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Who We Are

Granite River Labs (GRL)

Recognized world leader in Test Services and
Automation Solutions for connectivity and
charging.

Founded 2010, HQ in Silicon Valley, 8 labs around
the world, ~200 employees.

GRL provides compliance testing, official
certification, and troubleshooting services for PCI
Express, USB, Ethernet, and many other high-speed
data connectivity and charging technologies.
GRL provides Signal and Power Integrity services
including VNA/TDR measurement and analysis,
modeling and simulation, and design consultation.

GRL has been a Keysight Solutions Partner since
2011.

www.graniteriverlabs.com
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Keysight Technologies

Keysight Technologies, Inc. (NYSE: KEYS) is a
leading tfechnology company that helps
enterprises, service providers and governments
accelerate innovation to connect and secure the
world. Keysight's solutions optimize networks and
bring electronic products to market faster and at
a lower cost with offerings from design simulation,
to prototype validation, to manufacturing test, to
optimization in networks and cloud environments.
Customers span the worldwide communications
ecosystem, aerospace and defense, automotive,
energy, semiconductor and general electronics
end markets. Keysight generated revenues of
$4.3B in fiscal year 2019.

www.keysight.com
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https://www.keysight.com/

Today’s Presenters

GRL
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Mike Resso is the Signal Integrity Application Scientist in the Internet Infrastructure Solution
Group of Keysight Technologies and has over thirty years of experience in the test and
measurement industry. His background includes the design and development of electro-optic
test instrumentation for aerospace and commercial applications. His most recent activity has
focused on the complete multiport characterization of high-speed digital interconnects using
Time Domain Reflectometry and Vector Network Analysis. He has authored over 30 professional
publications including two books on signal integrity. Mike has been awarded one US patent
and has twice received the Agilent “Spark of Insight” Award for his conftribution to the
company. He received a Bachelor of Science degree in Electrical and Computer Engineering
from University of California.

Miki Takahashi is Executive Vice President of Engineering at Granite River Labs and has over 20
years of experience in high speed SerDes design, signal integrity design and measurement, as
well as interface modeling and simulation. Miki has been working on and conftributing to the
PCI Express standard since v1.0. An expert in memory bus technologies, Miki chairs the SD
Association UHS Task Group driving next-generation high speed memory card PHY standards,
received the SD Association Innovation and Technology Award in 2014, and has authored
numerous technical whitepapers and seminars. He received a M.S. in Material Physics from
Nagoya University.
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Agenda

m Signal Integrity Overview
m Essential Signal Integrity Analyses
m Critical Steps to Taking a Measurement
m Reference Plane Discussion

m PCI Express Design Case Study
m Challenges in Latest PCI Express
m Fqualization Techniques For PCI Express Link
= Dynamic Equalization
m PC| Express Gen4 Equalization Case Study
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Signal Integrity is All Around Us

© Asfiakhan | Dreamstime.com - 3d People
nication Metallic Tin Phone Photo
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Signal Integrity in Digital Communication Channel -

CPU Graphic card Cable On board video processor LED display

.
e
Interconnects

Signal integrity is about the problems interconnects introduce
and how to avoid them.

— Dr. Eric Bogatin

KEYSIGHT

TECHNOLOGIES



Essential Signal Integrity Analyses in Simulation -

Eye diagram
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Essential Signal Integrity Analyses in Simulation -
Eye diagram

Mixed-mode S-parameters
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Essential Signal Integrity Analyses in Measurement -
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Essential Signal Integrity Analyses in Measurement -
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Use Eye Diagram Simulation to Evaluate a Channel -

~
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Voltage (V)

Partition PRBS Pattern by Unit Intervals
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Overlay Partitioned PRBS Slices to Create the Eye -

KEYSIGHT

TECHNOLOGIES



Closed Eye at the Receiver: Signal Integrity Problem I
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Use Mixed-mode S-parameters for Differential -
Channels
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Stimulus and Responses in Mixed-mode S-parameters -

S Differential Signal Common Signal
[ mixed-mode] Stimulus Stimulus

Sppi1 Opp12  Opcii  Opci
— Spp21 Opp22  OpC2l  ODC22
Scpi1 Ocpiz Sccit Occiz
S Scp21 Ocp22  Occa Occar
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Important Mixed-mode S-parameters

S Differential response at port 1, excited
DD11 py Differential input at port 1.

SDD11 Related to differential return loss.

SDD21 Related to differential insertion loss.
SCD21 Mode-conversion: EM generation.
S

Dco1 Mode-conversion: EM susceptibility.
KEYSIGHT

TECHNOLOGIES



Critical Steps to Taking a Measurement in the |
Real World

~ Prepare « Cadlibration
PRVINERIRECIE - Fixture removal (de-
measurement embedding)

’ — Anticipate the measured result

Acquire :
N+ Multi-port S-parameter
measurement
Establish a Robust Signal Integrity
Measurement and Simulation Workflow : : :
https://connectlp.keysight.com/DesignConKEF2018 AQO|yze| * S'“Q'?'ended vs. differential
channe « Eye diagrams (NRZ, PAMA4)

performance . COM

KEYSIGHT
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Comparison Between Calibration and De-embedding

- Calibration De-embedding

Target

Reference
Structures

Techniques

KEYSIGHT
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Comparison Between Calibration and De-embedding

- Calibration De-embedding
Move reference plane

Target

Reference
Structures

Techniques

KEYSIGHT
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Comparison Between Calibration and De-embedding

ObJeCUVe Move reference plane

Instrument Measurement

Reference
Structures

KEYSIGHT
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Comparison Between Calibration and De-embedding

ObJeCUVe Move reference plane

Instrument Measurement

Reference
Structures

KEYSIGHT
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Comparison Between Calibration and De-embedding

ObJeCUVe Move reference plane

Instrument Measurement

« Short, Open, Load, Thru

Reference (SOLT) o 2x Thru
Structures « Thru, Reflect, Line (TRL) « IxOpen, 1x Short
« Thru, Reflect, Match (TRM)

 Automatic Fixture
Mechanical Calibration Removal

Electronic Calibration « Measurement-based
Model

Techniques

. 23



Calibration Moves the Instrument Reference Plane -

Reference Plane
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Calibration Moves the Instrument Reference Plane -
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Calibration Moves the Instrument Reference Plane

Reference Plane
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Calibration Moves the Instrument Reference Plane -

Reference Plane
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Agenda

m Challenges in the Latest PCI Express

® Fqualization Techniques For PCI Express Link
-FFE
-CTLE
-DFE

® Dynamic Equalization

m PC| Express Gen4 Equalization Case Study

GRL 2

GRANITE RIVER LABS



Challenges in Latest PCI Express

= |Increasingly it becomes much more challenging to successfully transmit
signal through channel essentially the same channel that was used for
PCle Genl (2.5 GT/s). But the data rate for PCle Gen5 is 12.8 times
faster than PCle Genl.

= For PCle Genb, Loss Budget (at Nyquist) is approximately -36dB.

36dB loss means that if 500mV@16GHz p-p sine wave goes into the
channel, only 8mV p-p comes out.

GRL 7
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Challenges in Latest PCI Express

PCle Rev Total Root Non-root CEM Add-In Card Budget for
Channel Package package Connector (AIC) system
Loss Budget Board
Gen 5.0 36 dB 2.0dB 4.0 dB 1.5dB 9.5dB 16.0 dB
(32 GT/s)

Loss Budget for

PCle Gen4/Gen 5 3
PCle 4.0® system board budget:
28-5-15-8=13.5dB
> AIC: 9.5dB
PCle 5.0 system board budget:
Root Pkg: 9 dB 36-9-1.5-‘9.5= 16 dB

mf’ n 'L - ‘

Via: 0.7 dB Via: 0.7 dB CEM:1.5dB

GRL v
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Challenges in Latest PCI Express

Due to ISI, Eye is completely closed at With “equalization”, Eye is now

far end of the channel, making opened for Receiver to make correct
impossible for Receiver to make bit decision...

correct bit decisions...

20 i Multi-channel eye: RX(Port 2) signal
(a0 Onte RatedCyy) » e Toe i30) &
> Wy 0. 400

o s
Patton Longh v} 2474 Aevghtude (V) 0 M chanal Eye Conbauation  Configuation]

50 i M““"Eﬂ?ﬂ.&?f eye: RX(ES?EE. .2»3 S|gnal
400 Muki

e o
‘atten Length (bits): 2+7-1 Amgltude (mV): 0.400  Mulichannel Eye Configuration:_Configurationt

How does a PCle link open the eye with
Equalizers?

31
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Equalization Techniques for
PCI Express Gend4/Gen5 Link

There are three (3) main techniques that PCle uses to compensate for
Intersymbol Interference (ISI) at data rates above 5Gbps:

* CTLE (Continuous-Time Linear Equalizer)
* FFE (Feed-Forward Equalizer)
* DFE (Decision Feedback Equalizer)

Each technique of offers advantages and disadvantages, but, when combined,
offer power compensation for channel degradation

CTLE || DFE

FFE

XEQ
Rxr

_._.‘..-._____

&L | :

GRANITE RIVER LABS
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Equalization Techniques for
PCI Express Gend4/Gen5 Link

PCle version

Gen-1/2 Gen-3 Gen-4 Gen-5
;ir’;iiggs' 3-Tap FFE 3-Tap FFE 3-Tap FFE
N/A 15.' Order CTLE 2-pole, 1-zero 4-!:>ole, 2-zeros
Gain: -6 to -12dB | Gain: -1 to -9dB | Gain: -5 to -15dB
N/A 1-Tap DFE 2-Tap DFE 3-Tap DFE

GRL

GRANITE RIVER LABS
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FFE: Feed-Forward Equalizer

. An FFE modifies the amplitudes of symbols surrounding transitions while keeping
the transmitted power constant.

. In principle, FFE increase the ratio of high frequency to low frequency signal
components compensate for the typical lowpass response of the channel.

= PCle Spec defines preset values for TX FFE (10 presets).

FIR filter: 3 taps

| FFE signal in time domain

1.0 Ul 10Ul
v ifmm a1 L delay /]\ delay
Qf/ c

L4

l v_outa

v_out gv_in _.c . &v_inc & v_in _.C .

[Cql+ICo[+]Ccyl=1 ©€4<0 c, =<0
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De-emphasis = 20log4q Vb/Va
Preshoot = 20log4g Vc/Vb
Boost = 20log4 Vd/Vb
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CTLE: Continuous Time Linear Equalizer

= CTLE is a linear filter applied at the receiver that attenuates low-frequency signal
components, amplifies frequency components around the Nyquist frequency, and filters off
higher frequencies.

» CTLE gain (Adc) can be adjusted to optimize the ratio of low frequency attenuation to high
frequency amplification

= PCle uses 2" Order CTLE (order of CTLE is defined by the poles/zeroes)

CTLE for 32GT/s with two (2)
zeroes and four (4) poles

= -4 ——— 1. Attenuates —
. & low frequency | _—= 7 . His) = py * Wp3 X Wpy [+ ufs+ up2 *An
o3 Adc S i 3 2nd-order T
N ( 72 — s i roll-off after “ 7+ 0 g5+ g+ 0y
I ————— 7 \ | Nyquist o= mxE,
43_0{% R :_/E;"_i,;* > E ‘,I\ FPl _ 165 ) FZl
g3 E—— 2. Boosts : ’
1802 frequency Fpp = 9.5 GHz
-20.0-% around 3 Fpy = 28 GHz
. Nyquist
. & \ Foy = 28 GHz
Boé \ F;, =450 MHz
,32.U—E|ﬁ T T |||II|s T T \|||||E T T T ||||||]0 T T ||||||]:I T LI ||||||12 Fzzzmag(DCgmn]prz

107 10 1o lo 1o 1o
freg (Hz) 35
Cimiirn @ 22 lace Curune far 23 0 02Tie Bahavineal ©T1 E
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DFE: Decision Feedback Equalizer

u DFE is implemented at the receiver

. Implicitly nonlinear, DFE feeds a sum of logic or previous symbol decisions back to
the symbol decoder

. DFE is not able to cancel the precursor ISl thus, typically, needs to be paired
with FFE (in transmitter or receiver)

. DFE is most effective way to cancel postcursor ISI because it does not reduce the
transmit peak voltage budget nor amplify channel noise

. PCle implements 1-3 tap implementation depending on the generation

15t Tap
2nd Tap
3rd Tap

nnnnnn

GRL Before DFE After DFE

GRANITE RIVER LABS
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Dynamic Equalization

Transmitter and Receiver negotiate optimal EQ settings

The Receiver and Transmitter optimize link through the Channel:

1.
2.
3

oA

Receiver requests TXEQ setting from Transmitter

Transmitter applies requested TXEQ

Receiver adjusts its equalization (CTLE gain, DFE) with the updated TXEQ applied from
Transmitter

Receiver determines its signal quality through BER or other methods

Depending on Signal Quality, the Receiver will adjust its equalization and then request
and updated TXEQ setting from the Transmitter

This process is repeated until optimal Link is generated

Host TX Device RX

T LINK EQ Training Sequence == =======u
7 \
: f— -
| : : | t
[} A e
I : ' I
| | TXEQ: 3tap : [ RXEO: ' I
I FFE ‘ Variable RXEQ: 3 l

l Gain CTLE Tap DFE 37
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PCI Express Gen4
Equalization Case Study

Instruments used in the analysis

-Keysight 50GHz VNA N5225A
-Keysight PLTS
-Keysight Pathwave ADS

GRL CRL * ! .
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PCle Gen4 Case Study
(ISI Channels)

= x
B File Calibration Measure View LUtilities Toels Run Format Window Help _&x
NEd L@ X & @ FE BE MA B EACEEN v Measure | ¥
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(5 Frequency Domsin(Bsanced 10,000 e SDD21
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----- ] PAIR19.s4p:2 0.000 M1 sDD21
D) PaRa0stp:3 | 3002+
|& Frequency Domain (Single-Ended)
|7 Eye Diagram (Differential) -10.000
@ L RICG - -6dB@)SGHZ
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-/ Template View
I, 1090 b N Ok P
-30.000 : -1V Z29ULWO GH ad
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PCle Gen4 Case Study
(Pulse Response)

Hlgwest Loss | 22 easRen Higher Channel Loss Causes
% /|| Red: After Charnel Higher Attenuation and Slower
5] Signal Transition beyond the

é Pulse Width.

' Middle Loss Blue : Before Channel

Red : After Channel
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Highest Loss Blue: Before Channel

Red : After Channel
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PCle Gen4 Case Study -

Pulse Response gives you the information what equalization
IS needed and how strong equalizer should be used.

Highest Loss

®_[ike | Waw bm

Fye DFT_Fobe | Wavebm
Eyt

a
/1L

T T T T T T T T T T T T T
5 TTE TTEs 780 N7es TEO0 1BE TEW RIS TEX 18IS B30 TEE 1840

T T T T T T
N7 ke ] s el N7Es Hnrm

What you can see from this pulse response?

GRL "
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PCle Gen4 Case Study -

Blue : Before Channel Blue : Before Channel
/'

R L N

_{Highest Loss /

‘1![

ST I TR

T = ulu o “1u

er Channel

Red : After Chonne%

f
/
/
/
/
| e y)

akhwbhE

Pulse Response When bits “101” is transmitted

1

Signal Peak is attenuated.

Pulse spreads beyond 1UI. It may cause bit error.

When bits “101” is transmitted, bit “0” is lost.

Slow transition is observed “before” the pulse

Slow transition is observed “after” the pulse. Transition time after
the pulse is longer than before the pulse.
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PCle Gen4 Case Study

Highest Loss | (1) || @ Il 3

Fye
£
)

N

\__‘
=),
i S ,// k [ i e S

|

oe]
00
o5

T T T T T T T T T T T T T T T T T T T
N7 ) 17 1) N7Es Hnrm s TTE 7 780 N7es T RIS TEXD =3 TEE 1=

The important thing is sending “A Pulse” without bit
corruption and affecting pulses before/after the pulse.

th (13

These (1), (2) and (3) are corresponding to “pre-cursor”, “main-cursor” and
“post cursor” in equalizer definition. If you use higher taps in the equalizer you
can compensate more bits before/after the bit.
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PCle Gen4 Case Study

Equalizer Pre-Set in the PCI Express Specification

Preset# | Preshoot De-emphasis | c-1 c+1 Va/vd Vb/Vd Ve/vd
(dB) (dB)
P4 0.0 0.0 0.000 0.000 1.000 1.000 1.000
P1 0.0 -3.5+1dB 0.000 -0.167 1.000 0.668 0.668
PO 0.0 -6.0+1.5dB | 0.000 -0.250 1.000 0.500 0.500
P9 35+1dB 0.0 -0.166 0.000 0.668 0.668 1.000
P8 35+1dB -3.5+1dB -0.125 -0.125 0.750 0.500 0.750
P7 35+1dB -6.0+£1.5dB |-0.100 -0.200 0.800 0.400 0.600
P5 19+x1dB 0.0 -0.100 0.000 0.800 0.800 1.000
P6 25+1dB 0.0 -0.125 0.000 0.750 0.750 1.000
P3 0.0 -25+1dB 0.000 -0.125 1.000 0.750 0.750
P2 0.0 -44+15dB | 0.000 -0.200 1.000 0.600 0.600
P10 0.0 Note 2. 0.000 Note 2. 1.000 Note 2. Note 2.
2tap-DFE
T
O i e
“aof---y-2222 18t Order CTLE
v w/ different DC gain
-15 . |
108 10° 10"

Frequency (GHz)

GRL “
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PCle Gen4 Case Study
Equalizer Simulation in ADS

]

Channel Simulation Tx:5

ads_simulation: Tx_Diff Instance Name
Tx_Diff1

PRES | Encoder | EQ | Bectrical | Jitter | Display

. N

Choose equalization method
Spedfy FIR taps v

De-emphasis (dE)

Pre Cursor
PreCurso1]=0 Name
[Mew Entry]
Value
Apply Remave
Post Cursor
PostCursor[0] = 0.75 MName
PostCursor(1] = -0.25
[New Entry] Value
Apply Remave
Tap Interval (UT) 1.0

GRL e = .
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“P =
SNP1
File="C- W ok \MIKI_Work\PCIE_GE|

(® Preset _

Age
s+ A.KWP‘

Wy fac T
Lo3id:D (5 + wp1)(5 + wpp)

H(s)=4

Message

® LogScale () Linear Scale.

Frequency Response

Presetust PCieGend (608) _v]  Addwerese Remave from Presat
Tronsfer Functon Type | 2P0, ACGan |
BC Gain 0.50119 AC Gain [x
Zero iFrequency  10.5 Grz = | zero 2Frequency G -
Pole 1Frequency |2 GHz_~| pole 2Frequency [16 Gz v | pole 3Frequency G v
Pole 4Frequency o -

ads_simulation:Rx_Diff Instance Name
Rx_Difft
EQ | Eectical | Jtter | Display
Continuous-time Inear equalzer (CTLE)
V] Enable Edit poles and zeros Edit..
Feed-forward equalizer (FFE)
Inital tap calculation
@ Optirized Precursor taps
Fie
Manusl Edttaps | Edit..
Decision -feedback equaizer (DFE)
Inital tap calculation
[¥] Enable ® =H Teos
[] Adaptive equaization 2 I
Shcer output O Fie
in hd
© manual Edttaps  Edit..
Tap fie
Tnout Browse... Edt..
output | [ omse... |
Advanced settngs.
Edt advanced setungs | Edit...
oK Apply Cancel Help

] 20
ot E —
- Fas ™ 2 J—"
8 83
o \\\ g -0 N
] \
=) ] N
€15 N 2 N
g N & ] N
=2 -80
25 -100
T T T T T T
1 10 100 1 10 100
Frequency GHz Frequency GHz
o Apply Cancel [ Hep
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PCle Gen4 Case Study
Equalizer Simulation in ADS

FFE + CTLE : Pulse Response was improved.

- FFE Pre-Set : PO
-~ CTLE : -6dB DC gain, No DFE

DI Prote 1 Waw bm

Minimized bad effect behind the pulse

ﬂgre Frode 1 Wam bm
s B
L] o [

ye P icte | Do ssity

Eye is opened widely

SRR ) S
. el m.v?-‘;hm::,,_

T T T
L} s ©

- s o B )
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PCle Gen4 Case Study
Equalizer Simulation on ADS

But any easy way to find proper equalizer
setting to set or to start with?

GRL

GRANITE RIVER LABS

47



GRL

GRANITE RIVER LABS

PCle Gen4 Case Study
Equalizer Optimization using Keysight PLTS

PLTS Eye Pattern Simulator (Eye Diagram Analysis) s

& File Calibration Measure View Utilities Tools Run Format Window Help - Fx
DNEFH L@ ¥ & @ B R Bl B BrEERE - Measure |
Data Browser o x

[5- . Data Analysis
| [ Time Domain (Differential)
- [ Time Domain
) [ Frequency Do
[ L[] PaARI9stp

Channel configurations on:  Confiquration1

Existing configurations

EI | Eye Diagram (| Configuration1

Add a new configuration with name

Delete selected configuration

E =%

- Eye Diagram Rename selected configuration Configurationl
E = RLG Save configurations to file
[#H~ . Calibration
[.i?_ - Template View Load configurations from file

Active configuration - Drag TX, RX, XT TX components to specific slots to set up the victim and aggressor channels

Add components To add a component, drag a component from the left panel to a certain slot, or click an empty slot directly
. : DUT  Logical Logical DUT
Diff TX Slot Port Port DUT Cig DUT Cig Port Port Slot
Eoata Em.Jli’:‘IrJau:sv | Dirka 1
Parameter Format Selection &
@ Parameter © Equation Diff XT TX B 3
Dut File :

|3- PAIR30 TX AMI

Bl

i

TDD12 | TDD21
TCC12 | TCC1

Drag to here to remove
components

Cancel Draw Reset Close | [ Hep |

L) 123.047 ps

Iiﬁﬁl’ara...lir.r. =lout.. |E8rara.. |WData..

J— Horizontal Vertical ~Marker ———— " Marker X Position ————————~ Marker Y Position
l

Y st o %|smp|n %1 Units/Div| 80 mV ReF Level| 400 mV %' r— ,|ﬂ| |

4| _I

Ready Measurement|[Continuous sweep|[De-Embedding|[Port Rotation|[Hardware|[CAP|[NUM)][scRL[system z0: |
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PCle Gen4 Case Study -
Equalizer Optimization using Keysight PLTS

Equalizer Optimization in PLTS Eye Simulator

] Multi-Channel Simulation (Enhanced Eye Diagram) - Create or select a configuration for eye generation = &
Channel configurations
Existin g configurations =
Configuration1
uuuuuuuuuuu type: | liza
l e You can choose the combination
— - R of equalizers and PLTS will
S 2 analyze optimized EQ parameter
comicstiontpen| 1 ore = ™ ot
e e “ for the channel.
E;E [ we | o |— h?;f;.‘ E
. . { 4\ customize with M-script| - = %
ok | [ Cancel | [ Help
RRRRR Draw Eye Cancel Dra Reset | Close | | Help | r

GRL | #
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PCle Gen4 Case Study
Equalizer Optimization using Keysight PLTS

Optimization Process (1)

Only FFE is chosen to see what FFE setting is required for the channel. After
running the optimization for FFE PLTS gave following parameters for highest Loss

|SI.
Pre-Cursor: 0.03
Post Cursor : 0.80

What we leaned from PLTS’s feedback is that pretty large compensation for
post-cursor is required and the compensation for pre-cursor is not needed.

However, TX FFE pre-set in PCle spec doesn’t have such a strong setting.
The strongest one for post-cursor is preset “P0” so PO is set for TX FFE.

Elh Preset # Preshoot De-emphasis c-1 c+1 Va/vd Vbivd Velvd
' = (dB) (dB)

— P4 0.0 0.0 0.000 0.000 1.000 1.000 1.000

P1 00 -3 5+ 1dR 0 000 -0 167 1.000 ) 668 () 668

L:o 0.0 60x15dB | 0.000 0250 | 1.000 0.500 0.500

e = 2000 00w . =00

Pg 35:1d8 |-36z1dB | -0.125 |-0125 |0.750 0.500 0.750

p7 35:1dB |-60x15d8 |-0.100 |-0.200 | 0.800 0.400 0.600

P5 19:1dB |00 0100 | 0.000 0.800 0.800 1.000

PG 25:1d8 | 00 0125 | 0.000 0.750 0.750 1.000

P3 0.0 25:1dB | 0.000 0125 | 1.000 0.750 0.750

P2 0.0 44:15dB | 0.000 0200 | 1.000 0.600 0.600
""""""" P10 0.0 Note 2. 0.000 Note 2. | 1.000 Note 2. | Note 2.

TX FFE Preset (P0)
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PCle Gen4 Case Study
Equalizer Optimization using Keysight PLTS

Optimization Process (2)

PO is the strongest TX FFE for post cursor. But it is not enough to compensate bad
effect in post-cursor compared to what PLTS suggested in the analysis. Another
equalization is needed so we enabled CTLE on PLTS Eye Simulator in addition to
TX FFE (PO).

TX FFE Settlng Wlndow RX CTLE Setting Window

Multi-Channel Simulation (Enhanced tye Diagram) - Create or select a configuration fo on = = ) . . .
= (U ye Diagram) €ye gen ] Multi-Channel Simulation (Enhanced Eye Diagram) - Create or select a configuration for eye generation = B
Channel configurations
Add 3 n Add 1
Existing configurations Add a new configuration with name Add
Delete sel Delete Configuration
Delete selected configuration Delete I
Renar 1 Rename
Configuration1 Rename
Save configuratons o |
[ e | —_——
Load configurations from file Load ———
Load
Active configuration - Drag TX, RX, XT TX components to specific slots to set up the victim and aggressor channels
i slot, or dlick an empty slot directly Active configuration - Drag TX, RX, XT TX mmpnnems to specific slots to st up the vict

Add components To add a component, drag a companent from the left pane

. Logical DUT i !
ik speaiic mode but OUTClg poft™ pot S P DU g Emstontpe  —  ene |- -
. - > | Diff TX Slot DUT Cfg :
it Pattern s ot

- s [] Show RX signal before equalization
T e
[ Show 5 "\ RX| Diff RX
1> 1> < = Cantinuous-time linear equalizer (CTLE)
4 L T
r— L=
— Bt poles anctzeros [ EdD
Choose emphasis method | Specify FIR taps - >

1+
&
Y,
£

FIR Pre Cursor ‘ > |Tx AMI
PreCurser[1]=0 [ add Remove | ;
Eoe
Name  PreCursor{l) | RX AMI

Volue [0 Apply

FIR Post Cursor

PostCursor{0]=075 [ A ]| =

PostCursor{1)=-025 Drag to here to remove
Name PostCursor{0] components

Read Valve 075 Apply

ok | [ cancel | [ help

| ok | [ Concel Help 125005 . ’ ﬁ
GRI_ ‘ You can configure PCle Gen4 CTLE. 51
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PCIE Gen4 Case Study
Equalizer Optimization using Keysight PLTS

0 mvide Multi-channel eye: RX(Eort 2) signal
BtPuen  PRES Duta RtelGbls) 16 00 T (63}
Pattom Langn (o) 7.1 Ampitude (mVy 0. 400 Wk chamnal Eye Candraton_Conbparation!

No Equalization

Simulated Eye Pattern by PLTS =

0e0ps 12305 paithe 123047 ps

50 muidv Multi-channel eye: RX(port 2) signal
2!

. Data Rate(Gb/s): 16 se Time (ps):
50 mVidiv Multi-channel eye: RX(Eor[ 2 } Amplitude (mV): 0, 400 Multi-channe| Eye Configuration: Corfiguratian1
Data Rate(Gb/s) 16 se Time (ps 400.00
Amplitude (mV): 0., 400 Mutti-channel tion:  Configuration?
4000 350.00
400.00

150.00

<150.00

TX FFE (PO) + Gen4 CTLE (-6dB)

20000 0.000 ps 12.305 psidiv 123.047 ps

-100.00

-15000  0.000 ps 12.305 ps/div 123.047 ps

GRL
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PCle Gen4 Case Study

Equalizer Optimization using Keysight PLTS

Simulated Pulse Response by ADS
= No Equalization

ag
55 o
&

No Equalizer

1—‘_\—‘—‘_‘————

Onhf TX FFE (PO)
(Wayeform After the channel)

No TX FEE (Original TX Waveform)

. (Waveform after the channel)
R

Waveform)

L/ o
TX FFE (P0) + Gel

- (Waveform After th

n4 CTLE (-6dB)
e channel)

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
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PCle Gen4 Case Study -

Are you ready for the challenge of PCl Express Genb?

32Gbps Pulse Response

More attenuation

Hey! Pre-Cursor,

Need your help! Need More Taps!

) o e o e

3+ / t
i

ISI before the pulse / AN IS| even after several bits

""" post pulse is very bumpy. This is where

DFE can help!

GRL 54
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PCle Gen4 Case Study
Summary

1. Dynamic Equalization is available for the PCI Express Link. But it is
Important to make sure that the system is within the capability of PCle
Equalization.

2. Pulse Response Analysis is an effective way to understand channel
characteristics and required equalizer.

3. Eye simulation is an easy way to simulate the effect of the equalizer.

4. Keysight PLTS equalizer optimization is very useful to find proper
equalizer setting to start with or set to.
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Questions?

GRL KEYSIGHT
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Resources

= Physical Layer Test System Home: www .keysight.com/find/plts

|
= Digital Interconnect Test System: www .keysight.com/find/diref E :l

= Free Signal Integrity Book: www.keysight.com/find/RessoBook

« Latest Keysight PathwWave ADS: www.keysight.com/find/eesof-ads-latest-downloads

- Signal Integrity Workshop: https://events.keysight.com/profile/39388

S-parameters: Signal

AN /V,:; Integrity AnaIyS|s in the Blink Methods for Pathological Channels
(% of an Eye

32 to 56 Gbps Serial Link Analysis and Optimization

https://tinyurl.com/ycmbvbgx  https://tinyurl.com/y9wah5ak



http://www.keysight.com/find/plts
http://www.keysight.com/find/diref
http://www.keysight.com/find/RessoBook
https://tinyurl.com/ycmbvbgx
https://tinyurl.com/y9wah5ak
http://www.keysight.com/find/eesof-ads-latest-downloads
https://events.keysight.com/profile/39388

Thank you for your timel -

GRL Quintin Anderson, Co-Founder & COO
qganderson@graniteriverlabs.com

GRANITE RIVER LABS +1-408-627-7608

KEYSIGHT

TECHNOLOGIES hitps://www.keysight.com/us/en/contact.niml
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