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Motivation

0 ~ 2020 - LHC luminosity upgrade: 1034 cm2s1 —=> 1035 cm2 s-!

[ Detectors need upgrade too

[ 3 sensor options for ATLAS Pixel Detector:
- silicon planar

- silicon 3D } Which one is the best??
- diamond

O FE-I4 read-out chip developed for ATLAS IBL

Q Challenges: keep high signal to noise ratio to preserve tracking
performance after heavy irradiation



ENC and sensor capacitance

[ Equivalent Noise Charge (ENC) depends on the pixel sensor capacitance
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PixCap chip

[ PixCap - pixel sensor capacitance measurement chip

Q Designed to be bump-bonded
on the pixel sensor

[ Technology Lfoundry 150 nm
CMOS process

Process parameters:

- 6 metal layers
- 1.8 V voltage domain
- low leakage switching transistors

PixCap parameters:

- dimensions 3.2 x 2.2 mm
- 320 (8x40) configurable measurement
channels
- half of the chip has metallic shielding
- pixel dimensions 250 x 50 um
(ATLAS PIXEL IBL sensors)



Principle of capacitance measurement

Q Charge pump based capacitance measurement
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Tested devices

silicon planar sensor - bottom side silicon planar sensor - top side silicon 3D sensor
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PixCap without sensor

CAPACITANCE MATRIX

Occurence
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bond pad

O Effect of metallic shielding is apparent
[ PixCap capacitance is dominated by bond-pad
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+config. logic

Pixel capacitance
h1

E Entries 320
40
C Mean 11.38
£ RMS 0.196
35—
30} _ |
25/ '
20—
15/
10}
5
:Il'llll | I III|III 111 1l III|'II
fos 1 12 113 114 115 116\ 117 118 119

Capacitance [fF]

pixels with shielding

Bare PixCap chip:

= 11.22 fF
= 11.57 fF

Cno_shield
Cshield




Silicon planar sensors (N on N)

First prototype Second prototype C-V characteristic
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Capacitance variations are probably due to sensor process variations




Silicon 3D sensor
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Diamond

[ Single crystal diamond - nearly perfect insulator => no leakage current

Q Capacitance is independent of sensor bias potential
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iy
(=]

Row
||!||"'|‘|||||||||r||T‘I|||||||||||T"T“|“I'EI‘T‘]

(5]
o

25

20

15

10

o

Diamond sensor:
Cuean ~ 20.81 fF
Cep ~ 5.79 fF
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Capacitance between pixels (diamond)

PixCap measurement Simulation (Ansys Maxwell)

[ Capacitance between pixels -> major
contributor to the total pixel capacitance

O PixCap measurement was
cross-checked by simulation
=> good agreement

O Similar measurement made with silicon
sensor but results are not yet ;
well understood 11




Summary

[ Pixel sensor capacitance impacts detector noise performance
A PixCap - chip for capacitance measurement

[ Several sensor types has been measured with PixCap:

silicon planar: C ~110 fF
silicon 3D: C ~170 fF
diamond: C ~20.8 fF

Miroslav Havranek, Bonn
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Back-up slides



Sensitivity to input signals

Sensitivity of capacitance to Vin voltage and switching frequency
- capacitance not corrected by leakage current and parasitic capacitance of PixCag

One channel of diamond sensor One channel of silicon planar sensor
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Voltage [mV]

Rueasurep = Rieast sauare [kOhm]

Determination of conversion constant

|-V transfer characteristic - PCB1
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[ I-V converters work as expected

O Resistor values for each PCB were
determined from transfer function
(least square fit)

Unsoldered determined from
resistors transfer function
PCB Ruin Rueas Ruin Rueas Note
[kOhm] [kOhm] [kOhm] [kOhm]
1 100.115 100.025 100.179 100.076 Bare PixCap
2 99.778 99.605 99.743 99.532 Silicon planar
3 100.085 100.256 | 100.080 | 100.227 Diamond
4 99.905 99.920 99.941 100.066 Silicon planar
5 99.565 99.575 99.602 99.694 Silicon 3D
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Measurement uncertainty
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Uncertainty of capacitance measurement

Taking into account all parameters for capacitance determination the
uncertainty of capacitance measurement for each sensor types are following:

Bare PixCap:

U. =114 aF
Silicon planar sensor:

U. =272 aF
Diamond sensor:

U. =131aF

Silicon 3D sensor:
U. = 266 aF
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