Bump bonding requirements for
R&D (RD50 investigation of rad-hard
silicon)



Example of an effective approach

* Huge amount of data accumulated with micro-strip detectors
* Reason: possibility of irradiation separated from electronics

e Room temperature bonding (pu-wire bonding)

 Bondable (and re-bondable) after irradiation

e Use of dedicated readout, laboratory source tests (mip)

* Fast turnover

* Possibility of test-beam (as definitive proof for performances)

OUTCOME:

Thorough investigation of properties of segmented detectors up
to inner layers of HL-LHC doses (>2x10% n,, cm™).

Results have informed experiments on performances of sensors.



Activity in the CERN/RD50 collaboration

The RD50 collaboration is dedicated to the development of Radiation hard semiconductor devices for
very high luminosity colliders.

Results from this collaboration have become technological baseline (for future detector upgrades at the
HL-LHC) or operation practices (for current and future detectors) for building and running silicon vertex
and tracker sensors. The use of n-in-p sensors, the discovery of charge multiplication in irradiated micro-
strip and pixel sensors and the use of annealingfo~—-~-~"-=*%- -~~~ —r
irradiation are example of findings from RD50 tha
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Pixel sensors for Vertex detectors

Pixel detectors applicable to the innermost layers of upgraded ATLAS and LHCb detectors are
being developed. They are designed to sustain the radiation doses required by these
experiments (> 2x10*° n,, cm™).

Minimum ionising particle signal recorded with pixel n-in-p Si sensors
after various doses of irradiation up to 2x10*® n,, cm™.
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Imaging a °Sr beta source with n-in-p pixel Si sensors after 7x10'> n,, cm.




“Easy access” bump bonding essential

APR 5E15 normalised cluster size :igg APC 5E15 normalised cluster size 300
1  Series3 0.7 ®500
M Series4
Needed to invent n o0 = 700
dedicated = 2000 = 900
= 1100 w1100
structures for = 1300 aos
« . ™ 1400
chaining together 1500 = 1500
pixels to readout B 1700 = 1700
with p-strip sensors 1 2 3 4 5 6 1 2 3 4 5 6

electronics.

Non irradiated
5x10'n_ cm™ (APC)
5x10" n_ cm” (APR)
1x10"° n_ em™ (APC)
1x10"° n_ cm” (APR)
3x10° n_ cm” (APC)
3x10"° n_ cm™” (APR)
5x10'° n_ cm” (APC)
5x10"°n,_ cm” (APR)
1.0x10"n_ cm™ (APC)
v 1.0x10"n,_cm® (APR)
> 2.0x10°n, cm® (APC)
> 2.0x10°n_ cm” (APR)

T
-
—r—
[y

=

.
= o
o o+

FPHEH

A KA I HEaH

e
e
e
e
e
e

I HEH
- HEH
1P HHHH
O D A
I e HOHKMH [ 2] -
- < KA KON - HamH
HOH KO+ I D HemH
7 A KA KOHH
7
¢ KA KA
K HOA RO HHDA
KN A RO HH
o4 RO -
[3e2] A HH
‘e O -
4 00 ¢ pPD>EOnN

l.----.'.'] I.‘III a

LA LA BN L LA NN BN BNLAN LA LA |
KM ODH HH

[ IOHeH M HEH
i O

PN P INPUR AU PN BNPU S PO BNPUN S PO PO A

I

- '-u--- GBI @

--- -.-- aE@mw e
ﬂ- L c2 I
@@ T 1 ‘
G@Aa@AE = 111 “
SN W é " ﬂ‘

a7 '('u flllu

= K2 OMM
L O

T

Ll 1 [ IPR IR R N
0 250 500 750 1000 1250 1500 1750 2000 2250

Bias Voltage (V)




