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What is Pre-emphasis?

Types of pre-emphasis
Analog (Audio)
Digital (SERDES)

Reason for pre-emphasis

Signal degradation happens because of long
transmission line and jitter

Analog signal (Audio)

In general, signals with higher modulation
frequencies have lower SNR, pre-emphasis
helps amplify high frequency signal
components such that they will have
magnitude higher than noise components.
This led to improvement in the Signals to
Noise Ratio

Digital signal (SERDES)

Pre-emphasis boots the high-frequency energy on
every transition in the data stream by combining
different delays, weights, and polarity to optimize
channel loss through finite impulse response (FIR)
filter.
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Pre-emphasis circuits

Analog Audio Pre-emphasis

Pre-emphasis Circuit

Pre-emphasis
circuit is
basically a HPF =~ ~----f--
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Pre-emphasis Digital Filter
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Digital signal pre-emphasis in a nutshell
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Definition of Pre-emphasis for

digital signal (SERDES) PrE'emphaSiS Dlgltal Filter
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- As high-speed digital signal | R
traveling through a PCB, skin [ | Gl ComensattaSiga
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Pre-emphasis Digital Filter
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Pre-emphasis Pre-1
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Pre-emphasis
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Pre-emphasis

Post-2

O 32 voltage steps total (value
range from -1to +1)

O Each voltage step represent a
10mV common mode
differential or smV common
mode single ended

Pulse active for 2 native clock
resolution after

> Forinstance. 1.25Gbps, Ul =
8oops

> Native rate is 8 x 1.25Gbps =
10Gbps (200ps)

> Pre-emphasis is valid for one
native rate period
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Pre-emphasis setting

Baseline signal with no
emphasis. Transition bits are
clearly weaker than non-
transition bits and the signal is
touching the mask (fail).

Width | Worst
Height | Good
Jitter | Worst
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Excessive pre cursor Optimized

Excessive pre-cursor
emphasis. The eye is more
closed than the baseline,
indicating minimal pre-cursor
ISl was present and the
emphasis is doing more harm
than good.

Betier
Bad
Betler

= Well-tuned post-cursor
emphasis. The eye is open
and fransition and non-
transition bits are well
matched in amplitude,
indicating a correct level of
equalization. The signal is
passing the mask test.

Best
Best
Best
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Excessive post cursor

5

Excessive post-cursor
emphasis. The eye is staring
to close and transition bits
have significant overshoot,
indicating excessive
equalization. The "double
banding" artifact visible in the
eye indicates the presence of
significant 151752 caused by
the excessive emphasis.

Better

Bad

Befter
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Direct Connection

Equipment used

1.

HSI2x high-speed digital
instrument

Semi-rigid coax cable with
bandwidth of 30GHz

High bandwidth oscilloscope

Connection

Al

Direct connection into
instrument connector

Connector has a 25GHz
bandwidth
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HBR2 CP2520 at 8Gbps

O Direct connection with no pre-emphasis O Direct Connection with pre-emphasis

Keysight Infiniium : Wednesday, August 7, 2024 3:19:17 PM Keysight I

Helr 7/31/2023

|[MaskTest A 16.8 GHz | _I[o.c

_ |
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| A | — > =
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=1 3 Wims |
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SEal |BJIUSA | SEaly WL

750 ps 100 ps

Jitter Resuits Measurements Jitter Results

Source Channel 1-3 5 3119ps Islpp Measurement Source Channel1-3 ISlpp 1474 ps

RJ Method Spectral Transitions 1420584 M DDPWS 2436 ps © Eye width(1- RJ Method Spectral Transitions ¥ DDPWS 1226 ps

Data Rate 7999991 Gb/s Plrms 341ps F/2 (Even/Odd)  391ps @ Eye height{l Data Rate 8.0000 Gb/s Phnrs Y F/2 (Even/Odd) 317 ps
Pattern Length 2520 bits PIGE 902ps Clock Recavery  Second Order Pattem Length 2520 bits P55 y Clock Recovery _Second Order

T(IE-11) 4913ps DDJpp 2612 ps Edge Direction  Both TIE-11) ) DDIpp . Eclge Direction

Rirmsparrow  133ps Deo 164 ps Measurement  TIE (Phase) bCD e
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HBR2 CP2520 at 4Gbps

O Direct connection with no pre-emphasis

Keysight Infiniium :
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Measurements

Measurement
© Eye width(1-
© Eye height{1
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Wednesday,
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3 wfms
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Jitter Results
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O Direct Connection with pre-emphasis
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HBR2 CP2520 at 8Gbps with optimized pre-emphasis

0 Eye Diagram on load board Q Eye Diagram on instrument connector

2023 2:26:38 PM Keysight Infiniium : Monday, July 31, 2023 2:40:30 PM

Keysight day, Nov
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HBR2 CP2520 at 4Gbps with optimized pre-emphasis

0 Eye Diagram on Load Board

Keysight

: Tuesday, :27 BM
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O Eye Diagram on Instrument Connector
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How pre-emphasis influence waveshape (Pre-1=Max)

39:06 FH
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How pre-emphasis influence waveshape (Pre -1=Mid)

EKeysight Infiniium : Wednesday, September 18, 2024 6:40:38 FM
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How pre-emphasis influence waveshape (Pre-1=Min)
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How pre-emphasis influence waveshape (Post-1=Max)
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How pre-emphasis influence waveshape (Post -1=Mid)

Keysight Infiniiuvm : Wednesday, September 18, 2024 6:44:56 PM nreemphisis
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How pre-emphasis influence waveshape (Post-1=Min)

KEeysight Infiniium : Wednesday, September 18, 2024 6:46:04 FM prp@mehphl51shaha§5@!§0@op@§tﬂ)00@99.png
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How pre-emphasis influence waveshape (Post-2=Max)
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How pre-emphasis mfluence waveshape (Pos_f\;_._ 2=Mid)
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How pre-emphasis influence waveshape (Post-2=Min)

Keysight Infiniium : Wednesday, September 18, 2024 6:54:19 PM p1:pempmpblSLShahan‘5@BO@opr§t[&OO@89.png
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Too many settings
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Pre-emphasis setting challenges

O There are 3 knobs for pre-emphasis setting
e Pre-1
e Post-1
e Post-2
O Each knobs has 32 settings
e A combination of 32K settings with 3 knobs

e To determine the optimum setting will be time consuming and
challenging without oscilloscope

O Pre-emphasis use model concept

e Automate the pre-emphasis setting through engineering
characterization

e APl with selection of mid, minimum and maximum pre-emphasis
setting
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8Gbps PRBS7 Pre-emphasis setting(Mid, Max, Min
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