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From LHC to SLHC

Voltage needed to get full sensor depletion
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» LHC:

>

vV v v.Y

Start: Last Wednesday!!!
L=10*cm™s™ (not yet...)
Integrated Lumi. 500fb™ (10 y)
~3x10"°cm® 1MeV n,, @ r=5cm

Multiplicity ~ 0.5-1k track / bunch
crossing

Loss of signal after ~7 years due
to crystal defects (therefore the
b-layer might be replaced)

» SLHC:

>

vV v v.Y

Start: ca. 2018

L=10%cm™s™

Integrated Lumi. 2500fb™ (5 y)
~1.6x10"°cm™ 1MeV n,, @ r=5cm

Multiplicity ~ 5-10k track / bunch
crossing

» New detector concepts are needed!

>
>

Radiation hardness
Cope with high occupancy
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particle
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Pixel sensor cross section:
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One pixel readout
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Radiation damage




s Problems caused by irradiation

Detectors Stall h
forthe QO/O00000SE0SPEOTOS0080009 ~ -2 space charge region:
Q........... 00, .... .....,.. » OR needs a much higher voltage for

SLHC
.9......‘. D.O'...O .......9 same depletion depth
S BRI esvoecsovess 000000008 » More power consumption / heat / noise.
0000
Votivation .z.:':.-!-—.gﬂ.*—r@. >.<!V:®=@=.’.... » Generation centers:
c t 0’600 o0 0’0 ....‘..:. » Higher leakage current -> noise!
oncepts

Ongoing work ..... . ® ’ ® . e Q. ® 00000 ~ Trapping centers:

Q@
Summary Q.,.,., @000 » Dominating after SLHC fluences
HEsssessoass ot

.O...” » Higher voltage does not help here!

» How can we beat trapping?
» Make drift time shorter than effective trapping time (design for short drift distances!)

Ap-Byz2E
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¢ Problems caused by irradiation

forthe edeoee. ... 0000000095400 » Small space charge re_glon:
SLHC Q .... .... ... (3 .. » OR needs a much higher voltage for
0900009 .‘...‘. 0900009 same depletion depth
M. Beimforde & 000 .'... 009000908 » More power consumption / heat / noise.
eSS @ 9.90.0 092932 » Generation centers:
volivation : e 2.9 = g ... :: » Higher leaka ecu.rrent -> noise!
Concepts @D ES | OO o ® 0o¢s J J |
ongoingwork g Y00 0 . XX _.’ . :.:.. » Trapping centers:
UL : .. :. » Dominating after SLHC fluences
o .... ‘% @ .".—.@. ® . ® S .: » Higher voltage does not help here!
Signal generation No signal (simplified)
» How can we beat trapping?
» Make drift time shorter than effective trapping time (design for short drift distances!)
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¢ Problems caused by irradiation

forthe edeoee. ... 0000000095400 » Small space charge re_glon:
SLHC Q .... .... ... (3 .. » OR needs a much higher voltage for
0900009 .‘...‘. 0900009 same depletion depth
M. Beimforde & 000 .'... 009000908 » More power consumption / heat / noise.
el e 9.90.0 09202 » Generation centers:
viotivation : e 2.9 = g ... :: » Higher leaka ecu.rrent -> noise!
Concepts @ O® | oe o ® 0o¢os J J '
ongoingwork g Y00 0 . XX _.’ . @@¢@® > Trapping centers:
SUTERY : .' . :. » Dominating after SLHC fluences
o .... ‘% @ .".—.@. ® . ® S .: » Higher voltage does not help here!
Signal generation No signal (simplified)
» How can we beat trapping?
» Make drift time shorter than effective trapping time (design for short drift distances!)
» How to do this?
» Thin planar sensors: OR Thick 3-D sensors:
= —_——= "
sensor wafer —» g
| g
Apbg=2E 5 gmall signal, relatively easy to build » Large signal, more complicated to

e« 10 »r > Alittle less multiple scattering manufacture, expensive (only b-layer)
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Problems caused b

irradiation

» Small space charge region:

QP0000; O... 00900000 9-0.00 .
Q .... 000000 (4 .. » OR needs a much higher voltage for
0900009 .‘...‘. 0900009 same depletion depth
S.3 0008, .'.‘ o009 00408 » More power consumption / heat / noise.
Q9000 ¢ .00 0 00900 . _
Q0O @@ > Generation centers:
:- .... = : ® : : :: :: » Higher leakage current -> noise!
Q '... . I . _.’ . :.*. » Trapping centers:
: .0 :. » Dominating after SLHC fluences
®. ... v ¥ ) .".—Q@. Y . ® 9. .: » Higher voltage does not help here!

Signal generation No signal (simplified)

» How can we beat trapping?

» Make drift time shorter than effective trapping time (design for short drift distances!)

» How to do this?

» Thin planar sensors:
— -
sensor wafer —»
]

OR

Thick 3-D sensors:

wnpgzZ-00€

» Our chosen approach (ATL-P-MN-0019)

55um pitch

» Large signal, more complicated to
manufacture, expensive (only b-layer)



Thin sensor concept
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Signals from thin sensors
Calculations by Hans-Guenther Moser (HLL):

N P = 5x10'5 n/cm?
N\ U,, = 200V
A\ .
\\\\ —thick
N
N

19

N

0.01 0.015 0.02

Z (cm)

0 0.005

Measurements by G. Casse (Liverpool):
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» E-Fields in thin sensors:

» When applying the same bias
voltage, a thin sensor shows
higher fields over a shorter
distance.

» Charges are a little faster and the
chance for trapping is smaller
(shorter collection time).

» First measurements:

» Show a slight increase of
collected electrons (signal) for thin
sensors.

» This needs to be confirmed with
our sensors.

> It's not much but maybe the best
one can do for a reasonable price.



wsors Thin sensor production
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M. Beimforde sensor wafer - O . - .
I I I ] N
handle wafer
Motivation
Concepts 1. implant backside 2. bond sensor wafer 3. thin sensor side 4. process 5. structure resist,
; on sensor wafer to handle wafer to desired thickness on top side etch backside up
Ongoing work to oxide/implant
Summary

» The thinning process is established and prototypes confirmed the

mechanical stability
» Thin diodes have been produced on handle wafers and measured

Dummies for mechanical stability tests (d=50 NS
Ap-Byzit um, 1=10cm) Thin diodes (d=50 um)
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e |ICV-SLID — decreasing inactive areas

for the

SLHC
M. Beimforde » Not the whole module area is
sensitive.
Motivation ——— ' » “Live fraction” is only 71%.

'« " wire bond o | 3 . :
coneepts Front side WIS Porg ‘| > Aspecial problem are the wire-
Ongoing work 3 bonded FE chips that are larger
Summary o3| W3l | RIS - !

RSO TRCL UE)  EIE R | £ < than the sensors.

» We try to facilitate a new

ICV-SLID: technique to overcome part of

this problem.

front end chip - > Inter chip vias (ICV) allow for

“ signal extraction from the back

4B BEEEREERE B .

& - side.

<, S ISATIE Sensor » No cantilevers are needed!

HV > Replace the expensive bump
balls with a new (cheaper!?)
Ap-Dyz it

Solid liquid inter diffusion
<< 16 » Py (SLID) interconnection.
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Production of prototype wafers

6~ wafer

42 cells 10.5 x 11.9 mm?2

10 different micro-strips
versions + test-structures

12 diode cells
10.0 x 10.0 mm?

8 pixel cells — ATLAS
geometry to be read out by a
single FE chip — designed for
SLID interconnection

ATLAS module, to be
connected to the FE with
bump-bonding

Pixel cells to be read out by a
FE chip by INTERON
(Norway)

» 12 different versions will be produced with different combinations of
» Thickness (75 and 150 um)
> |solation (good isolation vs. low electric fields)
» Sensor material (n- and p-type bulk material)

» P-type bulk allows for one sided processing (cheaper production)

» Irradiation plans (first interconnect vs. first irradiate)



el Inter pixel isolation

for the > Inter pixel isolation:
SLHC Maximum electric fields Simulation » |s needed to prevent crosstalk
§ 400i ®— Bor dose: 3.0e12/ cm? o between pixe| cells.
i C| * Bordose: 4.0e12/cm? < .
M.Beimiorde = Rl e e o A » Achieved through (partly moderated)
S 350 : e : :
5 2300 e P boron implantations.
L e L
Motivation 2 300l Ll A » Needs to be balanced between good
: B ‘L ’/1 L] - - . L]
Concepts R s e isolation and low electric fields (high
| 2501 Tyt =T isolation=high fields!
Ongoing work S A//./ isolation=high fields!).
Summary 200/ — /JK\
15k . . > Isolation simulations:
100 105 110 115 120 125 130

bor energy [keV] » Different isolation possibilities were
simulated to derive the most
promising parameters.

» Electric field measurements:

» Were performed on p-type micro strip
sensors produced by CiS following our
design (used for isolation studies).

— » Showed some high fields due
. processing and design issues
(misalignment, over etching, sharp
corners).
» |solations showed no break throughs.
» Final design for our production was
adopted to these measurements.

AVRAY> S 34 _
Bremsstrahlung from accelerated

<< 19 » > electrons show high fields



oo Readout of the prototype sensors
qie L
M. Beimforde w /

Motivation

» ATLAS pixel sensors:

Concepts

» Standard ATLAS pixel sensors
(single chip) with fanout structures

Ongoing work

Summary
» Possibility for ICV connection or
conventional wire bonding
» Chip-to-wafer SLID connections
» Minimum feature size limited by the
pick an place precision of SLID
process
Hnnnnm
ATLAS pixel sensor
interon » Sensors for custom made chips :
» Designed to test different pitches in
TN R e T A e e AL combination with SLID
R » Chips developed together with
s N S
T e oy IR, Interon (Oslo, Norway)
ApDo= 41 » Just analog electronics / readout

" ""Custom made read out chip
<< 20 » >
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Testing SLID with thin diodes

Metallization SLID (Solid Liquid Interdiffusion) » SLID processing:
» Copper and tin with correct

cu. stoichiometric concentrations are
ke ko Inteycliffusion sputtered on the contacts
E T S
o Cu,Sn
L 1 1 e iecic > Top and bottom structures are
— — — aligned and brought in contact
L ] L ]
] i
Th h Mask Contact under Pressure Formation of > ThrOUgh pressure and heatlng an
ctroplatin and Heat Eutectic Alloy; tectic alloy is formed
Electroplating ~ 5 bar, 260 — 300 °C (Sn-melt) T, > 600 °C eutecltlic alioy
» This allows multi layer stacking
Comparison of leakage current beforeCu and afterHeat @ 50.0 V because Tmelt Cu Sn> Tmelt Sn
7 3 7
ﬁ 60* ——— Wafer 1: p_0=0.65+0.01
T [l Wafer2:p 0=0.64+001 » Possible risks:
N
= 50 . . .
< I » Copper diffusing into the sensors
" a0f would cause very high leakage
- / currents which are unacceptable
B P
30 . .
r ~ » Measurements of thin SLID like
»oF v ,/ treated diodes show low leakage
— ..i.{ .
- »}:ﬂ + currents before and after heating
r o =
10 . .
i ﬁ” : » No copper diffused into the
/“( sensors while heating

OD
—
<
[
=

30 40 50 60
I [pA] beforeCu



el SLID test structures

for the
SLHC
» SLID test structures :
M. Beimforde » Separate production
» Testing of:
Motivation
» SLID interconnection (daisy chains)
Concepts

Ongoing work » Mechanical stability

Summary » Pick and place precision
» Resistance of SLID connections
Probing (- cHigcutiing lin
[
Ap-Byztt Daisy chains Test pick and place precision

< 4 23 > Py
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Electronics optimization

5-bit GDAC

3-bit FDAC

2" stage +
discriminator

prev. pixel FastOR HitBus
C—————

next pixel FastOR HitBus
— >

enDiglnj =
StrDig =

ReadPixels
[ ——

prev. pixel

control

logic

freeze hitbus
E—

v busy |
- LE
preamp \_TE f¢—latch +latch
t A
p
analogue read
P . row # |«
IECKION fo kmeTDAC Crav conl | [ROM next pixel
DACTrimTH \ Myl SO read hitbus
IE_!I_ —r \ =jJ tlmestamp_’J_RAM - L
rim
- 14 SIEU tr?lerant :::- . read
atches = "
- '\_RAM—l
m | Gray counter EOC logic  ReadPixels I__;]' TOT
DACTrimTH |B—» - ; rocessor
u DACH%E”IF latency timestam p freeze wrlte;l Yy v 4
enhitbus n
m— inter pixel connection enable |~ > - delete [eag :!64 280 bl;fersj
m—» FE external connection Select |LVLIe————+
o pixel internal connection = readout controller| YYvyvyvy DO

m— pixel-BOC connection

(BOC) bottom of column region

data serializer

Pixel channel readout scheme

» Dealing with smaller signals :

» The present ATLAS FE-I3 readout chip can be tuned to different

working conditions

» Several DACs allow to lower the threshold to some extend
» The tuning procedure was optimized for low threshold tunings



e Electronics optimization

for the
SLHC |_Threshold scan after Tuning_| —— ggiol@::gggge N
.:_:'ﬂ C —— BUTETE&;zOOOOsz -
£ T : .
M. Beimforde 000 » Tuning results:
E
3500 » Tunings from the standard 4000e down
Motivation s0ok 5 to 1800e were performed.
Concepts ssook ' » At around 2000e noise hits start to
Ongoing work Ly dominate and tuning fails.
Summary 20001 i " . :
- » The optimized tuning procedure shows
1500 .
2000 2500 3000 P00 et threth. better results for low threshold tunings.
Tuning to lower thresholds » A similar “fail-pattern” was seen for all
three different modules that were tested.
[ ) > |.e. the FE-I3 seems not to be the most
e critical component.
» Either the signal routing or the Module
Control Chip (MCC) might cause this
pattern.
» May hint at a good starting point for low
threshold hardware optimizations.
Ap-Byz2E

<< 26 » Ph Fail-pattern observed on three different modules



D&ﬁas Eh“T"nany
for the
SLAC - » Developing a pixel detector for the SLHC requires to employ

M. Beimforde new concepts of semiconductor detectors.
Motivation » Radiation damage will decrease the drift distance.

Concepts

ongoingwork  » The sensors thickness can be optimized to maximize the
Summan collection efficiency:.

» Thin sensors will be interconnected to readout electronics
using the new ICV-SLID technology.

» Copper diffusion barriers have been validated to work.
» More ICV-SLID test structures are on their way.

» Electronics are being tuned to smaller signals of thin sensors.

Ap-Byz 2t
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