Compensating
for
Transmission Line Impairments

e Impairments - Sources of distortion
e Concept - Compensation for signal distortion

« How - Technigues and Implementations
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Typical Line Characteristics
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Common Circuit Board
Transmission Line Structures

Surface MicroStrip Symmetrical Stripline
Coated MicroStrip Broadside Stripline
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Typical FR4 Stripline Loss
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Common Cable
Transmission Line Structures

Co-axial Unshielded Twisted Pair

e .

Balanced/Twin-axial Shielded Twisted Pair
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Typical Twin-ax LoSS
Amphenol’s 24AWG SpectraStrip SkewClear
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Loss Components
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Dielectric Loss
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Skin Loss
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Skin Loss and Dielectric Loss

5mil {(127um) 40in (100cm) Stripline
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Equalization
or
Compensation



Concept
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Lossy Lines Distort the Signal
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Equalizers Correct the Distortion
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Cable Acts as Low-Pass Filter
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S21 (dB)
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Equalizer Acts as High-Pass Filter

Passive Filter
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S21 (dB)
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Combined Response is Flat
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Observations
of
Lossy Lines and Equalization

Source Transmission Line EQ In EQ Out
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5Gb/s Source Transmission Line EQ In EQ Out
()< e s —
mla¥ami il f Qi Al |
| LT YL !
‘_‘_‘_H_‘_“_‘_‘_‘_H_‘_h‘“‘—-_._,_‘_‘_‘_‘_‘_‘_“
‘H_‘\H_‘_‘_"“--
ﬂ Qnﬁ:!;‘nlﬁjéosn /VI/‘XI/VI Page 19 Clark Foley, Maxim © Nov 2005



5Gb/s Source Transmission Line EQ In EQ Out
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5Gb/s Source

N

Transmission Line

EQ In

EQ Out
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5Gb/s Source Transmission Line EQ In EQ Out
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5Gb/s Source Transmission Line EQ In EQ Out
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5Gb/s Source Transmission Line EQ In EQ Out
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5Gb/s Source Transmission Line EQ In EQ Out
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5Gb/s Source

Transmission Line
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What is the Input Sensitivity?

Most designers of digital
hardware are thinking about this.

Recovering data from a closed
eye is unnerving and unnatural!




What is the Input Sensitivity?
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Observations
of
Stubs and Equalization

Source EQ In EQ Out
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Stubs

Through Via

DC-Blocking
Capacitor

Blind Via

Backplane Connector

Backdril—"
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Without Stubs
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Compensation
Techniques
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Prior Art
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Electric Wave Filter, 1915
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Adjustable Equalizer, 1920
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Constant R and Repeaters 1936, 1939



Automatic/Adaptive, 1935



Feed Forward & Feed-be-side
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Pre- and Post Emphasis 1939
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High Pass Filters
are
Equalizers
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Finite Impulse Response
FIR

(feed-forward design is not recursive)

® GO

Delay 1 OouT
— Gl
Delay 2
G2

Popular choice for digital implementations; however, it works for analog as well.

/
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Infinite Impulse Response

(feedback design is recursive)

IR

ouT

NG

Delay 1

Gl

Delay 2
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Feed Forward

Peaked Response

% . @ Gain Control

Input + Output
3

+

\

Gain Control

X

Flat Response
p EQ
Control

F

User programmable bits
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| ocations

Compensation is accomplished by providing Emphasis to the high-frequency
content. Emphasis can be applied before (pre-emphasis) the line or after
(post-emphasis) the line or both

Transmit Transmission Line Receive

@T—@ DTi

Pre-Emphasis
(de-emphasis)

Post-Emphasis
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Is It Pre-Emphasis or De-Emphasis?

Which one is Pre-Emphasis and which one is De-Emphasis?
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Pre-Emphasis
Transmitter
Examples
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Generating Pre-Emphasis
e 1-bit wide FIR

— easy to implement
— crude approximation

 Fractional or Sub-bit
Interval/multi-bit FIR

— better approximation
— more complex

e Analog Filter
— accurate transfer function
— not an approximation
— simple
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Digital Transmit Equalization
Pre-Emphasis
(1-bit FIR)

l \
1-Bit Delay ouT

*Very Simple
«Adjustable Amplitudes
*Very Crude but effective on modest lengths!
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Pre-Emphasis (1-bit FIR)

ATTENUATED, INVERTED AND DELAYED BY 1 BIT TIME

_ v
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Digital Pre-Emphasis (1-bit FIR)
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Analog Pre-Emphasis

Peaked Response

Gain Control
@
Input : + Output
b

+

: Gain Control
& EQ

Flat Response

>

Control

F

User programmable bits

*Adjustable Compensation

*Very Simple
MAX3983, MAX3982
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Analog Pre-Emphasis

htt p: // ww. maxi mic.com qui ck_view?2. cf ml qv_pk/ 4399
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Active Copper SFP Reference Design HFRD-16

http://ww. maxi mic.com refdesi gngw. cf ml an_pk/3451/1n/en
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Equalization Techniques

Automatic/Adaptive
Recelvers
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Automatic/Adaptive, 1935



Fixed Receive Equalization

Peaked Response

&

Limiting Amp

g >
Output

*Fixed Gain
*Fixed Compensation
*Very Simple

*Independent of Spectral Changes
MAX3785
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Adjustable Recelve Equalization

Peaked Response

/\/ Gain Control
A A g
% Limiting Amp
Input : { ={>_>
Output

+
: Gain Control

Flat Response EQ
Control

F
User
programmable bits

*Variable Gain
*Variable Compensation
«Simple

*Independent of Spectral Changes
MAX3804
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Automatic Receive Equalization

Architecture used in MAX3800, MAX3801, MAX3802, MAX3805, MAX3815

Peaked Response

S -

Gain Control

5>
I

Limiting Amp

+
Gain Control
Power
Detector

<t

Filter 1

Flat Response EQ
Control

Power
Detector

<t

Filter 2

<

*Variable Gain

*Variable Compensation

More Complex

*High Spectral Dependency
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Automatic/Adaptive

Decision Feeback Equalizer (DFE)
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Maxim
Equalizer Products



Product Demonstration

MAX3983 XAUI/InfiniBand Tx/Rx
MAX3785 Fixed Equalizer Rx
MAX3787 Passive, Fixed Equalizer
MAX3805 Automatic Equalizer Rx
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Test Equipment

Tektronix CSA8000
~—————  Oscilloscope
Agilent 70843B
Pattern Generator

<
BER tester

—.— | Agilent 83725A
Clock Synthesizer
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Test Equipment

Agilent Multiport Agilent 8720ES
S-Parameter
Software
Network Analyzer

ATN Microwave
ATN-4112A
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Microstrip

omil, FR4

Test Equipment

Evaluation Boards

4x InfiniBand
Cables

7
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Product Demonstration

» MAX3983 XAUl/InfiniBand Tx/Rx

http://ww. maxi mic.conm qui ck_view?2. cf m qv_pk/ 3982
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MAX3983
Driver and Recelver

for
XAUIl/InfiniBand
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MAX3983
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MAX3983

Adjustable Analog Pre-emphasis
Transmitter output controlled by pins TX PE1 and TX PEO

TX PE1 | TX PEO | Compensation
0 0 3db
0 1 6dB
1 0 9dB
1 1 12dB
[rx_PE[0:1] 2
Limiter
& Fixed EQ Pre-emphasis 3] 6dB
—] &
. 7 CML Outputs
|| 5 o
Open Collector Sianal
2 Deltger(]:?or S
‘ 3dB

TX_ENABLE
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MAX3983

Pre-Emphasis = 00

(Minimum)

Cable: 24 AWG, 100o0hm, balanced twin-axial Amphenol “SpectraStrip”
Pattern: 100CID+PRBS7
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Pre-Emphasis = 00

MAX3983

Bit Rate = 3.125Ghps
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Pre-Emphasis = 01

MAX3983

Bit Rate = 3.125Ghps
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Pre-Emphasis = 10

MAX3983

Bit Rate = 3.125Ghps
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Pre-Emphasis =11

MAX3983

Bit Rate = 3.125Ghps
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Product Demonstration

» MAX3785 Fixed Equalizer Rx

http://ww. maxi mic.com qui ck_view?2. cfnmi gv_pk/ 3613
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MAX3785 Fixed Equalizer

777777



MAX3785

FR4 Line Length = 75cm

Bit Rate = 6.4Gbps

PRBS23 6mil, FR4 MicroStrip
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Product Demonstration

» MAX3787 Passive, Fixed Equalizer
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MAX3787 Passive Equalizer
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MAX3787

FR4 Line Length = 60cm

Bit Rate = 6.4Gbps

PRBS23 6mil, FR4 MicroStrip
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MAX3787

FR4 Line Length = 60cm

Bit Rate = 8.5Gbps

PRBS23 6mil, FR4 MicroStrip
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MAX3787
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MAX3787

FR4 Line Length = 60cm

Bit Rate = 10.7Gbps

PRBS23 6mil, FR4 MicroStrip
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Product Demonstration

» MAX3805 Automatic Equalizer Rx
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MAX3805 Automatic Equalizer

PPPPPP




MAX3805

FR4 Line Length = 75cm

Bit Rate = 10.7Gbps

PRBS23 6mil, FR4 MicroStrip
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Maxim Offers Variety

Different Architectures for Different Needs
Pre-Emphasis Drivers

Equalized Receivers
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Thank You
for
Your Attention
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