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1 ABSTRACT

Currently, data transport of high definition serial 

digital interface (HD-SDI) signals at 3 Gb/s is state 

of the art and standardized by the Society of 

Motion Picture & Television Engineers (SMPTE). 

For return loss and voltage standing wave ratio 

(VSWR) measurements, suitable equipment is 

available. With upcoming ultra high definition 

(UHD) signals and related high frequencies, the 

discrepancies between available 50 Ω measuring 

equipment and defined 75 Ω video standards 

increase. 

This paper explains the influence and importance 

of return loss in a video system and shows a 

suitable test method which Neutrik believes is 

the best for high frequencies. Further return loss 

measurements compare Neutrik`s new rearTWIST 

UHD BNC connector, which is specifically designed 

for high frequencies, with UHD optimized 

connectors from common manufacturers up to 

18 GHz (ST 2082-1).

THEORY

2 RETURN LOSS

2.1 What is return loss?

Return loss is signal attenuation caused by 

im-pedance variations in the structure of a cable 

or associated connection parts like Bayonet Neill–

Concelman (BNC) connectors. These variations 

cause some part of the signal to reflect (return) 

back to the source. At lower frequencies, return 

loss is a minor effect; at frequencies above 50 MHz 

it can have a significant impact on the signal 

performance and the transmitted distance. For 

signals with high bandwidth (e.g. UHD) and 

resulting high frequencies, it can be a critical 

factor. In addition also the VSWR is a function 

of the reflection coefficient, which describes the 

power reflected from the end of the system and is 

another representation of the return loss.

2.2 About return loss

With the transition to UHD signals, including 

4K and 8K signals with their higher data rates 

up to 24 Gb/s (ST 2083-1 pending) and related 

in-creased clock frequencies, the impedance of 

BNC connectors becomes more important than 

ever. Every impedance deviation has a negative 

influence on the return loss and VSWR values. 

In order to maintain the square waveform of digital 

signals harmonics (table 1) up to the 5th order 

should be considered. Taking the 3rd harmonic 

as a limit represents a reasonable compromise 

between signal waveform and reliable test results.

 3.0 Gb/s

 6.0 Gb/s

 12.0 Gb/s

 4.5 GHz

 9.0 GHz

 18.0 GHz

HD acc. ST 424

4K acc. ST 2081-1

4K acc. ST 2082-1

DATA RATE 3rd HARMONICS APPLICATION

table 1



3 HOW TO MEASURE RETURN
 LOSS UP TO 18 GHZ

3.1 Challenges

As mentioned, for high definition signals (HD) up 

to 3 GHz, there are suitable return loss and VSWR 

measuring devices available. For 4K and 8K signals 

with related high frequencies (table 1), there is 

only some dedicated 75 Ω return loss measure-

ment equipment and related calibration kits avail-

able, but with limited frequency range (see refer-

ences No 2.). 50 Ω based test instru-ment systems 

have to be used to carry out measurements in the 

required extended fre-quency range. The Time 

Domain Gating (TDG) method can be used as an 

alternative to the conventional S11 (ST2081-1 & 

ST2082-1) measurement procedure on frequency 

domain in order to avoid calibration uncertainties 

due to components (e.g. adapters, matching pad, 

etc.) which are not specified for higher frequen-

cies. The major advantage of TDG is an easier visu-

alization and localisation of impedance deviations.

3.2 Principle - Time Domain Gating (TDG)

a) The device under test (DUT) is connected to 

the network analyser via a short adapter cable. 

This increases the distance between the test 

port, any existing adapters and the DUT, 

which enhances the distinct identification from 

impedance deviations.

b) The measured signal is transformed from fre-

quency to time domain (figure 1 & 2). Similar 

to a conventional Time Domain Reflectometer 

(TDR), all impedance deviations from DUT 

components (e.g. BNC connector, cable, etc.) 

can be clearly identified.

c) A gate (figure 2) with defined start and end 

points is positioned on the DUT component 

(e.g. BNC connector, cable, etc.) which has to 

be measured.

d) Current return loss values inside the gate are 

transformed back from the time domain to the 

frequency domain (figure 3), representing the 

return loss from a defined position within the 

DUT.

figure 1

figure 3
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figure 2
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MEASUREMENT – TDG METHOD

4 RETURN LOSS MEASUREMENT
 UP TO 18 GHZ

The following return loss measurement demon-

strates the functionality of the TDG method by 

an ex-ample and compares the performance of 

Neutrik`s new rearTWIST UHD BNC with well-

known connectors from US and French manufac-

turers, offering UHD-optimized BNC connectors, 

in order to provide a verifiable reference of com-

monly used products in the professional broadcast 

industry.

4.1 Measurement setup & condition

Figure 4 and table 2 show the measuring setup 

including network analyzer, adapter cable, DUT 

and a 75 Ω load for the return loss measurement 

via TDG method. 

4.2 Measurement results “non-gated”
 in frequency and time domain

The measured return loss values are transformed 

from the frequency domain to the time domain. 

The gate (figure 5) is manually positioned (table 3 

lists used gate parameters) to measure the BNC 

con-nector and blend out the impedance of the 

cable, analyser, etc. 

 

figure 5

figure 4

Spam

Zero point

End point

 5 ns

 5,5 ns

 8 ns

PARAMETER VALUE

Network Analyser

Adapter cable

COAX cable DUT

BNC connectors I

BNC connectors II 

BNC connectors III

HP 8722D

SMA terminated with Belden 1694A

(0.8 m length)

and a BNC female jack on the other side

Belden 1694A (8 m)

Neutrik rearTWIST UHD BNC 

NBNC75BTU11X

Common French manufacturer 

Common US manufacturer

ITEM TYPE

Gate
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4.3 Conclusion & Results 

The goal was to receive verifiable return loss 

characteristics of BNC connectors, measured with 

a suitable test method for high frequencies up to 

18 GHz (ST 2083-1). Due to limited calibration 

kits for 75 Ω systems for high frequencies the 

TDG method (section 3.2) has been chosen to 

measure the return loss of the connector only, 

suppressing the impedance deviations of the cable 

and adapters.

To compare the new rearTWIST UHD BNC, 

specifically UHD optimized connectors from 

common manufacturers were used as reference.

All BNC connectors indicate low return loss values 

and sufficient headroom to the required UHD 

limit (figure 6) over the entire frequency range up 

to 18 GHz (ST8083-1). Therefore all 3 connector 

types are suitable for high resolution video signal 

transmission.

Figure 6 represents the optimum measuring 

setup with minimum connection points to 

avoid additional adulteration from the return 

loss values. In reality, real broadcast installations 

contain multiple BNC connection points which 

have significant influence on the return loss 

performance. Therefore sufficient distance 

(headroom) to the UHD limit is essential to 

guarantee appropriate signal transmission. 

Neutrik’s new rearTWIST UHD BNC achieves 

increased headroom compared to the connectors 

from the US or French manufacturers and 

offers additional return loss reserve for potential 

impedance de-viations resulting from cable 

bending, incorrect connector assembly or faulty 

connection interfaces without signal interruption. 

UHD-LIMIT

ST2594
ST292-1

ST424
ST2081-1

ST2082-1
Headroom

ST2083-1

BNC Connector - Manufacturer 1
BNC Connector - Manufacturer 2
Neutrik rearTWIST UHD - BNC Connector
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