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Overview

DDR4 and low-power DDR4 (known as LPDDR4) comprise the most recent generations of Double Data Rate (DDR) 
SDRAM memory. DDR4 and LPDDR4 enable significantly higher bandwidth for data transfer than DDR3 and offer 
evolutionary improvements in speed, density and power over previous generation memory. 

Designers are embracing the latest DDR4 and LPDDR4 memory technologies to increase system data rates beyond 2400 
Mb/s and push designs to record speeds and power savings. 

In addition to raw performance enhancements, new features and architectural changes have been added in DDR4 and 
LPDDR4 that offer many potential benefits, especially in regard to reducing power consumption:

 – Up to 30-40% power savings over DDR3 and LPDDR3
 – Greater efficiency and reliability
 – Higher density 
 – More error checking 

Significant design challenges present themselves when accommodating for shrinking timing margins at higher data rates. 
Ensuring maximum improvement with fourth-generation DDR memory, while limiting potential pitfalls, are key concerns 
for memory designers. 

Problem: Designing for greater speed and lower power

While JEDEC defines the specifications for protocol validation, developers themselves are required to verify compliance. 
With no formal verification labs or test centers, individuals must decide on the appropriate procedures, methods, and 
equipment to perform functional compliance tests.

With each advance in DDR technology, the rising data rates bring new design and test challenges. The higher clock 
frequencies increase signal integrity symptoms like reflections and crosstalk, causing signal degradation and logic issues. 
A shorter clock cycle means a smaller jitter budget, so reducing jitter is far more complex. And lower voltage swings 
require measurements to be made with very low noise.  

Finally, perhaps the single greatest challenge for DDR4 and LPDDR4 design is probing. Because even when a system is 
simulated and planned out well there can still be errors. To see how a system is really performing you need visibility of 
the actual traffic. Test equipment probing provides that visibility. With increasing data rates and technology changes, 
which limit signal swing, the data valid window (eye) is shrinking. As a result, obtaining a valid eye for the logic analyzer, 
while not disturbing the system under test, is extremely challenging and makes checking the signal integrity of DDR4 
and LPDDR4 memory much harder. The latest test and measurement techniques address these issues and help minimize 
design risks in debugging, validating and proving interoperability. Convenient DIMM/SODIMM locations provide the 
easiest probing for users. For chip-down or PoP (package-on-package) applications, BGA rework and/or sockets are 
utilized to access signals.

These advances allow for devices (enterprise, micro-server, and tablet) to have smaller chip footprints, that con-
sume less power, and generate less heat. But the benefits don’t come free. The new features also require new 
smarter memory controllers, new motherboards, new DRAM, new packaging, and new software. 

This application note provides solution examples of these DDR4 and LPDDR4 challenges:
1. Increasing data rates 
2. New system not behaving as designed
3. Signal integrity variations between systems
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The first basic measurements on a  logic analyzer are in 
timing mode, where they can view timing relationships 
among many signals or trigger on patterns of logic highs 
and lows. The high and low are detected by threshold 
levels. In state mode, the logic analyzer samples using the 
system clock, which means that the logic analyzer must be 
tuned to capture valid logic states on every signal probed.

Use of a logic analyzer in state mode to follow DDR4 and 
LPDDR4 memory signal flow offers insight into the actual 
behavior of the memory system. To accurately capture 
data on a bus, the logic analyzer’s setup/hold time must fit 
within the data valid window of the signal being sampled.

Because the location of the data valid window relative to 
the bus clock is different for different types of buses, the 
position of the logic analyzer’s setup/hold window must 
be adjustable (relative to the sampling clock, and with fine 
resolution) within the data valid window.

Reading eye diagrams
The eye diagram is a foundational tool for deciphering 
high speed digital busses. Eye diagrams are important for 
understanding DDR4 and LPDDR4 systems where scanned 
eyes are smaller than eyes at the probe point due to logic 
analyzer cable loss, jitter, and input bandwidth. Eyes 
scanned at the interposer are subject to reflections from 
the probing location on the bus that a scope-optimized and 
de-embedded BGA probe will not be subject to.   

Logic analyzer eyes are NOT used to qualify the DDR4 
eyes at the DRAM, but they can be used for qualitative 
comparisons and bus-level signal integrity insight by 
comparing signals scanned under the same conditions. 
Most importantly, they are used to set accurate sample 
positions for logic analyzer measurements and save time 
overall by  understanding which signals you need to look at 
in more detail with your oscilloscope. 

After inspecting individual DDR signals, you will want 
to validate that your system is sending the correct DDR 
commands, that memory banks are getting addressed 
properly, and that there are no protocol violations. You will 
need a measurement tool to separate read and write data 
signals and to display them at several levels of abstraction 
– from binary to protocol – to validate performance.

Benefits of a logic analysis system
As data valid windows shrink, the threshold settings become critical not only for state mode measurements but 
also for timing mode and Timing Zoom measurements

State mode (samples synchronous to the system clock)
 – See what happened on the bus
 – Allows user to follow the signal flow on the bus like a device on the bus
 – Enables listing decoders, powerful functional compliance validation, and performance tools to enhance

system analysis
 – Used to track functional problems and code flow
 – Extremely useful for software debug and hardware/software integration

Timing mode (samples asynchronous to the system clock) 
 – Displays signal edge timing relationships
 – Analogous to an oscilloscope with 1-bit resolution
 – Useful for hardware debug

Timing Zoom 
 – High speed timing traces with 80 ps (12.5 GHz) resolution
 – Captures signals and busses simultaneously with traditional timing or state mode measurements
 – Provides a window of visibility for 256 K around the trigger

Test requirements with a logic analyzer
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Keysight solution for functional DDR4 testing
Keysight logic analyzers combine reliable data capture 
with powerful analysis and validation tools to enable you to 
quickly and confidently validate and debug high-speed digi-
tal designs operating at speeds up to 4 Gb/s. They offer the 
speed and the features needed to see into DDR4 & LPDDR4 
data valid windows.

The Keysight U4154B logic analyzer module (Figure 1) 
provides reliable measurements on high-speed digital 
systems operating up to 4 Gb/s with eye openings as 
small as 100 ps by 100 mV. 200 M samples of available 
memory ensure that you capture enough system activity 
to troubleshoot complex systems. 12.5 GHz Timing Zoom 
with 256 K sample memory gives you simultaneous high-
resolution timing measurements covering a time span of 
20 us. The U4154B logic analyzer has a unique eye scan 
capability demonstrated in Figure 2, used to determine 
and set the optimal sample position and threshold for the 
individual signals. Eye scan provides an overview of signal 
integrity information on all channels in a matter of minutes. 

The U4154B logic analyzer users experience effective debug 
and validation across DDR2/3/4 and LPDDR2/3/4. The 
U4154B with the FS2510AB DDR4 DIMM interposer from 
FuturePlus Systems is the industry’s first proven solution for 
validating simultaneous read and write DDR4 traffic across 
all byte lanes captured from a DDR4 DIMM operating at 
data rates of > 3.1 Gb/s. Utilizing Keysight specialty prob-
ing, the U4154B system is the only logic analyzer solution 
proven to capture LPDDR4 at 3.2 Gb/s.

Figure 1. The U4154B 4 Gb/s state mode logic analyzer module system configured with FS2510AB 
DDR4 DIMM interposer for DDR4 DIMM analysis over 2.5 Gb/s and already proven above 3.1 Gb/s.

Figure 2. Signal trace-qualified eye scan allows you to view the activity on the signals only when a burst is taking place. In the screenshot above, 
DDR4 2400 Mb/s with a Read DQS, scanned in signal trace mode with no back to back bursts.
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The DDR setup assistant simplifies measurement setup and 
minimizes the time to first measurement by guiding you 
through even the most complex DDR setup in minutes.
 
The DDR setup assistant, available at no charge as part of 
the Keysight DDR/LPDDR memory support tools software 
package, includes a variety of powerful, time-saving trigger 
features optimized for DDR measurements. The DDR setup 
assistant simplifies measurement setup and minimizes the 
time to make your first state mode measurement. State 
mode captures enable accurate triggering on exact data 
bursts of interest and powerful protocol compliance and 
analysis SW tools. 
 
Burst trigger, one of the features included with the U4154B, 
makes it easy to trigger on events in a burst read or write in 
state mode (Figure 3). Burst trigger captures an entire data 
burst on DDR memory systems from one sequence level 
in the trigger menu. Intuitive trigger macros with diagrams 
provide visualization of triggering options and simplify the 
process of creating triggers.

For compliance application tools to detect and capture 
protocol compliance violations for DDR2/3/4 or 
LPDDR2/3/4, Keysight offers the B4622B protocol 
compliance analysis toolset with both real-time and 
post process tools. Monitoring your DDR bus real-time 
means your logic analyzer will trigger if the violation being 
checked ever occurs in the time specified in the software 
tool. The B4622B provides four software tools in one 
toolset, covering:

 – Automated real-time compliance violation capture
 – Post process compliance violation detection on single 

or repetitive captured traces
 – Calculate failure percentages from information on 

violations
 – Performance measurements
 – Physical address trigger creation

These four tools help to quickly identify protocol problem 
areas and also give an overview of system performance.
Keysight’s eye scan feature places the sampling point in 
both time and voltage within the eye on each individual 
channel for optimal sampling reliability and helps you 
position the sampling points for accurate read and write 
data capture. The feature qualifies scans of valid read and 
write commands while your system executes memory tests, 
random read and write traffic, or a stimulus program. The 
software will then display the read and write data valid 
window as a result of the scan (Figure 4).

DDR eye scan makes it easy to determine the optimum 
acquisition sample point without requiring an oscilloscope.  
Results can be viewed for each individual signal or as 
a composite of multiple signals or buses. The eye scan 
technology in the U4154B provides insights that can’t be 
achieved with any other test method. 

Logic analyzer configurations group signals so you can 
quickly spot byte lane-related signal integrity problems. 
Scans can be qualified based on state trigger criteria, thus 
providing unique insight. For example, read and write scans 
are separated for greater insight. 

Figure 4. Keysight eye scan software provides 
a very visual look into the DDR signals. 

Keysight solution for functional DDR4 testing continued

Figure 3. Burst recognizer trigger makes it easy to trigger on events in a burst read or write.
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Figure 6. DDR4 DIMM interposer.

Figure 7. DDR4 SODIMM interposer from FuturePlus Systems available through 

Keysight.

Figure 8. DDR4x/x8 BGA interposer.

Figure 9. Specialty probing from Keysight.

Custom interposer
If you need an interposer for which we do not have an existing design, our design team can work with you to create a custom 
solution. Please work with your local Keysight representative to initiate the process or visit www.keysight.com/find/contactus. 

Figure 5. Keysight Soft Touch logic analyzer probes.

Keysight probing
Probing DDR4 and LPDDR4 designs is a significant challenge. 
As data rates increase and the signal swing shrinks, the 
data valid window becomes smaller and as a result, probing 
a location without disturbing the system or adding extra 
loading becomes much more important. The latest test and 
measurement techniques address these issues and help 
minimize design risks.  

Keysight Technologies offers reliable, electrically and 
mechanically unobtrusive probes that make it easy to connect 
your Keysight logic analyzer to your system under test. Probing 
is the key to effective and efficient use of logic analyzers to 
visualize the best-possible signals.

To perform a complete functional test, you need to measure the 
data, command, control and address bus signals simultaneously. 

The Keysight Soft Touch logic analyzer probes (shown in 
Figure 5) are one probing solution. Their unique design allows 
for a solid contact with the traces, without a connector. With 
flow-through routing, data rates of 4 Gb/s are achievable. 
Placing the Soft Touch connector pad close to the DRAM 
generally provides better eyes than mid-bus placement.

The DDR DIMM or SODIMM interposers are another probing 
solution. Their non-intrusive design lets you measure the 
full command, address, control and data bus signals by 
connecting directly to the industry’s standard DDR DIMM or 
SODIMM connector (Figures 6 & 7). 

For chip-down systems, the approach is to probe all DDR 
signals right at the BGA balls. One solution is to place a thin 
fixture between the DRAM and the board to access all DDR 
signals. Keysight offers DDR4 BGA probe interposers for 
JEDEC standard footprints (Figure 8). LPDDR3 and LPDDR4 
probing solutions are available through the Keysight specialty 
probe process (Figure 9). 

Keysight solution for functional DDR4 testing continued
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Keysight application examples - reading eye diagrams

The following three examples show how to address some of the biggest DDR4 and LPDDR4 signal measurement test 
challenges with Keysight’s solutions, including the U4154B logic analyzer.

1.   Challenge = Increasing data rates

In Figure 10, the DQ scans are acquired in signal trace mode 
with no back-to-back bursts. This allows you to clearly see 
the start of the Read burst eyes and all eight data transi-
tions in the burst. A characteristic of the Psoudo open drain 
termination (ODT) used in DDR4 is that signals are high 
unless driven low. The eye scan software enables you to see 
all 64 data bits relative to each other on the screen. In the 
highlighted section, note that the first bit in each burst for 
every DQ has less swing than the remainder of the burst. 
This indicates that either the ODT is not being turned on at 
the right time or there is an inter-symbol interference (ISI) 
problem. In this example, the DQ signals look like they don’t 
have the drive strength to get to a full low, it takes 2 lows in 
sequence before the DQ achieve a true low. Closure of the 
eye is due partially to inter-symbol interference, where it is 
either drive strength or termination of the DDR4 DRAM that 
results in an inability to get the signals down in time for the 
sample. To investigate this further we cross-triggered with a 
scope, to check for ISI. See Figure 11. 

This scan has built up over 5000 valid read bursts for every 
pixel that is 20 picoseconds by 20 millivolts. This logic ana-
lyzer view is much like a sampling scope that builds up the 
eye of multiple valid events. Resolutions of 5 ps by 5 mV are 
also possible and the number of valid events is adjustable 
on the Keysight U4154B logic analyzer. 

ViewScope combines the powerful triggering and protocol 
analysis of a logic analyzer with the signal integrity insight 
of an oscilloscope to solve tough design problems. Keysight 
ViewScope allows you to easily make time-correlated mea-
surements between Keysight logic analyzers and oscillo-
scopes. The time-correlated logic analyzer and oscilloscope 
waveforms are integrated into a single logic analyzer wave-
form display for easy viewing and analysis.

Eye scan insight:

 – First bit in burst has less swing than remainder 
of burst

 – Likely cause is ISI (inter-symbol interference)

Figure 10. A DDR4 signal capture at greater than 3.1 Gb/s from the eye scan 
software, in signal trace mode. The logic analyzer is set up to scan when there 
are no back-to-back bursts.

Figure 11. Using the ViewScope application, we set up the logic analyzer 
to trigger for a bit pattern that stresses ISI (data bit pattern 00101) and 
also captures DQS and DQ with the oscilloscope.
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Figure 12. The bank group one signal transition is acquiring at the wrong 
time relative to the clock, resulting in data being stored and retrieved from 
an incorrect location on the bus. The first symptom of this issue was data 
corruption.

Keysight application examples - reading eye diagrams continued

2. Challenge = New system not behaving as designed

Viewing all of the signals relative to each other in the eye 
scan software enables you to see at a glance if there’s a 
problem with a transition. In Figure 12, in the eye scan 
obtained from the eyefinder scan, you can detect that the 
second eye transition is not occurring at the correct time 
relative to the CKO (at 0) or the other BG and command 
signals. It should have the same size opening, relative to 
the clock edge, as bank group 0 and the RAS signal below 
it. However, anytime BG1 is driven high, halfway through 
the eye, it comes down, causing a smaller eye than we 
should see. This indicates that the DRAM may also capture 
the wrong value for BG 1, resulting in data being stored 
and/or retrieved incorrectly.   

Depending on the exact point where the DRAM tries to 
sample BG1, the DRAM can capture the wrong value for 
BG1. This ultimately causes concerns with where the data 
is stored. In this situation we suggest that you not use that 
bank and instead use a software work-around.  A long-
term solution involves a hardware fix that uses the whole 
address space.  

Eye scan insight:

 – See what system is doing to understand
what is going wrong

 – DDR4 Bank group 1 is transitioning
incorrectly
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Keysight application examples - reading eye diagrams continued

3.   Challenge = Signal integrity variations between systems

Here, we are looking at a DDR4 signal that is faster than 
3.1 Gb/s, this time with strobes. The DRAM had trouble 
maintaining activity and in this particular system, that would 
cause the system to crash. As we compared it to the other 
DIMM models, we noticed that DQS2 on the DIMM model 
that experienced system crashes above 3 Gb/s had less 
swing than the other DRAM on the DIMM (Figure 13). With 
this evidence, we can conclude that this DIMM had a weak 
DRAM in the second byte lane. In order to determine how to 
get this DIMM design running faster, what we would need 
to do next would be to look into the driver, termination, and 
routing of signals for DQS2.  

Choosing your test and validation solution
Often, to really diagnosis a problem in your design, you have 
to use both a logic analyzer and an oscilloscope. The chart 
below can help understand the complementary benefits of 
oscilloscopes and logic analyzers to determine the solution 
that best meets your needs. 

Eye scan insight:

DQS2 has less swing than other DQS

Figure 13. DDR4 signal > 3.1 Gb/s, with strobes, captured with U4154B 
logic analyzer in signal trace mode and the eye scan software.

Features Logic analyzer MSO

Simultaneous view of digital 
and analog signals

 – Requires an external scope, via View 
Scope for up to 4 analog

 – One box solution with cross-trigger and 
tight correlation

 – 16 ADD/CMD digital
 – 4 DQS/DQ Analog

Functional validation Complete view all ADD/CMD/DQ/DQS 
 – Functional compliance tests 
 – Address/command/control and data 

validation 

Partial view 
 – 16 command and address (depending on 

number of digital channels connected)
 – No functional compliance tests

Eye diagram display  – Qualitative bus-level signal integrity 
insight

 – Simultaneous eye diagram displays to 
view all signals relative to each other

 – No measurement on eye
 – No parametric compliance measure-

ments

 – Quantitative measurements
 – Parametric compliance tests
 – Eye height and eye width measurements 

Table 1: Complementary Solutions - logic analyzer and mixed signal oscilloscope (MSO)
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Summary
Developers of DDR memory are under constant pressure to 
go faster, use less power, and work within an ever-shrink-
ing footprint. Gaining insight into design problems early in 
the design cycle offers the opportunity to take corrective 
action quickly in order to meet product quality, interoper-
ability, and time-to-market goals. Success depends on the 
level of design efficiency achieved, as well as the ability to 
reduce the number of design cycles, both of which allow for 
controlled costs. Fortunately, today there are many tools 
available to help you achieve these goals. 

Designers who want to reduce the learning curve and ac-
celerate mastery of next-generation testing and measur-
ing protocols should strongly consider working with tool 
vendors that are active in the JEDEC standards committee. 
Keysight is involved with the JEDEC community and in writ-
ing the standards for DDR and LPDDR. Close collaboration 
and communication with Keysight offers DDR designers 
access to the latest and greatest solutions for compliance 
testing. This is especially important for designers working 
on newly released technologies like DDR4 and LPDDR4, 
where development of the specification and measurement 
methodology is still in-process within the JEDEC standard 
committee. Although there are no formal plugfests for 
DDR, Keysight offers many tools to help you validate that 
your design is in compliance with the standards. 

Keysight’s decades of experience in RF engineering and 
functional testing go into providing the tools required to 
make quality digital measurements and ensure high signal 
integrity.  We understand the reflections, insertion and 
return loss, jitter budget, timing margins, compliance and 
other issues that digital designers have to face in high data 
rate standards. Keyight, an active member of JEDEC, with 
consistent participation in workshops and specification 
issues, is the only test and measurement company that 
offers hardware and software solutions across all stages 
of DDR chip development- from simulation to debug, from 
validation to compliance.

Evolving technology and accelerating data rates have 
caused the data valid window to shrink, making the 
process of evaluating systems much more difficult than 
ever before. Keysight’s U4154B logic analyzer system 
and probe solutions address these design challenges 
and risks with the latest in testing techniques and high-
speed measurement tools, in both off-the-shelf and 
custom configurations. Keysight logic analyzers are the 
fastest, most effective equipment available for validating 
your DDR4 and LPDDR4 designs.

Keysight gets involved, you benefit

Keysight’s solutions for digital applications are driven and supported by Keysight experts that are involved in the 
various international standard committees. We call it the Keysight Digital Test Standards Program. Our experts are 
active in the Joint Electronic Devices Engineering Council (JEDEC), PCI Special Interest Group (PCI-SIG®), Video 
Electronics Standards Association (VESA), Serial ATA International Organization (SATA-IO), USB-Implementers Forum 
(USB-IF), Mobile Industry Processor Interface (MIPI) Alliance, and many others. Our involvement in these standards 
groups and their related workshops, plugfests, and seminars enables Keysight to bring the right solutions to the market 
when our customers need them.

Keysight software is downloadable 

expertise. From first simulation 

through first customer shipment, we 

deliver the tools your team needs to 

accelerate from data to information 

to actionable insight.

Learn more at

www.keysight.com/find/software

Start with a 30-day free trial. 

www.keysight.com/find/free_trials

 – Electronic design automation

(EDA) software

 – Application software

 – Programming environments

 – Utility software
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For more information on Keysight 
Technologies’ products, applications or 
services, please contact your local Keysight 
office. The complete list is available at:
www.keysight.com/find/contactus

Americas 
Canada (877) 894 4414
Brazil 55 11 3351 7010
Mexico 001 800 254 2440
United States (800) 829 4444

Asia Pacific
Australia 1 800 629 485
China 800 810 0189
Hong Kong 800 938 693
India 1 800 11 2626
Japan 0120 (421) 345
Korea 080 769 0800
Malaysia 1 800 888 848
Singapore 1 800 375 8100
Taiwan 0800 047 866
Other AP Countries (65) 6375 8100

Europe & Middle East
Austria 0800 001122
Belgium 0800 58580
Finland 0800 523252
France 0805 980333
Germany 0800 6270999
Ireland 1800 832700
Israel 1 809 343051
Italy 800 599100
Luxembourg +32 800 58580
Netherlands 0800 0233200
Russia 8800 5009286
Spain 800 000154
Sweden 0200 882255
Switzerland 0800 805353

Opt. 1 (DE)
Opt. 2 (FR)
Opt. 3 (IT)

United Kingdom 0800 0260637

For other unlisted countries:
www.keysight.com/find/contactus
(BP-04-23-15)
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Related Keysight Products
 – Keysight U4154B Logic Analyzer Module 

 www.keysight.com/find/U4154B

More Information
Hardware+Software+People = DDR Insights 

www.keysight.com/find/ddr

myKeysight

www.keysight.com/find/mykeysight
A personalized view into the information most relevant to you.

Three-Year Warranty

www.keysight.com/find/ThreeYearWarranty
Keysight’s commitment to superior product quality and lower total cost 
of ownership. The only test and measurement company with three-year 
warranty standard on all instruments, worldwide.

Keysight Assurance Plans
www.keysight.com/find/AssurancePlans
Up to five years of protection and no budgetary surprises to ensure your 
instruments are operating to specification so you can rely on accurate 
measurements.

www.keysight.com/go/quality
Keysight Technologies, Inc.
DEKRA Certified ISO 9001:2008  
Quality Management System

Keysight Channel Partners
www.keysight.com/find/channelpartners
Get the best of both worlds: Keysight’s measurement expertise and product 
breadth, combined with channel partner convenience.

www.keysight.com/find/contactus
www.keysight.com/find/contactus
www.keysight.com
www.keysight.com/find/U4154B
www.keysight.com/find/mykeysight
www.keysight.com/find/ThreeYearWarranty
www.keysight.com/find/AssurancePlans
www.keysight.com/go/quality
www.keysight.com/find/channelpartners

