———

BER Contours mapping and
Advanced Signal Integrity Measurements

Methods

“Measurements and Best Practice for Signal Integrity”

LeCroy




Agenda

» BER Contours mapping ( Iso-BER)
- Concepts
] Benefits

» Advanced Signal Integrity Measurements Methods:
L High Speed Serial Data Challenge
. What Bandwidth for Serial Data Signal ?
O Improve accuracy and add precision to measurements :

1 De-embedding methods
J Emulating methods
. Equalization :
J Equalized System and Measurement Challenges
Transmitter emphasis
] Receiver equalization

 Equalization methods combined with jitter measurements
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BER Contours mapping ( Iso-BER)

v" Show the estimated eye closure of the eye pattern after collecting a certain
number of Ul in the eye pattern ( UI:BER'l)

v Allows the ability to measure noise impact on amplitude as well as on jitter
v ldentify always crosstalk design issues:

v'Also in case aggressor transitions are not incident with signal victim transitions and
therefore jitter data are not impacted.

BER Contours displayed
from 10° to 107
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BER Contours —- No Crosstalk
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BER Contour With Crosstalk
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High Speed Serial Data Stream /

Signal speeds and data rates have increased into the frequency range
while propagation mediums remained unchanged !
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Serial Data Signal Frequency Content
depends on bit rate and rise time

5% harmonic

/

Square-Wave

Power spectral density (dB)

bl lih

Normalized frequency in units of bit rate
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Cable/Fixture/Serial Data Channel

De-embedding

v De-embedding gives the user
the ability to view their ~
waveforms as if the - >
cable/fixture/serial data channel g
was not present.

FIXTURE

v Cableffixture/serial data channel
effect is defined by user-
supplied S-parameter file.

v" Should be always done when
frequency content is increasing
Into the microwave range

Cables and fixture de-embedding
effects on a PCls Gen 2 signal
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Serial Data Channel Response
Emulation

v' Channel emulation gives the
user the ability to view their
waveform as if it were passing
through a serial data channel
that isn’t present. SCOPE

\Xf \J \VY (Output)

I LW AN AAAN

v" The channel effect is defined by
a user-supplied s-parameter
file.

CHAMMEL

v' Useful to model worst-case
scenarios and understand how
designh margins are maintained
In those situations
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Equalization (simplistic view)

proportional to length

v" For agiven length, loss is
proportional to frequency.

-1 v" For agiven frequency, loss is
_{ loss }

length- frequency

speed-length= IOS‘Sacceptable -Q

v" Channel quality depends on loss
characteristics vs. frequency and
length

2.5-GHz-30-iIn~1-MHz-1-m  , ggial Data Equalization is using

g o . g © . same methods used previously in
: \ : \ the telecommunication at longer
£ 10l i g 10l .2 distance:

frequency (MHz) frequency (GHz) v' 2.5 GHz over 30 in. is equivalent as 1

MHz over 1 mi. ( 1.6 Km)

Equalization increases the acceptable loss number, thereby increasing
either speed or length or both,

LeCroy
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Equalized System

Transmitter Receiver
Transmit i Transmit Receive Decision
Pre- > CHANNEL > : Feedback
FIR , Equalizer :
; emphasis Equalizer
] Transmitter Chip \ Receiver Chip \
Digital % Analog ¢ Digital

v Transmit pre-emphasis pre-distorts TX signal in order to
compensate in anticipation the channel degradation

v Linear receive equalization (FFE or CTLE) compensates
channel degradation at the receiver

v" Decision feedback equalization (DFE) change dynamically the
Ideal threshold level based on previous decoded data
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Equalized System Measurements Challenge

Receiver
Transmitter

Eq

Backplane

For very fast data rates (>5 Gb/s), the At the far end pf the channel, t_he eye IS The _equaliz_ed signal within the
transmitter signal typically has very clos_ed. The signal at the receiver pins receiver chl_p annot be prgbed.
good signal integrity. However, after (whlch can be prob_ed) IS pot th.e s_lgnal of How can th|_§ signal be validated to
propagating through the backplane, mterest._ The e'quallz'ed signal inside of ensure low jitter, a c_lean 27
this signal will become severely the receiver chip (which cannot be pattern, and good signal integrity?

degraded probed) is the signal of interest.
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Transmitter Emphasis

s T Ty ey — NN MM De-Emphasis attenuates the low
I L I frequency components while
L] L ] f L] RN leaving the high frequency
RSN S A A W S Mo Y components unchanged
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Pre-Emphasis boosts the high frequency "-""{m:r[ﬂ"jn\""m ..... —\ﬂ /Fﬁ ﬂ \ ’m fﬂ
components while leaving the low LH UUHU_J U\u / \u J ‘u \UJ U
frequency components unchanged
=) Transmitter designers employ the use of emphasis to
g a0 ; pre-compensate the disproportionate impact on the high
esT —= o frequency content of the serial data channel
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Feed Forward Equalization (FFE)

Receiver Equalization

v" Hinted at , from the frequency
response , compensate frequency
loss of the serial data channel 20

v' Corrects the received waveform
voltage value using previous
values and not decoded data (
DFE).

v Delay is usually 1 Ul

40
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v' Tap value is the gain of the L freauency (GHD
T R . — et .
ampllfler In tha‘t Stage —— eguxed ch_anneldmagn?tude response
v' Each stage is then added together
to create the output waveform
1nput > Delay > Delay > Delay > Delay > Delay
Tap 1 Tap 2 Tap 3 Tap 4
Lewvel Level Level Level
@ O—D O—
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Continuous Time Linear Equalization (CTLE)

v" Emphasize the high frequency content on the receiver side
v' CTLE Auto Mode allows the user to specify the amount of boost in dB

v" CTLE Custom mode allows the user to define DC Gain, Zero, Pole 1 and
Pole 2 Frequencies

5 Ref CTLE Parameters
: DC Gain -3.5dB
3 s AC-DC Gain|  6.9dB
=101 Gain BW 10 GHz
. The Reference CTLE is Seero 650 MHz
used for Tx compliance. Lo 1.95 GHz
-21?E+0? 1.El+oa 1.EI+09 1.EI+1O 1.E+11 f ;’2 5 GHz

frequency (Hz)

*Image source USB-IF
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Equalization
and Jitter Measurements

] Extend Jitter and Eye pattern analysis to equalized systems

1 Allows full signal integrity measurements made from a “receiver
eye view” :
 Jitter and Eye measurements representative of actual system performance
 Accurate Performance Margin measurements on the receiver signal

- Tell you what the jitter looks like under various equalized
situations

How much equalization is required for how much ISI reduction ?
How much equalization is increasing Rj ( Noise ) ?
What the transmitter jitter looks like without pre or de-emphasis ?

U OO
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Practical Lab

BER Contours mapping and
Advanced Signal Integrity methodology

“Measurements and Best Practice for Signal Integrity”
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Experience IsoBER

 Select the start
and the end BERs
to display directly
onto the eye
diagram itself

Eye Saturation
I

Eye style

StartIsoBER |~ 10 to
Scan B

Set ISOBER ranges
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Experience Eye Doctor Il

Eve Doctor Il

Input:
1
2.49 Gbit's Disabled Disabled Disabled
Signal S Emulate /
Input i De-embed

I Show . ‘ | Show . ‘ Show

Equalizer

] Set-up menus:. 1 Capabilities:
[ Signal Input  Fixture / Cable / Channel De-
O Emphasis Embedding
O Emulate / De-Embed . Transmitter Emphasis Emulation
0 Equalizer J Channel Response Emulation

(] Receiver Equalizer Emulation
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