CIS

Solve EMI Issues in NO TIME

Help you simplify the identification process of EMI issues
/

o
= T S
7 / ]

Z%’/;

The brand new concept of EMI probes

Application Note



Simplify the complicated EMC measurement and debugging!

As a result of faster and faster consumer electronics products, the frequency of conducting EMI tests
becomes higher and higher. The continuous integration of parts in electronics products and the number of
parts involved are also swiftly increasing. Besides, the demand of EMI regulations from countries and
regions is getting stricter than ever. But the life cycle of electronics products is getting shorter and shorter.
Hence, in order to effectively and quickly solve EMI issues at the development stage and reduce the
number of times products going to the lab, a simple and easy set of tool to quickly help engineers find EMI
source to greatly expedite products’ time to market is essentially required.

GW Instek launches the new patent GKT-008 electromagnetic field probes, which are small and highly
sensitive. GKT-008 probes can directly sense EMI signal energy unlike conventional near field probes which
require using electric field probes and magnetic field probes to measure electric field and magnetic field
separately. Users can save costs from product development cycles and the lab that is conducive to expedite
time for product verification and product launch.

The Advantages of GKT-008 EMI Near Field Probe Set
The conventional magnetic field probes are hollow loop probes. When the magnetic

field is perpendicular to probe’s loop surface, the maximum measurement value can
be obtained. The maximum magnetic field value can only be measured by rotating
probe’s direction.

GKT-008 EMI near field probe features high spatial resolution and sensitivity without
rotating probe’s direction to measure the maximum magnetic field value so as to
identify the main radiation signal source. This probe set aims at carrying out pre-test
and debug of EMI field scanner so as to effectively obtain EMI source, segmented
frequency strength of EMI source, etc. that provides key indicators for resolving EMC

issues. By this probe set, users can formulate solutions to amend failed products.

GKT-008 EMI Near Field Probe Set
GKT-008 EMI Near Field Probe Set comprises four probes, including PR-01, PR-02, ANT-04, and ANT-05. The antenna
factors of these four probes are built in the EMC Pretest function of GSP-9300 spectrum analyzer.

- ANT-04 and ANT-05 are EMI field sensor, which can maximally sustain
CAT | 50Vdc. ANT-04 and ANT-05 magnetic field probes will collocate
with ADB-008 DC block to avoid damaging spectrum analyzer and the

RF input terminal of DUT receiver. )

- PR-01is an AC voltage probe, which can maximally sustain CAT II,
300VAC. PR-01 AC voltage probe will collocate with GPL-5010 transient
limiter and BNC (M) to SMA (F) adaptor to avoid damaging spectrum - b GsP
analyzer and the RF input terminal of DUT receiver.

Mains power DUT | “-_{Tfl.a‘r:?t\:rml
- PR-02is an EMI source contact probe, which can maximally sustain CAT ... Bli)(ék
I 50V DC. PR-02 electric field probe will collocate with ADB-008 DC -:
block to avoid damaging spectrum analyzer and the RF input terminal of Probe RF Int
i GSP
DUT receiver.
puT
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Swiftly Simplify Complicated EMI Measurement and Debugging

General issues of near field
measurements

- Probe size

- The difference between electric
field probe and magnetic field
probe

- The angle of probe

Usually, engineers will use near field probes to conduct EMI tests for circuit
verification. However, they will encounter same problems when carrying out
the test.

. Probes can not quickly identify which circuit the radiation source
comes from.

. Engineers have to use magnetic field probes and electric field probes
separately for measurements and they have to use their experience to
find the signal source.

. The angle or position of magnetic field probes will complicate the
measurements.

The main reason behind these problems is that near field probes in the past
are distinguished by magnetic field probe and electric field probe. In fact,
engineers are concerned about how signal’s energy emits. Hence, it is very
important to correctly and quickly find the major energy emission source.

Normally, larger near field probes are used to sense electromagnetic field.
But they can not easily identify the source of radiation. On the other hand,
smaller probes will lower the sensitivity.

It is very difficult to judge the real signal source by waveforms obtained from
measurements of electric field probes and magnetic field probes separately.
Because these waveforms are very different from each other.

v_ S
The position and angle of probes also affect the measurement results and
will lead to misjudgment.

Going through these procedures to find the signal source is very time-
consuming. It is very important to quickly find the real interference source
and simplify the procedures.
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New Generation Probes to Accurately Find Radiation Source

Light and compact General near field probes using larger probes to sense electromagnetic field.
But they can not easily identify radiation source even though signals can be
obtained due to the coverage of most circuit and parts.

ANT-04 and ANT-05 of GW Instek’s GKT-008 have the characteristics of small
size and high identification resolution.

, g - ‘9 N : v : =
General loop magnetic probe, General sphere electric probe,
diameter: 6.8cm diameter: 3cm

ANT-04, diameter: 2.6¢ ANT-05, diameter: 1.8cm

Real test comparison- setup Compare general EMI near field probes with GW Instek dedicated EMI near
field probes ANT-04/ANT-05 via a same signal source output

Output Signal

1. Using TG of GSP-9330 to produce signals of 30M ~ 1GHz, 0dBm

2. Connect TG with a PCB monopole antenna to simulate EMI signals
produced by PCB trace

3. Connect different probes with spectrum’s input terminal to compare
(1)sensitivity (2)directivity
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New Generation Probes to Accurately Find Radiation Source

GW Instek’s probes are high
sensitivity design

Sheran e e s The left experiment result
8 shows ANT-05's size is 1/9 to
B that of the general magnetic
A field probe but its sensitivity is
b Loop H probe 20dB hlgher

1 515 000MHz top 1.000GHZ
5 112ms

an 970.000MHz

2016-06-06

The left experiment result
shows ANT-05’s sensitivity
(especially for high frequency)
is better than the general
electric field probe to the scale
of 5~15dB.

Metal Ball E probe

nter 615 000MHz top 1.000GHz
sn 970.000MHz weep. 112ms

Directivity difference- the angle of Conventional magnetic field probe’s angle makes a huge difference

probe

ter515.000MHz St
pan 970.000MHz

The above picture shows a conventional magnetic field probe in parallel with
signal. After rotating the probe 90 degree to become perpendicular to the
signal, the sensitivity drops 10~20dB for medium to high bandwidth. It will
be very difficult to identify emission source for a product with complicated
PCB trace design.

GKT-008 probes do not have angle issues

B. Probe is perpendicular to
PCB layout

ANT-04 of GKT-008 does not have angle issues because the measured energy
results from the probe in parallel or vertical to PCB trace are almost the
same and stable.
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New Generation Probes to Accurately Find Radiation Source

Directivity difference-the maximum A loop probe aiming at the center of PCB trace can not guarantee the

signal source

maximum signal be sensed

B. Probe deviates 1cm

A. Probe aligns the EUT

A loop probe aiming at the center of PCB trace as shown on lower left hand
corner picture can not guarantee the maximum signal is sensed. The upper
left hand picture shows 1cm deviating to the center obtained better
sensitivity. This result is related to magnetic field probe’s operational
principle. Hence, this phenomenon will result in misjudgment for electronics
products with higher density.

ANT-04 obtains the maximum signal when aiming at the center of EUT

A. Probe aligns the EUT

B. Probe deviates 1cm

ANT-04 obtains more signals when aiming at the center of EUT as shown on
the above picture. Weaker signals obtained when the probe was 1lcm
deviating from the center. This result serves engineers’ expectation of
quickly finding the real emission source with no misjudgment.

The major advantages of ANT-04
and ANT-05

1. Small size, high sensitivity, they can accurately identify the real radiation
source.

2. They can directly sense electromagnetic wave's energy without

conducting separate electric field and magnetic field probe tests.

Without directivity issue.

4. Simplify complicated measurement and greatly reduce EMI debugging
time.

w

Probes can conduct contact circuit
tests

GKT-008 has contact probes to directly contact circuit for tests such as PCB
trace noise, IC pin noise, power supply’s noise, etc.
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Problems Facing General Near Field Probes

Electromagnetic wave's energy is Maxwell's Equations explain an important phenomenon: electric field and
produced by electric field and magnetic field coexist and mutually affect each other. These Equations
magnetic field describe how current and time-varying electric field produce magnetic field

and how time-varying magnetic field produces electric field.

V-D=p,

V-B=0,

VxE = —8B/0t,
VxH =] + oD /ét,

D: Electric displacement p: Charge density
E: Electric field intensity H: Magnetic field intensity
J: Current density B: Magnetic flux density

Maxwell's Equations

EMI signal's energy is also determined by electric field and magnetic field. If S
represents energy's density, E: electric field strength, H: magnetic field
strength, and Poynting theorem states § = E x H. Electromagnetic is the cross
product of electric field intensity and magnetic field intensity. Therefore, it is
directional.

S=ExH

General circuit's power is the product of voltage and current. Both current
and voltage are required.
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Problems Facing General Near Field Probes

The radiation near field
measurement for loop antenna
mainly focuses on magnetic
field.

Near field and far field are defined by the distance between receiver antenna and
emission source. It is called near field if the distance between receiver antenna
and emission source is smaller than signal's wavelength. Near field includes
reactive near field area and radioactive near field area. It is called far field if the
distance is greater than wavelength, as the diagram shows. For example,
wavelength for a 300MHz signal wave length A is 1m, then, less than 15.9cm
( A/2m) is reactive near field, less than 1m is radioactive near field and over 2m is
far field. Tests closing to PCB are reactive near field measurement of near field.

S S

Near Field :

(reactlve)ﬂi

1

[

| Near Field —
i (radiative) 1 Transition

zone i Far field

! I Near Field :
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A/27(0.1592)

- ~
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.~ Emission N
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The electromagnetic wave analysis of reactive [,  source v

. . " ! \ }\4/27[ 1
near field is related to emission source and Be > >
antenna, therefore, the analysis is very ° J
complicated. The following diagram elaborates ™. S
wave impedance vs. distance from emission TedeT .

Reactive Radiative
near fieldnear field/
far field

source. Loop antenna induces large current and
low voltage in near field electromagnetic wave
characteristics. Its wave impedance is low;

therefore, magnetic field dominates. That is why Wave impedance(Q)

a loop magnetic field probe can sense very strong sk field dominates
magnetic field at a low frequency bandwidth 1kx5
when closing to PCB. But electric field strength is :ggi
not necessarily strong that can not certainly 1?8/ 3770
contribute to the real strong EMI signals. 20 field désminates

01 1
Distance to source, A/2n

Loop near field probes have
directionality issue

The structure of a loop magnetic field probe is shown as diagram a. If the
magnetic field direction is perpendicular to loop surface (diagram b), then it can
be sensed, if it is in parallel with the loop surface, then the magnetic field can not
be sensed.

¥ Gap in the shield

Loop
— Shield
Transmission

Line b C

Generator
or Load
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Problems Facing General Near Field Probes

Problems occurred while using In addition to active components, PCB trace is also the EMI emission source.

a loop antenna for PCB Higher current passing through trace will produce higher magnetic field; trace

measurements with higher voltage such as high load impedance or open circuit trace will
produce higher electric field. A probe can pick up a very strong magnetic field if
two PCB traces are very close to each other despite the individual magnetic field
is weak.

layout

b. The magnetic field of multiple PCB layouts can be simultaneously sensed

A probe aiming at the center of The directivity of a loop probe is likely to cause misjudgment. Diagram a. shows a
PCB layout can not guarantee probe placed directly above PCB trace can not obtain any signals. More magnetic
the maximum magnetic field is  field will pass through and stronger signals can be obtained if slightly deviating a
sensed. distance.

a. A probe placed directly above b. A slight distance deviation
from the center

The following experiment result proved this phenomenon.

L] Trace
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Practical Cases

GKT-008 has best sensitivity We used the same test conditions and device. At the same spot on the circuit,
a conventional electric field probe, a conventional magnetic field probe and a
GW Instek’s ANT-04 near field probe were used to conduct test.

GWINSTEK 16:24:31  2016-06-06
ale 10dB/
Ret! B0 00dBuV/mAtt 0.0dB

Start 30.000MHz Center 165 000MHz Stop 300.000MHz

Tor JW 120kHz* W 100kHz  Span 270.000MHz weep 696ms
S 11 % < || saveFinish PASS & 2%

The measurement of conventional electric field probe

GWINSTEK 2016-04-28

10dB/
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W 120kHz* W 100kHz an 270 000MHz 165ms

GWINSTEK 11.37:24  2016-04-28

1048/
80 00dBuv__ At 0 0dB

b et
Wy

30 000MHz 165 000MHz 300.000MHz
BW 120kHz* 100kHz pan 270 000MHz 165ms

o3 g SaveFinish

The measurement of GW Instek’s ANT-04 near field probe

We found that the conventional electric field and magnetic field probe have a
larger difference on the measurement results and their sensitivities can not
compare with that of GW Instek’s near field probe. For smaller signals, the
conventional probes will produce more errors.
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Practical Cases

The correlation with the result of the
lab

Another practical case was to directly place EUT in a 3m anechoic chamber. A
switching power supply was used in a 3m anechoic chamber. The test resulted
in three larger signals. Next, a conventional electric field probe, a conventional
magnetic field probe and a GW Instek’s ANT-04 near field probe were used to
conduct test.

Freq (Meters) 515.000000 MHz
CRPR - Froa fun. - Smaan

Select Trace
Trace1
Ref 20.00 dBpV

Start 30 MHz 300 MHZ,

Stop
Res BW 120 kHz VBW 1.2 MHz Dwell Time 6.733 ps{60 kHz)

sa sTATUS

The measurement result of EUT in a 3m anechoic chamber

Agilent Spectrum Anslyzer - Swegpd SA
b

#vg Type: Log-Pr
Pz e o Trig:Fres Run
1§ Gain:Low Atten: 10 dB.

General Near Field E-probe

Start 30,0 MHz Stop 300.0 MHz
#Res BW (Flattop) 120 kHz VBW 120 kHz Sweep 132 ms (1001 pts)

STATUS

The measurement results of electric field probe and magnetic field probe
testing EUT’s EMI

Avg Type: Log-Pur
PNO:Fast o Trig:Free Run
1FGain:low *_ Atten: 10 48

Ref -30.00 dBm

Start 30.0 MHz - } - ) ) ) " Stop 300.0 MHz
#Res BW (Flattop) 120 kHz VBW 120 kHz Sweep 132 ms (1001 pts)

The measurement result of GKT-008 has better reference.

We found that the measurement results of the conventional electric field and
magnetic field probe yielded big difference. For magnetic field’s high frequency
measurements, the conventional probes could not find signals found in
anechoic chamber. For electric field, the poor sensitivity of the conventional
probes could not find concealed signals. GKT-008 can find three identical
signals found in the lab.
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Important Information of Product Ordering

Ordering Information

GSP-9330, 3.25 GHz Spectrum Analyzer
GKT-008, EMI Near Field Probe Set

ADB-008, DC Block Adapter

Standard Accessories
GSP-9330, Spectrum Analyzer

GKT-008, EMI Near Probe Set
Options

GSP-9330, Spectrum Analyzer

ADB-008, DC Block Adapter

Optional Accessories
GSC-009 Portable Carry Case
GRA-415 Rack Panel

Free Download

Power Cord, Certificate of Calibration, CD-ROM (with User Manual, Programming

Manual, SpectrumShot Software, SpectrumShot Quick Start Guide & IVI Driver)
User Manual

Opt.01 Tracking Generator
Opt.02 Battery Pack
Opt.03 GPIB Interface

50ohm + SMA(M) to SMA(F) + 0.1MHz-8GHz

SpectrumShot Software EMI pretest and remote control software for GSP-9330 (available on GW Instek website)
IVI Driver for GSP-9330 supports LabVIEW/LabWindows/CVI (available on NI website)
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