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Scope and Purpose

e Investigate the impact of imperfect transmit equalization
settings on link performance.

e Establish bounds on the range and accuracy of transmit
equalizer settings.
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Analytic Model
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Channel Model

Mellitz C-like Model
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Transmitter Model

6

1/T = 10.3125 GHz i

F(z) is the 3-tap transmit FIR | L
. _ - F@ H( . j H,(f)
« Settings for transmitter and |

Ho(f) =

aggressors are identical A
A =400 mV

H,(f) yields a trapezoidal pulse
with 24 ps rise time (20-80%)
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F(z) Signal Shaping

T
VprezA(_ﬂ_fO+f—1) NOTE:
By convention, f, and f_, are always negative and f; is
Vpst = A(_ f1 + f ot f _1) always positive.

Vi =A(f1+fo+f—1)
—h+f- =1
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: 37 steps from 0 to =9/20

: 37 steps from 0 to =9/20
: minimum value must be
no less than 1/10
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Receiver Model

e H/(f) is a 2-pole filter A,

« p;=0.7/T,p,=1.0/T X —*
® Ny= 133 uvrms 0(2) Zm:|cm|=1 i—
o NF =24 dB G 4 o
o Gy=1 ~ 1) @ 1) =6 co o4 | H=
e A, is timing jitter

+ PJ,=0.15UL 0% P

+ RJ,=0.15Ul , at 1E-12

« RJ,=0.15Ul,, at 1E-12 .
e C(z2)is a feed-forward equalizer H,(f)= (S+pll)(;+ )

* not used i :

=4kTR| |H
e D(2)is a 5-tap DFE " LIt o
e t, C(z), and D(z) are chosen to
minimize E[g,?]
systems
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Target SNR

e SNR must be better than 17 dB

10°
to achieve a BER < 1E-12.

. . . e

e This relationship assumes that ; ; j ; ;
the noise term is Gaussian. o) NSS! SN SN W S N—
e Thisisanupperboundonthe .| 1 i N

BER when the noise term is not L
truly Gaussian. e e N
 For example, residual ISI ol — 1L 1 N

and crosstalk SR 1]
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SNR Correlation

SR (PRES-11) vs. Analytic Maodel
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SNR Correlation to Eye Height and Width

Eye Height (PRES-11) ws. SHR
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Analytic SNR [dB]
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Observations

e Analytic model predicts SNR quickly and accurately.

e Analytic model does not accurately predict eye height and
width.

« This is more a commentary on the correlation of SNR to
height and width.

« Comparisons were made using PRBS-11 pattern; a longer

pattern would result in degradation of both eye height and
width.

e Analytic model is pessimistic.

* Requirements derived from this model should be more than
sufficient for target applications.
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Sensitivity Requirement Estimate

e Q is the SNR at the slicer input P n =S
| | SRR S AR yix

e A, is the slicer sensitivity § "

» Q, is the target SNR (based on A, =00,

BER objective)
o IfQ <Q,, then A, =0. A 2 Qo+,
Ai2 2
SLICER s = Q_Oz_”i
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Slicer Input SNR [dB]: Test Case 1 Slicer Input SMR [dB]: Test Case 2 Slicer Input SMR [dB]: Test Case 3
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Tap Weight Range
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Tap Weight Resolution (SNR Penalty)

SMR Penalty vs. £ Step Size

SMR Penalty ve. f Step Size (ho crosstalk)
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Tap Weight Resolution (Sensitivity)

Minimum Slicer Sensitivity vs. f Step Size (no crosstalk) Minimurn Slicer Sensitivity vs. fm Step Size
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Transmit Equalizer Impact on DFE

Maximum D(z) Correction vs. f Step Size

Maximum D(zj Correction vs. f Step Size (ho crosstalk]
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Observations

e Required pre-cursor range is roughly half of the required
pOSt-cursor range.

e Crosstalk environment is a factor in determining the best
transmit equalizer configuration.

 In addition, more precise equalization is required to provide
more “headroom” in higher crosstalk environments.

e Link performance decreases with decreasing transmit
equalizer resolution.

e Demands on the DFE receiver increase with decreasing
transmit equalizer resolution.
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Recommendations

e Define no fewer than 16 post-cursor settings in the range
of —-0.37510 0

« Post-cursor step size is 0.025

e Define no fewer than 8 pre-cursor settings in the range of
-0.175t0 0

* Pre-cursor step size is 0.025
e Define the pre- and post-cursor tolerance to be +/- 0.0125

e This would correspond to 128 possible transmit equalizer
“states”
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Future Work

e Investigate “sensitive” test cases with a detailed voltage
and timing margin analysis.
e Are positive post-cursor tap weights required?

e Such scenarios are conceivable with reflections.
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