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e Motivation
o X-calibration study description

 Reaults

Noise M easurements
Pedestal M easurements
Pulse Height M easurements
Pinhole Test

Gain Measurements

e Suggestions for bad channel description
0 Anaysis Macro

o Differences between ARCS/LT software
o Algorithmic
0 Common mode subtraction (CMYS) Input Parameters
0 Bad Channel Definition
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 Modulesproduced/tested « Toinitiate this process:.
at alarge number of sites 1 Investigate testing issues
worldwide relevant for x-calibration

— Grounding, environmental
effects, etc.

e Uniformity in testing
results is necessary in such

1 Look for differencesin the

adistributed system ARCS and LT code
0 X-calibration important step — Algorithms
In achieving uniformity — Common mode input
« To achieve uniformity parameters
— Requirements

[

[

[

[

Common algorithms
Common set of tests
Common reguirements

Control over testing
environment
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E/if’ff X-Calibration Testing Study =5

e Attempt to derive “minimal” set of teststo find faulty
channels as precursor to x-calibration
0 Efficient, descriptive, redundant

e Triedto qualitatively describe effects of grounding and
environmental noise sources
7 How much common mode noise acceptable?
o How stable will testing be over 2 year period?

o Used first UCSB pre-production TOB module

0 Examples of PA-sensor opens, sensor-sensor opens, pinholes, and
high current channels

— Shorts have not yet been introduced

* Write-up available at hep.ucsb.edu/cms/xcalibration.ps
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 ARCS system with new FE, LED system and
6.03 software
 Floating LV and HV supplies
e Clamshell
0 Module holding plate in clamshell but isolated
— >1cm from metal shell
0 Grounding achieved with large gauge wire to
hybrid-to-utri adaptors

* Four grounding schemes studied
Both module holder and clamshell floating (Scheme 0)
Module holder floating, clamshell grounded (Scheme 1)
Module holder grounded, clamshell floating (Scheme 2) =
Both module holder and clamshell grounded (Scheme 3)
* Nearby gantry used as source for broadcast
noise
0 Test taken with/without gantry in operation

d
U
U
U
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e Grounding schemes1 & 3
give least amount of
common mode noise

1 Prefer scheme 1 as closer
to ideal Faraday cage

* With low common mode
noise (< 0.5 ADC) distinct
noise levels for sensor-
sensor and PA-sensor opens
and pinholes

1 Consistent levelsin 8
modules tested at UCSB

and 3 at FNAL with these
grounding schemes

Scheme 1, gantry off
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e Using grounding schemes E_il i
1 & 3, the distinct noise s s =
levelsare dso visiblein o
all modes and inverter

states tested
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B Noise Measurements (3) [BEE

 Evenredatively low amounts of
common mode noise makes noise
levels of opens unpredictable (RO ooy | CESESCRE o mor
1 Schemes0 & 2 have higher |
common mode noise

— Presence of common mode
noise indicated by differencein
Raw Noise and CMS Noisein
Peak Off mode

Scheme 2, nearby gantry off

—Raw Noise
4 — CMS Noise |
s ]

E — Raw Noise
s  —CMS Noise

Raw Noise [ADC Counts]

© Noise can be lower than, equal to, B
or higher than good channels
«  Common mode noise also SENEME2 (T2 15 G2 OF
indicator Of Sens'tl\/lty to | RawNoisevs..ChanneI | |Pea.k Invon LRawNoisevs.Channel ] |Peak IOt
environmental noise sources Pt B E) e
e Strongly suggest common mode
noisein peak off moderequired | @ D) i b i
to belessthan ~0.5 for testing TS . A i - ¢ e A
o Usemultiple bad noise levels for oof [ ] T
the different faults e e
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UCSB

el

Scheme 1, gantry off
[_Pedestal vs. Channel | Peak InvOn [_Pedestal vs. Channel ] Peak InvOff

e Pedestal measurements are
not very sensitive to
grounding/local noise
sources e

0 But opens, shorts, pinholes,
etc. not very different than Scheme 0, gantry on

good channels
[ Pedestal vs. C.hannel | | ,m

Pedestal test not useful for
finding bad channels

__________
_________
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Ems

e Open channelsdiffer from
normal channels at same
level as the non-uniformity
of the calibration response

Opens can easily be missed

Scheme 2, gantry off
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Pinhole Test (Continuous LED)  [Sh5as ‘

e Pinholetest works Scheme 1, gantry off
exaCtIy % d@ gr]m | Difference between max and min pulse heights vs. channel | Peak |nVOff
o Insensitive to grounding g F
or local noise sources 3 -
e Two levels marked for L I M R
bad channels :
" Pinholes E
D NOIS}/StrIpS § IIIIl(I)OIIIIZ(IJOIII 3&0-...460...0;1&?2&
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UCSB

el

Scheme 0, gantry off Scheme 1, gantry on

e Galn measurements are
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UCSB

el

EM S/
Y

o Analysis root macro under 0000010000000200000200002200
development WhiCh Correlates 0000071112222622222733337733
1234567890123656789812348978
I esu I Ped SEah it e e e e e
teStIng r ItS tO determlne type Of Nzise gtat B O, i e it i e e NN..
channdl defects Gain Stat TT. oo O G..
Pinhole Stat ...... QA XX. .
o Ultimately will output list of bad Pulsell Stat K.......................-J-
channels with Suggested Summary Stat TT ? 0 ?S
repairs/rework necessary for
module
J00000111111114113111111111151
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- ﬁl\lddlltltona”y’ the rr_]facro ggnleraée: 12345656789012045678%012345618
OLS necessary 10r modaduie Ped SEAL et ettt e e e e e
P . y ) Ngise gtat .............. Poveeeeninn T.
e Themacro (with directions and Gain Stat  -.G........... CRREEETREPREE T.
. . Pinhole StAL -+« vt vt tewwce. 2
examples) is available at PulseH Stat --.-----c---o oo K
hep.UCSb.edulcmS/arCS_macro.htmI Summary Stat  ? P T
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Conclusions of Study

e (Galn scan and pinhole tests |east sensitive to grounding scheme
and external noise sources

1 Can be used to find sensor-sensor and PA-sensor opens, pinholes, noisy
channels, and most likely shorts

e Noise measurement with “optimal” grounding is also insensitive
to external noise sources
0 Findsall the above faults
e Thesethree tests can have results correlated to give great
confidence to failure analysis
7 Would like to propose the use of this set of tests for bad channel finding
o Other tests are less optimal, but are included as they are the
standard as of now
0 Pedestal test does not find common faults
0 Pulse shape measurement much less sensitive than gain measurement

« Backplane pulsing tests and shorts still need to be included
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B ARCSILT Differences (Algorithms)

* Pedestal and noise calculation (including common mode
subtraction) algorithms are identical

* Pulse shape tests use common mode algorithms differently
0 LT does not subtract common mode
0 ARCS subtracts common mode excluding the charge injected
channels
e Pipeline scans also treat the common mode differently

0 LT applies common mode subtraction to both pedestal and noise
— Potential for missing bad columns of capacitorsin APV

0 ARCS applies common mode subtraction only to noise calculation
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E’W’ ARCS/LT Differences (CMSinputs) BEhisas

Parameters used for skipping bad channels in the common
mode algorithm are different at different sites. Since skipped
channels are marked as bad in ARCS setup , these parameters
are very important. X-calibration work at Karlsruhe should
find optimal set of parameters.

HYBRID TESTS MODULE TESTS
FHIT CERN ARCS LT
Tskip 4.9 54 4.0 3.0
Thad 3.0 95 5.0 5.0
RMS (low) |0.3 0.3 0.5 0.0
RMS (high) |10.0 1.2 5.0 10.0
Pskip 0.2 0.2 0.2 0.3
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UCSB

ARCS/LT Differences (Bad Channel Definitions)

W
Partial listing of bad channel definitions used currently
Guide | ARCS LT USTOB

Pedesta +20% | £30% 0>P>500 +20% (not applied)
Noise +20% | CMS skipped O>N,>5 Multiple fixed cuts

channels IN.-<N>[>50,
Pulse height +20% | £20% |PH,-<PH>|>30p,, | £12% (not applied)
Gain slope N/A +20% N/A Multiple percentage cuts

(Not sureif applied)
Pinhole +20% | +100% |Pin-<Pin>>30,, | Multiple percentage cuts
Backplane pulsing | £20% | 777777 IB;-<B>|>305 70777?

Every site has different bad channel selection criteria. Now that arelatively
large number of modules produced, it istimeto try to converge on a set of bad
channel definitions. Gain slope, pinhole, and backplane pulsing tests need
systematic studies to determine optimal bad channel definitions, etc.
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Code Comparison Conclusion

e Thetesting algorithms are very similar between
ARCS/LT software

0 Only dlight differences in how common mode subtraction
handled in pulse shape and pipeline test

1 Parameters used in marking bad channels for common mode
subtraction differ between stands
— X-calibration work at Karlsruhe should finalize these parameters

« Bad channd criteriadiffer for amost each testing site

7 Now isthetimeto cometo a“fina” uniform set of criteria

— A common language/convention is needed to describe problem
channels

0 How to use test information to determine fault type should
also be investigated more
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