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. @J el  The ATLAS Pixel Detector Module

» Sensor:
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~ Detector at < -10 deg C most of the time

- Some periods of O(days) without cooling
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Fluence and Temperature
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e Reverse-Bilas Current

1) Per Power-Supply Channel
II) Per Module
l1l) Per Pixel
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. @J sornGen Reverse-Bias Current (1)

« Simplest method to measure reverse-bias current: power-supply current

- Have monitored the power-supply current since the switch-on of the detector and
are by now confident about calibration etc.

-~ Precision: 80 nA

- Drawback: Granularity is 6 or 7 modules (following measurements show current /
module averaged over 6/7 modules)

« Measurement and analysis:

- Read currents from DCS archive, excluding the first 10 mins of stable beam
(ensure that high voltage is switched on and stable)

- Correct for temperature to 0degC
— Apply preliminary annealing correction

- No correction for beam-induced current applied (O(100 nA))
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ATLAS Preliminary
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« Leakage current follows integrated luminosity; steps consistent with

annealing during warm-up periods

« Prediction and measurement qualitatively agree very well, however
prediction had to be scaled up

- Layer O0: +15%, Layer 1 and 2: +30%
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Reverse-Bias Current (l)
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 Reverse-bias current vs. Fluence (FLUKA)
« Linear fit (ignoring annealing steps) yields o ~ 1.1 e-17 A/cm

 We would expect a value in the order of 6e-18 A/cm at O deg C, so this goes
in the same direction as before (FLUKA prediction too low)
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. GA cormman Reverse-Bias Current (l1)

« Alternative measurement: started to install current monitoring boards in the
HV-fanout crates in the counting room

- One measurement per module, precision ~ 10 nA

- Up to now 56 modules of the innermost layer instrumented, more during next

shutdown
- Work on calibration ongoing R
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Reverse-Bias Current (llI)

 Monleak Scan: allows to measure the single-pixel leakage current

11/21/2011

The feedback branch of the single pixels is connected to an on-chip ADC
Digitises the current T1eak + 2 * Ifeedback with an LSB of 0.125 nA

Range optimised for irradiated modules, currently sensitive for innermost layer,
starting to get sensitivity also on the others

Not intended to give an extremely precise measurement of the reverse-bias-
current but a nice tool to see inhomogeneous distributions of the current
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Reverse-Bias Current (llI)

,,,,,

C JGEORG-AUGUST—UNIVERSITAT
! GOTTINGEN

% 0.8 :l_l T T T T T | T T | T T T | T 1T I T 1T I T 1T I T T T I__ o : T | T T T T | T T T T | T T T T |:
3 L ATLAS Preliminary -#-L,, ~ 350 pb” - % 200 ~ Pixel Detector Modules *
o - _ — — ]
S - Pixel Barrel L0 :’ea";“;_’f’s—'ﬁ"‘ﬁ WA = - - Barrel layer 0 7
‘5 — int - ] | |
g - mean=42.76+1.53 pA § 150F- -»-Barrel layer 1 E
5 - L, ~23f" = =" - -»Barrel layer 2 7
g c mean=107.51£1.36 pA 3 g - Endcap . -
— L, ,~56f" —] S 100~ i
= mean=217.79+2.83 pA J § N s
- i = 50 -
— = < - ® ® :
- . = » & -
AE = 0t » ATLAS Preliminary —
& : N | I | | | | I | | | | | | | | | | | | 1 | | | | 1 | |_

0 0 50 100 150 200 250 300 350 400 0 1 2 3 4 5 6
Increase in the leakage current/Volume [uA/cm’] Integrated Luminosity [fb™]

« Reverse-Bias Currents per module determined from Monleak data

- Left: B-Layer, right development for all layers

« Absolute calibration and comparison with model still ongoing

« But allows already some toy examples with inhomogeneous distributions
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« Example of inhomogeneous leakage current distribution: endcap disc,
modules oriented in R-direction (R o« column #)

- Leakage current clear function of the radius
- Chip effect not yet understood

— Calibration and determination of pedestals underway
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* Depletion Voltage
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. & e Depletion Voltage (1)
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« After type inversion: determine
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« Method:
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Depletion Voltage (II)
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Depletion Voltage (II)
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« More gquantitative analysis and
comparison with models underway
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 Several measurement methods to monitor reverse-bias current and
depletion voltage

- Reverse-bias current: Per 6/7 modules, per module, per pixel

- Depletion voltage: track based (after type inv., but validated now), calibration
scan (before type inv.)

« Qualitatively measurements show clear signs of radiation damage as
expected

- Increase of leakage current with accumulated fluence
- Decrease of depletion voltage

- Signs of annealing in periods with no cooling

* For reverse-bias current (power supply measurement) quantitative
agreement is obtained when scaling the expectation up by 15 (30)%
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Open Issues

« Some open issues before making statements on quantitative comparisons

« General:

- Converge on the models and be sure to use the correct parameters

« Reverse-bhias current:

- Temperature correction: temperature correction (incl. annealing) is based on the
measurement of an NTC located on the flex PCB, which is glued to the sensor.
AT between NTC and Si currently unknown (but expected to be small)

- Surface current: currently evaluating I-V-curves to understand the contribution of
the surface current

» Depletion voltage:

- Try to extract depletion voltage trend from the crosstalk scans
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