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Radiation-hard and active/slim-edge technology

= Advantages

Electrode distance decoupled from
sensitive detector thickness
=4 lower Vdepletion

- less power dissipation, cooling
- smaller drift distance

- faster charge collection

- less trapping

Active or slim edges are natural
feature of 3D technology

Challenges

Complex production process
- long production time

- lower yields

- higher costs

= Higher capacitance

- higher noise

= Non-uniform response from

3D columns and low-field regions
- small efficiency loss at 0°

’
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Applications of 3D Pixel Detectors

ATLAS IBL
= 25% 3D FEI4 detectors
= Installed during LS1 2014/15 and running since June 2015

ATLAS Forward Proton (AFP)
= Successful 3D FEI4 module production Dec 2015- Feb 2016
= Installed in Feb 2016 and running in LHC since March 2016

CMS-TOTEM PPS
= Sensors produced, installation planned this year

HL-LHC pixel detectors

= Possible installation 2024, sensor qualification for Pixel TDRs
2017

= Radiation hardness studies with IBL/AFP 3D FEI4 generation
on-going

= First dedicated 3D sensors with small pixel size and inter-
electrode distance produced and characterised

= FAi q 6 June 2016, Jorn Lange: 3D Detectors 3



94.000mm

3D FEI4 Pixels

Roman Pot
Flange

Timing

« ATLAS Forward Proton Detector -
« Tag and measure forward protons
» Tracker + Time of Flight in Roman Pots
* One arm (0+2 stations) installed in YETS 2015/16
« Second arm (2+2) planned for EYETS 2016/17

» Tracker Station
» 4 planes of 3D CNM FE-14 Si pixel sensors
(ATLAS-IBL proven) |_|
« 147 tilt in x for efficiency and resolution improvement

* Requirements Presentations at various RD50 Workshops

+ Slim edge 100-200 pm S. Grinstein et al.,, NIM A730 (2013) 28
« Achieved 15-150 pm in tests J. Lange et al., JINST 10 (2015) C03031
« Radiation hard after non-uniform irradiation
+ Demonstrated up to peak of 4e15 n,,/cm?
* 10 (30) um resolution in x (y)
» Achieved 3 pm/station in x

oxide [l metal B passivation
pSi [ p poly-Si M n’ poly-Si p'Si

|
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AFP Sensor Production

AFP production 1
MeanV, 12V

= 15t CNM AFP production run 6682 (July 2014)

= 5 wafers with 40 sensors successfully finished,
8 wafers lost

Number of sensors

= Slim-edged to 180 um

GOOD

= 9 good-quality sensors - low yield

- This is all we had for the first AFP pixel module production
and installation in 2015/2016

\\\\\\\\ I

0 20 40 60 80 100 120 140 160
Vg [V

Production | Wafer Good Sensor Good
Run Yield Wafers Yield Sensors

AFP 1 (6682) 38% 23%

Good sensor: Vgp > 20V
Sensor yield based on good wafers

EIES=)
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AFP Sensor Production

= 15t CNM AFP production run 6682 (July 2014) g g
@ - [==X] AFP production 1 .

= 5 wafers with 40 sensors successfully finished, 8 2 Mean Vg 12V

8 wafers lost § 2 - E

= Slim-edged to 180 pm 5 5 8 ]

= 9 good-quality sensors = low yield 1 “

- This is all we had for the first AFP pixel module production i .
and installation in 2015/2016 5% g
&\\\\\\\. E

= Investigation and improvement of CNM process (2015) 955040 60 80100 120140160 —

1. DRIE optimisation - less 3D side wall defects IBL/AFP1/7781  AFP2/CT-PPS Vea V]

2. Wafer edge protection - less broken wafers

C;:"Pé;;egr/n/ D. Qu/r/'on»

Production | Wafer Good Sensor Good
Run Yield Wafers Yield Sensors

AFP 1 (6682) 38% 23%

Good sensor: Vgp > 20V
Sensor yield based on good wafers

[ 1 |
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AFP Sensor Production

9

->

1t CNM AFP production run 6682 (July 2014) g g
2 ] AFP prod_uctlon 1 .

= 5 wafers with 40 sensors successfully finished, g A e aton 2
8 wafers lost o MeanV,; 89V -

5 2 a :

= Slim-edged to 180 pym 2 8 M. Manna 3
o -

= 9 good-quality sensors - low yield .
10 E

This is all we had for the first AFP pixel module production
and installation in 2015/2016 5 e
Investigation and improvement of CNM process (2015)  of= i st i izt 120 s %/ —
1. DRIE optimisation - less 3D side wall defects IBL/AFP1/7781  AFP2/ CT'PS Vig [V]

2. Wafer edge protection - less broken wafers
2nd CNM AFP production run 7945 (March 2016)

= 10 wafers with 80 sensors successfully finished , " G. Pellegrini, D. Quirion

2 wafers lost Production | Wafer Good Sensor Good
= 73 good-quality sensors Run Yield | Wafers Yield Sensors
= Sent to IZM for UBM AFP 1(6682) 38% 23%
Huge yield and IV improvement AFP 2 (7945)  83% 10 94% 73

ici nd - i Good sensor: Vg > 20V
promising for 2" arm (and HL-LHC productions) Sensor yield barad on good wafers

ER=0
s Y 6June 2016, Jorn Lange: 3D Detectors 7



AFP Pixel Module Production

Carrier card

Produced at Oslo

Wire-bond machine Tracker module

Flex Pick and Place machine

0

2
. J. Garcia, E. Peregrina, S. Grinstein, =
= Bump-bonding and assembly performed at IFAE M. Chmeissan

= In-house solder flip-chipping of sensor to chip
= Checking for disconnected bumps with X-ray

= Hybrid is placed with pick-and-place and glued with Araldite 0 WAL T, ™
2011 1:1+Tesa onto NOVAPACK Al+CF carrier card
= Flex (produced by Oslo) also glued onto carrier card Step
= Chip is wire-bonded to flex (checked with pull test) Bump Bonding 22 95%
= Quality assurance (QA) at IFAE and after shipping to CERN G U R
= Analog/digital, tuning, Sr90 source scan _,ﬁggffi’;z - - - —
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AFP Tracker Installation and Running

= Tracker assembled and installed in 2 Roman Pots in Feb 2016

= NEAR station: 3 modules with V,=5-10 V (not more available at that time)

= FAR station: 4 modules with V,,=0-30 V (one with HV short, but 3D even at 0 V quite efficient)
= Running from the start-up of LHC in March 2016

= Stand-alone and integrated with ATLAS, up to 600 bunches

= Good-quality LHC data

= Preparing for second production phase for AFP 2+2 completion in EYETS 2016/17 (16 modules)

= Expect further improvement in module quality due to better sensors and experience gained
Diffractive p

. AFP NEAR station; hit pattern S Prelimfhary 1
T 100 — T E R T AT T P 3
E [ {s=13Tev I S E  18h, A W '1* ‘f!- F}“ Io_g @,
> | p*=04m 0 = ; A4 k"IN e 2
- c o 16p iy "I e 08 =
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R B =
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Pythia 8.210 MBR @ b e ik
2 8 M Sy
single, central, double diffraction Wl ahe,
non-diffractive scattering 10
Ol e e L 0
20 18 -10 S « [mm? Distance from sensor edge, x [mm]
u s
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Development of HL-LHC 3D Pixel Detectors
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Development of HL-LHC 3D Pixel Detectors

= Properties of today’s IBL/AFP generation of 3D pixel detectors J

= 230 pm thick sensors by CNM and FBK | Ratcian
= FEI4s: 50x250 ym 2E, 67 um inter-el. distance J;@ g ;; ; E
= Radiation hardness up to 5e15 n.,/cm? established (IBL) /Ea ﬁ .
ovegons © | B BB BB E
- Exploring limits with irradiations up to 2e16 n.,/ cm? R0 RARRR:
= FA§ q 6 June 2016, Jorn Lange: 3D Detectors 11



Development of HL-LHC 3D Pixel Detectors

= Properties of today’s IBL/AFP generation of 3D pixel detectors J
= 230 pm thick sensors by CNM and FBK
= FEI4s: 50x250 pm 2E, 67 um inter-el. distance
= Radiation hardness up to 5e15 n.,/cm? established (IBL)

Guard Ring
probing pad

- Exploring limits with irradiations up to 2e16 n.,/cm?

Electrode
= Development of new generation of HL-LHC 3D pixel detectors DistanceL

= Radiation hardness: 2e16 ny,/cm? required

/ +-- . L/Bumppa:l
= Reduced pixel size: 50x50 pm?2 or 25x100 pm? |
= Reduced 3D inter-electrode distance L

- less trapping, Ve,

_..Sum

\
[Attype hole, Spm).

-> more radiation hard e ol sum
(but higher C,.. and more dead material) '
= Possibly reduced thickness (100-150 pm) 50x250 2E  50x50 1E  25x1001E  25x100 2E
> less leakage current, Cg, cluster size at high eta 67 um 35 um 52 ym 28 ym
(but less Q at 0°, more complex production) IBL FE-I4

= First prototype productions of hew generation finished
- Extensive characterisation and radiation hardness studies on-going

A =9 63une 2016, J6m Lange: 3D Detectors 5



FWHM~12 mm | Searcard 1212

p-irradiated IBL-Type FEI4

From Irad Beam Profile Monitoring

webpage

? 1; [ k—*ﬁﬁ.‘.ﬁ.t-ﬁﬁﬁ;w_ﬁu—m tE
Q 0.9 - e —
o = ) 7 3
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0.6 —
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0.5 / ‘ " -

04 % . /*/ —= 0~ 5)(‘1015 Ngg/cm é
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0.2 —— 0,,~ 9x10"° negfem? =

0.1= ~m- CNM34 (5¢15)  —

E ol b P T IR

P I T T
40 60 80 100 120 140 160 180
Voltage [V]

Non-uniformly p-irradiated FEI4 (PS IRRAD)
-> probe range of fluences on single device

Phase 1: 12 mm FWHM beam up to
peak of 9e15 n,,/cm?

Extracted 2 devices for characterisation and beam tests in
2015

At 9.4e15 n,,/cm?: 97.8% efficiency at 170 V!
see |. Lopez (RD50 Workshop Dec. 2015)

IV non uniformly irradiated, -25°C, chip off - Phase 2: Further irradiation of remaining devices

 400¢ = ‘ with 12 or 20 mm FWHM beam up to
2 _F { f / / CNM 5.2e15n,/cm] 2
= 3507 1y // o peak of 2.2e16 n,,/cm
g - —— 8.4e15n /cm]
%zzz i / e oNM 1 7etEn o = Assembled and characterised at IFAE during last weeks
8 200§ f f / —+— CNM 1.8e16n_/om] = Devices alive, but some have chip issues

15; 1; | /V // o FBK 1.8016n.Jom? (high LV current, column errors)

1002 //' v CNM2.2616n,/om] = High I, but 2 devices operable at 150-200 V

5ot sl “\ = Beam test campaigns on-going

% B 100 150 200 250 300 Rough preliminary estimate of peak (NOT mean) of non-uniform fluence

Bias voltage (V)

-_—
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First Small-Pixel CNM Run - Overview

G. Pellegrini (more details in presentation at RD50 Workshop, Dec 2015)
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Small-Pixel Structures

D: 25x100 pm? 2E

C/E: 50x50 um2 1E
with the rest connected to GND

with the rest connected to GND
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Strips

50x50 um2 3D unit cell 25x100 pm2 3D unit cell
128 strips, 150 3D columns each 128 strips, 75 3D columns each

/)

[ | |
=y
I>

|
. =9 6 3une 2016, J6rn Lange: 3D Detectors 16



Wafer and Device Status

= 5 wafers finished
= WY7: broke - 3 strips recovered, FEI4s broken
= \W4: electro-less Au UBM at CNM on FEI4

= W8, W3, W5: electro-plate Cu UBM at CNM on FEI4
= W8 finished
= W3 and W5 broke during UBM -> try to recover devices
= Pixels

= FEI4s flip-chipped, assembled and tested at IFAE
(4 50x50, 1 25x100)

= Many disconnected bumps, 2 sensors detached
from chip (UBM at CNM not yet optimised)

= Characterisation and beam tests performed,
irradiation on-going

= Strips and Pad Diodes
= n-irradiation at JSI (5e15+1e16), 2e16 in prep.
= IVand TCT

0 30 40 50 60 70
Colul

=FA§ q 6 June 2016, Jorn Lange: 3D Detectors 17



Leakage current (uA)

Clusters

FE-I4 Pixel Characterisations

Measurements by D. Vazquez

I/V small pitch 7781 unirr. @RT

OCCUPANCY: FE_ST_SOURGE_SCAN 10Mevt 10V,

1000 By v [ Occupancy mod 0 bin 0 chip 0 | = IVs
90E £ iy, H = Breakdown typically 10-40 V
80F [ I (produced before CNM process
7O 1 ] o optimisation)
601
50F f / 7 = Tuning to 2ke threshold and ToT of
sof ] ol — 10BXs@20ke successful
F —a— 4- X
e o ket 0 Sr90 source scans
20F a —— 8-C1 (50%50) oot =
E ,.fjr/ j’f Mgf —=— 8-C2 (50x50)
10 ; _
o g e e OO0OGR [ : ST Devices work apart from disconnected
0 10 20 30 40 50 i 60 70 \=\\-\:lﬁT\'T'\‘;\—:TI_-H\1_'\:\-_\:;\-\\%-\-\\\\\\T_\ b m
Bias voltage (V) "0 20 30 40 50 60 70 ° umps
Column
Less charge collected than deposited
50x50 7781.8.C1 10V due to special _structure: _
T T T T Charge collected 7781 only 20% fraction of 50x50 pixels
g 1 @00 L ] connected to FE-I4 bump, rest on
7001 R R (R [\ S B GND without recording signal
600f- 1 Sooof -> charge loss due to charge sharing
sool 1 g to non-readout pixels
a3 E V0 S SN I — e
L - - [ 3 50x50 7781-8-C1 10V
C i (&) — w 5‘10 T T T T T
400E 4 T4000F . :
E J = o
1 o000 :
200;’ * 20002 o 3
100} = H—— 7781-8-CI 1ef 3
| | : 10000 | 778141 13 ]
ol — 1 - - - osb- 3
0 10 20 30 40 50 ol b b e Lo Lo Lo 1o a1 3
0 2 4 6 8 10 12 14 16 18 20 0 | Ll
Cluster ToT Bias voltage (-V) CE P Cusersie
-
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Beam Tests and Irradiations

= 4 FEI4 devices measured in beam tests in
May+June 2016 (4 C/E 50x50, 1 D 25x100)

= Both in AIDA-type telescope and FEI4
telescope

= Data reconstruction and analysis on-going

= 3 FEI4 Devices being irradiated at PS
IRRAD

= Same devices as in beam test
(2 C50x50, 1 D 25x100)

= Target fluence: 1e16 n,/cm? over 20x20 mm?
- peak of 1.4e16 n.,/cm?

=  Plan to measure in Summer/Fall beam tests

= TIrradiation at JSI Ljubljana

=  Strips already irradiated to 5e15+1e16 ny,/cm?

= Up to 2e16 n.,/cm? for strips, pads +FEI3 soon

= FA§ q 6 June 2016, Jorn Lange: 3D Detectors 19



TCT on Strip

Measurements by M. Granado, L. Simon

7781-4-0, 30x100, 25V, unirr.

0.1 p+ ohmic column

Aluminium strip (2 read out)

Y axis [um]
g 8

n+ junction column

8 8 § 8 8

O°

10 20 30 40 % Xads mmﬁ]ﬂ
06

7781-4-N1, 25x100, 220V, 5e15

Surface scan with 1060 nm IR laser

100

2 readout strips (here: summed Q)

Y axis [um]

3

= Normalised to beam monitor

=  Still working on TCT optimisation and charge
uncertainty determination,
measurements and analysis on-going

= Successful, relatively uniform charge
collection even after 5e15 n.,/cm?

0 10 20 30 40

X axis [um]

=FAE q 6 June 2016, Jorn Lange: 3D Detectors 20



IV after Irradiation for
Different 3D Geometries

strips & 3D-FEI3 n-irrad., -25 °C, anneal. 7d@RT
00— Strip 50x50; 1e16n_ mm

§ 4500 —=— Strip50x50; Setsnem? | Lo " Higher L, and lower Vg,
a;_ H —e— Strip 25x100; 1e16n Hcmz 10 nA/ixéI for smaller 3D cell sizes
L 400H —=—— Strip 25x100; 5915" ﬂ’ﬂm (RD53 limit) a = Still under investigation

E § o R enER U q/cmE 7 Artifact of this run?

b - 2 . .......................... '::_p" .................... u f

E 3505 FEI3 50“ 33; Set 5n“/ cm _ : & (before CNM process optimis. )

%300 ST TRATR A SOSTRN SO -4 SO . Or real trend for smaller 3D cell

YT | U WSS SRS SIS I S NS S sizes due to higher el. field and

g C multiplication?

.| 200 —_ .......................... y .......................... ......................... . Sti” much |OW€I‘ than RD53
150 .......................... ....... £ o ,,,,,,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,,,,, limit of 10 nA/pixel
R RS < A R + Inany case V,, wil be

g : lower for smaller 3D cell
50F __.:-:_‘;-"":':: e — e - .......................... ......................... sizes
0 ....r-..‘ | | 1 1 | | | | | | | | | (| 1 | 1 1 | | | | | 1 1 | | | | | 9 Compensating effeCt for
0 20 100 150 200 250 300 350 power
Bias voltage (-V)
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Power after Irradiation for
Different 3D Geometries

strips & 3D-FEI3 n-irrad., -25 °C, anneal. 7d@RT

100 ———Sirip 50%50: Telén fcm

—=—— Strip 50x50; 5915r1 fcm
— = Strip 25x100; 1e16n fcm2 5 s

——— Strip 25x100; 5&15” HcmE .............. r:: ....... .........................
—=— FEI3 50x133; 1e16n q/cmf Y S

——+— FEI350x135; 5&15n3/cm2

.L_..L_. T 7. T R T T T

PRELIMINARY

e e T T T T T T

A Nt SR

¥,
s

Power dissipation (mW/cm?)

e R s .

i

............................................................................

...................................................................................

: ...-:-:-::."::!-.-.-:- s : : : :
- - —
11 | L1 1 1 | L1 1 1 | 1 1 1 1 | 11 1 1 | L1 1 1

0 50 100 150 200 250 300 350
Bias voltage (-V)

V,, Will be lower for
smaller 3D cell sizes

- compensating effect for
power

For the same power dissipation
as for FEI3 at 1e16 n,,/cm? and
180 V (15 mW/cm?2), the 50x50
structures need to be operated
at 120 V

- to be studied in a test beam

q 6 June 2016, Jorn Lange: 3D Detectors
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Up-coming 3D Runs at CNM

= New run as copy of 7781 with improved process
=  Expect better yield and IVs (shown by AFP+CT-PPS runs)

=  Production started - expected for end of year

=  Thin 3D runs (100-150 pm on SOI)
= Same mask as recent 3D run 7781

=  Production started - expected for end of year

G Pellegrini, D. Quirion
W [ENNRNARNRRRANN RN N\\\ §\§

G P NN ‘ = Single-sided 72, 100+150 pm: masks ordered - ~1 year

= Runs with RD53A pixel devices

= Double-sided 200 pm planned later

0y o Devices

‘ = 14 RD53A 50x50um?2 1E

= 2 RD53A 25x100um?2 1E

= 2 RD53A 25x100um?2 2E

= 1 FEI4 50x50um?2 1E (equivalent to 7781 C)

= Pad diodes of 50x50um2 and 25x100um2 (big and small)

=l
=]
\LE
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Conclusions

AFP 3D FEI4 modules assembled by IFAE, installed and taking LHC data

= Preparing for second-phase production and installation in EYETS 2016/17 (16 modules)
= Huge sensor yield improvement to 94% for second AFP sensor production at CNM

Studied IBL-type 3D pixel detectors up to HL-LHC fluences
= FEI4 >97% efficiency at 170 V at 9.4el5 n,,/cm?
= Low power dissipation: 15 mW/cm? at 116 n,,/cm? and 180 V for 230 um

= Measurements with devices up to 2.2e16 n.,/cm? performed (analysis on-going) Ol B s

First new-generation 3D production with small ITk pixel size O O ==

ceo ce® o, ——¢

= Characterisation and beam tests of FEI4s performed, irradiation on-going

ce ceo o ——¢

= Irradiation of strips with n up to 1e16 n,,/cm?
- higher I, than for IBL-type still under investigation, but will need less V,,,

Single-sided thin 3D and RD53-chip geometry under way
= 72,100 + 150 um SOI

=FA§ q 6 June 2016, Jorn Lange: 3D Detectors 24
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Leakage current (-uA)

n-Irradiated IBL-Type FEI3

7d@RT anneal., -25 °C

1405 —— 5e15n, cm? ‘-’ ra /
F—— 1e16 n, cm? / //
120f —— teténgom? oo T

E —=— 1.5¢16 n,, cm’ /. / /?/
100 —=— 1.5e16 n,, cm® | " /’/
r —— 2e16n, cm? "";;ffﬁ ................................
80f --eee- Model (x=4.5e-17 A/cm)
/,:,':f" 4
- o

250 300 350

Bias voltage (-V)

Uniformly n-irradiated FEI3 (JSI)
- .ok Measurements

Fluence dependence roughly as expected
— dominated by radiation-induced bulk current

Power dissipation 15 mW/cm?2

at 1e16 n.,/cm?at V,,=180 V for IBL-type geometry
(L=71 pm, 230 um thickness)

D. Vazquez (ITk Week Sep 2015)

[ =) , )
ErmasE ’ 6June 2016, Jorn Lange: 3D Detectors
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Irradiation of IBL 3D Pixels

« PS IRRAD 23 GeV p (Nov 2014 + Fall 2015) Thanks to Federico Ravotti for irradiation!
FEI4 3D pixel detectors —
* Non-uniform (12 mm FWHM beam)
— difficult for IV/power dissipation studies
e In 2014 reached 9e15 neq/cm2 e
« Assembled at IFAE + measured in ITk beam tests & -
« End 2015 further irradiation to 2.2e16 n,/cm? finished &=
« To be assembled at CERN for May ITk beam test e
« Radiation hardness of FEI4 after p irradiation
above 1e16 n.,/cm? not clear
— make complementary studies with neutron irradiation
for more uniform irradiation and to reach higher fluence

FWHM"'IZ mm W Sarcard 12012

From lrrad Beam Profile Monitoring
webpage

Thanks to Igor Mandic, Vladimir Cindro
g JSI Ljubljana n (May 2015) for irradiation and AIDA2020 support!
FEI4 has problem of Ta activation r—
— take FEI3
« Also have plenty FEI3s from CNM IBL wafers with great
Vgp>100 V
« Uniform irradiation good for IV/power dissipation study
* Fluences:
5el5, 1e16 (2x), 1.5e16 (2x), 2e16 ng/cm?
» Assembled at IFAE (bump- and wire-bond + gluing)

First time 3D pixel detectors irradiated to ITk fluences!

= FAE q 6 June 2016, Jorn Lange: 3D Detectors 27



Wafer and Columns

G. Pellegrini, D. Quirion

IBL 7781
3D Diameter 3D Diameter
Nominal 10 pm Nominal 8 pm
Maximum 13 pm Maximum 10 pm

- Increased aspect ratio 26:1 (nom.)

=FA§ q 6 June 2016, Jorn Lange: 3D Detectors 28



C1: 50x50 um?2, 5V

FE-I4s — 7781-4-D (25x100 2E)

Measurements by D. Vazquez

Electroless UBM on first wafer at CNM

Poor UBM: Large regions of disconnected bumps

But small connected region

Tuning to 2ke and 10@20ke and source scans
successful -> device works

Note special structure (only 20% fraction of 50x50
pixels connected to FE-I4 bump, rest on GND
without recording signal)

!

‘ SOURCE_SCAN longrun 3Mevt 10V.
OCCUPANCY: SOURCE_SCAN longrun 3Mevt 10V. Module "7781-4-D"

Module "7781-4-D"

LVL1 mod 0 bin 0

X
-
(=]

‘ SOURCE_SCAN longrun 3Mevt 10V.
Module "7781-4-D"

ToT mod 0 bin 0

Occupancy mod 0 bin 0 chip 0 |

100 180_

160
140
120
100
80
60
40
20

100

200

300

60000

50000

40000

30000

20000

10000

0

= AR RN R RN R AR RARARE RN RN RN
i i |I‘

10 20 30 40 50 60 70

Column

8 1

0 12

o

14

[ =) , )
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Capacitance

Measurements by M. Carulla

CV PAD WAFER3
8,0x10" .
= On diodes at wafer level
= Different diode geometries
6,0x10"
. X = All different 3D unit cell (25x25 up to 50x50 |Jm2)
o 3 —O—PAD_25_25 |
< 3 —o—PAD_30_30 = All 100x100 3D columns each
& i oxt™ 7 ~PAD_50 50 | _ _ _
. ik e rar i = Capacitance increases with smaller electrode
2 v S— distance
2,0x10"- ‘;}'v = Trend similar to simple capacitance of a cylinder
: (but 3D capacitance has also other contributions):
o 5 10 15 20 L b )
Reverse Bias T da C= 2L
A b
In|—
Unit Cell Electrode C/column %
Distance [um] [fF] _ _ )
=  Pixel capacitance (without bump)
25x25 18 69
= 50x50 1E: 37fF
30x30 21 >8 - 25x100 2E: 84 fF
29%50 28 = - 25x100 1E: << 42 fF (to be measured)
30x50 29 39 - Within RD53 limit of 100 fF/ pixel
50x50 35 37
B e = J 6June 2016, Jorm Lange: 3D Detectors 30



Leakage Current of Irradiated Strips

Measurements by D. Vazquez, E. Cavallaro, J. Lange

IV 7781-4- M2 stnp anneal. 2670@RT 1e16n fcm

. 7781-4-M2 -20°C
—s— 7781-4-M2 -25°C
—«— 7781-4-M2 -26°C

—w— 7781-4-M2 -30°C

0|||||||||||||||||||i||||i||||i||||i||||

0 50 100 150 200 250 300 350 400
Bias voltage (-V)

IFAE climate chamber on TCT PCBs
Standard: set to -25°C

T monitoring

= Climate chamber internal: -25°C
-23.8°C
-24.2°C

= T meter near door:
=  Pt100 on sensor M2:

- variation up to 1.2°C
- 10% difference in leakage current

- values presented here are upper limits for
-25°C

Self-heating during IV (1s/point) max.
0.2°C

Annealing study up to 7d@RT (22-25°C)

= FHE 9 6 June 2016, Jorn Lange: 3D Detectors
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Leakage current (-uA/cm?)

Leakage current (-uA/cm?)

IV at -25°C 7781-4-M1 strip annealing@RT

......................................................... o | —— a4t somin

| —a— rrstaam 2670min
——— 778144 4200min
------------- . e nsende] s 778441 5595min
= ; . : : . TT81-4-M1 7830min

———— TT81-4-M1 unirrad. 1strip*128 @R Tscaled

20 40 60 80 100 120 140 160 180
Bias voltage (-V)

IV at -25°C 7781-4-M2 strip annealing@RT

—&—— 7781-4-M2 60min

——&—— 7781-4M2 2670min
——&—— 7781-4:M2 4200min
—&—— 7781-4-M2 5595min

TT81-4-M2 TE30min

{| —s— 77814-M2 unirrad, 1strip”128 @R Tscaled

20 40 60 80 100 120 140 160 180 200 220
Bias voltage (-V)

Leakage current (-uA/cm?)

IV at -25°C 7781-4-N1 strip annealing@RT

—#—— 7781-4-N1 60min

——— 7T81-4-N1 26T0min
—#—— TTH1-4-N1 4200min
——#—— 7T81-4-N1 5585min

TTE1-4-N1 T830min

—#—— TT81-4-N1 unirrad. 1s8trip™128 @R Tacaled

1 | i 1 | | | | | | 1
0 50 100 150 200 250
Bias voltage (-V)

IV at -25°C 7781-4-N2 strip annealing@RT

TT81-4-N2 60min
TTB1-4-H2 26T0min
TTE1-4-N2 4200min
TT81-4-N2 5585min
TTB1-4-N2 T830min

——#——  TT81-4-N2 unirrad. 1strip*128 @R Tscaled

I||i|| |i||||i||||i|||| |||||||||||||
% 50 100 150 200 250 _ 300 350

Bias voltage (-V)




Compilation of Current and Power
Dissipation for IBL-Generation

Thick- | Electrode | Column | l/area for |P/area for
Fluence |V, ness | Distance | Diam. | 230 um [ 230 um
[nnq/cmZ] [V] Irradiation Sample [um] [um] [um] [LA/cm2][[mW/cm?]
5e15 |160| n (Ljubljana) | CNM FEI3 Pixel [1] 230 71 13 46 7.4
23 MeV p (KIT)[ CNM34 FEI4 Pixel [2] | 230 67 13 34 5.4
23 MeV p (KIT)| CNM97 FEI4 Pixel [2] | 230 67 13 39 6.3
23 MeV p (KIT)|FBK11/87 FEI4 Pixel [2]| 230 67 11 37 5.9
n (Ljubljana) | CNM81 FEI4 Pixel [2] | 230 67 13 46 7.3
23 MeV p (KIT) CNM strip 1 [3] 285 57 13 41 6.5
23 MeV p (KIT) CNM strip 2 [4] 285 57 13 44 7.0
23 MeV p (KIT) FBK strip [5] 230 57 11 38 6.1
n (Ljubljana) CNM diode [6] 50 57 6 48 7.7
1e16 [180| n(Ljubljana) | CNM FEI3 Pixel [1] 230 71 13 83 14.9
23 MeV p (KIT) CNM strip 1 [3] 285 57 13 86 15.5
2e16 |200| n (Ljubljana) CNM FEI3 Pixel [1] 230 71 13 160 32.0
23 MeV p (KIT) CNM strip 2 [4] 285 57 13 98 19.6
23 MeV p (KIT) FBK strip [5] 230 57 11 158 31.6

[1] Measured by IFAE 2015 at -25°C, 7d@RT annealing (this talk)
[2] ATLAS IBL Coll., JINST 7 (2012) P11010, remeasured by IFAE 2015 at -25°C, 120min@60C annealing
[3] C. Fleta, RD50 Workshop June 2010, measured at -10°C, 1d@RT or 4min@80°C annealing
[4] M. Kdhler, PhD thesis Uni Freiburg, 2011, presented at 20°C, few days@RT annealing (not corrected for)

[5] G.F. Dalla Betta et al., NIMA 765 (2014) 155, presented at -20°C, as irradiated (assumed 1d@RT annealing)
[6] G. Pellegrini 27th RD50 workshop + M. Baselga, PhD thesis 2016 (in prep.), measured at -20°C, 8min@80°C

annealing

Comparison between
different 3D devices and
irradiations (p, n)

All values scaled to -25°C,
7d@RT annealing and
230 pm thickness

Good agreement: max.
39% deviation per fluence
(usually better)

Thickness scaling works
(between 50 and 285 pm)

Independent of

Column diameter
(beetween 6 and 13 pm)

Electrode distance
(between 57 and 71 pm)

=

=0 ,
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HL-LHC Studies: High Eta

= Large clusters - large total charge - efficiency for whole cluster not a problem

= But for 50 um pitch very small charge deposition per pixel (almost parallel tracks): 3300 e
Testbeam campaign to measure CNM+FBK IBL FE-I4 devices with 80° angle in short pitch
direction (50 pm)

= 1000 + 1500 e threshold

= Cluster size 24-27
= >99% efficiency per pixel before irradiation

See talk by Ivan Lopez,
RD50 Workshop June 2015

80° (n=2.4) - Q=3300 e/pixel (50 um)
27 x50 um 50 um

T e S
]
D
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R&D Performance Summary

< 100 3 :
e \ 52501Co V' FEu plxel readout
> 200 pm or 230 um <
§ 80 / column overiap[1] <> FBK [4]
O -~ EBK
= = GNM o 1
S 60 L 160V ¥ Stanford. B K
'5 : \\.Q‘E\ r (D
(7 3 200V vy
40 ko K
Stanford 210 um -diode [3] ot ~—— <1 ~6000e
/;\9\ el B
20 |- CNi-215-pmr-cotumn- i S o 23]0_111]1
overlap - microstrip readout [2] e
5\ overlap
0

15 1% 7% 15 16
0 510 1140 151" 210™ 2510
[1] ATLAS IBL Collaboration, JINST 7 (2012) P11010
[2] M. Koehler et al. NIMA 659 (2011) 272
[3] C. Da Via, et al., NIMA 604 (2009) 505
[4] G.-F. Dalla Betta, et al., HSTD9 (2013)

Compilation by C. Da Via, modified by G.F. Dalla Betta

Fluence [ncm'Z]

= Signal efficiency (SE) of 60-70% at 5x10'> n.,/cm? and
30% at 2x10% n.,/cm? achieved for moderate V < 200 V

=  Signal efficiency (SE) improves with decreasing electrode distance L

= Charge multiplication at high fluences and V can further boost
collected charge

Signal efficiency [%]

Signal (ke")

Fluence [p/cm?]

0 9.8x10'® 1.96x10'® 2.94x10'®
100 @4 . T
AT \; L=56 HmM —o—4E
heiE L=71pm = 3€
80 [emssnddoguas _\ S v._; o 5 e
1 ‘L— 103 pm © 2
N\ N
\ ~ " ; - L
60 | s N : IR s, S S DR ."“-—.._‘__i__‘ -l
~ i ‘\ R : S
N S
L 2
C. Da Via et al., NIMA 604 (2009) 504
0 : q Da Via'l July 07
0 5x10'° 1x10'8 1.5x10'®
Fluence [n/cm?]
50 -
45 n-in-p —i
40 ® Unirradiated 3
15 = 210" ngfem’ 4 3
1;) a 2x107" nfem” E
s + Charge 3
2o East 440 % Multiplication
sk & ’ 2
bl . i . 3
10 * o 1 =
SE M, Koehler et al,, NIMA 659 (2011) 272 3
0 v

0 50 100 150 200 250 300 350 400 450
Bias Voltage (V)
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