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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 53 lasers (13.25% of   total number of lasers of the batch) from lot L10d. The 400 devices of this lot were delivered by ST in two times: 384 on September 30th 2003 and 16 at the beginning of November 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 51 L10d devices and their correpsonding CMS Serial Numbers
	ST Serial #
	CMS Serial #
	ST Serial #
	CMS Serial #

	XE304D00

XE304D12

XE312D07

XE359C98

XE363C53

XE363C67

XE363C84

XE363C85

XE364C18

XE364C23

XE364C24

XE364C86

XE365C66

XE365C77

XE367C06

XE371C07

XE371C08

XE371C37

XE371C56

XE371C65

XE372C14

XE372C32

XE372C40

XE372C41

XE372C43

XE372C46

XE372C49


	30201010032842

30201010032092

30201010032215

30201010034819

30201010034813

30201010029025

30201010029306

30201010029388

30201010035960

30201010035840

30201010035804

30201010029986

30201010032162

30201010029264

30201010033009

30201010035983

30201010033449

30201010027382

30201010033018

30201010033060

30201010032780

30201010029429

30201010032719

30201010027524

30201010029103

30201010032856

30201010029703


	XE372C59

XE372C71

XE372C74

XE372C95

XE372C99

XE373C19

XE373C71

XE373C94

XE373C96

XE374C05

XE374C23

XE375C13

XE375C23

XE375C25

XE375C36

XE375C37

XE375C40

XE375C41

XE375C60

XE375C73

XE392C51

XE392C60

XE392C68

XE392C82

XE392C84

XE392C87


	30201010029535

30201010029111

30201010029671

30201010029913

30201010032882

30201010032011

30201010032333

30201010029882

30201010029740

30201010032079

30201010029364

30201010029119

30201010035875

30201010035882

30201010032278

30201010032445

30201010032423

30201010032404

30201010029732

30201010029781

30201010033937

30201010033410

30201010029352

30201010027919

30201010035887

30201010032723




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
	%
	0.078
	0.42
	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
	5.18
	6.54
	Yes

	2.2.23
	Forward voltage
	
	1.2
	1.75
	V
	1.499
	1.826
	Yes

	2.2.24
	Reverse voltage
	2
	
	
	V
	
	
	

	2.2.25
	Rise time
	
	
	0.5
	ns
	0.197
	0.275
	Yes

	2.2.41
	Wavelength
	1285
	1310
	1335
	nm
	
	
	

	2.2.42
	Fibre output power
	1.3
	1.6
	1.9
	mW
	1.381
	1.938
	Yes

	2.2.43
	Slope efficiency
	0.032
	0.04
	0.048
	mW/mA
	0.035
	0.049
	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

In two cases (30201010027524 and 30201010033009) the device was out of place in its shipping box glued to the sponges, therefore these two were taken out of the validation procedure. One laser (30201010029111) was rejected because of long scratch on the pad despite the following test did not show any problem its with performance. A long scratch was found on the fibre of 6 of the 51 lasers inspected (30201010029111, 30201010032333, 30201010032719, 30201010029264, 30201010035887 and 30201010035960) but we do not think this will create a problem for the performance of the fibre itself.

2.2.2 LIV Characteristics

[image: image5.wmf]Figure 2, Figure 3 and Figure 4 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 plots is clear that most of the lasers met the criteria given in the specifications.
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[image: image7..pict]  Figure 2: CERN-measured threshold and efficiency for all 51 devices.  

[image: image8..pict]
Figure 3: CERN-measured forward and fibre output power for all 51 devices.  

[image: image9..pict]
Figure 4: Maximum value of the integral linearity deviation -measured at CERN for all 51 devices.  

There are only two devices with parameters out of specifications: laser 30201010034813 with FV=1.837 V and laser 30201010034819 with Slope = 0.049 W/A and FOP = 1.938 W. Nevertheless, in order to take into account the difference between the two setups (at Cern and in Milano), it was established with ST to consider good the devices with parameters smaller than Max+5%, where Max is the maximum allowed value reported in table 2 . Taking into account this condition, all the lasers can be accepted. 

Figure 5and Figure 6 show comparisons between CERN and ST measurements of Ith, Slope Efficiency and Forward Voltage.  The consistency between the two sets of measurements for the slope is good, but often the threshold is found bigger by CERN than by ST. 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 L10A) and could be due to a difference in the measurements of the optical power and to the fact that the temperature in the CERN setup is not as stable as in the ST setup.    

[image: image2.wmf]     

Figure 5: Comparison of CERN-measured Ith and eff iciency with the ST measurement 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.

[image: image10..pict]
[image: image11..pict]
Figure 8: Bandwidth and risetime for 51 devices that were measured at CERN was.   All devices are in spec: Bandwidth>1GHz.

3 Conclusions

From 53 lasers taken randomly from batch L10d two devices were not validated due to packaging problem, and one was not accepted because of scratch, but all remaining lasers 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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