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boosting wireless efficiency

How antenna coupling loss and VSWR affect 
measurement accuracy
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This paper addresses coupling loss and its relevance to RF 
measurements, their repeatability and accuracy. It also 
attempts to provide an understanding what the good VSWR 
(Voltage Standing Wave Ratio) of Willtek’s 4916 Antenna 
Coupler means for the performance of the antenna coupler.

The paper highlights the most significant issues around cou-
pling loss and explains why the attenuation values are slightly 
higher on the 4916 compared to other couplers, and why this 
does not matter!

Principle of the antenna coupler

A couple of years ago mobile phones had proper antenna con-
nectors, which allowed for conducted measurements on these 
phones. But even then the use of different antenna connectors 
posed a challenge to the service centres, since they needed 
a cable for virtually each individual phone. The industry rec-
ognised the antenna connector as a component contributing 
to the manufacturing cost, power level inaccuracy and war-
ranty claims, so most phones today only have an integrated 
antenna, requiring radiated measurements that make proper 
measurements more difficult.

This is where antenna couplers provide a solution. Antenna 
couplers are, in principle, antennas connected to the test 
equipment. Through these antennas, the test equipment 
communicates with the mobile phone under test. Since the 
attenuation in the path between the antenna coupler and the 
mobile phone’s antenna differs from phone to phone model, 
this attenuation must be calculated for each model to ensure 
proper measurements. The challenge of course is to measure 
this coupling loss.

Antenna couplers and VSWR

Willtek’s 4916 Antenna Coupler is already a second genera-
tion antenna coupler, following the 4910. The 4916 uses a 
spiral antenna, which is a broadband antenna covering a large 
frequency range with a relatively flat frequency response. The 
first generation antenna coupler 4910 was using two different 
antennas, one for the 900 MHz frequency band and one for 
the 1800/1900 MHz frequency band. However, this turned out 
to be a disadvantage since more and more frequency bands 
opened up, e.g. above 2.2 GHz or in the 700 MHz range, where 
the performance of this band solution suffered.

VSWR of the 4916

The transmission performance of an antenna (gain, efficiency) 
is affected by a bad match of the involved components to the 
system impedance, which is usually 50 Ω1. In the case of the 
4916 the “bad” component can be considered the antenna of 
the mobile phone, which usually has a very different match-
ing behaviour. This mismatch results in additional attenuation. 
Table 1 gives some figures for different VSWR values.

VSWR Mismatch loss
1.5 0.2 dB

2.0 0.5 dB

3.0 1.3 dB

4.0 1.9 dB

5.0 2.5 dB

6.0 3.1 dB

Table 1: Mismatch loss depending on VSWR

The VSWR of the 4916 is better than 2, even reaching 1.5 
in certain frequency ranges. This has been tested and veri-
fied with a network analyzer. The VSWR is influenced by the 
device under test (i.e. the mobile phone) in the near field 
environment and can therefore change slightly. As a result, 
the device under test has an influence on the coupling loss 
value. This change is so much smaller than the basic VSWR 
of the antenna coupler! Competing products usually have a 
VSWR in the range of 3 to 6, which means that the feedback 
effect from the phone may lead to an even higher VSWR and 
coupling loss.
1 The impedance of the spiral antenna used in the 4916 itself has a higher 
impedance due to the non-conducted transmission. A transformer within the 
4916 adapts the antenna’s impedance to the 50 Ω used at the connector.



Coupling loss

The coupling loss of the signal from a mobile phone to the 
antenna coupler with constant distance is smaller, the higher 
the gain of this antenna. The gain of an antenna can be 
improved by limiting its bandwidth. This is the major differ-
ence between the 4916 and its competitors. The 4916 has a 
single broadband antenna ranging from 700 to 2700 MHz, 
whereas the competing products are using two narrowband 
antennas only covering the frequency bands in the 900 MHz 
range and the 2 GHz range. In between these two frequency 
bands the coupling loss and performance is most questionable, 
e.g. when being used for GPS signals in the 1500 MHz range, 
whereas the 4916 antenna has a very constant performance 
across the whole frequency range. Testing across a wide fre-
quency range becomes more important with the introduction 
of Bluetooth, WLAN, GPS and new cellular frequency bands 
into mobile phones.

Constant performance also relates to the VSWR of the 
antenna coupler. For an antenna coupler with a high gain, the 
VSWR is sufficiently good only in a small frequency range, 
whereas for a broadband antenna the matching and therefore 
also the VSWR remains good over a large frequency band.

From this relationship it can be concluded that a slightly high-
er coupling loss of a broadband antenna coupler with a better 
VSWR will show a smaller variation of the coupling loss, which 
provides repair centres with higher measurement repeatability. 
Repeatability in this context means that if you use e.g. 10 
test setups consisting of high-accuracy mobile phone testers 
(such as the 4405) and the 4916 Antenna Coupler to test one 
phone, the differences between these measurements will be 
smaller than when tested with any different antenna coupler.

The smaller coupling loss values of other antenna coupler 
models do not offer any advantage besides providing a higher 
RF power level at the test instrument. This is not necessarily 
an advantage since the coupling loss is compensated in the 
test instrument. The actual RF power level seen by the instru-
ment for a given phone is not the important piece for accu-
rate, repeatable measurements. It is more important that the 
loss due to coupling of this RF power level has been properly 
compensated for. This will give service centres and manufac-
turers an accurate measurement with the repeatability and 
cross-system accuracy they need to have confidence in the 
system.

Is a higher coupling loss an issue?

Some people perceive a higher coupling loss as an issue. 
However, it is not, as long as the test equipment is capable of 
compensating the coupling loss values. Coupling loss values 
are simply additive values which need to be compensated by 
simple math inside the test equipment. E.g. if a mobile phone 
transmits at 21 dBm and the antenna coupler has a high cou-
pling loss of 20 dB, this means that 1 dBm only arrives at the 
test equipment’s input. As long as the test equipment can reli-
ably perform all measurements at this power level there is no 
disadvantage.

Figure 1 shows the dynamic range of the 4400 Mobile Phone 
Tester Series with the CDMA2000 System Option. In addition it 
shows the dynamic range of an open loop power measurement 
of a CDMA2000 phone. The middle bar shows how the range 
matches with the 4400 when using a cable connection. The 
right hand bar shows how the dynamic range matches when 
using an antenna coupler with 20 dB of coupling loss. Clearly, 
the 4400 has the dynamic range to perform reliable measure-
ments even with a 20 dB coupling loss.
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Figure 1: Matching of different level ranges to the level range of a mobile 
phone tester

If the coupling loss exceeds 22 dB then the level received by 
the 4400 is below –70 dBm. The 4400 is still able to measure 
the signal, although not with the specified high accuracy. The 
accuracy is slightly lower, but should still be acceptable and 
the repeatability will be the same, as each 4400 shows the 
same deviation.

Limits and coupling factors

Special care must be taken when calculating coupling losses 
and limit values which are distributed to multiple test stations. 
Test engineers must factor in the test equipment measurement 

Coupling loss and test limits
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accuracy and coupler-coupler accuracies. Currently the 
4403 measurement accuracy typically is ±0.7 dB and the 
coupler-to-coupler accuracy is 1.4 dB or better, which is a 
total of 2.8 dB (2 * 0.7 dB + 1.4 dB). The upper and lower 
measurement limit should reflect the allowable range, the 
measurement accuracy and the coupling accuracy.

Marginal phones

One significant difference between direct connect and 
radiated testing is the uncertainty in the actual measure-
ments. Manufacturers of wireless devices recognise this 
simply because there is more inherent error (or uncertain-
ty) in a radiated test than the direct connect – this comes 
from the fact that the antenna coupler adds uncertainty. 
This difference is about 1.4 dB in the 4916 case.

The effect is not seen on most phones because they either 
pass or fail without being close to the test limits. If you 
have a phone that is performing at the edge it may some-
times pass a radiated test or fail a radiated test. It will do 
this on the same system or across systems. The more you 
tighten the limits the more this will occur. The answer lies 
not in the test equipment but in the process for handling 
marginal phones. This is why some vendors specify differ-
ent limits, depending on the type of connection (cable or 
coupler).

A service centre needs a process for handling the marginal 
phone when discovered. From a customer satisfaction per-
spective, it is probably a good idea to calibrate (or tune) 
the phone to bring it up (or down) to the proper power 
levels at each frequency. If this cannot be done, then it 
should be checked for further damage. The trade-off is a 
financial one. A repair centre can increase the amount of 
tuning and decrease the number of returns. Or it can sim-
ply retune the returned phones that were sent out as good. 
Marginal phones are a reality and different companies 
treat them differently. 

Conclusion

In most cases, the magnitude of the coupling loss values 
is not an issue; instead, the principle of the coupler deter-
mines how constant over a frequency range the coupling 
loss is. A high coupling loss value is not an issue as such, 
but a low VSWR can reduce measurement uncertainty and 
increase repeatability. The Willtek 4916 Antenna Coupler 
has been designed to be a practical tool for most wireless 
applications, while also contributing to the best possible 
measurement accuracy.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


