smaller level of IM produktere, 2]
the coaxial cable is also used with the steel afrenner
conductor [6]. Older classic cable of common cargton 3]
RG213 and RG58 have also had approximately the same
properties. The non-linearity is probably causedalslight
corrosion of the outer conductor of cables. Thisrasion
was even observable on these samples. The samagwut [4]
cables embodied a hardly notable level of IM prasluat
intervals from -177 to -175 dBc only for maximunvé¢ of
an actuating signal.

The AIRCOM PLUS cable with the connector BN
922484, cable RG400 with connectors 53S107-108Nf)
manufactured by Rosenberger company and unexpgcted|

(5]
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