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ACA TMetrix  

One of the Companies in the ACA group 

ïTMetrix - Precision measurement instruments and design 
tools 

ï Integrys (Embedded computing, imaging and custom engineering) 

ïSpectra Research (Materials characterization, Spectroscopy, 
Nanotechnology and surface Science.) 

 Founded in 1959 

Offices across Canada with headquarters and Calibration 
and repair  Service in Mississauga. 

 



Other product areas of interest 
General purpose Test equipment 

ï Oscilloscopes   

ï Power supplies 

ï Signal generators, function generators and Arbs 

ï Power and Impedance Analyzers  

ï Recorders ,Data Loggers, Bench digital multimeters 

ï Precision probes and current sensors 

 

Specialized equipment 

ï EMF simulation, Personal RF monitors and Safety Code 6 compliance solutions 

ï RF channel emulators 

ï Protocol analyzers for nearly any protocol 

ï BERTs 

ï VNAs 

ï Spectrum Analyzers 



Other Services 

Leasing and Rental of nearly every 
brand of Test Equipment 

In Canada calibration and repair 

Technical support and training 

Technology seminars  

ïPublic 

ïIn-house on demand 



EMSCAN 

Private Canadian corporation since 1989 
ïCoverage in 39 countries 

Unique and patented products 
ïFocused on very-near-field EM and RF testing 

Recognized innovative products 

 
 



EMSCAN Introduction 

 World Leading Developer of Fast Magnetic 
Very-Near-Field Measurement Applications 

 

 Real-Time Visual Test Solutions for Antenna 
and PCB Designers and Verification Engineers 

 

Pre-Compliance Not Compliance 

 

 



EMSCAN Value Proposition 

 

Dramatically Increase Designer Productivity 

 

Substantially Accelerate Time-to-Market 

 

Significantly Reduce Development Cost 

 



EMSCAN Products 

EMxpert 

ï EMC/EMI diagnostic tool 
enabling designers to rapidly 
diagnose and solve EM problems 
in a single design cycle in their 
own lab environment 
 

RFxpert 

ï APM tool enabling engineers to 
quickly evaluate and optimize 
their designs with real-time 
antenna performance 
characterization at their desk 



EMSCAN Fundamentals 
 

High density planar antenna array 

 

Very-Near-Field measurements 

 

Very high speed switching 

 

Unique and patented 

 

Real-time real-fast 

 

No chamber 



 

Near-field techniques 

 

Very-near-field challenges 

 

System overview and details 

 

Comparative results 

 

Demonstration 

 

Agenda 



Near-Field Techniques 



 

Near-Field scanning for antenna measurement 

Near-Field scanning for EMC applications 

 

 

 

Image: NIST course notes Image: Detectus AB 

Near-Field Scanning 



 

Anything not in the far-field 

Far-field is where the pattern is 
not changing with distance 

Common definitions 

Usually stay out of the reactive 
region, although not necessary 

 

What is Near-Field? 



Antenna Measurement Goals 

Typically looking for far-field parameters 

Gain, Efficiency, Pattern are basic measures 

More complex applications such as Envelope Correlation, 
Axial Ratio and Beam Forming 

Can also be used for near-field debugging 

Overlap with EMC testing 

 



Antenna Measurement 

Far-field can be far and requires a large area 

Prefers a controlled environment 

Can use collimation 

Compact range etc. 

Various competing parameters 
ïNot always clear cut answer 

Near-field is much smaller 
ïLess area 

Theoretically no loss of information 



Antenna Measurement 

Near-field measurement  

Near to Far projections  

Far to Near projections 

 

Plane Wave/Modal Expansion 

Magnetic currents 

Genetic algorithms 

Far-field holography 

Photogrammetric approach 

 



 

Mainly three different 
implementations 

ï Planar 

ï Cylindrical 

ï Spherical 

Each has its strength and 
weaknesses 

 

 

 

 

Planar Cylindrical Spherical 

High Gain Excellent Good Good 

Low freq. Poor Poor Good 

Cost Low Moderate Moderate 

Speed Good Moderate Low 

Near-Field Modal Expansion 



 

The radiation of the antenna can be described in terms of 
angular spectrum of waves 

IǳȅƎŜƴΩǎ principle 

Fourier transform from near-field space to propagation vectors in 
far-field 

 

 

Image: www.schoolphysics.co.uk 

Planar Near-Field Theory 



 

Traditional approach ignores coupling so the measurement plane 
must be at a larger distance.  

As scan area is reduced truncation of the near-field will create far 
field pattern variations 

Maintaining a sampling internal of ˂/2 and sufficient scan area 
will need many measurements 

 

 

 

Planar Near-Field Theory 
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Planar Near-Field Theory 
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The two tangential components are sufficient to fully construct the third 

component.  

With a Fourier transformation we can obtain the PWS terms 
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Planar Near-Field Theory 



  

 

                            

In the far-field zone of the antenna ( kz >> 1), based on the method of steepest 

descent, the E field can be represented by the asymptotic expansion 

as long as the following relationships are maintained 
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Planar Near-Field Theory 



Becomes a simple Fourier 
transform 

Easy to  calculate quickly 

No probe coupling 

Knowledge of the probe response  

 

 

 

 

Formulas: NIST Course 

Planar Near-Field Theory 



Traditional near-field scanning can be done at any distance but non 
coupling assumptions means actually far away 

Implications for planar are bad 

Also requires shielded room 

Passive OK but Active hard 

 

Near-Field Scanning Problems 



Very-Near-Field Techniques 



/ŀƴΩǘ ŀǾƻƛŘ ŎƻǳǇƭƛƴƎ ǎƻ ƳŀƪŜ ƛǘ 
predictable 

Static array has constant effect 
for each sample 

Very-Near-Field Difficulties 



Still have limitations of 
finite planar scans 

Hemispherical results 

Limited angular 
coverage 

E-theta always reduces 
to zero at horizon 

 

Results with ideal data 

Very-Near-Field Difficulties 



Proper probe compensation 
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Very-Near-Field Difficulties 



Advantages as well 

Very-Near-Field Difficulties 



 

Array of sensors 

Having an addressable array of probes 
makes the near field sampling very fast and 
repeatable 

Very-Near-Field Implementation 



 

Array of sensors 

Having an addressable array of probes 
makes the near field sampling very fast and 
repeatable 

 

Small loops 

Not sensitive but very broadband with  good 
isolation and polarization specs 

Very-Near-Field Implementation 



 

Array of sensors 

Having an addressable array of probes 
makes the near field sampling very fast and 
repeatable 

 

Small loops 

Not sensitive but very broadband with  good 
isolation and polarization specs 

 

Reference channel 

Allows phase measurement of active devices 

Very-Near-Field Implementation 



Very-Near-Field Implementation 



 

Fast scanner repeatable 

No chamber  

Minimal maintenance 

Easy to use 

Ability to see surface currents 

 

Very-Near-Field Benefits 



Visualizing interference in the near field  

Resonance and mutual coupling 
 

Near-Field Itself 



Antenna position 

Loading and field perturbation 
 

              

                    

Near-Field Itself 



Break 



Overview 



Antenna Design Problems 

Growing complexity of antenna 
design 

ï 5+ embedded antennas 

Å GPS/Bluetooth/Wi-Fi/GSM 
Quad etc. 

Å GSM, motion detector, sensors 
etc. 

ï Critical interactions 

ï Higher data rates 

ï Spectrum congestion 

 

Antenna research 

ï Material 

ï Novel design 

 

 



RFxpert 

Real-fast measurement (<1 sec) 

 

Compact tabletop instrument 

 

Cost effective solution  

 



Functionality 

Far-field patterns and bisections 
ï EIRP 

ï TRP 

Near-field insights 
ï Amplitude and phase 

ï Polarization diversity 

Graphs S11 

Calculates gain and efficiency 

300 MHz to 6.0 GHz 
ï 300 MHz to 700 MHz w/o far-field 

Multiple modulation formats 
ï Cellular /Wi-Fi / WiMAX / LTE 

ï Bluetooth 

ï RFID 

ï GPS 



Technical Specifications 



Configuration 

USB USB 

RFxpert 

EMSCAN Application 

VNA or BSE 

Power Meter 

USB 

RF 

GPIB USB 

http://www.home.agilent.com/agilent/product.jspx?nid=-35560.695947.00&cc=CA&lc=eng


Near-Field 

Insights into design issues 

 



Fixed Frequency Scan 

Gain, efficiency, EIRP and PRAD measurements of a device under test at a 
discrete frequency 



Swept Frequency Scan 
Gain, efficiency, EIRP and PRAD measurements across a range of 
frequencies at set intervals through remote control of a Network Analyzer 



Aggregate Node 

Combined frequency scanning 
results for full spherical far-field 
view 

 

User defined elevation for 
asymmetrical devices  



S11 Scan Display 

S11 amplitude and phase measurements at a single frequency or range of 
frequencies through the remote control of a Network Analyzer 



Comparative Results 



Comparative Results Efficiency 
Mobile Phone: Satimo Starlab versus RFxpert 

Note: Prior to 

compensation 

adjustments. Low band 

offset applied by 

customer 
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Mobile Phone: Satimo Starlab versus RFxpert 

Comparative Results Efficiency 

Note: Prior to 

compensation 

adjustments. Low band 

offset applied by 

customer 



Antenna: Chamber versus RFxpert 

Comparative Results Peak Gain 



Antenna: Chamber and RFxpert 

Comparative Results Peak Gain 



Mobile Phones: CTIA chamber versus RFxpert 

Comparative Results TRP 
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Figure 7: Comparison of Chamber Results (in blue) with Very-Near-Field Results obtained from 
an implemented very-near-field scanning system. 

Chamber vs. Very-Near-Field Scanning System (Wi-Fi 2.4GHz) 



Mobile Phones: CTIA chamber versus RFxpert 

Comparative Results TRP 

Figure 8: Comparison of Chamber Results (in blue) with Very-Near-Field Results obtained from an 
implemented very-near-field scanning system. 

Chamber vs. Very-Near-Field Scanning System (WCDMA Band 5 &6) 
  



The distance is not fixed but does need to be known 

Flexible Separation 



The distance is not fixed but does need to be known 

Flexible Separation 



Some Applications 



Cellular 

Power and pattern measurements at a single channel or a series of channels 
through the remote control of a Base Station Emulator 



Cellular Head and Hand Effects 

Integrate SAM body parts for real time analysis 



Wi-Fi 
Power and pattern measurements at a single frequency 



RFID 
High frequency RFID 840ς960 MHz 

Picture from www.instrumentel.com/ 



Phased Array Antenna 
Phase balancing: Phase information allow any combination of near-field 
data of all antennas for proper transformation into far-field characteristics 

Picture from www.mathworks.com/ 



MIMO 

Near-field for antenna diversity 
and mutual coupling 

 

Far-field for real-time tuning 


