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1. Measurement systems for electric and magnetic field
emissions from ICs

1.1 Introduction

TheP16Q, 1602and P1702probes are field probes hey are used to measure electric gE)nagnetic (H,

B) RF fields which are emitted by I@#he context of electromagnetic emissions from electronic devices
(electrical equipment and facilitiesfhe electronic devices are tested according to the relevant standards
to determine their emis®ns.Limit values and basic standards can be found in the generic standards
IEC(EN)610006-3 and IEGEN)610006-4. These tests measure the radiation or transmission of
electromagnetic fields from the electronic device via housings or connections.

Emesions from electronic devices are caused by switching operations, mainly in connection with the usual
processes which take place on the electronic circuits inside them. Electronic switches are the responsible
components. Integrated circuits (ICs) suchrasrocontrollers, memory circuits, etc. contain a large number

of these switches. Due to highequency switching operations, they generate higbquency

electromagnetic voltages, currents and fields which are emitted into the electronic module vidghe IC
housing, pins and line connections. The electronic module, in turn, transmits them as electromagnetic
emissions to the device's environment. Even FET switches or diodes can generate emissions on account of
their switching operations.

While electromagatic emissions from electronic devices (electrical equipment and facilities) have been
governed by standards for years, such regulations do not exist for parts of devices such as modules.
Increasing complexity and in particular increasing component (l€yration density make it more and

more difficult to comply with the standards which are specified for the devices if there are no suitable
standardized requirements at the IC level.

There is thus an urgent need to specify and verify the EMC charaiczio$ti Cs. This is the only way to limit
substantial economical risks in the electronics industry and finally ensure the electronic device's reliable
functioning.

The EMC standard for ICs (E©67) already provides several measuring methods for the EMC
characterisation of ICs: the 1 Ohm and 150 Ohm method for conducted emissions from ICs, the TEM
(Transverse Electromagnetic Cell) method and the measurement with an IC stripline for the measurement
of radiated emissions from ICs.

The job of an IC test stem (www.langeremv.com) is to integrate the existing measuring methods and
develop them further if and when necessary. The aim is to create a uniform test environment for all IC EMC
measurements and enable the automatiohthe measurements. Another important task is the further
development of test methods. The measurement of electromagnetic field emissions from ICs which is
described in this manual is just one example.

The TEM cell or IC stripline measure the electit magnetic field of the IC together in a single

measurement. Both effects overlap at the septum of the TEM cell or in the IC striptines(1 and
Figure2) and are measured as a joint value.



www.langer-emv.com

LANG E R DE01728 Bannewitz P1601/P 1602 P170

] mail@langeremv.de
EMMTechnik  www.lanaeremv.com

Housing TEM-Cell-Print IC current loop Housing TEM-Cell-Print IC current loop

Septum

{ Septum ——
,

Figure 1 Development of the electric field of an IC| Figure2 Development of the magnetic field of a
current loop in a TEM cell or IC stripline current loop in a TEM cell or IC stripline.

The joint value ofhe measurement is a voltage which can be measuredsg U0 ¢ A (i K ahalyserLJS O (i
ThevoltageWo - 0 A& GKS 9a/ LI NFYYSGSNI2F GKS L/ d ¢KS O:
generated by the IC is not determined on the basis of the voltagg U0 Ay LIN} OiG A OS o

This procedure is adequate farglobal evaluation of the field emissions from an IC. A comparison of the
voltage U - 0 Ada adzFFAOASY(d KSNB O Ly TecHdryfokstighazy GKS
comparison.

Precise information on the electric or magnetic field emissioomfthe IC, however, is necessary if

technically sound, physical reotuse analyses are performed or values have to be provided for EMC
simulations. This means that the fields have tonfieasured separately with appropriate measuring devices.
The result obuch separate measurements isnotavoltaggoly 0 o6 dzi GKS St SOGNARO T
currentbd . 0 S KAOK A& O2dzLJ SR 2dzi OF LI OAGA @St & 2NJ GKS
TheP160land P1602field probes measure magnetic RF fields andRi&02field probe measures electric

RF fields.

The field probe onensions depend on how RF fields are coupled out from the ICs. The design of the field
probes is based on the respective field orientation and the operational principles behind these coupling
processes.
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1.2 Magnetic fields of ICs and how they are measured

Figure3 and Figure4 show the field orientations and operational principles for IC current loops and
magnetic fields.

The metallic structure of the printed circuit board mainly determines the fornneflC's magnetic fields.
Printed circuit boards usually contain continuous copper layers which shape the fields.

H2 .

I
» ({
“H1

Figure3 Magnetic fields H1 and H2 of the IC caused by a current loop of the IC responsible.

Standing Wave A

=4
Antenna element GND 2 ;

|7 Antenna element

/@/\ Neighbouring metal part
AT
AR

\Lh |
I & /

Figure4 Coupling path of the magnetic fields H1 and H2 to generate radiated emissions from ICs.

Figure3 shows a Vdd/ Vss IC current loop. The strongest magnetic fields are produced by the supply
currenti of the IC. The currentflows from the Vdd pin to the Vss pin via the bagkcapacitor through the
copper layer of the printed circuit board and back into the IC. The curigarerates the magnetic fields
H1 and H2. The field H2 develops around the electiuctor of the IC and the field H1 around the
copper layer of the printed circuit boar&igure3).

-6-
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The spatial configuration of the fields H1 and H2 around the copper layer of the printed circuit board and
the IC can be meased with the magnetic field probes in thieF landRF2 sets from Langer EMYVechnik
GmbH.

Figure4 shows how the radiated emissions are produced. The magnetic field H1 induces the excitation
voltage Win the GND surface of thgrinted circuit board. This voltage drives an excitation current in the
connecting lines of the printed circuit board, for example. The length of the connecting lines should
correspond to half the wavelength of the excitation current frequency if poss8ibnding waves can then
form on the lines. The connecting lines act like an antenna in conjunction with the standing waves.

Standing waves can also form and cause emissions on the printed circuit board if this is large enough and
the frequency is highreugh.

The diagram at the bottom dfigure4 shows how field H2 can generate radiated emissions. A voltage U

is induced in a neighbouring metal part if this is encircled by the field. This voltage produces standing waves
on this metal part. The standing waves in conjunction with the neighbouring metal part produce radiated
emissions like a sending antenna. Field H2 cannot produce any radiated emissions if there is no
neighbouring metal part.

P1600 conductor uind

N\

5

T g/

7 B

Lic \‘

Ground plane IC current loop

Figure5 Operational principle of the electric conductor of the magnetic field probe in the P1600.ser

¢tKS RSaA3dy 2F YIIySGAO FASER LINRPoSa Ydzad FHftt2¢ 0
the neighbouring metal part by field HEigure4). TheP1601land P1602probes(Figure5) have arelectric
conductor which simulates the neighbouring megtalt at the defined distance h.

1.3 Electric fields of ICs and how they are measured

An IC's electric fields are caused by RF voltages which are generated inside the IC. These voltages are
present bewveen the IC's line network and GND of the printed circuit board. A continuous copper layer
usually forms the GND of the printed circuit board. The electric field develops between the line network
and the copper layer of the printed circuit boaféidures).
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Excitation field lines

Neighbouring matal part

“fi 41

Conductor
u u
/ Vdd <= ‘<= _ﬁlsls
L 1
H l__l-_
- IC

GND

GND;printed circuit board - Voltage drop « on the line inductances L of the supply system

- The voltage u generates the near field E
- The module itself or the neighbouring metal system is excited

Figure6 Electric field generated by an IC's | Figure7 An IC's electric field couples to a neighbourin
electric conductor. metal part and stimulates this to radiate essions.

The field lines which return to the printed circuit board do not produce any emissions. The field lines which
leave the module and penetrate into the environment may stimulate emissions. They are called excitation
field lines. These excitatiorefd lines transmit an excitation current capacitively into the module's
environment. The excitation current can produce standing waves on neighbouring metal parts when they
enter them. These standing waves cause radiated emissions.

The capacitance whiatouples the excitation current out is approx. 5 fF (Femtofarad). Depending on the
distance (= 3 mm or 10 mm), the electrode picks up more or less excitation current from the electric field
(Figure6).

P1700 electrode —-> ip(t)

O

uPad(t)¢ IC pad (A,,,)

Ground plane

Figure8 Operational principle of the electrode of thefigld probe in the P1700 series

The design of Hield probes must allow them to piakp the excitation currentRigure9). The Hield probes
have an electrode forhis purposeFigure8). The Hield probe with its electrode is arranged at a defined
distance h above the IC.

TheRFEO02, RFEO5 or RFE10 Efield probes from Langer EMWechnik GmbH can be used to measure the
IC's local elddc RF fields.
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1.4 Derivation of the measurement setip

The test equipmen(Figure9) comprises the measurement sep which has been derived froFigure5

and Figure8. It includes the testlC, test board, ground adapter, spacer ring and the bottom of the field
probe together with the electrode and/or electric conductor. These components form a shielded space
which is also called a field chamber.

N-connector

with adapter i SMA-SMA measurement cable 1 m

to SMA L

P1702 |

E-field . | Spectrum
L ™ analyser

S
\\\ O @
\\
Field chamber ‘
. \ 7 N
Spacerringh=3mm \ / N Test board with c
Spacerringh=10mm | \\ /est oard with test
\\\\\ ] /“y/y /,
S ’ \ - GND 25
T \ ground plane
h: ' E /»/
— P! ’%’4/ s
L= — = I = =3 ﬁ
‘ r X \ ‘
e N L
N * CB 0708 connection board
signaland .~ GNDA 02 ground adapter
supply lines
PC
Monitoring
Power supply
Control

Figure9 Test equipmentlCE1 test environment with theP1702field probe and measuring instruments

1 GNDAD2 ground adapteiGND25 ground plane andCB0708connection board are included in tHEE1C
test environment setvww.langeremv.de The test bard is described in théC test instructions manual
mail@langefemv.de.

-9-
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The test equipment comprises a field probe from thefigll measurement probe set, th€E? ICtest
environmentsetand measuring instruments.

The testiC is located on the test board. The field probe is arranged above the test IC at a defined distance
h = 10mm or 3mm with a spacer ring. The measurement signal is led to the specnahysewia a

measuring cable. The measurement signal is convertedtimg electric excitation current or magnetic flux

by means of a correction factor. TRipScarESAsoftware is used for this measurement and conversion.
The only distinguishing feature of the measurementgetfor the measurement of RF magnetic fieisls

the respective field probe used for this purpose.

Notation:
T u,u), E@®: Variation over time
T UE: Effective values
T Uwax U: Peak values
1 dB/dt: n
T UC) E(): Effective values, variation with frequency

2www.langeremv.com

-10-
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2 Magnetic field measurement with P1600 series
2.1 Design of the P1601, P1602 magnetic field probe

Electric conductor 3 cm

RF power
output

Direction of
current flow FKE 30 field chamber insert
in electric
conductor

‘ottom side

Electric conductor o of probe

Figurel0 Design oP1601with a 4 cm long | Hgure 11 Design oP1602with a 3 cm long electric
electric conductor conductor and the=KE30field chamber insert attached

The field pobe has a measurement output {¢dnnector) at its top. The measurement output is connected
to the electric coductor inside the field probe<igurel0). The electric conductor is at the bottom of the
field probe. The end dhe electric conductor is connected to GNDitoé field probe and thus causes a
short circuit in the RF current patifthe magnetic field of the IC enters the field probe at its bottom

whirls around the electric conductor.

The magnetic fiel@Figurel2) which is generated by the IC is enclosed by the field chamber which
comprises the bottonof the field probe the spacer ring and the ground plane. The test IC is located inside
the field chamber. It is mounted on the test boaklqure9). The test board is inserted into the
corresponding ground adapter such@sIDAO2. The ground adapter fits into the respective recess of the
GND 25 groundplane. A (100 x 100) mm TEd¢éll print can be inserted instead of the ground adapter.
TheP1601field probe FigurelQ) has a 4 cm long electric conductmnd is provided for measurements up
to 1 GHz.

3GNDAD2 ground adapter andGND25 ground plane are included in thiECE1IC test environment set
www.langeremv.com The tesboard is described in thdC test instructions manual

-11-
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TheP1602field probe fHgure11) has a 3 cm long electric conductor and F€E30field chamber insert.
TheFKE30is used to prevent cavity oscillation above 1 GHz. Thus its meemtted to use the field
chamber inserfor measurementabove 1 GHio 3 GHzThe field chamber insert is connected to the field
probe through guide pins and magnets.

Measurement output

to AV of the
spectrum analyser
N-connector

P1600

/ RF magnetic
/ field probe

Electric
conductor

D(t)

Spacer ring

&KLEEJ Jh
\
Ground plane \

Test IC with disturbance current Field chamber

Figurel2 Design and function of the magnetic field protieshe P1600 series

2.2 Function of the P1601, P1602 magnetic field probes

Highfrequency operating currents flow in the test IC (interference curfégtrel?). These currents may

flow in the Vdd / Vss supply loop, for examplée current (o . 00 g KA OK Ff26a Ay (KS
magnetic field H2Rigure3). Field H2 spreads in the space above the IC. It can induce the interference
voltage a0 - O A Y Iy SA 3 Krigared\NTFhg elect¥ec Sanduétor aflthéNfiéld grolieigurel?)
simulates the neighbouring metal part. The distance to the electric conductor (metal part) is defined by the
spacer ring and may be H0m or 3mm. Field H2 drivethe magnetictf dzZE ® ¢ KS Ff dzE LJ2 NI A
flows above the electric conductor induces avoltaggdJ- 0 Ay G KS SFEiges).Nde@ O2y Rd
would induce a voltage of the same amount in a metal part which is arranged identicalindliced

voltage is led to the AV input of a spectramalysewia the measurement output, an-SMA adapter and

the SMASMA 1 m cable<jgure9). The spectrunanalysemeasures the induced voltagedd - 0 | & |
function of frequery.

-12-
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2.2.1 Equivalent circuit diagram and interactions of the magnetic field coupled out

¢ KS Tt dzE EiuneSiahdEiguredXencibcles the electric conductor of tHi&1601or P1602field

probe and indees the voltage k6 - 0 ® ¢ K $,40 @ ZFpfolidedhsS U - odrthe 50 Ohm internal

resistor of the spectrunanalyserand is measured there.

The IC's most effective current loops usually include the IC Ipigsrél3). Paticularly high currents flow

in the Vdd/Vss supply systems. The interference current loop is closed outside the IC via the Vss pin and the
Vdd pin of the test board, for exampl&he interference current flows in a closed loop.

P1600 Uing(®@) Sﬁ:lztsr::w
electric RE cabils
conductor O O
RAv
P@) — | (@) 500
\Vdd s
IC current U 63
Ujc(o) loop Av(®)

Figurel3 Equivalent circuit diagram with the P1600 field probe in conjunction with a Vdd/Vss currer|
loop of a testlC and spectruranalyser

¢KS L/ OdNNByG €221 3SySNIGSa (GKS Y#IP®iao ¥t dzE
hyteé (GKS FfdzE LRNIA2Y uvo. 0 ¢KPIDBKorBw@IeNbSia (KS S
considered.

0. LIRS L[V Eqnl

In a logarithmic form:

Hn [ 23 uv6 H20Logdn 0] 23 | Egn2

In a reduced logarithmic form where 20 log is omitted in front of electric quantities:

U (-) =20 Logn+ id- ) Eqn3

L, is the cowling inductance between the IC current loop and the electric conductor oPit&®lor P1602
field probe.The coupling inductance tan be calculated from:

L=LQ g ! Eqn4
WherelQ A& GKS 02 dzLX Ay 3h betyeRrth® (ClcyfrénSloopISélthedelédtric cohdScyod

of the field probe. The IC current loop is vertical to GND of the test b&gdre5). Acis the crosssection
of the IC current loopTable2 shows the inductance per unitlength. F2NJ K mn YY YR o

-13-
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Example: A (1.5 x 7.8) mm IC current loop has a-s®ston Acof 1.5 mm x 7.8 mm = 11.7 mma{irom
Table2is 12.4 pH / mm? for a spacer rihgight of 10 mm.lIt follows fromEqn4 that:

L=LQ = 124 nH/mmz2* 117 mm2= 0145 nH * Eqgn5

The way in whichylis determined here assumes ideal conditions and does i@ sideeffects into
account. The actual value may deviate, &egm24 L, = 0.108 nH. /= 0.108 nH is used in the following
considerations.

A magnetic flux coupling ef(. ) = 81 fVs-(41.8 dB pVs) to the eleatrconductor of thé?1601or P1602
the field probe follows according tgnl with the inductance {= 0.108 nH if the curreni{-. ) is constant
over frequency and is 0.75 mA (57.5 dBpA). Thesfluy is then, ke the current, constant.

The interaction chain can be pursued in the equivalent circuit diadtignrel3. The induced voltage
Uing(+ ) in the electric conductor of the probe follows from the correspondingly linkedsfux in
accordance with the law of induction.

Time domain: UgoGO T RudlGyv k RI Eqn6

If u (t) is divided into harmonics, the following notation results for the frequency domain:

Frequency domain: Ud-0 T« F 6.0 Eqn7
Frequency domain, in a logarithmic 20 Log Wq(- ) =20 Log + 20Logs (- ) Eqn8
form:

This notation can be reduced by agreement by omitting 20 Log in front of the electric quantities.

Unnd(- ) =20 Log +u (- ) Eqn9

The induced voltage increases proportionally to the frequenay (- ) is the proportionality factor. i (- )
is constant over frequency in special casgg (U rises linearly as a function of frequency or
logarithmically in the logathmic form.

The equivalent circuit diagrafigurel3reveals that the voltage at the input of the spectramalyseris
equal to the induced voltageld- ) (Eqn10). The spectrumanalyse records the voltage (- ).

UA\,(+ ):Uindé . 0 EqnlO

Ld- )s, k, u (- ) and Uhy(- ) are EMC parameters of the IC.

2.2.2 Converting the measurement valueAJof the spectrumanalyserinto EMC parameters

The voltage W{. ) isgeneratal on Ry 0f the spectrumanalyser(Figurel3). It is measured and displayed
by the spectrumanalyser According td=qn10, Ua(- ) is equal to the voltage;ld(- ) which is induced in the
electric conductor of the probe.

The flux portions (. ) can be calculated fromAJ- ) after transposition oFrequency domainEqnll).

u (- ) is the flux portion that is driven by IC field fFgure3 andFigure4) and encircles the electric
conductor of theP1601or P1602field probe.

uo. 0a0lk 0 k. Eqnll

-14-
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The logarithm can be taken dE@n11) to provide a logarithmic form:

20 Log® (- )) = 20 Log( A(- )) ¢ 20 Log Eqnl2

This notation can be reduced by agreement by omitting 20 Log in front of the electric quantities.
u(-)=Uu )¢20Log Eqnl3

Figurel4d shows the voltage A that was measured with the spectruamalyseiU,yand the fluxs (- ) =
Uad- ) ¢ 20 Log that was calculated froreEqn13.

1004

90

U, ()

O(w)

/

146136 146G e 27¢ 236 24¢
Frequency (H2)

Figureld Ua(- ) measured with the spectrumnalyser(at |- ) = 57 dBUA (0.75 mA) constan{=L
0.108nH), calculation of the flu (- ) with Eqnl13resulting in-141.8 dB pVs.

The meaarement is performed on the model of an IC current loop with BHg502field probe. The current
- ) =57 dBUA is constant over frequency. The coupling inductance between the IC current loop and the
electric conductor of thé?1602field probe is approxd, = 0.108 nH.

The flux portions (- ) is produced by the current{- ) in conjunction with the coupling inductancge(Eqn
1) in the equivalent circuifigurel3. This assumes thatsi>>-. L.

The fluxs (- ) is constant since a constant curregt:1) is fed into the IC current loop. The voltagg(U) =
Uind(- ) is induced in the probe's electric conductor.

Uad- ) rises linearly as a function of the frequenc¥requencydomain: or logarithmically in the
logarithmic form Egn8, Figurel4).

Figurel4 shows that the flux portioms (- ) deviates slightly fronthe linear constant curve141.8 dBuVs).
The voltage W({. ) also has ripples. The ideal values gf(U) (Figurel5) can be calculated froregn1 and
Eqgn7 and the valuesd- ) = 57 dBpPA constant ang+0.108 nH.

-15-
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calculated

[ 100M  200M  00M  @0M  500M  cobM  700M  BOM  dM 16 e 126 136 G 176 186 196 26 216 236 236 246 236 206 271G 28G 296G

14G6___15G6 186
Frequency (M)

Figurel5Ua(- ) = Uw(- ) calculated fronEqnl and Eqn9 and the vales |- ) = 57dBUYA constant andL|
= 0.108nH.

2.2.3 Correction curves and matching the P1601 and P1602 field probes

Figurel6 shows both the measured flux and voltage curve fieigurel4 and the calculad flux and
voltage curve fronfigurel5. Unlikethe calculated curve, the measured curve shows standing waves. The
standing waves (8B) depend on the length of the measuring cal38ASMA 1m) and on whether the
P1602field prabe and the spectrumanalyserare matched or not.

TheP1602field probe has no 50 Ohm terminating resistor in the measuring branch. The 50 Ohm line
coming from the spectruranalyselis terminated with a short circuit to GND in tRa.602field probe.
Starding waves are also produced in the branch in which the flux pottion) is generated due to
mismatching. This mismatch is caused by the connection of the tracking generator to the respective
excitation field source BPM02). The field generation and mearement sharesverlapand cannot be
separated in the measurement result without additional measurements.

Smoothing the curve (mathematical operatith Y 2 2 lirkCKipScarESABW 100 MHz) eliminates the
standing waves from the measurement result. Theaiing deviations are due to parasitic effects in the
P1602field probe.The deviations can be eliminated with a correction curve.

-16-
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g 8
™,

8

8

P(w)

AN AN, e . e e o A e e P o e e

) 20M  WOM  A4OM  S0DM  e0DM  70OM  BODN 146 136 146G
Frequency (Hz)

Figurel6 P1602 comparison of the measured and calculateg(J) andu (- ) values. The second
variant shows the smoothed curves (performedinipScarE SA BW100MHz).

The correction curve K16@=2gurel7 of the P1602probe is created on the basis of these deviations. The
deviations are arrected by adding the correction curve to the measurement result (performed in the
ChipScarESASoftware)Egnl4. The correction curve can be created on the basis of the measured and the
smoothed curve. The corrgon curve K1602W includes the standing waves. The correction curve K1602 is
created from the smoothed measurement curve and does not include the standing waves. The correction
curve is loadedio the ChipScarESAsoftware to perform the correction and apet automatically to the
measurement result (exampleigure25).

Bkor® -0 I vO6.0 b YMcCAH Eqnl4
The correction curve K1602W (with standing waves) is tailored to the measuremeuy Bagure35and
also takes the dependency on the tracking generator and aiwitfield source BPM02) into account. It

should only be used for this measurement-s@t The correction curve K1602 has to be used for general
purposes.
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Figurel7 Correction curve K1602 of tH&l602probe for general use. K1602W for special use wit
measurement setip Figure34.

The curve K1602 was measured and smoothed withCthipScarE SAsoftware (BWLOOMHZz)

h the

Figurel8shows the measured and calculategs(J ) andu (- ) curves for thé?1601probe. Figurel9
shows the correction curves. The correction has to be performed accordiagrtbs.

Bkor® - 0 T vd.0 b YmMcnAam Eqnl5
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Figurel8 P1601 comparison of the measured and calculategi() andu (- ) values. The curves are
also shown in a smoothed form (BWWOMHz).TheP1601¥ A St R LINRP6 S A& dza SR
DIT® ¢KS FNBIjdzSy Oe ohbwifars betiedBrivghtatoX. (G2 o DI T A J

TheP1601probe is provided for measurements up t@sHz but it can also be used up to GHz with the
correction cuves.

Operating range P1601 ]

K1601

K1601W

136136 186
Frequency (Hz)

Figurel9 Correction curve K1601 of tH&l601probe for general use. K1601W for special use with thg
measurement setip Figure34. TheP1601F A St R LINP 6 S A & dzd SR GHaThel K S
frequency range from 1 to GHz ishownfor a better orientation.
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2.2.4 Parameters to describe the magnetic field excitation by ICs

2241v6 . 0 FtdzE £t AY1ISR 68688y GKS L/ FyR I RSTA
¢CKS FtdzE LENIAZ2Y ud. 0 ddsciibes tkeSxcitdfod & anlskidns grogartignalxol & &
thecurrentjd . 0 ® ¢KSNB A& y2 FTRRAGAZ2YIFf RSLISYRSywoe) a2y
According to the equivalent circuit diagrafigurel3,the ICgendr i S& GKS Ff dzE LR NI A 2Y
currentl® - 0 YR (KS O2.detiednythd ICkufrétikidf ang tieSledtric conductor of the
P1601or P1602field probe,Eqnl: s (- ) =k * I,d- ). kd . hérebydescribes the source inside the IgtHe
O02dzLJ Ay3 (2 (KS Sy@ANRYYSYyd |yR vo.0 GKS SEOAGLH
¢CKS FidzE vo.0 Aad LINIOGAOIEE& OF £LOd halh IR T TONBYRNRM /S
13. The calculation can be performed with the "Correction” function ofG@hgScarESAsoftware during
the measurement or separately thereaftdfigure204 K2 6 & (G KS Y S| & dzNK KB THeEf dzE O d:
correctionfactorkic nm g1 & I RRuSiR théiGhipSeasESAsoftware. This provides the actual
Tt dzE OQNKS w©vo. U

130

- d(w) = d(w) + K1601

measured

corrected

P (w)

measured

W05M  200M  300M  40M  S0M  eodM  700M  80OM  9OM 1 13 14G___15G _ 186G 5
Frequency (H2)

Figure20 P160E Y S| & dZNBRI 6B . 1000 dzZl £ Ft dzE G NA I GA2y ®
é U c’lzorreds’éd IJ U Qea'surb’h"' K1601.

2242Up0 . 0 @2 GF3S O2dz2) SR AYRdzOGA@PSEe G2 | RSTA

According to the equivalent circuit diagrafigurel3, the IC generates the flux portion from the current

b - 0 | YR dgirdSctadze (detiednythe IC current loop and the electric conductor of fH&6®

field probes, EQNL s (- )= k* - 0 ® ¢ KS Ff dzE LR NIA2Y uvo6. 0 PYEOR NOt S
field probe and indues the voltage 0 - 0 AY (KA & St SOGNARO O2FdueA3G 2 NJ 0
andEgnlto Egn9). The voltage which is induced in thie&ric conductor is a measurd the potential

excitation of emissions by the IC.

In practice, the voltageildd - 0 6 KA OK A& AYRddzOSR Ay tmagsarn A& YSI &
U0 - 0 RSLISYRAV2WRAGA! f AYSINI @& YOABK. T o KESYXKNE KS K.
excited and coupled out.
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The measured curve is corrected with the correction curve KEg@re21.

:; Uind(w)corrected = Uind(w)measured = K16O1 \

/\/

Uind(w)measured \ Y

Level (df)

‘| Operating range P1601 K1601

00M  200M  30M  @0M  s00M  o00M  700M  edM oM 16 11G 136 136 14 36 176 186 196 26 21G 226 236 246 283G 286G 271G 28G 296G

G_ 136 1
Frequency (Hz)

Figure21 P1601 measured 0 - 0  @.A00 KI' Lp T R. «xthe v@itagy thal ik atiially |
induced. W40 - mehsureawas corrected with K1601 (b -+ colected = UngO® - U b YMcnanmMO®

y
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2.3 Measurement with a spectrunanalyser
2.3.1 Measurement setup and measurement with the ChipScdfSA software

Figure22 shows the measurement seip to measure magnetic field coupling from the test IC. The test IC is
mounted on the test board. The test board is inserted into the corresponding ground adapter such as
GNDAD2. The signal and supply connections to thsttlC are established through a plug connector on the
test board.

The field probe from the P1600 series has to be arranged above the centre of the test IC with a spacer ring.
The orientation of the field probe relative to the test IC has to be defineth® measurement. The point
current mark Figurel0) can be turned towards the pin 1 side of the test IC until it coincides with the 0°
mark of the spacer ring (reference angle 0°), for example. The measurement can be perfodifeaent
orientation angles. The automatd@T1C tester can be used to move the probe through a sequence of
orientation angles.

The AV input of the spectruamnalyseris connected to the Monnector output of the probes from the

P1600 series via tHg-SMAadapter and the SMASMA 1m RF cable.

TheChipScarESAsoftwareallows aneasy perfornanceand documendtion ofthe measurements (see
also:ChipScarESAoperating instructions).

N-connector

with adapter\ imi] \\ SMA-SMA measurement cable 1 m
to SMA ~ U

‘J Spectrum
‘ analyser
P1600 | O q
RF magnetic i
field probe \ /]
Field chamt?er/ \ Test board with test IC
{\ |~ g Spacer ring
S 1
o P a GND 25
A h_ ground plane

GNDA 02 ground adapter CB 0708 connection board

Figure22 Measuring the induced voltagd the IC's magnetic flux with a field probe from the P1600
series and a spectruamnalyser

-22-



LANG E R DE01728 Bannewitz P1601/P 1602 P170

] mail@langeremv.de
EMMTechnik  www.lanaeremv.com

The spectrumanalyseris soughtautomatically with "Devices/ Devices Manager/ Detected Devices" via the
respective interface and connected to the FR@y(re23).

JEIE]
Fle View Devices Settngs Window Help
‘Spectrum Analyzer Manager X
. (Sep——
X
x| s
rDevicestoscanfor————————— son [162 |
Spectrum Analyzer———————— Rer [y
[~ Rs232 [AIcom Ports * = Far [
[+ GPIB I~ swr [&0s
I LAN|VXI Hostiarme:| ™ rBW | 1MHz
I~ vBw | 1MHz
IAJ\ Spectrum Analyzers = j Mode |Continuous x| [ 10
set |
Trace Manager Detect Devices I Load Last Setup | x -
s rTracking Gemerator ———————]
Traces | Corrections ) i L\ Add... Merge... I~ Enabled 87 dBuv
Show | Color | Annotation | Comment [ Identified devices used for measurement || subtact.. | Truncate... T ||- Use Normalization
Spectrum Analyzer IAdvantest R3132 v & Multiply... Smooth...
o — Correction
Video Device [fiot Found - == L= {l‘ Ensbled  Select... ‘
New... Import || Acoisition ——————————————
e Eri ™ LiveTrace Hardcopy | ...
Edit...
43| 8 s = E— Take | Measure
Figure23 Connecting the spectrum analyser to the PC.

Langer EMV-Technik GmbH ChipScan-ESA 3.1.0 - Untitled.csd =lolx|

Fle View Devices Settings Window Help
‘Spectrum Analyzer Manager X

Setup

start | 30 MHz
stop [ 16Hz

REF [ 50 dBpv

roam 58
rswrfes
Fﬂﬂwlw
FVEWIW

Mode |MaxHold x| |10

Set |

Trace Manager X
- rTracking Gemerator ———————]
Traces | Corrections Add... Merge... I~ Enabled 87 dBuv
Show | Color | Annotation | Comment || subtract.. | Truncate... Normaiize | I Use Normaiization
Multiply... Smooth...

Correction ‘

Divide... MinpMax... ||| = moems
v ] | e |
2T L - Acquisition ————————————————
e Eri ™ LiveTrace Hardcopy | ...

Edit...

llil wm I Urits :I Delete Take | Measure
: |

Figure24 Main settings of the spectrum analyser in the "Spectrum Asealianager".

The main settings of thepectrumanalysethave to be defined in the "Spectrum Ansdy Manager" Figure

24). The correction curve K1601 or K168@sed to correct the frequency response of the measurement

result Un(- ) of theP1601or P1602field probe. U\(- ) can be converted to (- ) (Eqnllto Eqnl3)

automatically under "Correction" in the "Spectrum ArsglyManager". The correctiocurve

(-20Log- ) isused for this purpose.

You can find the correctioncurved n [ 23 . 0 Ay (GUKS b/ 2NNBOGA2yab A,
Click the "Select" button (mousmirsor  Figure25) under "Correction” in the "Speactm Analyger

Manager" to select the respective correction curve.
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File view Devices Settings Window Help
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70+ Corrections Selector E| = v =
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Figure25 Activating correction curves with the "Corrections Selector

The "Corrections Selector" window operigure25. Clickand activate the correction curve n

the mousecursor

Corrections" list. You can load further correction factors and correction criguere26) such as K1601 or

. Click the "Arrow right"

K1602 by repeating this procedure.

[ 23

button to move the correction curve to the "Applied

Langer EMV-Technik GmbH ChipScan-ESA 3.1.0 develop - 5:\P1600-1700 IC-Felder\P1602 1702 Taschenlampe\02 Entwicklung)20: =10 Iil
File View Devices Settings Window Help
. Spectrum AN{Langer EMV-Technik GmbH Ct
rSetp———
304
Categaries Available Corrections Applied Corrections Stop I 3GHz
[V Mearfield probes " -
254 I B Categary | Annotation | :I Categary | Annotation I REF IW
¥ Constants XF R100-1 Current Correction Functions 2013.12.02 -20log Omega 0-6GHz
¥ Functions ; ¥ - 5 " o dB
204 ¥ IC Tester XF R.100-1 H-Field Correction Functions K1s02 AT I 5
[ User defined XF R3-1 100dBuV Correction I~ swr | 605
15 XF R3-1 Current Correction ™ RewW I 100 kHz
XF R3-1H-Field Correction ™ vew I 100 kHz
- XF R400-1 100dBuV Correction
1o Mode [Maxtold 7] [0
XF R400-1 Current Correction
g 5 ¥F RA400-1 H-Field Correction *k set
=3 y
o XF U2,5-1 100dBuV Correction
> . « [ Tracking Generator —— |
4 04 XF U2,5-1 Current Correction r Tt 07 v
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XF U2,5-1 H-Field Correction
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Functions 2013,12.02 +20log Omega 0-3GHz Correction
-104 Functions 2013.12.02 -20log Omega 0-5GHz I Enabled  Select..
Functions Ga(f) 0-1GHz e
154 Acquisition
Functions K1601 W b
Functions K1602
20
Functions K1702 — Take | |
254 v
-30 T T T T T T T T T T T T T T !
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Figure26 Loading further correction curves such as K1602 in the "Corrections Selector".

Activate the "Enabled" box in the "Correction" field in the "Spettrinalyger Manager" with the mouse
flashes if the correction is activ@gure27. Click "Take" or "Measure"
Figure27to transfer the current measurement curve v 0 . om tReNpectrum

cursor  (Figure2
(mousecursor
analyselto the PC.

7). The field
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ThecalculationEqn13Y s GO 0-6fh [ 23 . A& LIS NEshaldaSetimeéTheicavel d A Ol
u 0. 0 A ththé bRtRE Bf the "Traces" list in the "Trace ManageXk'measurement log can beptin

the free text field under "Comment".

Delete the check mark from the "Enabled" box if you only wantto measp@ U0 T i K Ben3tdpS f R
flashing

Langer EMV-Technik GmbH ChipScan-ESA 3.1.0 - 5:\P1600-1700 IC-Felder\P1602 1702 Taschenlampe\02 Entwicklung\2015.02.21 P1602 P1702 Benutzerhandbuch)2015.03.11-01 o =) 1‘
File View Devices Settings Window Help
Spectrum Analyzer Manager x
301
tup
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o0 l ' (w) Stop [ 36rz
ind N e —
01 [t [5e8
I~ swr [ s0s
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[mi Il cove173 Cunve sttt Korrekturiurve K1602 Multiply... Smooth. Tracking Gener;
- I cue i Sum(Curve 173, 'Curve 148 (Copy)’) P 1602 Phi mit Kurrektur K1602 Divide... MinMax... ™ Enabled 107
404 (m] Il curve177 Ssum(Curve 169 ‘Curve 25) Normalize lizat
T Ml cove1m  Geratefaktor GA() aus: 2007.12.04-01 Stecker L Grundiagen ere o
Correction
Ic2 Curve 27 P1602 0° TGanBFMO2, h 10, AVanP1602, Messung g UAV Clone. Export...
g 00 . [V Enabled _ Select...
g [ (e Edt...
® 3 I isition
H % [ crve1  Pis02 0° TGanEFMDZ, h 10, AVanPIs02, Comektions aktiv: -20 Log Omega Messung Phi = \/ OB
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™ 2 O L
200 /
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Figure27a S| adzZNAy 3 UGKS. Y| Ay SUYAIOYy & 2AZE S [ @ANN B O iy
X A 4 ’ . 4 A A 4 4 > ~
/| dZNBS Mt vo.0 Aa (GKS NBadzZ G 2F GKAA YSI &dzNI

The "Curve" number is counted automatically (Curve 179) under "Annotafitie"measurement log can
be keptin the respective free text field undéComment".

Follow the instructions ichapter2.2.3if you want tocreate a hew correction curve.

2.3.2 Magnetic field measurement on the IC

Figure22 shows the measurement seip. 2.3 describes how to operate th€hipScarESAsoftware (to set

the correction curves).

Figure28 shows the results of the measurement which was performed on a test IC. The vojf@ge W A a
YSI adzNBR yR O2y@SNISR (2 GKS FftdzE vo6.0 RdzZNAy3I
correction curve K1600 of the respective probe.
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Figure28 Measuring an IC's radiated emissions which are excited in tihe dba magnetic field with the
P1601field probe, orientation angle 0°. Results: induced interference voltagé U 0 I Y R T d
(corrected with K1601)

2.3.3 Determining the IC emissions radiated in the worst case

The highest radiated emissions from tt&& occur if the I1C couples to a neighbouringlikd metal part
Figure4. The metal part can be a cable whicimsabove the IC.

hy | O02dzy i 2F AG& Tt dzE 300..00 A Vi KISK & /Y S\iyl R iz@r8hageiidk S
above the IC at the same height h = 10 mm ashh&0lor P1602field probe, the voltage induced in the

metal part corresponds to the voltage measured with BiE601or P1602field probe. The induced voltage

Ugd - 0 OFYy 0SS NIodothé hedmedie afran§edirsR T

Eqni6can be used to calculate the worst case value of the electric field stréhagth R . > ©fkhe 6

radiated electromagnetic wavieom the induced voltage {40 - far a distarce of 10 meters. GA(fls

herebythe worst case device factor for the excitation of radiated emissions through inductive coupling. The
conditions of the metal part are ideal for radiated emissions at all frequencies. Its length always
correspondsotionaly to a quarter wavelength of the induced voltage's frequency.

Eant (+ ) [0B>V/m] = GA(H)[dB/m] Yine(- ) [dB>V] Eqnl6

Figure29 shows the frequency response which was measureis(f)

4"Connector coupling inductance", Gunter Langer, company publication, Dec. 2007
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Figure29 Worst case device fact@A(f)[dB/m] of the rdiated emissions at a distance d m

Ea O « DR . > £an WeBcalculated with th€hipScarESAsoftware. Mark the function GA(f) in the

"Corrections" list with the mouseursor

left" button (Figure30).

. Copy the functioiGA(Nto the "Traces" list with the "Arrow

Langer EMV-Technik GmbH ChipScan-ESA 3.1.0 develop - 5:\P1600-1700 IC-Felder\P1602 1702 Taschenlampe\02 Entwicklung|2015.02.21 P1602 P1702 Benutzerhandbuch)2015. —lolx|
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Figure30 Selecting the correction cun@A(f)in the "Corrections" list and moving it to the "Traces" list

ChipScafESA

Eant© - 0 Ol y

GA(f) with the mouseursor &/

It
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Figure31 Calculating the worst case radiated emissidiom the voltage induced by the €6 - =0
GA(f) HUng0 - i9calculated with the mthematical functiorf Addition" in ChipScarESA

Activate "Sum plots" . Click OK to start the calculation . Curve 9,60 - 0 A & GKS NB&dz

calculation Figure32).
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I Il =016 Gerstefakior GA(R) aus: 2007,12.04-01 Stecker L Grundlagen pewss e
1= - Curve 95 Sum(Ga(f) 0-1 GHz', 'Curve 94) EAnt {w) _lzi Clone Export...
4 R Edit...

| |
1 v‘ El_l I units :l ﬂl
\ \

Figure32 Calculating the worst case radiated emissiBggo @R . >+ k Y8 FNRBY (G(GKS
thel@d ¢ KS OF f Odzf A2y A& LISNF 2 NI SRChpScartBSAG KS b

In the worst case the IC generates an electromagnetic wave with an electric field stEgpdth of
35.5dBuV/mst at a distance of 10 m with a coupling distance to the metal pdittlasas 10mm. Smaller
coupling distances are possible inligaso that radiated emissions may even be higher. The IC can produce

emissions in practice. There are ICs with considerably lower excitation fietdgjhalso IGwhose
excitation fields are much stronger.
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TheBPMO02n-field meter Figure330 OFy 6S dzaSR Fa I FASER &2dzaNDS
operated in the opposite direction to generate di8ld, i.e. it is supplied \h the voltage Ysof a tracking
ASYSNI G2NJ @A AGa {a. aArdaylf 2dzildzieo LG (GKdza 3ISy
on the measurement loon the same way aan IC. Th8PMO02s measurement loop acts as an induction

loop which igormed by the IC's conductor. The dimensions of BRMO02's measurement loop are

(7.8 x 1.5mm.

Housing with measurement loop 7.8 x 1.5 mm

SIS
an 4

Recess of 32.7 x 32.7 mm for

insertion in GND 25 / GNDA 02 \ SMB signal output
\ 50 Ohm

Clamping device

Figure33 BPM02n-FA St R YSGSNJ 2 3ISYSNIGS GKS YIF3IySiaa

Figure34 shows the measurement seip. TheBPMO02 n-field meter is inserted into the ground adapter
instead of the test IC. THRPMO2 n-field meter fits into theGNDAO2 ground adapter and has to be
inserted into theGND25ground plane for the measuremén

N-connector

with adapter ) SMA-SMA measurement cable 1 m
to SMA

P1600 Spectrum

RF magnetic analyser

field probe @ ()
NV NV

TG AV

Electric conductor

—_—

Loop of BPM 02 for
field generation

- [ Spacer ring
1 GND 25
o e v h ground plane
‘v—}— A

Vs

Field chamber |

GNDA 02 ground adapter
SMA-SMB measurement cable 1 m

Figure34 Measuring the transfer function of the field proliethe P1600 series

5 GNDAD2 ground adapter andGND25 ground plane are included in thECE1IC test environment set
www.langeremv.de The test board is described in tHetestinstructions manual mail@langeemv.de.
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The SMB port of thBPMO02 n-field meter is connected to the tracking generator output of the spectrum
analysemwith the 500hm SMASMBmeasuring cableThe measurement output is matched to &bhm.

The tracking generator voltager&bf the spectrumanalyser(Figure35) drives the currentdthrough the
loop of theBPMO02. TheBPMO2 contains a voltage dividerl{ewn in a simplified form in the equivalent
circuit diagram) which adjusts the current in the loop accordingdal7.

lie= Urs-49.55 dB Eqnl7
Tracking P1600 Uind(@) :E:IC::T
generator electric ‘ RF cable, 4
conductor O O
Z=50R
_> llC((D) RAV
. 500
Current
loop UAV((’J)

Figure35 Equivalent circuit diagram of the measurement agd inFigure34 including the tracking
generator,BPMO2field source, P1600 field probe and the spectranalyser

The P1600 has a coupling inductance per unit length of 12/4wpi? (Table2) at a spacer ring height of
10 mm. TheBPMO02 has a loop surface area of 7.8 mm x 1.5 mm = 11.7 mm2. Hence it follow&fpabn
that the coupling inductance, is roughly 0145 nH. The actual inductance is around 0.108Figlife46).
For the time beingthe calculated inductance of,E 0145 nH is used in the further process to determine
the difference Figure46) to the actual inductivity.

Eqnl18results fromEgn3 andEqnl7:
u(-) =20 Lognl+ Urs-49.55 dB Eqgnl8

TheP1601or P1602field probe is located above tt@ND25 ground plane Figure34). The distance to the
ground plane is set with the spacer ring. The spacer rind.® mm is preferred for the measurements. The
electric conductor of thé?1601or P1602field probe thushasa defined distance to thBPMO2 field source.
The spectrumanalysemwhich is used for measurement is wired as showRigure34.

The spectrumanalyseras to be normalizedrior to the measuremen(Uyc107 dBuV, external attenuator
30dB).

BPMO02is supplied with 107 dBuV by the tracking generator of the spectnatyser The voltage kif- )
Figurel4which is produced on the input resistoxf the spectrumanalysersetup Figure34, equivalent
circuit diagramigure35) is obtained as the result of this measment. The frequency response of the
BPMO2 excitation field source can be taken into account in the form of the correction curve RKBRM

TheChipScarESAsoftware is used to control the spectruamalyser perform the calculations and
document the meaurementsFigure36.
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Fle View Devces Setngs Window Heb

5:\P1600-1700 IC-Felder \P1602 1702 Taschenlampe |02 Entwicklung|2015.02.21 P1602 P1702 Benutzerhandbuch\2015.03.11-01 Wandiungsversion fir Handbuchiesd

8 &8 8 8 8
2
)
)
LB B B |
§8335 3§
;‘;H“?

Excitation field ®(w)

Figure36 User interface of th&€hipScarESAsoftware. Measuring the voltagealdwhich the excitation
FASER uvd. 0 @POZiadiidesyirithe electic coriidtor of ti1602field probe. The
constant excitation currenid . 0 dBpApvas generated by a tracking generator.

U -0 OFly 068 02y @SNISR. Ui EgiBKIS S&Od-dh (p 2 4 Fdud NRB & dzt
36.
There are two ways to do this:
1. By usinghe correctioncurven n [ 23 . RdzZNAYy 3 GKS YSI &dz2NBY S
2. By usinghe mathematicaR LISNJ G A 2 nb [ RBXH F FGSNJ 6KS YSt
TheChipScarESAsoftware is used to perform the conversion. You can find the correction ewrve [ 2 3
in the "Corrections" list of its "Trace Manager".
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2.3.4.1Udngthe correction curve-H 1 [ 2 3 thé meRsdrdident 3

You can find the correctioncurve{ n [ 23 . 0 AY GKS b/ 2NNBOGA2yab A
Click the "Select" button (mousmirsor  Figure37) under "Correction” in the "Spectrum Ansdy
Manager" to seletcthe respective correction curve.

Langer EMY-Technik GmbH ChipScan-ESA 3.1.0 - S: =10l
File Wiew Dewices Settings ‘Window Help
Spectrum Analyzer Manager X
70+ Corrections Selector ﬂ pe ¥ o
(Setup—— |
o0 Categories Available Corrections Applied Corrections Start | 0Hz
,g g::‘::riﬂ probes | category | Annotation =] Category | Annotation | Stop lgGHz—
504 ¥ Constants User defined  XF R400-1 Current Correction Functions 2013....-6GHz
g 04 g ngr?;;]f Nearfi...robes  XF R400-1H-Field Correction REF | 77 dByv
=1 I User defined Nearfi...robes  XF U2,5-1 100dBuV Correction " AT | 5d8
E 304 Nearfi...robes  ¥F U2,5-1 Current Correction I~ swr[eos
20 Nearfi...robes  XF U2,5-1 H-Field Correction 7 rew | 100 kHz
Nearfi...robes  XF-R 100-1 % vaw [ 100 krz
104 example
ol — T Mode |Continuous 'I I 10
0 Constants 221,548 ot |
Constants 247,8 dB
Trace Manager < )
) Functions 2013.03.04-03 +20Log Omega 1- 3Ghz R ERER
Corre
e Funcions  2013.03.04-03 -20Log Omega 1-3Ghz I Enebled [ 107 By
R Functions 2013.07.12-1P140L.. orrektur ohne 26d8 Normaiize | F# Use Normalization
¥ Nearfield ¢
[Vl Functions 2013.07.12-2 P1401...orrektur ohne 26dB Tz
g ES:E:::? Functions 2013,12,02 +20LogWurzel Omega 0-6GHz ’]‘ Enabled Select... hL
¥ 1C Tester Functions 2013.12.02 +20log Omega 0-6GHz L L\
I¥ User defin Functions 2013.12.02 -20log Omega 0-6GHz limumhon
Live Trace Hart
Functions 2013.12.02 -20ogWurzel Omega 0-6GHz
2 m—
L
| wl | ™ Units | ‘ g ’ Delete | Take:
[ S [
. . . . . . n . "
Figure37 Activating correction curves and correction factors with the "Corrections Selector

The "Corrections Selector" window operigure37. Click and actate the correctioncurveh n [ 23 . &,
the mousecursor . Click the "Arrow right" button to move the correction curve to the "Applied
Corrections” list.

Activate the "Enabled" box in the "Correction" field in the "Spectrum Asalylanager” with the rouse

coursor  Figure38. The field flashes if the correction is activEigure38). Click "Take" or "Measure"
(mousecursor ) Figure38to transfer the current measurementoee s 6. 0 FNRY GKS & LJS
analysetto the PCThe calculatiorEqn13Y s 6 .- n ! [ 23 . A& LIS NAH&NMER | d
timed ¢ KS OdzNI Sto tbedottom of the "TraRd®'SiR in the "Tradlanager”. A measurement

log can bekeptin the respective free text field under "Comment".

Delete the check mark from the "Enabled" box if you only wantto measp U0 T K Ben3tdpS$ f R
flashing
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=1oix]

‘Spectrum Analyzer Manager x

80
tup
sart[orz
] U (UU)  E—
ind rer [ 77 dBpv
“1 [ arr | 568
I~ swr|e0s
20 IV rew | 100kHz
IV vew | 100 kHz
ol Trace Hanager g tode [ =] [
Traces | correctons | Add... Merge... |
set
2 Shon | Color_| Annotation | Comment | sbbact. | Tncte...
r B cve 173 ‘Curve 161 *-1 Korrekturkurve K1502 Vultely — e
r I curve 176 sum(Curve 173, ‘Curve 148 (Copy)) P1602 Phi mit Kurrektur K1602 Divide. MinjMax I~ Enabled 107,
404 r I cuve177 Sum(Curve 169, 'Curve 25) Normaiize —
r I cue 17 Geratefaktor GA(f) aus: 2007, 12.04-01 Stecker L Grundlagen MNew... Import...
Correction
~ | e P1602 0° TGanBFMOZ, h 10, AVanP1602, Messung UAV Clone Export.
g 0] [V Enobled  Select...
3 * s Edit
T ~ [ coverrs  Piso2 0@ TGangFMO2, h 10, AVanPis02, Correktons kuv: -20Log Omega Messung Phi o \_/ isition
2 0 JZ' = I LveTrace Hardeopy
q B

00/ A8 s s

Take Measure

120

4) ®w)

1604

2004 /

220

- 20 Log w

256 3G 356 a&
Frequency (Hz)

500M & 156 26

Figure38 Measuring the curve (. )

.Itis added as Curve 17®@the bottom of the "Traces" list

The curve number is counted automatically (Curve 179) under "Annotation".

2.3.4.2Usngthe mathematical operationrg n [ 23 . 0 | FGSNJ G§KS YSI adzNB

The mathematical oplJ G A 2y b! fRHE balchlation drrdsdihg Bon13: v (- ) = U )-20 Log
. . However, the function 20 Log. first has to be copied from the "Correction" list to the "Traces" list in
the Trace Manager.
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Figure39 Marking the correction curve @ n
"Traces" list with the "Arrow left" key (mouse cursor).

3

[23 .0 b/ 2 NNBOG A
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% I curve 173 Curve 161 =-1 Korrekturkurve K1502 wdtty... smooth. | L
% [ Sum(Curve 173, ‘Curve 148 (Copy)) P1602 Phi mit Kurrektur K1602 o T
- Curve 177 Sum{Curve 169", 'Curve 25)
10 [ Geratefaktor GA() aus: 2007.12.04-01 Stecker L Grundlagen New... Imperi i
Curve 27 P1602 0° TGanBFMDZ, h 10, AV anP1802, Messung UAY Clone Expor
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1204 _—
s Delete
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-1604
20 Log w
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Figure40 The correction curve@0[ 23 . 0 Kl & 0O

S A = 7 N

0dKS

Activate the function{H n

[23 .0 AY GKS b/ 2 NNDDbiy the fingtior td thie(

"Traces" list with the "Arrow left" buttonHigure39 mousecursoi) Figure4O.
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Figure42 The additonW+¢Hn [23 .0 I 6.0 Aad LISNF2NY¥SR 0o

Mark the "Curve 27" (M0 O dzNIZS -120/Lieg Qmdga" clyvé in the "Traces" list in the "Trace
Manager" with the mouseursorFigure41. Open the mathematical operaticd R R §addition) and
activate "Sum up all Plot¢Figure41 mousecursol). Click OK to perform the additiomW- ¢(H n [ 2 3
vo. 0®d® ¢KS NI A& dzf"Qurve 181§ éddodHe bodatr of thie AT2ayes" list.
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2.3.5 Creatng the correction factor K1600

The ideal curve of the induced voltaggdU ) is the basior creatingthe correction curveo correct the
frequency response deviation of probes in the P1600 series. The correction curve is created from the
difference betveen the calculated induced voltagei{d¢} ))oerecnnetdnd the measured induced voltage
(Uind(+ ))gemessen: Urv

K1600 = WO bekdchnet~ Unv Eqni9

Calculation of Wq(- ):
IFEqQn3 (U (- ) = 20 Logul+ Id- )) is inserted ifeqn9 (Uing(- ) = 20 Log +u (- )), it followsthat:

Und(- ) = 20 Log + 20 Log+ Id- ) Eqn20
Firsty, the values for 20 Log and 20 Logdare needed. The inductance ik 12.4 pH with a spacer ring

height h = 10 mm, sefeqn5.
¢ KS Fdzy Ol A greVidedin thd "@dfrectims"Aisi of the Trace Manager.

Langer EMV-Technik GmbH ChipScan-ESA 3.1.0 - 5:\P1600-1700 IC-Felder\P1602 1702 Taschenla - |EI|5|
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II; g\«tstetr;sts jv] +20log Omega 0-6GHz p— MinfMax
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[~ Functions r - dB dB -20og\Wurzel Omega 0-6GHz
F Li;ejz?;rned [ - dB dB +20LogWurzel Omega 0-6GHz = Mew.... Import...
- - dB dB -20dB = Clone Export...
4| | 3| Edit...
A8 e e &) o |
| Y |
Figure43 Thet dzy OUA 2Y wHwn [23 . Aa I OUAGlIUSR AY 0UKS

' OGAQGFHGS GKS FdzyOQlUA2Yy wn [23 . AGK | Y2dzaS Of AC
"Traces" list by clicking the "Arrow left" button (mousersorFigure43). Activate the mathematical

Fdzy OGA2Y b! RRXb (2 LISNF 2 NY,inihk 'Srac@s" isOdzf I G A2y wn [ 2
The logarithm isnitially taken of the inductanceplof 0.145nH which has been determined abo\Egh5).
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Calculate 20 Log 0.145 EX®ith apocketcalculator:
20 Log k= 20 Log @45 EXM=-196.8 dBH Eqn21

The current,tis determined with theChipScarESAN the next step according tBgnl17. The tracking
generator voltage of the spectruamalyselis herebyUrs107 dBuV:

lc=Uc-49pp R. m T -49%mpT RR.MIBUA p T Eqn22

All values can now be insertedEgn20t Y R | RRSR gAGK GKS YIFGKSYlF GAOLF €
ChipScarESAsoftware:

Uing(- ) =20 Log +20 Log b+ Id- ) = 20 Log -196.8 dBH +55 dBuA Eqn23
Activate the curve "20 Log Omega" with a mouse click. First efit86.:8" as the constant to be added

dzy’ RS NJ PBiguiRr4.)Click OK to perforrie addition. Then add +57.5 dB in the same way. The result
Unda(- ) appears at the bottom of the "Traces" list and as a curve on the disjaye45.

Add Plots il Langer EMV-Technik GmbH ChipScan-ESA 3.1.0 develop - 5:\P1600-1700 IC-Felder\P1602 1702 Taschenlampe =[ofx|
File View Devices Settngs Window Help
& Add a Constant to allPlots [ -196.8 2109
160+ \
ﬁ//ﬂo Log w
OK | Cancel |
& 110
2
®
$
k]
60
Add Plots x| K/\,I
104 + 20 Log w -196.8 dBH +57.5 dBpA
' Add & Constant to all Plots | 57.5
-40 T T T T T T
500M G 156 26 256 3G 3se & ase 5G 556 o0&
Frequency (Hz)
Trace Manager X
0K I Cancel | Traces | o | Add... Merge...
[ Comment Al swbbact.. | Tuncate...
O Sum of 2 plots 182 +{-20Log omega) Ladungsmenge Q Mutiply... Smooth...
r [ cuvess Sum of 2 plots 181 +82 UAV korrigirt e P
v - 2013.12.02+20log Omega 0-6GHz '2013.12.02 -20log Omega 0-6GHz " * -1 = +20LogOmega
[m] 2013.12.02+20i0g Omega 0-6GHZ + -196.... P1600 Korrekturfakt New... Import...
Clone Export...
Edt...
I~ Units _] Delete

Figure44 Addition of-196.8 dB | Figure45 ¢ KS NX &adzf (0 2 F (#1RE8 dBHRHBASAB
and 57.5 @ to the curve +20 Log isthe Curve 189 =16 . 0 6t 2 6 SNJI OdzNIBS 0
Omega

U - 0 Y SI &RB08idproddedakhd - U b/ dENIBER6). A Tompadison with the
calculated curve kL0 - mkisuredr€veals a constant deviation of 2.5 dB. The inductapos lwhich the
calculation is based can only be roughly determined vitNG) L= LQ = 12.4 pH/mm2* 11.7 mm2
= 0.145 nH and thus leads to the deviation. The result is corrected2hB. Consequently, the actual
inductance is 20 Log £ 20 Log=-196.8-2.5 dB. By taking the antilogarithm, you get:

L,=0108 nH Eqgn24
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Figure47 Calculated curve corrected witR.5 dB results in congruence in the lower frequency range
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The correcon factor K1602 can now be calculated from the curvésgare47 according toEqn19.

Uina(- ) measured witiP1602is providedas Uy(- ) "Curve 27". Activateild(- ) measured Curve 196'and

Uad- ) "Curve 27" in the "Traces" list of the "Trace Manager" with the maussor.

Activate "Curve 196/ dzZNIJS HTh dzy RSNJ b{ dzo G NI} Ol X b ®Phekodiréctd hY
curve K1602 appears as "Curve 197" at the bottom of theHigu(e51).

Subtract Plots x|
¢ Subtract a Constant I from each Plot

™ Subtract each Plot separately from a Constant I

= Curve 27 (Copy) - Curve 196

& Corve 196 - Curve 27 (Copyl:

oK I Cancel |

Figure48 Calculating the correction factor K1602 fromg0 - mehsured(Curve 196) and AJ(Curve 27)
with the mathematical operation "Subtract Plots".

Langer EMV-Technik GmbH ChipScan-ESA 3.1.0 develop - S:\P1600-1700 IC-Felder\P1602 1702 Taschenlampe\02 Entwickiung\2015.02.21 P1602 P1 =0 x|
File View Devices Settings Window Help

Langer EMV-Technik GmbH ChipScan-ESA 3.1.0 develop - S:\P1600-1700

704

65+

60

554

50

Level (dB)
=]

1% K1602W

5
-10 T T T T T T T T T T T T T T )
0 200M 400M 600M 800M 1G 126 146G 1.6G 18G 2G 226 24G 206G 28G 3G
Frequency (Hz)
Trace Manager X
Traces | Corrections | Add... Merge
Show | Color | Annotation [ Comment ]| subtract... Truncate...
O Curve 190 '2013.12,02+20log Omega 0-6GHZ' + 57.5 Mltiply... St
e s ‘Curve 190' +-196.8 Uind(w) = 20 Log @ +TIC(w) + 20 LogLh = 20Log Omega + 57,5 dB -196,8 db T T
7 [ e coon P1602 0° TGanBFMO2, h 10, AVanP1602, Messung UAV
7 [ cove s ‘Curve 190 +-199.3 Uind(®w) = 20 Log @ +TIC() + 20 LogLh = 20Log Omega + 57,5 dB -199,3 db New... Import...
Curve 197 Difference(Curve 196', 'Curve 27 (Copy)) K1602W Clone Export...

4 | Edit...

!

R ARO! I Units
[ [

Figure49 The result of the subtraction is the correction factor K1602W with ripples.

The ripples (standing waves) on the correction curve have to be eliminated before this can be applied in
ASYSNIf dzaSao ¢KS YI (K FigureGOisQsed for thidzgperatian2 Hhe resfilting 2 G K X b
correction curve K1602 is available for general(Bgpire51).
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Figure50 Smoothing the measured curve KiL6i
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Figure51 The correction factor K1602 is the result of smoothing with a bandwidth oMI92.
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The accuracy of the correction curve K1@@2s not exceethe measurement accuracy of the spectrum
analyselused for this purpose

The correction curve is created analogously forBi€01field probe. The frequency response of th&601
field probeFigure54reveals that the field probe can be used up to GHz Figure52 showsthe correction
curve up to 1GHz.

Level (dB)

50M 100M 150M 200M 250M 3000 360M 200M 4500 550M 600M ©50M 700M 750M 500M 850M 900M 950M 6

500M
Frequency (Hz)

Figure52 P1601correction curve up to GHz

-42-



LANGER Dp&o1728 Bannewitz

mail@langeremv.de
EMM Technik

www.lanaeremv.com

P1601/P1602 P170

2.3.6 Frequency response of the RF magnetic fipldbe

Figure53shows the frequency response of tRe602field probe.This was determined by inverting the

correction curve (multiplication byl, mather' | G A O €

2LISNY A2y badz GALX & Xb0

Level (dB)

146 166 186

Frequency (Hz)

200M  400M  60DM  BOOM  1G 123G

Figure53 P1602frequency response up toGHz

Figure54 shows the frequency respse of theP1601field probe. It reveals that the probe can be used up

to 1.5GHz.

Level (dB)

Frequency range P1601

100M  200M 300M 400M 500M 600M 700M BOOM 900M 16 ne 126 136 176 186 196

146 156 146
Frequency (Hz)

26

26 226 236 246 236 206 276 286 296 3

Figure54 P1601frequency response up toGHz
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2.3.7 Efield suppression of the P1600 RF magnetic field probe

ICs can emit electric interfereeT A St Ra 96 . 0 ® d&pacitive hibrier@rice cBrBalych ND
which enters the electric conductor of the P1600 field probe. The curggnt 100 ISy SNJI (S &
0 KS S triguseasNBolsthORy R d0-4@ NBIS f useil As2gisisi A LI

S I
iKS

UA\b + l:) 2 y-
determine how muchcurrentd . 0 wWR. x! 8 (K& Fl dR Gk D@ ¢ B$3HSNJ‘ iSao
QO . 0 O.-dbn L[ EGqh25cah be used to convert the capacitive current into the charge . 0 @ ¢ K A
allows the representation of the-field suppression with A0 . 0 O Kk (Bigure56).

; P1601 1

: P1602

FlgureSS Efleld suppre33|onu,o 0O KU CD +Aaof qu EEISS y‘S NJ SR 2y (kS
capacitively coupled currengd - 0 @

i P1601
" P1602 O
Flgure56 Efleld suppression u,o U OK O \¢D +,®ot qu BS y' S NJ G§SR 2y (KS

capacitively coupled charge® -
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3 Efield measurement with P1702
3.1 Design of theP1702 Hield probe

RF power
output

Electrode

\

Bottom side
of probe

Figure57 Design of thd®1702Efield probe

The field probe has an electrodeigure57) at its bottom to pick up the test IC's electric field.

The electric field enters the eéttrode at the bottom of the field probEigure58 and couples the current
Is(- ) capacitively to the electrode. The curref(t ) is led to the N connector at the top of the field probe
via a 500hm RF line inside the field probe. The S&®A 1m RF cable is connected there via an N/SMA
adapter \-SMA) and leads to the AV input ofdtspectrumanalyser

The electric field which is generated by the test IC is enclosed by the field charhbdield chamber

comprises the bottom of the fieldrobe, the spacer ring, the ground adapter, the test board and the
GND25ground plane. The & IC is located in the field chamber. It is mounted on the test bdglife9).

The test board is inserted into the ground adapter. The ground adapter fits into the respective recess of the
GND 25roundplane? A (100 x 100) mnTEMecell print can be insertethstead of the ground adapter
TheP1702field probe has no terminating resistor and operates under epiecuit conditions.

6 GNDAO2 ground adapter andGND25 ground plane are included in theCE1IC test environment set
www.langeremvcom The test board is described in th@testinstructions manual mail@langeemv.de.
7 see ChapteR
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Measurement output

to AV of the
/ spectrum analyser

N-connector

P1702
RF E-field probe

Electrode

Spacer ring
E(t) [h
[ RN
Ground plane \
Test IC Field chamber

Figure58 Sectional view of th®1702Efield probe

TheP1702field probe has a connectiofrigure58):

- 1 x Nconnector (RF output) to connect a spectramalyser

3.2 Function of the P1702-keld probe

Periodic higHrequency switching operations occur within andé€pending orits functions These

switching operation generate RF voltages to ground in the IC's line networks. The conductors of the line
network act like electrodes where the RF voltage generates electric fllgler€59). These line networks
can alsde connected to other metallic surfaces such as bonding pads, bonding wires anthaitarger

the surface, the greater the electric fielgenerated bythe RF voltageThe majority of the electric field

lines return to the IC's GND andvemno excitation effect. The excitation field lineEigure59) leave the
vicinity of the IC'sand may generate interference emissions if they coupledighbouringstructural metal
parts. The capacitively coupled currerdl. 0 S E O A riicfugal part& £hd Simulaies them to send out
emissions. Th@1702field probe's task is to measure the strength of the excitatieh (| 0 0 O dz& SR
The electrode of thé1702field probe (Figure58) simulates a structal metal part at a distance h = 10 mm
or 3mm. The excitation current which is picked up by the electrode is led to a speatralysewia the
measurement output (Monnector) of the field probe. The spectrianalysemeasures the voltageAb - 0
that the excitation currentdo . 0 3 Soh Sdlihpiit Bedistor of the spectruranalyser(equivalent circuit
diagramFigure60).
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Excitation field lines

E-field

Conductor

lz/

GND printed circuit board

Figure59 Principal field pattern of the electric field of a conductor in tast IC

3.2.1 Equivalent circuit diagram and interactions of the electric field coupled out

Figure60 shows the equivalent circuit diagram of the test-egt The IC contains an RF voltage source
Uod .- 0 ¢ KAAa RNimg@dadce E ThelpaR re@esdnts thet@al area of all relevant continuous
metal surfaces of the test IC. The pad has the capacitagirete IC's GND.

Spectrum
:,liﬁgde ip(®) _RF cable,hanalyser
T VZ =50R /V
A
o [l |m]
Pad 1

Figure60 Equivalent circuit diagram with IC, excitation field lirelectrode of theP1702field probe,
RFcable and spectruranalyser

The capacitance;@s the capacitance between the pad (relevant continuous metal surface) of the IC and

the electrode of thé?1702field probe. The capacitance 8 a plate capacitafFigure61). The plate

capacitor comprises the pad surface.flower plate) and the electrode of the field probe (upper plate).

The capacitance @ in the fF (Femtofarad) range and usually does not stress the IC ciggit.U0 R NA @S
the currentjo . 0 0 2 Die RF cabld and/the resistog/&f the spectrumanalyser(Figure60). The
currentbd . 0 S&aaSyuaAlrftfte 2yt e smé&lgsdnd Rare SighificarklySmalér thtknO A G |
MK 07). /
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P1700 electrode - ip(t)

Pad)

uPad(t)¢ IC pad (A,

Ground plane

Figure61 Operational principle behind-#eld coupling from the test IC via excitation field lines

Thevoltage bk - 0 A& GKSYY

Upad + 0 10 TO | Eqn26
As a function of time, the cuent |r follows the equation:

ip(t) = G dup,dt) / dt Eqn27
If ip(t) is divided into harmonics, the following equation results for the frequency domain:
0. 0 JUD ..0 [ Eqn28
Inalogarithmic form:

20Llogdd - 0 T Hn [ 2820Logkd -.HON [ 23 / Eqn29
Inareduced logarithmic form where 20 log is omitted in front of electric quantities:

Io(- ) =20 Log + 20 Log G+ Ud- ) Eqn30

G is the coupihg capacitance between the pad and the electrode of & 02field probe.The coupling
capacitance {can be calculated from:

G=GQ g ! Egn31

WhereGQ Aa GKS 02dzJ Ay3a OF LI OA G+ y &t®deloi§hdJiettrprabé f Sy 3
(Figureb). Avqqis the surface area of the pad. The capacitance per unit len@hsto@nin Table4 for
h 10 mm and 3 mm.

Exampleapad with a diameter of 2.1 mm has arface area fq0f 3.14 (2.1 mm?/2) =3.5mm2,@ F NRB Y
Table4 is 0.88 fF/mmz2 (without the capacitance portion caused by the edge effect) at a spacer ring height
of 10 mm. It follows fromEgn31: C, = 0.88 fF / mm2 * 3.5 mm?2 = 3.1 fFe capacitance portion which
develops at the edge of the plate capacitor is not taken into accouBtit81. Consequently, the actual
capacitance may be twice aggh. The actual capacitance, including a measurement error, is approximately:

G =106 fF Eqn32
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If the voltage L. ) is constanbverfrequency, W. ) = 107 dBuV, it follows accordingEgn26:
20 Log €= 20 Log 10.6 fF-279.5 dBRhat the current K. ) to the electrode of thé>1702field probe
according toEqn30is:
Io(- ) =20 Log + 20 Log C+ Ud- ) Eqn33
=20 Log -2795 dB- + 107 dBuV
=20 Log ¢1725 dBpA

& LINBLRZNIAZ2gFD A2 oudrdéhdeichi §pezhllades,

Thecurrentdd . 0 NA & S
3 £ A v $hie istu@ncyt o loghrith Aty idthehl @ afithricform.

6. 0 NAR&ASaE

The interaction chain can be pursued in the equivalent circuit diadtigore60. The currentdd . 0
generates the voltage A0 - 0 2y (0 KS hofthddgiectrhid@alyseri 2 NJ w

Uad- ) = Rv* Ix(- ) Eqn34

The spectrunanalyserecords the voltage h(- ).

3.2.2 Converting the measurement valueJof the spectrumanalyserinto EMC parameters

The voltage W{- ) is generatean Ry 0f the spectrumanalyser(Figure60). It is measured and displayed
by the spectrummanalyser
Is(- ) can be calculated fromaAJf- ) with Eqn35 (effective values)

lp(- ) = LA+ ) / Rav Eqn35

Ravis the inputresistor (50 Ohm) of the spectruamalyser The logarithm can be taken Bfin35to
provide a logarithmic form:

20 Log(d(- )) =20 Log( Ad(- )) ¢ 20 Log R/ Eqn36
Where:
20logRyT Hn [23 pn hKY I' on R. X Eqn37

Inserted inEqn36:

20Log(dd - VO T @A QPR IRD. K Eqn38

This notatiorwill be simplifiedin the followingby omitting 2 Log in front of the electric quantities:
W(-)=UL)con R. K Eqn39

Figure62 shows the voltage Ay which was measured with the spectruanalyserand the current
W(-)=UA)con R. K ¢ Kduated fremEgGn390
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A\."(

| (w)

M :0M  abm  s00M  000M  700M  BOOM  voOM 1 1ie_ 136 14@
Frequency (Hi)

Figure62 Ua(- ) measured with the spectrurmnalyserat Uso{- ) 107 dBpV, £10.6 fF; calculation of the
currentb(- )= U+ )con R. EqndR 0 K

The equivalent circuit diagram Figure60 shows that the driving voltagepkhand G produce the current
I(t) or B(. ). Itis herdyassumed that R << 1/( G).
The variation of the currerpwith frequency follow€Eqn281:0 . 0 [UD . 0 [/

Inalogarithmic formegn30: I(- ) =20 Log + 20 Log C+ Ud- )
0.0 NRA&ASA f AYSI NJ 88 i/ @nk8orfodayitiniically ii theldgarithiiS forfdID

(Figure63).
Thevalueofd . 0 I g1v2.5 oB|HA was calculated wilyn33above.
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IP (w)calculated

Level (dB)

200M 400M 600M 800M 16 136 186 26 236 246 28¢ 286 %

146 166
Frequency (Hz)

Figure63 10 - 0 O f O &inB3WiB R NB YT mnTt R. x+ O2yaidl yi

3.2.3 Correction curves and matdhg of the P1702 probe

Figure64 shows both the measured current variatiGiigure62 and the calculated current variatidrigure

63. The measured variation is smaller than th&cabated variation witharising frequency. The measured
curve shows standing waves. The standing wave8j2lepend on the length of the measuring cable
(SMASMA 1Im) and on whether thé>1702field probe and the spectruranalyserare matched or not.
TheP1702field probe has no 50 Ohm terminating resistor in the measuring branch. The 50 Ohm line from
the spectrumanalyselis terminated with high impedance in tH&L702field probe.

In this case the standing waves are essentially produced by the traakmegagor which is part of the
measurement setip and which generates the excitation field together with EileM02that is used as an
excitation field source.

Smoothing the curve (mathematical operatith Y 2 2 lirkKCKipScarESABW 100MHz) eliminateste
standing waves from the measurement result. The remaining deviations are due to parasitic effects in the
P1702field probe.
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I P ((U )calculated

/‘ IP (w)measured

Level (dB)

50.

[ 200M 400M 600M 800M 1S 126 1.46 166 186 26 236 246 266 256 Pl
Frequency (Hz)

Figure64 I(- )=Uyv-on R. K Y S| & dzNB R analisérd Upii-K) S 102 dBAVCChnstHarid
C1 =10.6 fH he curve was measured with tihipScarESAsoftware.

The correction factor K17G2gure65 of the P1702field probe is created on the basis of these deviations.
The deviations are corrected by adding the eation factor (performed in th€hipScarESASoftware).

The correction factor can be created on the basis of the measured and smoothed curve. The correction
factor K1702W includes standing waves. The correction factor is ldadbd ChipScarESAsoftwareto
perform the correction and applied to the measurement result (exanfideire66) automatically.

The correction factor K1702W is tailored to the measuremenupdtigure74 andalsotakes the

dependancy on the tracking generator and excitation field source into account. It should only be used for
this measurement setip. The correction factor K1702used for general purposes.
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Figure65 Correction curve K1702 of tH&l02 probe for general use. K1702W for special use with thg
measurement setip Figure74. The curve K1702 was measured and smoothed as K1702VBA8WHz)
with the ChipScarESAsoftware.

3.2.4 Parameters to describe electrigeld excitation by ICs
324110 . 0 SEOAGIGA2Y OdZNNBYG O2dzL) SR 2dzi OF LI OA(

The IC generates the excitation curregit k. 0 | OO2 NRAYy 3 (2 (K FigutehodmdBEgnt Sy
28or Egn30:

I ) =+ G Upad- )

Is(- ) =20 Log + 20 Log C+ Ud- )

The excitation currentft) orkd . 0 A& GKS LIKeaAOlt ljdzryidAde 6KAOK
field. The generationf the excitation currentdwhich is capacitively coupled out is the mechanism of
actionbehind the emissionsThe capacitance;@ conjunction with the voltageddd - 0 A& NBa LR Yy 3
couplingout. gl £ 82 RSLISNIR&ES 2 yf A WSIKNAXSHNI ik S. dmnder eSSy O .
couplingout and the more excitatiothere is

3242006 . 0 OKI NBS O2dzLJ SR 2dzi OF LI OAGSt e 6STTSO

QO -V Aada GKS LKeaAOlf ljdd yiride 6KAOK RSaZONAROGSE (Fk
voltage Ubad -+ 0 @
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Qdt)= G Upad) Eqn40

Qo U 0 Kt dtk A Eqn4l
Egn41lleads to the frequency domain representation:

QO . VW ITOLF ™M K . Eqn42
Inareduced logarithmic form where Ag is omitted in front othe electrical quantities:

Qd: ) =+#-)-20 Log Eqn43
Figure66 shows the measured current curvé. | )measures The correction factok1701 was added to
I(+ )measureain the ChipScarESAsoftware. Thigesults inthe corrected actual current curve gf RO Log

was subtracted from the actual current curve with tBaipScarESAsoftware to determine the effective
value of the charge . ) (Eqn43).

\)
& NN
PVAY
Bl
Y
f
2

P(w)measured measured

+ K1702

2486 236 26 2

Figure66 The measured: ) measuredWas correctedd: ) measurest K1702 and converted into the charge
Qd: ) =+ M- ) measurear K1702 20 Log where W.d- ) = 10 dBuV constant and C1 = 10.6 fF

Qd- ) is the effective value of the charge oscillation emitted by the IC. The charge perdvalfis the
mean value per halfvave. It can be established from tlkeéfective value or peak value:

meanvalue =2/*peakwalue = 2/ f KH f STFSOGAGS @It dSo

The effective value of the chargedQ ) is constanbverfrequency as well as the voltagedd. ) (Eqn40).
AssumindQd- ), one obtainsan EMC parameter for ICs whicimlike the current }, is independent of
frequency.
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3.3 Measurement with a spectrunanalyser
3.3.1 Measurement setup and measurement with the ChipScdfSA software

Figure 67 shows the measurement sefp to measure the electric coupling ofehest IC. The test IC is
mounted on the test circuit board. The test board is inserted into the ground adapter sueNR2802. The
signal and supply connections to the test IC are provided via a plug connector on the test board.
TheP1702field probe h& to be arranged above the centre of the test IC with a spacer ring. The AV input of
the spectrumanalyselis connected to the Monnector output of thd?1702probes via theN-SMAadapter

and the SMASMA 1m RF cable.

TheChipScarESAsoftwareallows aneasy measuremensf the spectra(see alsoChipScarESAoperating
instructions).

Figure67 Measuring the excitation current of the electric field E of the IC with tliL702field probe
and a spectrunanalyser

The spectrumanalyselis soughtautomatically with "Devices/ Devices Manager/ Detected Devices" via the
respective interface and connected to the FE@y(ire68).
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