o ATLAS ITk pixel module bump bond stress analysis - %1k

E1S Jorn Grosse-Knetter on behalf of the ITk Collaboration I
ATLAS Il. Physikalisches Institut, University of Géttingen — email: jgrossel@uni-goettingen.de @\omN'eEws;; MMMMM .

Pixel Modules Bump Bond Stress
Pixel module structure: | Modules need to be cooled in operation (dedicated CO, cooling
* Hybrid of pixel sensor and 3 or 4 read-out chips (FE): plant), but will be warm in-between.
» Connected channel by channel with SnAg or In bump bonds. Require all components to withstand order of 100 cycles of the
* Bump bond pitch same as pixel size: 50 x 50 pm?=. cooling system between +25 and -45 °C @ 1°C/min.
* Glued to thin PCB (flex).
* Mounting of modules on support structures forming barrel or end- Prediction of bump stress and cycles to failure obtained from FEA
cap layers. simulation:
Wire bonds Sensor Flex with SMDs Glue (Araldite) * High density array of bumps, individually modelled with full
viscoplastic material —_— o KO et
Module properties. I e e
' . X=S€C. » Flex with realistic et
Local support __ Cu content. FE chip 150um
Glue (Stycast) FE chips Bump bonds
Compound structure of detector: Coffin-Manson law:
* CTE mismatch between components of/on module. Nf=l(ﬁl)mc} f\’r} iii?#iﬁ:iii‘iﬁ’};‘l’fff°“’"* Results do not include creep and based
* Modules will be mounted on substrate with CTE < lowest CTE local 2\ 2¢f ol vty exponent. ol values from similar parts
support — as proposed in ITk pixel: with rigid adhesive _ calculation of cycles to [N
- stress through temperature variation during operation a concern. failure from total strain B -5 5 +40-> 45 25 >-45

& |Investigated with modules with

¥ ° Prototype (RD53A) chips (%2 size) or

‘B amel § pre-production chips (full size)

. .-.,u;,--f,ll * Real ITk bump bond pitch, SnAg
o bum p bonds

B | @ * Flex with real Cu content

» Attached to carbon sheets
(end-cap (EC) style, outer
barrel (OB) style (PG),
or TPG)
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Experimental studies involving thermal cycling

of modules through specialised machines at

several sites over +60 to -55 °C — wider

range to see faster delamination than at

range +25 and -45 °C.
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Dedicated campaigns with double-
chip and four-chip modules from
three bump bond vendors.
Some samples coated with
parylene (HV protection).

Iimate/shock chambers
used for cycling studies

Pixels Strips

Upgrade of ATLAS with HL-LHC
* LHC will upgrade to higher inst. luminosity (HL-LHC)
 Upgrade of ATLAS: replacement of current tracking
detector by all-silicon Inner Tracker (ITk)
* ITk comprises of 4 strip and 5 pixel layers in barrels
and end-caps

Shear Tests

Better
understanding
of adhesion -
measure bond
strength in lap
shear tests.

Module samples, sandwiched between Al
strips, bonded with ARALDITE 2011, pull

tested to failure.

Cycling: Bump Defects

Measurements
between cycling

0
;1_<> 104 = l:l all pixels
E - pixel w/o src hit

- build O(10k) pixel modules in next years
- must verify that design ensures reliable
operation over 10 years of HL-LHC
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bump qualmimty:

. . Test | Vendor and module | Test type Surface Bumps Ultimate Ultimate
¢ Source tEStS tOO fEW/ nO hItS Seen type preparation per FE force per chip | bump
b tion lost - Results " oo
- ump Connec Ion OS (reqUIreS B’ y’ Or d I 1 Vendor-A single | Double lap | Acetone 400336 | >652.8 > 0.0049
_ " chip module shear test cleaning
X ra.y SOurce)- MOSt mo u eS 2 Vendor-A  single- | Single lap | Plasma 400*336 >693 > 0.0052
- . . o o . . chip module shear test cleaning
¢ NOISG or CrOSS'taIk sSensor InﬂuenCeS ampllfler fa”ure at adheS|Ve Iayer, 3 Vﬁ'ndor—gl single- Sri1nglet tI.'alp reavy ace{; 4007336 | >1060 > 0.0079
. . .. . . . chip module shear tes one  an
— Information on bump connectivity (easier In-situ). alohohol
P y not at bump bonds - only coaning
4 Vendor-A  single- | Single  lap | Scotch-brite | 400*336 >1450 > 0.0108
. - " - chip module shear test
Example Of early Sample | vendor| Substrate | Paryiene | Module . [c\lyucr;;gerw{i)tLﬂlech.T;: E::fn:r%ggre ro?fcfii_ Iower Ilmlt Of force- 5 Vendor-B quad | Single lap | Scotch-brite 400*384 853 0.0056
. 0 disconnects connects module FE-1 shear test
delamination DCies | T [OBTPG | O 250100 SO0985 In case failure is observed, § | Vendor® quad | Single _Tap | Scolenbrte | 400984 | 219 0.0016
150 | Gboz | C OBTPG | N Dual 2 [ 1050 700/13594 module FE-2 shear test
CyCles GDboi | C ECCFRP | N Dual T 700-250 50071523 .
T B L L e turn force into bump strength.
: a " WW ) EE&”S’& g ggggﬂp \’f gllij)%ls—ouad f-4 jggo 183?517 b d dﬂ: b d I I
e Josrs Ty o o Observed difference between vendors A, B support cycling results.
N, KEKQT8 | C OBPG |V RD53-Quad | 14 | >100 10070
GLAz | C ECCFRP | N RD53-Quad | 14 | 100 100/0
" GLAZ | C ECCFRP | Y RD53-Quad | 14 | >100 100/0
GLAG | C ECCFRP | Y RD53-Quad | 14 | 100 100/0
RDOS | A ECCFRP | N Dual T [ >1000 1000/0
: T AL L LB Summary
e e o RDO5 | A EC CFRP | N Dual Z [ >1000 1000/0
w0 e e e ae e RDO4 | A EC CFRP | N Dual T [ >1400 1200/26
RDOZ | A ECCFRP | N Dual Z 1200 1600/81 . . . . . .
oMz [ A [OBTPG [N [Dw |1 |>foo_ Towz _ * Measurements confirm simulation: thermal cycling is risk to bump
500 C‘y‘C|E‘S DCM5 | A OBTPG | N Dual 1 10-50 250/354 bond |ntegr|ty
DoV | A OBTPG | N Dual 2| 50-100 5007136
B10 B EC CFRP | N Dual 1| >50 50/0
; N 358 TECCRP N o |1 500-10% 00055 ‘R It d d d UBM and b bond ifi
™ B15 B EC CFRP | N Dual 2 100-250 500/41497 eSU epen S On Ven Or ( an Ump On SpeCI ICS)
s : B17 B EC CFRP | N Dual T 010 1000/8027
e supported by shear stress measurements
ot | 4 Sample vendor | Substrate | Irradiated Number of thermal | Max. number of cy- pp y
a0 cycles with <0.1% | cles/number of dis- .
’ i N U dsconects | connect * Result depends on carbon support material: TPG vs end-cap or
KEKvi2 | B OBTPG | N 100 100/0
o S S mmoy Jmee . Em . oo Eon CpTEDENS KEKvi2 | B OBTPG | 6.3015/500Miad | 5200 200/0 outer barrel Support
KEKvi-3 | B OBTPG | N >100 100/0
KEKv1-3 | B OBTPG | 6.3e15/500Mrad | >200 200/0 ' . -,
_ KEKVT4 |8 | OBTPG | & * Parylene coating reduces effect, before and after irradiation
Res u Its KEKv1-19 | B OBTPG | N 100 100/0
- KEKvi-19 | B OBTPG | 6.3e15/500Mrad | >200 200/0

* Vendors A and C qualified even with harsher cycling range

* Benefit from parylene coating — go forward with vendor B: gain more
statistics and thus more confidence in vendor B until production

* Upcoming studies: 3-chip modules and In bump bonds (promis. FEA)

* Vendors A, C: delamination
starts > 100 cycles; end-cap/PG support slightly better than TPG

* Vendor B: several modules with delamination < 100 cycles

* Vendor B with parylene: increased bump connection strength
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