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Introduction

* Radiation hardness study of small-pitch 3D strip sensors
o aoum G v’ Double sided fabrication process
B R MR
B P+ o paae v 230 um thick wafers
— v’ Charge collection of irradiated sensors
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First measurements of new RD53A 3D sensors

v’ Single sided fabrication process
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Mask layout
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Run 7781 - first batch with small pixel size:

Double sided process, 230 um thick wafers, 8 um column diameter
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3D strip sensors

» 3D strip detectors irradiated at different fluences with neutrons at

JSI Ljubljana:
Strip Pixel cell Electrode Fluence (n q/cm2)
detector (um?2) distance (um) x1016
7781-8-M2 50x50 1E 35 -
7781-4-M1 50x50 1E 35 0.5
2 2
7781-4-N1 25x100 1E 52 0.5 50X50|J.m 25X100|J.m
7781-4-M2 50x50 1E 35 1.0 %‘@ @ | @
7781-5-M2 50x50 1E 35 15 L | P i
7781-7-N2 25x100 1E 52 15 @ | ® o
Nl g 1
7781-3-N2 25x100 1E 52 2.0 N b N
* All detectors annealed for 1 week at room temperature * :L I 35‘ P-mk ? 51 s
. . . el= A 7
e IVs carried out in probe station Lei= 52 pum
Strips 50x50 irrad,-25C,anneal. 1week @RT Strips 25x100 irrad,-25C,anneal. lweek @RT
2 140
—&— 1.5e16n,em?, 7781-W5-M2 C
140 — 1eIGnsn/cm2,7781-W4-M1 zg 1207 g / jif
2‘120 —— 5e15n,jcm?, 7781-Wd-M2 i z F 5? j i
Z100— - 50x50u e 2 1000 ){
g 100 UKIURRIT ; £
% o o % ) Vs g
(] C ® L
g eof - § oo 7 c 5
o Pty S et 25X100UmM
- 40 T i 4 F B = 2ei6njom’, 7781-W3N2
F WW C 5 —&— 1.5616n,/om’, 7781-W7-N2
20— 20 s —— iel6n,gem?, 7781-W4-N2
A N T T T D I T B il —+— 5e15n,/cm®, 7781-W4-N1
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ALiBaVa System
e Charge Collection done by ALiBaVa readout system at CNM-IMB-CSIC

 Measurements done in a fridge at T=-25°C
* MIPs from a 2°Sr source used to perform charge collection

* AC pitch adapters employed

* Analysis of data with sin_preguntas script on ROOT framework

* Resulting spectrum fitted with a convolution of a Gaussian and Landau distribution to

. Spectrum with Timecut[12,22] |
determine MPV [Se 2.2 o200 118
/3 Width 1833 + 1071
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Non-irradiated 3D strip sensors
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Norrirradiated strips sensors
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Voltage[V]

50x50 pum? active at OV with 15ke" collected charge
100% charge collected at full depletion (~5V )
Estimated uncertainties of ~6% (not included in the
graph)

Maximum value of CC (17.2ke") similar to the FEI4

sensors(16.8ke’)*

*D.Vazquez Furelos et al.,JINST 12 (2017) C01026
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Irradiated 3D strip sensors

Non-irradiated strips sensors Irradiated strip sensors
257 25r
—_— : é © onl—
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e 50x50 um? collects more charge than 25x100 pum?for the

*  50x50 pm? active at OV with 15ke collected charge
. same fluence; clear for V >125V
* 100% charge collected at full depletion (~5V )
. e 25x100 pm? also collects >10ke" charge at high fluences

Estimated uncertainties of ¥6% (not included in the

e 50x50 um? collects similar charge for higher fluences

. . e Charge multiplication effects for V> 150 V in 50x50 um? at
*  Maximum value of CC (17.2ke") similar to the FEI4

0.5x10%en_.cm
sensors(16.8ke’)* ed

*D.Vazquez Furelos et al.,JINST 12 (2017) C01026 ¢ In graph’ minimum CC ~10ke (prObably an artlfaCt)
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Summary and conclusion

* Charge collection characterisation of double sided 3D strip sensors
* Two pixel cell geometry: 140
50x50pum? and 25x100um? S
> J—
* Non-irradiated: 100% efficiency at 5V £ M
o -]
* lIrradiated up to 2.0x10%°n,,cm? i 2
50x50um2 25x100pum? S =
3 8 T —8 D
- 5 40f 175\/_ o
i ::_;;7;;;;: ’ : Q - < B ]
|.eI— 35|.lm / | —m— 25x100 pm?(1E) | - '\
/ ) .. OO O N T l ....... PO SOOI TR WS TIT A W O .._g
¥ & 0 0.5 1 - 15 2 2.
Fluence [10 neq/cmz]
Lel: 52|J.m Iradiated sirip sensors
* CCE improves as electrode distance decreases :
* At 1.5x10'®n,.cm, 50x50 pm? achieves 80% of efficiency, 25x100um?,65% 8
& -
* At 2.0x10'®n,,cm, 25x100um? shows 60% of efficiency :

* 50x50 um?radiation hardness better than 25x100um? but further studies needed

Centro Nacional de Microelectronica | Instituto de Microelectréonica de Barcelona




9 Maria Manna - 32nd RD50 Workshop, Hamburg

3D single sided detectors
New production
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Mask layout

* Run 9761- first run with RD53A pixel design
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Technology

7 wafers produced and concluded the last week

50,

SOl wafers 150 um and 100 pum active thickness with 300um handle Iaye:er S

Single-on-sided process

wnggy 40 00T

or . {w E Highp
Both p- and n-columns etched from same side (front) '

N+ column depth: 130 um and 80 um

8 um holes diameter

P+ columns filled with undoped polysilicon

Thinning and biasing on the backside

tpm
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RD53A - Electrical characterisation
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o 10 20 30 40 50 60 70 80 107940 20 30 40 50 60 70 80
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* Some 50x50 um? sensors have low leakage current with soft breakdown voltage

* 25x100 um? (2E) pixel geometry problematic for ITk requirements
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RD53A - Electrical characterisation
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Several good sensors

In thinner wafers, higher leakage current (issue under investigation)
25x100 um? (2E) pixel geometry works
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Diodes - Electrical characterisation

e 150 um active thickness
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Leakage current in 50x50 pm? and 25x100 um? (1E)

lower than 25x100 pum? (2E)
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Diodes — CV measurements

e 150 pm active thickness
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The capacitance increases as the electrode distance decreases

Two sloping intervals: the first for the lateral (2V) and the second for full depletion (5V)

The leakage current is below the acceptance criteria for 50x50 um? and 25x100 um?(1E)
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Summary and conclusion

RD53A 3D single side sensors tested on wafer level (IV curves show good sensors)

50x50 pum? and 25x100 um?(1E) better performance wrt 25x100 um? (2E) pixel size

UBM in progress at CNM
v' flip-chip to new RD53A readout chip at IFAE
v’ test beam at CERN planned in July

New 3D RD53A pixel devices production on-going within AIDA-2020 project

v’ 8SiSi wafers, 150 pm active thickness, 130 pm column depth, 8 pm column diameter

v' foreseen for the end of year
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Thank you for your attention!
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