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1. Lot Validation Program
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. The lot validation testing flow is shown in Figure 1. The figure shows the tests to be carried out as described in the test procedure for laserpills (Laser Transmitter Quality Assurance Procedure; CMS-TK-QP-0002
). The test target specifications are extracted from the technical specification for delivered laserpills (CMS-TK-ES-0004
).
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Figure 1.
Lot validation testing flow

40 lasers, or 5% of total number, of lot L24a delivered by ST in August 2004 were sampled randomly and tested (see Table 1). All tests were carried out at room temperature.
Table 1.
ST Serial Numbers of the 40 devices tested at CERN and their correpsonding CMS Serial Numbers
	ST Serial #
	CMS Serial #
	ST Serial #
	CMS Serial #

	30201010000219
	XL418C18
	30201010048525
	XL416C13

	30201010000330
	XL435C29
	30201010048530
	XL419C53

	30201010000334
	XL435C31
	30201010048564
	XL435C80

	30201010000712
	XL416C96
	30201010048582
	XL409C55

	30201010000793
	XL418C64
	30201010048588
	XL419C74

	30201010001305
	XL419C11
	30201010048589
	XL435C79

	30201010001998
	XL419C23
	30201010048717
	XL413C91

	30201010004425
	XL415C90
	30201010048722
	XL419C65

	30201010004453
	XL417C89
	30201010049115
	XL416C59

	30201010048022
	XL416C70
	30201010049128
	XL416C78

	30201010048100
	XL435C72
	30201010049290
	XL416C56

	30201010048204
	XL410C77
	30201010049326
	XL410C89

	30201010048210
	XL410C16
	30201010049330
	XL410C91

	30201010048284
	XL418C76
	30201010049358
	XL421C02

	30201010048377
	XL420C06
	30201010049396
	XL418C87

	30201010048407
	XL417C01
	30201010049555
	XL416C68

	30201010048412
	XL416C61
	30201010049558
	XL419C66

	30201010048435
	XL421C93
	30201010049604
	XL415C81

	30201010048444
	XL417C02
	30201010049936
	XL417C48

	30201010048469
	XL419C75
	30201010049987
	XL418C71


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

	Specification to be tested
	Test Target Specifications
	CERN Validation Results

	
	Min
	Max
	Units
	Min
	Max

	Threshold current
	
	10
	mA
	4.668
	5.553

	Slope efficiency
	0.032
	0.048
	mW/mA
	0.033
	0.047

	Forward voltage
	
	1.75
	V
	1.533
	1.643

	Fibre output power
	1.3
	1.9
	mW
	1.271
	1.815

	Integral linearity deviation
	
	1
	%
	0.190
	0.318

	Rise time
	
	0.5
	ns
	1.219
	2.110


2.2 Validation test results

2.2.1 Visual Inspection

All 800 devices from lot L24a have polyethylene-buffered fibre. 40 inspected lasers have no visible defects except for 2 cases: one laser (ST ID XL435C29) has relatively big spot of glue at the bottom side (see Figure 2a) that could create assembling problem; another one (ST ID XL410C77) has long scratches on pads (see Figure 2b). 40 more devices were inspected for the glue, and the same problem was observed for one laser (ST ID XL421C07). In all cases glue spots are close to the centre of laser.
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Figure 2.
Laser contaminated with glue (a), and one with scratched pads (b).
In total, 3 devices out of 80 did not pass visual inspection.
2.2.2 LIV Characteristics

Figure 3, Figure 4 and Figure 5 show the results of the LIV measurements performed at CERN. The colored lines indicate the range or maximum value allowed for each parameter. From the plots it is clear that almost all lasers met the criteria given in the specifications except for one device (ST ID XL419C23), with fiber output power below acceptable limit, but still within 5% tolerance.
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Figure 3.
Efficiency and threshold for the 40 devices measured at CERN
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Figure 4.
Forward voltage and fiber output power for the 40 devices measured at CERN
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Figure 5.
Maximum value of the integral linearity deviation for the 40 devices measured at CERN
Figure 6 and Figure 7 show comparisons between CERN and ST measurements of Ith, Slope Efficiency and Forward Voltage. The scatter plots in Figure 6 show that there is a good correlation between ST and CERN measurements even if the measurements of the threshold performed at CERN are slightly bigger than the corresponding ST values. This could be due to difference in temperature at labs during measurements at ST and CERN. The difference is about 5% in average; CERN measurements are well inside the specifications, therefore we can accept the lasers.
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Figure 6.
Comparison of CERN-measured Ith and efficiency with the ST measurements.
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Figure 7.
Comparison of CERN-measured forward voltage with the ST measurements.

The spread in the distribution in Figure 7 shows that the CERN measurements of the forward voltage are well inside the specifications and even more stable, then corresponding ST values. Taking into account that the difference is not big (7.2% in average), lasers could be accepted.
2.2.3 Dynamic Measurement

By applying a voltage pulse train to the laser under test it is possible to excite the laser to laser from below threshold. The resultant optical pulse observed on an oscilloscope with the aid of an optical probe allows to 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 8, while the extracted bandwidth and risetime are shown in Figure 9
Figure 8.
Optical output pulse as measured on an oscilloscope with optical probe. The laser bandwidth is determined from the relaxation oscillation frequency.

[image: image15.png]BandWidth (GHz)

25

15

o5

OIS Bandwidih

10

15

ENES
Lasor#

20

)




[image: image16.png]Risetime (ns)

o5

04

03

0z

o1

NS Risatime

10

15

ENES
Lasor#

20

)




Figure 9.
Bandwidth and risetime for the 39 devices that were measured at CERN. All devices are in spec: Bandwidth>1GHz.
One device (ST ID XL416C56) did not pass dynamic test even after several measurements. Due to abnormal output pulse shape its bandwidth and risetime could not be calculated properly; therefore it is not shown in Figure 9.
3. Conclusions
39 lasers out of 40 tested at CERN were found inside specification. At the same time, 1 device failed dynamic test, and 3 devices out of 80 did not pass visual inspection.
The decision is to accept the lot L24a.
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� 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
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