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Outline

 |ntroduction and background

« Highlights from activities in 2009
— Tests of 3D-DDTC detectors
— New designs and simulations

* Plans for 2010:
— Batch schedule
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3D detectors - State of the Art C
First proposed by S. Parker et. al. ADVANTAGES:
in NIMA 395 (1997), 328 - Electrode distance and active substrate

thickness decoupled:
- Low depletion voltage
- Short Collection distance/time
- Smaller trapping probability after
irradiation

—> high radiation hardness

electrodes -Active edges:

- Dead area reduced up to a few microns
from the edge

n-active edge

Best result:
66% of the original signal after DISADVANTAGES:
15 -21-
8.8x10™>cm= 1-MeV n,, fluence - Non uniform response due to electrodes
Da Via et. al. - nghe_r capacitance with .respect to planar
NIMA 604 (2009) 504 - Complicated and expensive technology
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3D detector developments in Trento C

di 'Trento

FBK/INFN/PAT agreement (since 2004) and CSN5 projec ts (since 2005)

STC (2004-2006) DDTC (2007-2009) DDTC™ (2009-2010)

=ince 2006, CERN Planar active edge - 5y withgc;tive edge
ATLAS sDsensor (2009-2010) (2010-2011) TRIDEAS
Collaboration: joint :

effort to 3D detector
optimization in view of
LHC upgrades
(starting from IBL)
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3D-DDTC detectors C-

Front side as in STC

Back side:
+ litho and DRIE

k Simulation domain

* Detector concept able to ease the fabrication process

 Expected to have performance comparable to standard 3D detectors

(if d iIs much smaller than t) [G.F. Dalla Betta et al., 2007 IEEE NSS]
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Standard 3D

Electric field @lateral depletion (16V)

3D-DDTC, 3D-DDTC,
d=50um

. 1 0E+04

25E+03
| sa3E0z
| BE+02

40E+01
1 0E+01

3D-DDTC,
d=75um

)
INFN
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MIP simulations C

di 'Trento

Transient signals of a 250-um thick, 3D detector @ lateral full depletion voltage in
response to a mip (hitting close to ohmic column) for different column geometries

Output signals with semigaussian CR-(RC)? shaper at t,=20ns

Before irradiation After irradiation at 1 x1016
3.5- 2.0 1-MeV eq. n/cm 2
1 —— Standard 3D
— 3'0_, ——d=25pum ) Standard 3D
g 25 ——d = 50 um =, 1.5- ——d = 25um
& ——d=75um %
@ 2.0 STC @
g £ 10
D 1.51 @
S _ ©
Q@ ] &
8 1.0_ | S 05
o0 \K |
00+ EL—— e——— 00 s ————
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100

Time [ns] Time [ns]

3D-DDTC much better than 3D-STC, and almost as good as standard 3D
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3D-DDTC batches
Batch 3D-DTC-1 |3D-DTC-2|3D-DTC-2b
Substrate type n-type p-type p-type
Substrate thickness (um) 300 200 200
Junction column depth (um) 190 110 160-170
Ohmic column depth (um) 160 190 190

Completed by October 2007 | July 2008 | April 2009

e For3D-DTC-1 and 3D-DTC-2,

DRIE etching performed as an external
service @ IBS, France

 For 3D-DTC-3, process completely

performed in house at FBK
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3D-DTC-2: some pictures (g

3D diode ATLAS pixels

di 'Trento

AREEN
AR EEER

| I

Strip detectors — CMS pixels
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3D diodes : |-V and C-V curves C

di 'Trento

1.E+00 0.006
< < 1pA/column
= — 0.004
g T8
S &
(@] o~
© Q
g ~ 0.002
®
Q
-
OOOO T T T T T T T T T T
0 20 40 60 80 100 0O 2 4 6 8 10 12 14 16 18 20
Reverse voltage (V) Bias voltage [V]
1 2
Depletion first proceeds first Atter lateral depletion an
sideways, parallel to surface. extra voltage is required to deplete

the volume below the column

Lateral depletion ~ 3V Full depletion not abrupt
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Simulated transient current signal of 3D detector from batch 3D-DTC-2 @ 16V in
response to a mip (hitting close to ohmic column).

Synopsys TCAD

Fast peak — 0 05ns 1.0ns 15ns

1.5E-05': | 7 r'

1e-06 -

current [A]

5e-07 -

Slower tall
/

0 1e-09 2e-09 3e-09 4e-09

time [s]
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Pulsed laser tests on 3D diodes C

di 'T'rento L ASE R

For MIP like charge deposition (A=1060nm)
the collection time is only 8ns.

LASER —_—
wavelengths: Induced signal Integrated charge
850nm “ ——— i -
980nm a - r
1060nm | I 5,
—— 1 =850nm | S [— A =850nm
0.05 - ——5.-980nm S —980nm
I — . =1060nm A r —— =1060nm
0.06 . 1 . L 1 i | i ) i ] i
10 0 o 30 40 B 15 20 25 30

Time [ns]

Amplifier

gain 40dB ECHS
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Functional tests on Strip detectors -
(University of Freiburg)

Unidversita degli Studi

di Trento

GR Dbiasring

ABCD3T
binary chip~_ =
20ns sh. time A

Re-bondable
fan-in

Detectors

* Noise measurements
« Charge collection uniformity
« Charge collection efficiency

g GR (planar)

= floatin

DC pad AC pads [G.F. Dalla Betta et al., 2009 ESSD Wildbad Kreuth]
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Nt ATLAS pixel sensor design C

A\ 4

2 junction columns/pixel

3 junction columns/pixel

4 junction columns/pixel
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ATLAS pixel capacitance C
20 1 .
o : « 4E pack Measurements performed on strip-like
% 15 | o 4E_inter a test structure featuring same layout
e = options as ATLAS pixels.
©
S 10 |
® -
o L
8 1 Mitatataes, $000000.0000000000000
o ° S
7 0 [ 700
L 600 —— Cpix_back -
0.0 10.0 20.0 00 = _ BN Coix inter |
(&) .
Reverse voltage (V) .é 400 - —— Cpix_TOT
T 300 -
= Experimental values normalized to &
number of columns in ATLAS pixel g 200 -
designs o 100
» The observed trend is very similar to 0

what expected from TCAD simulations 7E AE 3E 2E

Pixel design
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ATLAS pixel assemblies with FEI3 C

di 'Trento

 Bump-bonding @ SELEX S.I. (Rome),

Indium based technology Sensor
llll'llll..ll"

 Single Chips (18x160 pixels):
e 22 from batch 3D-DTC-2
» 20 from batch 3D-DTC-2B

FE card

» A subset of these sensors have been
flip-chipped on ATLAS FEIS.

injected charge threshold feedback current
dependence dependence dependence

threshold = TC}T.

preamplifier output signal

discriminator output signal

i _ | =

—=high charge =high threshold —high feedb&ck
low charge —low threshold —low feedback
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Experimental setup C

B oo [ Lab. Tests made at INFN

Keithley 2410

* i
% ¥ was | Genova and CERN
| e | s |« Pixel test station based on
AR wwenies . ATLAS TurboDAQ system
o [ 9 8YS

Climate Chamber TPLL card

Source

Collimators

 Electrical and noise tests
* Response to radioactive sources
v . Am?+1 Cd1® (self triggered)
B : SroY (triggered by scintillator)
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_eakage current C
3D-DTC-2 Ty

di 'Trento

20 V.
}’( Module "3e11_07152"

18 / IV curve |
16 /. / 3D-DTC-2B

S 1 i <10

= / ——2EM2 =

S 12 ] —-—2Em4 g

3 f / | —4—2EM6 3

° 10 f —=3EMS 8 8

o 8 - —¥—3EML 2

£ jf —o—3EM7 z

2 6

ﬂ —+—4EM3
———4EMS8 6

‘ E?x(‘ %b :r 4EM9
2 .

0
4
0 10 20 30 40 50 60 70 80 90 100
Reverse bias (V) [ tonieak
Entries 2880
Mean  1.403 2
RMS 0.1443
0
||||||||||||||||\|\||\|\||\|\||\
0 5 10 15 20 25 30

(-1)*Bias Voltage (V)

Monleak: pixel leakage current in DAC unit
~ (1 DAC = 125pA) = <lleak> ~ 179 pA
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Leakage

Noise

File Edit View Options Inspect Classes

HeP e Edt view Options Inspest Classes

Leakage current (nA): monleak_8V.
Module "3¢11_07152"
Sum of current: 3.623uA

Help

Eile Edit View Options Inspect Classes

x")

INFN

Early breakdown problem in 3D-DTC-2B C

Help

Leakage current (nA): monleak_10V.
Module "3e11_07152"
Sum of current: 3.745,A

‘ Leakage current (MonLeak-If) map chip 0

8 10 12

8V

File Edit View Opiions Inspect Classe;

Column

Leakage current (nA): monleak_16V.
Module "3e11_07152"
Sum of current: 4.575uA

Leakage current (MonLeak-If) map chip 0

Row

8 10 12 14

10

Help  Eile Edit View Opfions Inspect Classes

Noise (e): Threshold_BV.
Module "3e11_07152"

16
Column

Help

Leakage current (MonLeak-If) map chip 0

14

File Edit View Options Inspect Clas:

Noise (e): Threshold_10V.
Module "3e11_07152"
2872 out of 2880 pixels with good

2879 out of 2880 pixels with goodk
Noise map chip 0

Row

16
Column

Noise map chip 0 |

12 14

16
Column

16
Column

Help

Noise (e): Threshold_16V.
Module "3e11_07152"

2848 out of 2880 pixels with go
Noise map chip 0

12 14

16
Column
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Threshold and Noise C

I e A FE Tuned with Th=3.2ke- and
60 ToT @ 20ke-

di 'Trento

Threshold map chip 0 |

3
o 140
120
100
80

| Noise distribution |

60 sooF Constant 521.5
2 - Mean 202.3
0 0 2 4 12 14 16 400-;— Slgma 8.959

Column C
Threshold distribution | Constant 329.4 Joo :—
= M.ean 3200 -
300 Sigma 58.6 2001
208 100F
200 C
1503— P T T [N T T B | IR T W T T T [ T
e 140 180 200 220 0 260 280
=3 Moise (e)
50—

3600 2800 3800 4000

~Threshoid scafier oot | T Sensor type | Threshold (e-) Noise (e-)
SomE 3D-2E 3200 + 58.60 | 202.3 + 8.96
w; 3D-3E 3318 +42.02 | 206.6 + 8.29

an0- 3D-4E 3284 +41.27 | 229.8 +9.87
e I e L, Planar 3259 +42.96 | 181.1+9.37
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Noise and Capacitance C

di 'Trento

280 ‘ ‘ 24 T T T T ‘ T T ‘ T T ‘ T T ‘ T T 174
: ’<'£‘360 AL ARARERARES RARRERARRE RRRRE I
= B ¢ o ¢2E N B % Estimated {
c 20 | ° 320 * o eExperimental | |
E 260 o H B E3E | ] é 1]
B ® o o4E s [ i
9 - m ] O 280
= ¢ .16 g 0 .
[0) L 2 [ —
% 240 — o P ] = £ 240 ]
< [ Py S g i i
% B ¢ ( J [ ] P ; §12 LI%ZOO""""'"""""""""" |
@ , ® e o o s 0 5 10 15 20 25 30
g 220 — | - — = i Reverse voltage (V) o
- 4 H [ | O - ]
c B B g g 8
o i . =
g . - i
= — MR —~ Backplane
S 200 IR A m
LIJ B —
- - i P -
. Interstrip -
180 | | | | | (o L b e b b
0 10 20 30 40 50 60 0 5 10 15 20 25 30
Reverse voltage (V) Reverse voltage (V)

[G.F. Dalla Betta et al., 2009 IEEE NSS]
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Gamma source tests: Am 241 C

| TOT-spectrum chip 0 | Constant 3597

4000
3500
3000
2500
2000
1500
1000
500
2000 4000 6000 000 10000 12000 14000 16000 18000 20000 22000
Charge from ToT (&)

di 'Trento

Mean 1.44%9e+004

3 D'2 E Sigma 784.3

Spectrum as a sum over all pixel without any cluste rng
| TOT-spectrum chip 0 |

Constant 1.912e+004

20000
18000
16000
14000
12000
10000
8000
6000
4000
2000
0

Mean L433e+0n4“

plan ar Sigma 734.7

2000 4000 6000 8000 10000 12000 14000 16000 18000
Charge from ToT (e)
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Gamma source tests: Cd1® C-

|_TOT-spectrum chip 0 Constant 3.666e+005

4002

350 F- Mean 5636

300 = Si

250E- igma 544.8

200

150 -

0

03500 4000 6000 5000 10000 12000 14000 16000 18000 20000 22000

Charge from ToT (e)
Spectrum as a sum over all pixel without any cluste rng

| TOT-spectrum chip 0

18000
16000
14000
12000
10000
8000
6000
4000
2000
0

Constant 1.536e+004

Mean 5741 |

Sigma 580.4

planar

500 4000 6000 5000 10000 12000 14000 16000 18000 20000
Charge from ToT (e)

pofTTT
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Beta source tests C

| 2E type - HV: -35V | _ clu_size | | 2E type - HV:-35V | __clu_size2
= = | o = =
- RMS 5.217 C RMS 5.327
B 2 [ ndf 628.5/137 C 2 1 naf 162.8/130
B Constant 2604 = 31.7 250 — Constant 1539+ 244
400 MPV 1412+ 0.03 C MPV 15.36 = 0.05
- Sigma  1.159+ 0.012 C |_Sigma 135+ 0.02 |
C 200—
300_— C
C 150—
200 -
B 100:—
10{:;— 503—
o g "'3 a5 40 “n: R S N L
Qlkel Qlkel
Sensor type MPV clu.size.l (ke-) MPV clu.size 2 (ke-)
3D-2E (200 pum) 14.12 +0.03 15.36+ 0.05
3D-3E (200 pum) 14.07 + 0.03 15.25+ 0.02
3D-4E (200 pum) 14.07+ 0.03 15.25+ 0.03
Planar (250 um) 17.19+ 0.18 18.52+ 0.06
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May 2009 beam test at CERN C

Dipole magnet

di 'Trento

ni 2 = sensors tested:
— £ E a) 3D-DTC-2 @ 35 V
o o
it '- b) 3D-DTC-2B @ 8 V
[ Efficiency pixel area. |
Fit params o T Y
Constant 1.40e+04 o it = et
- 4.67e+01 im L gl ™y ™, "
§5m: gligfna 4.ED:+IJD e i |« 1 L
2000
1504}3—
muuf—
suuf—
R T R T i T T R

*25ns

Data from M. Borri, S. Fazio

micron
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Next steps (1): (-

3D-DDTC* “passing through columns ™
= Modified 3D-DDTC technology approach, already proved
on test structures of 250 um thickness.
= No support wafer, allows for dual-readout pixel/strip sensors

= Allows for “slim-edge” detectors (ohmic fence termination)
* One batch under fabrication at FBK-irst

di 'Trento

-y |

250
1m
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3D-DTC-3: wafer layout (-

di 'Trento

N B
& B L & & L &
Strip and

diode m i

detectors Y {R— —
"mmmE {ERERHS
=l ] I I I I I I ‘
e = i ; Tt T ------ e & & © @ e e

JJJJJ
aaad

DeteCtOI’S :::i._-. :::::::::::.;;::::::
| (FEI3)

_______________________________________________ _ - - -
CMS pixel _
| detectors | —— - . - . - .

Iy
JJJJJ
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Next steps (2): C

Planar detectors with active edge

= =

N-type

* Trench etching steps investigated on test wafers
 TCAD simulations for breakdown prediction

e Layout complete (p-on-n, mainly strips)

« External service at SINTEF for wafer bonding

* Ready to start ...



Universita degli Studi /"j
P G.-F. Dalla Betta S1L.C Meeting, Paris, January 26, 2010

INFN
Simulations : breakdown voltage C

di 'Trento

= Sensors can be safely operated well above full depletion voltage
» Field-plate largely enhances breakdown voltage performance

d=10 [um] d=20 [um] d=30 [pm]

180 300 - T =

1:{1DH cm'g - 11:101_ cm'i - ; ‘Ix‘lﬂ_: e
3:(1[2'” c:rrl'2 i 31:101_ ::m'2 380 T 3:-:1(]_1 c’
5210 c©m -~ —8&— P SwiD emT —&— P Sx10 em”T —&—

?L'x i : ! ! 34|:| ‘: 4:- -45 ....... :

I . | Metal
[ Sio2

[ oS )

L S B ; 4 ; ; i i

! i i i 300 I S S -
150 [ ---opomasllezsonh b oo e e 3o ! ! !

280 [ob b p-sub

ol 220 [ i _
140 e B R B
oo B e T

§ il Vba @Ng,=1x10tcm™

Breakdown Voltage [V]
-
-
-
Tensionidi Breakdown [V]
Tensionidi Breakdown [V]

A 200 |-t~
L e A i/

S SN
NGk i) | d(um) | wFP | wolFP

o N i 120

L | PN [ 171V | 127V

IR 200 [ frorrmrofromos N

O I N B T IR L 276 V | 183V
36 46 56 66 7.8 38 BE 98 126 1586 3BEe6 128 18868 246 30 340V 219V

Field-plate width [um] Field-plate width [um] Field-plate width [um]

; ; i Y 180 'L""J '
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PAE: wafer layout C

Diode detectors ALICE
with different edge o — pixel

configuration -- ..‘ | Sensors

—

Strip
detectors

FH{: II'FH 200 Test

structures
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PAE strip sensor C
(2.5x5.0 cm?, 498 read-out strips, pitch 50 um, with floating strips)

Bias bar 130 um
ocpees < LML WL ULELW. 0.0 00§

il
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2010: batch schedule at FBK

1) 3D-DTC-3: n-on-p, 250-um thick substrate, full 3D detectors
(passing-through) columns.

Under way, to be completed by April 2010

2) Planar — active edge.

Started, 18 wafers with bonded support (made at SINTEF),
to be completed by March 2010

3) 3D - ATLAS — IBL1 (full 3D with slim edge) and
3D - ATLAS — IBL2 (full 3D with active edge)
To start in February 2010, due by June/September 2010
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Conclusions

* The development of 3D detector technologies at FBK-irst is
proceeding with encouraging results.

 In 2009he first prototypes of ATLAS pixel sensors made with
the 3D-DDTC approach and assembled with FEI3 read-out
chips have shown good performance in terms of charge
collection (to be validated after irradiation)

» Early breakdown problems have been observed after bump-
bonding (still to be fully understood)

» 3D detectors with “passing through” columns and planar
detectors with active edge are also being developed and will
be available soon.



