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Abstract

This document summarises the measured electrical readout performance of barrel modules in the laboratory, in beam tests at CERN and KEK and in the SCT system test at CERN.
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1 Scope of the document

This document summarises results on the electrical performance of barrel modules read out with the ABCD2T, ABCD3T and the current ABCD3T-A versions of the SCT binary ASICs.  It includes

· Noise occupancy versus binary threshold and extracted noise for modules read out individually in the laboratory, both before and after irradiation to a fluence of 3x1014 pcm-2 24 GeV/c protons.

· Tracking efficiency, charge collection and resolution measurements for both non-irradiated and irradiated modules as measured in test beams at CERN and at KEK.

· First results from an assembly of 10 modules mounted together on a barrel sector in the SCT system test at CERN.

2 Performance goals

The anticipated performance of SCT barrel modules as recorded in the Inner Detector TDR in 1997 was:

· Signal:noise of about 14:1 pre-irradiation, reducing to about 11.5:1 after 10 years of operation in ATLAS (Figure 11-36, page 435)

· Noise occupancy < 5x10-4
· Tracking efficiency > 99%

Much has changed in the intervening 4 years, including the detector type (p-in-n rather than n-in-n) and specification, and the evolution of the ABCD ASIC.  Nevertheless, the noise occupancy and tracking efficiency specifications remain as the electrical performance goals of the barrel modules.

3 available electrical modules

The number of electrical barrel modules so far constructed by the SCT has been limited by the supply of ASICs.  For this reason data are included from modules constructed with previous versions of the ASIC (SCT-BM-FDR-5.4) - the ABCD2T and ABCD3T, as well as the current ABCD3T-A.  The modules from which results have been obtained are listed in Table 1.

Module ID
ASIC type
Detector type
Irradiated
Data





Lab
Test beam
System Test

K3103
ABCD2T
HP <111>
No
√
√ (KEK)
√

K3104
ABCD2T
HP <111>
No
√

√

K3111
ABCD2T
HP <111>
No
√



K3112
ABCD2T
HP <100>
No
√
√ (CERN)
√

K3113
ABCD2T
HP <100>
Detectors
√
√ (CERN)


RLT5
ABCD2T
HP <111>

325μm thick
No
√
√ (CERN)


RLT4
ABCD2T
HP <111>

325μm thick
Yes
√
√ (CERN)


RLT9
ABCD2T
HP <111>
Detectors
√
√ (CERN)


RLT10
ABCD2T
HP <100>
Detectors
√
√ (CERN)


RLK6
ABCD2T
HP <111>
No
√
√ (CERN)


Scand1
ABCD2T
Sintef <100>
No
√
√ (CERN)
√

20220170100004
ABCD3T
HP <111>
No
√

√

20220170100011
ABCD3T
HP <100>
No
√
√ (KEK)
√

20220170100022
ABCD3T

(thinned and metallised)
HP <100>
No
√
√ (KEK)
√

20220170100003
ABCD3T
HP <100>
Yes
√
√ (KEK)


20220170100026
ABCD3T
HP <100>
No
√

√

20220170100001
ABCD3T
HP <111>
Yes
√



20220170100008
ABCD3T

(attached with non-conducting glue) 
HP <111>
No
√

√

20220170100009
ABCD3T
HP <111>
No
√

√

20220170100020
ABCD3T-A
HP <100>
Yes
√



20220170100037
ABCD3T-A
HP <100>
Yes
√



20220170100016
ABCD3T-A
HP <111>
No
√



20220170100018
ABCD3T-A
HP <111>
No
√



20220170100019
ABCD3T-A
HP <111>
No
√



20220170100035
ABCD3T-A
HP <100>
No
√



20220170100036
ABCD3T-A
HP <100>
No
√











Table 1: SCT Barrel Electrical Modules Constructed and Tested as at 2nd May 2001
4 results from individual modules

The ASICs are powered with the prototype SCT low voltage power supply, SCTLV2, and readout electrically via an SCT CLOAC-MuSTARD-SLOG system1.

4.1 Noise and Noise Occupancy at 1fC Threshold for Unirradiated Modules

The noise and noise occupancy are quoted for the modules with ABCD3T and ABCD3T-A ASICs.  Non-linearity of the ABCD2T calibrates gives rise to some uncertainty in determining absolute noise values for these modules.
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The noise of the ASIC decreases as the temperature is reduced  The standard laboratory measurements are made with the hybrid temperature at about 27oC.  At this temperature, the measured noise for the ABCD3T modules is in the region of 1400-1700 ENC.  This is illustrated in Figure 1, which shows the average noise values for each of the 12 readout ASICs on nine of the ABCD3T(-A) modules. 

Figure 1: Measured noise (ENC) on each of the 12 ASICs of nine of the modules made with ABCD3T or ABCD3T-A ASICs.  The temperature of the hybrid was about 27oC.  Each curve is labelled with the four least significant digits of the corresponding module number.

At the SCT operating temperature of ~0oC on the hybrid, the noise is reduced to typically about 1350 ENC for the ABCD3T modules for cold operation.  This corresponds to an expected signal:noise value of better than 14:1, thus satisfying the pre-irradiation performance goal of section 2.  Signal:noise values for modules as measured in a test beam are consistent with this expectation, and presented in section 5.

The noise of each individual readout channels of an ABCD3T-A module, operated warm, is shown in Figure 2.  A uniform noise distribution is seen, apart from a single channel on the module that is bonded to only a 6 cm length of detector.  

The SCT design goal is to set the ASIC single-strip binary readout threshold at 1fC, to ensure high tracking efficiency for particles traversing the silicon at inclined angles, depositing charge on more than one readout strip.  The noise occupancy of the individual unirradiated modules at this threshold, even when operated warm, is ~10-5 (that is, << 10-4), which is satisfactory for the SCT (section 2).  This is illustrated in Figure 3.
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 Measured noise values (ENC) on all channels of ABCD3T-A module 20220170100018

4.2 Uniformity of Threshold

Good channel to channel uniformity of the nominal 1fC threshold is essential for operation of a binary readout system.  This is ensured through the ASIC threshold correction circuit, where each channel is provided with a trim DAC of 4 bit resolution with four selectable ranges (see SCT-BM-
FDR-5.4).  The first range (0 mV – 60 mV) is used pre-irradiation, which gives a maximum channel to channel variation of 4mV (or ~ 0.08 fC).  This is to be compared with the noise value of ~ 0.25 fC.  The effect of this channel to channel threshold spread is to give a contribution to the noise occupancy at 1fC equivalent to less than a 1% increase in the intrinsic channel noise.
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Figure 3: Mean noise occupancy of all channels of ABCD3T-A module 20220170100018, measured warm.  The noise occupancy at 1fC threshold is 1.31x10-5.
4.3 Module Stability

Figure 4 shows example plots of occupancy versus threshold for all individual channels from the first readout side of the ABCD3T-A module 20220170100018.  We take the smoothness and regularity of these curves as a very sensitive test of the intrinsic stability of a module.  The data of Figure 4 show good regularity.  In general, with the ABCD3T(-A) ASICs and 220nF Vcc and Vdd decoupling capacitors on the hybrid (see SCT-BM-FDR-5.3), some small irregularities are seen in these ‘S-curves’ for typically up to four chips on a module, predominantly on the second readout side.  This is illustrated in Figure 5, showing this second readout side for the module 20220170100018, where some irregularities appear for the last two ASICs.  It should be noted that these effects occur below 0.5fC threshold, and create no apparent instability in the modules under normal operating conditions.

4.4 Timewalk

The ASIC requirement (see SCT-BM-FDR-5.3) is that the timewalk should be <16 ns.  Here timewalk is defined as the maximum time variation in the crossing of the time stamp threshold over a signal range of 1.25 to 10 fC, with the comparator threshold set to 1fC.  Figure 6 shows measured data for the ABCD3T-A module 20220170100018.  The top row of curves shows time in strobe delay units versus injected charge (fC) for each ASIC and the bottom row the timewalk distribution in nsec of the channels of each of the readout chips of the first side.  The specification is satisfied for all channels.

4.5 Noise and Noise Occupancy at 1fC Threshold for Irradiated Modules

Results are so far available for two ABCD3T modules that have been fully irradiated at the CERN PS to a fluence of 3x1014 pcm-2 24 GeV/c protons (modules 20220170100001 and 3).  For these, the measured ASIC noise value when operated cold, with the hybrid around 0oC, averages about 2050 ENC. 

As will be illustrated through the test beam data of section 5, the charge collection efficiency of the irradiated silicon is close to 100% at bias voltages above about 400V.  Thus the signal:noise value found for fully irradiated barrel modules is in the region of 10:1 at the SCT operating temperature.  This is lower than the target (because of the higher noise).  However, noise occupancy at 1fC threshold as measured in the test beam is about 3x10-4.  It is thus anticipated that the 1fC threshold can be maintained post-irradiation, to provide maximum tracking efficiency after 10 years of ATLAS operation.

After the maximum fluence, the ASICs may be operated with a very safe margin using the coarsest trim DAC range, trim range 3.  After irradiation this range is decreased (typically 0 mV – 190 mV) giving maximum channel to channel variation at the 12mV bin level.  This gives a contrbution to the noise occupancy equivalent to a  ~ 4% increase in noise.

In the ABCD3T, all trim DAC ranges could not be selected reliably after irradiation.  This was corrected in the ABCD3T-A version of the chip (see SCT-BM-FDR-5.4).  The ABCD3T-A modules 20220170100020 and 20220170100037 have been irradiated in the PS in April 2001, and both have fully functional trim circuitry after exposure to the full dose of 3x1014 pcm-2 24 GeV/c protons.  Figure 7 illustrates the functionality of all the trim DAC ranges for the second readout side of module 20220170100020.  All channels can infact be aligned using trim range 2.  The corresponding trim DAC settings and the resultant trimmed thresholds are shown in Figure 8.
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5 module test-beam results

The modules as indicated in Table 1 have been tested in the H8 beam at CERN in August 2000 and in the KEK test beam in December 2000.  The CERN test beam has the advantage of high momentum particles, a 1.56T magnetic field and the possibility of rotating the angle of the face of the silicon with respect to the incident tracks over the ±20o range relevant to barrel modules within ATLAS.  However, only modules made with ABCD2T chips were available at the time of this test beam.  The KEK test beam provides data from ABCD3T modules.  

Both irradiated and non-irradiated modules have been measured in the beam tests.  The modules are all kept cold, with the hybrids operating at about 0oC.   A beam telescope is used at both CERN and KEK to define the track positions at the module planes.  SCT prototype power supplies are used, together with the MuSTARD readout system

Some principal results are briefly summarised in the following sections:

5.1 Charge Collection and Signal:Noise Ratio

The median charge of three modules, obtained from the 50% efficiency point in threshold scans, as a function of detector bias voltage from KEK data is shown in Figure 9.
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Figure 9: Median charge (fC) versus bias voltage for the ABCD3T modules 20220170100011, 22 and the irradiated module 20220170100003 (solid circles, mod3)).

The detectors of the two unirradiated modules have depletion voltages of ~80V, and are normally operated at ~150V bias.  The irradiated module is operated at ~400V bias, at which point it is seen that the collected charge on a single strip is similar to that for unirradiated modules.  This result has also been measured with our detectors readout by (unirradiated) analogue electronics in the laboratory during our detector QA procedures.  

Any uncertainties in the performance of the calibration circuitry can be eliminated by looking at the signal:noise values of these modules as measured in the KEK test beam.  This is shown, again as a function of bias voltage, in Figure 10.  The signal:noise values discussed in section 4 above are to be seen.
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Figure 10: Signal:noise as a function of bias voltage for the same three modules as in Figure 9.  Again, mod 3 is the irradiated module.

5.2 Efficiency at 1fC Threshold

The efficiency of the modules at the nominal operating threshold of the SCT is typically measured to be > 98% at the operational bias voltages over the full range of particle incident angles, with or without a magnetic field.  This is illustrated by data from the CERN beam test.  In Figure 11, the efficiency for an unirradiated module is shown as a function of angle, and in Figure 12 that of an irradiated module.  (The maximum efficiency recorded is a function of tracking cuts, and plateau values in excess of 99% can be obtained).

These data give confidence that the modules will operate with high efficiency at 1fC threshold within the ATLAS environment.

[image: image17.wmf][image: image18.jpg]


Figure 11: Measured efficiency of the unirradiated module K3112 at 1fC threshold as a function of the beam incident angle.  The red symbols are with the magnetic filed of 1.56T, the black with zero field.  The open circles are with a bias voltage of 120V, the full circles with 200V bias.

Figure 12: Measured efficiency of the fully irradiated module RLT4 at 1fC threshold as a function of the beam incident angle.  The red symbols are with the magnetic filed of 1.56T, the black with zero field.  The open circles are with a bias voltage of 300V, the full circles with 450V bias.

5.3 Resolution
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The measured resolutions are consistent with the expectation of the 80μm binary strip pitch (ie 23μm).  This is illustrated from the CERN beam test in Figure 13 for tracks at normal incidence, with the magnetic field on.  The resolution for inclined tracks is slightly better because two strip clusters occur with greater frequency.

Figure 13: Reconstructed track residuals with the unirradiated module K3113.  The top two plots show the u, v residuals of the two sides of the module (inclined at ±20mr), with the expected values of about 23 μm.  The lower two plots show the reconstructed residuals in the x, y directions. 

6 system test and first results

6.1 General Description

The goal of the system test is to run as many modules as possible in a physical configuration which is as close as possible to the planned ATLAS SCT configuration, thereby testing the performance of the modules in such a system and comparing it to their stand-alone performance.

Modules are mounted on a sector of a Carbon-fibre-Corex-sandwich cylinder with dimensions very near to those of the innermost ATLAS SCT barrel.  The sector can accommodate up to 48 modules, in four rows of 12.

Modules are powered and read out via prototype SCT barrel 'opto-harnesses', which transmit power to the modules, decode the optical clock and commands, transmit these signals electrically to the modules, and transform the data from the modules into optical signals for transfer to the readout electronics. Each opto-harness serves up to six modules, as in the final system.

The ASICs and opto-components are powered by the SCT prototype VME power supplies (SCTLVs); and the detectors are biased with the companion prototype high voltage units (SCTHVs).  

The modules are read out using a CLOAC-SLOG-MuSTARD-OPTIF system, with the OPTIF1 providing the electrical-optical interface.  A further VME module is used to read module hybrid temperatures.  The ROOT-based SCTDAQ software package is used, running on a Windows-NT PC which is connected to the VME crates via a National Instruments interface card.

Control and monitoring of all voltages and currents is currently carried out through the DAQ software, although a prototype DCS system is used to monitor environmental temperature and humidity.

All patch panels and power tapes used are true to the planned final ATLAS design, except for extra provisions on the patch panels to allow testing of various coupling schemes.  The conventional cables used between PPB2 and the power supplies are 30 metres long The patch panel PP3 and the cables from PP3 to the power supplies, foreseen for the experiment, have not yet been simulated in the system test.

A schematic diagram of the system test can be seen in Figure 14 and photographs of the barrel sector can be seen in Figures 15 and 16.

6.2 Grounding and Shielding in the System Test

The system test bases its grounding and shielding scheme on the proposal outlined in ATLAS SCT / Pixel Grounding and Shielding Note2.  The main elements as applied in the system test are described below, with any differences noted.

To control stray capacitance between the cooling pipe and the silicon detector backplane, shunt shields are placed between the modules and the cooling pipe.  These shunt shields consist of copper on kapton; with the copper soldered to Analogue Ground on the 'dogleg' (the portion of the opto-harness to which the module is connected).
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Figure 14: A schematic layout of the SCT barrel system test
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Figure 15: A photograph of the system test barrel carbon-fibre mounting structure
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Figure 16: A photograph of barrel modules mounted on the carbon-fibre structure

The cooling pipes are connected together at both ends of the sector via an aluminium support bracket.  This bracket is screwed onto the sector, providing electrical contact to the carbon fibre skin.  Note that the cooling pipes are continuous, with no electrical break in the centre.  The metalwork which supports the sector is also made of aluminium and is connected electrically to the sector by its contact with the carbon fibre skin.  An aluminium cover (with square cross-section), used to provide a dry and light-tight atmosphere whilst running, is in electrical contact with the support structure.  It should be noted that the cover is not electrically or geometrically similar to the planned ATLAS SCT thermal shield; a cover that will simulate the thermal shield is currently being produced.

Routing from the harness to PPB1, the six 'thin’ power tapes from a harness are wrapped together with aluminium-on-kapton shielding which is DC-connected to the metalwork surrounding the sector.  At PPB1, digital and analogue grounds are AC-connected (with 2.7 μF) to the cable shielding.

From PPB2 to PPB1, the system test is not very like the ATLAS SCT; there is no surrounding metal (e.g. heat spreader plates, cooling supply tubes) to connect to as is recommended in the note referenced above.  For the 10-module tests reported below, one set of six 'thick' power tapes running from PPB1 to PPB2 were wrapped with aluminium-foil shielding which was connected to grounds at PPB1 in the same way as described above for the thin tapes; the other harness' thick tapes were not shielded.

Common-mode chokes are used between PPB2 and the conventional cables.  These chokes are intended for use at PPB3 but as stated above PPB3 is not (yet) represented in the system test.  Note that the conventional cable shield should be commoned through, but this is not yet implemented.

The low- and high-voltage power supplies have floating grounds.

An alternative grounding and shielding scheme, which involves DC connections between all metal in the system and DC connection of the module grounds to the cooling pipe, is working well in the SCT-endcap system test but remains to be tested in the barrel system test.

6.3 First Results from the Barrel System Test 

When a module arrives at the system test, it is accompanied by the results from a standard characterisation as performed at the module building cluster. The first step in integrating the module into the system test is to repeat this standard characterisation on the 'electrical test bench' in the system test lab, to verify that the module has not suffered in transit.  The electrical test bench is considerably simpler than the full system test as it bypasses the optical communication, and uses only very short power and signal cables. Therefore a module may be expected to give its best performance when running stand alone 'on the bench'.

Once the module is verified to be in good working order, it is mounted on the system test sector (with all grounding and shielding connections made), and the standard characterisation sequence is repeated, powering only that one module.  This performance is compared to that on the bench and any differences are noted and investigated if possible.  When this comparison is complete, the module is considered ready to be included in multi-module tests.

There are currently ten modules in the system test, as seen in Table 1.  Eight of these are considered ‘good’ modules; the other two (20220170100004 and 9) are included on the sector to maximise the overlap of powered modules for these first results, until further modules are available.  With the exception of module 20220170100008, all the modules showed approximately the same noise values (within about 100 ENC) when running alone on the sector as they did on the 

bench.  Module 0008 showed approximately 200 ENC more noise on the sector.  This may be of significance, since this is the only module made with the ASICs attached to the hybrid via non-conducting glue.  Conducting glue will be used for all ATLAS barrel modules.

A typical multi-module test which can be done is to measure the gain and noise with many modules running in parallel.  This has been performed, using a three-point gain calculation, with the ten modules on the sector.  For this test there were two harnesses on the left-hand half of the sector, mounted immediately adjacent to one another, with each harness holding five modules. From left to right on the front harness were Scand1, K3112, K3104, 0011 and K3103; and on the back harness were 0004, 0009, 0008, 0026 and 0022.  The measured noise values of all ASICs on the modules, with all 10 modules in operation at a hybrid temperature of about 270C, are shown in Figure 17.  With the exception of module 0008, as discussed above, the noise values lie in the anticipated range.  The noise difference between this 10 module operation and that measured when a module is tested individually on the sector is shown in Figure 18 for each ASIC.  The differences are seen to be rather small.  The last ASIC (which is nearest the cooling pipe on the side of the module facing the sector) is somewhat noisier for the 10-module run for some of the modules.  For module 0026 it should be noted that the high-voltage return line was broken and had to be repaired temporarily with a cable; the according influence on the noise behaviour is difficult to predict.

Detailed investigations are now in progress, and it is expected that further barrel modules will soon be added to the sector.  The first results presented here are clearly encouraging.
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Figure 17: The measured module noise for each ASIC with 10 modules operating together on the barrel system test sector


Figure 18: The change in the module noise on the sector between 10 module and individual module operation for each ASIC

7 Summary

The SCT barrel modules satisfy the electrical performance goals of the ATLAS Inner Detector TDR, with the exception of a slightly higher final post-irradiation noise value.  The modules operate in a stable fashion, with good efficiency and low noise occupancy at 1fC threshold.  The first results from a collection of 10 modules running together in the SCT system test are encouraging.

The available data therefore indicate that the design of the barrel module, and all its components, adequately meet the electrical performance requirements of ATLAS.

� EMBED Excel.Sheet.8  ���





Figure 4:  Curves  of  occupancy versus threshold superimposed for every readout channel of the first readout side  of  an ABCD3T-A module.  Every fourth channel (32 in total) of each ASIC appears in each of the boxes.








Figure 5:  Curves  of  occupancy versus threshold superimposed for every readout channel of the second readout side  of  an ABCD3T-A module.  Every fourth channel (32 in total) of each ASIC appears in each of the boxes.








Figure 6:  Timewalk curves  for the first readout side of an ABCD3T-A module.





Figure 7:  Trim DAC setting versus threshold for each of the 6 ASICs (horizontally) of the second readout side of module 20220170100020 after irradiation to 3x1014 pcm-2 for each of the 4 trim DAC ranges (vertically).








� EMBED Excel.Sheet.8  ���





� EMBED Excel.Sheet.8  ���





Figure 8:  Trim DAC setting versus channel number (upper two rows) and trimmed threshold versus channel number (lower two rows) for module 20220170100020 after irradiation to 3x1014 pcm-2.  The right hand plots show the distribution of the variable for each ASIC on the second readout side of the module
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1 � HYPERLINK http://sct.home.cern.ch/sct/sctdaq.html ��http://sct.home.cern.ch/sct/sctdaq.html�
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		17:10		20.10		20.380651		20.034468		19.880611		9.49161		9.89012		11.684612		11.947516		16.13938		27.5		27.5		27.700001		27.700001		27.5		26.700001		26.9		31.5		31.700001		27.1		27.5		25.9		26.700001		25.799999		26.1		27.5		27.4		8.6		10

		17:15		20.20		20.476351		20.130289		19.992331		9.57321		9.9718		11.735613		11.865597		16.332075		27.5		27.5		28		27.700001		27.4		26.5		26.799999		31.5		31.700001		27.200001		27.6		26		26.700001		25.799999		26.1		27.299999		27.200001		9.3		10

		17:20		20.33		20.635851		20.242079		20.12001		9.41001		9.79823		11.745812		11.793917		16.509289		27.4		27.4		27.9		27.6		27.4		26.4		26.6		31.299999		31.5		27.1		27.4		25.799999		26.6		25.700001		26		27.1		27		9.7		10

		17:25		20.35		20.667751		20.210138		20.167891		9.18561		9.59403		11.439813		11.548157		16.654593		27.4		27.4		28		27.5		27.299999		26.4		26.6		31.299999		31.6		27.1		27.5		25.9		26.700001		25.799999		26		27.200001		27		9		10

		17:30		20.29		20.603952		20.146257		20.12001		9.43041		9.82886		11.592813		11.732476		16.815329		27.299999		27.4		27.9		27.5		27.299999		26.299999		26.6		31.299999		31.5		27.1		27.5		25.799999		26.6		25.700001		26		27.1		27		8.6		10

		17:35		20.22		20.508251		20.082378		20.056171		9.59361		9.98201		11.582613		11.722237		16.970629		27.5		27.6		27.6		27.6		27.299999		26.4		26.6		31.299999		31.5		26.6		26.9		25.299999		26		25.799999		26		27.200001		27		9.4		10

		17:40		20.08		20.380651		19.954618		19.912531		9.38961		9.79823		11.368413		11.435516		17.105082		28.4		28.299999		27.700001		26.9		26.6		25.5		25.799999		30.200001		30.5		26.700001		27		25.5		26.299999		25.4		25.6		26.5		26.299999		8.7		10

		17:45		20.08		20.348751		19.986559		19.89657		9.22641		9.62466		11.490812		11.537916		17.229548		29		29		28		27.299999		27		25.799999		26		30.9		31.200001		27		27.4		25.799999		26.6		25.700001		25.9		26.700001		26.5		10.2		10

		17:50		20.18		20.444452		20.098349		19.992331		9.41001		9.80844		11.552012		11.630076		17.370277		28.299999		28.299999		27.200001		26.9		26.6		25.4		25.700001		30.1		30.299999		26.6		27		25.4		26.200001		25.4		25.6		26.4		26.200001		8.9		10

		17:55		20.32		20.588001		20.226109		20.135971		9.89961		10.278103		12.082413		12.131836		17.469219		27.799999		27.799999		26.299999		27.700001		27.4		25.6		25.799999		29.6		29.5		27.4		27.799999		26.1		26.9		25.9		26.200001		26.799999		26.6		9.3		10

		18:00		20.32		20.635851		20.194168		20.135971		9.48141		9.87991		11.511212		11.619837		17.578201		27.5		27.6		27.4		27.6		27.299999		25.9		26.1		30.200001		30.200001		27.299999		27.700001		26		26.799999		25.799999		26.1		26.9		26.700001		9.8		10

		18:05		20.24		20.572052		20.082378		20.07213		9.61401		10.012643		11.643812		11.763196		17.681793		27		27.1		25.9		27		26.799999		25.1		25.4		29		28.9		26.9		27.299999		25.700001		26.5		25.700001		25.9		26.299999		26.1		8.8		10

		18:10		20.13		20.428501		20.002529		19.960411		9.87921		10.278103		11.929413		12.060157		17.821733		27.200001		27.200001		26.200001		27.200001		26.9		25.200001		25.5		29.200001		29.1		27.1		27.5		25.799999		26.6		25.700001		26		26.4		26.200001		9.8		10

		18:15		20.16		20.428501		20.050438		19.992331		9.86901		10.247473		11.949813		12.029436		17.967066		27.1		27.1		25.9		27		26.799999		25.1		25.299999		28.9		28.9		26.9		27.299999		25.700001		26.5		25.700001		25.9		26.299999		26.1		10.1		10

		18:20		20.26		20.540152		20.178198		20.07213		9.55281		9.95138		11.623412		11.722237		18.050457		27.1		27.1		25.9		27.1		26.799999		25.200001		25.4		29		28.9		26.9		27.299999		25.700001		26.5		25.6		25.9		26.299999		26.1		8.7		10

		18:25		20.32		20.603952		20.210138		20.135971		9.74661		10.145372		11.766212		11.875836		18.128466		27.1		27.1		25.9		27.1		26.799999		25.1		25.4		28.9		28.9		26.9		27.299999		25.700001		26.5		25.6		25.9		26.200001		26		9.5		10

		18:30		20.28		20.603952		20.146257		20.088091		9.90981		10.308732		11.898812		12.019197		18.216604		27		27.1		25.9		27		26.799999		25.1		25.299999		28.9		28.799999		26.9		27.299999		25.700001		26.5		25.6		25.9		26.299999		26.1		9.5		10
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		1526		1567		1641		1464		1437		1752		1435.1		1439.62		1592.17		1576.35		1648.67

		1606		1650		1552		1503		1533		1548		1420.41		1480.3		1626.07		1593.3		1640.76

		1550		1605		1636		1469		1427		1612		1534.54		1426.06		1586.52		1537.93		1602.34

		1552		1580		1593		1502		1425		1590		1423.8		1511.94		1509.68		1548.1		1604.6

		1555		1584		1564		1513		1476		1504		1384.25		1517.59		1614.77		1525.5		1624.94



0001

0003

0008

0011

0022

0026

0020

0037

0018

0035

0036

ASIC number

Noise (ENC)

Measured Module Noise for each ASIC



Sheet1

		

		Module		36				35				20				37				26				22				11				3				1				8				18

		1		1464		1654.32		1379		1558.27		1375		1553.75		1267		1431.71		1688				1452				1509				1524				1653				1660				1357		1533.41

		2		1429		1614.77		1446		1633.98		1298		1466.74		1273		1438.49		1530				1471				1484				1565				1548				1634				1400		1582

		3		1367		1544.71		1433		1619.29		1256		1419.28		1251		1413.63		1647				1555				1495				1563				1636				1661				1403		1585.39

		4		1421		1605.73		1456		1645.28		1268		1432.84		1277		1443.01		1587				1594				1492				1586				1594				1692				1470		1661.1

		5		1356		1532.28		1444		1631.72		1237		1397.81		1293		1461.09		1602				1470				1488				1612				1609				1693				1413		1596.69

		6		1322		1493.86		1394		1575.22		1336		1509.68		1273		1438.49		1576				1442				1493				1564				1610				1489				1371		1549.23

		7		1463		1653.19		1438		1624.94		1244		1405.72		1306		1475.78		1571				1420				1547				1457				1559				1607				1337		1510.81

		8		1459		1648.67		1395		1576.35		1270		1435.1		1274		1439.62		1752				1437				1464				1567				1526				1641				1409		1592.17

		9		1452		1640.76		1410		1593.3		1257		1420.41		1310		1480.3		1548				1533				1503				1650				1606				1552				1439		1626.07

		10		1418		1602.34		1361		1537.93		1358		1534.54		1262		1426.06		1612				1427				1469				1605				1550				1636				1404		1586.52

		11		1420		1604.6		1370		1548.1		1260		1423.8		1338		1511.94		1590				1425				1502				1580				1552				1593				1336		1509.68

		12		1438		1624.94		1350		1525.5		1225		1384.25		1343		1517.59		1504				1476				1513				1584				1555				1564				1429		1614.77
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		time		Ambient		B-Amb-left		B-Amb-centre		B-Amb-right		B-PipeB-in		B-PipeC-in		B-PipeB-out		B-PipeC-out		BarrelHum		k3112  T1		k3112  T2		k3104  T2		k11  T1		k11  T2		k3103  T1		k3103  T2		scand2  T1		scand2  T2		uk8  T1		uk8  T2		uk9  T1		uk9  T2		k26  T1		k26  T2		k22  T1		k22  T2		int.temp		setpoint

		14:55		20.57		20.572052		20.513569		20.630732		19.304012		19.630463		19.130613		19.514875		8.99674		19.700001		19.700001		19.700001		20.1		19.9		19.5		19.700001		20		20		19.5		19.5		19.799999		20.1		19.5		20		20.200001		19.700001		-999		-999

		15:00		20.51		20.508251		20.449688		20.566891		16.550013		16.904392		17.233412		17.538557		8.93932		31.700001		31.6		30.700001		31.5		31.200001		30.299999		30.4		32.599998		32.599998		30.4		30.9		29.200001		29.799999		28.9		29.1		31.4		31.1		13.7		15

		15:05		20.72		20.954851		20.657299		20.534971		12.449613		12.830603		14.561012		14.650876		8.96341		31.9		31.9		30.799999		31.200001		31		29.6		29.799999		34		34		30.799999		31.4		29.1		29.799999		28.9		29.1		30.9		30.700001		12.4		12.7

		15:10		20.65		20.986752		20.545507		20.407291		9.77721		10.165792		11.388812		11.486716		9.04478		28.299999		28.299999		27.700001		28.1		27.799999		26.9		26.799999		30.200001		30.299999		26.6		27		25.4		26.1		25.1		25.4		26.799999		26.6		9.1		10

		15:15		20.56		20.811302		20.449688		20.42325		9.93021		10.329152		12.072212		12.152316		9.26239		27		27		26.4		26.200001		26		25		24.4		28.6		28.700001		25.4		25.799999		23.9		24.799999		23.4		24.1		23.9		23.6		8.8		10

		15:20		20.65		20.875101		20.529539		20.534971		9.52221		9.93096		11.725412		11.793917		9.63449		29.200001		29.200001		28.299999		27.5		27.200001		26		26.200001		31.1		31.4		27.200001		27.5		26		26.799999		25.799999		26.1		26.9		26.700001		8.7		10

		15:25		20.70		20.970802		20.561478		20.566891		9.77721		10.186213		11.929413		12.008956		9.99753		29.200001		29.200001		28.299999		27.5		27.299999		26		26.200001		31.1		31.4		27.200001		27.6		26		26.799999		25.799999		26.1		26.9		26.700001		9.5		10

		15:30		20.66		20.954851		20.513569		20.503052		9.77721		10.186213		11.939612		12.019197		10.348623		27.9		27.9		28.299999		27.5		27.299999		26		26.200001		31.1		31.4		27.200001		27.6		26		26.799999		25.799999		26.1		26.9		26.700001		9.5		10

		15:35		20.55		20.827251		20.417747		20.391331		9.35901		9.75739		12.051812		12.152316		10.736139		28.5		28.4		26.799999		28.6		28.4		26.5		26.700001		30.700001		30.700001		27.700001		28.1		26.299999		27.1		26.200001		26.4		27.799999		27.700001		10.2		10

		15:40		20.41		20.699652		20.274019		20.263651		9.36921		9.7676		11.490812		11.578876		11.10266		27.1		27.1		25.9		27		26.799999		25.1		25.299999		29		28.9		26.9		27.299999		25.700001		26.5		25.700001		25.9		26.200001		26		9.4		10

		15:45		20.30		20.572052		20.178198		20.15193		9.14481		9.55319		11.460213		11.517436		11.469328		27.299999		27.299999		26.299999		27.299999		27		25.299999		25.6		29.4		29.299999		27.1		27.4		25.799999		26.6		25.799999		26		26.5		26.299999		9.8		10

		15:50		20.30		20.524202		20.210138		20.15193		9.28761		9.68592		11.490812		11.537916		11.86896		27.1		27.1		25.9		27.1		26.799999		25.1		25.299999		28.9		28.9		26.9		27.299999		25.700001		26.5		25.6		25.9		26.299999		26.1		9.6		10

		15:55		20.39		20.635851		20.305958		20.231731		9.65481		10.063692		11.705012		11.814397		12.222842		27.1		27.1		26		27.1		26.799999		25.200001		25.4		29		29		27		27.4		25.700001		26.5		25.700001		26		26.299999		26.1		8.9		10

		16:00		20.45		20.731552		20.321928		20.29557		9.83841		10.237263		11.705012		11.814397		12.570838		27.200001		27.200001		25.9		27.1		26.9		25.200001		25.5		29		29		27		27.4		25.799999		26.5		25.700001		26		26.299999		26.1		9.7		10

		16:05		20.38		20.651802		20.226109		20.24769		9.88941		10.267893		11.970213		12.049916		12.876707		27.1		27.1		25.9		27.1		26.799999		25.1		25.4		29		28.9		27		27.4		25.799999		26.6		25.700001		25.9		26.299999		26.1		9.9		10

		16:10		20.30		20.588001		20.146257		20.167891		9.46101		9.85949		11.684612		11.732476		13.192137		27.200001		27.299999		26		27.200001		26.9		25.200001		25.4		29.1		29.1		27.299999		27.799999		26.299999		27.200001		25.6		25.9		26.4		26.200001		9.8		10

		16:15		20.19		20.460402		20.050438		20.056171		9.43041		9.82886		11.643812		11.722237		13.492364		29.1		29.1		26.200001		28.1		27.799999		25.700001		26		30		30.200001		28.6		29.299999		26.5		27.1		26.700001		26.9		26.799999		26.700001		10		10

		16:20		20.14		20.380651		20.050438		19.992331		9.50181		9.90033		11.603012		11.671037		13.813685		28.799999		28.799999		27.9		27.299999		27		25.799999		26		30.700001		31.1		27.1		27.5		25.799999		26.5		25.700001		26		26.700001		26.6		9.3		10

		16:25		20.10		20.364702		20.018497		19.928492		9.87921		10.278103		11.919212		12.080636		14.119727		27.9		28.1		26.299999		27.5		27.200001		25.4		25.700001		29.5		29.4		29.4		29.9		27.9		28.6		25.799999		26.1		26.6		26.4		9.7		10

		16:30		20.16		20.412552		20.082378		19.97637		9.32841		9.73697		11.572412		11.630076		14.400765		28.9		28.799999		26.4		29.1		28.9		26.5		26.799999		30.700001		30.6		27.4		27.799999		26.1		26.799999		26.6		26.799999		27.9		27.700001		9.7		10

		16:35		20.31		20.572052		20.226109		20.12001		9.37941		9.77781		11.684612		11.732476		14.651038		28.200001		28.1		26.9		29.1		28.9		27.5		27.700001		31.6		31.4		27.200001		27.6		26		26.799999		26.200001		26.4		28.799999		28.6		8.8		10

		16:40		20.41		20.715601		20.305958		20.19981		9.63441		10.033063		11.817212		11.937277		14.874627		27.799999		27.799999		27.4		28.4		28.200001		27.4		27.6		31.9		31.9		27.200001		27.6		26		26.799999		26		26.299999		28.4		28.200001		9.6		10

		16:45		20.38		20.667751		20.274019		20.19981		9.94041		10.318942		12.082413		12.213757		15.128908		27.6		27.6		27.5		28		27.799999		27.1		27.299999		31.700001		31.799999		27.200001		27.5		26		26.700001		26		26.200001		28		27.799999		9.7		10

		16:50		20.31		20.603952		20.194168		20.135971		9.93021		10.329152		12.031412		12.183037		15.341285		27.6		27.6		27.5		28		27.799999		27.1		27.299999		31.700001		31.799999		27.1		27.5		25.9		26.700001		26		26.200001		28		27.799999		10		10

		16:55		20.24		20.508251		20.130289		20.07213		9.36921		9.75739		11.705012		11.763196		15.574641		27.6		27.6		27.6		27.799999		27.799999		27.1		27.299999		31.700001		31.799999		27.1		27.5		25.9		26.700001		25.9		26.200001		27.799999		27.700001		10.1		10

		17:00		20.16		20.428501		20.050438		19.992331		9.93021		10.318942		11.970213		12.131836		15.766139		27.5		27.5		27.700001		27.700001		27.6		26.799999		27		31.6		31.700001		27.1		27.5		25.9		26.700001		25.9		26.1		27.6		27.4		9.7		10

		17:05		20.08		20.364702		19.986559		19.89657		9.85881		10.247473		11.949813		12.101116		15.957684		27.5		27.5		27.799999		27.799999		27.6		26.799999		27		31.6		31.700001		27.200001		27.5		25.9		26.700001		25.9		26.1		27.6		27.4		9.7		10

		17:10		20.10		20.380651		20.034468		19.880611		9.49161		9.89012		11.684612		11.947516		16.13938		27.5		27.5		27.700001		27.700001		27.5		26.700001		26.9		31.5		31.700001		27.1		27.5		25.9		26.700001		25.799999		26.1		27.5		27.4		8.6		10

		17:15		20.20		20.476351		20.130289		19.992331		9.57321		9.9718		11.735613		11.865597		16.332075		27.5		27.5		28		27.700001		27.4		26.5		26.799999		31.5		31.700001		27.200001		27.6		26		26.700001		25.799999		26.1		27.299999		27.200001		9.3		10

		17:20		20.33		20.635851		20.242079		20.12001		9.41001		9.79823		11.745812		11.793917		16.509289		27.4		27.4		27.9		27.6		27.4		26.4		26.6		31.299999		31.5		27.1		27.4		25.799999		26.6		25.700001		26		27.1		27		9.7		10

		17:25		20.35		20.667751		20.210138		20.167891		9.18561		9.59403		11.439813		11.548157		16.654593		27.4		27.4		28		27.5		27.299999		26.4		26.6		31.299999		31.6		27.1		27.5		25.9		26.700001		25.799999		26		27.200001		27		9		10

		17:30		20.29		20.603952		20.146257		20.12001		9.43041		9.82886		11.592813		11.732476		16.815329		27.299999		27.4		27.9		27.5		27.299999		26.299999		26.6		31.299999		31.5		27.1		27.5		25.799999		26.6		25.700001		26		27.1		27		8.6		10

		17:35		20.22		20.508251		20.082378		20.056171		9.59361		9.98201		11.582613		11.722237		16.970629		27.5		27.6		27.6		27.6		27.299999		26.4		26.6		31.299999		31.5		26.6		26.9		25.299999		26		25.799999		26		27.200001		27		9.4		10

		17:40		20.08		20.380651		19.954618		19.912531		9.38961		9.79823		11.368413		11.435516		17.105082		28.4		28.299999		27.700001		26.9		26.6		25.5		25.799999		30.200001		30.5		26.700001		27		25.5		26.299999		25.4		25.6		26.5		26.299999		8.7		10

		17:45		20.08		20.348751		19.986559		19.89657		9.22641		9.62466		11.490812		11.537916		17.229548		29		29		28		27.299999		27		25.799999		26		30.9		31.200001		27		27.4		25.799999		26.6		25.700001		25.9		26.700001		26.5		10.2		10

		17:50		20.18		20.444452		20.098349		19.992331		9.41001		9.80844		11.552012		11.630076		17.370277		28.299999		28.299999		27.200001		26.9		26.6		25.4		25.700001		30.1		30.299999		26.6		27		25.4		26.200001		25.4		25.6		26.4		26.200001		8.9		10

		17:55		20.32		20.588001		20.226109		20.135971		9.89961		10.278103		12.082413		12.131836		17.469219		27.799999		27.799999		26.299999		27.700001		27.4		25.6		25.799999		29.6		29.5		27.4		27.799999		26.1		26.9		25.9		26.200001		26.799999		26.6		9.3		10

		18:00		20.32		20.635851		20.194168		20.135971		9.48141		9.87991		11.511212		11.619837		17.578201		27.5		27.6		27.4		27.6		27.299999		25.9		26.1		30.200001		30.200001		27.299999		27.700001		26		26.799999		25.799999		26.1		26.9		26.700001		9.8		10

		18:05		20.24		20.572052		20.082378		20.07213		9.61401		10.012643		11.643812		11.763196		17.681793		27		27.1		25.9		27		26.799999		25.1		25.4		29		28.9		26.9		27.299999		25.700001		26.5		25.700001		25.9		26.299999		26.1		8.8		10

		18:10		20.13		20.428501		20.002529		19.960411		9.87921		10.278103		11.929413		12.060157		17.821733		27.200001		27.200001		26.200001		27.200001		26.9		25.200001		25.5		29.200001		29.1		27.1		27.5		25.799999		26.6		25.700001		26		26.4		26.200001		9.8		10

		18:15		20.16		20.428501		20.050438		19.992331		9.86901		10.247473		11.949813		12.029436		17.967066		27.1		27.1		25.9		27		26.799999		25.1		25.299999		28.9		28.9		26.9		27.299999		25.700001		26.5		25.700001		25.9		26.299999		26.1		10.1		10

		18:20		20.26		20.540152		20.178198		20.07213		9.55281		9.95138		11.623412		11.722237		18.050457		27.1		27.1		25.9		27.1		26.799999		25.200001		25.4		29		28.9		26.9		27.299999		25.700001		26.5		25.6		25.9		26.299999		26.1		8.7		10

		18:25		20.32		20.603952		20.210138		20.135971		9.74661		10.145372		11.766212		11.875836		18.128466		27.1		27.1		25.9		27.1		26.799999		25.1		25.4		28.9		28.9		26.9		27.299999		25.700001		26.5		25.6		25.9		26.200001		26		9.5		10

		18:30		20.28		20.603952		20.146257		20.088091		9.90981		10.308732		11.898812		12.019197		18.216604		27		27.1		25.9		27		26.799999		25.1		25.299999		28.9		28.799999		26.9		27.299999		25.700001		26.5		25.6		25.9		26.299999		26.1		9.5		10
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