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W
ith serial data rates continuing to climb, 
minimizing the effect of the measure-
ment system’s internal noise on the signal 
is increasingly important. As output volt-

ages shrink to boost speeds, the margin between pass and fail 
has shrunk to the point where noise from the signal and the 
measurement system can combine to close the eye.  

One of the most important elements in ensuring accurate 
measurements is the connection between the signal access point 
and the oscilloscope. This connection needs to be able to handle 
signals as fast as 30 GHz to ensure accurate results for compli-
ance measurements, while adding very little noise. Fortunately, 
high-speed oscilloscope probes boost measurement accuracy at 
these higher data rates. They also help simplify what would oth-
erwise be a daunting test and measurement challenge. 

SIGNAL ACQUISITION REQUIREMENTS

Data rates of third-generation serial bus standards continue 
to increase, moving the minimum bandwidth requirement for 
debugging many common buses beyond 16 GHz, and even 33 
GHz (see the table). To ensure accuracy, standards bodies typi-
cally specify the use of an oscilloscope with a bandwidth several 
times more than the fundamental frequency of the serial signal. 
Support for differential, single-ended, and common-mode 
measurements is equally important in oscilloscopes and probes.

Nearly all high-speed data buses use transmission lines that 
are differential pairs, which are used for upstream or down-
stream communication. They are also used as lanes if the bus 
uses multiple transmit and receive lanes. Acquiring and mea-
suring these differential signals with a high common-mode 
rejection ratio (CMRR) requires an oscilloscope probe with 
a differential amplifier input stage. High CMRR is needed to 
reject signals common to both sides of a differential pair. The 
common-mode signals can show as distortion or added noise 
in the differential measurement.

Acquiring differential signals is critical, but measuring each 
side of a differential pair individually (single-ended) and the 
common-mode components of the signal is important as well. 
Many high-speed serial bus standards specify that compliance 
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1. This block diagram shows a probe that supports differential, com-

mon-mode, and single-ended voltage measurements with a single 

coax connection to the device under test. 
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HIGH-SPEED SERIAL STANDARDS

Standard Data rate Third 
harmonic

Fifth 
harmonic

10Gbase-KR/ 
Thunderbolt/SFP+

10.3125 
Gbits/s 16 GHz 26 GHz

CEI-11 11 Gbits/s 17 GHz 28 GHz

SAS-3 12 Gbits/s 18 GHz 30 GHz

16G Fibre Channel 14.025 Gbits/s 21 GHz 35 GHz
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testing must verify that a bus meets specifications for differen-
tial, single-ended, and common-mode voltage outputs. 

Differential probes with high bandwidths are readily avail-
able for measuring differential voltage levels. Measuring 
single-ended or common-mode voltages requires multiple 
probes or moving a single probe from point to point. A sig-
nificant advance in usability is a new generation of probes 
that allow measurement of differential, single-ended, and 
common-mode voltage levels with a single connection to the 
device under test (DUT) using a single probe setup (Fig. 1).

COAXIAL CONNECTIONS

Connecting to high-speed buses often requires a controlled 
impedance board or fixture with coaxial connectors such as 
SMP or 2.92-mm/K-type connectors. An oscilloscope can 
be connected to the test fixture with coaxial cables with the 
appropriate connectors on each end. However, coaxial cables 
exhibit variable loss with respect to frequency (Fig. 2). This 
loss needs to be addressed. 

In addition, any two coaxial cables are not identical in 
length and therefore have different propagation times. Dif-
ferences even as small as a few picoseconds show as skew 
between differential signal pairs and can degrade the quality 
of the measured signal. Timing skew between cables needs 
to be measured and adjusted out for an accurate differential 
measurement.

A probe with coaxial input connectors eliminates the need 
for a separate set of coaxial cables. With the latest 33-GHz 
probes, the system response is calibrated in level (±1 dB) and 
skew (±2 ps) at the probe’s tip. This calibration eliminates the 
need to correct the measurement for loss or timing skew in a 
set of cables.

To further enhance the measurement, the signal acquired 
at the probe tip can be corrected based upon 
S-parameter models of the probe and S-param-
eters of the oscilloscope system stored in each 
device. The model is automatically downloaded 
to the oscilloscope when the probe is connected. 

These S-parameters are used to correct the 
frequency response for the measurement sys-
tem including any loss or gain in the probe. 
Connecting to the test fixture directly with the 
probe reduces the distance between the signal 
output and the measurement system input and 
improves the fidelity of the measurement. 

Coaxial connections also present challenges 
when making the various mode measurements 
required. If the two inputs are used for a dif-
ferential measurement, making single-end-
ed measurements means the engineer must 
ensure that the unused input is correctly ter-

minated. Measuring common-mode voltage is also more 
involved, requiring the test engineer to measure both sides of 
the differential pair (A and B), then inserting the two wave-
forms into:

Common-mode voltage = (A + B)/2 – the reference voltage 
(usually 0 V or ground)

The math function on an oscilloscope makes this calcula-
tion possible, but using waveform math adds time and com-
plexity to the measurement. In contrast, the latest probes 
incorporate a switch matrix that allows the user to switch the 
routing of the signal’s differential pair. 

Either side of the differential pair can be measured, as well 
as its differential and common-mode components. When 
making multiple differential, single-ended, and common-
mode measurements, this eliminates the need to continually 
adjust and re-adjust the probe’s connection to the DUT. As an 
added convenience, the probe offers automatic probe tip iden-
tification, which ensures the correct digital signal processing 
filters are used.

SYSTEM NOISE

High-speed data signals achieve some of their speed 
increase by lowering the differential output voltages, making 
lower noise in the system and in the measurement system 
important. As the output voltages shrink, the margin between 
pass and fail gets smaller. An eye diagram measurement of a 
12-Gbit/s serial signal illustrates how noise from the signal 
and the measurement system can combine to close the eye 
(Figures 3 and 4). 

Measuring these lower voltage swings requires a probe and 
oscilloscope with a high signal-to-noise ratio (SNR) to mini-
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2. This graph shows the varying loss for four different coaxial cables. 



GO TO ELECTRONICDESIGN.COM 69

DesignSolution

mize the effect of the measurement system’s internal noise 
on the signal. The latest probes and high-performance oscil-
loscopes together provide a system noise specification of less 
than 1 mV rms. Previous probe and oscilloscope combina-
tions can have as much as three times as much noise.

In addition, it’s important to keep the cable length from the 
DUT to the probe or oscilloscope as short as possible to mini-
mize added noise. Locating the probe’s differential amplifier 
close to the DUT reduces the noise.

In addition to a high SNR, high sensitivity is desirable. 
Often access to the signal under test is at the end of a back-
plane or a compliance load board channel. The lower the 
serial signals’ amplitude, the more sensitive the probe and 
oscilloscope need to be. High-performance oscilloscopes 
and probes offer high sensitivity at 3.48 mV/div at 30-GHz 
bandwidth compared to more typical sensitivities of 10 mV/
div or higher. 

PROBE MODELING

Design and implementation of serial data links often require 
many hours of simulation and modeling. Once hardware 
implementation begins, the serial links often require pre-

emphasis/de-emphasis at the transmitter and equalization at 
the receiver. Engineers may wonder how the system will react 
when a probe is attached to their finely tuned link. As such, it is 
important to ensure that measurements reflect the true opera-
tion of the serial bus, with any effects of the probe removed. 

One of the more innovative features now appearing in 
higher-speed probes is the ability to store S-parameter mod-
els directly in the probe. These models can then be read by 
the oscilloscope’s software when the probe is attached to the 
scope. The oscilloscope then removes the effects of the probe 
from the measured signal and gives the engineer a view of the 
signal as it appears at the TX output or RX input.

LOW-NOISE PROBES

As data communications standards move to higher and 
higher speeds, measurement systems must combine high 
bandwidth with low noise and high sensitivity. In addition to 
higher-bandwidth oscilloscopes and signal generators, engi-
neers must consider the connection between the DUT and 
the oscilloscope’s input. Many serial standards also require 
differential, single-ended, and common-mode measurements. 

While coaxial cables can be used for making the connec-
tion, this approach consid-
erably burdens the engineer 
to measure and remove 
channel  e f fec t s  and  to 
move connections around 
to make the different mea-
surements. New high-band-
width probes with coaxial 
inputs offer up to 33-GHz 
bandwidth performance 
for acquiring today’s high-
speed serial bus signals with 
minimal added noise and 
smaller than 1X attenua-
tion. Additionally, they pro-
vide the ability to measure 
differential, single-ended, 
and common-mode signals 
without changing physical 
connections. 
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3. When noise from the system and the measurement channel is minimized, the result is an “open” eye. 

4. High noise levels can reduce the eye amplitude (the difference between logic 0 and 1), making it difficult 

to recover or analyze the data. 


