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% Outline

 sLHC: ATLAS Tracker Upgrade

3D Detectors
— The 3D idea
— Single-type-column 3D detectors

* 3D prototype module

* Results before & after irradiation
 Forthcoming

e Summary and outlook
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% sLHC and ATLAS Si-Tracking

e LHC luminosity upgrade foreseen
for 2015

— Overview talks today by Paula
Collins (Silicon) and Richard Bates
(RD50).

— Step up luminosity by factor =10

— Massive increase in radiation dose |

— Present SCT can not cope
(designed for 2-10'* N_,/cm?)

— TRT likely to be replaced by Silicon, \@
too X

— Fluences of several 10> N /cm?

challenging for Silicon pixels and
strips

Pixel

detector
SCT endcaps

SCT barrels
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% The 3D Idea

n-columns p-columns

/ wafer surface

e Limitations of planar design in
terms of radiation damage

— Depletion voltage rises |

— Trapping limits signal (thickness
does not help)

* 3D: decouple depletion and [ & |

thickness (->Signal) by depleting
“sideways”

(Parker et al. NIMA395 (1997)) n-type substrate
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% 3D STC Design

* Single-Type Column (STC) design
is a simplification

* Reduction in processing steps and ionizing particle
price by roughly a factor of 2 :

cross-section
between two
electrodes

n+ electrodes
p-type substrate

h

electrons are  holes drift in the

swept away by central region and

. the transversal diffuse towards p+
Uniform p+ layer field contact
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% 3D Simulations — depletion  Aigi
1) VbSOV 2) Vies=2V. & Rapid lateral depletin
4 at around 5V

 Then depleting like a
planar device

 Low Fieldin the
central region remains

xy-null field lines
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p-type substrate R
* Collection of e -guard ring
instead of holes -bias ring
— Faster signal
— Less trapping ) E
* Non type-inverting [ § O
even for very high 1 S|
fluences L) =1
Oy
AC-Pads i EEEEE ——n+ Column
§48 ¢
v 80um

p-stop
punch- 2 5und each
through strip

contact structure

100um

[TCirst SEl 50KV 5000 1gm  WD64mm
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% 3D module prototype

 AC coupled sensor

 Based on 40Mhz ATLAS SCT
electronics — shaping time 20ns

y

?

< ~6.5Ccm -

Iips
eireefeis

//‘

/7

S

B R 1 " Old Si for
stabilization

ATLAS SCT 3D-sensor _
EC hybrid Fan-in TPG for cooling

VCI February 2007

Simon Eckert, Universitat Freiburg


http://www.uni-freiburg.de/

% Laser Set-up

Penetration depth ©@ Optical_fibre
A = 982nm = 100um

Length of pulse = 1-2ns

Microscope to focus optically Cooling tubes
X-y stages with um
resolution

Z-axis manual, but also with
LM accuracy 2x clk and com

Nitrogen flushed test box
with cooling system

LV and HV

/

“Support” card Cooling blocks
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Laser Results

e unirradiated

Signal between Columns, channel 262 @ 3V_|

Threshold in fC
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P-stops affect the electric field

* Electrostatic potential between the columns

With p-stops
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% Irradiation

* Irradiated with 26MeV protons

-1
 Dose 10*°N_/cm? corresponds to Fluence for 2,500 fb
maximal fluence for short stripsin Fgga T~ T T 7]
SLHC Moo i i i |
i : ; ;
1 O S

¢ Tlid-Radius
Short Sirips

cm

* |nitial measurements without =

annealing (module in freezer) — (L N i G _
e Annealed 80min at 60°C 2 ¢ | e
(® minimum of N.and V,,). & | i ‘
I e s vadiess oo Z W
- ] ] L1 i ] L]
0 20 410 Bl a0 100

Radius [em]
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% Post-Irradiation: Depletion
characteristics

200 | aser shining Laser shining Laser reflected| ®* Ra pld lateral
— into column of into column by Aluminium :
| neighbouring depletlon

150 strip s sl between the

...............
..................
. E . - Ay 4 T

columns

| Diode-like
.. | depletion

- , P inside column
e " P ] V.. =50V

100

.......

vis0 in mV

50

-------------

PR IR R S N RO NN N O WIS SR T N
-26 -258 -256 -254 -2.52

X 1n mm

] ] ] ] L1 ] | ] ]
-2.66  -2.64 -2.62

80um
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% Post-Irradiation: Depletion

characteristics
* From scan over 1 column for different bias voltages
Laser shining Laser shining Laser reflected
200[—into column of into column by Aluminium
- neighbouring V. =175V
C strip omdedd "
150 it M v, =150V
. F | 25 T V. =125V
E 100 —_ I vbias = 100V
E | —
> I X e S e A, LR vbias =75V
50_—X ! Ths o
o
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X in mm
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Post-Irradiation: Depletion
characteristics

* From scan over 1 column for different bias voltages
200 C
e e 8 itk V. =175V
150{— < F it Vi = 150V
C ™ e f ST V,. =125V
:é B I - 14
g 100 - Vv, =100V
£ C :___E - Vi = 73V
[ Vi =30V
- V... =25V
il | | | | | | — Vo =2V
266 -264 -262 -2.6 -2.58 256 -2.54 252
X 1n mm
80um
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% Post-Irradiation: CCE @ 130V

- Good Uniformity within 10% of CCE around columns,
low CCE under p-stops - as before irradiation

 Response from left and right channel of a single
scan shown separately

W4

 Response from left  Response from right
strip (readout strip: strip (readout strip:

left strip) right strip)

Signal in mV
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vt50 in mV

% Post-Irradiation: CCE @ 110V

* Good Uniformity within 20% of CCE around columns,

I]SO

—100

— 50

e Same scan as on
the slide before,
butatV,.. =110V

bias

Sum of both strips:

vt50 in mV
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low CCE under p-stops - as before irradiation

120
100

vt50 in mV
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% Forthcoming...

Double-sided

Double-Type-Column

front side identical to 3D-STC

Double type columnsto reduce the low field

region 1

Bulk contact p-type columns
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Summary & Outlook

* Prototype module built from 3D STC p-type micro-strip detector and ATLAS SCT
electronics

* Pre-Irradiation: lateral depletion around 12V, low field region under p-stop
- Irradiated to 10®N,,/cm?, annealed to min. N__and V__

* Depletes laterally between around 75V, uniform CCE along strips, low CCE under
p-stops and in the central part of a unit cell

3D detectors are a promising candidate for tracking
detectors in very harsh radiation environments like
the sLHC experiments

e Larger 3D STC detectors available - deeper columns, longer strips (2cm)

- interesting to investigate noise performance before and after
irradiation

 Thanks to Alex Furgeri (Karlsruhe) for the irradiation, David Pennicard (Glasgow)
for the simulations and ITC irst (Trento) for the sensors!
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THE END
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Y The ATLAS Inner Detector (&

il

SCT barrels

Pixel
detector

SCT endcaps
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% Charge extraction: g set-up

029{ \ Noise/
0.8 signal
System e — s-curve
. C 6
with @ ]
S 0] 50%
Gaussian % ‘O’;‘ point
noise/signal ]
0.0 .
threshold S-curve @V, =150V Fit Landau
L —+— data points
£ 100 ¥2=17,82/37
E‘ %‘%’Hﬁﬁ% qeele = (2,96.+0,06) fC
. . 2 G Landau = (0,080 + 0,007) fC
Binary readout system: g ® qsels (207 0,04) fc
m mean, -ﬁl..ISS
based on the ATLAS SCT 6o O g = (112022 2.36:04) 1€

front-end ASIC: the ABCD3TA 11%

\
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M
%"Jij-(—i—} k
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20

Threshold in fC
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3D STC threshold scan

0 - —¢— VBias =3V
?5100 R —4— Vgjas =7V
> i Viias = 10V
5 — —— VBias =15V
S 80— VBias =20V
b B —+— Vpgias = 10V, unpassende
- Zeitverzoegerung

60—

40—

20— 4

0 _I [ v v v v v Iy ‘1 A7 -:!Z\"i - éé l/i‘i:‘::i:i_}_\:g; _____
60 80 100 120 80 200 220 240 260

Threshold in a.u.
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% Collected charge vs. Bias
voltage
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3D-stc stiip detector
Cross-section at Z=50pm

tlecestatc. TN
110 876543210

NB -device is hiased to 12V, but in this
slice the mininmmm voltage is -8V
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3D-stc stiip detector
Cross-section at Z=50um
Electrostatic potential and electric field streamtraces

Elecuostaic I
110 potential (V)
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P stops affect the electric field

3D-stc stip detector 3D-stc strip detector
V(_erucgl cross-section at 12V Veruc_al cross-section at 12V
P otential distribution and streamtraces Electric field and streamtraces

25 25

50 50
g g
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N N
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10018 100
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