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3D-S: A fast, high resolution, low-mass,
detector with embedded cooling and
internal charge multiplication capability
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» Introduction

“+*3D-S the low mass modular system:
“*The sensor
“*The interconnection
“*»The micro-channel cooling

“»Summary and plans
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We are exploring ways to build a low mass modular
3D_S system exploiting "micro-fabrication”. The ATLAS
Vertex detectors at the HL-LHC is our primary goal.
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Microfabrication
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For 3D sensors electrode definition
and active edges

For cooling
i —>
micro-channels

Interconnectivity
Using TsV

Extra holes
On 3D sensor side
To carry signal out

1- conformal metal column

2-doped poly (tests
encouraging
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Other structures already fabricated at STANFORD 1= 1824
(C. Kenney, J. Hasi) to improve speed, detection properties

B21151 13KV ©118 E2FBum

3D Parallel trenches 3D coaxial layout 3D hexagonal

Vbias dielectric ustrip readout
_ / Dual readout:

Improved spatial resolution
With the same material budget

C. Da Via et al., "Dual readout - strip/pixel systems”,
NIM A594, pp. 7-12 (2008).




Cinzia Da Via , Uni. Manchester, Trento Workshop 20t February 2013

~ Pixess

U MANCHESTER
1824

- 7Ll-\5

A thin 3D sensor with active edges

EERRNRNI

support wafer/ Cz substrate
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+» 3D silicon with active
edges

s Processing vias on
thin silicon requires a
support wafer

X-ray micro beam scan J. Hasi
Stanford/SINTEF
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* In 3D Capacitance
decrease with
thickness

* Epitaxial silicon can be
used in case of very
thin substrates

Active edge
s The support wafer can
be removed after
Aspect ratio bump bonding (or after
,. | o UBM usmg_reversuble
5.8 kV x1.38K 23.7sm 5.8 kV x1.38K 23.7Tsm 55/24:23 Wafer bondlng)

(a) Si deep trench etching (b) Filling with Poly-Si

T. Matsumoto and M. Koyanagi et al., SSDM, 1005,
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Activity at CNM , D. Quirion e 182:

Similar work at FBK and SINTEF

3D sensors and microfabrication

U3DTHIN sensors

When sensor thickness 1s reduced below 50um,
capacitance is high and electronic noise is large

Idea: combine very thin sensors with 3D

geometry

= |arger pixels
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Similar pixel area; B0x80um”
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Detector Thickness (um)

Thin membrane

lﬂmnl

Fesistriby

Support wafer (~300pm)
Not fo scale

300um

Etched backside @

F Garcia et al., Nuel. Instrum. Meth. Phys. Res. A 607 (2009) 57

Instituto de Microelectronica de Barcelona %
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Activity at SINTEF

A. Kok, Workshop on 3D sensors and Microfabrication Systems

Temporary bonding - brewer science® waferbond®

Siﬂz\ Al /A:Ihesiw Bonding device wafer to a carrier to
gem———y allow processing

Carrier

W ™11

Release of carrier wafer

Through substrate Patterning of through
patterning (eg. VIA) substrate structure

Similarly, sensors with active edges
can have the support wafer
removed when bonded to a carrier
wafer, while sensors are release
once the waferbond®

is removed
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@ SINTEF Technology for a better society




Cinzia Da Via , Uni. Manchester, Trento Workshop 20" February 2013

3D Fast + Charge multiplication by design
simulation results

Sentaurus simulation package
M. Povoli and G-F Dalla Betta (University of Trento, Italy)

Size =10x 10 x lum3 di Trento
Column radius = 2um Transients with

Electrode doping = 5x101%cm- minimum-ionizing particles

Bulk doping = 1x10%3cm-3
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Radiation Tolerance A
Drift  Trapping Drift

Of 3D sensors length time Velocity (saturated)
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At 9x10% ncm 2 _|
And biases below Charge 50um [e-]

200V Charge 100um [e—]

~——

Nucl. Instrum. Meth. A 603 (2009) 319-324
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S I 9 nal eff ' C I ency and S I 9 nal [11] G. Kramberger, WorkshL:)p on Defect Analysis in Silicon Det, Hamburg, August
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Signal EfflClency (prop 1/IES) Signal charge (depends on A)
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Signal Efficiency [%]

C.Davia; s‘ Watts Augo8 C.DaVia S‘ Watts April 08

i |
210" 410% 6 10%° 810" 210" 410" 6 10" 8 10" 110

Fluence [1MeV Equivalent n/cm’] Fluence [1 MeV equivelent n/cm™]
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S|mp|e example at 1016 ncmZ A:substre}te th_ickness 3D has more signal

A= <trapping distance>~30um charge because
collection distance

Suze planar ~ 80 (x/n}_/S) X /z( ~ 80} ~ 80x30 ~ 2400e- e
Suzp 3D ~ 80 X (A/IES) ~ 2400 X 210/(71-22410csrode implant) ~ 10290e- [N

Decoupled
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Interconnectivity: New developments in small pitch ST

bump-bonding

Tohoku Univ. / ZyCube
Pixel 2008 International Workshop (@ !

: bump opening

o
e bump pitch
Metal pad 40x4.0 um
Bump opening| 3.0 x 3.0 pm

Bump size 2X2 pm  (bottom)

Owver coat
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Embedded Micro-cooling

£\ )
SuperB INFN
et

Development of light prototypes support for (__
silicon pixel detectors cooling based on
microchannel technology

F. Bosi - M. Massa

INFN-Pisa
on behalf of the Super-B SVT Group

F.Bosi, M.Massa, PIXEL 2010, September 6 — 10, 2C
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Two methods presently
explored:
cap

== 1- surface micro-groves

2- over-etched channels in
trenches

Micro-channels fabricated at FBK in collaboration with the Pisa group
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Prototype using Method 1

Giulia Romagnoli
Jerome Noel
Paolo Petagna
Alessandro
Mapelli

(Jan McGill)
(Alan Honma)

FE-14 ROC 100 microns

Micro-channels Bump-bonding and
Thinning 1ZM Berlin
Pyrex 500 microns

LHCb design

J
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ATLAS Micro-channel Cooling - First Prototype g

35 Channels 50 x 50 ym + 200 pm walls
Channels with restrictions (10 um wide x 50 ym deep, 7 mm long )
* Two holes for inlet and for outlet (1.6 mm diameter)
Pillars in the outlet to maximize the bonded surface

Pillars in
the outlet
to maximize
the bonded
surface

2 holes for
fluidic inlet
and outlet
(1.6 mm
diameter)

aouenus

Ss[auueyd 8y} e Suonpuod

silem apm wrl 00z

Aq pareredas wn oG x 0g

Buuq

‘0D

ul
01 (buo] ww 2 ‘desp wr Qg
X apim wrl QT) suololisay

[eanio

S|ouuey2-042IW GE

With glued nano-port
connectors
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ATLAS

Silicon device 380 um thick, with
etched micro-channels

Bonding with 2mm pyrex to close the
channels

silicon heater
with (20 nm Ti
+ 200 nm Au)
metal layer

Pt100 on the
surface

Connect the device to a CO, plant




Cinzia Da Via , Uni. Manchester, Trento Workshop 20t February 2013

Second prototype cooling tests with CO2

0 power 1.5 W nominal

Manufactured at EPFL No cooling!!! —
Measurements Giulia Romagnoli

&
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5°C
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Plume Collaboration
For the ILC

* Open-cell foam Ultra-thin ladders

* Macroscopically uniform
* No tensioning needed

+ Lightweight elements in silicon carbide (SiC) foam
* 410 8 % fill factor
* Can be machined
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Summary and plans

3D-S:
a compact detector module with:

« Active edges

* Fast

+ Charge multiplication by design
Embedded cooling

should address some of the future vertex detector
challenges:

> Granularity (this will be electronics dependent)
> Low mass
> Radiation tolerance

prototypes of sensors (FBK, CNM, SINTEF, SLAC) and
micro-cooling channels (see talk of Giulia Romagnoli)
are being designed and fabricated

Simulated structures show that charge multiplication by
design can have gain as good as 7 before and after
irradiation

A test module based on a 230 microns 3D sensor from the
IBL-pre-production (with slim edges) bump-bonded to a 100
micron thin front-end electronics FE-I4 A chip (IZM
Berlin) is being equipped with micro-channels and will be
tested in beams before and after irradiation

O Pixess

ol

cTazee

[
- et

’L‘((4 +’-+q’

MANCHESTER.
1824



b
2
[an

@

1324

SPARES

€10z Arenigad ,,0Z doysxI0/\ OlUBIL ‘ISISSYDUBI “IUN ‘ BIA Bd BlZUID



Cinzia Da Via , Uni. Manchester, Trento Workshop 20" February 2013

~ Pixess

Preliminary Tests

Pressure test good up to 65 bars

Mass flow rate: 0.25 g/s (1000 * nominal)

Temperature measurement accuracy + 0.5 °C

kAR I R & L e L

Numerical simulations of CO, flow courtesy of Joao Noite

Design optimized for ideal
flow conditions:

- Flow rate = 0.2 mg/s
- Te=-18°C

- Tafter restrictions — " 20°C
- AT under chip area <1l°C
- Pipet=~ 20 bar
—m—Temp 2 - AP =~ 0 bar

Temp 3

—<—Temp 4
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Temp 6

Test conditions (limited by setup):

-12

S L
-16 1 - Tinlet = - 2 OC
2.00000 4.00000 6.00000 8.00000 10.00000 12.00000 T _ 4 OC

Power (W) after restrictions — ~ _
: AT under chip area 10 °C extimated

= P inlet = ~35 bal'
- AP =-~10 bar
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TRAPPING |n Sl — COLLECT ELECTRONS, INCREASE E-field
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and USE SHORT ‘IES’ (THIN SUBSTRATES FOR PLANAR) NIMA 603 (2009) 319-324
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o daa for decrons
o daa for holes

210 410 610

particle fluence -

10

®,, [em™]

Drift velocity V,(em s™)

10° 10"
Field F (V cm’ )

Expected signal
After irradiation
Without multiplication
Depends on A/L

This is also true for
diamond

Signal Efficiency [%]

Electrons

{Holes

Effective Drift Length (microns)

¢ Fluence = 10" protons cm™
1 2 3]
Electric Field ( Volt/micron )

| C.Da Via' April 08

50 100 150 200 250

Inter-electrode spacing [um]



Cinzia Da Via , Uni. Manchester, Trento Workshop 20t February 2013

3D for the ATLAS IBL
by the 3DATLAS R&D Collaboration

25% of the total IBL modules

total pixel

icluding pad [rame

humber: ;
|
26880 , -
80 cols X 336 rows L. 5
(e 1D X 20 E El
IBM Kerf review and approval may be needed) ; :‘.
Total number EE-14A-B %
of columns =
per chip : ‘2
»100.000 :
336
S i S
2.2cm

[k The Stanford Nanofabrication Facilily

@ @ SINTEF
FONDAZIONE BRUNO KESSLER

n-type Bias Electrodes

+ 25 um cut re

n-type read-out Electrodes

sidual

NIMA 694 (2012) 321-330
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See N14-154 poster

4+1 runs were completed in February and
October 2012 by CNM (Barcelona,
Spain) and FBK (Trento, Italy) with
double side process with > good
chips, more than 100 wafers and an yield
exceeding 60% fulfilling the following:

Sensor specifications for IBL:

»Qualify to 5x10% n,

Fmax. power dissipation: 200 mW/cm? at -15 C
»tracking efficiency > 98%.




