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Overview Ll

» Test setup

 Measured and simulated eye diagrams
 Calculated WDP and pulse response
 BER plot

« Example FFE implementation

Authors are specially thankful to Jim Tatum and Jonathan
King of Finisar for their contributions and providing VCSELs
samples for this work.
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Test Setup i

« VCSEL was driven directly from a 25.78 GBd SerDes test chip

— Laser was biased through bias-T and driven single-ended with 250 mVpp
amplitude

— No benefit seen by increasing de-emphasis beyond compensating for the
test board

— Laser test and reliability results are being presented at Photonics West this
week by Finisar

 The VCSEL die output was collimated with NA=0.47 lens then
focused with NA=0.23 lens into an 50/120 um OM2 fiber patch
cord

« VCSEL was biased at 5 mA with 5dB extinction ratio
» Optical receiver had 15.5GHz BW, ~ 150V/W dlﬁerentlal

ti |
conversion gain, and -5.5dBm sensitivity ppmia p2é°{‘r2ce

25G-VCSEL OM3 Cable 100 m
-—" y1oMm23 mII or 150 m “OMZ 3m —‘>_=| a-

|
Connector Connector
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PRBS31 Eye Diagram at 25.78 GBd
« 5mA VCSEL bias current, ~ 5dB ER
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PRBS9 Equalized Eye Diagram at
25.78 GBd

 Equalized eye diagram after 6 m of OMZ2 fiber
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— Relative equalized eye opening gain for various equalizer shown

Optical B2B Eye FFE=1DFE=0

C=[1.000]

Diztance from decision threshold

SNR= 26.9 B
HEYE(IS, 1E-12)=(0.424, 0.139)
VEYE(SI, 1E-12)=(0.053, 0.022)

n

Optical B2B Eye FFE=1DFE=2

Diztance from decizion threshold

SNR=29.8 dB
HEYE(ISI, 1E-12)=(0.561, 0.340)
VEVE(ISI, 1E-12)=(0.074, 0.043)

0
Time (UI)
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Diztance from decizion threzhold

Diztance from decigion threshold

Optical B2B Eye FFE=4 DFE=0

C=[-0.112,-0.238, 1.202, 0.148]

¢=0.088

SNR=31.0dB
HEYE(ISI, 1E-12)=(0.624, 0.480)
YEYE(IS], 1E-12)=(0.106, 0.068)

Tirme (UN

Optical 2B FFE=4 DFE=1

SNR=32.7dB
HEYE(ISI, 1E-12)=(0.525, 0.380)
VEYE(ISI, 1E-12)=(0.099, 0.070)

Time (U]
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Diztance from decizion threzhold

Optical B2B Eye FFE=6DFE=0

C=[-0.122,-0.216, 1.162, 0.340,-0.020, -0. 144]

N\ ¢=0.095 2
AN

7 SNR=32.9dB e
HEYE(S), 1E-12)=(0.507,0.360) =
YEYE(SI, 1E-12)=(0.137, 0.097)

Optical B26 Eye FFE=6DFE=3

[0.064, 0.018,-0.404, 0.456, 0.178, 0.688]
[0.042, 0.002, 0.008] -~
0.069

=
D=
=

SNR=32.9dB 3
HEYE(ISI, 1E-12)=(0.578, 0.420)
VEYE(IS], 1E-12)=(0.096, 0.069)

Tirne (1)




Diztance from decizion threzhold

Diztance from decizion threshold

PRBS9 Equalized Eye Diagram at
» 25.78 GBd

« Equalized eye diagram after 100 m of OM3 + 6 m of OM2 fiber

— Relative equalized eye opening gain for various equalizer shown

100m OM3 FFE=1DFE=0 [

C=[1.000]

SNR=25.1dB
HEYE(ISI, 1E-12)=(0.426, 0.138)
YEYE(ISI, 1E-12)=(0.043, 0.013)

0
Timne (U

100m OM3 FFE=4 DFE=1

C=[-0.083,-0.160,0.722, 0.520]
D=[0.035]
¢=0.068

SNR=31.0dB
HEYE(SI, 1E-12)=(0.545, 0.380)
YEYE(SI, 1E-12)=(0.085, 0.054)

Tirne (UN)
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Diztance from decizion threzhold

100m OM3 FFE=4 DFE=0

C=[-0.109,-0.310, 1.333, 0.086]

SNR = 29.6 dB
HEYE(ISI, 1E-12)=(0.621,0.440)
YEYE(S], 1E-12)=(0.098, 0.057)

Time (V)

100m OM3 FFE=1DFE=2

SNR=27.8 dB
HEYE(ISI, 1E-12)=(0.552, 0.279)
YEYE(SI, 1E-12)=(0.059, 0.028)

0
Tie (Ul)
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Distance from decizion threshold

Distance from decizion threzhold
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100m OM3 FFE=6 DFE=0

C=[-0.123,-0.307, 1383, 0.140,0.077,-0.171]
Do

1= 0.089

SNR=31.0dB b,
HEYE(S), 1E-12)=(0.536,0.360) ==
YEYE(IS], 1E-12)=(0.120, 0.078)

Titne (U)
100m OM3 FFE=6DFE=3

C=[0.063, 0.045,-0.481,0.529, 0.149, 0.695]
D=(0.039, 0.002, 0.008] =
¢=0.064 g

SNR=32.0dB
HEYE(ISI, 1E-12)=(0.616, 0.420)
YEYE(IS, 1E-12)=(0.090, 0.061)

Timne (V1)




PRBS9 Equalized Eye Diagram at
25.78 GBd e

« Equalized eye diagram after 100 m of OMS3 fiber + 6 m of OM2+ PCB

100m OM3+PCB FFE=6 DFE=0 100m OM3 + PCB FFE=14 DFE=0

0.056,-0.983, 2.384, 0.352,-0.355,-0.342]
083

Diztan ce from decizion threzhold
Diztance from decizion threshold
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Rate Equation VCSEL Results i

« Results shown respectively, for full detail see ghiasi_ 02 0312
— Optical B2B
— Optical 100 m OM3
— Optical B2B after 7 dB channel at TP5
— Optical 100 m OM3 and after 7 dB channel at TP5

ROSAOuput Ln 100m OM3

T

Eye Diagram Tyo4" Eye Ouputuith Ln 100m OM3
T

T T T 1T

Amplitide
Amplitude

i I I i L

5 10 15 20 25 30
Samping Phase (out of 16) M 2 : i ; | i ] i i I

§ 10 15 20 25 30 § 10 15 20 25 30
Sampling Phase (out of 16) Sampling Phase (out of 16)

Sampling Phase (out of 16)
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Frequency & Pulse Response

e Calculated from PRBS9 pattern
« 5" FR4 ~ 6.5dB loss at Nyquist

0 0 —Elect B2B
—Flect
0.8 A —Opt_B2B B
\ . 0.7 ——0pt_100m il
-g 06 —QOpt_150m
8‘10 = ’ ——Q0pt_200m .
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2 —Opt_B28B 5 03 \ Opt_200m_5"FRS |
2 ——Opt_100m \\ ; / _
o020 + =—Opt_150m v 0.2 ‘
g ——Opt_200m N i
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——Opt_100m_5"FR4 5 o G
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Opt_200m_5"FR5 01
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Calculated WDP for Measured smofboou
A o - ()

» Calculated with SFF8431’s )
xWDP code, Palloc set to 9 Calculated WDP (PAlloc=5dB)
5dB ——4FFE | -
8 | —+—6FFE -
» Large WDP jump seen from: | | —s-sree_sore |
— Electrical to optical B2B _ . TEATEE o L
— Addition of 5” FR4 3 ] P
— Longer than 150m OM3 a 5 4 /&////_‘,__//
ey -~
3 /’”’ =
, | Y
4
1
0\6& \Q'& o& O& o& x‘, x% o,xc’ o,xo,
e"’i\g oQ& '»°°<° '»Q& w°°@ & & &oé 6‘0“\
& &S
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BER for Several Test Cases snofbcon
« PRBS31 pattern

» Tx De-emphasis is not set

1.E-07
» CTLE set to compensate for 5
FR4, not used for fiber only 1 E-08
» Equalizeris 1 tap DFE which
improves B2B sensitivity by ~2dB  1.E-09
* 190m OM3longtermBER 2> | & 1 ¢-10
99.98% EF conf level at 1E-15 | * === B2B_unEQ
« Error floor for 100m OM3 + 5” LE11 + :?é:;fjngq ‘
FR4 ~1.1E-14 ——100m_EQ \ \
1612 + ——150m_EQ
« Error floor for 200m OM3 + 57 ~———B2B+5"FR4_EQ \
FR4 (not shown) ~ 1.5E-9 TEas —1°°}'“+5 FR“—“}
« With better fiber coupling we are 10 8 6 4 ) 0

seeing about 1.5 dB lower noise
and expect overall sensitivity to AOP (dBm)
improve by at least 1 dBo
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Results After Replacing OM2 Patchcord

)

with OM3 Patchcord A=
» With OM3 patchcord laser L E07

launch was better optimized - \\
 Results are with and without 1 1.E-08

tap DFE

1.E-09 Ny
+ B2B unEQ still is about -3 dBm \ \§ \ \
ven . . E 1.E-10 H === B2B_unEQ “‘

» B2B sensitivity with EQ improves | e ™ ——B2B_EQ 3

by 1 dBm from previous results === 100m_unkQ

1.E-11 | ——100m_EQ —

- B2B sensitivity with EQ and T eomta

without EQ improves by 2.5 dBm 1.E-12 B2B+5"FR4_EQ .

= 100m+5"FR4_EQ \ \
+ 150m OM3 long term BER = 1[-13 |L———150m+5"FR4_EQ
0 -

99.98% EF conf level at 1E-15 10 2 . 4 5 0
« 100m OM3 +5“ PCB no longer I

has an error floor (dBm)
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25.78 GBd test chip which has both CTLE and 1-DFE was used as
receiver

— CTLE provided very little benefit at ROSA output for fiber reach up to 100 m
— Adding 6.5 dB PCB trace loss only added 1 dB optical penalty

— 1 tap DFE gains 2.5 dBo and link runs error free for 4 days with <1E-15 @ 99.98
confidence level!

B2B results at ROSA output without EQ is comparable to the case of 150
m OM3 with just a modest 1-tap DFE

— Spreadsheet predicts at 100 m should see error floor something need to be further
investigated why we don’t see error floor even at 150 m!

Measured result shows 2.5 dBo optical gain with just 1 tap DFE but

simulated result show as much as 5-8 dBo of gain

— Assuming software equalizer is too optimistic and adding some penalty for nosie
enhancement 4 dBo of gain should be possible with a modest equalizer

VCSEL and PIN/TIA are the dominant sources of penalty but a modest
equalizer can reduce these inherent penalty

Feasibility of 25.78 GBd SR link is shown with and without equalizer
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