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Digital oscilloscopes fall into two groups – real-time and sampling oscilloscope (also known as equivalent-time sampling oscilloscope)� 
When it came to optical signal measurement with an oscilloscope, a sampling oscilloscope has almost always been used for most 
optical waveform analysis because of its ability to perform reference receiver testing and its bandwidth performances keeping up with 
the fast fiber optics and measurements optimized for optical analysis�

However, as bandwidths of the oscilloscopes continue to increase, sampling oscilloscopes and real-time oscilloscopes have begun to 
overlap in many application spaces, including that of optical signal analysis�
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Real-Time vs Sampling Oscilloscope

The first thing you may notice when looking at the bandwidth and sample rate characteristics 
of two different types of oscilloscopes is that a real-time oscilloscope samples at a rate faster 
than the signal being observed, according to the Nyquist theory saying that the sampling rate 
should be, at least, twice the highest analog frequency component of input signal to avoid 
undesirable measurements in the form of aliasing or distortion�

Sampling rate > 2*fmax of signal where fmax is the highest analog frequency component� 
However, in the sampling oscilloscope, the actual sample rate is much slower than the signal
being observed�

The real-time oscilloscope captures the entire waveform in one acquisition cycle and an 
interpolation technique such as sine x/x is used to fill in the points in between actual sampled 
points� Therefore, the real-time oscilloscope is excellent for capturing transient, non-repetitive 
single shot events as well as repetitive signals�

On the other hand, a sampling oscilloscope captures only one sample at each trigger� The next 
sample is taken at a slight time delay compared to the previous sample, and it goes on and
on� Through multiple passes of the signal trigger and sample captures, the waveform can be 
precisely reconstructed� Because only one sample is taken at each trigger, the A /D process 
can have a very high resolution with very low noise and jitter�

Figure 1� Real time scope vs sample scope acquisition�

Real time scope acquisition Sampling scope acquisition

Input signal

Input 
signal

Sample clock

Trigger signal

Trigger level

Trigger 
point

Sampling 
point

Re-arm 
time

Sequential 
delay

(3)

(2)

(1)

Trigger 
signal

Reconstructed 
waveform Reconstructed 

waveform
Interpolation is 
used to fill in 
points between 
actual sample 
points

(n)(n-1)

(1)

(2)

(3)

ts

td

(n)(n-1)



04 | Keysight | Optical Signal Measurements Using A Real-Time Oscilloscope - Application Note

What happens if you don’t have a clock to drive the oscilloscope? For a real-time oscilloscope, 
because the trigger is built-in, testing at the system level without a clock is just easy�

However, with a sampling oscilloscope, a clock recovery accessory is required to pick off some 
signal and extract a clock� Due to this clock extraction process, you lose some signal amplitude, 
and what’s left for the oscilloscope input may not be enough for good measurements�

Triggering

When it comes to a difference in triggering, a real-time oscilloscope has a built-in trigger 
source, and no explicit trigger is needed to capture a waveform�

However, a sampling oscilloscope requires a clock, typically from a pattern generator, to 
trigger the oscilloscope and provide a synchronized pattern to the DUT� It can be somewhat 
troublesome at the system level testing, where no clock is available on the system�

Figure 2� Triggering dif ference between real time scope and sampling scope�

Figure 3� What happens if you don’t have a clock to drive the oscilloscope?
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Therefore, the real-time oscilloscope is better suited for system level testing, where there are 
mixed electrical and embedded optical signals on the board with no clock patterns to drive the 
trigger� It would be ideal for debugging or troubleshooting the system board where you want 
to look at the correlation between the electrical signal measured with a probe and the optical 
signal taken with an O/E converter�

However, a sampling oscilloscope is optimized for testing an optical component or transceiver, 
in which a typical test configuration involves the DUT component and signal source for 
generating the signal impairments and to drive the clock recovery module�

Figure 4� When to use real-time scope vs sampling scope for optical measurement?
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Noise Floor

If you have had a chance to fiddle with the vertical scale setting on a real-time oscilloscope and 
a sampling oscilloscope, you may have noticed that the inherent noise floor of the real- time 
oscilloscope increases as the vertical scale gets larger� On the other hand, the sampling 
oscilloscope’s noise floor stays unaffected by vertical scale changes�

Here in the example, the displayed noise on a real-time oscilloscope with the N7004A O/E 
converter is compared to a sampling oscilloscope in the same bandwidth� Notice that the 
real-time oscilloscope noise grows as you switch to higher watt/div settings, while the sampling 
oscilloscope noise remains constant�

To maximize the SNR with a real-time oscilloscope, it is important to note that you must set the 
vertical scale as low as possible while fitting most of the signal contents on screen�

Figure 5� Sampling oscilloscope noise remains constant over vertical scale change�
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Benefits of Integrated O/E Solution

The Keysight N7004A is the first fully-integrated optical-to-electrical converter solution for 
Infiniium real-time oscilloscopes� A full suite of optical measurement software is built into the 
Infiniium baseline software v 05�70 or higher and is offered at no additional cost� The N7004A 
comes in a compact form factor that is plugged directly into the AutoProbe II probe interface of 
the Infiniium oscilloscope�

The integrated solution provides unparalleled convenience and performance benefits over the 
off-the-shelf O/E product commonly available in the market� Some of the key benefits include 
the followings�

 – Plug-on module with auto configuration and auto power from the oscilloscope
 – DSP corrected frequency response
 – Superior signal integrity
 – Optical measurements in watt
 – Integrated optical measurements including built-in extinction ratio measurement with dark 

calibration

Figure 6� N7004A O/E converter delivers integrated solution benefits�
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In Summary

Figure 7� Positioning real time vs sampling scope for optical measurement�

The real-time oscilloscope is essentially an R&D tool for system level testing� It gives flexible 
triggering features and powerful analysis� The real-time oscilloscope also is a great debugging 
or troubleshooting tool and is also excellent for when you want trigger on hard-to-find signal 
events� However, it is somewhat expensive compared to the sampling oscilloscope and is not 
optimized for component level testing in manufacturing environment�

The sampling oscilloscope based O/E solution is a cost-efficient method well suited for 
component level testing such as testing optical transceivers in the manufacturing environment� 
If your application includes a repetitive waveform that requires lower noise, jitter and a higher 
dynamic range, a sampling oscilloscope is a good choice�

Real time
 – R&D
 – System level (electrical > optical)
 – Flexible triggering and powerful 

analysis
 – Debugging and troubleshooting

Sampling
 – Manufacturing > R&D
 – Component level (optical)
 – Cost effective
 – Compliance test
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