MATLAB

EXPO

1ZESEI - Z04EE

IFEETEIntel Xeon FEARIHHIITAIR

Intel ff U ZERIG X 7=

4} MathWorks:




Agenda

Intel Clock Jitter Analysis Tool
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Intel Clock Jitter Analysis Tool (CJAT)

4 Intel Clock Jitter Analysis Tool 0.93 - a
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Configuration Test Log
Post Process o
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Silek | EiEi Generation: PCle 5.0 Ready
- ClockMode: Common refclk Configuring...
Midbus SSC Removal NF De-embed 12ns Transport Delay Spec: Enabled Configuration Done
| Enable (] Enable 7| Enable qu Pass Filter: Enabled System level mformatlgn delivered to process algorithm
Midbus: Enabled Clock waveform analysis Start
SSC Removal: Disabled Base frequency is 99.835 MHz
Noise Floor Deembed: Enabled Checking Midbus Algorithm for reflection removal...
Clock waveform Noise Floor jfveform System Max Transport Delay: 12ns; Midbus function turned on; New threshold voltage as -0.221
data direction as both A (TX/RX) <--> \
Ru B (RX/TX) Swingis 0.812 V
ight Time DB Setting: Additional FIR lowpass filter Enabled; Bandwidth as 1.884
0 DB buffer shared by A and B GHz
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Clock waveform: Clock Input Phase jitter Delivered
Ntk Crosstalk Crosstalk Cumulate C:\Users\liweizha\Documents\MATLAB Clock waveform analysis Done; CDR output Phase jitter Start

\waveform\2020WW18_CJAT_demo\
CK440_Renesas_100M_SSC05_80GS_
5GBW.bin

Noise floor waveform:
C:\Users\liweizha\Documents\MATLAB .
\waveform\2020WWwW1

Analyzing input phase jitter pass through all combinations of
transfer functions...

Transfer Functions Generated; Total 16 combinations

FFT Start; Phase spectrum is generating...

Sweeping all 16 combinations...




CJAT Background

What is phase jitter/ TIE in clock design?

Time Interval Error (TIE) between
XP and fitting trace

Clock Waveform in Time Domain
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What is the design target?

= More accurate clocking can support higher speed data transfer.
= Take PCle* 5.0 (32Gbps) as example, phase jitter of clock should <150 fs RMS (~ 2.1 ps pk-pk jitter for BER -12)

" |n 2.1 ps, the light travels 0.63 mm (= 3e8 m/s * 2.1 ps)




CJAT Background (one feature as example)

Why CJAT is important to industry?

The real phase jitter from silicon

== is overwhelmed by the impact
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3 Loam more about s examle : . CJAT can remove impact from
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Real phase jitter from Jitter from test environment and keep real silicon jitter
clock generator silicon (Noise floor from oscilloscope & probes) behavior
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General Methodolaglcal for
Applicable Innovatlon



Deduction: from Theory to Simulation

Deduction (logic):

“A process of reasoning that moves from the general to the specific, in which a conclusion follows necessarily from the
premises presented, so that the conclusion cannot be false if the premises are true.”

P(B|A) = % =1-> AispartofB -~ Wiktionary
laws of Physics PROs
* Correct when theory is well leveraged
Buffer. Package
model in CONs
Silicon el * Not easy for innovation
simulation Integrity in * Poor correlation between simulation and
Board reality if the theory is over ideal and hard to
Connector simulation match




Induction: from Validation to General
Methodology

Induction (logic):
“Derivation of general principles from specific instances.”

-- Wiktionary

PROs
ARTIFICIAL MACHINE
INTELLIGENCE LEARNING DEEP LEARNING * Human nature; easy to use
Any technique that Statistical methods that Neural networks with many layers
o I AT T s e N Ieor“n representations and tasks
mimic human tasks from data without directly” from data CONS

intelligence explicitly programming

e Mistake by poor cognitive ability

* Heavy loading and low efficiency to
sweep all corner cases

e “Black Swan”

Deep learning more accurate
than humans on image
classification

FLOPS

Thousand Million Quadrillion




MathWorks Tools: Combine both

Physics:
from silicon thermal

noise, PLL/ CDR
transfer functions, to
buffer jitter

Mathematics &
Statistics:
validation sweep with
equipment

Induction

Physics:
pick critical impactors
from noise floor

Basic jitter process

’ﬁ CJAT _simplified - Simulink
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Innovations for post process Clock Jitter Analysis Tool
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What we used in this tool

MATLAB

File Eda Help

4 Intel Clock Jitter Analysis Tool 093

Generation
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Post Process
e Signal Processing Toolbox Midbus
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Clock Waveform
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12 ns Spec Default
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Configuration

Generation: PCle 5.0

ClockMode: Common refclk

12ns Transport Delay Spec Enabled
Low Pass Filter;: Enabled

Midbus: Enabled

SSC Removal: Disabled

Nolse Floor Deembed: Enabled
System Max Transport Delay: 12ns;
data direction as both A (TX/RX]) <«->
B (RX/TX)

DB Sening

O DB buffer shared by Aand B

2 DB buffer for Channel A only

O DB buffer for Channel B only

Clock wavefornm
ClUsers\iweizha\Documens\MATLAB
\waveform\20 VWI8_CJAT_demao)
CK420_Renesas 100M_SSCOS_BOGS_
SGBWDIn

Noise floor waveform:
CAUsers\welizha\Documents\MATLAS
Vv farm\ 20200WWIA ¢ IAT demal

Test Log

Ready

Configuring...

Configuration Done

System level information delivered to process algorithm
Clock waveform analysis Stan

Base frequency is 99.835 MHz

Checking Midbus Algorithm for reflection removal

Midbus function turned on; New threshold voltage as -0.221
v

SwingisOBi2 YV

Addional FIR lowpass filter Enabled Bandwidth as 1.884
GHz

Clock Period jimer is Delivered

Clock Period jiner —-> Phase jimer WiP.

Clock nput Phase jiner Delivered

Clock waveform analysis Done; COR output Phase pter Start
Analyzing input phase jitter pass through all combinations of
transfer funclions..

Transfer Functions Generated; Total 16 combinations

FFT Start; Phase spectrum is generating..

Sweeping all 16 combinations..

IFFET None Aack to Time Doman




A Blgger Plcture for .
Applicable Innovatlon



Comments from Industry: First to Fix
Bottleneck Issues

“By applying solid understanding of high speed theories and signal integrity knowledge to the cutting edge
designs, CJAT led the innovation of clock jitters' methodology. Furthermore, by sharing the new algorithms to

industry partners, CJAT promoted the state-of-art of the ecosystem and measurement.”
-- Keysight

“With the CJAT, all clock IC vendors can use the program to get the real IC jitter performance. This creates
a better way to make sure the clock device can meet the requirements of the Intel chips.”

-- Diodes

“Clock distribution is one of hot topics in our Eagle Stream 45/8S platform design. CJAT is efficient to
design/evaluate for our clock solutions. Appreciate it of you for latest released CJAT tool. .”

-- Lenovo

intel) |




Architecture Level
Influence

.7 Current generation N ./ Next generation \

Time-X
Industry
Intel product . : spec &
standard
Specific
Relevant

Customer . Vendor
. Validation .

BKM
Measurable

roadmap
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