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[ ] Semtech Corporation, 200 Flynn Road, Camarillo CA 93012

X] Semtech Canada Corporation, 4281 Harvester Road, Burlington, Ontario L7L 5M4 Canada

[] Semtech Irvine, 5141 California Ave., Suite 100, Irvine CA 92617

[] Semtech Neuchatel Sarl, Route des Gouttes d’Or 40, CH-2000 Neuchatel Switzerland

[ ] Nanotech Semiconductor, Semtech Corporation, 2 West Point Court, Bristol, United Kingdom, BS32 4PY

[ ] Semtech Corpus Christi SA de CV, Carretera Matamorros Edificio 7, Reynosa, Tamaulipas, Mexico 88780

] Semtech Triune, 1101 Resource Drive, Suite 121, Plano TX 75074

L]

Change Details

Part Number(s) Affected: Customer Part Number(s) Affected: X N/A

Product families GN32xx and GN33xx

Full list attached below.

Description, Purpose and Effect of Change:
Introducing Pb-free lens cap eliminating RoHS exemption no 7(c) from LR ROSA products.

Replacing lens cap from Schott using Pb in glass seal with ball lens cap from Wuhan Risen using glass
seal that is Pb-free.

e e . . Impact to Form, Fit,
Change Classification Xl Major [] Minor Function [lYes [XINo
Impact to Data Sheet [lYes [X No New Revision or Date X N/A

Impact to Performance, Characteristics or Reliability:

Performance, Characteristics and Reliability are not affected as per attached documentation.

Implementation Date July 1, 2017 Work Week
Last Time Ship (LTS) NA Affecting Lot No. / NA
Of unchanged product Serial No. (SN)

. . Qualification Report
Sample Availability March 10, 2017 Availability

Available

Supporting Documents for Change Validation/Attachments:
e Characterization Report - PRODDOC013839
¢ Reliability Report - PRODDOC014441
e Material Composition Declaration for Lens Cap

Issuing Authority

Semtech Corporation * 200 Flynn Road « Camarillo « Ca + 93012 « Phone +1 (805) 498-2111
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Date: Feb 09, 2017

Semtech Business Unit:

Signal Integrity Group

Semtech Contact Info:

Luis Blanco
Semtech Corporation
Director, Quality Assurance & Engineering
4281 Harvester Road
Burlington, ON L7L 5M4
Iblanco@semtech.com
Office: (905) 632-7253
Fax:(905) 632-2055

FOR FURTHER INFORMATION & WORLDWIDE SALES COVERAGE:

http://www.semtech.com/contact/index.html#support

List of affected PNs:

GN3250

GN3252

GN3268

GN3257

GN3270

GN3352

GN3357

GN3368

GN3358

GN3250-3EF7AMGE3

GN3252-3EBSAN3E3

GN3268-3EB7ANSE3

GN3257-3EBOAU2E3

GN3270-3EC7AV3E3

GN3352-3EBSARSE3

GN3357-3EBYAVSE3

GN3368-3EC8AT6E3

GN3358-3EF8AT6E3

GN3250-3EG7AMGE3

GN3252-3EBSAT3E3

GN3268-3EB7AM2E3|

GN3257-3EBOAVA4E3

GN3270-3EC7AVSE3

GN3352-3EBSAT4E3

GN3357-3EBSAQIE3

GN3368-3ECSATSE3

GN3358-3EF8AU2E3

GN3250-3EB7AM2E3

GN3268-3EB7AVAE3

GN3257-3EBOATSE3

GN3270-3EC7AVIE3

GN3352-3EBBAQ4E3

GN3357-3EBOAS6E3

GN3368-3EC8AUSE3

GN3358-3EFBATSE3

GN3250-3EB7AKSE3

GN3268-3EB7AS9E3

GN3257-3EBOAPGE3

GN3352-3EBSAQ7E3

GN3357-3EBOAN4E3

GN3368-3ECIAT6E3

GN3358-3EF8AV6E3

GN3250-3EB7AQSE3

GN3268-3EB7AT2E3

GN3352-3EBSAQIE3

GN3357-3EBOAT6EE3

GN3368-3ECOATSE3

GN3250-3EB7AP6E3

GN3268-3EB7AR2E3

GN3352-3EBSAR4E3

GN3357-3EBSATOE3

GN3368-3EC8AN4E3

GN3250-3EB7ANSE3

GN3268-3EB7AU2E3

GN3352-3EBSAR6GE3

GN3357-3EBOAU2E3

GN3368-3EC8AUGE3

GN3250-3EB7AP2E3

GN3268-3EB7AP6E3

GN3352-3EBSAS6E3

GN3357-3EBOAU4E3

GN3250-3EG7AR2E3

GN3268-3EB7AM6E3

GN3352-3EBSAVSE3

GN3357-3EBOAU7E3

GN3250-3EB7AMGE3

GN3268-3EB7AM7E3|

GN3250-3EB7AM7E3

GN3268-3EB7AMSE3

GN3250-3EB7AMSE3

GN3268-3EB7ATSE3

GN3250-3EB7AN4E3

GN3268-3EH8AN3E3

Material Composition Declaration:

Z
SEMTECH
Material Composition
Product RX.CBY.12755

Package Lens cap Pb-free (Wuhan Risen Tech Co.)

er h Corporation Date 12/15/2016
Weight of Weight of k material
Ci Ci % ppm|
mg| mg

Ball LensCap Base 83.00 [¢ 0.00) 0.001 10]
Sij 0.13] 0.160] 1600}
Mn 0.66| 0.800 8000
P| 0.00) 0.004 40
s 0.00] 0.002 20
Nij 41.56| 50.070 500700

Co
Cr|
Al
Fe

0.01
0.01
0.01

Subtotal|

83.00]

0.010
0.010
0.010]

40.61 48.933 489330
1000000

100.00

100}
100
100

Solder Glass

Proprietry

1.80]

No Lead

1000000

Window Glass

Proprietry

4.30]

No Lead

1000000]

Ni Plating

6.60)
4.80]
3.00]

Ni

3.00]

100.00

1000000

[ Total

o7.40]

SEMTECH CORPORATION - GENNUM PRODUCTS
4281 Harvestor Road, Burlington ON, Canada, L7L 5M4
Tel. +(905)632-2996 Fax+1(905)632-5946

‘The information contained in this document describes the homogeneous material composition of this product according to the defintion set forth
in the EU RoHS Directive 2002/95/EC. This information may have been derived from calculations based on information obtained from our suppliers.
Gennum Corporation assumes no liabilty for any errors or omissions in this document. Gennum reserves the right to make any changes to this

document at any time w ithout notice.

Semtech Corporation * 200 Flynn Road « Camarillo « Ca + 93012 « Phone +1 (805) 498-2111
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3 Purpose

The purpose of this report is to document the qualification of Pb-free lens cap for the ROSA products. The lens cap is supplied by

Wuhan Risen Tech Co., Ltd.

4 Reliability Qualification Stresses

4.1 Qualification Tests

Table 1.: Qualification Stresses

Test Sample size Condition Results
Hermelicity 100pcs Normal fine leak test, Passed
Normal gross leak test
GR-468 Method 3.3.2.2, -40C-
Temperature Cycling 13pcs 85C,10C/min ramp, 15 min Passed
dwell time, 500 cycles
GR-468 Method 3.3.1.1
Mechanical Shock 13pcs 1500g, 1 ms, 5 Passed
times/direction, 6directions
GR-468 Method 3.3.1.1
Mechanical Vibration ~ Same parts with MS 20 g, 20 to 2000 to 20 Hz, 4 Passed
min/cy, 4 cy/axis
RGA 5 NA Passed

Pb-free Lens Cap Reliability Qualification Report, Supplier — Wuhan Risen Tech)

PRODDOC014441 -0
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4.2 Pass Fail Criteria

Table 2.: Qualification Stresses
Parameter Criterion

Unstressed receiver sensitivity (URS)  Change > 1 dB

Dark Current > 50 nA
ICC Delta of 10%
RSSI at 10 uwW Change > 1 dB

Pb-free Lens Cap Reliability Qualification Report, Supplier — Wuhan Risen Tech)
PRODDOC014441 -0 40f 8
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Temperature Cycling Test Drift Analysis (500 cycles)

M1 and M2 are control parts.
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4.3 MS/MV Drift Analysis (1500G, 20-2000Hz)

M1 and M2 are control parts.
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4.4 Residual Gas Analysis Results

The RGA content of samples built with Risen cap is acceptable.

e URE torr 42 3.9 39 38 4.0
NITROGEN %y 98.3 98.0 97.6 97.7 975
OXYGEN ppmv ND ND ND ND ND
ARGON %y 138 1.34 138 137 1.36
co2 ppmv 385 362 488 400 363
MOISTURE ppmv 898 909 1,556 1,693 713
HYDROGEN ppmv 1,538 5,612 7.673 7.435 9.962
METHANE ppmv ND ND ND ND ND
AMMONIA ppmv ND ND ND ND ND
HELIUM ppmv ND ND ND ND ND
{Fll,_ﬁ.llj?%%?dS ppmv MND ND MND ND ND

Pb-free Lens Cap Reliability Qualification Report, Supplier — Wuhan Risen Tech)
PRODDOC014441 -0 7of8
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5 Conclusion

The Risen lead-free cap is compliant and reliable and can be used in the ROSA products.

Pb-free Lens Cap Reliability Qualification Report, Supplier — Wuhan Risen Tech)
PRODDOC014441 -0 8of8
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1. Scope

This document contains a summary of the results of the characterization testing performed on GN3250
ROSA using Pb-free glass seal lens cap from Risen.

2. Method
The GN3250 with LC optical receptacles (barrels) were tested using a Semtech designed evaluation
board. These evaluation boards feature controlled impedance lines that are terminated in SMA
connectors, and permit full assessment of the electrical properties of the ROSA using input from optical

excitation at a wide range of frequencies.

Characterization plan is Gendoc 53406.

3. Results

October 2016 www.semtech.com Page 6
PRODDOC013839 Version A
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3.1. Supply Current (Icc)

3.1.1. Test Descriptions

In these tests the ROSA was powered up and the current into the V¢ pin was measured. During the test
the RSSI pin was pulled to ground. The test was performed under the following conditions:

1) No optical power input into the ROSA, i.e. P,=0mW. This is to test the dark condition.

2) 0.5dBm of avg. optical power

The optical signal input to the ROSA was unmodulated. Test was done at both 1310nm and 1550nm.

October 2016 www.semtech.com Page 7
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3.1.2. l¢c (no optical input)

(mA)
3

ICC_-999

40

Min. 38.43 38.97 39.42 4373 4436 4489 47.99 48.65 49.26 4872 49.37 50.01
Range 097 0.99 0.98 1.03 0.98 1.00 1.14 1.10 1.12 117 1.14 1.15
1 38.57 39.18 39.59 43.73 4436 44.89 47.99 4385 49.26 4372 4937 50.01
2 39.06 39.63 40.07 4439 45.01 45.55 48.70 49.34 49.97 49.45 50.09 50.75
3 38.85 39.48 39.90 4412 4431 45.32 48.43 49.12 4974 49.19 49.85 50.51
4 38.78 39.33 39.77 44.08 4470 45.25 48.39 49.06 49.69 49.16 49.83 50.48
5 39.02 39.58 40.02 4438 4498 45.52 48.67 49.29 49.92 49.45 50.05 50.71
6 38.86 39.46 39.89 44.08 4469 4523 48.37 49.03 49.63 4911 49.76 50.39
7 39.23 39.79 4024 4455 4515 4570 48.89 49.51 50.15 4965 5027 50.94
8 38.88 39.44 39.90 4417 4476 45.32 48.49 49.09 49.74 49.24 49.86 50.52
9 39.40 39.96 40.39 4475 45.35 45.89 49.13 4975 50.38 49.89 50.51 51.15
10 38.43 38.97 39.42 43.81 44.40 4494 48.10 48.72 49.34 43.88 49.49 50.14

- ______________________________________________________________________________________________________________________________________________________________________________________7
October 2016 www.semtech.com Page 8
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3.1.3. l¢c (0.5dBm avg. optical power @ 1310nm)

(mA)
3

ICC_05
»
o

Mean 4331 4381 4423 48.60 49.13 49.66 X 53.40 54.03 53.59 54.12 5477
Median 4331 4384 4426 4861 49.20 49.71 52.81 53.40 54.01 53.54 54.10 5475
Std. Dev. 029 0.29 025 0.34 033 0.34 0.34 0.32 033 033 0.32 033
Max. 43.86 4433 4457 4920 49.68 50.23 53.40 53.88 5452 54.00 5452 55.19
Min. 42.89 4338 4381 48.18 48.69 4924 52.46 52.97 53.60 53.16 53.70 5433
Range 097 0.96 0.76 1.03 0.99 0.99 0.94 0.91 0.92 083 083 0.86
1 43.04 4358 43.98 48.20 4377 49.27 52.47 §3.02 53.64 53.16 §3.72 54.33

2 43.44 43.94 44.38 4879 49.31 49.86 s3.11 53.65 54.29 53.86 54.39 55.05

3 43.30 43.86 4428 4362 4926 4973 52.85 53.45 54.04 53.56 54.12 5479

4 4331 43.81 4425 48.60 49.13 49.69 52.78 53.34 53.98 §3.51 54.08 547

5 43.46 4394 4438 48.82 49.32 49.86 53.11 53.61 54.25 53.89 54.39 55.04

6 42.99 4351 43.93 48.18 4374 4924 52.50 §3.05 53.64 5323 §3.77 54.40

7 43.58 4407 4452 43.89 49.41 49.97 53.24 §3.76 54.40 54.00 54.52 55.19

8 43.20 43.69 44.16 48.45 48.96 49.51 52.76 §3.27 53.92 §3.52 §4.03 5470

9 43.86 44.33 4457 49.20 49.68 §0.23 53.40 §3.88 5452 53.99 54.50 55.15
10 42.89 4338 43.81 48.19 48.69 49.24 52.46 52.97 53.60 53.18 §3.70 5435
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3.1.4. lcc (0.5dBm avg. optical power @ 1550nm)

(mA)
3

ICC_05
»
o

Mean 43.80 4430 4472 49.26 49.79 50.31 53.59 54.12 5474 5432 54.85 55.50
Median 4375 4427 4471 4924 49.82 50.32 53.53 54.08 5471 5424 54.80 55.44
Std. Dev. 0.29 029 0.26 0.36 0.34 0.35 0.36 0.34 0.35 0.35 0.34 0.35
Max. 4427 4475 45.14 49.85 50.33 50.87 54.10 5460 5522 5483 55.35 56.02
Min. 43.41 43.89 4433 48.82 4935 49.87 53.17 53.68 5430 53.92 54.44 55.08
Range 0.86 0.88 0.81 1.03 0.98 1.00 083 0.91 092 0.91 0.92 094
1 4358 4410 4452 48.89 49486 49.94 53.19 53.76 54.35 §3.93 54.46 §5.08

2 44.00 44.49 44.94 49.46 49.98 50.53 53.86 5439 §5.01 5459 s5.11 55.76

3 4375 4429 4472 49.26 49.88 50.35 53.59 5414 5477 5425 54.85 55.47

4 4376 4425 4470 49.22 49.76 £0.30 53.47 54.02 54.65 54.18 54.76 §5.40

5 4395 44.43 44.87 49.50 49.99 50.52 53.84 5434 5498 5464 §5.13 55.77

6 43.50 44.00 44.44 48.82 49.38 49.87 53.19 5§3.74 54.33 53.92 54.44 55.08

7 4420 4468 4514 49.66 5017 50.73 54.08 5457 §5.21 54.83 §5.35 $6.02

8 43.62 441 44.58 49.06 49.57 §0.12 53.45 §3.95 54.59 5423 5474 §5.40

9 4427 4475 4493 49.85 50.33 50.87 5410 54.60 §5.22 5472 §5.23 55.90
10 43.41 43.89 4433 48.86 4935 49.90 §3.17 §3.68 54.30 53.93 54.44 55.08
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3.2. Responsivity, RSSI Dark

3.2.1. Test Descriptions

Responsivity is calculated by dividing the measured the RSSI current by the input optical power at an
input optical power of -10dBm (100uW). The input optical signal is unmodulated.

In these tests the ROSA was powered up and the current sunk from the RSSI pin was measured. During
the test the RSSI pin was pulled to ground. The test was performed under the following conditions:
1) No optical power input into the ROSA, i.e. P,=0mW. This is to test the dark condition.

2) -10dBm of avg. optical power

The optical signal input to the ROSA was unmodulated. Test was done at both 1310nm and 1550nm.
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3.2.2. Responsivity (A/W) at 1310nm

0.94

0.92

Responsivity (AAWV)
o
3

Std. Dev. 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Max. 0.92 0.92 0.92 091 0.90 091 0.88 0.88 089 0.89 0.89 0.89
Min. 0.85 0.85 0.85 0.84 0.84 084 0.84 0.83 0.84 083 0.83 0.82

Range 0.07 0.07 0.07 0.07 0.07 0.07 0.08 0.06 0.06 0.08 0.07 0.07
1 0.80 0.91 0.90 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
2 0.89 0.88 0.89 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
3 0.91 0.90 0.91 0.90 0.0 0.90 0.89 0.89 0.89 0.88 0.88 0.88
4 0.92 0.92 0.92 0.91 0.90 0.91 0.88 0.87 0.88 0.87 0.87 0.87
S 0.91 0.90 0.91 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
6 0.8s 0.8s5 0.85 0.84 0.84 0.84 0.84 0.83 0.84 0.84 0.84 0.84
7 0.89 0.89 0.89 0.88 0.88 0.88 0.8 0.88 0.87 0.87 0.87 0.87
8 0.88 0.88 0.88 0.87 0.87 0.87 0.87 0.86 0.87 0.86 0.86 0.86
9 0.80 0.90 0.86 0.89 0.89 0.89 0.86 0.88 0.86 0.83 0.83 0.82
10 0.89 0.88 0.89 0.88 0.88 0.88 0.87 0.87 0.87 0.86 0.86 0.86
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3.2.3. Responsivity (A/W) at 1550nm

1.04
¢
1.02 /
Sf—
1 X

Responsivity (AAWV)
£ 54
8

Mean 099 099 088 1.01 1.00 1.01 1.01 1.00 1.00 1.00 1.00 1.00
Median 0.99 098 0.99 1.01 1.01 1.02 1.01 1.01 1.01 1.00 1.00 1.00
Std. Dev. 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Max. 1.01 1.01 1.01 1.02 1.02 1.02 1.03 1.03 1.03 1.03 1.03 1.03
Min. 095 0.9s 083 0.95 095 0.96 097 0.97 097 0986 0.96 0.96
Range 0.06 0.08 0.08 0.07 0.07 0.07 0.08 0.06 0.06 0.07 0.07 0.06
1 1.01 1.01 1.01 1.02 1.02 1.02 1.02 1.03 1.02 1.03 1.02 1.03
2 1.00 0.99 1.00 1.01 1.01 1.01 1.01 1.01 1.02 1.01 1.01 1.01
3 0.99 0.99 0.99 1.02 1.02 1.02 1.02 1.01 1.02 1.00 1.01 1.00
4 1.01 1.01 1.01 1.02 1.02 1.02 1.01 1.00 1.01 1.00 1.00 1.00
S 1.00 1.00 1.00 1.02 1.02 1.02 1.02 1.02 1.02 1.03 1.03 1.03
6 0.8 0.9s5 085 0.95 0.8s 0.98 0.87 0.97 0.87 0.87 0.96 0.96
7 1.01 1.00 1.01 1.02 1.02 1.02 1.03 1.02 1.03 1.03 1.03 1.03
8 0.97 0.96 0.97 0.98 0.98 0.88 0.89 0.99 0.89 1.00 1.00 1.00
9 0.8 088 0.93 1.01 1.01 1.01 0.98 0.98 0.88 0.96 0.96 0.96
10 0.89 0.9% 0.89 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.89 0.99
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3.2.4. RSSl dark (nA)

200
150
<
§
;
100 =
2 f —X
50 /
0
Mean 10.56 11.08 11.09 15.97 15.86 16.33 61.64 62.05 64.91 84.99 87.68 90.77
Median 6.47 6.87 723 14.40 1477 15.65 58.33 61.26 62.89 8273 8433 89.03
Std. Dev. 12.95 1413 12.25 10.61 9.09 8.54 10.24 8.00 8.98 1.27 15.60 11.63
Max. 4288 4717 40.55 40.43 3425 33.32 81.46 7297 7827 109.75 126.46 110.69
Min. 0.02 0.06 0.14 1.86 218 324 4362 4343 50.96 70.40 69.77 7293
Range 42856 47.10 40.41 38.57 32.07 30.08 3284 2455 27.31 39.35 56.69 37.76
1 6.06 6.45 6.71 14.43 1473 15.65 57.97 60.84 6164 78.45 79.68 8364
2 4288 4717 40.55 40.43 3425 33.32 73.89 7297 7827 91.27 93.38 101.61
3 13.07 10.91 13.57 14.38 14.80 15.65 58.01 61.68 63.43 8324 8443 89.24
4 1.59 1.71 2.05 10.16 10.38 11.31 52.90 53.32 55.87 7448 75.15 7827
o, 3.42 366 3.87 9.08 9.45 10.55 55.36 57.88 61.22 82.80 8461 9221
6 324 3.66 234 10.34 11.20 11.65 59.27 63.19 63.88 8266 8424 88.83
¥ 6.88 729 12.07 14.69 14.94 15.90 58.65 59.71 62.35 81.83 83.53 87.06
8 7.10 7.54 7.75 19.05 21.02 19.37 81.46 71.28 76.81 109.75 126.45 110.69
9 21.33 2237 21.82 25.24 2567 2662 70.23 71.22 7470 9489 95.53 103.24
10 0.02 0.06 0.14 1.86 218 324 4362 4343 50.96 70.40 69.77 7293
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3.3. Optical Receiver Sensitivity

3.3.1. Test Descriptions

The receiver sensitivity tests were performed by performing a sweep of optical powers and recording
the BER for those optical powers.

In the case of 10.3125 and 11.3 data rates the output of the ROSA is passed through a GN2013 CDR
before reaching the BERT. This is done because the sensitivity of the GN2013 CDR is much better than
the BERT inputs and allows for a much better measurement of the true sensitivity of the ROSA.

gient 815784 Agient 814004 kel e
Attenuator + Optical ! Fotress Test

Power Meter Tran smitter SRR

| Agilent N4GD3A

Figure 1. Sensitivity testing Block Diagram.
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Figure 6. 1310 Basel Input Eye Figure 7. 1550 Basel Input Eye
=

]

=

]

]

]

Figure 8. 1310 BaseE Input Eye Figure 9. 1550 BaseE Input Eye
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3.3.2. Unstressed Receiver Sensitivity at 1310nm and 11.3Gbps (dBm OMA)

'
-
o

s
o

' '
- -
@ ~

Extrapolated_Sensitivity_1e-12(OMA) (dBm)
©

Median -17.59 -17.47 -17.35 -17.13 -17.04 -16.96 -16.63 -16.47 -16.41 -16.54 -16.30 -16.24
Std. Dev. 0.15 012 0158 01 0.12 o1 0.12 011 0.0 013 0.14 01

Max. -17.32 -17.23 -17.16 -16.96 -16.83 -16.74 -16.44 -16.35 -16.18 -16.17 -15.99 -15.99

Min. -17.81 -17.61 -17.59 -17.33 -17.22 -17.12 -16.84 -16.67 -16.52 -16.61 -16.47 -16.36
Range 049 038 0.44 037 0.40 038 0.41 032 034 0.45 048 037
1 -17.55 -17.47 -17.35 -17.13 -17.09 -16.88 -16.67 -16.56 -16.43 -16.61 -16.40 -16.31

2 -17.59 -17.43 -17.38 -17.07 -16.93 -16.88 -16.61 -16.46 -16.42 -16.51 -16.32 -16.26

3 -17.61 -17.47 -17.35 -17.18 -17.04 -16.99 -16.68 -16.42 -16.31 -16.46 -16.20 -18.21

4 -17.81 -17.60 -17.57 -17.258 -17.22 -17.04 -16.65 -16.48 -16.41 -16.52 -16.29 -16.20

S -17.68 -17.56 -17.49 -17.33 -17.12 -17.03 -16.79 -16.64 -16.42 -16.60 -16.47 -16.23

6 -17.32 -17.23 -17.16 -16.96 -16.83 -16.74 -16.44 -16.36 -16.18 -16.40 -16.22 -16.09

7 -17.47 -17.38 -17.34 -17.02 -17.05 -16.93 -16.61 -16.54 -16.41 -16.55 -16.35 -16.30

8 -17.83 -17.33 -17.27 -17.06 -16.93 -16.88 -16.61 -16.45 -16.31 -16.57 -16.23 -16.25

9 -17.59 -17.51 -17.20 -17.13 -16.95 -17.00 -16.52 -16.35 -16.34 -16.17 -15.99 -15.99

10 -17.79 -17.61 -17.59 -17.22 1747 -17.12 -16.84 -16.67 -16.52 -16.58 -16.43 -16.36
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3.3.3. Unstressed Receiver Sensitivity at 1550nm and 11.3Gbps (dBm OMA)

'
-
o

s
o

Extrapolated_Sensitivity_1e-12(OMA) (dBm)
5 3

'
-
©

Median -18.12 -17.99 -17.91 -17.86 -17.72 -17.68 -17.41 -17.24 -17.13 -17.23 -17.11 -16.96
Std. Dev. 0.12 011 0.14 01 o1 0.08 on 012 0.10 013 013 0.13
Max. -17.89 -17.79 -17.67 -17.59 -17.48 -17.52 -17.16 -16.98 -16.95 -16.99 -16.80 -16.79
Min. -18.26 -18.15 -18.09 -17.98 -17.83 -17.80 -17.82 -17.40 -17.29 -17.43 -17.20 1747
Range 037 0.37 0.42 038 0.35 028 0.36 0.42 034 0.43 041 038
1 -18.15 -18.11 -18.01 -17.86 -17.83 -17.63 -17.49 -17.26 -17.14 -17.40 -17.17 -17.11

2 -18.21 -17.97 -17.95 -17.87 -17.67 -17.67 -17.40 -17.24 -17.13 -17.21 -17.08 -16.92

3 -18.07 -17.92 -17.83 -17.81 -17.73 -17.59 -17.40 -17.24 -17.10 -17.25 -17.14 -16.96

4 -18.20 -18.08 -18.09 -17.91 -17.82 -17.69 -17.48 -17.22 -17.15 -17.16 -17.04 -16.97

S -18.19 -18.09 -17.99 -17.92 -17.77 -17.71 -17.52 -17.34 -17.21 -17.43 -17.20 -17.09

6 -17.89 -17.79 -17.75 -17.59 -17.48 -17.52 -17.18 -16.98 -16.95 -17.12 -16.90 -16.80

7 -18.09 -17.99 -17.87 -17.89 -17.72 -17.69 -17.43 -17.29 -17.22 -17.32 -17.15 -17.12

8 -17.83 -17.86 -17.82 -17.77 -17.60 -17.58 -17.28 -17.20 -17.05 -17.21 -17.01 -16.94

9 -18.07 -17.99 -17.67 -17.81 -17.70 -17.69 -17.29 -17.10 -17.01 -16.99 -16.80 -16.79
10 -18.26 -18.15 -18.06 -17.98 -17.76 -17.80 -17.47 -17.40 -17.28 -17.31 -17.16 1717
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3.3.1. Unstressed Receiver Sensitivity at 1310nm and 10.3125Gbps (dBm OMA)

'
-
o

s
o

' '
- -
@ ~

Extrapolated_Sensitivity_1e-12(OMA) (dBm)
©

Mean -17.74 -17.69 -17.45 -17.32 -17.26 -16.99 -16.85 -16.76 -16.89 -16.70 -16.66
Median -17.87 1777 -17.70 -17.47 -17.34 -17.30 -17.01 -16.84 -16.78 -16.89 -16.73 -16.67
Std. Dev. 017 0.14 021 0.15 0.14 015 0.14 01 0.1 013 0.14 0.13
Max. -17.52 -17.50 -17.29 -17.12 -17.01 -16.93 -16.75 -16.63 -16.58 -16.68 -16.46 -16.39
Min. -18.10 -17.93 -17.96 -17.67 -17.48 -17.42 -17.18 -17.02 -16.89 -17.05 -16.92 -16.83
Range 058 0.43 067 0.54 0.47 049 0.44 038 0.31 037 048 0.44
1 -17.89 -17.83 -17.79 -17.47 -17.31 -17.25 -17.01 -16.92 -16.89 -17.04 -16.92 -16.83

2 -17.88 -17.72 -17.66 -17.42 -17.33 -17.28 -17.08 -16.79 -16.77 -16.98 -16.72 -16.74

3 -17.83 -17.74 -17.75 -17.41 -17.45 -17.33 -17.00 -16.91 -16.75 -16.81 -16.68 -16.65

4 -18.10 -17.83 -17.95 -17.59 -17.43 -17.42 -17.07 -16.89 -16.79 -16.93 -16.74 -16.74

S -17.81 -17.87 -17.85 -17.83 -17.35 -17.36 -17.15 -17.02 -16.88 -16.98 -18.79 -16.67

6 -17.52 -17.50 -17.28 -17.12 -17.01 -16.93 -16.75 -16.63 -16.58 -16.74 -16.48 -16.50

7 -17.64 -17.51 -17.52 -17.31 -17.21 -17.12 -16.90 -16.79 -16.79 -16.83 -16.79 -16.67

8 -17.85 -17.67 -17.58 -17.50 -17.27 -17.15 -16.97 -16.79 -16.73 -16.85 -16.66 -16.66

9 -17.84 -17.80 -17.61 -17.46 -17.40 -17.32 -16.84 -16.76 -16.59 -16.68 -16.46 -16.39
10 -17.88 -17.83 -17.96 -17.67 -17.48 -17.41 -17.18 -16.96 -16.86 -17.05 -16.80 -16.81
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3.3.2. Unstressed Receiver Sensitivity at 1550nm and 10.3125Gbps (dBm OMA)

'
-
o

s
o

L\

|

Extrapolated_Sensitivity_1e-12(OMA) (dBm)
©

Mean -18.30 -18.24 -18.12 -18.02 -17.96 -17.68 -17.57 -17.49 -17.57 -17.44 -17.36

Median -18.38 -18.33 -18.31 -18.16 -18.05 -18.01 -17.71 -17.59 -17.51 -17.57 -17.48 -17.36
Std. Dev. 0.13 013 0.16 011 0.14 0.13 0.12 0.09 0.12 013 012 0.15

Max. -18.08 -18.02 -17.94 -17.88 -17.67 -17.66 -17.42 -17.40 -17.31 -17.34 -17.18 -17.08

Min. -18.55 -18.45 -18.40 -18.24 -18.13 -18.07 -17.81 -17.69 -17.67 -17.75 -17.56 -17.57
Range 048 0.43 048 035 0.48 041 039 0.30 0.38 0.41 037 049

1 -18.34 -18.32 -18.34 -18.11 -18.09 -17.85 -17.71 -17.64 -17.57 -17.58 -17.56 -17.48

2 -18.39 -18.33 -18.31 -18.15 -17.98 -18.00 -17.81 -17.58 -17.46 -17.65 -17.45 -17.35

3 -18.35 -18.22 -18.22 -18.19 -18.06 -18.02 -17.62 -17.59 -17.48 -17.85 -17.40 -17.28

4 -18.48 -18.45 -18.35 -18.24 -18.11 -18.07 -17.70 -17.56 -17.58 -17.52 -17.43 -17.38

S -18.50 -18.37 -18.37 -18.19 -18.13 -18.02 -17.74 -17.69 -17.60 -17.69 -17.54 -17.51

6 -18.08 -18.02 -17.94 -17.88 -17.67 -17.66 -17.42 -17.40 -17.32 -17.38 -17.28 -17.18

7 -18.38 -18.33 -18.31 -18.17 -18.04 -18.03 -17.79 -17.60 -17.83 -17.70 -17.61 -17.42

8 -18.29 -18.16 -18.17 -18.01 -17.83 -17.81 -17.64 -17.585 -17.38 -17.56 -17.48 -17.34

9 -18.39 -18.34 -18.00 -18.07 -18.04 -17.94 -17.58 -17.43 -17.31 -17.34 -17.18 -17.08

10 -18.55 -18.45 -18.40 -18.20 -18.11 -18.07 -17.79 -17.66 -17.67 -17.75 -17.54 -17.57
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3.3.3. Stressed Receiver Sensitivity at 1310nm and BaseL (dBm OMA)

-145
2
&
k=l
= -5
<
=
)
N
- -155
&b
24
£
=
Z 8
c
Q
»
o
@
% -16.5
Q
Q
4

Hean -16.25 -16.23 -15.99 1584 -15.84 -15.58 1534 1524 1543 1522 -15.14
Median -16.43 -16.16 1621 -16.05 1582 -15.82 1556 -15.32 1522 -15.46 1520 -15.14
Std. Dev. 016 021 047 015 047 0.16 042 016 0415 016 0418 014
Max. -16.18 -16.04 -16.01 1577 -15.54 -1561 -15.40 -15.10 -15.01 -15.13 -14.93 -14.87
Min. -16.71 1664 -16.45 -16.14 -16.11 -16.13 1581 1561 1555 1566 -15.56 -15.34
Range 053 060 044 037 0.56 052 0.41 0.51 054 054 063 047
1 -16.37 -16.19 -16.15 577 1554 -15.82 -15.62 -15.28 1515 1529 -15.18 -15.00

2 1653 -16.15 -16.45 -16.05 1579 -15.82 15.47 1520 1517 1551 1522 -15.11

3 -16.29 1617 -16.04 -15.82 1571 -15.86 1552 1522 1547 -15.40 144 -15.09

4 1671 -16.54 1637 -16.14 -16.11 -16.13 1553 -15.36 1526 -15.43 -15.18 -15.08

5 -16.47 -16.11 -16.28 -16.05 -15.94 1575 1566 -15.50 1532 1552 -15.36 1547

6 -16.18 -16.14 -16.08 1581 1576 -1561 1551 -15.48 1521 1529 -15.19 1526

7 1653 16.47 -16.35 -16.10 -15.96 1594 1581 1538 15.40 1561 -15.41 1531

8 1627 -16.08 -16.12 -15.89 1570 -15.68 1558 1528 1522 -15.50 1521 -15.18

9 -16.39 -16.04 -16.01 -16.10 1585 1577 -15.40 -15.10 -15.01 -15.13 1493 1487
10 1655 1664 -16.45 -16.13 -16.05 -16.06 1573 1561 1555 1566 1556 1534
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3.3.4. Stressed Receiver Sensitivity at 1550nm and BaseL (dBm OMA)

-15
T
&
k=l
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=
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c
Q
»
o
@
% -17
Q
Q
4

Mean -16.65 -16.61 -16.53 -16.35 -16.38 -16.12 -15.95 -15.86 -16.02 -15.78 -15.72

Median -16.81 -16.58 -16.60 -16.44 -16.32 -16.36 -16.07 -15.92 -15.80 -15.96 -15.73 -15.68
Std. Dev. 027 026 027 0.18 017 0.16 0.186 0.15 017 019 0.18 0.20

Max. -16.38 -16.36 -16.21 -16.32 -16.10 -16.13 -15.93 -15.73 -15.68 -15.75 -15.47 -15.45

Min. -17.21 -17.06 -17.04 -16.82 -16.54 -16.65 -16.38 -16.22 -16.15 -16.40 -16.03 -16.06
Range 083 0.70 083 0.50 0.43 0.52 0.45 0.48 0.47 0.66 0.56 061

1 -16.77 -16.61 -16.49 -16.36 -16.27 -16.35 -16.13 -15.85 -15.84 -15.97 -15.66 -15.59

2 -16.99 -16.67 -16.89 -16.32 -16.23 -16.39 -15.99 -15.87 -15.68 -15.94 -15.75 -15.62

3 -16.67 -16.54 -16.36 -16.38 -16.10 -16.30 -16.04 -16.01 -15.92 -16.04 -15.69 -18.73

4 -17.08 -16.94 -16.68 -16.82 -16.51 -16.51 -16.06 -15.88 -15.74 -15.95 -15.68 -15.66

S -16.86 -16.54 -18.73 -16.81 -16.53 -16.36 -16.27 -16.10 -16.06 -16.17 -16.03 -15.96

6 -16.63 -16.36 -16.37 -16.41 -16.17 -16.13 -15.93 -15.83 -18.73 -15.89 -15.71 -15.56

7 -17.21 -16.99 -16.84 -16.68 -16.54 -16.59 -16.32 -16.08 -16.05 -16.18 -15.96 -15.92

8 -16.58 -16.48 -16.51 -16.48 -16.25 -16.21 -16.07 -15.83 -15.76 -15.93 -15.80 -15.70

9 -16.38 -16.36 -16.21 -16.38 -16.37 -16.35 -15.97 -18.73 -15.69 -15.75 -15.47 -15.45

10 -17.08 -17.08 -17.04 -16.63 -16.54 -16.65 -16.38 -16.22 -16.15 -16.40 -16.00 -16.06
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3.3.5. Stressed Receiver Sensitivity at 1310nm and BaseE (dBm OMA)

14
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Mean -15.83 -15.75 -15.54 -15.39 -15.34 -15.10 -14.85 -14.78 -14.85 -14.69 -14.60
Median -15.94 -15.80 -15.79 -15.53 -15.38 -15.32 -15.11 -1479 -1478 -14.95 -14.75 -14.58
Std. Dev. 022 024 0.20 0.16 0.18 0.16 013 0.18 0.16 0.18 019 017
Max. -15.57 -15.49 -15.49 -15.30 -15.15 -15.10 -14.91 -1464 -14.54 -1466 -1437 -14.30
Min. -16.23 -16.26 -16.04 -15.76 -15.72 -15.63 -15.31 -15.20 -15.10 -15.15 -14.94 -14.87
Range 067 077 056 048 0.57 053 0.40 0.56 058 0.48 057 057
1 -15.85 -15.80 -15.54 -18.31 -15.19 -18.27 -15.03 -14.83 -14.78 -14.82 -14.37 -14.47

2 -16.13 -15.85 -15.84 -15.45 -15.35 -15.40 -14.97 -14.71 -14.67 -14.95 -14.60 -14.48

3 -15.85 -15.79 -15.83 -15.30 -15.15 -15.16 -15.20 -1477 -14.61 -14.84 -14.60 -14.58

4 -16.23 -16.09 -15.98 -15.76 -18.72 -15.49 -15.18 -1471 -14.80 -14.87 -14.80 -14.55

S -16.07 -15.83 -15.88 -15.60 -15.43 -15.36 -15.18 -15.12 -14.92 -15.12 -14.85 -14.74

6 -15.57 -15.70 -15.56 -15.54 -15.24 -15.10 -14.98 -14.76 -14.69 -14.94 -14.76 -14.57

7 -16.03 -16.02 -15.85 -15.69 -15.61 -15.47 -15.21 -14.94 -14.89 -15.13 -14.83 -14.81

8 -18.71 -15.80 -18.75 -15.48 -15.41 -18.27 -15.05 -14.81 -14.78 -14.99 -14.73 -14.61

9 -15.82 -15.49 -15.49 -15.583 -18.27 -15.26 -14.91 -14.64 -14.54 -14.686 -14.39 -14.30
10 -16.17 -16.26 -16.04 -15.74 -15.50 -15.63 -18.31 -15.20 -15.10 -15.15 -14.94 -14.87
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3.3.6. Stressed Receiver Sensitivity at 1550nm and BaseE (dBm OMA)
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Mean -16.14 -16.08 -15.94 -15.80 -15.83 -15863 -15.43 -15.30 -15.47 -15.26 -15.20
Median -16.32 -16.06 -16.09 -15.89 -15.75 -15.81 -15.58 -15.40 -15.24 -15.43 -15.23 -18.17
Std. Dev. 033 028 026 021 0.20 020 018 017 017 019 0.18 0.16
Max. -15.84 -15.78 -15.65 -15.64 -15.52 -15.59 -15.43 -15.19 -15.12 -15.21 -15.08 -14.96
Min. -16.75 -16.59 -16.49 -16.33 -16.13 -16.13 -15.95 -15.75 -15.65 -15.79 -15.55 -15.46
Range 091 0.80 084 068 061 058 0.52 0.56 053 0.57 0.50 0.50
1 -16.31 -16.10 -15.86 -15.68 -15.64 -18.77 -15.60 -15.47 -15.18 -15.29 -15.10 -15.15

2 -16.52 -16.18 -16.34 -15.84 -18.71 -15.85 -15.61 -15.26 -15.14 -15.44 -15.14 -15.05

3 -16.10 -16.01 -15.83 -15.64 -15.52 -15.65 -15.62 -15.44 -158.37 -15.45 -15.24 -15.12

4 -16.68 -16.40 -16.17 -16.11 -16.05 -15.97 -15.52 -15.34 -15.22 -15.36 -15.08 -15.24

S -16.33 -15.89 -16.13 -16.03 -15.92 -15.91 -15.76 -15.54 -15.42 -18.73 -18.37 -15.33

6 -15.99 -15.78 -15.93 -15.84 -15.63 -15.59 -15.48 -15.34 -15.26 -15.42 -15.23 -15.08

7 -16.75 -16.59 -16.33 -16.33 -16.13 -16.13 -15.88 -15.61 -15.48 -15.68 -15.54 -15.40

8 -15.84 -16.00 -16.05 -15.91 -15.68 -15.65 -15.56 -15.36 -15.18 -15.38 -15.26 -15.20

9 -16.06 -15.85 -15.65 -15.87 -15.79 -15.66 -15.43 -15.19 -18.12 -15.21 -15.08 -14.96
10 -16.73 -16.56 -16.48 -16.14 -15.96 -16.12 -15.95 -15.75 -15.65 -15.79 -15.55 -15.46
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3.4. Optical Overload

3.4.1. Test Descriptions

The optical overload is measured by decreasing the average optical power to the ROSA in steps from a

suitable power level.

In the case of 10.3125 and 11.3 data rates the output of the ROSA is passed through a GN2013 CDR
before reaching the BERT.

In some cases, the overload test was limited by the maximum optical power of the optical transmitter.
As a result, the results in the report only represent a lower bound to the performance of the ROSAs.
The ROSA performance is better than results presented in some cases. (Worst case is -40C, 11.3G and
1550nm)

The input eyes used are the same as for the sensitivity tests.

The equipment setup is the same as for the sensitivity tests.
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3.4.2. Overload at 1310nm and 11.3Gbps (Avg. power dBm)

Overload(AVG) (dBm)
w

Mean 264 264 270 312 314 3.10 320 318 3.18 318 318 318
Median 260 260 270 320 3.20 310 320 320 320 320 320 320
Std. Dev. 0.18 0.18 017 0.10 0.10 o1 023 020 0.20 020 0.20 0.20
Max. 3.00 3.00 3.00 320 320 320 3.60 3.60 3.60 3.60 3.60 3.60
Min. 240 240 2.40 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Range 0.60 0.60 0.60 020 0.20 020 0.60 0.60 0.60 0.60 0.60 0.60
1 260 260 260 3.20 3.20 3.00 3.60 3.40 3.40 3.40 3.40 3.40

2 260 260 260 3.20 3.20 3.20 3.20 3.20 3.20 3.20 3.20 3.20

3 260 260 260 3.20 3.20 3.20 3.60 3.60 3.60 360 3.60 3.60

4 240 240 240 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00

S 260 260 2.80 3.20 3.20 3.20 3.20 3.20 3.20 3.20 3.20 3.20

6 3.00 3.00 3.00 3.20 3.20 3.20 3.20 3.20 3.20 3.20 3.20 3.20

7 2.80 2.80 2.80 3.00 3.20 3.00 3.00 3.00 3.00 3.00 3.00 3.00

8 260 260 2.80 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00

9 260 260 2.80 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
10 260 260 260 3.20 3.20 3.20 3.20 3.20 3.20 3.20 3.20 3.20
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3.4.3. Overload at 1550nm and 11.3Gbps (Avg. power dBm)

Overload(AVG) (dBm)
w

1
[vee
Mean
Median
Std. Dev. 0.13 0.13 0.16 017 0.16 0.16 0.08 0.09 0.09 0.14 0.08 0.08
Max. 240 240 2860 3.00 3.00 3.00 320 320 320 3.40 320 3.20
Min. 2.00 2.00 220 2.40 2.40 2.40 3.00 280 2380 3.00 3.00 3.00
Range 0.40 0.40 0.40 0.60 0.60 0.60 0.20 0.40 0.40 0.40 0.20 0.20
1 220 220 220 260 2860 260 3.20 2.80 2.80 3.20 3.00 3.00
2 220 220 220 2.80 260 260 3.00 3.00 3.00 3.20 3.20 3.20
3 220 220 240 280 260 260 3.00 3.00 3.00 3.40 3.00 3.00
4 2.00 2.00 220 2.40 2.40 2.40 3.00 3.00 3.00 3.00 3.00 3.00
5 220 220 2.40 2.80 2860 2.80 3.00 3.00 3.00 3.00 3.00 3.00
6 240 2.40 260 3.00 3.00 3.00 3.20 320 3.20 3.20 3.20 3.20
7 220 220 220 280 260 260 3.00 3.00 3.00 3.00 3.00 3.00
8 2.40 2.40 2.40 2.80 2.80 2.80 3.00 3.00 3.00 3.00 3.00 3.00
9 2.40 2.40 260 2.80 280 260 3.00 3.00 3.00 3.00 3.00 3.00
10 220 220 220 2.80 260 260 3.00 3.00 3.00 3.00 3.00 3.00
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3.4.4. Overload at 1310nm and 10.3125Gbps (Avg. power dBm)

Overload(AVG) (dBm)

Mean 322 3.00 3.04 3.40 3.36 3.36 3.40 3.40 3.40 3.36 338 3.40
Median 320 3.00 3.00 3.40 3.40 3.40 3.40 3.40 3.40 3.30 3.40 3.40
Std. Dev. 027 013 0.18 023 0.16 0.13 023 023 023 021 0.20 023
Max. 3.60 320 3.40 3.80 360 3.60 3.80 3.80 3.80 3.80 3.80 3.80
Min. 280 280 2.80 320 320 320 320 320 320 3.20 3.20 320
Range 0.80 0.40 0.60 0.60 0.40 0.40 0.60 0.60 0.60 0.60 0.60 0.60
1 3.60 2.80 2.80 3.80 3.60 3.40 3.80 3.80 3.80 3.60 3.60 3.80

2 3.00 3.00 3.00 3.40 3.40 3.40 3.40 3.40 3.40 3.40 3.40 3.40

3 3.60 3.00 3.00 3.80 3.60 360 3.80 3.80 3.80 3.80 3.80 3.80

4 280 2.80 2.80 3.20 3.20 3.20 3.20 3.20 3.20 3.20 3.20 3.20

S 3.40 3.00 3.00 3.40 3.40 3.40 3.40 3.40 3.40 3.40 3.40 3.40

6 3.40 3.20 3.40 3.40 3.40 3.40 3.40 3.40 3.40 3.20 3.40 3.40

7 3.20 3.20 3.20 3.20 3.20 3.40 3.20 3.20 3.20 3.20 3.20 3.20

8 3.00 3.00 3.00 3.20 3.20 3.20 3.20 3.20 3.20 3.20 3.20 3.20

9 3.20 3.00 3.20 3.20 3.20 3.20 3.20 3.20 3.20 3.20 3.20 3.20

10 3.00 3.00 3.00 3.40 3.40 3.40 3.40 3.40 3.40 3.40 3.40 3.40
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3.4.5. Overload at 1550nm and 10.3125Gbps (Avg. power dBm)

L A/wm

Overload(AVG) (dBm)

Mean 258 244 248 3.10 290 290 3.16 3.10 312 3.16 312 314
Median 260 240 240 3.00 290 280 320 3.10 320 320 320 320
Std. Dev. 0.32 013 017 0.18 017 0.14 0.16 01 0.10 0.18 0.10 0.10
Max. 3.40 260 2.80 3.40 320 320 3.40 320 320 3.40 320 320
Min. 220 220 220 280 2860 2.80 3.00 3.00 3.00 3.00 3.00 3.00
Range 1.20 0.40 0.60 0.60 0.60 0.40 0.40 020 0.20 0.40 0.20 020
1 2.40 240 2.40 3.40 280 2.80 3.40 3.00 3.00 3.40 3.20 3.20

2 240 2.40 2.40 3.00 280 2.80 3.20 3.20 3.20 3.20 3.20 3.20

3 3.40 2.40 2.40 3.40 2.80 2.80 3.40 3.20 3.20 3.40 3.20 3.20

4 220 220 220 2.80 260 2.80 3.00 3.00 3.20 3.00 3.00 3.20

S 260 2.40 260 3.00 3.00 3.00 3.20 3.20 3.20 3.20 3.20 3.20

6 260 260 260 3.20 3.20 3.20 3.20 3.20 3.20 3.20 3.20 3.20

7 260 240 2.40 3.20 3.00 2.80 3.00 3.00 3.00 3.00 3.00 3.00

8 260 260 260 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00

9 260 260 2.80 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
10 240 2.40 2.40 3.00 280 2.80 3.20 3.20 3.20 3.20 3.20 3.20
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3.5. Electrical Output Eyes

3.5.1. Test Descriptions

Electrical output eyes of the P channel for the following conditions were measured at 11.3G data rate,
unstressed eye at 1550nm wavelength.

1) Average power of -18dBm
2) Average power of -10dBm
3) Average power of 1.6dBm

Eye parameter measurements were made single ended. The following was measured.
1) Crossing Percentage

2) Rise Time

3) Fall Time

4) Eye Height

5) Eye Amplitude

6) Peak to Peak lJitter

7) RMS litter

—_— — — — — ~—

The following tables contain P channel measurements obtained.
The input eyes used are the same as for the sensitivity tests.
The Jitter measurements are uncorrected for jitter of the source.

Long RF cables had to be used to test the ROSAs in a temperature chamber. Due to the attenuation in
the RF cables from the ROSA to the scope, the measured parameters of the output eyes are negatively
affected. The measured heights and amplitudes are lower than if the signal was directly measured at the
output of the ROSA.

For information on the definitions of the eye diagram measurements see Appendix 1
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3.5.2. Typical Eye Diagrams at 25C
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3.5.1. Typical Eye Diagrams at -40C
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3.5.2. Typical Eye Diagrams at 85C
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3.5.3. Typical Eye Diagrams at 95C
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3.5.4. Crossing Percentage at -18 dBm avg. Power at 1550nm and 11.3Gbps

3

CrossPoint_P_(dembed) (%)

o
o

g

>
o

Mean 50.62 5013 50.74 49.97 50.28 50.39 50.52 50.33 50.23 50.10 49.92 50.00
Median 50.45 50.40 50.75 50.35 50.25 50.55 50.65 50.55 50.60 50.50 50.40 50.35
Std. Dev. 1.53 167 1.60 119 0.82 1.17 omn 0.74 1.00 098 093 0.84
Max. 53.20 52.60 53.60 51.60 51.50 51.80 51.30 51.10 51.20 51.10 50.80 50.90
Min. 47.90 47.40 48.20 48.10 49.20 48.00 49.10 49.00 48.70 48.30 48.10 48.60
Range 5.30 520 5.40 3.50 230 3.80 220 210 250 280 270 230
1 51.00 50.70 50.90 48.50 50.50 48.00 50.60 50.60 48.70 48.30 48.10 48.60

2 §2.50 49.80 52.40 48.80 49.20 §1.10 49.50 49.10 48.90 49.20 49.00 49.10

3 50.40 50.40 48.20 48.10 §0.00 48.90 50.80 50.40 50.70 50.20 50.40 50.40

4 §1.50 49.00 49.10 50.80 51.00 50.80 49.10 49.00 48.90 48.80 48.90 48.80

S 50.50 48.00 50.90 50.80 50.50 50.30 50.60 50.60 51.00 50.60 50.60 50.40

6 49.50 §2.30 51.90 51.00 51.30 §1.20 51.30 50.90 51.20 §1.10 50.60 50.90

7 §3.20 50.70 53.60 51.60 §1.50 §1.80 §1.10 51.00 51.00 51.10 50.80 50.50

8 47.90 50.40 50.60 50.30 49.90 £0.30 50.40 §0.10 50.30 50.50 49.80 50.30

9 49.80 47.40 49.90 50.40 49.70 50.10 50.70 50.50 50.50 50.50 50.40 50.20
10 49.90 52.60 49.90 49.40 49.20 51.40 51.10 §1.10 §1.10 50.70 50.60 50.80
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3.5.5. Rise Time at -18 dBm avg. Power at 1550nm and 11.3Gbps

g 8 &

W
N

8

RiseTime_P_(dembed) (ps)
)
@

3

Std. Dev. 057 054 037 054 0.52 0.92 1.01 0.90 0.92 091 07 1.02
Max. 31.62 31.16 3068 33.52 33.52 3374 35.16 34.92 34.70 34.92 34.70 34.70
Min. 2974 2974 2974 3210 31.62 30.892 32.34 32.34 3210 32.80 32.80 3162
Range 1.88 1.42 0.94 1.42 1.80 282 282 258 260 212 1.90 3.08
1 29.98 29.74 29.74 33.28 31.62 31.62 33.28 3448 33.28 34.92 33.52 33.04

2 31.16 30.92 30.20 32.10 32.56 33.28 35.16 33.52 33.52 33.28 34.46 33.28

3 31.16 29.98 30.68 32.34 32.10 32.34 33.52 33.04 3470 33.28 3470 3470

4 31.62 30.92 3068 32.10 32.80 33.74 35.16 3492 3328 33.52 33.52 33.52
S 30.44 30.20 30.20 33.28 32.80 32.80 34.46 32.34 33.74 34.92 32.80 34.48
6 30.92 31.16 30.68 33.52 33.52 33.28 35.16 32.80 34.46 32.80 33.04 31.62
7 29.74 29.74 29.98 32.80 32.80 30.92 32.34 33.74 3234 34.46 33.98 3234
8 30.44 30.44 29.74 33.04 32.10 31.62 33.28 3422 3422 33.04 3470 3234
9 3068 29.74 30.20 33.28 32.80 32.10 33.04 3470 32.10 34.92 34.46 32.34
10 30.44 30.20 29.98 3234 32.56 31.62 33.98 32.80 32.34 32.80 33.28 33.98
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3.5.6. Fall Time at -18 dBm avg. Power at 1550nm and 11.3Gbps

35

&
=30
2
£ /
[}
s

1
o = j}/
o XE—
4§ 25
=
o]
w

1 25.72 25.26 25.48 28.32 27.84 26.66 29.50 30.44 28.56 3068 27.84 28.32
2 25.96 25.96 25.96 27.38 27.84 28.32 3068 28.08 28.56 28.80 30.20 28.56
3 25.96 2572 25.96 26.90 2762 27.38 28.80 29.26 30.44 28.56 30.92 3068
4 26.44 25.96 25.96 27.84 28.32 28.56 30.92 30.92 28.32 28.56 28.32 28.56
S 25.72 25.48 25.72 28.08 27.84 28.08 30.20 28.56 29.50 30.44 28.32 30.20
6 26.44 26.66 26.44 29.02 29.02 29.02 30.68 29.50 30.92 29.02 29.26 28.08
7 25.48 2572 2548 2762 27.84 26.90 28.56 29.74 28.56 29.98 29.74 28.80
8 25872 25.96 2572 28.08 2762 27.38 29.26 30.20 30.20 29.02 3068 28.32
9 25.48 25.48 25.96 28.08 28.32 2762 29.02 30.68 28.08 30.92 3068 28.32
10 26.20 2572 26.20 27.84 27.84 27.84 29.98 29.02 28.80 28.56 29.74 30.20
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3.5.7. Height at -18 dBm avg. Power at 1550nm and 11.3Gbps

Height_P_(dembed)(mV)
8 8 8 3 8

~
o

Mean 87.87 89.20 90.23 82.38 8465 86.14 7213 7528 77.08 69.84 73.20 7481
Median 88.13 89.88 90.42 83.07 85.25 86.89 7228 7537 77.24 69.87 72.96 7441
Std. Dev. 1.51 1.72 1.51 193 214 218 168 1.80 1.80 1.78 1.88 203
Max. 89.75 91.30 92.40 84.42 87.20 88.60 74.34 77.98 79.78 7270 76.68 78.44
Min. 85.46 86.14 87.55 78.04 79.96 81.60 68.52 71.58 73.42 66.32 69.66 70.94
Range 429 5.16 485 6.38 724 7.00 5.82 6.40 6.36 6.38 7.02 7.50
1 85.95 87.35 88.70 81.28 83.40 84.50 71.24 74.36 76.22 69.78 7268 74.04

2 87.95 89.70 90.55 83.20 85.50 87.15 73.56 77.00 78.72 71.12 74.46 76.12

3 86.80 87.85 89.25 81.72 84.30 85.10 71.186 74.34 76.24 69.00 72.30 7368

4 88.65 90.10 91.40 83.52 85.66 87.25 73.10 7562 77.42 69.96 73.20 74.70

S 89.65 91.30 92.40 84.42 87.02 88.55 74.34 77.98 79.78 7270 76.68 78.44

6 85.46 86.14 87.55 78.04 79.96 81.60 68.52 71.58 73.42 66.32 69.66 70.94

7 88.30 90.05 90.90 83.32 85.40 87.45 73.48 76.76 78.56 71.24 7474 76.84

8 87.02 88.20 89.40 81.04 82.98 84.60 71.38 74.26 75.76 69.28 7272 7412

9 89.75 91.25 90.30 84.34 87.20 88.60 71.88 75.12 77.06 68.26 71.86 73.98
10 89.20 90.05 91.90 82.94 85.10 86.64 7268 75.74 7764 70.74 73.70 75.28
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3.5.8. Amplitude at -18 dBm avg. Power at 1550nm and 11.3Gbps

140
130
=
£
2120
£
s
n.: 110
3
2
2100
<
90
[ Ve
Mean
Median 102.28 103.88 105.38 98.49 101.30 103.12 91.50 95.48 98.27 90.27 9486 97.49
Std. Dev. 1.15 1.21 1.07 1.34 1.42 1.42 1.36 1.42 1.46 137 1.48 164
Max. 104.15 105.95 107.40 100.26 103.35 105.25 9422 98.42 101.32 92.88 97.58 100.88
Min. 101.08 102.60 104.20 95.74 98.52 100.66 89.20 93.50 96.40 88.08 92.60 95.32
Range 3.07 3.35 3.20 452 483 459 5.02 492 492 4380 498 5.56
1 101.70 103.50 105.05 98.14 100.75 102.65 91.28 95.38 98.14 90.45 9466 97.40
2 104.15 105.95 107.40 99.40 102.20 104.35 93.04 97.42 100.28 91.92 96.42 99.38
3 102.058 103.65 105.15 98.50 101.42 103.05 91.50 95.54 938.40 90.26 9474 97.34
4 102.50 104.05 105.55 98.48 101.18 103.20 91.50 95.38 98.12 89.88 9422 97.06
5 103.60 105.30 106.85 99.38 102.28 104.30 92.58 97.10 99.94 92.06 96.92 99.86
6 101.08 102.60 104.20 95.74 98.52 100.66 89.20 93.50 96.40 88.08 92.60 95.32
¥ 104.00 105.80 107.25 100.26 102.95 105.25 9422 98.42 101.32 92.88 97.58 100.88
8 102.00 103.70 105.20 97.76 100.38 102.50 91.34 95.42 98.12 90.28 9498 97.58
9 104.15 105.80 105.55 100.12 103.35 105.15 92.18 96.54 99.60 90.26 95.16 93.24
10 101.90 103.45 105.10 97.76 100.48 102.50 90.80 9494 97.62 89.76 94.08 96.74
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3.5.9. litter pk-pk at -18 dBm avg. Power at 1550nm and 11.3Gbps

22
20
2
§ 18 W
g 16
=
5
2
i 14
S
2
-
10
[Tvee |
Mean
Median 14.99 14.16 14.40 16.40 16.52 16.28 17.35 17.48 16.64 17.94 17.11 17.23
Std. Dev. 1.55 1.21 1.08 1.39 179 122 0.55 093 124 1.09 112 1.36
Max. 17.23 16.76 16.52 18.64 18.88 1864 18.17 18.12 18.41 19.12 18.41 19.12
Min. 12.51 12.74 12.98 13.45 14.16 1463 16.28 16.05 15.10 16.28 15.34 15.10
Range 472 40 3.54 5.19 472 4.01 1.89 3.07 3.30 283 3.07 4.01
1 15.10 13.69 14.87 15.10 14.40 16.28 18.17 16.99 16.28 16.52 16.52 17.23
2 16.28 13.22 14.40 16.28 15.10 15.81 16.99 17.46 16.52 16.28 15.34 16.28
3 16.05 16.76 14.40 16.76 16.52 16.76 17.46 18.17 18.17 19.12 18.41 19.12
4 14.87 14.87 13.69 16.52 18.64 18.64 17.70 16.05 15.58 18.64 16.99 16.05
5 15.10 1463 1463 18.64 17.23 16.28 17.70 17.94 18.17 17.94 17.23 18.17
6 14.87 15.10 16.28 16.76 18.88 16.76 17.70 18.17 16.76 18.88 17.94 18.88
7 12.51 12.74 14.16 16.28 14.16 14.63 16.28 16.99 15.58 17.23 15.81 16.76
8 12.98 13.69 14.16 16.05 17.46 18.41 17.23 17.46 17.94 17.94 17.70 17.23
9 17.23 13.45 16.52 17.70 16.52 16.05 17.23 19.12 18.41 19.12 17.94 18.88
10 12.98 15.34 12.98 13.45 14.16 15.58 16.76 16.28 15.10 16.76 15.34 15.10
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3.5.10. Jitter RMS at -18 dBm avg. Power at 1550nm and 11.3Gbps

5
~4
&
b —0
5 W
B
- = -
N
22
£
5
5 1
Mean
Median
Std. Dev. 0.18 0.15 0.13 017 0.21 0.13 0.19 017 0.18 0.20 0.20 022
Max. 2382 276 264 312 315 3.05 324 317 315 326 320 326
Min. 225 228 220 255 250 285 262 259 253 262 255 2560
Range 0.56 0.48 0.44 057 0.66 0.40 062 058 062 064 065 0.68
1 244 250 247 2385 266 282 2.9 2.90 276 291 2.86 277
2 258 243 252 3.02 2389 2.82 292 297 289 3.10 3.00 3.09
3 282 276 264 3.03 289 298 313 347 3.15 3.26 3.20 326
4 247 249 243 3.04 3.05 291 3.09 298 299 3.02 311 3.04
5 260 253 255 3.00 3.08 2.80 3.07 3.00 3.07 3.02 3.03 3.04
8 270 274 255 312 3.15 3.05 324 314 299 3.12 318 3.19
7 232 228 230 272 265 265 278 278 276 274 2382 275
8 248 251 246 299 291 284 296 2.90 287 291 291 295
9 270 256 256 297 2.96 2.99 3.19 3.09 3.00 3.20 3.10 3.16
10 225 238 220 255 250 267 262 259 253 262 255 260
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3.5.11. Crossing Percentage at -10 dBm avg. Power at 1550nm and 11.3Gbps

|

]

CrossPoint_P_(dembed) (%)
o
o

>
o

Mean 5465 53.60 54.44 53.48 53.72 53.76 5466 54.16 53.82 54.44 54.07 53.95
Std. Dev. 279 298 3.00 261 169 269 1.60 183 2.02 1.94 203 204
Max. 59.80 57.50 59.40 57.60 56.90 57.10 56.70 55.90 56.00 56.60 56.30 56.30
Min. 49.60 48.40 49.60 49.70 51.20 49.00 51.90 51.50 50.10 50.70 50.50 50.30
Range 10.20 9.10 9.80 7.90 5.70 8.10 4.80 4.40 5.90 5.90 5.80 6.00
1 54.50 5420 54.10 49.70 §3.40 49.00 54.40 §3.90 50.10 50.70 50.50 50.30

2 57.80 §3.40 57.90 51.70 §1.20 §5.70 52.30 §1.70 51.80 52.80 51.90 51.80

3 54.40 54.10 49.60 49.80 §3.00 49.60 5470 5420 54.10 5430 54.50 5420

4 55.90 51.20 51.50 §5.20 54.40 §5.00 51.90 §1.50 §1.50 52.30 §1.70 51.60

S 54.80 50.10 54.60 5470 53.90 54.10 §5.20 5470 54.60 §5.20 §5.10 54.80

6 §3.00 57.40 57.20 56.30 55.90 55.60 56.60 §5.90 56.00 56.60 56.30 56.00
7 59.80 55.70 §9.40 57.60 §6.90 §7.10 56.70 §5.90 §5.90 56.60 56.30 56.30
8 49.60 54.00 §4.00 §3.90 §3.60 §3.20 5460 54.40 54.60 §5.10 5460 5460
9 §3.10 48.40 52.50 §3.20 5270 52.60 5430 54.00 54.10 54.90 54.10 5420
10 53.60 §7.50 53.60 §2.70 52.20 §5.70 55.90 §5.40 55.50 §5.90 §5.70 55.70
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3.5.12. Rise Time at -10 dBm avg. Power at 1550nm and 11.3Gbps

35

25

RiseTime_P_(dembed) (ps)

Mean 26.88 26.65 26.64 28.58 28.32 2813 30.28 30.09 30.09 3063 30.45 30.37
Median 26.78 26.44 26.66 28.56 28.32 28.08 30.20 30.09 30.09 30.44 30.44 30.32
Std. Dev. 0.26 0.44 0.45 0.37 043 0.38 044 0.45 054 0.52 0.42 051
Max. 27.38 27.38 27.38 29.02 29.02 29.02 30.92 30.92 30.92 31.62 31.16 31.16
Min. 26.66 25.96 25.96 28.08 27.84 2762 29.74 29.50 2926 2998 2998 2974
Range 072 1.42 1.42 094 1.18 1.40 1.18 1.42 1.66 164 1.18 1.42
1 26.66 25.96 25.96 28.08 27.84 27.84 29.98 29.50 29.98 30.20 29.98 29.74

2 2714 2714 2714 29.02 29.02 28.32 30.92 30.68 30.68 31.16 30.68 31.16

3 27.38 27.38 26.90 29.02 28.32 28.08 3068 30.20 30.44 31.16 30.92 3068

4 2714 2714 27.38 29.02 29.02 29.02 30.92 30.92 30.92 31.62 31.16 31.16

S 26.90 26.44 26.20 28.08 28.32 27.84 29.98 29.74 29.98 30.44 30.44 30.20

6 26.66 26.66 26.66 28.56 28.32 28.08 30.20 29.98 29.98 30.44 30.20 30.20

7 26.66 26.44 26.20 28.32 27.84 2762 29.74 29.74 29.26 30.20 29.98 29.74

8 26.90 26.44 26.66 28.80 28.32 28.08 30.44 30.20 30.20 30.68 3068 30.44

9 26.66 26.44 26.90 28.56 28.32 28.32 30.20 30.20 30.20 30.44 30.44 30.44

10 26.66 26.44 26.44 28.32 27.84 28.08 29.74 29.74 29.26 29.98 29.98 29.98
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3.5.13. Fall Time at -10 dBm avg. Power at 1550nm and 11.3Gbps

35

8

A

FallTime_P_(dembed) (ps)

Mean 21.83 21.83 21.76 261 2254 2263 23.93 2369 2388 2417 2414 2431
Median 21.83 21.83 21.83 2254 2242 2242 2408 2372 2384 24.08 2408 2419
Std. Dev. 038 0.58 0.47 0.52 0.41 038 037 0.34 033 0.40 029 0.41
Max. 2242 2266 2242 23.36 23.12 2312 2454 2430 2454 2478 2454 25.02
Min. 21.48 21.00 21.00 21.94 2194 2218 23.36 2336 2360 2336 2360 2360
Range 0.94 166 1.42 1.42 1.18 0.94 1.18 0.94 094 1.42 0.94 1.42
1 21.48 21.00 21.00 2218 2218 22.42 23.60 23.36 23.60 23.36 23.60 23.60

2 2218 2218 21.94 23.36 22.90 2312 24.08 24.08 24.30 2454 24.30 2454

3 21.94 21.94 21.94 22.90 2242 22.42 24.08 23.84 23.84 24.30 24.08 24.54

4 2218 22.42 2242 22.90 2312 23.12 24.30 23.84 24.08 2454 2454 2478

S 21.48 21.72 21.24 21.94 21.94 22.42 23.60 23.36 23.84 24.08 24.30 24.08

6 2242 2266 22.42 23.36 2312 2312 2454 24.30 24.54 2478 2454 25.02

7 21.72 21.72 21.48 2242 2242 22.42 23.36 23.36 23.84 24.08 24.08 24.08

8 21.48 21.24 21.48 2242 22.42 2218 23.60 23.36 23.60 23.84 23.84 24.08

9 21.48 21.24 21.72 21.94 2218 2218 24.08 23.84 23.60 24.08 24.08 24.08
10 21.94 2218 21.94 2266 2266 22.90 24.08 23.60 23.60 24.08 24.08 24.30
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3.5.14. Height at -10 dBm avg. Power at 1550nm and 11.3Gbps

120
< 110
E
E 100
£
=
=~ 90
D-I
d =
2 g
2 5
70
Mean 9567 97.18 9855 10276 10469 106.58 109.68 11229 114.98 111.10 11379 116.44
Median 9555 97.00 9837 10268 104.50 10638 109.70 1227 115.03 1113 1375 116.43
Std. Dev. 114 120 123 137 127 148 160 171 185 1569 1.80 180
Max. 97.45 99.20 100.50 105.15 107.15 109.10 11230 115.15 117.85 113.40 11635 119.05
Min. 9370 9515 96.45 100.45 102.85 104.05 106.95 109.35 111.40 107.80 110.20 112.90
Range 375 405 405 470 430 5.05 535 5.80 6.45 560 6.15 6.15
1 93.70 95.15 96.45 100.45 102.85 104.05 106.95 109.35 111.40 107.80 110.20 112.90
2 95.50 96.90 98.30 101.95 103.80 106.20 108.85 111.35 114.05 110.58 113.08 11575
3 94.80 96.15 97.65 10168 103.90 105.20 108.00 110.50 113.30 109.35 11215 11465
4 95,60 97.10 98.45 102.80 104.70 106.55 109.55 112.20 114.90 111.20 11375 116.55
s 9535 96.30 98.10 10255 104.30 106.20 110.40 113.08 115.90 112.00 11470 117.45
3 96.15 97.80 99.25 103.30 105.10 107.15 109.85 112.35 115.15 111.08 11375 116.30
7 97.20 99.20 100.20 105.15 107.15 109.10 112.30 115.15 117.85 113.40 116.35 119.08
8 9475 96.35 97.55 102.00 103.85 105.85 108.80 111.50 114.30 110.40 11315 115.85
9 96.20 97.60 99.00 103.25 105.00 106.90 111.20 113.80 116.65 112.95 115.60 11810
10 97.45 98.70 100.50 104.45 106.25 108.55 110.90 113.70 116.35 112.30 115.15 117.80
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3.5.15. Amplitude at -10 dBm avg. Power at 1550nm and 11.3Gbps

140
130
=
£
2120
£
s
n.: 110
3
2
2100
<
90
[ Ve
Mean
Median 115.03 116.80 118.27 12222 124.30 126.40 126.52 129.15 131.75 127.35 130.00 132.65
Std. Dev. 0.92 0.94 0.95 1.00 0.96 1.07 112 1.19 1.25 121 125 121
Max. 116.35 118.15 119.60 123.80 125.95 128.05 128.55 131.30 133.90 129.15 132.00 13465
Min. 113.40 115.00 116.50 120.25 122.50 124.20 12475 127.20 129.55 125.05 127.60 130.45
Range 295 3.15 3.10 3.55 3.45 3.85 3.80 410 435 410 4.40 420
1 113.40 115.00 116.50 120.25 122.50 12420 12475 127.20 129.55 125.05 127.60 130.45
2 115.95 117.55 119.10 122.20 124.30 126.40 126.55 129.15 131.70 127.50 130.10 132.80
3 11455 116.15 117.65 121.30 123.55 125.30 125.60 128.05 130.65 126.35 129.00 131.50
4 114.45 116.00 117.50 121.55 123.65 125.65 126.05 128.60 131.15 127.00 129.65 132.30
5 115.50 117.00 118.65 122.40 124.45 126.45 126.95 129.55 132.10 127.80 130.40 133.10
6 115.05 116.80 118.30 122.35 124.40 126.50 126.80 129.30 131.90 127.45 130.10 132.70
¥ 116.35 118.15 119.60 123.80 125.95 128.05 128.55 131.30 133.90 129.15 132.00 13465
8 115.00 116.80 118.25 12225 124.30 126.40 126.50 129.15 131.80 127.25 129.90 132.60
9 116.25 117.80 119.40 123.35 125.45 127.45 128.15 130.75 133.40 129.15 131.75 134.30
10 11465 116.30 117.85 121.95 124.05 126.20 126.30 128.95 131.45 127.20 129.90 132.50
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3.5.16. Jitter pk-pk at -10 dBm avg. Power at 1550nm and 11.3Gbps

8 B

-
(=]

Jitter_Pk-Pk_P_(dembed) (ps)
S >

-
o

[vee

Mean
Median 14.16 13.69 14.28 13.57 14.28 14.51 13.92 14.28 13.81 13.33 14.04 14.04
Std. Dev. 0.83 0.80 0.83 0.69 1.48 0.54 0.89 093 072 1.03 1.45 0.84
Max. 15.81 15.34 15.34 1463 16.52 15.10 14.87 15.81 1463 15.58 17.46 15.34
Min. 13.45 12.98 12.98 12.27 11.80 13.22 12.04 1251 12.27 12.51 12.74 12.98
Range 236 236 236 236 472 1.89 283 3.30 236 3.07 472 236
1 13.45 13.92 15.10 13.45 13.45 15.10 13.69 14.40 13.45 12.51 13.22 12.98
2 14.40 13.22 15.34 13.45 14.40 1463 13.92 13.69 13.22 13.22 12.98 13.22
3 15.58 15.10 13.92 13.45 11.80 14.16 14.16 14.40 14.40 14.63 17.46 15.34
4 13.92 13.69 12.98 1463 14.87 14.87 14.16 12.51 13.22 12.98 13.92 13.22
5 15.81 13.69 14.40 14.16 15.10 1463 12.04 13.92 13.92 14.16 1463 13.92
6 13.69 15.34 14.40 13.69 16.52 14.40 13.22 13.92 14.40 14.87 14.87 14.16
7 14.63 12.98 13.92 13.22 13.69 13.22 14.87 14.40 13.69 12.74 13.92 14863
8 13.45 13.92 14.16 14.40 14.16 13.92 13.92 15.81 14.16 15.58 14.16 14.40
9 14.40 13.69 15.10 14.16 15.81 1463 14.16 15.58 1463 13.45 16.05 15.34
10 13.92 12.98 12.98 1227 12.27 14.16 1227 14.16 1227 12.98 12.74 13.92
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3.5.17. Jitter RMS at -10 dBm avg. Power at 1550nm and 11.3Gbps

5
—~4
g
=) N7
5] — R T VA
= N
&: W SR __;z
[2]
=2
14
)
b2
E1

Mean 285 286 289 272 278 284 254 260 256 254 255 255
Median 2.86 287 291 275 230 285 258 262 257 255 256 254
Std. Dev. 0.0 0.08 0.10 0.15 0.14 0.10 0.14 0.09 0.14 0.15 0.16 01
Max. 297 299 3.00 289 293 299 275 270 279 277 277 273
Min. 269 275 270 237 251 267 227 239 229 231 226 237
Range 028 023 0.30 052 0.42 032 0.48 031 0.50 0.48 051 0.38
1 285 288 3.00 274 267 299 260 262 257 234 24 253

2 297 283 293 273 275 294 259 262 257 251 257 250

3 295 296 2.90 277 272 282 275 270 279 277 277 273

4 287 279 281 286 29 285 239 259 248 249 249 248

S 29 291 285 275 293 279 259 257 260 263 255 258

6 284 289 298 278 291 287 255 269 257 270 264 255

7 2831 278 276 261 265 270 240 250 245 248 243 243

8 276 299 293 274 285 285 257 264 257 260 258 261

9 2.90 285 3.00 289 286 288 268 265 269 261 276 2mn
10 269 276 270 237 251 267 227 239 229 23 226 237
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3.5.18. Crossing Percentage at +1.6 dBm avg. Power at 1550nm and 11.3Gbps

65
g 60
3
g 55 NV
=)
= .
&
w
8
© 45
Mean 4359 4392 4539 4824 4984 49.81 5173 5213 52.01 52.01 5218 5247
Median 4380 4325 4615 4930 49.80 5035 5225 5270 52.90 53.00 53.00 53.30
Std. Dev. 158 257 213 211 131 198 132 138 172 182 168 161
Max. 4580 47.90 4850 50.70 5130 51.60 52.80 5330 53.30 5360 5360 54.00
Min. 4070 41.10 4160 4480 4710 4580 4930 4960 48.80 4850 4880 4950
Range 510 6.80 6.90 590 420 580 350 370 450 510 480 450
1 4320 4430 4460 4480 49.40 45.30 51.50 52.00 48.30 4850 48.30 49,50
2 4470 41.90 46,60 46.40 47.10 51.00 49.30 49.70 49.90 50.30 50.60 50.70
3 4580 47.00 4330 4560 49.60 46.70 51.90 52.50 52.80 52.30 5280 5310
4 4310 4110 4160 49.50 50.20 50.00 49.40 49,60 50.00 4970 50.20 50.40
s 4460 41.40 46.40 4950 50.40 50.50 52.50 52.90 53.20 53.10 53.20 53.40
3 43.10 47.90 4850 50.70 51.30 51.40 52.80 53.30 53.30 5360 5360 54.00
7 44.40 4220 46.50 50.40 51.10 51.60 52.80 53.00 53.20 53.30 53.30 53.40
8 40.70 45.40 45.90 49.40 50.00 50.20 52.00 5210 52.80 53.00 52.70 5320
9 4480 4170 47.20 4920 49.40 49.80 52,60 5310 53.10 53.30 53.30 53.40
10 41.50 46.30 4330 46.90 47.90 51.10 52.50 5310 53.00 53.00 53.30 53.60
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3.5.19. Rise Time at +1.6 dBm avg. Power at 1550nm and 11.3Gbps

35
g
3® e
[ PR
Q
=
o
@
£
E 25
14
Mean 27.02 26.86 26.74 28.48 28.20 2822 30.04 29.83 2969 30.32 30.02 29.90
Median 26.90 26.78 26.55 2832 2820 28.08 29.86 29.74 2962 30.32 29.98 29.74
Std. Dev. 0.41 043 0.40 0.46 0.49 043 0.51 045 0.47 0.48 0.51 0.56
Max. 27862 27862 27.38 29.26 29.02 28.80 30.92 30.68 30.44 31.16 30.92 30.68
Min. 26.44 26.20 26.44 28.08 2782 27.84 29.26 2926 29.02 29.50 29.26 29.02
Range 1.18 1.42 0.94 1.18 1.40 0.96 1.66 1.42 1.42 1.66 1.66 1.66
1 27.14 26.66 26.44 28.32 2762 28.08 29.74 29.50 29.26 30.20 29.74 2974
2 27.38 27.14 27.38 29.02 28.80 28.80 30.92 30.68 30.44 31.16 30.92 3068
3 2762 27.38 27.38 29.02 28.56 28.80 30.44 29.98 30.20 30.68 30.20 30.44
4 27.62 2762 27.14 29.26 29.02 28.80 3068 30.44 30.20 30.68 30.68 30.68
5 26.90 26.20 26.44 28.32 28.08 28.08 29.74 29.74 29.50 30.44 29.98 2974
6 26.44 26.90 26.66 28.08 27.84 27.84 2974 29.50 29.50 30.20 29.74 29.74
7 26.90 26.44 26.44 28.08 27.84 27.84 29.74 29.26 29.26 29.50 29.26 29.02
8 26.66 26.90 26.66 28.08 28.32 27.84 30.20 2974 2974 30.20 29.98 29.74
9 26.90 26.66 26.44 28.56 28.32 28.32 29.98 29.98 2974 30.44 30.20 29.98
10 26.66 26.66 26.44 28.08 27.62 27.84 29.26 29.50 29.02 29.74 29.50 29.26

- ______________________________________________________________________________________________________________________________________________________________________________________7
October 2016 www.semtech.com Page 50

PRODDOC013839 Version A




|
/)
SEMTECH

GENNUM PRODUCTS

3.5.20. Fall Time at +1.6 dBm avg. Power at 1550nm and 11.3Gbps

35
g
= 30
3
£
<
Q_‘
d.!l
é 25 ___.---"'9<
g b e ORI =
RET— —eT S
Mean 22.32 2239 2225 2296 2294 2296 2374 23.81 23.77 2388 2407 2410
Median 22.30 2242 22.06 22.90 22.90 23.01 2372 23.84 2372 2384 2408 24.08
Std. Dev. 0.34 0.51 0.50 0.50 0.40 046 0.34 0.38 041 0.38 0.37 048
Max. 2290 23.36 2312 2360 2360 2384 2430 2454 2430 2454 2454 25.02
Min. 21.94 2172 21.72 2242 2242 2242 23.36 2312 22.90 23.36 23.36 23.36
Range 0.96 164 1.40 1.18 1.18 1.42 0.94 1.42 1.40 1.18 1.18 1.66
1 21.94 21.72 21.94 22.42 2242 2242 23.36 2312 22.90 23.36 23.36 23.36
2 2266 23.36 2266 2360 23.36 2384 2408 2408 2430 2430 2454 2454
3 21.94 2242 2194 2312 2266 2312 2384 23.84 2384 2408 2430 2430
4 22.90 2312 2312 2360 2360 23.12 2408 2408 24.08 2408 2430 2430
5 2218 21.94 2218 22.42 22.90 22.90 23.36 2360 2360 2384 2384 23.84
6 2266 22.42 22.90 2360 23.36 23.36 2430 2454 2430 2454 2454 25.02
¥ 22.42 2218 2184 2266 22.90 22.90 2360 23.84 2384 2384 23384 2360
8 2218 21.94 21.72 22.90 22.90 22.42 23.36 2360 2360 23.36 2384 23.84
9 21.94 22.42 2172 22.42 2242 2242 2360 2384 2360 23.84 2408 24.08
10 22.42 22.42 2242 2290 22.90 2312 2384 2360 2360 2360 24.08 2408
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3.5.21. Height at +1.6 dBm avg. Power at 1550nm and 11.3Gbps

Height_P_(dembed)(mV)
8 8 8 3 8

~
o

Mean 97.91 99.61 101.33 105.14 107.39 109.46 11129 114.058 116.69 112.33 115.058 117.53

Median 97.75 99.32 101.23 105.15 107.30 109.38 111.30 114.02 116.72 112.33 115.03 117.50
Std. Dev. 1.31 1.37 1.39 1.47 1.34 1.58 1.60 1.71 176 1.70 175 166

Max. 100.00 101.75 103.358 107.60 109.75 111.85 113.65 116.45 119.00 114.45 117.20 119.50

Min. 95.45 97.00 98.60 102.55 105.15 106.45 108.45 110.90 113.20 108.95 111.50 114.20
Range 455 475 475 5.05 460 5.50 520 5.55 5.80 5.50 570 5.30

1 95.45 97.00 98.60 102.55 105.15 106.45 108.45 110.90 113.20 108.95 111.50 114.20

2 97.65 99.20 101.15 104.10 106.45 109.10 110.30 113.08 115.70 111.60 114.30 116.80

3 97.10 98.80 100.45 103.85 106.50 108.00 109.70 112.30 115.00 110.65 113.50 115.80

4 97.30 98.95 100.80 105.15 107.35 109.40 111.20 113.95 116.75 112.40 115.25 117.70

S 97.85 99.45 101.30 105.15 107.25 109.35 112.10 115.08 117.70 113.40 116.00 118.55

6 98.30 100.20 101.75 105.55 107.75 109.85 111.40 114.10 116.70 112.28 114.80 117.30

7 100.00 101.75 103.35 107.60 109.75 111.95 113.65 116.45 118.00 114.45 117.20 119.50

8 97.10 99.00 100.50 104.60 106.60 108.80 110.50 113.45 116.25 111.75 114.45 117.28

9 99.10 100.75 102.55 106.15 108.20 110.30 113.10 115.90 118.55 114.30 117.05 119.25

10 99.25 101.05 102.85 106.70 108.95 111.40 112.50 115.35 118.05 113.50 116.45 118.95
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3.5.22. Amplitude at +1.6 dBm avg. Power at 1550nm and 11.3Gbps

140
130
=
£
2120
£
s
n.: 110
3
2
2100
<
90
[ Ve
Mean
Median 115.90 117.95 119.58 123.33 125.57 127.85 127.82 130.53 13317 128.65 131.38 134.07
Std. Dev. 1.05 0.96 1.09 1.09 1.02 1.16 1.16 122 127 1.26 1.28 122
Max. 117.70 119.30 121.10 125.10 127.35 129.60 129.90 132.70 135.30 130.55 133.35 135.95
Min. 114.30 116.10 117.65 121.25 123.70 125.40 126.05 128.55 130.90 126.25 128.90 131.80
Range 3.40 3.20 345 3.85 365 420 3.85 415 4.40 430 445 4.15
1 114.30 116.10 117.65 121.25 123.70 125.40 126.05 128.55 130.90 126.25 128.90 131.80
2 117.00 118.50 120.50 123.20 125.50 127.90 127.80 130.45 133.10 128.75 131.45 13415
3 115.60 117.40 118.85 122.35 12485 126.65 126.90 129.50 132.10 127.70 130.45 132.95
4 115.35 116.85 118.50 122.80 125.00 127.05 127.25 129.95 132.60 128.25 131.05 133.65
5 116.50 117.95 119.90 123.60 125.75 127.85 128.25 130.95 133.55 129.20 131.80 134.50
6 115.95 118.00 119.60 123.60 125.80 127.95 128.20 130.85 133.45 128.90 131.55 13420
¥ 117.70 119.30 121.10 125.10 127.35 129.60 129.90 132.70 135.30 130.55 133.35 135.95
8 115.85 117.95 119.55 123.45 125.65 127.85 127.85 130.60 133.25 128.55 131.30 134.00
9 117.40 118.95 120.80 12465 126.85 128.95 129.60 132.30 134.95 130.55 133.25 135.85
10 115.35 117.40 118.85 123.00 125.25 127.60 127.60 130.35 132.95 128.50 131.30 133.95
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3.5.23. Jitter pk-pk at +1.6 dBm avg. Power at 1550nm and 11.3Gbps

22
20
2
§ 18
‘EJ s
ﬁ 16
o
2
i 14
S
2
-
10
[Tvee |
Mean
Median 16.52 16.64 16.52 13.57 13.10 13.81 1463 13.81 14.04 1463 1428 13.57
Std. Dev. 0.84 0.82 0.92 114 1.07 123 0.80 062 078 0.66 069 0.97
Max. 17.94 17.46 17.70 15.58 14.87 15.10 15.58 14.87 14.87 16.05 15.34 15.10
Min. 15.10 14.87 14.87 11.80 11.56 11.33 13.22 12.98 12.04 14.16 12.98 11.80
Range 283 260 2383 378 3.30 378 236 1.89 283 1.89 236 330
1 17.70 16.76 17.70 11.80 11.56 11.33 1463 13.69 14.16 14.40 14.16 12.98
2 16.52 16.05 16.99 1227 13.45 14.40 1463 13.69 14.40 14.16 13.92 13.22
3 16.52 16.99 15.81 13.45 11.80 12.98 15.58 14.87 14.16 15.58 15.34 15.10
4 17.46 14.87 14.87 13.69 13.69 12.74 14.87 14.87 13.92 15.34 14.40 13.69
5 17.94 16.76 16.52 15.58 14.40 15.10 15.58 12.98 13.45 1463 14.40 14.16
6 16.28 17.23 17.70 13.92 12.74 14.87 14.16 13.22 12.04 14.40 12.98 11.80
7 15.58 15.34 15.81 14.16 12.74 13.92 13.22 13.45 13.22 15.34 13.69 14.16
8 15.81 17.46 16.76 13.45 13.92 1483 13.69 13.92 14.87 1463 14.87 14.87
9 16.99 16.28 16.52 14.40 14.87 13.69 14.87 13.92 14.16 16.05 14.40 13.22
10 15.10 16.52 15.58 1227 12.74 1227 13.69 13.92 13.92 14.16 13.45 13.45
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3.5.24. Jitter RMS at +1.6 dBm avg. Power at 1550nm and 11.3Gbps

-

w

(dembed) (ps)

e =

ek

Jitter RMS_P.

-

Mean 315 3.10 3.09 253 249 250 279 27 269 286 275 273
Median 312 3.10 3.07 252 249 253 2380 273 272 2386 276 273
Std. Dev. 0.0 0.08 o1 0.08 0.13 0.08 0.12 012 0.08 013 013 o1
Max. 33 320 332 273 272 262 295 287 279 3N 293 294
Min. 3.04 3.02 296 243 231 235 256 246 248 288 250 255
Range 027 018 0386 0.30 0.41 027 0.39 041 0.31 0.43 043 038
1 326 3.18 321 253 233 242 2.80 273 266 281 272 265

2 3 3.02 3.04 252 249 262 286 279 276 289 2.80 27

3 325 3.10 3.16 273 249 254 2.90 287 279 an 293 294

4 3.3 3.06 3.08 258 255 249 283 272 266 279 270 275

S 317 313 3.08 251 250 238 279 274 272 286 2m 272

6 3.10 3.20 3.32 245 231 252 256 246 248 268 2.50 255

7 3.10 3.10 3.03 25 256 258 2.80 268 272 286 285 279

8 3.04 3.15 298 256 272 255 295 2.80 278 297 2.80 231

9 3.086 3.03 3.10 254 259 258 2.80 2M 275 295 287 277
10 313 3.04 296 243 235 235 260 258 261 2M 264 262
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3.6. S-parameters

3.6.1. Test Descriptions

An s-parameter sweep was performed with an input optical power of -19dBm and electrical power of
0dBm at 1550nm.

*Note that only 6/10 parts were tested for S-parameters due to equipment availability.
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3.6.2. P-Channel S21 plots at 1550nm and -19dBm Optical Input Power
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3.6.3. P-Channel S22 plots at 1550nm and 0OdBm electrical input power

2.97V 3.3V 3.63V
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3.6.4. N-Channel S22 plots at 1550nm and 0dBm electrical input power
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3.6.5. S21 -3dB Bandwidth (GHz) at 1550nm

10
9.5
T 9
O
>
ghe W S —x
[
3
g 8 B e o
w
o T m——— X
s 7.5
o
=
b 7
6.5
6
Mean 8.42 833 838 7.92 7.88 793 772 7.7 7.77 7.7 7.70 777
Median 8.44 830 8.37 791 7.86 7.92 773 7.72 778 769 7.70 777
Std. Dev. 0.15 0.15 0.15 0.12 0.11 0.11 0.1 0.11 0.11 0.1 0.10 0.11
Max. 859 854 856 8.09 8.04 8.09 7.88 7.86 791 7.88 7.85 7.92
Min. 820 813 8.16 7.74 7.7 775 758 757 761 758 757 761
Range 0.39 0.41 0.40 0.35 0.33 033 0.31 0.29 0.30 031 028 0.31
1 831 825 829 7.88 7.85 7.90 7.7 7.70 7.76 7.72 7.70 7.76
2 8.44 8.30 835 7.89 7.83 7.88 761 7.61 7.70 7.61 761 7.70
3 843 831 8.40 7.92 7.88 7.93 7.74 7.74 7.80 7.66 7.69 7.78
4 820 8.13 8.16 774 771 775 758 757 761 758 757 761
5 859 854 8.56 8.09 8.04 8.09 7.88 7.86 7.91 7.88 7.85 7.92
6 855 8.48 853 8.00 7.96 8.00 7.80 7.78 7.84 779 7.78 7.83
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3.6.6. Group Delay (ps) at 1550 nm (6GHz)

S

»
N

g 8 &8 8

Group Delay Ripple (ps)

\

30\\ ﬁ/’

o Ve |33V 36 29V 33V 38V 297V 33V 36V 297V 33V 36V

Mean 36.84 3512 3443 321 3178 31.18 34.33 34.09 34.07 35.40 35.58 35.48
Median 36.76 3519 34.60 31.42 30.80 30.73 33.41 33.48 33.55 3445 3482 34.46
Std. Dev. 487 4.80 476 3.05 298 256 275 236 244 2.89 288 283
Max. 42.90 41.38 40.98 36.32 36.74 35.50 37.89 3718 37.70 39.21 39.03 39.33
Min. 30.80 2892 2815 2831 28.69 28.45 30.94 31.33 31.23 31.51 31.50 3226
Range 1211 12.46 12.83 8.01 8.058 7.05 6.95 5.85 6.47 7.70 7.54 7.07

1 35.75 3452 34.13 N3 3131 31.16 33.86 34.07 3420 34.48 34.49 34.86

2 41.56 39.31 38.03 35.13 33.79 32.52 37.42 36.64 36.07 38.43 38.81 38.58

3 42.90 41.38 40.98 36.32 36.74 35.50 37.89 37.18 37.70 39.21 39.03 39.33

4 37.76 35.86 35.07 31.54 29.86 29.15 32.97 3241 3233 3434 35.09 34.05

5 30.80 28.92 28.15 2831 2869 28.45 30.94 31.33 31.23 31.51 31.50 32.26

6 32.26 30.76 30.23 30.07 30.29 30.29 32.90 32.89 32.90 34.43 3455 33.82
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4. Notes and Conclusions

GN3250 ROSA using lead free lens cap shows comparable performance to GN3250 ROSA as documented
in PRODDOC4073 characterization report.

All results satisfy the datasheet.
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5. Appendix 1: Eye Diagram Measurement Definitions
a. Eye Heights

Eye height is a measure of the vertical opening of an eye diagram. Histograms are constructed to
characterize both the one and zero levels and their noise levels within the eye window boundaries. The
one and zero level measurements are made in a section of the eye referred to as the eye window
boundaries. The eye window boundary is the central 20% of the bit period.

one Level — lme— Bt Wi N o
Histogram Mean

fero Level
Histogram Mean

The one and zero levels are the relative means of the histograms. The noise is measured through the
histograms as three standard deviations from both the one level and zero level into the eye opening.

I

& — One Level

+ = Zero Level

3
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The eye height is determined as follows, eye height = (one level - 3c) - (zero level + 30)
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b. Eye Amplitudes

Eye amplitude is the difference between the logic 1 level and the logic 0 level histogram mean values of
an eye diagram. This measurement is made in a section of the eye referred to as the eye window
boundaries. The eye window boundary is the central 20% of the bit period.

A histogram is constructed using the sampled portion of the eye diagram within the eye window. This
histogram is comprised of data points from the upper and lower halves of the eye diagram and is used
to determine the mean values of the logic 1 and logic 0 levels. The eye amplitude is determined as
follows:

— Cne Level — lea— Eve Window Boundaries
Histogram ean

Eve
Amplitude |_

— Fero Level %
Histogram Mean
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C. Jitter RMS and pk-pk

Eye litter is the measure of the time variances of the rising and falling edges of an eye diagram, as these
edges affect the crossing point of the eye. To compute jitter, the level of the crossing point of the eye is
first determined. Then a vertically thin measurement window is placed horizontally through the crossing
point, and a time histogram is generated.

litter pk-pk is equal to the full width of the histogram at the eye crossing point.

Jitter RMS is defined as 1 o (standard deviation) of the crossing point histogram

R Histogram Fean

o S
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d. Crossing percentage

Crossing percentage is a measure of the amplitude of the crossing points relative to the one level and
zero level. The one and zero level measurements are made in a section of the eye referred to as the eye
window boundaries. The eye window boundary is the central 20% of the bit period.

A vertically thin measurement window is placed horizontally through the crossing points, and a
horizontal histogram is used to determine the mean location (in time) of the crossing point.

A narrow vertical histogram is used to determine the amplitude of crossing points.

The mean derived from the horizontal and vertical histogram results in V. Crossing percentage is then
determined by the following:

CrOSSing percent =100 (Vcross'vzero Ievel)/(vone level — Vzero Ievel)
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e. Rise Time and Fall Time

Rise time is a measure of the mean transition time of the data on the upward slope of an eye diagram.
The data crosses through the following three thresholds: the lower, middle, and upper thresholds, as
well as through the eye crossing point. The settings for the threshold levels are the 20% to 80% points
on the transition.

L trise —pm=]

Rise time= time at the upper threshold crossing — time at the lower threshold crossing

Fall times are similarly calculated except on the downward slope of an eye diagram.

October 2016 www.semtech.com Page 6
PRODDOC013839 Version A




