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Summary

The optical test stand described in earlier presentations has been (it was powered down when
not in use over the summer to relieve the cooling system burden)

The tests to be carried out on the components of interest for DUNE cryogenic links (SFP+ modules to start with)
have been verified.

Presented here are initial room temperature test results including tests on two categories of devices:

SFP+ TRx devices with Fabry-Perot (F-P) Lasers as transmitters.
SFP+ TRx devices with Distributed FeedBack (DFB) Lasers as transmitters.

In the results presented here, the receiver channel (Rx) of each device was left unpowered and no optical signal
was presented to its input. This was done to more accurately characterize the power consumption of the
transmitter channel (Tx) only (a figure of merit of importance to DUNE). The SMA connectors on the Rx outputs
were terminated with 50 Ohms to ground to help prevent any chatter that might occur.

The test configuration block diagrams have been presented in earlier presentations and are not repeated here.



Key Test Stand Components

Tektronix DSA8200:

Optical Sampling
Electrical Sampling
Optical litter
Electrical Jitter

Tektronix BSA286CL
BER Tester:

Electrical Pattern
Generator

Electrical Error
Checker




BSA286CL Pattern Generator Electrical Eyes
10 Gbps PRBS7 (127 bits); LVDS Levels; AC Coupled
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These are the measurements obtained on the source which are needed
for compensation to characterize the rise/fall times of the DUT itself.
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BSA286CL Pattern Generator 10 Gbps PRBS7 Synchronized Electrical Pattern
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This waveform is viewed

as a check that the
instrument is synchronized
with the repeating

PRBS pattern (necessary for
accurate jitter composition
measurements)




BSA286CL Pattern Generator 10 Gbps PRBS7 Electrical Jitter
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Phase Reference: None Sample Count: 598.10 k Equalizer: None
Jitter (Decision Threshold: -2.90 mV ) Noise (Sampling Phase: 0 Ul )
Random Jitter Random Noise
RJ (RMS) = 1.12 ps RN (RMS) = 3.49mV
RI(h) (RMS) = 1.09 ps RN(v) (RMS) = 3.49 mV
RI(v) (RMS) = 249.69 fs RN(h) (RMS) = 85.60 uV
Deterministic Jitter Deterministic Noise
D] = 7.38 ps DN = 66.17 mV
DD = 4.20 ps DDN = 63.82 mV
DCD = 482.12fs DDN(level 1) = 59.62 mV
DDPWS = 3.38 ps DDN(level 0) = 60.39 mV
P] = 3.21 ps PN = 336.87 uVv
PI(h) = 3.21ps PN(v) = 224.17 uV
PI(v) = 16.03fs PN(h) = 251.46 uVv
Results : 10 Gbps, 127 bits Total Jitter @ BER Total Noise @ BER
— T (1E-12) = 19.85ps TN (1E-12) = 107.42 mV
Data Source: MATH1 RJ (RMS) =1.12ps RN (RMS) = 3.49 mV Eye Opening (1E-12) = 80.15 ps Eye Opening (1E-12) = 661.67 mV
Decision Threshold: -2.90 mV D] =7.38 ps DN =66.17 mV Eye Amplitude = 769.09 mV
Sampling Phase: 0 UI DDJ =4.20ps DDN 002 MV SSC Modulation
SSC: Off PJ = 3.21 ps PN : = 336.87 uV RJ(d-d) = 1.28ps Magnitude = 0ppm
Phase Reference: None TJ (1E-12) = 19.85 ps Eye Amplitude = 769.08 mV DI(d-d) = 1.83ps Frequency - O0Hz
Sample Count: 598.10 k Eye Opening (1E-12) =80.15 ps Eye Opening (1E-12) =661.67 mV :
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RJ_. = 1.12 ps (RMS)

These are the jitter statistics obtained on the source which are needed
T, .=19.85ps

for compensation to characterize the jitter contribution of the DUT itself.




Fabry-Perot (F-P) Device 1 Optical Eyes

10 Gbps PRBS7 (127 bits)

Average Optical Power: 542 uW Optical Modulation Amplitude: 636 uW
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Measured Rise Time (t___ (rise)): 43 ps

meas

Extinction Ratio: 5.0 dB Data Rate: 10 Gbps

Measured Fall Time(t,..J(

Power Consumption: 204 mA @ 3.3V
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Fabry-Perot (F-P) Device 1 Optical Pattern Sync Check
10 Gbps PRBS7 (127 bits)
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This waveform is also viewed
as a check that the
instrument is synchronized
with the repeating

PRBS pattern (necessary for
accurate jitter composition
measurements)
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Fabry-Perot (F-P) Device 1 Optical Jitter
10 Gbps PRBS7 (127 bits)
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Data Source: CH1 RJ (RMS) =1.38 ps RN (RMS) =4.31 uWw
Decision Threshold: 530.80 uWw D] =16.15ps DN =120.64 u
Sampling Phase: 0 UI DDJ =8.53 ps DDN =116.59 u
SSC: Off P] =780.52fs PN = 3.35 uW

Phase Reference: None TJ (1E-12) =31.83 ps Eye Amplitude =560.85u
Sample Count: 558.10 k Eye Opening (1E-12) =68.17 ps Eye Opening (1E-12) =375.50u

W
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Data Source: CH1 Data Rate: 10 Gbps Filter: None
SSC: Off Pattern: 127 bits Channel: None
Phase Reference: None Sample Count: 558.10 k Equalizer: None
Random Jitter Random Noise
RJ (RMS) = 1.38ps RN (RMS) = 4.31 uW
RI(h) (RMS) = 1.32ps RN(v) (RMS) = 3.9 uW
RI(v) (RMS) = 416.01 fs RN(h) (RMS) = 1.64 uW
Deterministic Jitter Deterministic Noise
D] = 16.15 ps DN = 120.64 uW
DDJ = 8.53 ps DDN = 116.59 uW
DCD = 289.50fs DDN(level 1) = 90.71 uW
DDPWS = 6.27 ps DDN(level 0) = 153.26 uW
P] = 780.52fs PN = 3.35uW
PI(h) = 703.89 fs PN(V) = 3.24 uW
PI(v) = 337.27 fs PN(h) = 875.72 nW
Total Jitter @ BER Total Noise @ BER
TJ (1E-12) = 31.83 ps TN (1E-12) = 184.94 uW
Eye Opening (1E-12) = 68.17 ps Eye Opening (1E-12) = 375.90 uw
Eye Amplitude = 560.85 uW
R1(d-d) = 1.57 ps Magnitude = 0ppm
D1(d-d) = 98.92 ps Frequency = O0Hz
|Analysis complete | N\ Y
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Distributed FeedBack (DFB) Device 1 Optical Eyes

10 Gbps PRBS7 (127 bits)

Average Optical Power: 607 uW Optical Modulation Amplitude: 727 uW
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Measured Rise Time (t

meastFise)): 42 ps
Extinction Ratio: 5.2 dB

Measured Fall Time: 61 ps
Power Consumption: 239 mA @ 3.3V
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%> 80SJNB Jitter Noise and BER Analysis

Distributed (DFB) Device 1 Optical Jitter
10 Gbps PRBS7 (127 bits)
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Data Source: CH1 RJ (RMS) = 1.42 ps RN (RMS) = 4,76 uW
Filter: None D2} = 18.46ps DN = 180.44 uW
DDJ = 11.05ps DDN = 178.85 uW
Equalizer: None PJ] = 1.04 ps PN = 4.96 uW
Phase Reference: N TJ (1E-12) = 36.95 ps Eye Amplitude = 636.25 uW
Sample Count: 518.10 k Eye Opening (1E-12) = 63.05 ps Eye Opening (1E-12) = 385.96 uW
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Data Source: CH1 Data Rate: 10 Gbps Filter: None
SSC: Off Pattern: 127 bits Channel: None
Phase Reference: None Sample Count: 518.10 k Equalizer: None
Random Jitter Random Noise
RJ (RMS) = 1.42ps RN (RMS) = 4,76 uW
R1(h) (RMS) = 1.35ps RN(v) (RMS) = 4.65uW
RI(v) (RMS) = 438.04fs RN(h) (RMS) = 1.02 uW
Deterministic Jitter Deterministic Noise
D] = 18.46 ps DN = 180.44 uW
DD = 11.05ps DDN = 178.89 uW
DCD = 7.05ps DDN(level 1) = 196.82 uW
DDPWS = 13.05ps DDN(level 0) = 185.22 uW
P] = 1.04 ps PN = 4.6 uW
Pi(h) = 933.53fs PN(V) = 4.91 uW
PI(v) = 462.02fs PN(h) = 704.38 nW
Total Jitter @ BER Total Noise @ BER
T (1E-12) = 36.95 ps TN (1E-12) = 250.29 uW
Eye Opening (1E-12) = 63.05ps Eye Opening (1E-12) = 385.96 uW
Eye Amplitude = 636.25 uW
R1(d-d) = 1.82ps Magnitude = 0ppm
D1(d-d) = 11.50 ps Frequency = 0Hz
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Next Steps

As of Feb. 23, a total of 7 such devices have been characterized. We have more on hand and will continue
with measurements of this type at room temperature until we have approval for LiN2 testing at the
test stand.

We have obtained an optical spectrum analyzer so we will attempt to measure the spectra of the devices
in order to make comparisons with LiN2-tested devices.

A spreadsheet with the cumulative results of the testing will be maintained and all of the images from
which the data have been drawn have been archived.

We are continuing to pursue the approvals for testing at the Feynman Computing Center.



