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Assumptions for AFE Linearity
Analysis

2 V/p peak-to-peak PAM-M launch signal
Analog differential blocks have only odd non-linearity
Analog blocks are characterized by:

Y = BX(1+aX?)

B block gain
a 39 order non-linearity coefficient
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Worst-case Non-linearity Error (Om)

For | (cable length)=0 cascading seven X(1+uX?) blocks and retaining only 1st three terms assuming:

Bi_to-7 =1

The slicer input becomes:

Y = X(1 +?uX2+63a2X4) = X+ error

The maximum error happens when « is negative and X=V,, then:

Yo
Vp error < m (half the ADC threshold)
i
''''''''''' RYEE )Vp
¢ Noise Margin 1
e (M2 a] < 5
144(M—-1)V P
ADC threshold
M-3
(#73),
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Combined AFE Non-linearity (7 blocks)

V(1 +7aV,’ + 63a°V,")

(Warped PAM5 OUT)

ou

J_L X(1 + 7aX2 + 63aX%)

—— (Accurate PAMS5 IN)

-
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AFE Linearity Requirement vs.

Line-Signal
Line Code | Peak-to- | Launch la| la|
Peak (V) | Power | Formula | Simulation
@ 1 @ (%)
PAM-5 2.000 7.00 1.74 2.00
(Plato Labs)
PAM-10 3.134 10.00 0.31 0.35
(Solar Flare)
PAM-17 2.000 5.74 0.43 0.45
(Cicada 1/00)
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Worst-case Non-linearity Error
(Normalized - Om)

For | (cable length)=0 cascading seven X(1+uX?) blocks and retaining only 1st three terms assuming:

B =1 B - :
o I=lo=% TPGA) | v7av 246302V 4
The slicer input becomes: P P
X(1+ 7ax? + 6302 x4
1% ?uvpz ¥ 63{12 Vp4
The maximum error happens when X = +[ ]J1 + O sz
Vp Vp
Decision threshold RERrS Z(M -1)
/. "
t------------------------ (W) Vp 1
Noise Margin |f1| ]
___________ M 2'5)V - 2
P

5.39(M - 2.30)V
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Combined AFE Non-linearity (7 blocks normalized)

7 2 63 2\,4
V(1 +:1 aV, +1—60( Vp)
—A
(Warped PAMS5 OUT) 3 / 1+7aV,” +630°V,’
i NC X(L + 70X + 630° X%
I S | . 1+7aV,?+6302V,
J / o v v "
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AFE Linearity Requirement
(Normalized) vs. Line-Signal

Line Code | Peak-to- | Launch la| la|
Peak (V) | Power | Formula | Simulation
@ 1 @ (%)
PAM-5 2.000 7.00 7.10 6.00
(Plato Labs)
PAM-10 3.134 10.00 1.00 1.30
(Solar Flare)
PAM-17 2.000 5.74 1.30 2.75
(Cicada 1/00)
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Class-E 4-Connector Channel Modell

IL = 1.9910./F+0.0177f + 9;2?[@.2..5 (59.4dB @ 600 MHz)
f

72.3 - 15log f 90 - 20log f
PSNEXT = 20log|10 2 +2x10 %O
64.8 — 20log f 80.1 - 20log f
) 20 20
PSELFEXT = 20log| 10 + 4x10

ANEXT = 60 - 1UIDg(-1-f}f—-U)

RL = 32 - 10log(f)

NOISE = —1509Bm
Hz
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Channel Capacity 1

NEXT Cancellation 50 50 100
(dB)

ECHO 65 65 100
Cancellation (dB)

FEXT Cancellation 50 50 100
(dB)

NOISE -143 | -150 | -150
(dBm/Hz)

Capacity (Gbps) | 14,75 | 15.46 | 15.52

f
« Avaya ANEXT model: -60+10 |0910(160)

* No ANEXT Cancellation is considered
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Modified Class-E 4-Connector Channel Model2

IL= Avaya Measurement (53dB @ 600 MHz)

72.3- 15log f 90 - 20log f
PSNEXT = 20I0g[10 20 4ox0 % ]
64.8  20log f 80.1 - 20log f
) 20 20
PSELFEXT = 20log| 10 + 4x10

ANEXT = 60 - mmg('.fg.ﬁ)

RL = 32 -10log(f)

NOISE = _1509Bm
Hz
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Channel Capacity 2

NEXT Cancellation 50 50 100
(dB)

ECHO 65 65 100
Cancellation (dB)

FEXT Cancellation 50 50 100
(dB)

NOISE -143 | -150 | -150
(dBm/Hz)

Capacity (Gbps) | 17.77 | 18.52 | 18.59

f
« Avaya ANEXT model: -60+10 |0910(160)

* No ANEXT Cancellation is considered
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Analog Approach
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Class-E 4-Connector Channel Model3

IL = 1.9910./F + 0.0177f + 9;2?/‘_@_? (59.4dB @ 600 MHz)
f

72.3 - 15logf 90 - 20log f
PSNEXT = 20log| 10 2° s %l 20
64.8 - 20log f 80.1 - 20log f
_ 20 20
PSELFEXT = 20log| 10 +4x10

ANEXT = 60 - 10|og(-1-3-_)

RL = 42— 10log(f)

NOISE = 15092
Hz

Plato Labs



Frequency responses at Slicer
_Input
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Coset/Lattice Calculation
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Coset/Lattice Calculation

(s, (t)= S..(1) n=0,..., 7
Syq = S,y (t-1) O S (t-2) O Syq(t-3)
San®) = Sen®) n=9,..., 16
Syr7 = Sepe (t-1) O Sy (t-2) O Syypy(t-3)
San® = Sen®) n=18,..., 25
Siys = Seps (t-1) O S,y (t-2) O Sype(t-3)
San® = Sen®) n=27,..., 34

Sz = Sga4 (1-1) O S 55 (1-2) O Sy56(1-3)
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Implementation Feasibility

PHY achieves 10Gb/s over 100m Cat6
Single-chip CMOS implementation (0.18p)
Power/Cost Is 2-3X of 1000BASE-T
PAMDS line-signaling

2Vpp launch voltage

Interface to MAC via XGMI|
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