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Announcements

e HW4 due Wednesday 5PM
* Any issues?

e Exam 1 is March 12
e 9:10-10:10AM (10 extra minutes)

e Closed book w/ one standard note sheet
e 8.5"x11” front & back

* Bring your calculator



Agenda

e Equalization theory and circuits
e Equalization overview

* Equalization implementations
* TX FIR
* RX FIR
« RX CTLE
« RX DFE

e Setting coefficients
e Equalization effectiveness
 Alternate/future approaches



High-Speed Electrical Link System
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Link with Equalization
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Channel Performance Impact
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Voltage (V)
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Channel Performance Impact

Channel Responses

o

b o A
o O O

.
O

‘ e e
i ' ' —k 7" Desl{tDpEDCDnn :

V)

S 0.8
L 07
0.6f
05F
0.4
0.3
0.2
0.1F

PP Diff. Voltag

Channel Response (dB)
3

3
o

2 4 6 8

10

ook ________

10Gb/s Equallzed Pulse Responses

| —¥ 17" Refined BF/2CoNN |

o] —¥ 17" Legacy BR/2Cann |:

12 14 16 R R

Frequency (GHz)

lOGbls Eye Desktop Channel w!Eq

0 20 40 &0 80 100 120 140 160 180 200

Time (ps)

Voltage (V)

' ' ' ' '
[=] (=T = T = B =]

(=T = R = T = B = |

10Gb/s Eye - Refined BP Channel w/Eq
5 T r r T T .: .5 r r

i

wn

i H i i L i H i i
0 20 440 60 80 100 120 140 160 180 200

Time (ps)

0 1 2

3 4 5 &

Time (UI)

0.5

10Gb/s Eye - Legacy BP Channel w/Eq

7

Voltage (V)

0. dpiens

; i i A i . i i
40 60 80 100 120 140 160 180 200

Time (ps)

~



TX FIR Equalization

e TX FIR filter pre-distorts transmitted pulse In
order to invert channel distortion at the cost of
attenuated transmit signal (de-emphasis)
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Channel Response (dB)

6Gb/s TX FIR Equalization Example
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RX Equalization #1: RX FIR

Analog Delay Elements
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RX Equalization #2: RX CTLE

Channel Response w/ RX CTLE Eq
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RX Equalization #3: RX DFE

Refined BP Channel 6Gb/s Pulse Responses
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Equalization Effectiveness
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 Big initial performance boost with 2-tap TX eq.
* With only TX eq., not much difference between 2 to 4-tap
* RX equalization, particularly DFE, allows for further performance

improvement

« Caution — hard to build fast DFEs due to critical timing path
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Next Time

e Equalization theory and circuits

« Equalization implementations
* TX FIR
* RX FIR
« RX CTLE
« RX DFE

e Setting coefficients
e Equalization effectiveness
 Alternate/future approaches
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