
EM-field optical probe                                   4th generation 

Absolute E-field mea-
surement from mV/m 
up to MV/m in time & 
frequency domains

Compliant with all 
media such as liquids, 
biological tissues, va-
cuum, plasma...

Ultra high damage 
threshold > 10 W/cm2 
& compliant with near-
field measurement

Transverse, longitudinal and SAR probes for measuring E-field
in low κ (gases, plasma, oils) or high κ media (aqueous liquids, biological 

tissues) and in harsh environment (vacuum, high pressure)

Make accurate E-field measurement with an interference-free 
optical RX antenna from 10 Hz up to 100 GHz
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 APPLICATIONS 
These E-field probes combine state-of-the-art electro-optic technology and full-dielectric packaging in single, interference-free, 
optical RX antennas. The full-dielectric packaging of the probes is compliant with vacuum, high pressure, liquids, plasma and 
almost any harsh environment. These E-field probes present both highest E-field dynamic and frequency ranges on the market,  
allowing measurements from less than 25 mVpeak/m up to 1.4 MVpeak/m and from less than 10 Hz up to 100 GHz. Their unique 
features make them ideal for use in a wide range of applications for various industries.

Industries Applications
Qualification ground test of:

• Satellite antenna horns in T-VAC chamber
• Satellite EM shielding in flight conditions
• Plasma thrusters in T-VAC chamber

• Qualification test of radar-based CAS (Collision Avoidance System)
• Identification of EM interference
• Localization of EM transients in electric vehicles

Qualification test of:
• EM pulse generators
• Shielding against EM pulse
• APAR (Active Phased Array Radar) in the near field
• Exposure assessment to EM field

• Localization of PD (Partial Discharge), DBD (Dielectric Barrier Discharge) in HV devices
• Characterization of EM transients in HVDC converters
• Quantitative measurements of lightning EM pulse

Qualification test of:
• Hyperthermia apparatuses
• MRI safety of medical implants
• Optimization of cold plasma sterilization/decontamination

• Characterization of EM pulse generated by intense laser-plasma interaction
• Absolute & time-resolved E-field mapping with sub-mm spatial resolution
• Monitoring of particle beam position and shape

• Identification of failed element(s) in antenna arrays
• Qualification test of antennas and arrays
• Assessment of human exposure to EM field
• Acquisition of phase reference for antennas with no access to LO (Local Oscillator)
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 MEASUREMENTS IN THE FREQUENCY DOMAIN
For CW signals or gated CW signals (e.g. MRI signals), it is recommended to carry out measurements in the Frequency-Domain 
(FD) in order to reach the highest dynamic range (see Fig. below with two different models of E-field probe, EL5-LK and ET1-LK  
in case of measurements in air/vacuum).

 MEASUREMENTS IN THE TIME DOMAIN FOR REPETITIVE SIGNALS
For repetitive signals, it is recommended to carry out measurements in the Time-Domain using a high resolution (10 bits or 
higher) Equivalent-Time-Domain (ETD) Digital Sampling Oscilloscopes (DSO) in order to reach the highest dynamic range (see Fig.  
below with two different models of E-field probe, EL5-LK and ET1-LK, for measurements in air/vacuum). With a 12-bits DSO, a 
120-dB dynamic range is obtained with an extension of 12 dB towards low E-field magnitudes.
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 MEASUREMENTS IN THE TIME DOMAIN FOR SINGLE SHOT SIGNALS
For transient or signal shot signals, the measurements have to be carried out in the Time-Domain using Real-Time-Domain (RTD) 
Digital Sampling Oscilloscopes (DSO). With same considered E-field probes (EL5-LK and ET1-LK) than above and two different 
DSO Band Width (BW = 1 MHz or 1 GHz) the attainable values of E-field strength are represented on the two figures below. For 
other values of BW, the Dynamic Range (DR), expressed in dB, is given by 138 – 10 log10(BW [Hz]).
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 IMPLEMENTATION
Depending on the application, different types of E-field probe can be used separately or together. They cover almost the entire  
RF spectrum from 10 Hz up to 60 GHz for high speed probes. Each probe can be calibrated on the different frequency bands of  
interest.  A  USB  key  attached  to  the  probe,  containing  probe  information  and  calibration  files,  allow an  automatic  probe 
recognition by the used optoelectronic converter. Low κ probes are recommended for E-field measurements in media whose 
permittivity is below 6 whereas high κ probes are recommended for media whose permittivity is higher than 6.

EM-field probe type Configuration Use & features
Transverse probe ETX Measurement  of  2  E-field  compo-

nents  orthogonal  to  the  probe 
symmetry axis
Straightforward assessment of co- & 
cross-polarization

Longitudinal probe ELX Measurement  of  E-field  component 
collinear to probe symmetry axis
Straightforward  assessment  of 
longitudinal  E-field  in  the  reactive 
near field region

SAR probe ESX Measurement  of  3  E-field  compo-
nents  E1,  E2 &  E3,  orthogonal  with 
respect to each other
Straightforward  SAR  assessment  in 
phantom liquid:

SAR = σ (E1
2 + E2

2 + E3
2) / σ 
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 PERFORMANCE SPECIFICATIONS
Type Min Typical Max Unit

Frequency bandwidth (± 10%) ET5, EL5 & ES5 10 12
GHz

ET1, EL1 & ES1 50 60
Dynamic range All types 130 135 dB.Hz
Min. measurable E-field strength EL5 in air 25 32

mVpeak/m. Hz√

 in Time Domain (Emin for f > 20 kHz) ET5 high κ in H2O 40 50

EL1 in air 100 125
ET5 low κ in air 125 160
ET1 high κ in H2O 160 200

ET1 low κ in air 500 640
Min. measurable E field strength EL5 in air 40 50

mVRMS/m. Hz√

in Frequency Domain (Emin for f > 20 kHz) ET5 high κ in H2O 64 80

EL1 in air 160 200
ET5 low κ in air 200 250
ET1 high κ in H2O 250 320

ET1 low κ in air 800 1000
Min. measurable surface Power Density in air EL5 low κ 0.42 0.66

nW/cm2.Hz
in Frequency Domain (PDmin for f > 20 kHz) EL1 low κ 6.8 11

plane wave assumption ET5 low κ 11 17

ET1 low κ 170 270

Phase noise @ 10 Hz from carrier -65 dBc/Hz
Rejection of orthogonal E-field components 50 60 dB
Probe response isotropy defined by HPBW Below 100 MHz 300

°
(Half Power Beam Width) @ 20 GHz for ET5 low κ in air 70 80
Damage threshold E-field strength 10 MVRMS/m

Permanent power density 10 W/cm2

Measurement repeatability For E  100 x ≥ Emin 0.15 0.2 dB
Measurement voxel (cylindrical shape) Diameter 0.5 1

mmLength for ET5, EL5 & ES5 4.8 5 5.2

Length for ET1, EL1 & ES1 0.8 1 1.2

P1dB (1-dB compression point) EL5 in air 140

kVpeak/m

ET5 high κ in H2O 220
EL1 in air 560
ET5 low κ in air 700
ET1 high κ in H2O 900
ET1 low κ in air 2800

Lower cut-off frequency (± 10%) All types 10 40 Hz
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Type Min Typical Max Unit
Effective relative permittivity (@ 10 MHz) Probes with low  sheathκ 3.2 3.6 4.0

Probes with high  sheathκ

Optical insertion loss All types 6 9 dB
Antenna factor AF for HF-0.04-3.2/6.4 & HF-2.5-18 EL5 100 110

dB/m

ET5 high κ in H2O 105 115

EL1 110 120
ET5 low κ in air, ET1 high κ in H2O 115 125

ET1 low κ in air 125 135

MECHANICAL SPECIFICATIONS
Min Typical Max Unit

Optical fiber cord Length 4.5 5.0 m
Transducer Tip diameter 5.4 5.5 5.6

mmBase diameter 7.9 8.1 8.3
Length 32.5 36
Weight 2 g

Probe axis marker Angular deviation 2.5 °
Resulting rejection of orthogonal E-field comp. 25 dB

Ingress Protection rating Probe tip IP67
Optical connector IP50

Main components Transducer ➀ tip Quartz (low κ) / sapphire (high κ) sheath
➁ EO crystal
➂ base

Optical fiber cord  ➃ fiber cord 3mm  PEEK ∅ / PVC fiber sheath
Optical connector MIL-38999 ➄ base

➅ lock ring

   dust cap not shown
USB key with its protective cap  ➆ USB key IP68 – 4 GB capacity – engraved S/N

Front view (for EL1-LK probe, scale 1:1)
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Type
Probe tip sheath Technical drawings

Material Length L [mm] Overview Orientation ring

Low 
κ

ET5, EL5 & ES5

Quartz

28.3 ± 0.3

ET1, EL1 & ES1 25.3 ± 0.3

High 
κ

ET5, EL5 & ES5

Sapphire

27.3 ± 0.3

ET1, EL1 & ES1 25.7 ± 0.3

 ENVIRONMENTAL SPECIFICATIONS
Min Typical Max Unit

Fiber bending radius Operating 40
mm

Storage 50
Temperature Operating 10 50

°C
Storage 10 40

Pressure Standard probes (medium vacuum) 10-3 2000
hPaHarsh environment probes (high vacuum) 10-6 7000

Storage for all types 690 1075
Out-gassing  properties (harsh 
environment probes only)

CVCM (Collected Volatile Condensable Material) 0.1
%

RML (Recovered Mass Loss) 1
Relative humidity Non-condensing 90 %
Optical connector Durability 500 mating
Storage Only in its original case in a clean, dry environment
Cleaning Use cloth moistened with isopropyl alcohol (except for inner part of connectors)

Specific tool for inner part of connectors (see § Options, customization and accessories)

 STANDARDS COMPLIANCE
Laser safety IEC / EN 60825-2, class 1

 PACKAGING INFORMATION
Contents

E-field probe Delivered with a routine test report
Probe protection for handling Removable protective foam (red color)
Attached USB stick Probe calibration file supplied on USB stick (if calibration ordered)
Transport case (up to 4 probes) drip-proof and dust-proof case (W x D x H = 455 x 365 x 120 mm - Weight: 2.2 kg)
User guide See website https://en.kapteos.com/
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COMPATIBLE DEVICES AND ACCESSORIES
Device Associated data sheet Use Outline schematic

Optoelectronic 
converter
Probe holder

eoSense-FT-25.01.pdf
eoPod-FT-25.01 .pdf

Recommended setup
in most cases

  

Optical 
multiplexer eoSwitch-FT-25.01.pdf

Recommended  setup  to 
sequentially  connect  up 
to 16 probes

  

EM-field probe 
calibration cell

eoCal-LK-FT-25.01.pdf
eoCal-HK-FT-25.01.pdf

Required setup for probe
calibration in air or in any 
fluid

  

Vacuum feed-
through eoVac-FT-25.01.pdf Recommended setup

in most cases

  

EM-field 
mapping eoScan-FT-25.01.pdf

Recommended setup
for  near-field  antenna 
test  range  and  for  SAR 
assessment  in  liquid 
phantoms
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 HARDWARE OPTIONS, CUSTOMIZATION AND ACCESSORIES
Field of activity Issue Options and/or accessories
SAR Use in high κ liquids -HK

High  sapphire probe tip sheath & 3mm  PVC probe fiber sheathκ ∅

Antennas,  MRI,  Plasma,  HPEM, 
EMC, High Voltage

Use  in  low  κ media: 
gases, oils

-LK
Low  quartz probe tip sheath & 3mm  PVC probe fiber sheathκ ∅

Harsh  environment  (high 
vacuum, high pressure)

P < 10-3 hPa
P > 2000 hPa

-HE1m
1m-long specific  3mm  PEEK probe fiber sheath (compliant with∅  
both high   and low  types of probe)κ κ

EMP generated by laser-plasma 
interaction using PW lasers

Intense UV, X and  raysγ -ELI
Additional protective sheath against extreme light intensity

HPEM,  High  Voltage,  MRI, 
Antennas

Large distance from DUT 
and digitizer

-X5m
Extra 5-meters fiber length to get a longer fiber cord

Measurements  in  standard 
conditions, outside clean room

Occurrence of dust into 
suspension

Cleaner-4G
Cleaning tool for optical connector MIL-38999 (> 500 cleans)

RF  measurement  in  ultra  small 
enclosure

Specific packaging Customized probe tip sheath

SOFTWARE OPTIONS
Option Function Requirements
-CST CST  Studio  Suite  probe  model file  and  results 

between 100 MHz and 40 GHz for a plane wave 
impinging at normal incidence

CST Studio Suite 2022 and future releases

 USEFUL EQUATIONS
Equation POEC  Power  delivered  by  the  optoelectronic  converter→  

VOEC  Voltage generated by the optoelectronic converter→

Frequency domain E [dBVRMS/m] = POEC [dBm] + AF [dB/m] – 13.01
PD [nW/cm2] = 265.44 E [VRMS/m]2 for a plane wave in air

Time domain E [V/m] =  VOEC [V] x AF [m-1]
Conversion of units AF [dB/m] = 20 log10(AF [m-1]) 

E [VRMS/m] = 10^(E [dBVRMS/m] / 20)

 ORDERING INFORMATION
Model Type Option Comment Accessory

eoProbe
EL5-HK

-HE1m Qty  3 to get 3m→  specific PEEK fiber sheath
Cleaner-4G-X5m Qty  4 to get 20m extra fiber length→

-ELI
(ET1-LK) -CST

Examples: Transverse EM-field optical probe with 5-mm EO crystal for high κ liquids and a cleaning tool:
• product eoProbe ET5-HK – Qty: 1
• accessory Cleaner-4G – Qty: 1

Longitudinal EM-field optical probe with 1-mm EO crystal for low κ media with a fiber cord length of 20 m and a 
cleaning tool:

• product eoProbe EL1-LK – Qty: 1
◦ option -X5m – Qty : 3

• accessory Cleaner-4G – Qty: 1
Transverse EM-field optical probe with 1-mm EO crystal for low κ media, harsh environment with 5m extra 
protective sheath for EMP generated by intense laser-plasma interaction with a fiber cord length of 15 m:

• product eoProbe ET1-LK – Qty: 1
◦ option -HE1m – Qty: 5
◦ option -ELI – Qty: 1
◦ option -X5m – Qty: 2

Transverse EM-field optical probe with 1-mm EO crystal for low κ media with its CST Studio Suite model and    
corresponding results from 100 MHz up to 40 GHz:

• product eoProbe ET1-LK – Qty: 1
◦ option -CST – Qty: 1

CST Studio Suite and results for EM-field optical probe of type ET1-LK:
• product eoProbe ET1-LK – Qty: 0

◦ option -CST – Qty: 1
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 TYPICAL APPLICATIONS
Application Device Under Test Result

Near E-field 
mapping (@ 0.3 )λ

Frequency Domain: 
Patch antenna array 
@ 30 GHz

E-field mapping
of co-polarization

Frequency Domain:
Free-space test 
bench @ 60 GHz

3D SAR mapping
Time Domain:
Phantom liquid 
during hyperthermia 
@ 115 MHz

/

E-field mapping in a 
symmetry plane

Time Domain:
Plasma bullet in a 
plasma plume
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E-field assessment in 
artificial lightning

Time Domain:
lightning generated 
in a 1MV, 40kA tip-
plane configuration

Dosimetry in a 4.7-T 
MRI machine 

Freq/Time Domain:
Cucumber (time-
resolved down-
converted signal)

Mapping of pollution 
and ageing effects

Time Domain:
Laminated busbar 
@ 50 Hz, 500 VRMS

Near E-field 
mapping

Frequency Domain: 
Double ridge 
antenna @ 10 GHz

|S21| (dB) ∡S21 (°)
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