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This application is available in the following license variations.

— Order N5463B for a user-installed license

- Order Option 006 for a factory-installed license with new 9000 Series
oscilloscopes

- Order N5435A Option 032 for a server-based license
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Easily debug and test designs that include PCI Express protocols

using your Infinilum 9000 scope

PCI Express® interfaces are gaining in popularity outside of the computer
industry. PCle® buses can provide a content-rich point for debug and test.
However, since PCle protocols transfer bits serially, using a traditional
oscilloscope has limitations. Manually converting captured 1's and 0's to
protocol can’t be done in real-time. In addition, traditional scope triggers are not
sufficient for specifying protocol-level conditions. Keysight Technologies, Inc.
provides an economical alternative for low-level PCle debug.

Extend your scope capability with Keysight's PCle protocol triggering and
decode application. This application makes it easy to non-intrusively debug and
test designs that include 2.5 Gb/s PCle gen 1 using your Infiniium 9000 scope.
Need to debug training and power management problems? This application can
show what is happening during training. Using x4, x8, or even x16 links? Use the
application to look at any lane, one lane at a time.

— Set up your scope to show PCle gen 1 protocol decode in less than
30 seconds.

- Get access to a rich set of integrated protocol-level triggers.

- Save time and eliminate errors by viewing packets at the protocol level.

- Use time-correlated views to quickly troubleshoot serial protocol problems
back to their timing or signal integrity root cause.
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30 Second Setup

Configure your oscilloscope to display
protocol decode in under 30 seconds.
Use “Auto Setup” to automatically
configure sample rate, memory depth
and threshold and trigger levels.

Easy to find

Turn decode on/off via the “Serial
Decode” button on the front of the
instrument or in the “Setup” menu.
View decode embedded on the
waveform display or in the protocol
viewer listing window. (See pages
4.5),

P
Clock Recovery Setup

Clock recovery applies to serial protocol, serial
data analysis, RJ/DJ, and TIE jitter meas.

Preset Clock Recovery Method
Custom | 'Y || Constant Frequency

@ rully Automatic
Nominal Data Rate
o Semi-Automatic

@ Manual

If Fully Automatic is selected, the nominal data rate will
automatically be determined. If Semi-Automatic is selected the
nominal data rate will be determined based upon the given data
rate. If Manual is selected, the nominal data rate you provide is
used.

Fully automatic is generally preferred. Use Semi-Automatic when
large quantities of high frequency jitter exist.
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Auto Setup

AutoSetup also includes automatic
clock recovery necessary for protocol
decode and triggering.



PCI Express protocol triggering and searching

Get access to a rich set of integrated protocol level triggers. The application
includes a suite of configurable protocol-level trigger conditions specific to PCle.
When serial triggering is selected, the application enables special real-time
triggering hardware inside the scope.

Hardware-based triggering ensures that the scope never misses a trigger event
when armed. This hardware takes signals acquired using either scope or digital
channels and reconstructs protocol frames. It then inspects these protocol
frames against specified protocol-level trigger conditions and triggers when the
condition is met.
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PCle Trigger Setup View trigger setup
Choose triggers from a broad range of PCle View as bits button shows the trigger setup in a databook
protocol, including token, data, handshakes, format for easy viewing.

special and error types.

Enter Value

Protocol Search Setup

& Enabl
[ Enable Use the navigation buttons
Trigger On Search to see search results when

topped.
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Edit as Sequence...
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Sequence editor Post-acquisition searching Quickly find occurrences
Search acquired protocol listings
using a menu that is identical to the
trigger menu.

Enter sequence values using K codes
or at the bit level.

Quickly move to next occurrence of a
specified event.



PCI Express protocol decode
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Debug training sequences with protocol viewer

Keysight's multi-window protocol viewer includes correlation between the waveforms
and the selected packet. The selected packet, highlighted blue row in the listing, is time-
correlated with the blue line in the waveform display. Move the blue tracking marker in
time through waveforms and the blue bar will automatically track in the packets window.
Or, scroll through the packet viewer and highlight a specific packet. The time-correlation
tracking marker will move to the associated point in the waveform.
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PCle decode embedded in waveform area

Utilize the oscilloscope waveform area to
display decode information. PCle, minor
ticks indicate clock transitions and major
ticks show the beginning and end of each
word in the serial packet. In this example
an ordered set waveform and decode is
shown.

PCle listing window

See more protocol information using the
scalable listing window. The protocol
viewer window shows the index number,
time stamp value, and data content for
each serial packet in the list. Scroll though
all decoded serial packets to find events
of interest or errors in the transmission.
Data in the listing window can be saved
to a .csv or .txt file for off-line analysis or
documentation.
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Symbols

Index | Memory 1| Memory 2
&
2666 |F1- 0+
2667 |36+ 0+
2668 [END- 0-
2669 [SDP- 0+
2670 [80+ 0-
2671 |25+ 0-
2672 |0- 0+
2673 [0+ 0+
2674 |39- 0+
2675 |47- 0+
2676 [END- 0+
2677 |0- 0-
2678 [0+ 0-
2679 [0+ 0-
2680 [0- 0-
2681 [0+ 0-
2682 |0- 0-
2683 [0+ 0-
2684 |0- 0-
2685 |5DP- 0-
2686 [0+ 0-

PCle symbol tab



PCl Express protocol decode
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PCle symbols window
Easily trigger on and follow PCle traffic. In this example the scope shows
memory completion with data.

Details
- Generated Fields
ion
Packet Length = 192
= PCI Express
= Physical
Start Symbol = STP
= Data Link
Reserved = 0 Hex
Seguence Number = 01C Hex

= Transaction
Reservedl = 0 Hex
Fmt = 3DW header, with data

Type = pl with Data

Reserved2 = 0 Hex

TC = TCO

Resarveds = o Hox e e e e e

TD = TLP Digest Not Prasent e

EP = TLP Not Poisoned PEI'!ll"lﬂEld o0 el :m

Attributes = Default Ordering, Default Snoop - Cefiir==) | Bt || G = R towerAddress

Reservedd4 = 0 Hex ﬂuﬂ D - n U Dﬂ DD ﬂ 1 000 0x00 o0 002 o oac
Details window shows hierarchy of Payload window shows data carried by Header window shows packets in a data
physical datalink and transaction layers. the packet in byte-by-byte HEX and ASCII. book format. Hovering at any field reveals
Hovering shows additional detail. additional detail. In this example memory

completion packet header is shown.



PCI Express triggering and decode specifications and characteristics

Supported 9000 Series scopes

4 GHz DSO and MSO scope channels with 5 GHz or higher bandwidth probes

PCle sources (data and clock)

Analog channels 1,2,3 or 4 or any waveform memory

PCle

gen 1 (2.5 Gb/s) x1 (bi-directional), can monitor x4, x8 or x16 one lane at a time

Auto Setup Automatically configures trigger levels, measurement thresholds, clock recovery, memory
depth, sample rate, trigger and holdoff for proper decode and triggering
Decode Scrambled and unscrambled data symbols (control symbols are never scrambled)
Control symbols
Ordered Sets
Data link and transaction layer packets including
- Header Fields
- Data Payload
Triggering Packets
DLLP packets- Ack, nak, PM-enter L1, PM-enter L23, PM-active state request L1, PM-
request ack, vendor specific, InitFC1-P, InitFC1-NP, InitFC1-Cpl, InitFC2-P, InitFC2-NP,
InitFC2-Cpl, UpdateFC-P, UpdateFC-NP, UpdateFC-Cpl
TLP packet
3DW packets- Memory read request, Memory request locked, 1/0 read request,
Configuration read type 0, type 1, completion, Completion without data, with data, Lck
mem read, No data, Memory write request, I/0 write request, Configuration write type
0, type 1, Completion for Lck memory read
4DW Packets
Memory read or write request
Memory request locked
Msg
Routed to root complex
Routed by address
Routed by ID
Broadcast from root complex
Local terminate at receiver
Gathered and routed to root complex
MsgD
Routed to root complex
Routed by address
Routed by ID
Broadcast from root complex
Local terminate at receiver
Gathered and routed to root complex
Symbol sequence- enter as K-codes, HEX, binary or decimal
Errors- Bad 168 CRC, bad LCRC, bad ECRC, bad packet, zero field is nonzero
Ordered sets- SKP ordered set, Fast training sequence, Electrical idle ordered set,
Electrical idle exit sequence, TS1 training sequence, TS2 training sequence, madified
compliance pattern, delayed modification compliance pattern, compliance pattern,
delayed compliance pattern
Probing Keysight recommends qty. 2 5-GHz or greater InfiniiMax differential probes (1132A)




Ordering information

License type Infiniium Z-Series Infiniium S-Series Infiniium 90000 Series  Infiniium 9000 Series
Fixed Factory-installed ~ N5463A-1FP N5463B-1FP Option 017 Option 006
User-installed N5463A-1FP N5463B-1FP N5463A-TNL N5463B-1NL
Floating Factory-installed ~ N5463A-1TP N5463B-1TP N5463A-1TP N5463B-1TP
User-installed N5435A-032 N5435A-032 N5435A-032 N5435A-032
Related literature
Publication title Publication type Publication number

Infiniium 9000 Series Oscilloscopes

Data sheet

5990-3746EN

Install Option License

rLicense Type

‘ . Local License O Server License

License Server

dtdga01

Borrow License
License to Borrow

| User Defined Protocol

Borrow For

. ~Return License —
License to Return

&) [rore &

‘ Return License ‘

(14 days R2ArNIE

‘ Borrow License

Sharing the application across multiple instruments? Server-based licensing
allows users to borrow an application license for a specified period of time.
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myKeysight

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

www.axiestandard.org

AdvancedTCA® Extensions for Instrumentation and Test (AXle) is an

open standard that extends the AdvancedTCA for general purpose and
semiconductor test. Keysight is a founding member of the AXle consortium.
ATCA®, AdvancedTCA®, and the ATCA logo are registered US trademarks of
the PCI Industrial Computer Manufacturers Group.

www.xistandard.org

LAN eXtensions for Instruments puts the power of Ethernet and the
Web inside your test systems. Keysight is a founding member of the LXI
consortium.

WWww.pxisa.org

PCI eXtensions for Instrumentation (PXI) modular instrumentation delivers a
rugged, PC-based high-performance measurement and automation system.

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/quality
Keysight Technologies, Inc.
DEKRA Certified 1ISO 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.

PCI-SIG®, PCle® and the PCI Express® are US registered trademarks and/or service marks
of PCI-SIG.
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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
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Asia Pacific
Australia
China
Hong Kong
India
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Taiwan

Other AP Countries

Europe & Middle East
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Belgium
Finland
France
Germany
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Israel

[taly
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Netherlands
Russia
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Sweden
Switzerland

United Kingdom

(877) 894 4414
55113351 7010
001 800 254 2440
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1800 629 485
8008100189
800 938 693
1800112929
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080 769 0800
1800 888 848
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0800 0260637
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