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(single-point Tape Automated Bonding)




Ll Following on from:
* Bond trials (here).
» Initial PCB mounting (here and here).

a————

W00 00 T

—=Reminder:

applying glue.

« Utilised the solder/probe pads on the Power/data IN
side of the FPC — mounting was easy!
However, this needs to be cut off.

 Limited locations for the weight on the S/C OUT

S\ o side of the FPC.
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https://indico.bnl.gov/event/25812/contributions/100260/attachments/59312/101897/24-01-06_SVT-OB_Module_Bonding_JJG_r2.pdf
https://indico.bnl.gov/event/25582/contributions/99472/attachments/59947/102975/25-02-13_SVT-OB_Module_Bonding_JJG_ET_r2.pdf
https://indico.bnl.gov/event/25583/contributions/104451/attachments/60523/103921/25-03-13_SVT-OB_Module_Bonding_JJG_r1.pdf

FPC to PCB alignmen

T - T (. ——_—-
o ik .

UNIVERSITYOF
BIRMINGHAM

26 June 2025 EIC-UK WP1 (MAPS) F2F meeting (Brunel) ' 4



* The differential lines don't line up!

PCB differential lines
FPC differential lines —

A0 0 i 1 TR I

For full length data
transmission testing,
these resistors need &0

to be removed!

S
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. Kept to the bond settings found to work well
., from testing.

..+ Vertical offset between FPC and PCB

seemed much smaller than with the

(unglued) test structure.

Observing bonds being done appeared to
go very smoothly.

* A couple of foils had noticeable snapped at
either end of FPC, seemed minimal.
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FPC to PCB bonding ePl&j (((QT))))



https://indico.bnl.gov/event/25812/contributions/100260/attachments/59312/101897/24-01-06_SVT-OB_Module_Bonding_JJG_r2.pdf

/

\& (((E ))))

Base cross-section of M-FPC and B-FPCs

Pushing the Al foil

 The FPC was mounted up-side-down,

. . . . Cover layer (mauiatiog) | Pi125@5um  Kapton |
therefore aluminium foil was being stretched —

uuuuuuuu

further than planned spacor [Bb & leaniah
- Bonding top layer, instead of bottom, to the PCB! A

* |t was found that this appeared to be pushing
the foils to their limits.
* A lot of foil traces were damaged!

« Especially bad on the S/C OUT side.

« Since the bonding, we have been handling the
structure to prepare mounts for shipping. W '
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Visual mspection (post bonding) eH&j («ET)»)

Power/data IN S/C OUT

« 5 (out of 60) snapped foils. « 7 (out of 16) snapped foils.

* 76.6% of bonds appeared « 37.5% of bonds appeared
perfect (46/60). perfect (6/16).

9 foils showed irregular foll « 3 foils showed irregular foll
deformation (badly kinked). deformation (badly kinked).

Can be seen from original spreadsheet.

Imaqge repository
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https://cernbox.cern.ch/s/EBYvgiMt7ZlEFuV
https://cernbox.cern.ch/s/5eTOE9fCrj18C5Z

Visual mspection (post handling) eH&j (((€T>)))

Power/data IN S/C OUT

« 5 (out of 60) snapped foils. * 10 (out of 16) snapped fails.

* 75% of bonds appeared « 18.75% of bonds appeared
perfect (45/60). perfect (3/16).

9 foils showed irregular foll « 3 foils showed irregular foll
deformation (badly kinked). deformation (badly kinked).

* 1 bond was poorly aligned, foll

was twisted, limiting contact to c

) } an be seen from new spreadsheet
PCB (preVIOUS Image was not (extra tabs to compare old and new data).
well focussed to see this). Image repository

27 UNIVERSITYOF
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https://cernbox.cern.ch/s/nqVcl358TGVzYGE
https://cernbox.cern.ch/s/e4xRmCjdQwaUHFq

New jig and PCB QH& (((€T>)))

* We have an additional jig from Oxford (thanks)!

« This version is designed to be James-proof (FPC only fits in the correct
orientation).

* We also have the updated PCBs from Andy (thanks)!

« Now with the solder resist removed under the FPC to minimise the
height different between the aluminium layers of the FPC and the pads
of the PCB. ’ - mj |
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Main-FPC sample 2

« Upon inspection, this jig does not have the
cut-outs for the B-FPC alignment tabs.

« Can be solved by cutting off alignment.

* |nitial visual inspection suggests good
alignment between FPC foils and PCB bond

pads can be achieved. \ J

* Look at using a nylon stand-off as
a weight to aid alignment.

9 UNIVERSITYOF
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spTAB summary eH&j (((€T>)))

« Handling of original M-FPC sample has revealed more damage
to aluminium foil (only on the S/C OUT side).

* |s this linked to difficulty supporting and mounting this side of the
M-FPC?

* New jig, PCBs and M-FPC received at Birmingham.

« Considerations for best method to hold FPC to PCB (during
bonding) are under consideration. Examples below: d
\

« Bonding while FPC is held by a weight only (and holding with a bead of
glue, around edges, after bonding).

* Holding FPC with glue dots for bonding (and adding more glue
afterwards).

=9 UNIVERSITYOF }A W
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Wire bonding
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Wire bond samples ePl&ﬁ (((€T>))

We received Samples from LTU to trial wire Cover layer (insulating) [[Pi 125 (25)um Kapton Ni.SnBi
wire bonding (and perform pull tests on). Top Layer (signals)

Glue ~5um

Samples also share with Liverpool for these trials.seecer #zsm — Hapton

. Single Al foil layer: LTU-15-10 e o [

« Dual Al foil layers: LTU-15-10 + 25umKapton + LTU-15-10

Initial findings from Liverpool
were reported at the Electrical
Interfaces Meetings. 0

Fwm UNIVERSITYOF M
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https://indico.bnl.gov/event/25584/contributions/99482/attachments/61126/105015/Foils_bonding_Liverpool.pdf
https://indico.bnl.gov/event/25584/
https://indico.bnl.gov/event/25584/

No samples have been
cleaned for these tests

Mounting options

dN
1AIN

)
-

Focussed on Dual Al foil layers
(LTU-15-10 + 25umKapton +
LTU-15-10) for 15t trials.

3 mounting options considered:
* Vacuumed with a diffuser.

0 04£-20-6%

- O0dY3AIT 40 ALISY

* Vacuumed directly to jig
(naked).

« Taped flat.

W UNIVERSITYOF
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Material considerations eH&j («€T>)))

Liverpool showed that wire bonding onto this Al foils behaves very
differently that to a standard PCB/silicon chip.

* Had to adjust bond parameters just to get wire to weld.
* Even then results were inconsistent.
 However, did show that good welds can occur.

PCBs (typically) have thin metallisation on thick (FR4) substrate.
ASICs (typically) have thin metallisation on silicon substrate.

 The metallisation can be similar to that on these foils (~15 um Al).
* The substrate are very rigid* compared to these foils (<50 um Kapton).

F9 UNIVERSITYOF * 1" .
kY B RMINGHAM For silicon >100 pm thick.



https://indico.bnl.gov/event/25584/contributions/99482/attachments/61126/105015/Foils_bonding_Liverpool.pdf

Soft substrates ePl&j (((ET))))

Had to rethink the bond parameters due to these more flexible substrates.
Many parameters are optimised for rigid substrates(with soft wire):

* Touchdown force (cN) — how much resistance the tool receives to
known it has made contact.

* Overtravel (um) — how far the tool is pushed into the substrate after
making contact.

* Bond force (cN) — how much extra the tool pushes while welding.

* Deformation (%) — how much the wire should change before welding is
complete.

How much is one compacting the substrate, rather than the wire?

e UNIVERSITYOF
g~y BIRMINGHAM
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. . No samples have been /e
ere bOIld trlals cleaned for these tests eP'I&j («ET))»

I n g e n e ra I y TF (cN) | Def (%) | BF (cN) | US (%) | S_OT (um) | D_OT (um) | LeaveAng (°) Wire Direction Mounting #10 | Mean (g) | SD (g) | # of S_b(1) | # of D_b(2) | # of Span(3) | # of S_p(4) | # of D_p(5)
- Taped 0 NA | NA N/A N/A N/A N/A N/A
m I n I m al 18 35 20 20 50 25 90 cce w.grain  |Vacd (naked)| 0 NA | NA N/A N/A N/A N/A N/A
vacd (dify | 0 NA | NA N/A N/A N/A N/A N/A
d 'ff Taped 0 NA | NA N/A N/A N/A N/A N/A
I e re n Ce 16 50 18 20 50 25 90 cce w.grain  |Vacd (naked)| N/A | NA | NA N/A N/A N/A N/A N/A
vacd dify | NA | NA | NA N/A N/A N/A N/A N/A
between the Taped 9 699 | 1.80 0 0 0 5 4
16 50 18 24 50 25 90 cce w.grain  |Vacd (naked)| 3 494 | 0.80 0 0 0 3 0
. vacd (dify | 4 548 | 0.98 0 0 0 4 0
mOu ntl ng Taped 8 474 | 118 0 0 0 8 0
. . 14 50 16 24 50 25 90 cce w.grain  |Vacd (naked)| 3 6.44 | 0.86 0 0 0 3 0
Va rl atl O n S Vac'd (diff) 9 6.00 | 1.91 0 0 0 9 0
. Taped 9 1330 | 1.38 0 0 0 6 3
14 50 16 24 25 25 90 cce w.grain  |Vacd (naked)| 9 14.37 | 1.68 0 0 0 6 3
“T d " vacd dify | 10 | 1312 | 1.76 0 0 0 3 7
a pe y Taped 8 121 | 175 1 2 3 0 2
. 14 50 16 24 25 25 45 Heraeus w.grain  |Vacd (naked)| 9 1322 | 137 2 2 3 0 2
n Otl Ce a b I y vacd (dify | 4 961 | 032 0 0 0 4 0
Taped NA | NA | NA N/A N/A N/A N/A N/A
I . ft d d . 14 50 16 24 25 25 2 Heraeus w.grain | Vacd (naked)| 7 1345 | 087 3 0 2 2 0
I e u rl n g vacd (dif) | 8 1144 | 2.18 4 1 1 2 0
Taped 10 | 965 | 137 9 0 0 0 1
p u I | te StS 14 50 16 24 25 25 45 cce w.grain  |Vacd (naked)| 10 | 11.93 | 0.72 8 0 0 1 1
" Vacd (diff) | 9 10.70 | 1.82 8 0 1 0 0
Taped 10 | 1073 | 218 2 1 1 0 6
Fu ” SpreadSheet 14 50 16 24 15 15 45 cce w.grain | Vacd (naked)| 10 | 1157 | 1.74 9 1 0 0 0
Vacd (dif) | 10 | 10.02 | 2.41 10 0 0 0 0
can be seen here. Taped | 10
S— 14 50 16 24 13 13 45 cce w.grain  |Vacd (naked)| 9 1040 | 1.88 8 0 0 0
UNIVERSITYOF Vacd (i) | 10 | 995 | 227 6 0 0 4
BIRMINGHAM Run through of table information can be seen here
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https://cernbox.cern.ch/s/UJOOWHfJxDD36Kj
https://indico.bnl.gov/event/28147/contributions/107673/attachments/61890/106209/25-05-21_FPC_Wire_Bonding_JJG_r1.pdf

Reasons for the changes ePl&j (((ET))))

If the tool pushes too hard, it risks piercing the foil or damaging the
Kapton insulating the aluminium layers, therefore:

* Minimise touchdown force (TF).

* Minimise bond force (BF).

* Minimise overtravel (OT).
The foil (~15 um) is thinner than the wire diameter (25 ym),
it could melt at a similar point to (or before) the wire, so:

* |ncrease deformation (Def), to account for
deformation of the foil (and not just the wire).

Ew UNIVERSITYOF
&y BIRMINGHAM
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. No samples have been 7
ere bOIld Summary cleaned for these tests eP'I&j («€T>»)

* Further studies on wire bonding to the aluminium foils from LTU
have occurred.

* We are seeing some good indications and are determining
parameters to focus on for optimising the welds.

» Parameters are not there yet but should be a good starting point.

« Expecting that the support structure will also play a big part (bonding on
a thick aluminium vacuum jig).

* Noticed some difference with the bonds on the diffused vacuum sample.
The clean room paper gave some cushioning and needed more
overtravel (14 um) than the others (13 um) when very low.

* More to come from the studies @Liverpool by Jian.

X UNIVERSITY©¥
# BIRMINGHAM



https://indico.bnl.gov/event/28269/contributions/109367

>
A% BIRMINGHAM ePIQ/ («ET)»)

DA
<= RN =~
2= NI -~

Thank you very much!

Any questions?
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Additional (support) shides
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spTAB — visual inspection eP-I&j (((€T>)))

* Most breaks appears at the edge of the PCB's s s e~ Nk
solder mask (this layer is only 20 um thick).

Some irregular kinks in the foil are observed.

* More than 60% of the S/C :

OUT side show some damage. i ok N

» May still have continuity, but not I i il e
ideal for HS data Tx. - ——

* Due to trouble keeping
FPC flat at this end?

e Only ~25% on the
Power/data IN side. ‘

FW UNIVERSITYOF TR BT M\J\j %
gy BIRMINGHAM
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Wire bond — spreadsheet deﬁnitionsepj& («€T>)))

TF= Touchdown Force (cN)
Def= Deformation (%)
BF= Bond Force (cN)
US= Ultrasonic Power (%)
S_OT= Source Overtravel (um)
D_OT= Destination Overtravel (um)
LeaveAng= Leave Angle (°), 90° = perpendicular to surface
Heraeus= Hersaeus AlSi-M, Aluminiun+1%Silicon wire (medium strength), 25 um, >1% elongation, 15-17cN Breaking Load (installed to
the Right-hand wire bonder in BILPA)
CCC= Custom Chip Connections CC-250, Aluminiun+1%Silicon wire (medium strength), 25 ym, 1-4% elongation, 15-18g Tear
Strength (installed to the Left-hand wire bonder in BILPA)
w. grain= With the grain of the Al foil
a. grain= Against the grain of the Al foil
Taped= Foil taped down (all 4 sides) to chuck.
Vac’d (naked)= Foil vacuumed to chuck, nothing in between chuck and foil.
Vac’d (diff)= Foil vacuumed to chuck, with clean room paper as a diffuser between chuck and foil.
#/10= # of pullable wires, out of a maximum of 10 wire attempts
# of S_b(1)= # of Source heel breaks (failure mode: “17”)
# of D_b(2)= # of Destination heel breaks (failure mode: “2”) 2 6
# of Span(3)= # of Span breaks, centre of wire snaps (failure mode: “3”)
# of S_p(4)= # of Source peels (failure mode: “4”)

# of D_p(5)= # of Destination peels (failure mode: “5”)
g UNIVERSITYOF
m BIRMINGHAM




Wire bond trials epl& (((ET))»

TF (cN) | Def (%) | BF (cN) | US (%) | S_OT (um) | D_OT (um) | LeaveAng (°) Wire Direction Mounting #/10 | Mean (g) | SD (g) | # of S_b(1) | # of D_b(2) | # of Span(3) | # of S_p(4) | # of D_p(5)
T h e St a n d a rd Taped 0 N/A N/A N/A N/A N/A N/A N/A
18 35 20 20 50 25 90 ccc w.grain  |Vacd (naked)| 0 N/A N/A N/A N/A N/A N/A N/A
" . " " Vac'd (diff) 0 N/A N/A N/A N/A N/A N/A N/A
deviation is still N I T B B B B T A
. 16 50 18 20 50 25 20 cce w. grain | Vacd (naked)| N/A N/A N/A N/A N/A N/A N/A N/A
h I h e r th a n Vac'd (diffy | N/A N/A N/A N/A N/A N/A N/A N/A
g Taped 9 6.99 1.80 0 0 0 5 4
16 50 18 24 50 25 90 cce w.grain  |Vacd (naked)| 3 494 | 080 0 0 0 3 0
p refe rred . Vac'd (diff) 4 548 | 0.98 0 0 0 4 0
Taped 8 474 1.18 0 0 0 8 0
14 50 16 24 50 25 90 ccc w.grain  |Vacd (naked)| 3 6.44 | 0.86 0 0 0 3 0
Vac'd (diff) 9 6.00 1.91 0 0 0 9 0
Taped 9 1330 | 1.38 0 0 0 6 3
14 50 16 24 25 25 20 cce w.grain | Vacd (naked)| 9 14.37 | 1.68 0 0 0 6 3
Vac'd (diff) 10 1312 | 1.76 0 0 0 3 7
Taped 8 1121 | 175 1 2 3 0 2
14 50 16 24 25 25 45 Heraeus w.grain  |Vacd (naked)| 9 13.22 | 1.37 2 2 3 0 2
Vac'd (diff) 4 9.61 0.32 0 0 0 4 0
Taped N/A N/A N/A N/A N/A N/A N/A N/A
14 50 16 24 25 25 90 Heraeus w. grain Vac'd (naked) 7 13.45 0.87 3 0 2 2 0
Vac'd (diff) 8 1144 | 2.18 4 1 1 2 0
Taped 10 9.65 | 1.37 9 0 0 0 1
14 50 16 24 25 25 45 cce w. grain | Vacd (naked)| 10 11.93 | 072 8 0 0 1 1
Vac'd (diff) 9 10.70 | 1.82 8 0 1 0 0
Taped 10 10.73 | 2.18 2 1 1 0 6
Fu ” SpreadSheet 14 50 16 24 15 15 45 cce w.grain | Vacd (naked)| 10 | 1157 | 1.74 9 1 0 0 0
Vacd (diffy | 10 10.02 | 2.41 10 0 0 0 0
can be seen here. Taped | 10
— 14 50 16 24 13 13 45 cce w.grain  |Vac'd (naked)| 9 10.40 | 1.88 0 0 0
9 UNIVERSITYOF Vacd (diffy | 10 995 | 227 6 0 0 4

BA. BIRMINGHAM
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https://cernbox.cern.ch/s/UJOOWHfJxDD36Kj

Wire bond trials epl& (((ET))»

. TF (cN) | Def (%) | BF (cN) | US (%) | S_OT (um) | D_OT (um) | LeaveAng (°) Wire Direction Mounting #/10 | Mean (g) | SD (g) | # of S_b(1) | # of D_b(2) | # of Span(3) | # of S_p(4) | # of D_p(5)
S e e I n g a n y Taped 0 N/A N/A N/A N/A N/A N/A N/A
18 35 20 20 50 25 90 ccc w. grain | Vacd (naked)| 0 N/A N/A N/A N/A N/A N/A N/A
. Vac'd (diff) 0 N/A N/A N/A N/A N/A N/A N/A
WI re S p a n Taped 0 N/A N/A N/A N/A N/A N/A N/A
. 16 50 18 20 50 25 90 CcC w. grain | Vacd (naked)| N/A N/A N/A N/A N/A N/A N/A N/A
b re a kS I S Vac'd (diffy | N/A N/A N/A N/A N/A N/A N/A N/A
Taped 9 6.99 1.80 0 0 0 5 4
. = 16 50 18 24 50 25 90 ccc w. grain | Vacd (naked)| 3 4.94 0.80 0 0 0 3 0
I m p re SS I Ve . Vac'd (diff) 4 5.48 0.98 0 0 0 4 0
Taped 8 4.74 1.18 0 0 0 8 0
14 50 16 24 50 25 90 cccC w. grain | Vacd (naked)| 3 6.44 0.86 0 0 0 3 0
Vac'd (diff) 9 6.00 1.91 0 0 0 9 0
Taped 9 13.30 | 1.38 0 0 0 6 3
14 50 16 24 25 25 90 ccc w. grain | Vacd (naked)| 9 1437 | 1.68 0 0 0 6 3
Vac'd (diff) 10 1312 | 1.76 0 0 0 3 7
Taped 8 1121 | 1.75 1 2 3 0 2
14 50 16 24 25 25 45 Heraeus w. grain | Vacd (naked)| 9 1322 | 1.37 2 2 3 0 2
Vac'd (diff) 4 9.61 0.32 0 0 0 4 0
Taped N/A N/A N/A N/A N/A N/A N/A N/A
14 50 16 24 25 25 90 Heraeus w. grain Vac'd (naked) 7 13.45 0.87 3 0 2 2 0
Vac'd (diff) 8 1144 | 2.18 4 1 1 2 0
Taped 10 9.65 1.37 9 0 0 0 1
14 50 16 24 25 25 45 cce w. grain | Vacd (naked)| 10 11.93 | 0.72 8 0 0 1 1
Vac'd (diff) 9 10.70 | 1.82 8 0 1 0 0
Taped 10 10.73 | 2.18 2 1 1 0 6
Fu ” SpreadSheet 14 50 16 24 15 15 45 cce w.grain | Vacd (naked)| 10 | 1157 | 1.74 9 1 0 0 0
Vac'd (diff) 10 10.02 | 2.41 10 0 0 0 0
can be seen here. Taped | 10
— 14 50 16 24 13 13 45 cce w.grain  |Vac'd (naked)| 9 10.40 | 1.88 0 0 0
‘ UNIVERSIT‘I’OF Vac'd (diff) 10 9.95 2.27 6 0 0 4

BA. BIRMINGHAM
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https://cernbox.cern.ch/s/UJOOWHfJxDD36Kj

. . No samples have been /e
ere bOIld trlals cleaned for these tests eP'I&j (((ETD)»

- . TF (cN) | Def (%) | BF (cN) | US (%) | S_OT (um) | D_OT (um) | LeaveAng (°) Wire Direction Mounting #/10 | Mean (g) | SD (g) | # of S_b(1) | # of D_b(2) | # of Span(3) | # of S_p(4) | # of D_p(5)
I n Itl a | S ettl n g S Taped 0 N/A N/A N/A N/A N/A N/A N/A
18 35 20 20 50 25 90 ccec w. grain | Vacd (naked)| 0 N/A N/A N/A N/A N/A N/A N/A
Vac'd (diff) 0 N/A N/A N/A N/A N/A N/A N/A
(Sta n d a rd Taped 0 N/A N/A N/A N/A N/A N/A N/A
. 16 50 18 20 50 25 90 cce w. grain | Vacd (naked)| N/A N/A N/A N/A N/A N/A N/A N/A
P C B ) fa I I to Vac'd (diff)y | N/A N/A N/A N/A N/A N/A N/A N/A
Taped 9 6.99 | 1.80 0 0 0 5 4
16 50 18 24 50 25 20 cce w.grain  |Vacd (naked)| 3 494 | 0.80 0 0 0 3 0
g et S u Cce SSfu I Vac'd (diff) 4 548 | 0.98 0 0 0 4 0
Taped 8 474 | 118 0 0 0 8 0
We I d S 14 50 16 24 50 25 90 ccc w.grain  |Vacd (naked)| 3 6.44 | 0.86 0 0 0 3 0
. Vac'd (diff) 9 6.00 | 1.91 0 0 0 9 0
Taped 9 1330 | 1.38 0 0 0 6 3
. 14 50 16 24 25 25 20 ccc w.grain | Vacd (naked)| 9 14.37 | 1.68 0 0 0 6 3
LOWG rl ng vacd (diffy | 10 1312 | 1.76 0 0 0 3 7
. Taped 8 1121 | 1.75 1 2 3 0 2
T F + B F Wh I I e 14 50 16 24 25 25 45 Heraeus w.grain  |Vacd (naked)| 9 13.22 | 1.37 2 2 3 0 2
J Vac'd (diff) 4 9.61 0.32 0 0 0 4 0
. . Taped N/A N/A N/A N/A N/A N/A N/A N/A
I n C re a S I n g D ef 14 50 16 24 25 25 90 Heraeus w. grain Vac'd (naked) 7 13.45 0.87 3 0 2 2 0
. Vac'd (diff) 8 1144 | 218 4 1 1 2 0
h ad I Ittl e effe Ct Taped 10 9.65 1.37 9 0 0 0 1
"l 14 50 16 24 25 25 45 cce w. grain | Vacd (naked)| 10 11.93 | 072 8 0 0 1 1
Vac'd (diff) 9 10.70 | 1.82 8 0 1 0 0
Taped 10 10.73 | 2.18 2 1 1 0 6
Fu “ SpreadSheet 14 50 16 24 15 15 45 cce w.grain | Vacd (naked)| 10 | 1157 | 1.74 9 1 0 0 0
Vac'd (diff) | 10 10.02 | 2.41 10 0 0 0 0
can be seen here. Tapod | 10
S— 14 50 16 24 13 13 45 cce w.grain  |Vacd (naked)| 9 1040 | 1.88 8 0 0 0
Ty UNIVERSITY/OF Vac'd (diff) 10 9.95 2.27 6 0 0 4
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. . No samples have been /e
ere bOIld trlals cleaned for these tests eP'I&j («ET))»

- TF (cN) | Def (%) | BF (cN) | US (%) | S_OT (um) | D_OT (um) | LeaveAng (°) Wire Direction Mounting #/10 | Mean (g) | SD (g) | # of S_b(1) | # of D_b(2) | # of Span(3) | # of S_p(4) | # of D_p(5)
Ad d Itl O n a | |y Taped 0 N/A N/A N/A N/A N/A N/A N/A
18 35 20 20 50 25 90 cce w. grain | Vac'd (naked)| 0 N/A N/A N/A N/A N/A N/A N/A
. . Vac'd (diff) 0 N/A N/A N/A N/A N/A N/A N/A
I n C re a S I n g U S Taped 0 N/A N/A N/A N/A N/A N/A N/A
16 50 18 20 50 25 90 ccce w. grain | Vac'd (naked)| N/A N/A N/A N/A N/A N/A N/A N/A
St ate d to et Vac'd (diffy | N/A N/A N/A N/A N/A N/A N/A N/A
g Taped 9 6.99 1.80 0 0 0 5 4
16 50 18 24 50 25 90 cce w. grain | Vac'd (naked)| 3 4.94 0.80 0 0 0 3 0
SO m eWh e re . Vac'd (diff) 4 5.48 0.98 0 0 0 4 0
Taped 8 4.74 1.18 0 0 0 8 0
14 50 16 24 50 25 90 cce w. grain | Vac'd (naked)| 3 6.44 0.86 0 0 0 3 0
Vac'd (diff) 9 6.00 1.91 0 0 0 9 0
Taped 9 13.30 | 1.38 0 0 0 6 3
14 50 16 24 25 25 90 ccc w. grain | Vac'd (naked)| 9 1437 | 1.68 0 0 0 6 3
Vac'd (diff) 10 1312 | 1.76 0 0 0 3 7
Taped 8 11.21 1.75 1 2 3 0 2
14 50 16 24 25 25 45 Heraeus w. grain | Vac'd (naked)| 9 1322 | 1.37 2 2 3 0 2
Vac'd (diff) 4 9.61 0.32 0 0 0 4 0
Taped N/A N/A N/A N/A N/A N/A N/A N/A
14 50 16 24 25 25 90 Heraeus w. grain Vac'd (naked) 7 13.45 0.87 3 0 2 2 0
Vac'd (diff) 8 11.44 | 2.18 4 1 1 2 0
Taped 10 9.65 1.37 9 0 0 0 1
14 50 16 24 25 25 45 ccc w. grain | Vac'd (naked)| 10 11.93 | 0.72 8 0 0 1 1
Vac'd (diff) 9 10.70 | 1.82 8 0 1 0 0
Taped 10 10.73 | 2.18 2 1 1 0 6
Fu ” SpreadSheet 14 50 16 24 15 15 45 cce w.grain | Vacd (naked)| 10 | 1157 | 1.74 9 1 0 0 0
Vac'd (diff) 10 10.02 | 2.41 10 0 0 0 0
can be seen here. Taped | 10
— 14 50 16 24 13 13 45 cce w.grain  |Vac'd (naked)| 9 10.40 | 1.88 0 0 0
‘ UNIVERSIT‘I’OF Vac'd (diff) 10 9.95 2.27 6 0 0 4
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. . No samples have been /e
ere bOIld trlals cleaned for these tests eP'I&j («ET>)»

TF (cN) | Def (%) | BF (cN) | US (%) | S_OT (um) | D_OT (um) | LeaveAng (°) Wire Direction Mounting #/10 | Mean (g) | SD (g) | # of S_b(1) | # of D_b(2) | # of Span(3) | # of S_p(4) | # of D_p(5)
B O n d S We re Taped 0 N/A N/A N/A N/A N/A N/A N/A
18 35 20 20 50 25 90 ccc w. grain | Vacd (naked)| 0 N/A N/A N/A N/A N/A N/A N/A
. Vac'd (diff) 0 N/A N/A N/A N/A N/A N/A N/A
done in small N T LS T B B e BT B
16 50 18 20 50 25 920 cce w. grain | Vacd (naked)| N/A N/A N/A N/A N/A N/A N/A N/A
ro u S (Of 1 O Vac'd (diffy | N/A N/A N/A N/A N/A N/A N/A N/A
g p Taped 9 6.99 | 1.80 0 0 0 5 4
. 16 50 18 24 50 25 20 cce w.grain | Vacd (naked)| 3 494 | 0.80 0 0 0 3 0
WI re S ) . Vac'd (diff) 4 548 | 0.98 0 0 0 4 0
Taped 8 474 | 118 0 0 0 8 0
14 50 16 24 50 25 90 ccc w. grain | Vacd (naked)| 3 6.44 | 0.86 0 0 0 3 0
# Of S u CceSSfu I Vac'd (diff) 9 6.00 | 1.91 0 0 0 9 0
Taped 9 1330 | 1.38 0 0 0 6 3
. 14 50 16 24 25 25 20 ccc w. grain | Vacd (naked)| 9 14.37 | 1.68 0 0 0 6 3
eres bonded vacd (diff)y | 10 1312 | 1.76 0 0 0 3 7
Taped 8 1121 | 1.75 1 2 3 0 2
WaS a OOd 14 50 16 24 25 25 45 Heraeus w. grain | Vac'd (naked)| 9 1322 | 1.37 2 2 3 0 2
g Vac'd (diff) 4 9.61 0.32 0 0 0 4 0
. L . " Taped N/A N/A N/A N/A N/A N/A N/A N/A
I n Itl a I I n d I Cato r . 14 50 16 24 25 25 20 Heraeus w. grain | Vacd (naked)| 7 1345 | 0.87 3 0 2 2 0
Vac'd (diff) 8 1144 | 2.18 4 1 1 2 0
Taped 10 965 | 1.37 9 0 0 0 1
14 50 16 24 25 25 45 cce w.grain | Vacd (naked)| 10 11.93 | 0.72 8 0 0 1 1
Vac'd (diff) 9 10.70 | 1.82 8 0 1 0 0
Taped 10 10.73 | 2.18 2 1 1 0 6
Fu “ SpreadSheet 14 50 16 24 15 15 45 cce w.grain | Vacd (naked)| 10 | 1157 | 1.74 9 1 0 0 0
Vac'd (diffy | 10 10.02 | 2.41 10 0 0 0 0
can be seen here. Tapod | 10
— 14 50 16 24 13 13 45 cce w.grain  |Vac'd (naked)| 9 10.40 | 1.88 0 0 0
9 UNIVERSITYOF Vacd (diffy | 10 995 | 227 6 0 0 4
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. . No samples have been /e
ere bOIld trlals cleaned for these tests eP'I&j («ET))»

. TF (cN) | Def (%) | BF (cN) | US (%) | S_OT (um) | D_OT (um) | LeaveAng (°) Wire Direction Mounting #/10 | Mean (g) | SD (g) | # of S_b(1) | # of D_b(2) | # of Span(3) | # of S_p(4) | # of D_p(5)
Red u CI n g th e Taped 0 N/A N/A N/A N/A N/A N/A N/A
18 35 20 20 50 25 90 ccc w.grain  |Vacd (naked)| 0 N/A N/A N/A N/A N/A N/A N/A
Vac'd (diff) 0 N/A N/A N/A N/A N/A N/A N/A
(S O u rce ) Taped 0 N/A N/A N/A N/A N/A N/A N/A
16 50 18 20 50 25 20 cce w. grain | Vacd (naked)| N/A N/A N/A N/A N/A N/A N/A N/A
Ove rt rave I h a d Vac'd (diffy | N/A N/A N/A N/A N/A N/A N/A N/A
Taped 9 6.99 1.80 0 0 0 5 4
' 16 50 18 24 50 25 90 cce w.grain  |Vacd (naked)| 3 494 | 080 0 0 0 3 0
a Iarge effect! il N A el D I D
Taped 8 474 1.18 0 0 0 8 0
14 50 16 24 50 25 90 ccc w.grain  |Vacd (naked)| 3 6.44 | 0.86 0 0 0 3 0
Vac'd (diff) 9 6.00 1.91 0 0 0 9 0
Taped 9 1330 | 1.38 0 0 0 6 3
14 50 16 24 25 25 90 ccc w.grain  |Vacd (naked)| 9 14.37 | 1.68 0 0 0 6 3
Vac'd (diff) 10 1312 | 1.76 0 0 0 3 7
Taped 8 1121 | 175 1 2 3 0 2
14 50 16 24 25 25 45 Heraeus w.grain  |Vacd (naked)| 9 13.22 | 1.37 2 2 3 0 2
Vac'd (diff) 4 9.61 0.32 0 0 0 4 0
Taped N/A N/A N/A N/A N/A N/A N/A N/A
14 50 16 24 25 25 90 Heraeus w. grain Vac'd (naked) 7 13.45 0.87 3 0 2 2 0
Vac'd (diff) 8 1144 | 218 4 1 1 2 0
Taped 10 965 | 1.37 9 0 0 0 1
14 50 16 24 25 25 45 cce w.grain | Vacd (naked)| 10 11.93 | 072 8 0 0 1 1
Vac'd (diff) 9 10.70 | 1.82 8 0 1 0 0
Taped 10 10.73 | 2.18 2 1 1 0 6
Fu ” SpreadSheet 14 50 16 24 15 15 45 cce w.grain | Vacd (naked)| 10 | 1157 | 1.74 9 1 0 0 0
Vacd (diffy | 10 10.02 | 2.41 10 0 0 0 0
can be seen here. Taped | 10
— 14 50 16 24 13 13 45 cce w.grain  |Vac'd (naked)| 9 10.40 | 1.88 0 0 0
9 UNIVERSITYOF Vacd (diffy | 10 995 | 227 6 0 0 4
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. . No samples have been /e
ere bOIld trlals cleaned for these tests eP'I&j (((ETD)»

. TF (cN) | Def (%) | BF (cN) | US (%) | S_OT (um) | D_OT (um) | LeaveAng (°) Wire Direction Mounting #/10 | Mean (g) | SD (g) | # of S_b(1) | # of D_b(2) | # of Span(3) | # of S_p(4) | # of D_p(5)
T u r'n I n g Taped 0 N/A N/A N/A N/A N/A N/A N/A
18 35 20 20 50 25 90 cce w. grain | Vac'd (naked)| 0 N/A N/A N/A N/A N/A N/A N/A
Vac'd (diff) 0 N/A N/A N/A N/A N/A N/A N/A
Ove rt ra Ve I Taped 0 N/A N/A N/A N/A N/A N/A N/A
16 50 18 20 50 25 90 ccce w. grain | Vac'd (naked)| N/A N/A N/A N/A N/A N/A N/A N/A
d OW n a S fa r a S Vac'd (diffy | N/A N/A N/A N/A N/A N/A N/A N/A
Taped 9 6.99 1.80 0 0 0 5 4
16 50 18 24 50 25 90 cce w. grain | Vac'd (naked)| 3 4.94 0.80 0 0 0 3 0
th e b O n Vac'd (diff) 4 5.48 0.98 0 0 0 4 0
. Taped 8 4.74 1.18 0 0 0 8 0
m a Ch I n e WO u Id 14 50 16 24 50 25 90 cce w. grain | Vac'd (naked)| 3 6.44 0.86 0 0 0 3 0
Vac'd (diff) 9 6.00 1.91 0 0 0 9 0
. Taped 9 13.30 | 1.38 0 0 0 6 3
a I I OW (W I t h O ut 14 50 16 24 25 25 90 ccc w. grain | Vac'd (naked)| 9 1437 | 1.68 0 0 0 6 3
Vac'd (diff) 10 13.12 | 1.76 0 0 0 3 7
bond erro rS Taped 8 11.21 1.75 1 2 3 0 2
y 14 50 16 24 25 25 45 Heraeus w. grain | Vac'd (naked)| 9 1322 | 1.37 2 2 3 0 2
Vac'd (diff) 4 9.61 0.32 0 0 0 4 0
S e e m e d to th e Taped N/A N/A N/A N/A N/A N/A N/A N/A
14 50 16 24 25 25 90 Heraeus w. grain Vac'd (naked) 7 13.45 0.87 3 0 2 2 0
t Vac'd (diff) 8 1144 | 2.18 4 1 1 2 0
Way O g O ] Taped 10 9.65 1.37 9 0 0 0 1
14 50 16 24 25 25 45 ccc w. grain | Vac'd (naked)| 10 1193 | 0.72 8 0 0 1 1
Vac'd (diff) 9 10.70 | 1.82 8 0 1 0 0
Taped 10 10.73 | 2.18 2 1 1 0 6
Fu “ SpreadSheet 14 50 16 24 15 15 45 GEE w.grain  |Vac'd (naked)| 10 | 1157 | 1.74 9 1 0 0 0
Vac'd (diff) 10 10.02 | 2.41 10 0 0 0 0
can be seen here. Taped | 10
S— 14 50 16 24 13 13 45 cce w.grain  |Vacd (naked)| 9 1040 | 1.88 8 0 0 0
T UNIVERSITY,OF Vac'd (diff) 10 9.95 2.27 6 0 4
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Wire bond trials ePl&j (((ET))))

. TF (cN) | Def (%) | BF (cN) | US (%) | S_OT (um) | D_OT (um) | LeaveAng (°) Wire Direction Mounting #/10 | Mean (g) | SD (g) | # of S_b(1) | # of D_b(2) | # of Span(3) | # of S_p(4) | # of D_p(5)
S O m e trl a | S Taped 0 N/A N/A N/A N/A N/A N/A N/A
18 35 20 20 50 25 90 cce w. grain | Vacd (naked)[ 0 N/A N/A N/A N/A N/A N/A N/A
Vac'd (diff) 0 N/A N/A N/A N/A N/A N/A N/A
p e rfo rm e d O n Taped 0 N/A N/A N/A N/A N/A N/A N/A
. 16 50 18 20 50 25 90 ccce w. grain | Vac'd (naked)| N/A N/A N/A N/A N/A N/A N/A N/A
a d Iffe re nt Vac'd (diffy | N/A N/A N/A N/A N/A N/A N/A N/A
Taped 9 6.99 1.80 0 0 0 5 4
. 16 50 18 24 50 25 90 cce w. grain | Vac'd (naked)| 3 4.94 0.80 0 0 0 3 0
bond machine venen | o | s s | o | oo | o | o4 |
. . ) Taped 8 4.74 1.18 0 0 0 8 0
W I t h d Iffe re n t 14 50 16 24 50 25 90 cce w. grain | Vacd (naked)| 3 6.44 0.86 0 0 0 3 0
Vac'd (diff) 9 6.00 1.91 0 0 0 9 0
. Taped 9 13.30 | 1.38 0 0 0 6 3
WI re fo r 14 50 16 24 25 25 90 ccc w. grain | Vac'd (naked)| 9 1437 | 1.68 0 0 0 6 3
Vac'd (diff) 10 1312 | 1.76 0 0 0 3 7
Com arison Taped 8 11.21 1.75 1 2 3 0 2
p = 14 50 16 24 25 25 45 Heraeus w. grain Vac'd (naked) 9 13.22 1.37 2 2 3 0 2
Vac'd (diff) 4 9.61 0.32 0 0 0 4 0
Taped N/A N/A N/A N/A N/A N/A N/A N/A
14 50 16 24 25 25 90 Heraeus w. grain Vac'd (naked) 7 13.45 0.87 3 0 2 2 0
Vac'd (diff) 8 11.44 | 2.18 4 1 1 2 0
Taped 10 9.65 1.37 9 0 0 0 1
14 50 16 24 25 25 45 ccc w. grain | Vac'd (naked)| 10 1193 | 0.72 8 0 0 1 1
Vac'd (diff) 9 10.70 | 1.82 8 0 1 0 0
Taped 10 10.73 | 2.18 2 1 1 0 6
Fu “ SpreadSheet 14 50 16 24 15 15 45 cce w.grain  |Vac'd (naked)| 10 | 1157 | 1.74 9 1 0 0 0
Vac'd (diff) 10 10.02 | 2.41 10 0 0 0 0
can be seen here. Taped | 10
— 14 50 16 24 13 13 45 cce w.grain  |Vac'd (naked)| 9 10.40 | 1.88 0 0 0
UNIVERSITY’OF Vac'd (diff) 10 9.95 2.27 6 0 0 4
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