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

1.1 Introduction 

The P1601, 1602 and P1702 probes are field probes. They are used to measure electric (E) or magnetic (H, 
B) RF fields which are emitted by ICs in the context of electromagnetic emissions from electronic devices 
(electrical equipment and facilities). The electronic devices are tested according to the relevant standards 
to determine their emissions. Limit values and basic standards can be found in the generic standards 

IEC (EN) 61000-6-3 and IEC (EN) 61000-6-4. These tests measure the radiation or transmission of 
electromagnetic fields from the electronic device via housings or connections.  

Emissions 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) such as microcontrollers, memory circuits, etc. contain a large number 
of these switches. Due to high-frequency switching operations, they generate high-frequency 
electromagnetic voltages, currents and fields which are emitted into the electronic module via the IC's 
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 electromagnetic 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 (IC) integration 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 characteristics of ICs. 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 (IEC 61967) 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 system (www.langer-emv.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 automation of the 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 electric and magnetic field of the IC together in a single 
measurement. Both effects overlap at the septum of the TEM cell or in the IC stripline (Figure 1 and 
Figure 2) and are measured as a joint value.  

 

www.langer-emv.com
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Figure 1 Development of the electric field of an IC 
current loop in a TEM cell or IC stripline. 

Figure 2 Development of the magnetic field of a 
current loop in a TEM cell or IC stripline. 

 
The joint value of the measurement is a voltage which can be measured as UAVό˖ύ ǿƛǘƘ ŀ ǎǇŜŎǘǊǳƳ analyser. 
The voltage UAVό˖ύ ƛǎ ǘƘŜ 9a/ ǇŀǊŀƳŜǘŜǊ ƻŦ ǘƘŜ L/Φ ¢ƘŜ ŎƻƴŎǊŜǘŜ ŜƭŜŎǘǊƛŎ ƻǊ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ǉǳŀƴǘƛǘȅ ǿƘƛŎƘ ƛǎ 
generated by the IC is not determined on the basis of the voltage UAVό˖ύ ƛƴ ǇǊŀŎǘƛŎŜΦ  

This procedure is adequate for a global evaluation of the field emissions from an IC. A comparison of the 
voltage UAVό˖ύ ƛǎ ǎǳŦŦƛŎƛŜƴǘ ƘŜǊŜΦ LƴŦƻǊƳŀǘƛƻƴ ƻƴ ǘƘŜ ǊŜŀƭ ŦƛŜƭŘ ǎǘǊŜƴƎǘƘ ƛǎ ƴƻǘ ƴecessary for such a 
comparison. 

Precise information on the electric or magnetic field emissions from the IC, however, is necessary if 
technically sound, physical root-cause analyses are performed or values have to be provided for EMC 
simulations. This means that the fields have to be measured separately with appropriate measuring devices. 
The result of such separate measurements is not a voltage UAVό˖ύ ōǳǘ ǘƘŜ ŜƭŜŎǘǊƛŎ ŦƛŜƭŘ ǎǘǊŜƴƎǘƘ 9ό˖ύ ƻǊ ǘƘŜ 
current IPό˖ύ ǿƘƛŎƘ ƛǎ ŎƻǳǇƭŜŘ ƻǳǘ ŎŀǇŀŎƛǘƛǾŜƭȅ ƻǊ ǘƘŜ ƳŀƎƴŜǘƛŎ ŦƭǳȄ ʊό˖ύΦ  

The P1601 and P1602 field probes measure magnetic RF fields and the P1702 field probe measures electric 
RF fields. 

The field probe dimensions 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  

Figure 3 and Figure 4 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 form of the IC's magnetic fields. 
Printed circuit boards usually contain continuous copper layers which shape the fields.  

 

 

Figure 3  Magnetic fields H1 and H2 of the IC caused by a current loop of the IC responsible.  

 

 

 

Figure 4  Coupling path of the magnetic fields H1 and H2 to generate radiated emissions from ICs. 

 

Figure 3 shows a Vdd/ Vss IC current loop. The strongest magnetic fields are produced by the supply 
current i of the IC. The current i flows from the Vdd pin to the Vss pin via the back-up capacitor through the 
copper layer of the printed circuit board and back into the IC. The current i generates the magnetic fields 
H1 and H2. The field H2 develops around the electric conductor of the IC and the field H1 around the 
copper layer of the printed circuit board (Figure 3). 



Tivier.  
 
 
 

 - 7 - 

 

LANGER 
EMV-Technik 

DE-01728 Bannewitz  

mail@langer-emv.de 

www.langer-emv.com 

P1601/P1602     P1702 

The spatial configuration of the fields H1 and H2 around the copper layer of the printed circuit board and 
the IC can be measured with the magnetic field probes in the RF 1 and RF 2 sets from Langer EMV-Technik 
GmbH.  

Figure 4 shows how the radiated emissions are produced. The magnetic field H1 induces the excitation 
voltage UErr in the GND surface of the printed 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 possible. Standing 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 high enough.  

The diagram at the bottom of Figure 4 shows how field H2 can generate radiated emissions. A voltage UErr 
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.  

 

 

Figure 5  Operational principle of the electric conductor of the magnetic field probe in the P1600 series.  

 

¢ƘŜ ŘŜǎƛƎƴ ƻŦ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ǇǊƻōŜǎ Ƴǳǎǘ ŀƭƭƻǿ ǘƘŜƳ ǘƻ ǇƛŎƪ ǳǇ ǘƘŜ ƳŀƎƴŜǘƛŎ ŦƭǳȄ ʊό˖ύ ǿƘƛŎƘ ƛǎ ƭŜŘ ŀǊƻǳƴŘ 
the neighbouring metal part by field H2 (Figure 4). The P1601 and P1602 probes (Figure 5) have an electric 
conductor which simulates the neighbouring metal part 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 between 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 board (Figure 6).  
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Figure 6  Electric field generated by an IC's 
electric conductor.  

Figure 7  An IC's electric field couples to a neighbouring 
metal part and stimulates this to radiate emissions.  

 

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 excitation field 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 which couples the excitation current out is approx. 5 fF (Femtofarad). Depending on the 
distance (h = 3 mm or 10 mm), the electrode picks up more or less excitation current from the electric field 
(Figure 6).  

 

 

Figure 8  Operational principle of the electrode of the E-field probe in the P1700 series.  

 

The design of E-field probes must allow them to pick-up the excitation current (Figure 9). The E-field probes 
have an electrode for this purpose (Figure 8). The E-field probe with its electrode is arranged at a defined 
distance h above the IC.  

The RF-E 02, RF-E 05 or RF-E 10 E-field probes from Langer EMV-Technik GmbH can be used to measure the 
IC's local electric RF fields.  
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1.4 Derivation of the measurement set-up 

The test equipment (Figure 9) comprises the measurement set-up which has been derived from Figure 5 
and Figure 8. It includes the test-IC, 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.  
 

 

Figure 9 Test equipment: ICE11 test environment with the P1702 field probe and measuring instruments. 

 

                                                             
1 GNDA 02 ground adapter,GND 25 ground plane and CB 0708 connection board are included in the ICE1 IC 
test environment set www.langer-emv.de. The test board is described in the IC test instructions manual, 
mail@langer-emv.de. 

http://www.langer-emv.de/
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The test equipment comprises a field probe from the RF-field measurement probe set, the ICE12 IC test 
environment set and measuring instruments.  

The test IC is located on the test board. The field probe is arranged above the test IC at a defined distance 
h = 10 mm or 3 mm with a spacer ring. The measurement signal is led to the spectrum analyser via a 
measuring cable. The measurement signal is converted into the electric excitation current or magnetic flux 
by means of a correction factor. The ChipScan-ESA software is used for this measurement and conversion.  
The only distinguishing feature of the measurement set-up for the measurement of RF magnetic fields is 
the respective field probe used for this purpose. 
 
Notation: 

¶ u, u(t), E(t): Variation over time 

¶ U, E: Effective values 

¶ UMAX, Û: Peak values 

¶ dB / dt:  ṋ 

¶ U(̟ ), E(̟ ): Effective values, variation with frequency 

                                                             
2 www.langer-emv.com 
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2 Magnetic field measurement with P1600 series 

2.1 Design of the P1601, P1602 magnetic field probe 

 

 
 

     
 

 

Figure 10 Design of P1601 with a 4 cm long 
electric conductor. 

Figure 11 Design of P1602 with a 3 cm long electric 
conductor and the FKE 30 field chamber insert attached. 

 
The field probe has a measurement output (N-connector) at its top. The measurement output is connected 
to the electric conductor inside the field probe (Figure 10). The electric conductor is at the bottom of the 
field probe. The end of the electric conductor is connected to GND of the field probe and thus causes a 
short circuit in the RF current path. The magnetic field of the IC enters the field probe at its bottom and 
whirls around the electric conductor.  
The magnetic field (Figure 12) which is generated by the IC is enclosed by the field chamber which 
comprises the bottom of 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 board (Figure 9). The test board is inserted into the 
corresponding ground adapter such as GNDA 02. The ground adapter fits into the respective recess of the 
GND 253 ground plane. A (100 x 100) mm TEM-cell print can be inserted instead of the ground adapter. 
The P1601 field probe (Figure 10) has a 4 cm long electric conductor and is provided for measurements up 
to 1 GHz. 

                                                             
3GNDA 02 ground adapter and GND 25 ground plane are included in the ICE1 IC test environment set 
www.langer-emv.com. The test board is described in the άIC test instructions manualέ. 

www.langer-emv.com
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The P1602 field probe (Figure 11) has a 3 cm long electric conductor and the FKE 30 field chamber insert. 
The FKE 30 is used to prevent cavity oscillation above 1 GHz. Thus its recommended to use the field 
chamber insert for measurements above 1 GHz to 3 GHz. The field chamber insert is connected to the field 
probe through guide pins and magnets.  
 

 

Figure 12 Design and function of the magnetic field probes in the P1600 series. 

 
 

2.2 Function of the P1601, P1602 magnetic field probes 

High-frequency operating currents flow in the test IC (interference current Figure 12). These currents may 
flow in the Vdd / Vss supply loop, for example. The current (Iicό˖ύύ ǿƘƛŎƘ Ŧƭƻǿǎ ƛƴ ǘƘŜ L/ ƎŜƴŜǊŀǘŜǎ ǘƘŜ 
magnetic field H2 (Figure 3). Field H2 spreads in the space above the IC. It can induce the interference 
voltage Uindό˖ύ ƛƴ ŀ ƴŜƛƎƘōƻǳǊƛƴƎ ƳŜǘŀƭ ǇŀǊǘ όFigure 4). The electric conductor of the field probe (Figure 12) 
simulates the neighbouring metal part. The distance to the electric conductor (metal part) is defined by the 
spacer ring and may be 10 mm or 3 mm. Field H2 drives the magnetic fƭǳȄΦ ¢ƘŜ ŦƭǳȄ ǇƻǊǘƛƻƴ ʊό˖ύ ǿƘƛŎƘ 
flows above the electric conductor induces a voltage Uindό˖ύ ƛƴ ǘƘŜ ŜƭŜŎǘǊƛŎ ŎƻƴŘǳŎǘƻǊ όFigure 5). The IC 
would induce a voltage of the same amount in a metal part which is arranged identically. The induced 
voltage is led to the AV input of a spectrum analyser via the measurement output, an N-SMA adapter and 
the SMA-SMA 1 m cable (Figure 9). The spectrum analyser measures the induced voltage Uindό˖ύ ŀǎ ŀ 
function of frequency.  
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2.2.1 Equivalent circuit diagram and interactions of the magnetic field coupled out 

¢ƘŜ ŦƭǳȄ ǇƻǊǘƛƻƴ ʊό˖ύ Figure 5 and Figure 12 encircles the electric conductor of the P1601 or P1602 field 
probe and induces the voltage Uindό˖ύΦ ¢ƘŜ ǾƻƭǘŀƎŜ ¦indό˖ύ ƛǎ provided as UAVό˖ύ on the 50 Ohm internal 
resistor of the spectrum analyser and is measured there.  
The IC's most effective current loops usually include the IC pins (Figure 13). Particularly 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 example. The interference current flows in a closed loop.  
 

 

Figure 13 Equivalent circuit diagram with the P1600 field probe in conjunction with a Vdd/Vss current 
loop of a test-IC and spectrum analyser.  

 
¢ƘŜ L/ ŎǳǊǊŜƴǘ ƭƻƻǇ ƎŜƴŜǊŀǘŜǎ ǘƘŜ ƳŀƎƴŜǘƛŎ ŦƭǳȄ ʊό˖ύ ƛƴ ŎƻƴƴŜŎǘƛƻƴ ǿƛǘƘ ǘƘŜ ŎǳǊǊŜƴǘ LICό˖ύΦ 
hƴƭȅ ǘƘŜ ŦƭǳȄ ǇƻǊǘƛƻƴ ʊό˖ύ ǿƘƛŎƘ ŜƴŎƛǊŎƭŜǎ ǘƘŜ ŜƭŜŎǘǊƛŎ ŎƻƴŘǳŎǘƻǊ ƻŦ ǘƘŜ P1601 or P1602 field probe is 
considered.  
 
ʊό˖ύ Ґ [h * IICό˖ύ Eqn 1 
 
In a logarithmic form:  
 
нл [ƻƎ ʊό˖ύ Ґ нл [ƻƎ [h + 20 Log IICό˖ύ Eqn 2 
 
In a reduced logarithmic form where 20 log is omitted in front of electric quantities:  
 
ʊ( )̟ = 20 Log Lh + IIC( )̟ Eqn 3 
 
 
Lh is the coupling inductance between the IC current loop and the electric conductor of the P1601 or P1602 
field probe. The coupling inductance Lh can be calculated from:  
 
Lh = LhΩ ϝ !IC  Eqn 4 
 
Where LhΩ ƛǎ ǘƘŜ ŎƻǳǇƭƛƴƎ ƛƴŘǳŎǘŀƴŎŜ ǇŜǊ ǳƴƛǘ ƭŜƴƎth between the IC current loop and the electric conductor 
of the field probe. The IC current loop is vertical to GND of the test board (Figure 5). AIC is the cross-section 
of the IC current loop. Table 2 shows the inductance per unit length LhΩ ŦƻǊ Ƙ мл ƳƳ ŀƴŘ о ƳƳΦ  
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Example: A (1.5 x 7.8) mm IC current loop has a cross-section AIC of 1.5 mm x 7.8 mm = 11.7 mm². LhΩ from 
Table 2 is 12.4 pH / mm² for a spacer ring height of 10 mm.  It follows from Eqn 4 that:  
 
Lh = LhΩ ϝ !IC =  12.4 nH / mm² * 11.7 mm² = 0.145 nH *  Eqn 5 
 
The way in which Lh is determined here assumes ideal conditions and does not take side-effects into 
account. The actual value may deviate, see Eqn 24 Lh = 0.108 nH. Lh = 0.108 nH is used in the following 
considerations.  
A magnetic flux coupling of ʊ( )̟ = 81 fVs (-141.8 dB µVs) to the electric conductor of the P1601 or P1602 
the field probe follows according to Eqn 1 with the inductance Lh = 0.108 nH if the current IIC( )̟ is constant 
over frequency and is 0.75 mA (57.5 dBµA).  The flux ʊ( )̟ is then, like the current, constant.  
 
The interaction chain can be pursued in the equivalent circuit diagram Figure 13. The induced voltage 
Uind( )̟ in the electric conductor of the probe follows from the correspondingly linked flux ʊ( )̟ in 
accordance with the law of induction.  
 
Time domain: Uindόǘύ Ґ Řʊόǘύ κ Řǘ Eqn 6 
 
If ʊ (t) is divided into harmonics, the following notation results for the frequency domain: 
 
Frequency domain: Uindό˖ύ Ґ ˖ ϝ ʊό˖ύ Eqn 7 
 
Frequency domain, in a logarithmic 
form: 

20 Log Uind( )̟ = 20 Log ̟ + 20Log ʊ( )̟  Eqn 8 

 
This notation can be reduced by agreement by omitting 20 Log in front of the electric quantities. 
 
Uind( )̟ = 20 Log ̟ + ʊ ( )̟ Eqn 9 
 
 
The induced voltage increases proportionally to the frequency .̟ ʊ( )̟ is the proportionality factor. If ʊ( )̟ 
is constant over frequency in special cases, Uind( )̟ rises linearly as a function of frequency or 
logarithmically in the logarithmic form.  
The equivalent circuit diagram Figure 13 reveals that the voltage at the input of the spectrum analyser is 
equal to the induced voltage Uind( )̟ (Eqn 10). The spectrum analyser records the voltage UAV( )̟.  
 
UAV( )̟ = Uindό˖ύ Eqn 10 
 
IIC( )̟s, Lh, ʊ( )̟ and Uind( )̟ are EMC parameters of the IC.  
 
 

2.2.2  Converting the measurement value UAV of the spectrum analyser into EMC parameters 

The voltage UAV( )̟ is generated on RAV of the spectrum analyser (Figure 13). It is measured and displayed 
by the spectrum analyser. According to Eqn 10, UAV( )̟ is equal to the voltage Uind( )̟ which is induced in the 
electric conductor of the probe. 
The flux portion ʊ( )̟ can be calculated from UAV( )̟ after transposition of Frequency domain: (Eqn 11). 
ʊ( )̟ is the flux portion that is driven by IC field H2 (Figure 3 and Figure 4) and encircles the electric 
conductor of the P1601 or P1602 field probe.  
 
ʊό˖ύ Ґ ¦AVό˖ύ κ ˖ Eqn 11 
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The logarithm can be taken of (Eqn 11) to provide a logarithmic form: 
 
20 Log(ʊ( )̟) = 20 Log( UAV( )̟) ς 20 Log ̟   Eqn 12 
 
 
This notation can be reduced by agreement by omitting 20 Log in front of the electric quantities. 
 
ʊ( )̟ = UAV( )̟ ς 20 Log ̟   Eqn 13 
 
Figure 14 shows the voltage UAV that was measured with the spectrum analyser UAV and the flux ʊ( )̟ = 
UAV( )̟ ς 20 Log ̟  that was calculated from Eqn 13. 
 

 

Figure 14 UAV( )̟ measured with the spectrum analyser (at IIC( )̟ = 57 dBµA (0.75 mA) constant, Lh = 
0.108 nH), calculation of the flux ʊ( )̟ with Eqn 13 resulting in -141.8 dB µVs. 

 
The measurement is performed on the model of an IC current loop with the P1602 field probe. The current 
IIC( )̟ = 57 dBµA is constant over frequency. The coupling inductance between the IC current loop and the 
electric conductor of the P1602 field probe is approx. Lh = 0.108 nH.  
 
The flux portion ʊ( )̟ is produced by the current IIC( )̟ in conjunction with the coupling inductance Lh (Eqn 
1) in the equivalent circuit Figure 13. This assumes that RAV >> ̟  Lh. 
The flux ʊ( )̟ is constant since a constant current IIC( )̟ is fed into the IC current loop. The voltage UAV( )̟ = 
Uind( )̟ is induced in the probe's electric conductor. 
UAV( )̟ rises linearly as a function of the frequency ˖ Frequency domain: or logarithmically in the 
logarithmic form (Eqn 8, Figure 14).  
Figure 14 shows that the flux portion ʊ( )̟ deviates slightly from the linear constant curve (-141.8 dBµVs). 
The voltage UAV( )̟ also has ripples. The ideal values of UAV( )̟ (Figure 15) can be calculated from Eqn 1 and 
Eqn 7 and the values IIC( )̟ = 57 dBµA constant and Lh = 0.108 nH.  
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Figure 15 UAV( )̟ = Uind( )̟ calculated from Eqn 1 and Eqn 9 and the values IIC( )̟ = 57 dBµA constant and Lh 
= 0.108 nH. 

 
 

2.2.3  Correction curves and matching the P1601 and P1602 field probes 

Figure 16 shows both the measured flux and voltage curve from Figure 14 and the calculated flux and 
voltage curve from Figure 15. Unlike the calculated curve, the measured curve shows standing waves. The 

standing waves (2 dB) depend on the length of the measuring cable (SMA-SMA 1 m) and on whether the 
P1602 field probe and the spectrum analyser are matched or not.   
The P1602 field probe has no 50 Ohm terminating resistor in the measuring branch. The 50 Ohm line 
coming from the spectrum analyser is terminated with a short circuit to GND in the P1602 field probe.  
Standing waves are also produced in the branch in which the flux portion ʊ ( )̟ is generated due to 
mismatching. This mismatch is caused by the connection of the tracking generator to the respective 
excitation field source (BPM 02). The field generation and measurement shares overlap and cannot be 
separated in the measurement result without additional measurements.  
Smoothing the curve (mathematical operation "{ƳƻƻǘƘΧ" in ChipScan-ESA, BW 100 MHz) eliminates the 
standing waves from the measurement result. The remaining deviations are due to parasitic effects in the 
P1602 field probe. The deviations can be eliminated with a correction curve. 
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Figure 16  P1602, comparison of the measured and calculated Uind( )̟ and ʊ ( )̟ values. The second 
variant shows the smoothed curves (performed in ChipScan-ESA, BW 100 MHz). 

 
The correction curve K1602 Figure 17 of the P1602 probe is created on the basis of these deviations. The 
deviations are corrected by adding the correction curve to the measurement result (performed in the 
ChipScan-ESA Software) Eqn 14. The correction curve can be created on the basis of the measured and the 
smoothed curve. The correction 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 loaded to the ChipScan-ESA software to perform the correction and applied automatically to the 
measurement result (example Figure 25). 
 
ʊKorr ό˖ύ Ґ ʊό˖ύ Ҍ Yмслн Eqn 14 
 
The correction curve K1602W (with standing waves) is tailored to the measurement set-up Figure 35 and 
also takes the dependency on the tracking generator and excitation field source (BPM 02) into account. It 
should only be used for this measurement set-up. The correction curve K1602 has to be used for general 
purposes.  
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Figure 17  Correction curve K1602 of the P1602 probe for general use. K1602W for special use with the 
measurement set-up Figure 34. 

The curve K1602 was measured and smoothed with the ChipScan-ESA software (BW 100 MHz). 

 
Figure 18 shows the measured and calculated Uind( )̟ and ʊ ( )̟ curves for the P1601 probe. Figure 19 
shows the correction curves. The correction has to be performed according to Eqn 15. 
 
ʊKorr ό˖ύ Ґ ʊό˖ύ Ҍ Yмслм Eqn 15 
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Figure 18  P1601, comparison of the measured and calculated Uind( )̟ and ʊ ( )̟ values. The curves are 
also shown in a smoothed form (BW 100 MHz). The P1601 ŦƛŜƭŘ ǇǊƻōŜ ƛǎ ǳǎŜŘ ƛƴ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ǊŀƴƎŜ лΧ м 
DIȊΦ ¢ƘŜ ŦǊŜǉǳŜƴŎȅ ǊŀƴƎŜ ŦǊƻƳ мΧ ǘƻ о DIȊ ƛǎ shown for a better orientation. 

 
The P1601 probe is provided for measurements up to 1 GHz but it can also be used up to 1.5 GHz with the 
correction curves.  
 

 

Figure 19  Correction curve K1601 of the P1601 probe for general use. K1601W for special use with the 
measurement set-up Figure 34. The P1601 ŦƛŜƭŘ ǇǊƻōŜ ƛǎ ǳǎŜŘ ƛƴ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ǊŀƴƎŜ лΧ м GHz. The 
frequency range from 1 to 3 GHz is shown for a better orientation.  
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2.2.4 Parameters to describe the magnetic field excitation by ICs  

2.2.4.1 ʊό˖ύ ŦƭǳȄ ƭƛƴƪŜŘ ōŜǘǿŜŜƴ ǘƘŜ L/ ŀƴŘ ŀ ŘŜŦƛƴŜŘ ƴŜƛƎƘōƻǳǊƛƴƎ ƳŜǘŀƭ ǇŀǊǘ 

¢ƘŜ ŦƭǳȄ ǇƻǊǘƛƻƴ ʊό˖ύ ƛǎ ǘƘŜ ǇƘȅǎƛŎŀƭ ǉǳŀƴǘƛǘȅ ǿƘƛŎƘ describes the excitation of emissions proportional to 
the current IICό˖ύΦ ¢ƘŜǊŜ ƛǎ ƴƻ ŀŘŘƛǘƛƻƴŀƭ ŘŜǇŜƴŘŜƴŎȅ ƻƴ ˖ ŀǎ ƛǎ ǘƘŜ ŎŀǎŜ ǿƛǘƘ ǘƘŜ ƛƴŘǳŎŜŘ ǾƻƭǘŀƎŜ ¦indό˖ύΦ 
According to the equivalent circuit diagram Figure 13, the IC generŀǘŜǎ ǘƘŜ ŦƭǳȄ ǇƻǊǘƛƻƴ ʊό˖ύ ŦǊƻƳ ǘƘŜ 
current IICό˖ύ ŀƴŘ ǘƘŜ ŎƻǳǇƭƛƴƎ ƛƴŘǳŎǘŀƴŎŜ [h between the IC current loop and the electric conductor of the 
P1601 or P1602 field probe, Eqn 1: ʊ( )̟ = Lh * IIC( )̟. IICό˖ύ hereby describes the source inside the IC, Lh the 
ŎƻǳǇƭƛƴƎ ǘƻ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ʊό˖ύ ǘƘŜ ŜȄŎƛǘŀǘƛƻƴ ƻŦ ǘƘŜ ŜƳƛǎǎƛƻƴΦ  
¢ƘŜ ŦƭǳȄ ʊό˖ύ ƛǎ ǇǊŀŎǘƛŎŀƭƭȅ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ǘƘŜ ƳŜŀǎǳǊŜŘΣ ƛƴŘǳŎŜŘ ǾƻƭǘŀƎŜ ¦AVό˖ύ Ґ ¦indό˖ύ ŀŎŎƻǊŘƛƴƎ ǘƻ Eqn 
13. The calculation can be performed with the "Correction" function of the ChipScan-ESA software during 
the measurement or separately thereafter. Figure 20 ǎƘƻǿǎ ǘƘŜ ƳŜŀǎǳǊŜŘ ŦƭǳȄ ŎǳǊǾŜ ʊό˖ύmeasured. The 
correction factor Kмслм ǿŀǎ ŀŘŘŜŘ ǘƻ ʊό˖ύ measured in the ChipScan-ESA software. This provides the actual 
ŦƭǳȄ ŎǳǊǾŜ ʊό˖ύcorrected. 
 

 

Figure 20  P1601Σ ƳŜŀǎǳǊŜŘ ʊό˖ύ measured ŀƴŘ ŀŎǘǳŀƭ ŦƭǳȄ ǾŀǊƛŀǘƛƻƴΦ ʊό˖ύ ǿŀǎ ŎƻǊǊŜŎǘŜŘ ǿƛǘƘ Yмслм 
όʊό˖ύcorrected  Ґ ʊό˖ύ measured + K1601.  

 
 

2.2.4.2 Uindό˖ύ ǾƻƭǘŀƎŜ ŎƻǳǇƭŜŘ ƛƴŘǳŎǘƛǾŜƭȅ ǘƻ ŀ ŘŜŦƛƴŜŘ ƴŜƛƎƘōƻǳǊƛƴƎ ƳŜǘŀƭ ǇŀǊǘ 

According to the equivalent circuit diagram Figure 13, the IC generates the flux portion from the current 
IICό˖ύ ŀƴŘ ǘƘŜ ŎƻǳǇƭƛƴg inductance Lh between the IC current loop and the electric conductor of the P1600 
field probes, Eqn 1: ʊ( )̟ = Lh * IIC( ύ̟Φ ¢ƘŜ ŦƭǳȄ ǇƻǊǘƛƻƴ ʊό˖ύ ŜƴŎƛǊŎƭŜǎ ǘƘŜ ŜƭŜŎǘǊƛŎ ŎƻƴŘǳŎǘƻǊ ƻŦ ǘƘŜ P1600 
field probe and induces the voltage Uindό˖ύ ƛƴ ǘƘƛǎ ŜƭŜŎǘǊƛŎ ŎƻƴŘǳŎǘƻǊ όŜǉǳƛǾŀƭŜƴǘ ŎƛǊŎǳƛǘ ŘƛŀƎǊŀƳ Figure 13 
and Eqn 1 to Eqn 9). The voltage which is induced in the electric conductor is a measure of the potential 
excitation of emissions by the IC.  
In practice, the voltage Uindό˖ύ ǿƘƛŎƘ ƛǎ ƛƴŘǳŎŜŘ ƛƴ tмслл ƛǎ ƳŜŀǎǳǊŜŘ ǿƛǘƘ ŀ ǎǇŜŎǘǊǳƳ analyser.  
Uindό˖ύ ŘŜǇŜƴŘǎ ƻƴ ˖Φ ¦indό˖ύ ǊƛǎŜǎ ƭƛƴŜŀǊƭȅ ǿƛǘƘ ˖Φ ¢ƘŜ ƘƛƎƘŜǊ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ˖Σ ǘƘŜ ƳƻǊŜ ŜƳƛǎǎƛƻƴǎ ŀǊŜ 
excited and coupled out. 
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The measured curve is corrected with the correction curve K1600 Figure 21. 
 

 

Figure 21  P1601, measured Uindό˖ύ όǿƛǘƘ LICό˖ύ Ґ рт Ř.ҡ! Ŏƻƴǎǘŀƴǘύ ŀƴŘ the voltage that is actually 
induced. Uindό˖ύ measured was corrected with K1601 (Uindό˖ύ corrected  = Uindό˖ύ  Ҍ YмслмύΦ  
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2.3 Measurement with a spectrum analyser 

2.3.1 Measurement set-up and measurement with the ChipScan-ESA software 

Figure 22 shows the measurement set-up 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 
GNDA 02. The signal and supply connections to the test IC 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 defined for the measurement. The point 
current mark (Figure 10) 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 performed at different 
orientation angles. The automated ICT1 IC tester can be used to move the probe through a sequence of 
orientation angles.  
The AV input of the spectrum analyser is connected to the N-connector output of the probes from the 
P1600 series via the N-SMA adapter and the SMA-SMA 1m RF cable.  
 
The ChipScan-ESA software allows an easy performance and documentation of the measurements (see 
also: ChipScan-ESA operating instructions).  
 

 

Figure 22  Measuring the induced voltage of the IC's magnetic flux with a field probe from the P1600 
series and a spectrum analyser.   
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The spectrum analyser is sought automatically with "Devices/ Devices Manager/ Detected Devices" via the 
respective interface and connected to the PC (Figure 23). 
 

 

Figure 23  Connecting the spectrum analyser to the PC. 

 

 

Figure 24  Main settings of the spectrum analyser in the "Spectrum Analyser Manager". 

 
The main settings of the spectrum analyser have to be defined in the "Spectrum Analyser Manager" (Figure 
24). The correction curve K1601 or K1602 is used to correct the frequency response of the measurement 
result UAV( )̟ of the P1601 or P1602 field probe. UAV( )̟ can be converted to ʊ( )̟ (Eqn 11 to Eqn 13) 
automatically under "Correction" in the "Spectrum Analyser Manager". The correction curve 
(- 20 Log ̟ ) is used for this purpose.  
You can find the correction curve (- нл [ƻƎ ˖ύ ƛƴ ǘƘŜ Ϧ/ƻǊǊŜŎǘƛƻƴǎϦ ƭƛǎǘ ƻŦ ǘƘŜ Ϧ¢ǊŀŎŜ aŀƴŀƎŜǊϦΦ  
Click the "Select" button (mouse cursor  Figure 25) under "Correction" in the "Spectrum Analyser 
Manager" to select the respective correction curve.  
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Figure 25  Activating correction curves with the "Corrections Selector".     

 
The "Corrections Selector" window opens Figure 25. Click and activate the correction curve -нл [ƻƎ ˖ ǿƛǘƘ 
the mouse cursor . Click the "Arrow right"  button to move the correction curve to the "Applied 
Corrections" list. You can load further correction factors and correction curves (Figure 26) such as K1601 or 
K1602 by repeating this procedure. 
 

 
Figure 26  Loading further correction curves such as K1602 in the "Corrections Selector".     

 
Activate the "Enabled" box in the "Correction" field in the "Spectrum Analyser Manager" with the mouse 
cursor  (Figure 27). The field  flashes if the correction is active Figure 27. Click "Take" or "Measure" 
(mouse cursor   Figure 27 to transfer the current measurement curve  ʊό˖ύ ŦǊom the spectrum 
analyser to the PC. 
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The calculation Eqn 13Υ  ʊό˖ύ Ґ ¦AVό˖ύ - нл [ƻƎ ˖ ƛǎ ǇŜǊŦƻǊƳŜŘ ŀǳǘƻƳŀǘƛŎŀƭƭȅ at the same time. The curve 
ʊό˖ύ ƛǎ ŀŘŘŜŘ to the bottom of the "Traces" list in the "Trace Manager". A measurement log can be kept in 
the free text field under "Comment".  
Delete the check mark from the "Enabled" box if you only want to measure UAVό˖ύΤ ǘƘŜ ŦƛŜƭŘ  then stops 
flashing.  
 

 
Figure 27  aŜŀǎǳǊƛƴƎ ǘƘŜ ƳŀƎƴŜǘƛŎ ŦƭǳȄ ʊό˖ύ ōȅ ƳŜŀƴǎ ƻŦ ǘƘŜ ŎƻǊǊŜŎǘƛƻƴ ŎǳǊǾŜ - нл [ƻƎ ˖ ŀƴŘ YмслнΦ 
/ǳǊǾŜ мтф ʊό˖ύ ƛǎ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ǘƘƛǎ ƳŜŀǎǳǊŜƳŜƴǘΦ 

 
The "Curve" number is counted automatically (Curve 179) under "Annotation". The measurement log can 
be kept in the respective free text field under "Comment". 
 
Follow the instructions in chapter 2.2.3 if you want to create a new correction curve. 
 
 

2.3.2 Magnetic field measurement on the IC 

Figure 22 shows the measurement set-up. 2.3 describes how to operate the ChipScan-ESA software (to set 
the correction curves).  
Figure 28 shows the results of the measurement which was performed on a test IC. The voltage UAVό˖ύ ƛǎ 
ƳŜŀǎǳǊŜŘ ŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ ǘƘŜ ŦƭǳȄ ʊό˖ύ ŘǳǊƛƴƎ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘΦ ¢ƘŜ ŦƭǳȄ ƛǎ ŎƻǊǊŜŎǘŜŘ ǿƛǘƘ ǘƘŜ 
correction curve K1600 of the respective probe.  
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Figure 28  Measuring an IC's radiated emissions which are excited in the form of a magnetic field with the 
P1601 field probe, orientation angle 0°. Results: induced interference voltage Uindό˖ύ ŀƴŘ ŦƭǳȄ ʊό˖ύ 
(corrected with K1601).  

 
 

2.3.3 Determining the IC emissions radiated in the worst case 

The highest radiated emissions from the IC occur if the IC couples to a neighbouring rod-like metal part 
Figure 4. The metal part can be a cable which runs above the IC.  
hƴ ŀŎŎƻǳƴǘ ƻŦ ƛǘǎ ŦƭǳȄ ʊό˖ύΣ ǘƘŜ L/ ƛƴŘǳŎŜǎ ǘƘŜ ǾƻƭǘŀƎŜ ¦indό˖ύ ƛƴ ǘƘŜ ƳŜǘŀƭ ǇŀǊǘΦ LŦ ǘƘŜ ƳŜǘŀƭ ǇŀǊt is arranged 
above the IC at the same height h = 10 mm as the P1601 or P1602 field probe, the voltage induced in the 
metal part corresponds to the voltage measured with the P1601 or P1602 field probe. The induced voltage 
Uindό˖ύ Ŏŀƴ ōŜ ǊƻǳƎƘƭȅ ŎƻƴǾŜǊǘŜŘ Ŧor other geometric arrangements.  
Eqn 16 can be used to calculate the worst case value of the electric field strength EAnt ώŘ.˃±κƳϐ of the 
radiated electromagnetic wave from the induced voltage Uindό˖ύ for a distance of 10 meters. GA(f)4 is 
hereby the 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 
corresponds notionally to a quarter wavelength of the induced voltage's frequency.  
 
EAnt ( )̟ [dB˃ V/m] = GA(f)[dB/m] + Uind( )̟ [dB˃ V] Eqn 16 
 
Figure 29 shows the frequency response which was measured for GA(f). 
 

                                                             
4 "Connector coupling inductance", Gunter Langer, company publication, Dec. 2007 
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Figure 29  Worst case device factor GA(f)[dB/m] of the radiated emissions at a distance of 10 m.  

 
EAnt ό˖ύ ώŘ.˃±κƳϐ can be calculated with the ChipScan-ESA software. Mark the function GA(f) in the 
"Corrections" list with the mouse cursor . Copy the function GA(f) to the "Traces" list with the "Arrow 
left" button (Figure 30).  
 

 

Figure 30  Selecting the correction curve GA(f) in the "Corrections" list and moving it to the "Traces" list of 
ChipScan-ESA.  

 
EAnt ό˖ύ Ŏŀƴ ōŜ ŎŀƭŎǳƭŀǘŜŘ ƛƴ ǘƘŜ Ϧ¢ǊŀŎŜǎϦ ƭƛǎǘΦ aŀǊƪ the curve Uind (Curve 94, Figure 31) and the function 
GA(f) with the mouse cursor Φ /ŀƭƭ ǳǇ ǘƘŜ ƳŀǘƘŜƳŀǘƛŎŀƭ ƻǇŜǊŀǘƛƻƴ Ϧ!ŘŘΧϦ όƳƻǳǎŜ cursor ).  
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Figure 31  Calculating the worst case radiated emissions from the voltage induced by the IC. EAnt ό˖ύ = 
GA(f) + Uindό˖ύ is calculated with the mathematical function "Addition" in ChipScan-ESA.  

 
Activate "Sum plots" . Click OK to start the calculation . Curve 95 EAnt ό˖ύ ƛǎ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ǘƘƛǎ 
calculation (Figure 32).  
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Figure 32  Calculating the worst case radiated emissions EAnt ό˖ύ ώŘ.˃±κƳϐ ŦǊƻƳ ǘƘŜ ǾƻƭǘŀƎŜ ƛƴŘǳŎŜŘ ōȅ 
the ICΦ ¢ƘŜ ŎŀƭŎǳƭŀǘƛƻƴ ƛǎ ǇŜǊŦƻǊƳŜŘ ǿƛǘƘ ǘƘŜ Ϧ!ŘŘΧϦ ƳŀǘƘŜƳŀǘƛŎŀƭ ŦǳƴŎǘƛƻƴ ƛƴ ChipScan-ESA.  

 
In the worst case the IC generates an electromagnetic wave with an electric field strength EAnt ( )̟ of 
35.5 dBµV/mst at a distance of 10 m with a coupling distance to the metal part as little as 10 mm. Smaller 
coupling distances are possible in reality so that radiated emissions may even be higher. The IC can produce 
emissions in practice. There are ICs with considerably lower excitation fields, though also ICs whose 
excitation fields are much stronger.  
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2.3.4 DŜƴŜǊŀǘƛƴƎ ǘƘŜ ŜȄŎƛǘŀǘƛƻƴ ŦƭǳȄ ʊό˖ύ ǿƛǘƘ ǘƘŜ BPM 02 ṋ field meter as a test source 

The BPM 02 ṋ-field meter (Figure 33ύ Ŏŀƴ ōŜ ǳǎŜŘ ŀǎ ŀ ŦƛŜƭŘ ǎƻǳǊŎŜ ǘƻ ƎŜƴŜǊŀǘŜ ǘƘŜ ŜȄŎƛǘŀǘƛƻƴ ŦƭǳȄ ʊό˖ύΦ Lǘ ƛǎ 
operated in the opposite direction to generate a B-field, i.e. it is supplied with the voltage UTG of a tracking 
ƎŜƴŜǊŀǘƻǊ Ǿƛŀ ƛǘǎ {a. ǎƛƎƴŀƭ ƻǳǘǇǳǘΦ Lǘ ǘƘǳǎ ƎŜƴŜǊŀǘŜǎ ǘƘŜ ŜȄŎƛǘŀǘƛƻƴ ŦƭǳȄ ʊό˖ύ ŀƴŘκƻǊ ǘƘŜ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ . 
on the measurement loop in the same way as an IC. The BPM 02's measurement loop acts as an induction 
loop which is formed by the IC's conductor. The dimensions of the BPM 02's measurement loop are  
(7.8 x 1.5) mm. 
 

 

Figure 33  BPM 02 ṋ-ŦƛŜƭŘ ƳŜǘŜǊ ǘƻ ƎŜƴŜǊŀǘŜ ǘƘŜ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘǎ .Σ I ŀƴŘ ǘƘŜ ŜȄŎƛǘŀǘƛƻƴ ŦƭǳȄ ʊό˖ύ. 

 
Figure 34 shows the measurement set-up. The BPM 02 ṋ-field meter is inserted into the ground adapter 
instead of the test IC. The BPM 02 ṋ-field meter fits into the GNDA 02 ground adapter and has to be 
inserted into the GND 25 ground plane for the measurement5.  
 

 

Figure 34  Measuring the transfer function of the field probe in the P1600 series.  

                                                             
5 GNDA 02 ground adapter and GND 25 ground plane are included in the ICE1 IC test environment set 
www.langer-emv.de. The test board is described in the IC test instructions manual, mail@langer-emv.de. 

http://www.langer-emv.de/
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The SMB port of the BPM 02 ṋ-field meter is connected to the tracking generator output of the spectrum 
analyser with the 50 Ohm SMA-SMB measuring cable. The measurement output is matched to 50 Ohm.  
The tracking generator voltage UTG of the spectrum analyser (Figure 35) drives the current IIC through the 
loop of the BPM 02. The BPM 02 contains a voltage divider (shown in a simplified form in the equivalent 
circuit diagram) which adjusts the current in the loop according to Eqn 17.  
 
IIC = UTG -49.55 dB Eqn 17 
 

 

Figure 35  Equivalent circuit diagram of the measurement set-up in Figure 34 including the tracking 
generator, BPM 02 field source, P1600 field probe and the spectrum analyser.  

 
The P1600 has a coupling inductance per unit length of 12.4 pH / mm² (Table 2) at a spacer ring height of 
10 mm. The BPM 02 has a loop surface area of 7.8 mm x 1.5 mm = 11.7 mm². Hence it follows from Eqn 5 
that the coupling inductance Lh is roughly 0.145 nH. The actual inductance is around 0.108 nH (Figure 46). 
For the time being, the calculated inductance of Lh = 0.145 nH is used in the further process to determine 
the difference (Figure 46) to the actual inductivity.  
 
Eqn 18 results from Eqn 3 and Eqn 17:  
 
ʊ( )̟  = 20 Log Lh + UTG -49.55 dB Eqn 18 
 
The P1601 or P1602 field probe is located above the GND 25 ground plane (Figure 34). The distance to the 
ground plane is set with the spacer ring. The spacer ring h = 10 mm is preferred for the measurements. The 
electric conductor of the P1601 or P1602 field probe thus has a defined distance to the BPM 02 field source.  
The spectrum analyser which is used for measurement is wired as shown in Figure 34.  
 
The spectrum analyser has to be normalized prior to the measurement (UTG 107 dBµV, external attenuator 
30 dB).  
BPM 02 is supplied with 107 dBµV by the tracking generator of the spectrum analyser. The voltage UAV( )̟ 
Figure 14 which is produced on the input resistor RAV of the spectrum analyser (set-up Figure 34, equivalent 
circuit diagram Figure 35) is obtained as the result of this measurement. The frequency response of the 
BPM 02 excitation field source can be taken into account in the form of the correction curve KBPM 02R.  
 
The ChipScan-ESA software is used to control the spectrum analyser, perform the calculations and 
document the measurements Figure 36.  
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Figure 36  User interface of the ChipScan-ESA software. Measuring the voltage UAV which the excitation 
ŦƛŜƭŘ ʊό˖ύ όŎƻƴǎǘŀƴǘύ ƻŦ ǘƘŜ BPM 02 induces in the electric conductor of the P1602 field probe. The 
constant excitation current IICό˖ύ Ґ рт dBµA was generated by a tracking generator.  

 
UAVό˖ύ Ŏŀƴ ōŜ ŎƻƴǾŜǊǘŜŘ ǘƻ ǘƘŜ ŜȄŎƛǘŀǘƛƻƴ ŦƛŜƭŘ ʊό˖ύ ǿƛǘƘ Eqn 13Υ  ʊό˖ύ Ґ ¦AVό˖ύ - нл [ƻƎ ˖Τ ǊŜǎǳƭǘΥ Figure 
36.  
There are two ways to do this:  

1. By using the correction curve - нл [ƻƎ ˖ ŘǳǊƛƴƎ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ  
2. By using the mathematical ƻǇŜǊŀǘƛƻƴ Ϧ!ŘŘΧϦ - нл [ƻƎ ˖ ŀŦǘŜǊ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ  

The ChipScan-ESA software is used to perform the conversion. You can find the correction curve - нл [ƻƎ ˖ 
in the "Corrections" list of its "Trace Manager".  



Tivier.  
 
 
 

 - 33 - 

 

LANGER 
EMV-Technik 

DE-01728 Bannewitz  

mail@langer-emv.de 

www.langer-emv.com 

P1601/P1602     P1702 

2.3.4.1 Using the correction curve (- нл [ƻƎ ˖ύ ŘǳǊƛƴƎ the measurement 

You can find the correction curve (- нл [ƻƎ ˖ύ ƛƴ ǘƘŜ Ϧ/ƻǊǊŜŎǘƛƻƴǎϦ ƭƛǎǘ ƻŦ ǘƘŜ Ϧ¢ǊŀŎŜ aŀƴŀƎŜǊϦΦ  
Click the "Select" button (mouse cursor  Figure 37) under "Correction" in the "Spectrum Analyser 
Manager" to select the respective correction curve.  
 

 
Figure 37  Activating correction curves and correction factors with the "Corrections Selector". 

 
The "Corrections Selector" window opens Figure 37. Click and activate the correction curve -нл [ƻƎ ˖ ǿƛǘƘ 
the mouse cursor . 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 Analyser Manager" with the mouse 
coursor  Figure 38. The field  flashes if the correction is active (Figure 38). Click "Take" or "Measure" 
(mouse cursor ) Figure 38 to transfer the current measurement curve  ʊό˖ύ ŦǊƻƳ ǘƘŜ ǎǇŜŎǘǊǳƳ 
analyser to the PC. The calculation Eqn 13Υ ʊό˖ύ Ґ ¦AVό˖ύ - нл [ƻƎ ˖ ƛǎ ǇŜǊŦƻǊƳŜŘ ŀǳǘƻƳŀǘƛŎŀƭƭȅ at the same 
timeΦ ¢ƘŜ ŎǳǊǾŜ ʊό˖ύ ƛǎ ŀŘŘŜŘ to the bottom of the "Traces" list in the "Trace Manager". A measurement 
log can be kept in the respective free text field under "Comment".  
Delete the check mark from the "Enabled" box if you only want to measure UAVό˖ύΤ ǘƘŜ ŦƛŜƭŘ  then stops 
flashing.  
 



Tivier.  
 
 
 

 - 34 - 

 

LANGER 
EMV-Technik 

DE-01728 Bannewitz  

mail@langer-emv.de 

www.langer-emv.com 

P1601/P1602     P1702 

      
Figure 38  Measuring the curve ʊ( )̟ . It is added as Curve 179 to the bottom of the "Traces" list.  

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

2.3.4.2 Using the mathematical operation (- нл [ƻƎ ˖ύ ŀŦǘŜǊ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ 

The mathematical opeǊŀǘƛƻƴ Ϧ!ŘŘΧϦ ƛǎ ǳǎŜŘ for the calculation according to Eqn 13: ʊ( )̟ = UAV( )̟ - 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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Figure 39  Marking the correction curve (- нл [ƻƎ ˖ύ ƛƴ ǘƘŜ Ϧ/ƻǊǊŜŎǘƛƻƴǎϦ ƭƛǎǘ ŀƴŘ ŎƻǇȅƛƴƎ ƛǘ ǘƻ ǘƘŜ 
"Traces" list with the "Arrow left" key (mouse cursor).  

 

 
Figure 40  The correction curve (- 20 [ƻƎ ˖ύ Ƙŀǎ ōŜŜƴ ŀŘŘŜŘ ǘƻ ǘƘŜ Ϧ¢ǊŀŎŜǎϦ ƭƛǎǘΦ 

 
Activate the function (- нл [ƻƎ ˖ύ ƛƴ ǘƘŜ Ϧ/ƻǊǊŜŎǘƛƻƴǎϦ ƭƛǎǘ ǿƛǘƘ ǘƘŜ ƳƻǳǎŜ cursor. Copy the function to the 
"Traces" list with the "Arrow left" button (Figure 39 mouse cursor) Figure 40.  
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Figure 41  "Curve 27" (UAVύ ŀƴŘ ǘƘŜ ŎǳǊǾŜ ϦΧ - 20 Log Omega" are marked. The mathematical operation 
Ϧ!ŘŘΧϦ όŀŘŘƛǘƛƻƴύ ƛǎ ƻǇŜƴŜŘ ŀƴŘ Ϧ{ǳƳ ǳǇ ŀƭƭ tƭƻǘǎϦ ŀŎǘƛǾŀǘŜŘΦ  

 

 
Figure 42  The addition UAV + (- нл [ƻƎ ˖ύ Ґ ʊό˖ύ ƛǎ ǇŜǊŦƻǊƳŜŘ ōȅ ŎƭƛŎƪƛƴƎ hYΦ  

 
Mark the "Curve 27" (UAVύ ŎǳǊǾŜ ŀƴŘ ǘƘŜ ϦΧ - 20 Log Omega" curve in the "Traces" list in the "Trace 
Manager" with the mouse cursor Figure 41. Open the mathematical operation "!ŘŘΧ" (addition) and 
activate "Sum up all Plots" (Figure 41 mouse cursor). Click OK to perform the addition UAV + (- нл [ƻƎ ˖ύ Ґ 
ʊό˖ύΦ ¢ƘŜ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ŎŀƭŎǳƭŀǘƛƻƴ, "Curve 181", is added to the bottom of the "Traces" list.  
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2.3.5 Creating the correction factor K1600 

The ideal curve of the induced voltage Uind( )̟ is the basis for creating the correction curve to correct the 
frequency response deviation of probes in the P1600 series. The correction curve is created from the 
difference between the calculated induced voltage (Uind( )̟)berechnet and the measured induced voltage 
(Uind( )̟)gemessen = UAV.  
 
K1600 = Uindό˖ύberechnet - UAV Eqn 19 
 
Calculation of Uind( )̟:  
If Eqn 3 (ʊ( )̟ = 20 Log Lh + IIC( )̟) is inserted in Eqn 9 (Uind( )̟ = 20 Log ̟ + ʊ ( )̟), it follows that:  
 
Uind( )̟ = 20 Log ̟ + 20 Log Lh + IIC( )̟ Eqn 20 
 
Firstly, the values for 20 Log ̟ and 20 Log Lh are needed. The inductance Lh is 12.4 pH with a spacer ring 
height h = 10 mm, see Eqn 5. 
¢ƘŜ ŦǳƴŎǘƛƻƴ нл [ƻƎ ˖ ƛǎ provided in the "Corrections" list of the Trace Manager. 
 

 

Figure 43  The ŦǳƴŎǘƛƻƴ нл [ƻƎ ˖ ƛǎ ŀŎǘƛǾŀǘŜŘ ƛƴ ǘƘŜ Ϧ/ƻǊǊŜŎǘƛƻƴǎϦ ƭƛǎǘ ƻŦ ǘƘŜ ¢ǊŀŎŜ aŀƴŀƎŜǊΦ 

 
!ŎǘƛǾŀǘŜ ǘƘŜ ŦǳƴŎǘƛƻƴ нл [ƻƎ ˖ ǿƛǘƘ ŀ ƳƻǳǎŜ ŎƭƛŎƪ ŀƴŘ ŎƻǇȅ ǘƘŜ ŦǳƴŎǘƛƻƴ ŦǊƻƳ ǘƘŜ Ϧ/ƻǊǊŜŎǘƛƻƴǎϦ ƭƛǎǘ ǘƻ ǘƘŜ 
"Traces" list by clicking the "Arrow left" button (mouse cursor Figure 43). Activate the mathematical 
ŦǳƴŎǘƛƻƴ Ϧ!ŘŘΧϦ ǘƻ ǇŜǊŦƻǊƳ ǘƘŜ ŎŀƭŎǳƭŀǘƛƻƴ нл [ƻƎ ˖ Ҍ нл [ƻƎ [h in the "Traces" list.  
The logarithm is initially taken of the inductance Lh of 0.145 nH which has been determined above (Eqn 5).  
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Calculate 20 Log 0.145 EXP-9 with a pocket calculator:  
 
20 Log Lh = 20 Log 0.145 EXP-9= -196.8 dBH Eqn 21 
 
The current IIC is determined with the ChipScan-ESA in the next step according to Eqn 17. The tracking 
generator voltage of the spectrum analyser is hereby UTG 107 dBµV:  
 
IIC = UTG -49.рр Ř.ʍ Ґ млт Ř.ҡ±-49.рр Ř.ʍ Ґ рт.5 dBµA  Eqn 22 
 
All values can now be inserted in Eqn 20 ŀƴŘ ŀŘŘŜŘ ǿƛǘƘ ǘƘŜ ƳŀǘƘŜƳŀǘƛŎŀƭ ŦǳƴŎǘƛƻƴ Ϧ!ŘŘΧϦ ƻŦ ǘƘŜ 
ChipScan-ESA software:  
 
Uind( )̟ = 20 Log ̟ + 20 Log Lh + IIC( )̟ = 20 Log ̟ -196.8 dBH +57.5 dBµA Eqn 23 
 
Activate the curve "20 Log Omega" with a mouse click. First enter "-196.8" as the constant to be added 
ǳƴŘŜǊ Ϧ!ŘŘΧϦ Figure 44. Click OK to perform the addition. Then add +57.5 dB in the same way. The result 
Uind( )̟ appears at the bottom of the "Traces" list and as a curve on the display Figure 45.  
 

 
 

 

 

Figure 44  Addition of -196.8 dB 
and 57.5 dB to the curve +20 Log 
Omega.  

Figure 45  ¢ƘŜ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ŀŘŘƛǘƛƻƴ нл [ƻƎ ˖ -196.8 dBH +57.5 dBµA 
is the Curve 189 = Uind ό˖ύ όƭƻǿŜǊ ŎǳǊǾŜύ. 

 
Uindό˖ύ ƳŜŀǎǳǊŜŘ ǿƛǘƘ P1602 is provided as UAVό˖ύ Ϧ/ǳǊǾŜ нтϦ όFigure 46). A comparison with the 
calculated curve Uind ό˖ύ measured reveals a constant deviation of 2.5 dB. The inductance Lh on which the 
calculation is based can only be roughly determined with (Eqn 5)  Lh = LhΩ ϝ !IC =  12.4 pH / mm² * 11.7 mm² 
= 0.145 nH and thus leads to the deviation. The result is corrected with -2.5 dB. Consequently, the actual 
inductance is 20 Log Lh = 20 Log Lh = -196.8 -2.5 dB. By taking the antilogarithm, you get:  
 
Lh = 0.108 nH Eqn 24 
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Figure 46  Calculated and measured induced voltage.  

 

 
Figure 47  Calculated curve corrected with -2.5 dB results in congruence in the lower frequency range. 
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The correction factor K1602 can now be calculated from the curves in Figure 47 according to Eqn 19. 
Uind( )̟ measured with P1602 is provided as UAV( )̟ "Curve 27". Activate Uind( )̟ measured "Curve 196" and 
UAV( )̟ "Curve 27" in the "Traces" list of the "Trace Manager" with the mouse cursor. 
Activate "Curve 196 - /ǳǊǾŜ нтϦ ǳƴŘŜǊ Ϧ{ǳōǘǊŀŎǘΧϦΦ /ƭƛŎƪ hY ǘƻ ǇŜǊŦƻǊƳ ǘƘŜ ǎǳōǘǊŀŎǘƛƻƴΦ The correction 
curve K1602 appears as "Curve 197" at the bottom of the list (Figure 51).  
 

 
Figure 48  Calculating the correction factor K1602 from Uind ό˖ύ measured (Curve 196) and UAV (Curve 27) 
with the mathematical operation "Subtract Plots". 

 

 
Figure 49  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 
ƎŜƴŜǊŀƭ ǳǎŜΦ ¢ƘŜ ƳŀǘƘŜƳŀǘƛŎŀƭ ŦǳƴŎǘƛƻƴ Ϧ{ƳƻƻǘƘΧϦ Figure 50 is used for this operation. The resulting 
correction curve K1602 is available for general use(Figure 51). 
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Figure 50  Smoothing the measured curve K16лн ǿƛǘƘ ǘƘŜ Ϧ{ƳƻƻǘƘΧϦ ŦǳƴŎǘƛƻƴΦ 

 

 
Figure 51  The correction factor K1602 is the result of smoothing with a bandwidth of 100 MHz. 
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The accuracy of the correction curve K1602 does not exceed the measurement accuracy of the spectrum 
analyser used for this purpose.  
The correction curve is created analogously for the P1601 field probe. The frequency response of the P1601 
field probe Figure 54 reveals that the field probe can be used up to 1.5 GHz. Figure 52 shows the correction 
curve up to 1 GHz.  
 

 

Figure 52  P1601 correction curve up to 1 GHz. 
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2.3.6 Frequency response of the RF magnetic field probe  

Figure 53 shows the frequency response of the P1602 field probe. This was determined by inverting the 
correction curve (multiplication by -1, matheƳŀǘƛŎŀƭ ƻǇŜǊŀǘƛƻƴ ϦaǳƭǘƛǇƭȅΧϦύΦ 
 

 

Figure 53  P1602 frequency response up to 3 GHz.  

 
Figure 54 shows the frequency response of the P1601 field probe. It reveals that the probe can be used up 
to 1.5 GHz.  
 

 

Figure 54  P1601 frequency response up to 3 GHz.  
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2.3.7 E-field suppression of the P1600 RF magnetic field probe  

ICs can emit electric interference ŦƛŜƭŘǎ 9ό˖ύΦ ¢ƘŜ ŦƛŜƭŘǎ ƎŜƴŜǊŀǘŜ ŀ capacitive interference current ICό˖ύ 
which enters the electric conductor of the P1600 field probe. The current ICό˖ύ ƎŜƴŜǊŀǘŜǎ ǘƘŜ Ŧŀǳƭǘ ǾƻƭǘŀƎŜ 
UAVό˖ύ ƻƴ ǘƘŜ ŜƭŜŎǘǊƛŎ ŎƻƴŘǳŎǘƻǊΦ Figure 55 shows the UAVό˖ύ κ LCό˖ύ ǊŜƭŀǘƛƻƴǎƘƛǇ used as a basis to 
determine how much current ICό˖ύ ώŘ.ҡ!ϐ ǘƘŜ Ŧŀǳƭǘ ǾƻƭǘŀƎŜ ¦AVό˖ύ ώŘ.ҡ±ϐ ƎŜƴŜǊŀǘŜǎΦ  
QICό˖ύ Ґ Ҍ LCό˖ύ - нл [ƻƎ ˖Σ Eqn 25 can be used to convert the capacitive current into the charge vό˖ύΦ ¢Ƙƛǎ 
allows the representation of the E-field suppression with UAVό˖ύ κ vCό˖ύ (Figure 56).  
 

 
Figure 55  E-field suppression UAVό˖ύ κ LCό˖ύΦ ±ƻƭǘŀƎŜ ¦AVό˖ύ ƎŜƴŜǊŀǘŜŘ ƻƴ ǘƘŜ ŜƭŜŎǘǊƛŎ ŎƻƴŘǳŎǘƻǊ ōȅ ǘƘe 
capacitively coupled current ICό˖ύΦ  

 

 
Figure 56  E-field suppression UAVό˖ύ κ vCό˖ύΦ ±ƻƭǘŀƎŜ ¦AVό˖ύ ƎŜƴŜǊŀǘŜŘ ƻƴ ǘƘŜ ŜƭŜŎǘǊƛŎ ŎƻƴŘǳŎǘƻǊ ōȅ ǘƘŜ 
capacitively coupled charge QCό˖ύΦ 



Tivier.  
 
 
 

 - 45 - 

 

LANGER 
EMV-Technik 

DE-01728 Bannewitz  

mail@langer-emv.de 

www.langer-emv.com 

P1601/P1602     P1702 

3 E-field measurement with P1702 

3.1 Design of the P1702 E-field probe 

 

Figure 57  Design of the P1702 E-field probe.  

 
The field probe has an electrode (Figure 57) at its bottom to pick up the test IC's electric field.  
The electric field enters the electrode at the bottom of the field probe Figure 58 and couples the current 
IP( )̟ capacitively to the electrode. The current IP( )̟ is led to the N connector at the top of the field probe 
via a 50 Ohm RF line inside the field probe. The SMA-SMA 1m RF cable is connected there via an N/SMA 
adapter (N-SMA) and leads to the AV input of the spectrum analyser.  
 
The electric field which is generated by the test IC is enclosed by the field chamber. The field chamber 
comprises the bottom of the field probe, the spacer ring, the ground adapter, the test board and the 
GND 25 ground plane. The test IC is located in the field chamber. It is mounted on the test board (Figure 9). 
The test board is inserted into the ground adapter. The ground adapter fits into the respective recess of the 
GND 25 groundplane.6 A (100 x 100) mm TEM-cell print can be inserted instead of the ground adapter.7   
The P1702 field probe has no terminating resistor and operates under open-circuit conditions.  
 

                                                             
6 GNDA 02 ground adapter and GND 25 ground plane are included in the ICE1 IC test environment set 
www.langer-emv.com. The test board is described in the IC test instructions manual, mail@langer-emv.de. 
7  see Chapter 2 

www.langer-emv.com
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Figure 58  Sectional view of the P1702 E-field probe. 

 
The P1702 field probe has a connection (Figure 58): 
 

- 1 x N-connector (RF output) to connect a spectrum analyser 
 
 

3.2 Function of the P1702 E-field probe 

Periodic high-frequency switching operations occur within an IC depending on its 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 fields (Figure 59). These line networks 
can also be connected to other metallic surfaces such as bonding pads, bonding wires and pins. The larger 
the surface, the greater the electric fields generated by the RF voltage. The majority of the electric field 
lines return to the IC's GND and have no excitation effect. The excitation field lines (Figure 59) leave the 
vicinity of the IC's and may generate interference emissions if they couple to neighbouring structural metal 
parts. The capacitively coupled current IPό˖ύ ŜȄŎƛǘŜǎ ǘƘŜǎŜ ǎǘructural parts and stimulates them to send out 
emissions. The P1702 field probe's task is to measure the strength of the excitation (IPό˖ύύ ŎŀǳǎŜŘ ōȅ ǘƘŜ L/Φ  
The electrode of the P1702 field probe (Figure 58) simulates a structural metal part at a distance h = 10 mm 
or 3 mm. The excitation current which is picked up by the electrode is led to a spectrum analyser via the 
measurement output (N-connector) of the field probe. The spectrum analyser measures the voltage UAVό˖ύ 
that the excitation current IPό˖ύ ƎŜƴŜǊŀǘŜǎ on the input resistor of the spectrum analyser (equivalent circuit 
diagram Figure 60).  
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Figure 59  Principal field pattern of the electric field of a conductor in the test IC.  

 
 

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

Figure 60 shows the equivalent circuit diagram of the test set-up. The IC contains an RF voltage source 
UICό˖ύΦ ¢Ƙƛǎ ŘǊƛǾŜǎ ŀ ǇŀŘ Ǿƛŀ ǘƘŜ impedance ZIC. The pad represents the total area of all relevant continuous 
metal surfaces of the test IC. The pad has the capacitance C3 to the IC's GND.  
 

 

Figure 60  Equivalent circuit diagram with IC, excitation field lines, electrode of the P1702 field probe, 
RF cable and spectrum analyser.   

 
The capacitance C1 is the capacitance between the pad (relevant continuous metal surface) of the IC and 
the electrode of the P1702 field probe. The capacitance C1 is a plate capacitor (Figure 61). The plate 
capacitor comprises the pad surface APad (lower plate) and the electrode of the field probe (upper plate). 
The capacitance C1 is in the fF (Femtofarad) range and usually does not stress the IC circuit. UPadό˖ύ ŘǊƛǾŜǎ 
the current IPό˖ύ ǘƻ Db5 Ǿƛŀ /1, the RF cable and the resistor RAV of the spectrum analyser (Figure 60). The 
current IPό˖ύ ŜǎǎŜƴǘƛŀƭƭȅ ƻƴƭȅ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ŎŀǇŀŎƛǘŀƴŎŜ /1 since Zic and RAV are significantly smaller than 
мκό˖ /1). 
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Figure 61  Operational principle behind E-field coupling from the test IC via excitation field lines.  

 
The voltage UPadό˖ύ ƛǎ ǘƘŜƴΥ  
 
UPadό˖ύ  Ґ ¦ICό˖ύ Eqn 26 
 
As a function of time, the current IP follows the equation: 
 
iP(t) = C1 duPad(t) / dt Eqn 27 
 
If iP(t) is divided into harmonics, the following equation results for the frequency domain:  
 
IPό˖ύ Ґ  ˖ /1 UICό˖ύ Eqn 28 
 
In a logarithmic form: 
 
20 Log IPό˖ύ Ґ нл [ƻƎ ˖ Ҍ нл [ƻƎ /1 + 20 Log UICό˖ύ Eqn 29 
 
In a reduced logarithmic form where 20 log is omitted in front of electric quantities: 
 
IP( )̟ = 20 Log ̟ + 20 Log C1 + UIC( )̟ Eqn 30 
 
C1 is the coupling capacitance between the pad and the electrode of the P1702 field probe. The coupling 
capacitance C1 can be calculated from:  
 
C1 = C1Ω ϝ !Pad  Eqn 31 
 
Where C1Ω ƛǎ ǘƘŜ ŎƻǳǇƭƛƴƎ ŎŀǇŀŎƛǘŀƴŎŜ ǇŜǊ ǳƴƛǘ ƭŜƴƎǘƘ ƻŦ ǘƘŜ L/ ǇŀŘ ǘƻ ǘƘŜ ŜƭŜctrode of the field probe 
(Figure 5). APad is the surface area of the pad. The capacitance per unit length C1Ω ƛǎ shown in Table 4 for 
h 10 mm and 3 mm.  
 
Example: a pad with a diameter of 2.1 mm has a surface area Apad of 3.14 (2.1 mm²/2) = 3.5 mm². C1Ω ŦǊƻƳ 
Table 4 is 0.88 fF/mm² (without the capacitance portion caused by the edge effect) at a spacer ring height 
of 10 mm.  It follows from Eqn 31: C1 = 0.88 fF / mm² * 3.5 mm² = 3.1 fF. The capacitance portion which 
develops at the edge of the plate capacitor is not taken into account in Eqn 31.  Consequently, the actual 
capacitance may be twice as high. The actual capacitance, including a measurement error, is approximately:  
 
C1 = 10.6 fF Eqn 32 
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If the voltage UIC( )̟ is constant over frequency, UIC( )̟ = 107 dBµV, it follows according to Eqn 26: 
20 Log C1 = 20 Log 10.6 fF = -279.5 dBF, that the current IP( )̟ to the electrode of the P1702 field probe 
according to Eqn 30 is:  
 
IP( )̟ = 20 Log ̟ + 20 Log C1 + UIC( )̟  

          = 20 Log ̟  -279.5 dBF + 107 dBµV  

          =20 Log ̟  ς 172.5 dBµA  

Eqn 33 

 
The current IPό˖ύ ǊƛǎŜǎ ǇǊƻǇƻǊǘƛƻƴŀƭ ǘƻ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ˖Φ LŦ ¦ICό˖ύ ƛǎ Ŏƻƴǎǘŀƴǘ over frequency in special cases, 
IPό˖ύ ǊƛǎŜǎ ƭƛƴŜŀǊƭȅ ŀǎ ŀ ŦǳƴŎǘƛƻƴ ƻŦ the frequency or logarithmically in the logarithmic form.  
 
The interaction chain can be pursued in the equivalent circuit diagram Figure 60. The current IPό˖ύ 
generates the voltage UAVό˖ύ ƻƴ ǘƘŜ ƛƴǇǳǘ ǊŜǎƛǎǘƻǊ wAV of the spectrum analyser.  
 
UAV( )̟ = RAV *  IP( )̟ Eqn 34 
 
The spectrum analyser records the voltage UAV( )̟.  
 
 

3.2.2 Converting the measurement value UAV of the spectrum analyser into EMC parameters 

The voltage UAV( )̟ is generated on RAV of the spectrum analyser (Figure 60). It is measured and displayed 
by the spectrum analyser.  
IP( )̟ can be calculated from UAV( )̟ with Eqn 35 (effective values).  
 
IP( )̟ = UAV( )̟ / RAV Eqn 35 
 
RAV is the input resistor (50 Ohm) of the spectrum analyser. The logarithm can be taken of Eqn 35 to 
provide a logarithmic form:  
 
20 Log( IP( )̟) = 20 Log( UAV( )̟) ς 20 Log RAV  Eqn 36 
 
Where:  
 
20 Log RAV  Ґ нл [ƻƎ рл hƘƳ Ґ оп Ř.Ҡ Eqn 37 
 
Inserted in Eqn 36:  
 
20 Log( IPό˖ύύ Ґ нл [ƻƎό ¦AVό˖ύύ ς оп Ř.Ҡ Eqn 38 
 
This notation will be simplified in the following by omitting 20 Log in front of the electric quantities:  
 
IP( )̟ = UAV( )̟ ς оп Ř.Ҡ Eqn 39 
 
Figure 62 shows the voltage UAV which was measured with the spectrum analyser and the current 
IP( )̟ = UAV( )̟  ς оп Ř.Ҡ ǿƘƛŎƘ ǿŀǎ Ŏalculated from Eqn 39.  
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Figure 62  UAV( )̟ measured with the spectrum analyser at UPad( )̟ 107 dBµV, C1 10.6 fF; calculation of the 
current IP( )̟ = UAV( )̟ ς оп Ř.Ҡ ǿƛǘƘ Eqn 39.  

 
The equivalent circuit diagram in Figure 60 shows that the driving voltage UPad and C1 produce the current 
IP(t) or IP( )̟. It is hereby assumed that RAV << 1/(̟  C1).  
The variation of the current IP with frequency follows Eqn 28 IPό˖ύ Ґ  ˖ /1 UICό˖ύ.  
 
In a logarithmic form Eqn 30: IP( )̟ = 20 Log ̟ + 20 Log C1 + UIC( )̟ 
 
IPό˖ύ ǊƛǎŜǎ ƭƛƴŜŀǊƭȅ ŀǎ ŀ ŦǳƴŎǘƛƻƴ ƻŦ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ˖ Eqn 28 or logarithmically in the logarithmic form Eqn 30 
(Figure 63).  
The value of IPό˖ύ Ґ нл [ƻƎ ˖ ς 172.5 dBµA was calculated with Eqn 33 above.  
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Figure 63  IPό˖ύ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ Eqn 33 with UPadό˖ύ Ґ млт Ř.ҡ± Ŏƻƴǎǘŀƴǘ ŀƴŘ /м Ґ млΦс ŦC.           

 
 

3.2.3 Correction curves and matching of the P1702 probe 

Figure 64 shows both the measured current variation Figure 62 and the calculated current variation Figure 
63. The measured variation is smaller than the calculated variation with a rising frequency. The measured 
curve shows standing waves. The standing waves (2 dB) depend on the length of the measuring cable 
(SMA-SMA 1 m) and on whether the P1702 field probe and the spectrum analyser are matched or not. 
The P1702 field probe has no 50 Ohm terminating resistor in the measuring branch. The 50 Ohm line from 
the spectrum analyser is terminated with high impedance in the P1702 field probe.  
In this case the standing waves are essentially produced by the tracking generator which is part of the 
measurement set-up and which generates the excitation field together with the EPM 02 that is used as an 
excitation field source.  
Smoothing the curve (mathematical operation "{ƳƻƻǘƘΧ" in ChipScan-ESA, BW 100 MHz) eliminates the 
standing waves from the measurement result. The remaining deviations are due to parasitic effects in the 
P1702 field probe.  
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Figure 64  IP( )̟ = UAV - оп Ř.Ҡ ƳŜŀǎǳǊŜŘ ǿƛǘƘ ǘƘŜ ǎǇŜŎǘǊǳƳ analyser at UPad( )̟ = 107 dBµV constant and 
C1 = 10.6 fF. The curve was measured with the ChipScan-ESA software. 

 
The correction factor K1702 Figure 65 of the P1702 field probe is created on the basis of these deviations. 
The deviations are corrected by adding the correction factor (performed in the ChipScan-ESA Software). 
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 loaded to the ChipScan-ESA software to 
perform the correction and applied to the measurement result (example Figure 66) automatically. 
 
The correction factor K1702W is tailored to the measurement set-up Figure 74 and also takes the 
dependency on the tracking generator and excitation field source into account. It should only be used for 
this measurement set-up. The correction factor K1702 is used for general purposes.  
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Figure 65  Correction curve K1702 of the P1702 probe for general use. K1702W for special use with the 
measurement set-up Figure 74. The curve K1702 was measured and smoothed as K1702W (BW 300 MHz) 
with the ChipScan-ESA software.            

 
 

3.2.4 Parameters to describe electric field excitation by ICs 

3.2.4.1 IPό˖ύ ŜȄŎƛǘŀǘƛƻƴ ŎǳǊǊŜƴǘ ŎƻǳǇƭŜŘ ƻǳǘ ŎŀǇŀŎƛǘƛǾŜƭȅ ŦǊƻƳ ǘƘŜ L/ 

The IC generates the excitation current IPό˖ύ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŜǉǳƛǾŀƭŜƴǘ ŎƛǊŎǳƛǘ ŘƛŀƎǊŀƳ Figure 60 and Eqn 
28 or Eqn 30: 
IP( )̟ = ̟  C1 UPad( )̟ 
IP( )̟ = 20 Log ̟ + 20 Log C1 + UIC( )̟ 
The excitation current iP(t) or IPό˖ύ ƛǎ ǘƘŜ ǇƘȅǎƛŎŀƭ ǉǳŀƴǘƛǘȅ ǿƘƛŎƘ ǎǘƛƳǳƭŀǘŜǎ ŜƳƛǎǎƛƻƴǎ Ǿƛŀ ǘƘŜ L/ϥǎ ŜƭŜŎǘǊƛŎ 
field. The generation of the excitation current IP which is capacitively coupled out is the mechanism of 
action behind the emissions. The capacitance C1 in conjunction with the voltage UPadό˖ύ ƛǎ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ 
coupling out. IP ŀƭǎƻ ŘŜǇŜƴŘǎ ƻƴ ˖Φ LP ǊƛǎŜǎ ƭƛƴŜŀǊƭȅ ǿƛǘƘ ˖Φ ¢ƘŜ ƘƛƎƘŜǊ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ˖Σ ǘƘŜ greater the 
coupling out and the more excitation there is. 
 
 

3.2.4.2 QICό˖ύ ŎƘŀǊƎŜ ŎƻǳǇƭŜŘ ƻǳǘ ŎŀǇŀŎƛǘŜƭȅ όŜŦŦŜŎǘƛǾŜ ǾŀƭǳŜύ 

 
QICό˖ύ ƛǎ ǘƘŜ ǇƘȅǎƛŎŀƭ ǉǳŀƴǘƛǘȅ ǿƘƛŎƘ ŘŜǎŎǊƛōŜǎ ǘƘŜ ŜȄŎƛǘŀǘƛƻƴ ƻŦ ǊŀŘƛŀǘŜŘ ŜƳƛǎǎƛƻƴǎ ǇǊƻǇƻǊǘƛƻƴŀƭ ǘƻ ǘƘŜ 
voltage UPadό˖ύΦ 
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QIC(t)= C1 uPad(t) Eqn 40 
 
QICόǘύ Ґ ҝ   ƛP(t)  dt Eqn 41 
 
Eqn 41 leads to the frequency domain representation:  
 
QICό˖ύ Ґ LPό˖ύ ϝ м κ ˖    Eqn 42 
 
In a reduced logarithmic form where 20 Log is omitted in front of the electrical quantities: 
 
QIC( )̟ = + IP( )̟ - 20 Log ̟  Eqn 43 
 
Figure 66 shows the measured current curve IP( )̟measured. The correction factor K1701 was added to 
IP( )̟measured in the ChipScan-ESA software. This results in the corrected actual current curve of IP. 20 Log ̟  
was subtracted from the actual current curve with the ChipScan-ESA software to determine the effective 
value of the charge QIC( )̟ (Eqn 43). 
 
 

 

Figure 66  The measured IP( )̟ measured was corrected IP( )̟ measured + K1702 and converted into the charge 
QIC( )̟ = + IP( )̟ measured + K1702 - 20 Log ̟  where UPad( )̟ = 107 dBµV constant and C1 = 10.6 fF. 

 
QIC( )̟ is the effective value of the charge oscillation emitted by the IC. The charge per half-wave is the 
mean value per half-wave. It can be established from the effective value or peak value: 
mean value = 2/̄ * peak value  =  2/ ̄   ϝ Ҟн ϝ ŜŦŦŜŎǘƛǾŜ ǾŀƭǳŜΦ 
The effective value of the charge QIC( )̟ is constant over frequency as well as the voltage UPad( )̟ (Eqn 40). 
Assuming QIC( )̟, one obtains an EMC parameter for ICs which, unlike the current IP, is independent of 
frequency.  
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3.3 Measurement with a spectrum analyser 

3.3.1 Measurement set-up and measurement with the ChipScan-ESA software 

Figure 67 shows the measurement set-up to measure the electric coupling of the test IC. The test IC is 
mounted on the test circuit board. The test board is inserted into the ground adapter such as GNDA 02. The 
signal and supply connections to the test IC are provided via a plug connector on the test board.  
The P1702 field probe has to be arranged above the centre of the test IC with a spacer ring. The AV input of 
the spectrum analyser is connected to the N-connector output of the P1702 probes via the N-SMA adapter 
and the SMA-SMA 1m RF cable.  
The ChipScan-ESA software allows an easy measurement of the spectra (see also: ChipScan-ESA operating 
instructions).  
 

 

Figure 67  Measuring the excitation current IP of the electric field E of the IC with the P1702 field probe 
and a spectrum analyser. 

 
The spectrum analyser is sought automatically with "Devices/ Devices Manager/ Detected Devices" via the 
respective interface and connected to the PC (Figure 68). 
 




















































