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Background
• Electrostatic Field Meters (EFM’s) are widely used 

in electronic production to measure electrostatic 
fields and surface potentials

• These EFM’s are used many times not only for 
evaluation of large materials, they are often used as 
well to check PCB’s and IC’s

• ESD coordinators are often not aware how accurate 
these measurements are, because the technical 
limits of an EFM is not clear for them.

This study shows the differences between different 
instruments available on the market. Slide 2



Objectives
• Discussion of the different test methods of 

Electrostatic Field Meters (EFM’s) and Electrostatic 
Voltmeters (ESVM’s)

• Highlighting the advantages & disadvantages of 
EFM’s and ESVM

• Giving a guideline for users which instrument is 
adequate for the specific task of testing 
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Outline
• Background

- Brief explanation of the different test methods of the instruments used 
in this study

- Problems and impact on planned testing

• IEC 61340-5-1 
- Only for evaluation of process relevant insulators a testing of  the 

electrostatic field and/or surface potential is defined 

• Importance of testing surface potential
- To detect CDM like problems in Electrostatic Protected Areas (EPA’s) 

a reliable measurement of the surface potential is needed
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Background
● Four different instruments were used in this study
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Background
● Test method EFM – type “rotating chopper”
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The electrostatic field (DC) is chopped into an AC field which is 
then amplified. A sector plate checks the polarity of the field 
and the AC signal will be rectified to a DC signal then.



Background
• An electrostatic field meter (EFM) is calibrated in an 

homogenous field at a distance i.e. of 20 mm.
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Calibration Fixture

High voltage cable

Ground wire
Size of this metal plate 
capacitor:
200 x 200 x 20 mm
Applied voltages:

+/- 400 V

+/- 1.600 V

+/- 4.000 V

+/- 8.000 V



Background
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• Test method ESVM type #01 – non-contacting voltmeter

The AC feedback type does have a small AC signal 
applied to the probe body and the small AC signal is used 
to identify different capacitance due to spacing variations 

Source: TREK Incorp.



Background
• Test method ESVM type #02 – non-contacting voltmeter
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This type has a DC feedback to the probe (field nulling 
technique) and so the probe housing is driven to the voltage 
being measured. 

Source: TREK Incorp.



Background 
• Test method ESVM type #03 – contacting voltmeter
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Source: TREK Incorp.

C1 = 1 x 10^-14 F



Test set-up
• A special metal plate test set-up was used to

compare the 4 different instruments. The 3 metal
plates are highly insulated from ground.
Plate type:

- #A – diameter 150 mm
- #B – diameter 48 mm
- #C – diameter 22,5 mm

• Applied test voltages
- ± 100 to ± 2.000 VDC

(in 100 V steps)

Slide 11



Test set-up
• With each instrument and the relevant probe the

surface potential on all 3 insulated metal plates had
been tested
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ESVM#01:

ESVM#02:

EFM:

ESVM#03:



Results
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Plate A = 150 mm
Plate B = 48 mm
Plate C = 22,5 mm 
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Discussion of results
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The tested EFM detects an area of a diameter of around 15 cm. 
When the tested materials or items are smaller than these 15 cm the 
accuracy will go significantly down

EFM – type “rotating chopper”

Diameter of sensor:
2 cm



Discussion of results
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The tested ESVM#02 detects an area of a diameter of around only 4 
mm when the distance of the probe to the measured surface is          
1 mm.  At a distance of 10 mm the area is around 50 mm. 

ESVM type #02 – non-contacting voltmeter



Test on pogo pins
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Pogo pin #01:
Diameter 3.95 mm

Pogo pin #02:
Diameter 2.35 mm

A voltage of U = 500 V had been applied to two 
pogo pins type #01 and #02 in order to see the 
test results with the 4 different instruments on 
a very small conductive surface area



Test results on Pogo Pins
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Difference -77 to -87 % Difference -28 to -40 %

Difference -4 to -5 % Difference -0,8 to -2 %



Influence distance of probe to test item
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Specified ranges:
EFM = distance 2 cm
ESVM#01 = range 0,5 to 5 cm
ESVM#02 = range 0,1 to 1,5 cm



Influence of distance of probe to test
item

Slide 22

Electrostatic Field Meter:
• Calibrated with a distance of 2,0 cm to a metal plate in 

a parallel plate capacitor. When the distance to the test 
item is changed the displayed value on instrument 
varies significantly

Electrostatic Voltmeter:
• In the defined distance range on each type of ESVM 

the influence on the displayed value is minimal



Summary
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Conclusions
• Electrostatic Field Meters (rotating chopper type) are suitable 

to measure surface potential of materials with larger areas  

• To measure surface potential on small areas and objects a 
suitable Electrostatic Voltmeter (ESVM)  is recommended 
and the following points should be considered

− voltage range & the specified tolerances

− type of probe 

− specified distance range for the measurement

− contacting or non-contacting type ESVM
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Conclusions
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• The most accurate results we got when a ESVM as 
a contact voltmeter version was used. Here it is 
important that the input resistance is > 1 x 10^14 
ohm and that the input capacitance is very low 
because the probe will be in contact with a 
conductive surface for example.

• Because of the very small contact probe an exact 
measurements on component pins can be 
performed.


