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Lot Validation Programme

This is an internal lot validation report for the Laser Transmitters (Laserpills) supplied by STMicroelectronics under the terms of CERN Contract F 451/EP/CMS.  We sampled randomly 60 lasers (10% of   total number of lasers of the batch) from lot L10a delivered by ST on September 2003. The validation procedure consisted of evaluation tests described in “Laser Transmitter Quality Assurance Procedure” (Document ID: CMS-TK-QP-0002).

1.1 Lot Validation programme workflow

The lot validation programme flow is shown in Figure 1.  The figure shows the tests to be carried out as described in the test procedure for laserpills (CMS-TK-QP-0002
).   The test target specifications are extracted from the technical specification for delivered laserpills (CMS-TK-ES-0004
).  All tests were carried out at room temperature.
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Figure 1:  Lot Validation testing flow.

Table 1:  ST Serial Numbers of the 60 L10a devices and their correpsonding CMS Serial Numbers
	ST Serial #
	CMS Serial #
	ST Serial #
	CMS Serial #

	XD305A03

XD335C85

XD335C89

XD335C90

XD335C93

XD337C71

XD339C83

XD356C06

XD356C13

XD356C18

XD356C36

XD356C62

XD356C65

XD356C70

XD356C72

XD358C05

XD358C13

XD358C19

XD358C30

XD358C81

XD358C99

XE359C08

XE359C30

XE359C67

XE359C80

XE360C26

XE360C28

XE360C44

XE360C62

XE360C99


	30201010010209

30201010027480

30201010027788

30201010027871

30201010027858

30201010030913

30201010027686

30201010030835

30201010030698

30201010030158

30201010027481

30201010027396

30201010027417

30201010027329

30201010027493

30201010030692

30201010027420

30201010027377

30201010027312

30201010030580

30201010034868

30201010027043

30201010035965

30201010033030

30201010033258

30201010030300

30201010030313

30201010030755

30201010030403

30201010027707


	XE361C15

XE361C59

XE361C67

XE361C94

XE362C05

XE362C38

XE362C64

XE362C85

XE363C25

XE363C42

XE365C28

XE365C69

XE366C27

XE366C30

XE366C50

XE367C14

XE367C45

XE367C49

XE367C50

XE367C52

XE367C83

XE368C56

XE368C67

XE369C54

XE369C97

XE369C99

XE370C01

XE370C11

XE370C12


	30201010027881

30201010030868

30201010030710

30201010027428

30201010035970

30201010030418

30201010033942

30201010035989

30201010035802

30201010033489

30201010029661

30201010029378

30201010030762

30201010035923

30201010033081

30201010033304

30201010033014

30201010033155

30201010033431

30201010027246

30201010033318

30201010033354

30201010033127

30201010034825

30201010033310

30201010033427

30201010035832

30201010033469

30201010033402




2 Technical validation 

2.1 Compliance with technical requirements

Table 2 shows the specified performance of the laser transmitters against which the received sample was tested.  The table also gives a summary of the results obtained in comparison with the specifications.

Table 2:  Specification test targets taken from the technical specification.  Cells in gray indicate parameters not measured during qualification.

	#
	Specification to be tested
	Test Target Specifications
	CERN Validation Results

	
	
	Min
	Typ
	Max
	Units
	Min
	Max
	Accepted?

	2.2.1
	Number of channels
	
	1
	
	
	1
	1
	Yes

	2.2.2
	Integral linearity deviation
	
	
	1
	%
	0.06
	0.63
	Yes

	2.2.3
	Tensile load on connector side of pigtail
	
	
	7
	N
	
	
	

	2.2.4
	Tensile load on submount side of pigtail
	3
	
	
	N
	
	
	

	2.2.5
	Pigtail length Lp
	
	2
	
	m
	
	
	Yes

	2.2.6
	Size 
	
	
	4.5 ( 4 ( 1.35
	mm
	
	
	Yes

	2.2.21
	Max. input current
	60
	100
	
	mA
	60
	
	Yes

	2.2.22
	Threshold current
	
	5
	10
	mA
	4.82
	6.87
	Yes

	2.2.23
	Forward voltage
	
	1.2
	1.75
	V
	1.53
	1.73
	Yes

	2.2.24
	Reverse voltage
	2
	
	
	V
	
	
	

	2.2.25
	Rise time
	
	
	0.5
	ns
	0.19
	0.36
	Yes

	2.2.41
	Wavelength
	1285
	1310
	1335
	nm
	
	
	

	2.2.42
	Fibre output power
	1.3
	1.6
	1.9
	mW
	1.319
	1.899
	Yes

	2.2.43
	Slope efficiency
	0.032
	0.04
	0.048
	mW/mA
	0.033
	0.047
	Yes

	2.2.44
	RIN
	
	-130
	
	dB/Hz
	
	
	

	2.2.61
	Magnetic field 
	
	
	4
	T
	
	
	

	2.2.62
	Hadronic fluence
	
	
	3×1014
	cm-2
	
	
	

	2.2.63
	Gamma radiation dose
	
	
	1.5×105
	Gy(Si)
	
	
	

	2.2.64
	Temperature
	-20
	-10
	70
	°C
	
	
	

	2.2.65
	Operating humidity
	
	Dry N2 flow
	
	
	
	
	

	2.2.81
	Optical safety
	
	Laser Class 3A
	
	
	
	
	

	2.2.82
	Material composition
	
	Halogen-free, flame retardant material
	
	
	
	
	

	others
	In-system test
	
	
	
	
	
	
	


2.2 Validation test results

2.2.1 Visual Inspection

We did not find any problem for the 60 lasers inspected visually. 

2.2.2 LIV Characteristics

Figure 2, Figure 3 and Figure4 show the results of the LIV measurements performed at CERN. The dashed lines indicate the range or maximum value allowed for each parameter. From the plot is clear that all the lasers met the criteria given in the specifications.
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Figure 2: CERN-measured threshold and efficiency for all 60 devices.  

[image: image7..pict][image: image8..pict]
Figure 3: CERN-measured forward and fibre output power for all 60 devices.  

[image: image9..pict]
Figure 4: Maximum value of the integral linearity deviation -measured at CERN for all 60 devices.  

Figure 5 and Figure 6 show comparisons between CERN and ST measurements of Ith, Slope Efficiency, Fibre Output Power and Forward Voltage.  The consistency between the two sets of measurements for the slope is good but often the threshold is found bigger by ST than by CERN. Moreover, there is a large spread in the comparison of the forward voltage. Both this effects were already observed before (see Lot Acceptance Report L8) and could be to a difference in the measurements of the optical power and  to the fact that the contact is made with probes in a probe station .    
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Figure 5: Comparison of CERN-measured Ith and efficiency with the ST measurements. In the histograms on the bottom the ST measurements are plotted in red, the CERN ones in black.  

[image: image3.wmf]     

Figure 6: Comparison of CERN-measured Forward Voltage with the ST measurements. In the histograms on the bottom the ST measurements are plotted in red, the CERN ones in black.

2.2.3 Dynamic Measurement

2.2.3.a Rise Time

By applying a voltage pulse train to the laser under test it is possible to excite the laser to laser from below threshold.  By observing the resultant optical pulse on an oscilloscope with the aid of an optical probe one can measure the relaxation oscillations of the laser die and thus determine the intrinsic bandwidth of the die without the sub-mount.  A typical optical pulse is shown in Figure 7, while the extracted bandwidth and risetime are shown in Figure 8.
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Figure 7 Optical output pulse measured on an oscilloscope using an optical probe.  The laser bandwidth is determined from the relaxation oscillation frequency.
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Figure 8: Bandwidth and risetime for 60 devices that were measured at CERN was.   All devices are in spec: bandwidth>1GHz.

3 Conclusions

All the 60 lasers sorted randomly from batch L10a were found inside the criteria given in the specification. The lot is therefore accepted.








































� Laser Transmitter Quality Assurance Procedure, Version 1.2, 17 January 2003


� CMS Tracker Optical Readout Link Specification, Part 2.2: Laser Transmitter, Version 3.5, 14 May 2002





Adapted from CMS Tracker laser acceptance reports, online at https://edms.cern.ch/document/400884/1
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