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High-Speed Computing Roadmap
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Keysight Participation in Standards

DisplayPort Computer Optical Comp. Optical WAN MIPI
Brian i Rick Greg Stefan i Roland
Fetz [ Eads LeCheminant Loeffler Scherzinger

Board of
Directors
JEDEC

Contributor Board of
Board Contributor Directors Contributor _
Alumni, USB-IF PCI-SIG == =] Contributor Contributor
VESA Phy OIF- CEl, OIF, ITU, IEC HDMI
Compliance Sub Group Thunderbolt Contributor T11 FC
Chair Compliance CCIX GenZ

DDR DP 1.3 USB PCle G3, G4, PAM4 (Opt), PAM4 (Opt), HDMI 2.0 IEEE802.3Ds, D/M/C—PHY,
UFS Type C 2.0, 3.0, 3.1 PAM4 (RT) CEl 3.1 CEl 3.1 IEEES802.3by UniPro, TBT

..m I\V*! ‘
JEDEC 4 vEsa s 4 IEEE sori-g HOMI  <or®IEEE  mipi

g

TSG Member
UniPro Vice
Chair
MIPI Alliance
Thunderbolt

Contributor

IEEE, OIF,
64G FC
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Changes in High-Speed Digital Buses

* DDR / LPDDR are moving to DDR / LPDDR5
* PCI Express (PCle) is moving to PCle Genb

 Emergence of new computing standards
(CCIX, GenZ, OpenCAPI, NVLink)

 Possible convergence of Type-C related buses

KEYSIGHT
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Server Advancements come 201 9 PCI Express / CCIX offer a choice to

designers for CPU to accelerator
communication :

CPU CPU

PCl & CCIX

NVLINK replaces PCI Express for GPU

to GPU communication running at >25
Gbps
Genz PCI Express / GenZ battle for
communications between memory and
CPU :

CPU CPU

%
»
)
<

Accel Accel
erator ' erator ' l erator l erator

DDR4 is replaced by DDR5 for memory.

LPDDR4 gives way to LPDDR5
OPENCAPI and other technologies push
for the fabric of the server :

Intel announces new CXL open bus for
coherency '

GenZ
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Drivers of PCle 5.0 Performance

. Coherent Bandwidth by Speed

* High end networking o

e 400Gb Ethernet

* Dual 200Gb/s InfiniBand
75%

« Storage Networking
* NVM Express (NVMe)

* Big Data 0

* Increased IC I/O Speeds

Share of deployed coherent bancwidth

253 400G Adoptior! predicted to
» Co-Processors (FPGA, GPU) be 50% by mid/late 2020
« ASIC
. IP
« Artificial Intelligence Engines 0%
2014 2015 2016 2017 2018 2018 2022
KEYSIGHT m 400G+ m200G m 100G ) Cignal Al
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Industry Drives Higher PCle Bandwidth Requirements
S —

* PCle 5.0 = 32 Gb/s
* Required for 400Gb Ethernet

Raw Bit Link BW BW/Lane Total x16 Bi-
Rate/Lane Directional
_ ;- : Bandwidth
» This equates to 50GB bidirectionally

- 16 lanes gives up to 64GB/s PCle 1.x 2.5GT/s 2GDbl/s 250 MB/s 8GB/s
» Total full duplex BW =128 GB/s PCle 2.x 5.0GT/s 4Gbls 500 MB/s  16GB/s
« CEM connector for PCle 5 is PCle 3. 8.0GT/s 8Gb/s ~1GB/s ~32GB/s

planned to be backward compatible

: . . PCle 4. 16.0GT/s 16Gb/s ~2GBIs ~64GBls
with earlier PCle technologies.

i PCle 5.x 32.0GT/s 32 Gb/s ~4GB/s ~128 GB/s
 Tentative schedule for spec release

in 2019
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PCIl Express Standards Development

PCISIG Board of Directors

KEYSIGHT, Intel, AMD, IBM, Synopsys,
Qualcomm, Dell, HP, NVIDIA

Card

Electrical Work Protocol Work Electromechanical Serial Enabling
Group Group Work Group
Work Group
Deliverables: Electrical Spec Protocol Spec CEM Spec Test Specification
Group Chairs: AMD, Intel AMD, Intel Intel & Plugfests

Intel, Synopsys

PCI Express 5.0
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PCIl Express 5.0 Timeline (estimated)

QL Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1

2017 2018 2019 2020

*Draft 0.3 June 2017

Draft 0.5 December 2017

Draft 0.7 May 2017

- Draft 0.9 Stretch Goal end of 2018 @
*Final 1.0 *first half of 2019”
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PCIl Express Specifications and Scope

SELECT THE SPECIFICATIONS THAT RELATE TO YOUR NEED

KEYSIGHT
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PCI Exprass”
Base Specification

PCIZ>
EXPRESS

Base Specification

+ Contains all the
system knowledge

+ Candirectly be
applied to Chip
Test

PCI Express”
Card Blectremechanical
SpecHicotion

PCI=>
PRESS

PCle 5.0 BASE
Currently in review v0.9

Card Electromechanical (CEM) Spec

Applies to Add-In Cards and
Mother Boards

Mitigates card manufacturer’s
need to study the base
specification

Increases reproducibility through
PCI-SIG supplied test tools CBB
and CLB (compliance base and
load board)

PCI Expross” Architecture
PHY Tuxt Specification

PCI=>-
EXPRESS'

Phy Test Specification

« Defines compliance
tests of CEM spec in
detail



PCle Gen5

* BER targetis 10e-12
« TX Presets P0O-P10 to remain the same
« Backward compatibility with previous PCle Gen1/2/3/4

« Same approach for TX and RX testing used for Gen4
« Similar method for TX testing via de-embedding of breakout board traces
« Similar method for calibrating the eye width and eye height as used with PCle 4.0 (ISl based, fixed RJ)

« Same TX Voltage and Jitter parameters as Gen4

KEYSIGHT
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PCIl Express 5.0 Channel Topology

Longer
Channel

Add In Card
:lf-ﬁ%ﬂ’

Retimer

Root Complex Chip .
[E XL L T .2 3 - - W o w e L L L LT L X N tatalo bl £ L L T L R L X L L ittt batis ittt L X L X LT} X3 L P . . . . ..
[ . i | ” e : ]

 Estimated allowable loss: ~=-36dB @ 16GHz

* Root complex pkg loss allowance ~= -9dB @ 16GHz
* Add-in Card pkg loss allowance ~=-4dB @ 16 GHz
« Total AIC loss budget estimate = ~9dB @ 16GHz

* PCle 5.0 CEM Connector loss budget ~= 1.5dB @ 16 GHz
KEYSIGHT
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PCle 5.0 32GT/s RX Calibration (BASE)

15MV EYE HEIGHT POST EQ (0.3Ul EYE WIDTH) TARGET

Heavily dependent upon
physical ISI channel

Optimal TX EQ

Diff Swing 720 — 800 mV Calibration Channe

35-38 dB TP1 - TP2P
EH or EW Adjust

32.0 GT/s PRBS ) Replica )
/ Combiner P | Test Equipment
Generator Channel |
A A CEM Connector |
Constrained TP2
Impairments
Post Processing Scripts:
5i Diff CM Rx pkg model
1-5 ps Interference | | Interfer Behaviorial CTLE/DFE
RMS P P 5-30mv ence Behavioral CDR
Small EW Small EH
Adjust Adjus TP2P
Very tight eye height v
margin.

15mV /.3 Ul at E-12 BER

KEYSIGHT
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PCle 5.0 32GT/s RX Calibration (BASE) Example

0009800
~°e°¢oe Qeg.:‘*'.
aoF S e

: j pod® A PCle 5.0 Variable IS
PCle 5.0 Variable I1SI BASE BASE Spec Riser Card
Spec Channel Board w/

PCle 5.0 Improved CEM
Edge Fingers

Keysight M8000 Series
JBERT

E
|
|

PCle 5.0 SMT CEM
connector

Keysight 50GHz UXR
Scope
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D9050PCIC New Features

= Supports PCle 5.0 BASE TX Testing at 32GT/s as well as
2.5G, 5G, 8G and 16GT/s (v0.9 BASE)

Supports PCle 5.0 Reference Clock tests (2.5G, 5G, 8G,
16G)

Will Support CEM tests for endpoints and root complexes
(2.5G, 5G, 8G, 16G, 32G).
tern waveform is used then all stresses except VRX-oM-INT are turned on if a step is used then all

Integrated De'embeddlng Of break-OUt Chann6| Wlth Optlonal stresses are turned off. Then the resulting signal is recovered by means of Rx equalization, and a be-

|annIISIm havioral CDR function, resulting in an equivalent eve, The requirements for the waveform post pro-
cessing tool used for the EH/EW calibration are described further in Section 8.4.2.1.1 Post Process-

clude the additional signal distortion caused by the behavioral Receiver package. If a compliance pat-

ing Tool Requirements .

Automated DUT control using an 81150/60A Pulse Generator

As the calibration procedure of the signal gencrator output contains steps where the generator is con-

AR B - nected directly to measurement instrumentation, the transition time of the output waveform can be
very fast. Therefore, it is important that the bandwidth of instrumentation used to calibrate the gen

Enhan Ced SWltCh MatrIX su ppOI’tI ng arbltrary Iane mapplng crator be marched appropriately to the edge rate of the generator ourput. This specification requires

the use of a generator for 16.0 GT/s testing whose outputs have 2 rise time of 14 ps-19 ps (20% /

80%) which also requires a minimum oscilloscope bandwidth of 25 GHz. This oscilloscope band

Mlnlmum OSC”IOSCOpe BW SOG HZ width is also the minimum required bandwidth for transmitter measurements at 16.0 GT/s. For

32.0 GT/s testing the specification requires the use of a generator whose outputs have a risc time of

7.5 - 15.0 ps (20%/80% measured with P4) which requires a minimum oscilloscope bandwidth of
50 GHz. This oscilloscope bandwidth is also the minimum required for transmitter measurements at
32,0 GT/s. A minimum oscilloscope sampling rate that captures at least 5 samples per unit interval is
required for all data rates.

KEYSIGHT
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Keysight D9050PCIC PCle 5 (Genb) TX Test Application

5.0 BASE SPEC TESTS

¥ PCI-Express Gen5 Test Application - New Devicel

File View Tools Help

Set Up | Select Tests | Configure | Connect | Run | Automate | Results | HTML Report

All PCI Express Gen 5 Tests
32.0 GT/s Tests
Transmitter (Tx) Tests
Signal Quality

Unit Interval
Full swing Tx voltage with no TxEQ
Uncorrelated total jitter
Uncorrelated deterministic jitter
Total uncorrelated PW3
Deterministic DjDD uncorrelated PWJ
Pseudo package loss
Data dependent jitter
Random jitter

Min swing during EIEOS for full swing
Common Mode Voltage

Tx, DC common mode voltage

Tx, AC common mode voltage

Tx, Absolute delta of DC common mode voltage

S1s31 1031385

(Click a test's name to see its description)

Messages
Summaries (click for details)
2019-01-09 10:06:00:460 PM Connected to Infiniium
2019-01-09 10:06:02:142 PM Refreshing HTML Report
2019-01-09 10:06:02:186 PM HTML Report Refreshed
2019-01-09 10:06:08:277 PM Ready

KEYSIGHT

TECHNOLOGIES

PCle 5.0 BASE
Spec Tests

Details

Application initialized and rez

Test Report
Overall Result:

Test Configuration Details
Device Description
Data Channel + ChannelR-1
Data Channel - ChannelR-3
Device Name Mew Device1

Test 5ession Details
Infiniium SW Version 05.30.00701
Infiniium Model Number DSAZE324
Infiniium Serial Humber WYS7220110
Application 5W Version 0.5% 50250

Debug Mode Used Mo
Compliance Limits PCHExpress GenS Test Application (official)
Last Test Date 2019-01-12 22:03:19 UTC -06:00




PCle 32G/16G/8G RX Test Setup

SETUP USING M8000 SERIES 64G HIGH-PERFORMANCE BERT

M8046A with integrated CDR option 0A4 / 0A5 and
equalization with new option 0S2 SKP OS Filtering PCle
8G/16G/32G and CCIX 20G/25G and option 0S1

New Interference
Source module
M8054A for DM-

Custom Tes! Board:

A I\
ASIC)

Sl & CM-SI Interactive Link Training PCle 8G/16G/32G

TP2P

New matched
broadband coupler pair
M8045A-803 for DM-SI
& CM-SI

N9398F DC blocks
used coupler outputs

KEYSIGHT
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Ints
Loopback

Substitute PCle 5
Base Channel
Boards by new ISI
traces M8049A-003
& MB049A-001

M8049A-001 offers
traces from
~approximately 1.5dB
to 3.5dB in 0.5dB
steps.

M8049A-003 offers
~traces from 10dB to

22dB in 2dB steps, IL

measured @ 16GHz



SAS-4 RX Test Setup — Stressed RX Jitter Tolerance A

Simulate SAS-4 test channel by new
ISI traces M8049A-001, -002 and -003

M8049A-001 offers traces from
approximately 1.5dB to 3.5dB in 0.5dB
steps.

Matched coupler pair M8045A-803 for
CM-RI
N9398F DC block

M8049A-002 offers traces from
approximately 3dB to 9dB in 1dB
steps.

New Interference Source module M8054A for "l AT Do e = =
DM-RI & CM-RI

N9398F DC blocks used at interference
source outputs

M8049A-003 offers traces from
approximately 10dB to 22dB in 2dB
steps.

o) i [ N o
: gﬁ y eb— trace ‘g

‘ Eg\ 3 - - B . %!,, Matched IL @ 16GHz
o . [ ] - - ] . . » » r

directional coupler
i pair M8045A-802
%" for DM-RI for ICN

o
)

To support SAS-4 RX testing:

1 n -[m|E8 SAS - 22.5Gbps SAS Gend Devi
«  MB8040A system with 1 pattern generators and one error detector 2" datalane sends 1010 as = @9. - Z25Ghps SAS Gend Devie
.. clk reference for M8040A T 2% A
« Alljitter sources o1 B 225GEs

Amplitude Pre-Calibration

TxEQ and Launch Voltage Calibration

Random Jitter Calibration

Duty Cycle Distortion Calibration

Total Jitter Calibration

Common Mode Random Interference Calibration
&[] i) 151 Calibration

(- (1@ Crosstalk Calibration

* Multi-tap de-emphasis is built-in
« CDR as well as CTLE are built-in
«  AWG used as common mode random interference source
«  AWG used as differential mode random interference source
« SAS RX Calibration and Test SW — N5991SA4A (June/July 2019)

KEYSIGHT
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Rx LInkEQ Test
No Jitter Tol. Test

Algorithm for

determining
equalization and

de-emphasis S

Means for
measuring signal
quality

Request TXEQ setting

Control

p

CDR

2 Tap DFE

™
= \
g (1 B "‘\ J Dhacision
L 1 Lot
" e
]} *
T 1 1
- -

Figure §-51: Diagram for 2-sap DFE
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1order CTLE RECEIVES

Fropaancy (i)

Flgere 2% Loos Carves dor 160 GT/ s Behurioesd CTLE

PCle Tx EQ De-Emphasis and Rx Link Equalization

Min Reduced Swing Limit

PS OE

C.

‘. 1 -
| _BOOSY o4 124 224 24 a4 524 624 7124 w24
w24 00 00| 00 0B [00 -16| 00 .26 Q¢ 35, Q0 47| 00 60/ 00 4| 00 -95
\ 09 0% | 18 25 35 1| 47 60 75 25
| wa4| U8 00| 08 D08 |08 7| 10_ 2B} 12 -30| 13 53] 1€ -68| 18 88
/ - 08 16 | Tax 35 47 &0 78 25
I\ 16 00| 17 0B |19 .18 31| 25 -A4] 29 80| 3580
‘ LY 4| i 28 1735 | “ay ] a0 NESHE s
) Cu 34| 25, 00| 280 [37 23798 48] 47 &7| 48 T
™ / 4 35 47 | 78 a5
) | | W TR L NGE [a4 25 51 41[ &0 80
\ J ARl 47 1 60 1 78 )35
\ w2a| &7 04| 53 3 len 70.- 49!
v\ a7 60 | 76 5
AN 60 00 65 <18 |80 <
= 2 [T 16 1. 9=
e
s Fuk swing Ume or
£ [ ool Max reduced swing imit
* |[nitial Tx EQ Test
ital 1 X es
— 0
. LinkEQ Test
X Lin es
. t Test
T itt reset Ies
5 T L | R T | o ha
R T ¥ b 2L P P 3
TR L T LA @ ® G
{1 l;‘ i L 'l \ 38 LT s 3
[ l | — | -
1 I | | ‘ | ” ' ‘ e
: ! Va — Vb — VC ‘ r |
| 1L [} | i ! i
Il 1 L f | i . Wz
i 4 Wl | | | | 2 vz,
| /l | | Jeled ' [l
Il : ¥
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Key of Successful PCle Gen4 Rx testing: CTLE & CDR

40mV High sensitivity

Delay

0.0 ps

Align

KEYSIGHT
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Parameters

-
VY Y=
= Input Timing

Delay

Egualization

Data rato

Equalization

Selects input signal equalization for specific applications
The calibration of this paramaeter s ooly valid for the
specfic application

JINPUEQUalization:PRESet 'M1.Datalnl’,P6

0.00 -

TGN |=——PCle3.0, -6dB

- PCle3.0, -9dB

-5.00

10.00

SEEERETM e PCle3.0, -12dB
— PCle4.0, -6dB
/

-
»
o
o

4 ——PCle4.0, -9dB
——PCle4.0, -12dB

Magnitude H(s) / dB

-20.00

USB3.0
= USB 3.1, ADC 0dB

-25.00

- USB 3.1, ADC -3dB

1.0E+06

USB 3.1, ADC -6dB

1.0E+08 1.0E+10
Frequency / Hz

The Key with Error Free:
* No additional loss
with integrated CDR






The New Age - DDR Signaling Evolution

Signal Specification

“nght Speed,, u rvs G samram rosmeng
DRI « Complex modulaton? | @ -
e Ny w———-——ﬁb——~-‘»‘——— e G v B W P ¥ B s B 2F M B P P |
IQ Threshold

“Hyper Speed” - No visible eye

a&N -
DDR5 » Pre/De-Emphasis, Impulse response \% /\/\

Impulse Response Threshold  «ggyis| Speed” - Clock often embedded

DDR4 « Eye Diagrams/Masks
e Error rates, Jitter/Noise

M °=sliniEsHold “High Speed” - Transmission lines

DDR3 * Timing e
DDR?2 « Impedance / load curves =
DDR

Signal Integrity Threshold

« " Symbol |Paramster
LOW S peed - Auto p | ace an d ro ute Vo40C) |OC output high measurzmant ‘ozl (for I curvz Imeany)
VYowe!DC) |OC output mid measurement level |foe [V cuve Sreaniy)
. S Fan 0 Ut { VoIDC)  |OC output low measurement level (for W comve Ireanity)
Statlc RAM - DTN : DT Vos/AC) |AC cutput high measuremant evi (for cupat SR
¢ Capac I tan Ce R * * VoUAC) |AC outet low measurement beve ffor output S3)
KEYSIGHT
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Just When You Thought it Was Safe...

DDR1/2/3 DDR4

High-Speed Serial
Digital Speed Speed

KEYSIGHT
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Measurement Science Domains

it S i b e s e
- ' e V<

Logic /
Protocol

Power
Integrity Probing

Memory
Measurement
Science

Modeling and
Simulation

KEYSIGHT
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DDRS5 Specification and Measurement

Memory Controller

____________________________

Equalizer
Output

* * *

| |

Traditional Measurement Indirect Measurement or
Simulation

KEYSIGHT Keysight World 2019
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New Tx Measurement Science

C Ch aracterlzatlon Of CLK, DQS, DQ ':::I:U\;,Jiu%ltunhgmu Connect :Run Automate | Results | ML Report
« Mismatch between DQS and DQ (tDQS2DQ) i
* Ry/Dj jitter separation to allow designer to identify design B ca vinkeo
ISSUES W ciew

B itter tests
B Continuous Data
’ B cClock Jitter

* Rj—source of noise

* Dj —source of crosstalk and duty cycle distortion P e

B DQ Jitter
B Stressed Eye tests
B ' xEH_DQ_SES
B xEw_DQ

B TxEH_D

S1S31 123138

* DQ stressed eye test
« Eye height and eye width measurement
« DFE for higher data rates
« Account for instrument noise

B TxEH_DQ_
B xEw_DQ
B 1xEH_DQ
B TXEW_DQ_SES_4Ul

Setup Wizard... / "-\v
Source Thresholds Clodk Recovery

Channel 1 200 mV,0.0 V,-200 mV Auto Constant Freguency

Jitter | Noise | Advanced
Clock Reference . Force Clock Pattern

0 TIE Filter...

Bathtub Scale  Graph Scale

© Ber ®

Level Qualification

Remove, Speafy
. Q O Linear Jitter, Noise ...

KEYSIGHT
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New Read/Write Separation Method

Command protocol decode with mixed signal oscilloscopes

« Use command truth table to decode read and write
commands

* Pros: More robust

« Cons: Requires additional signals. More signals -> More
loading

Read or write only control

« System designer has control over data transition type
through SOC, FPGA.

* Pros: Eliminates the need for read/write separation

« Cons: Not an option for system integrators

KEYSIGHT
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De-embedding and Equalization

VIRTUAL PROBING METHOD AT RX EQ

Package Model Rx Model

Scope display

WD Avesg=
o - Iumhsr Ava

DRAM Ball

KEYSIGHT
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Probing Technology

Higher speeds require smaller, higher density probing with lower loading

Reduced loading
DIMM interposer
for logic analysis

MR T L LT T L YL LT
Via back side
probing (DDR4)
" OA T HSVORNePLE W e O P wt
.:.: ﬁ ﬁ n Iz e, 29 Detailed simulation modeling
..... = mRER R SRR s - Tad correlated to physical prototypes
ro 430 g e dhi -5 ek
i - e ot

I
KEYSIGHT Keysight World 2019
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DDR/PCI Express Comparison

 Full rate clock
* No Rx PLL needed

* Wide, single ended
« Xtalk dominated vs. loss dominated
* Increased emphasis on multi-channel Rx test impairments

- Bidirectional
« Extra parasitic loading when Rx and Tx share pins
* There is no clean way to terminate the bus
« Reflections due to ODT changes, adjacent rd/wr bursts

 Bursty
« ISl impact differs on preamble, first bits, rest of burst

« Rx must work using “slow” DRAM process
« Full rate loopback impossible
« “Dumber” Rx increases test complexity

KEYSIGHT
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Receiver Testing Begins in DRAM

Precisely
corrupted signé

RJ- 7 7
source source - . Control
Control

Victim pattern cxzrzexrerrxll 4R Cal a Breakout
generator W channel channel

_ A Cal a Breakout
Agressor signal W channel channel

generator

Loopback

Analyzer . Fixture (Mux, Counter,
CRC check)

 Challenge the DRAM with a “stressed” signal / known pattern
« Compare expected vs. actual
* Repeat 3e10 to 3el6 times (depending on BER goal)

KEYSIGHT Keysight World 2019
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Receiving Testing Needs

CREATE A WELL CONTROLLED TEST SETUP

Repeatable procedures

® s00term

High quality stimulus

KEYSIGHT

TECHNOLOGIES



Device and System Testing Fixture

AUTOMATED DEVICE CHARACTERIZATION AND GOLDEN CHANNEL

* Channel Test Card “CTC2”
Socket for plugging in DIMM test card for calibration, DIMM
module to be tested or device test board. SMP connectors to
provide access to CA/CTRL, strobe, and data

* Golden Channel Modeling Board (or ISI Board)
Contains different length standard compliant channels

 Device Test Card ]

Plugs into CTC and can be used by DRAM/memory/register

manufacturers to test their chips

 Fully Passive DIMM Test Card

Plugs into CTC. Signal breakout board for clock, CA, CTRL, DIMM Test Card :
strobe and data. Used for signal inspection and Rx stress signal Potential
calibration. Signals are routed to SMP connectors. Device Test

Cards

KEYSIGHT
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