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Agenda

The following slides illustrate room temperature measurement results from selected 1310 nm SFP+
transceivers as well as comparative measurements on the same devices at liquid nitrogen (LN2)
temperatures. Devices tested employed both Fabry-Perot (F-P) lasers and Distributed FeedBack
(DFB) lasers.

The results include measurements obtained from:

Optical eye pattern analysis

Optical jitter analysis

Optical loopback testing (for tests of BER performance)
Optical spectra
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All measurements were made with PRBS7 data patterns or OMA Patterns (repetitions of
..1111000011110000...) delivered at the data rates indicated on the slides.

BER tests were conducted with the SFP+ Tx in the cold and a complementary SFP+ Rx in the warm
over a 3-meter single mode fiber.

All of the data illustrated here were captured at the Proton Assembly Building.
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Data Source: CH1

Filter: None

Channel: :

Equalizer: None

Phase Reference None

Sample Count: 558.10
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Data Source: CH1 RJ (RMS) = 3.42 ps RN (RMS) = 13.26 uW
Filter: None D] = 31.02 ps DN = 243.52 uW
Channel: None DDl = 21.03 ps DDN = 236.45 uW
Equalizer: None P =9882.38fs PN = 3.30 uW
Phase Reference: None T1 (1E-12) =71.23 ps  Eye Amplitude = 405.94 uwW
Sample Count: 638.10 k Eye Opening (1E-12) = 28.77 ps Eye Opening (1E-12) =0W

Results : 10 Gbps, 127 bits

R (RMS) =1.09ps RN (RMS)

D] = 15.87ps DN

DDJ =11.74 ps DDN

PJ =1.47ps PN

T1 (1E-12) = 28.50 ps Eye Amplitude

Eye Opening (1E-12) = 71.50ps Eye Opening (1E-12)

I

IAnaIysis complete

Wouldn’t expect 10 Gbps
| test to pass

BER bathtub much more
open at 6.25 Gbps

Pattern: PRBS7
Bit Rate: 10 Gbps
Room Temperature

Pattern: PRBS7
Bit Rate: 6.25 Gbps
LN2

3.27 uW
189.89 uW
174.00 uW
2.14 uW
631.74 uW
= 402.20 uW
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[i] DJ PDF [i] DDJ vs Bit
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Results : 6.25 Gbps, 127 bits

Data Source: CH1 R] (RMS) RN (RMS)

Filter: None DJ 2 DN

Channel: DDJ 5 s DDN

Equalizer: None PJ] =538.70fs PN

Phase Reference H T1 (1E-12) = 46.26 ps Eye Amplitude
Sample Count: Eye Opening (1E-12) =113.74 ps Eye Opening (1E-12)

IAnalysis complete I
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Reduced amplitude obtained
in cold. Even so, BER tests succeeded.
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Results : 10 Gbps, 127 bits

RJ (RMS) =1.17 ps RN (RMS) = 8.32 uW Data Source: CH1 RJ (RMS) = 2.41 ps RN (RMS) = 6.59 uW
DJ = 21.01 ps DN =181.11 uW Filter: None D] = 26.66 ps DN = 102.83 uW
\ - DDJ = 14.02 ps DDN = 174.52 uW Channel: None DDJ = 17.55 ps DDN = 96.42 uW
Equallzer None [=3] = 781.84fc PN = 4.17 uW Equalizer: None PJ = 708.14fs PN = 1.18 uW
Phase Reference: None T1 (1E-12) = 36.45 ps  Eye Amplitude = 557.31 uW Phase Reference: None T1 (1E-12) =59.79 ps  Eye Amplitude = 232.17 uW
Sample Count: 518.10 k Eye Opening (1E-12) = 63.55ps Eye Opening (1E-12) = 280.83 uW Sample Count: 678.10 k Eye Opening (1E-12) =40.21ps  Eye Opening (1E-12) = 51.70 uW

Analysis complete ’

Analysis complete
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Sample: FP2 '

Pattern: PRBS7
Bit Rate: 10 Gbps
Room Temperature

BER Bathtub

Pattern: PRBS7 Results : 10 Gbps, 127 bits ' Pattern: PRBS7
Bit Rate: 10 Gbps Fiter: None. T — YR Bit Rate: 6.25 Gbps

1.31 ps RN (RMS)
16.44 ps DN

Channel: None DDJ = 12.50 ps DDN 136.09 uW
LN2 Equalizer: None Pl =829.86fs PN 3.63 uW LN2
Phase Reference: None TJ (1E-12) = 31.96 ps  Eye Amplitude 600.21 uW
Sample Count: 518.10 k Eye Opening (1E-12) = 68.04 ps Eye Opening (1E-12) = 383.05 uW
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Results : 6.25 Gbps, 127 bits

Results : 10 Gbps, 127 bits

Data Source: CH1 R1 (RMS) = 3.58 ps RN (RMS) = 8.97 uW Data Source: CH1 R] (RMS) = RN (RMS) =

Filter: None DJ =49.15ps DN = 95.62 uW Filter: None D] = DN =

Channel: None DDJ =44.04 ps DDN = 88.59 uW Channel: None DDJ = DDN =

Equalizer: None Pl = 1.00 ps PN = 1.67 uW Equalizer: None P] = PN =

Phase Reference: None TJ (1E-12) = 95.81 ps Eye Amplitude = 156.29 uW Phase Reference: None T1 (1E-12) = Eye Amplitude = 179.61 uW
Sample Count: 568.90 k Eye Opening (1E-12) =4.19 ps Eye Opening (1E-12) =0W Sample Count: 543.50 k Eye Opening (1E-12) = Eye Opening (1E-12) = 35.04 uW

'Analysis complete I N\ / IAnalysis complete ‘




Sample: FP2

1000

-10.00

50.00

Optical Spectra

A5 Mgtent] ok b ol dam

N

-30.00 A——
10.00 ) ;
e MMM

O1E50FM
06 1

121541 nm 1226.00 2.12 nn/div 123659

LN2 Temperature (PAB)
Peak Wavelength: 1226 nm
Optical Power at Peak: -26 dBm

10.00

~10.00

-30.00

10.00

50.00

-90.00

e
S pelentl e 0.00ldBm
- Tz
s LI
T f “ )
06 Neb oo ta
120321 Am 131880 2.12nmidv 130439

Room Temperature (PAB)
Peak Wavelength: 1316 nm
Optical Power at Peak: -18.6 dBm

Original Measurement (FCC, Room Temperature)
Peak Wavelength: 1319 nm
Optical Power at Peak: -18.4 dBm 13



Optical Spectra

r P
A A A VL o o W W N

14



Summary and Next Steps

Three DFB laser equipped 1310 nm SFP+ transceivers were seen to “survive” being immersed in LN2
while powered on.

These devices exhibited eye patterns which did not fully collapse but were reduced in opening and
increased in jitter.

Two of these devices were able to sustain error-free transmission of PRBS7 patterns for over 10e12
bits. One has yet to be tested for this behavior.

Two FP laser equipped 1310 nm SFP+ transceivers were tested. One produced no discernable eye
pattern while the other exhibited a severely compromised eye that would not pass BER tests.

None of the devices tested were able to recover from a power cycle while cold. Even when operating

“successfully”, once the power was shut off and returned, none of the devices could be operated in a
BER test.

We will complete the testing on the devices that we have now.

We plan to pursue a more detailed investigation of the specific components and mechanisms by
which the modules are failing (we suspect this may be “electronic” rather than “optical” in nature).
We plan to have a dialogue with colleagues at Southern Methodist University and CERN to draw on
their experience regarding optical and electronic details upon which we may want to focus.
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