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Development of an in-house Ni/Au plating
process for pixel-detector hybridisation and
module mtegratlon
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Motivation

Development of an in-house module hybridization technique in two
main steps:

Sensor

ACF (epoxy

1. Creation of bumps on the pads of sensor and ASIC with ENIG plating I

layer) ™ K§¥

2. Flip-chip assembly with an adhesive layer between the chips

_ _ _ _ ENIG
Basis for interconnection technologies

« Pad metallisation is required for most interconnection technologies

« For adhesive-based bonding: Need for sufficiently large cavity volume
between sensor and ASIC after bonding to fit excess adhesive

« Deposition height variable for different applications

In-house production

« Single die processing possible
* Short turnaround time

* Quick adjustments possible

*  Quality control

Insufficient quality from
external producer

« Maskless, cost-efficient
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Introduction

3 main steps for Electroless Nickel Immersion
Gold (ENIG) plating: e
1. Pre-treatment and zincation of the aluminium pad Sold|

2. Electroless Nickel deposition (creation of the bump)
 Self-catalytic reaction on pad surface

3. Immersion Gold
» Corrosion protection, bondable surface, very thin layer ( < 1 uym)

Electroless Nickel Immersion Gold

Passivation

[ S f

4 pm IProbe= 20nA WD=52mm Mag= 5.00KX Stephan Pfeiffer CERN
EHT = 5.00kV Detector = InLens 31 Mar 2022

FIB cross-section of an ENIG bump on an aluminium pad

-
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Ch a.l I en g eS Of I n Itl al p I a.tl n g S Deposition reproducibility on different

chips

Uniformity of nickel bump height
across the chips (especially at
the edge of the chip)

Same
ASIC

ENIG plating

,f

Sensor

Achieve ENIG
plating on high
connection
density chips
: (ex: CLICpix2,
Overplatin & M A 7 12pm pads;
P ”i;*ﬁ"., 7\ " \ Y i b 4 25um pitch) !

Plated
pads

Plated area
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Samples preparation

steps:

At DSF, B186
\K}

L]

Sample preparat|on Daisy chain

devices
(glass wafer)

ANINN
111

Cut PCB (FR4) pieces
Drill PCB

Clean PCB

Glue the Chip on the

PCB \

Daisy chain -
Test

dedicated

glass chip
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Preparation: Daisy-chain devices

3x3 4500UM sensor

]
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8 1 1l
'Z. ASIC sensor Daisy-chain
= S !
-%) 8 3x34500;MASIC 7 D:D D E E E I
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= % ':I]:' — il
= | O O
2
& 1
-“;’ Daisy chain devices produced at FBK ' _
o sensor N
S probing [ | I l . . ) . B ¥
) Designed to validate interconnect yield, .
*I:;Il lh:.;"lf_:.:',i*ﬁﬁ.mF o
pad : bl : © o =] o — electrical resistance, thermo-mechanical =
| =
m‘-——-‘. -~ -
— * 6" glass wafers, up to 650um thick
LPNH E\ - ( AIDA . Varying Bqnding area, pad si;e a_nd pitch,
R innova matching different target applications

INDAZIONE
UNO KESSLER
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Pre-treatment setup

Pre-treatment: ultrasound + manual movements (previously static)

Conditioner

Al Etch

Zincate

Ultrasonic
bath

Setup at EP-DT-EF

labB107 . 47— L
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Nickel Plating setup

Stirring optimisation

Hook

Sample

Stirring

Swing movements

) |

magnet

hk Bubbles removal from

surface of chip

Hot
plate

Temperature
probe

Avoiding cross-
contaminations

Frequent calibration

*  pH metre
* Temperature probe
* Micropipette

19.06.2024
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Characterisation of ENIG plating

Keyence optical microscope NEW (at Campus Biotech)
(CERN EP-ESE, B14)

Optical Mechanical
profilometer profilometer

\ -r-_')- -

Bruker Contour Bruker Dektat XT Stylus Hitachi SU5000
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Process flow documentation

ENIG Plating Process flow

Detailed Process Flow

Characterisation

-

Systematic studies:

* Process flow

* Experimental design
* Detailed reports

Sample Preparation I
‘Cleaning with isopropanol| - i
> Optical Microscope
v - (Before/After each
[ Glue sample with J step)
Henniker toluene paint on holder
Plasma \ /
HPT-500 No. Bath Temperature Time pH
Y
1. Conditioner RT 2 min 3.4 [ Optical Profilometer
v N o 2. Al Etchant RT 2min | 10-11 YA R
Aluminium Surface Treatment . 3
) 3. 30% Nitric Acid RT 30 sec 5.2
. ¥
L ~ 4. Zincate RT 4> sec 2-2 Mechanical Profilometer
Zinc plating (After plating)
— MNo. Bath Temperature pH
y N 1. DI Water 45°C 1
Electroless Nickel Bath 85° I 2. NI Makeup HP 45 °C [ SEM J
) N
3. NI Solution HP 45°C 4.8
Y
_ h 4. Stabilizer 45°C
Gold Bath (5 minutes) 86°
/ 5. Ammonia 45 °C

/[Sample holder preparation ]\

|

|
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Results

Timepix3 type daisy-
chain test structures

Good ENIG results on 22um
pads and 55um pitch:

* No overplating

* No skipped pad or area

» Good pad homogeneity

* 99% of pads correctly plated

« Pads height: 10 pm (+/-
0.5um) 55min deposition

Timepix 3 type daisy-chain device

test structure (14x14mm)

Optical profilometry after ENIG plating

17002.5°

1275177

mQ 4250.649 8501.297 12751.946

Optical microscopy after ENIG plating
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R eS U I tS Optical profilometry after ENIG plating

“CLICpix2” type daisy-
chain test structures,
20um pitch, 10x8um
rectanqular pad size
(High connection
density)

L

3158.489 nm 'o.os L

Optical micro

w5 ——

scope, 45° tilt
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Excellent ENIG results:

 Good results, in line
with our objectives

Nickel Deposition
*  >99% of pads correctly

=
N

plated (16384 pads) = 10 ..‘.,.o
Z 8
* Pads height: 4.5 pm g,, ) &
(25min deposition) _ T .._..-o'
1S
S 2
/ @ -
0@
0 20 40 60 80

CLICpix2 type daisy-chain
test structures
(3.2x3.2mm)
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Results

TimeSpot ASIC
Functional chip
55um pitch, 19um
pads

1 pad non plated
due to particle

Excellent ENIG results:

*  99.93% of pads
correctly plated (1184
pads, 1 not correct
due to particle
masking)

* Pads height: 10 um
(1h deposition)
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Res u I tS Optical microscope, 62° tilt Optical profilometry after ENIG plating

Y Profile: AX=1686.8770 pm; AZ=371.8544 nm

R

10000
8000
6000
4000
2000

ALTIROC3 sensor
Functional chip
1.3mm pitch,
90x90um_pads

-2000
-4000

0 500 1000 1500 1687
pm

X Profile: AX=2250.3433 ym; AZ=-32.5178 nm

10000
8000 =

6000
4000
2000

-2000 *
-4000

Good ENIG results:

* Homogeneity of
bumps achieved with
no overplating

0 500 1000 1500 2000 2250
um

1690 9187

* No skipped pads

1500 8000

« Pads height: 8.5 um
(1h deposition)

6000

1000
4000

pm

2000

-1789

2000 2254

um
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Conclusion

Optimisation of ENIG plating:

*  Reproducibility

* Almost no skipped pads and areas

* Almost no overplating

*  Uniformity (even at the edge of the chips)

« Adaptation of the ENIG process to high pad density
(20um pitch) and smaller pads (10um)

* Adaptation of the ENIG process to lower pad density
(1.3mm pitch) and large pads (90x90um)

Pad size Pitch
“Timepix3” 12-14 um 55 pum
daisy-chain
test
structures
TimeSpot 19 um 55 um
ASIC

“CLICpix2” 10x8 pum? 20 pm
daisy-chain (rectangular)

test

structures

ALTIROC3 90x90um? 1.3 mm

ENIG height
10 pm

10 pm

4.5 um

8.2-8.5 um

» Successful plating of functional TimeSpot ASIC and ALTIROCS3 sensors

Next steps:

« Confirmation of these results on high number of chips

« Study of the stability of the process over time (process drift)

« Apply this ENIG plating process to other functional ASICs and sensors and adjust plating parameters for each application (CLICpix2,

Timepix3/4...)

Scalability of the process (single wafer processing)

CERN
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