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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 L23a delivered by ST in June 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 #

	XI446B40
	30201010043882
	XI455B17
	30201010038662

	XI446B63
	30201010043491
	XI455B25
	30201010038355

	XI447B35
	30201010043885
	XI455B38
	30201010039095

	XI450B26
	30201010039824
	XI455B76
	30201010039472

	XI450B60
	30201010038408
	XI459B01
	30201010043748

	XI450B66
	30201010043275
	XI459B25
	30201010039493

	XI450B79
	30201010038463
	XI459B26
	30201010039446

	XI450B92
	30201010038721
	XI459B27
	30201010039828

	XI452B04
	30201010039236
	XI459B28
	30201010040244

	XI452B14
	30201010039458
	XI459B30
	30201010040293

	XI452B17
	30201010040222
	XI459B34
	30201010039284

	XI452B27
	30201010040386
	XI459B47
	30201010038571

	XI454B09
	30201010038351
	XI460B16
	30201010040280

	XI454B13
	30201010038377
	XI461B05
	30201010038319

	XI454B19
	30201010043455
	XI461B40
	30201010038752

	XI454B27
	30201010038591
	XI461B42
	30201010038257

	XI454B62
	30201010040343
	XI461B50
	30201010015576

	XI455B04
	30201010043873
	XI461B61
	30201010043173

	XI455B14
	30201010043359
	XI461B75
	30201010043437

	XI455B16
	30201010043624
	XI461B90
	30201010043364


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
	5.880
	6.603

	Slope efficiency
	0.032
	0.048
	mW/mA
	0.036
	0.047

	Forward voltage
	
	1.75
	V
	1.503
	1.570

	Fibre output power
	1.3
	1.9
	mW
	1.409
	1.873

	Integral linearity deviation
	
	1
	%
	0.071
	0.517

	Rise time
	
	0.5
	ns
	0.226
	0.383


2.2 Validation test results

2.2.1 Visual Inspection

All 800 devices from lot L23a have polyethylene-buffered fibre. 40 inspected lasers have no visible defects except for 4 cases (ST IDs XI459B27, XI459B28, XI454B19 and XI461B75), where relatively big spots of glue were observed at the bottom side (see Figure 2) that could create assembling problem. 40 more devices were inspected for the glue, and in 3 cases (ST IDs XI466B00, XI447B89 and ID XI458B56) the same problem was observed. In all cases glue spots are close to the centre of laser. One of such lasers (ST ID XI458B56) was given to ST Microelectronics for investigation.
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Figure 2.
Lasers contaminated with glue (a) and epoxy (b).
One device (ST ID XI457B03) has silver epoxy or paint on the buffer (see Figure 2b), ST promised to investigate it also.
In total, 8 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 is clear that all lasers met the criteria given in the specifications.
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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 measurement of the threshold performed at CERN is always bigger than the corresponding ST value. This could be due to the fact that the power was a bit underestimated by the CERN set up. Nevertheless, since the difference is not big (5.7% in average), and the CERN measurements are well inside the specifications 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 on Figure 7 shows that the measurements of the forward voltage are stable, but always bigger than the corresponding ST values. And again, since the difference is not big (4.2% in average), and the CERN measurements are well inside the specifications we can accept the lasers.
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. 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 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.
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Figure 9.
Bandwidth and risetime for the 40 devices that were measured at CERN. All devices are in spec: Bandwidth>1GHz.

3. Conclusions

All 40 lasers tested at CERN were found inside specification. At the same time, 8 devices out of 80 did not pass visual inspection. Therefore we decided to accept the lot but hold it till results of ST investigation.
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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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