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S. Parker et. al. NIMA 395 (1997) 328 Electrode distance (L) and active substrate
thickness (A) are decoupled - L<<A by layout
P* me  P* n"“ mp P* n*
V2222 A e | A
e g, po i
by o
t P )
? A —e A
1”0 =
o electrodes e t % olon
n-active edge f t e
¥ ont v } : p ) v
ADVANTAGES: L

- Low depletion voltage (low power diss.) » HIGH RADIATION HARDNESS

- Short charge collection distance:

- Fast response rise DISADVANTAGES:

- Less trapping probability afterirr. || * Non uniform spatial response
- Lateral drift > cell “shielding” effect: (electrodes and low field regions)

- Lower charge sharing « Higher capacitance with respect

- Low sensitivity to magnetic field to planar (~3-5x for ~ 200 um thickness)
- Active edges « Complicated technology (cost, yield)
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Key technology: DRIE by the Bosch process

CF,, Polymer
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« Alternating etch cycles (SFy) and passivation cycles (C,Fg)
» High aspect ratio (~20:1 or better for trenches) and good uniformity
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Double-S|ded 3D sensors of ATLAS IBL

FBK (Trento, Italy) CNM (Barcelona, Spain)
< +— Bump @+ Bump

=

| oxide |l metal [l passivation _ oxide [l metal B passivation
| pSi ] p’Si B NS ~ pSi M ppoly-Si M n'poly-Si [ | p'Si
A. Zoboli et. al., IEEE TNS 55(5) (2008), 2775 G. Pellegrini et. al. NIMA 592(2008), 38

G. Giacomini, et al., IEEE TNS 60(3) (2013) 2357 G. Pellegrini et. al. NIMA 699(2013), 27

* Do not use a support wafer
- Reduced process complexity, but mechanically more fragile
- Back-side accessible for bias, easier assembly within systems
- Active edge not feasible, but allows for slim edge
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«™  Pixel Roadmap: LHC — HL-LHC

N. Wermes, 9" TN Workshop (Genova, 2014)

Increased luminosity requires

* higher hit-rate capability

* increased granularity

» higher radiation tolerance (2x10'° n,,/cm?)
* lighter detectors

Implications for 3D sensors

Next ROC generation (RD53 65 nm)
50x50 um? and 25x100 pm? pixels

Coer < 100 fF

lieak £ 10 nA/pixel (no amp. comp.)
Threshold: ~1000 electrons

Modified technology/design for:
 thinner sensors (~100 um)

* narrower electrodes (~5 um)

» reduced electrode spacing (~30 um)

» very slim (or active) edges (< 100 um)

M. Garcia-Sciveres, J. Christiansen,
http://rd53.web.cern.ch/RD53 A ~ 2x device scaling
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Viable technological approaches

1) Enhanced double-sided process DS-3D

* Requires minimum wafer thickness of ~200 um, on 4" wafers
and improved column aspect ratio to reduce dead volumes ?t ICSTMPEWM

« Can work for 4” wafers, not suitable for 6” (too fragile)
Pros: established process, easier front side layout, back-side
bias for free, higher Q for low tilt particles owing to thickness
Cons: mechanical fragility, front/back alignment critical for small
pitch, larger capacitance, larger clusters at high eta due to
thickness.

X-ray photon ?

SS-3D
2) Single-sided process with back-side bias On 6” wafers
- Original Full-3D Stanford process with support wafer with at FBK
variations allowing for back-side bias mel P pecsvaton

Pros: mechanical robustness, active layer thickness easily
reduced to desired value, compatible with active edges

Cons: requires post processing for support wafer removal and
metal deposition, front side layout can be complicated A R R R AR

Handle wafer to be thinned down
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New SS-3D approach at FBK

« Proposed by INFN-FBK, also used at SINTEF and SNF  C--F. Dalla Betta et al.,
NIMA 824 (2016) 388

Wi s

P- high Qcm wafer P- high Qcm wafer
S|02
p++ low Qcm wafer p-spray p++ low Qcm wafer
Metal to be deposited after thinning Metal to be deposited after thinning
Handle wafer to be thinned down Handle wafer to be thinned down

» Thin sensors on support wafer: SiSi or SOl - Substrate qualification
« Ohmic columns/trenches depth > active layer depth (for bias) |
« Junction columns depth < active layer depth (for high V,4)

* Reduction of hole diameters to ~5 um

* Holes (at least partially) filled with poly-Si

__ Process
Tests
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Small-pitch 3D pixel layouts:

di Trento
geometrical constraints
50 x 50 (1E) 25 x 100 (1E) 25 x 100 (2E)
25 um 25 wm
50 um -_— | : '
. — y ‘71‘ —‘—'ﬁ <+ P col.
¢l /|L~51.5um
3 . ' 3
All designs refer to FBK SS- -
v . . ) . ‘:.,.." I}

3D process, assuming d=5 um

No problems with 50x50 -1E (and 25x100 -1E) designs
25x100 -2E is difficult with SS-3D, because of the bump pad (not scaling

New ideas to be tested in SS-3D (e.g., bumps on columns)

)



Universita degli Studi

D.M.S. Sultan et al., JINST 12 (2017) C01022
G.-E Dalla Betta 10 Paris, June 14, 2017

New SS-3D pixel simulations

T3>

’ « Full 3D simulation with parameters ;hiCk:less 1;50115151
. + . =
representative of FBK technology 150 co~. Cep am

All simulations assuming d=5 um

25 um

100
75

\__

Pixel capacitance [fF]

€ 50
8 ~—50x50
£ —25x100
o b v
< ’ 0 5 10 15
« 50x50-1E and 25x100-2E structures : Reverse Bias [V]
» Capacitance compatible with RD53s -
e . 4
specifications (~50fF per column) =
g . c
 Initial breakdown voltage very high ¢ 3
=1
E P
a 1 —50x50
X , Abs(ElectricField-V) (V*cmA-1) _2 5X 1 00
_ e e e e 0
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Signal Efficiency

.“simulated Signal Efficiency

)\ G.-F. Dalla Betta et al., IEEE NSS 2015, N3C3-5
B G.-E Dalla Betta 1 Paris, June 14, 2017 = -

QY

R. Mendicino, TIFPA

100% 20x50 100% 25x100
80% 380%
e
Q
S
—
YT
40% *i::;;cmz = 40% neg/cm2
-=lel6 ucn -=-lel6
20% ;egécmz » 20% +2:gécm2
—2e
neq/cm2 neq/cm2
0% 0%
0 100 200 300 0 100 200 300

Reverse Bias [V] Reverse Bias [V]

« Simplified simulation domain (2d slice), no pixel edge effects
« Bulk damage: new Perugia radiation damage model

* Very high average signal efficiency

« Significant variations of signal efficiency with hit position

« Possible impact ionization effects at high field
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G.-F. Dalla Betta et al.,

12

NIMA 824 (2016) 388
Paris, June 14, 2017

New pixels with existing ROCs ?
ATLAS FE-14 50x50 (1E) + grid

CMS PSI46: 50x50 (2E+4E) + grid

um?2

—

el 1> L°
O o e
@ ®

R

/////;/////

Small-pitch pixels take all bonding pads

+ rest of pixels at GND using a metal grid and
extra-pads at the periphery
Small “RD53” prototypes (FE65-p2, CHIPIX65)
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% SiSi DWB substrate qualification
Planar sensor test batch, 2014

Circular diode, 4 mm?, two GRs G.-F. Dalla Betta,
NIMA 824 (2016) 388 |

Doping concentration profiles:
= 100 micron « Active layer doping 1 — 3 x 102 cm?®
* Thicknesses about 10 um lower
than the nominal values, due to
Boron diffusion from support wafer
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Etching narrow columns by DRIE
Testing different etching depth and etching

| 1 }l‘“ 3.4 F‘m | through oxide layer for SOl approach
| Photoresist
g 200 pm Si
200 nm SiO,
2 um poly

Ohmic columns optimized for depth

5.3 pum

200 nm
etched SiO,

___,J___ﬂ__' 2 um poly-Si

Junction columns optimized for uniformity
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+ Test structures (strip, diodes, etc)

llews €6ay

Paris, June 14, 2017

1st SS-3D Pixel Wafer Layout

Many different pixel geometries
and pitch variations:

FE-14
— 50 x 250 (2E) std
— 50 x50 (1E)
— 25x 100 (1E and 2E)
— 25x500 (1E)
FE-I13
— 50 x50 (1E)
— 25x 100 (1E and 2E)
PSl46dig
— 100 x 150 (2E and 3E) std
— 50 x50 (1E and 2E)
— 50 x 100, 100 x 100 (2E + 4E)
— 50 x 100, 100 X 150 (2E + 6E)
— 25x 100 (1E and 2E)
FCP
— 30x 100 (1E)
RD53/CHIPIX65
— 50 x50 (1E)
— 25x100 (1E)
— 25x100 (2E)
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Fabrication process (1)

oxide
oxide
F i
marker p-spray Active Thick
ctive Thickness
(a) . 100/130 pm (b)
Si HR p-type (Several KQ.cm)
Support Wafer (<1 Q.cm) Support Wafer
with poly-cap —» without poly-cap with poly-cap —» without poly-cap

(c) (d)

Support Wafer Support Wafer




(9)

G.-E Dalla Betta

Paris, June 14, 2017 EE

Fabrication process (2)

with poly-cap

without poly-cap

ppppppppppp

without poly-cap

(f)

(h)




Universita degli Studi

G.-E Dalla Betta 18 Paris, June 14, 2017

1st batch fabrication

 Ten wafers processed |
* Two different active thicknesses: 100 vs 130 pm f.. 4

* Two process splits:
- sintering temperature (350 vs 420° C)

- p-Poly-Si etchi ith K ”
p-Poly-Si etching (with and w/o mask) g 3

RESTRTC
sk

/

Partially filled
with poly-Si

SEM HV: 30.0 kV WD: 19.17 mm VEGA3 TESCAN SEM HV: 30.0 kV
View fleld: 205 pm Det: SE 50 pm

WD: 19.08 mm VEGA3 TESCAN

20 pm
Performance in nanospace

View fleld: 139 pm Det: SE

SEM MAG: 1.99 kx  Date(m/dly): 02/18/16 SEM MAG: 1.36 kx  Date(m/dly): 02/18/16

Performance in nanospace
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p-Poly-Si etching split
without poly cap with poly cap
b ‘ f \

Ohmic columns

- \

Bulk silicon
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Test results: 3D diodes

10-7 JERER preerrTTe prerTTTTT 3
-~ 25X100-2E_130um F Good electrical figures:
- ——50X125_130um i _
1078 | —50X50_130,:m | * |low depletion voltage
< F aoxen q0opm ; « capacitance as expected
‘q&; 10 50X50_100.m By - low leakage current
- « high breakdown voltage
=) . . .
O . 10 * good agreement with simulations
10
10— :

0 50 100 150
Reverse Bias Voltage [V]

_~48 fF/column .
~43 fF/cqumn;_

~57 fF/column_

-
o
o

3D diodes also used for irradiation tests:
« Gamma rays (Sandia)

* Neutrons (JSI and Sandia)

* Protons (LANSCE) T axao a0

. . . 0 ......... [T R T T SN TR TR T 1 ]
They are being tested in collaboration 0 10 20

with Univ. New Mexico Reverse Bias Voltage [V]

o1
o
I L]

- —25X100-2E_100um ~53 fF/cqumr%
- == 25X100-2E_130um :

Capacitance [pF]
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3D diode neutron irradiation

Neutron irradiation at 5x10"> n.,/cm? (JSI Lubiana, thanks to V. Cindro)

103_|||||||||||||||||||||||||||||||||||||||||||||_ B T T T T I T T TTTT ]
o g
< - |
. ~
L
- = |
Q
3102_ — o
- S
c s
o o 10 =
- © B il
S —5E15 50X50 -10°C Q.
3 ] ST :
— 5E15 25X100-2E -10°C | | —25X100-2E D194 -10°C 1KHz |
i —50X50 D190 -10°C 1KHz i
= P13 25K100:1E =10°C —25X100-1E D122 -10°C 1KHz
101||||||||||||||||||||||||||||||||||||||||||||||||| ] Lol ] Lol
0 50 100 150 200 250 10 0 -
Reverse Bias Voltage [V] Voltage [V]

» Leakage current increases as expected:
- Damage constant o ~ 4x10-17 A/cm
« Breakdown voltage also increases and is
large enough wrt depletion voltage .

25x100-2E
30V
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™ Temporary metal tests on pixels

« Rows of pixels are shorted by temporary metal for electrical tests on wafer
(more effective monitoring of process defects)
« Total currents are obtained by the sum of all single-row and grid currents

Permanent metal Temporary meI pads

—% \_.
~_Hl
= = 3 \J
—\\__.
-\\_.

|

maana

)

};hhi

|- - T I - -

~J
g
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Impact of p-poly-cap on leakage current

* From temporary metal “RD53” measurements (raws of pixels)

« Leakage currents are all low (~1 pA per column),

« But a significant difference can be observed w and w/o poly-cap
(probably due to residual damage at column opening)

102 ErrTT T T B rrrrTTrT ] 102 JRRRRRRRR RERRRRRRE T T 3
- RD53#3 1001:m ; - .
Temporary Metal Strips i without poly-cap‘
5 anl L i r— B s
ME 10 ..---===:=======:===:;:;;;;;:ss;:!:s:szsz;:ggég};gsg:e;g;5g§ggggg§§ggggggggggg ME 101 =
o o e 3V : O ]
< " without poly-cap < [
= 400 2. 0 >
= 10 I'E 10 mly-cap _
g with poly-cap “t’ i ]
S, A1 _ -
010 o107k 3
X RD53#3 130um .
- . i Temporary Metal Strips
1 0-2 lllllllll Lo e Losiiion 1 0'2 ||||||||| Loy aaa I N
0 20 40 60 80 0 20 40 60 80

Reverse Bias Voltage [V] Reverse Bias Voltage [V]
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«m«  First 3D pixel assemblies

Wafers ranked according to overall yield from |-V curves >
(sorting by leakage current, breakdown voltage and slope) ¢
Two wafers (76, 78) sent to Leonardo (former Selex)

for bump bonding (other wafers to be sent to IZM)

Sensors from W76 assembled and tested in 2016

Sensors from W78 assembled and being tested in 2017

241Am Source Scan@Genova

50x50

0

100

. -0.5 79.5
Total I-V curves of 9 FEI4 sensors in W76 Column
1E+06 F Module tuning with USBPix
r 3DSS_15- W76 ——F4_25x100_1E-gr 1 140
1E+05 B 50x50 [ 25x100 [ 50x250  Genova / USBPix
E ~—F4_25x500_2 130 Sadare
C F4 50x250 3 Noise dispersion ~ 8¢
1E+04 AUk D
: 2. 120
- J l ——F4_50x50_450L_4 &
T 1E+03 & ooommommemmmeesmmeemennt® pre = 2 10
£, " " e 7<F4_50x50_gr_5
= \W | S 100
2 1E+02 _,‘v‘\/ F4_50x50_gr_6 3
= ™ L B s htitch >
5 wa F4_25x100_1E-gr 7| < 90
===
1E+01 o F4_50x250_gr 8 80
e F4 50x50 gr 10 70
1E+00 ' ' ' ' ' ' ' - -8l 3000e 2500e 1500e 2500e
0 10 20 30 40 50 60 70 80 10BC/10ke 10BC/10ke 10BC/10ke 5BC/10ke

Reverse voltage [V]
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H. Oide et al., 12t Trento Workshop, 21 Feb. 2017
Paris, June 14, 2017

G.-E Dalla Betta

25

Test beam at CERN, Aug. 2016

zoom of 50x50

250 pm
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2nd §S-3D Pixel Wafer Layout

« Batch funded by AIDA2020 and INFN DMS Sultan, UniTN
« Fabrication on going, to be completed by July + FE-l4
7 7 — 50 x 250 (2E) std
_ T~ — 50 x 100 (1E+9E)
e N — 50 x 50 (5E)
vd Soss . O\ . PSI46dig (also with BOC option)
Y =\ —~ 100 x 150 (2E and 3E) std
! L\ — 50 x50 (1E)
/ A i \\ _ 25x 100 (1E and 2E)
i \ « R4S
/ E | — 50 x50 (1E)
l | i — 25x 100 (1E and 2E)
| ‘; « RDS53A (also with BOC option)
\ : | — 50 x50 (1E)
- Ii—l / — 25x 100 (1E and 2E)
\ HER - +  CHIPIX65
\ -/ — 50 x 50 (1E and 2E)
N | =1 — 25x 100 (1E and 2E)
S e ~ .+ NAB2
N T , e — For timing studies

S~ — + Test structures (strip, diodes, etc)
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RD53A Pixel Sensors (25x100-2E)
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Conclusions

« 3D sensor technology has made impressive progress in the past few
years

 Learning from the ATLAS IBL experience, a new generation of 3D
pixel sensors is being developed for HL-LHC upgrades

* In spite of the significant dimensional scaling (2x), fabrication of
small-pitch 3D sensors is feasible

* Initial results from sensors of the first batch are encouraging:
o Good electrical characteristics (close to TCAD simulations)
o High hit reconstruction efficiency at low voltage before irradiation
o Wide bias voltage operational margin after irradiation

« Functional tests on irradiated pixel assemblies are under way

» A second batch (mainly oriented to the RD53 chip) has been
designed and is now in fabrication at FBK, due by July 2017
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Back-Up Slides
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 [|nitially proposed in 2013 as INFN CSN5 Call project “ACTIVE”
(ATLAS and CMS Towards InnovatiVe pixEls), but not approved
 Funded from 2014 by INFN CSN1 “RD_FASEZ2” and INFN-FBK-PAT
‘MEMS3” agreement

12 INFN GROUPS INVOLVED, ~20 FTE
ATLAS (BO, CS, GE, MI, TN, UD), CMS (BA, FI, MIB, PG, PI, TO)

GOAL.: development of new thin 3D and Planar Active Edge (PAE) pixel
sensors on 6” p-type wafers at FBK:
- Technology and design to be optimized and qualified for extreme
radiation hardness (2x10'° n,, cm™)
- Pixel layouts compatible with present (for testing) and future (RD53
65nm) FE chips of ATLAS and CMS

Strong sinergy with WP7 of AIDA2020
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"™ Poly-Si filling and 2"d DRIE
Reducing the hole diameter with poly-Si deposition
to ease the 2" DRIE on the same wafer side

First holes
partially filled
with poly-Si

SEM image
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Slim edge laser test

Slim edge based on multiple ohmic columns developed for IBL
(~200 um) M. Povoli et al., JINST 7 (2012) C01015, here made
slimmer (~100 um) with reduced inter-electrode spacing

Safe operation of 3D diode (50 um x 50 um design) tested with
position resolved laser system

High signal indicates extension of the depleted volume at the
corner (~80 um at 70 V), in good agreement with simulations

Diode 50x50: Laser scan at 70 V

0 20 40 60 80 100 120 140 160 180
X [f¢m]
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Preliminary results with 3D strlps

R. Mendicino, TIFPA e —
» Position sensitive laser setup (A=1064 nm)
 House made (discrete) read-out electronics
» High efficiency already at low voltage

Slim edge Floating strip

0

20

Z [Arbitrary Unit]

Y [pm]

40
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Dev. 130um thick, V,,,.=30 V

n e e
0:3 900~ ]
= i — Fit: Landau ® Gaussian |
o - , 1
- - / ndf _ .
= 4000 x2/n 233.4/180 1
s - MPV 8799 +15.8
-g B Noise 1117 £23.4
5 3001 B
< r )
200 - Two adjacent double columns pixel readout
- ] ROC (PSl46dig) fully connected
i ] Sensitive area readout: 1/6
100~ ]
- 3 MPV vs Bias Voltage
0_ T B ] 0000
0 10000 20000 30000 40000 50000 .§ r
Charge (electrons) S
S 8000~
Charge shared with not readout adjacent pixels. Effect 7000
over 3/4 cell sides 000,
5000;
4000:‘1‘0‘ S I S

21/02/17 A. Messineo Universita & INFN - Pis.. Bias Voltage [Volt]
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3D strip irradiations

« Eight 3D strip sensors (four pairs of different layouts) irradiated at RAL with X-rays
(thanks to John Matheson) to two doses: 5 and 50 Mrad(Si)
* Minor effects of X-ray dose on breakdown voltage: breakdown on column tips ?

- T 1 * Interstrip resistance measured
- Strip#2_SMrad | R to check surface isolation:
- Strip#39 5Mrad |, . . . ., sl I j '
80 —- Strip#2 50Mrad - -.---l-." |- 1 ~several GQ even after
®» @ @ o | E
~ | 000000000 G HlekeMeMelo . . . . . I |
T 60 %: :%: :$:~:-:- B -
= o 3 p-spray OK
g /I
LS) 40 : 1« Other 3D strip sensors
irradiated with protons at CERN
20| 1 and neutrons at JSI Lubiana
; up to 2x10"® n,, cm
0t They will be tested in collaboration

0 50 109 150 with Univ. Freiburg with ALIBAVA
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Breakdown voltage control

IBL

ATLAS10 DTC5
B passivation
B metal
] oxide
| p-spray
M p'Si
B n'Si
G.F. Dalla Betta et al.,
JINST 11 (2016) P09006
M. Povoli et al., G.F. Dalla Betta et al., 1
NIMA 699 (2013) 22 IEEE NSS 2013, N41-1 : S;E?ilr?)ti;‘;“’“s
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Goal: extend the predictive capabilities of a past radiation damage modeling

to HL-LHC radiation damage levels

F. Moscatelli et al.,

Improved radiation damage model

IEEE TNS, 2016, in press

Defect E(eV) o.,(cm?) o,(cm?) n(cm)
Acceptor E.-0.42 1.0x10"> 1.0x10 1.6
Acceptor (¢ < 7x101° cm-2) E.-0.46 7.0x10"° 7.0x10'4 0.9
Acceptor (7x10" cm2?< ¢ <1.5x10"® cm?) E_0.46 3.0x10-"> 3.0x10-14 0.9
Acceptor (1.6x10"6 cm2<¢< 2.2x10'6 cm2) E_0.46 1.5x105 1.5x10* 0.9
Donor ﬁ E,+0.36 3.23x10-3 3.23x104 0.9

New “Perugia” Bulk + Surface Damage Model s o o .

@ Q20000 * s -

E [ % 4000 * f f< 1

Defect E (eV) Concentration L, % ::::.- @6 %2223::22::Eﬁﬂltf:u'ﬁace)

Acceptor  E-0.4  40% of acceptor Ny = . s e

Acceptor E_0.6  60% of acceptor Njy o 8 ™ ‘ g(ﬁ;g;onssuﬁacewk * es ]

Donor EV+0_6 100% of donor NIT OZ 00 50x1o‘5 10x1o16 15x1o16 20x1o16 2.5x10"°
X

Fluence (n. cm )
eq
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CCE simulation approach

Simplified simulation domain (~2d):

1 um thick slice (1/4 or 1/8 of pixel)
MIP (heavy ion model): vertical hits at
several different positions representing
different electric field values

New Perugia radiation damage model

Avoiding boundaries: no charge sharing

Subtract leakage current
20-ns integration of current signals 25x100
Average charge over all hit positions
Normalization to injected charge

Repeat at different bias voltage
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«+  Position dependent Signal Efficienc
R. MendiCinO, T”:PA Electric field distribution

i Pos 1:close to ohmic col.
« SE vs bias trend

0,9
depends on hit point o
: , 0,6
* Explained by Ramo’s 05
0,4
theorem 03
0,2
100% o
50x50, 0 50 100 150 200 250 300
o 80% | 2x10'° n/em? — S —Ramo
d:J “.“—‘;:‘—v—‘ Pos 12: close to junction col.
S 60% o
= Jprir ot —
Ll 0,5
© 40% —=-Pos?2 0,4
c =>¢Pos4 0
=y 0 ~®-Pos6 ’
» 20% —Pos8 0,2
=*Pos10 01
0% | ~#*—Pos12 ’
Y 0
0 100 200 300 0 50 100 150 200 250 300

——Sim =——Ramo

Reverse Bias [V]
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High field effects (50x50)

50x50 irr: 2e16 neq/cm2

10 20 30

X [um]

R. Mendicino, TIFPA 100%

JC

— oV
50V
—100V
— 150V
—200V

50x50 irr: 2e16 neq/cm2
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25x100: electric field 2d (preliminary)

2x10% ng/cm?

n22_000005_cles

50V
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50x50: electric field 2d (preliminary)

2x10% ng /cm?
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Measurements vs TCAD simulations

 From 3D diode measurements G.-F. Dalla Betta et al.,
* Very good agreement in C-V curves Vertex 2016
« Good agreement in |-V curves but for the slope
(that depends on interface states, so far not included in the model)

1 50 rTT T TTTTT I TrTT T TTTTT I TrTT T T TTTT I T TTTTTTT I_ 15_0 C T T 1T 1T T T TTr1 I T 1T T 1T 1T T T 171 I T 1T T 1T T T T1TT11 I T :_I T T ]
. - —25X100-2E Sim. H |
. - —50X50 Sim. H|
] - ===+ 25X100-2E Exp. .
. ~49 fF/Col. C 50X50 Exp. vV, ~1 53v_).;':.: ]
=100 N —10.0 - ]
¥y < - & .
d’ ' Q_ - & -
g ~48 fF/Col. 1 = B Vg ~152V—xs i
CU B = "E : '.o” :
whd - — b
[T - ~56 fF/Col._ | & - K .
§ [ ~~—Tftmoe----ooooo oo 7 A 5 f i :
g S0r O sof - _'
(& - ~53 fF/Col. ] - -
- —25X100-2E_150um Sim. ] i + ]
i - -25X100-2E_130um Exp. . C e V. ~160V. ]
- —50X50_150pm Sim. i F et Vbd 153V -
- -50X50_130um Exp. 1 i et bd i
L1 11111 11 | | I I N T I I O | | L1111 11 11 I | N I N T Y I A | I_ ----- = =
0 0.0 | I TN N N Y T O I | I 111111 11 I L1 1 1 1 1 111 I L1 1 1 11
0 5 10 15 20 0 50 100 150

Reverse Bias Voltage [V] Reverse Bias Voltage [V]
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Simulated breakdown voltage

Electric field, 50x50, 160V
Cut surface
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— 300000
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3D diode: y—-ray and proton irradiation

Gamma irradiation at SANDIA, protons irradiation at LANSCE
(thanks to M. Hoeferkamp and S. Seidel)

di Trento

10*
— 'k 10°*
NE ) 50 Mrad _
S 10 e
< 2
< i,
-y —10
— —
g 10° ——50X50 &
Pt — 25X100-2E =
- =
= ——25X100-1E 3)
o 0 —50x50-1E 1.3x10"% n_ jem?
10 RT = = 25X100-2E 10 0 .
...... 25%100-1E -10° C —soxs0-1€ 3.5x10" n fem
s a L s a2 a1 s s a a1 s 4 a R e T T Y
0 50 100 150 200 0 50 100 150 200 250 300
Reverse Bias Voltage [V] Reverse Bias Voltage [V]

Minor change of breakdown after gamma irradiation

For proton irradiation, breakdown voltage increase comparable to neutron

irradiation (but larger V., observed with protons on strips at lower fluences)
- breakdown likely occurs at junction column tips
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RD53A Pixel Sensors

RD53A (50X50)
—
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RD53A (25X100-1E)
e e 0 . 0 e e

///////// ///////// /////////

/////////// //////‘.-// //////

.

//////// //// /'//////////////

Also available as 64x64 pixel arrays (CHIPIX65 and FE65-p2)
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*™  First small-pitch DS-3D at CNM

» Used at CNM for 1st small-pitch batch in 2015 (RD50 project)
- FZ wafers, 230um thick, p-type (same wafers as IBL production)
- Hole depth = 210 um, Hole diameter = 8 um, aspect ratio ~ 26:1

I’V small pitch 7781 Run 7781 - Charge collection
— 18
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G. Pellegrini, 27t RD50 Workshop, CERN, 2-4 Dec. 2015
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Wet etching process
» Single-side process on thin SOl wafers developed
at CNM since 2008 for different applications, here
modified for back-side bias
« One batch under way with same layout as 15t batch
with double-sided process, will be available soon

« Another batch launched with RD53A designs

Paris, June 14, 2017

CNM single-side process on SOI wafers
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- 3D Detector Status and Plans at SINTEF

Norwegian 3D Detector Team: Ozhan Koybasi, Angela Kok, Marco Povoli (SINTEF),
Ole Rohne and Heidi Sandaker (U. of Oslo), Bjarne Stugu (U. of Bergen)

 New SINTEF Run 4 under processing (expected by March 2017)

- SOI and Si-Si wafers with 100 ym and 50 um thick sensors

- 2 column types: fully passing (SOI) and partially passing (Si-Si) n-type columns
- High aspect ratio holes (4-5 pm hole diameter, up to 100 um depth)

- Active edge sensors

* The cause of the extremely low wafer yield in Run 3 has been identified and
addressed. Hoping that Run 4 will have a better yield.

SOl wafers Si-Si wafers

P- silicon

50 or 100 um

P- silicon

50 pm or 100 pm

Support wafer P+ CZ silicon




