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New thin production at CIS —Wafer Design

d Two sets of dicing lines:
d  Onthe 420 um wide frame between the structures
d Dicing along the sensor perimeter on the thinned substrate

O Guard ring structure within the thinned area
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Design in collaboration
between MPP and CIS
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sensor thinning by KOH etching
prototype run with MPP

n-in-p ATLAS pixel sensors
= FE-I4 Quad-Sensors (~4x4cm?2)

thick wafer

front side
processing (1)

back side
cavity etching

back side

- FE-14 SCS e U e ,
processing

starting thickness 525um, target thicknesses

front side

dummy wafer trials showed proof of principle - A\
for large area cavity etching S A A
= thickness fluctuations in the order of L | 4 \/

~10um could be reached
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sensor thinning by KOH etching ]
— Sensor run 70—-

60 -

= one batch of 25 wafers processed

50 <

. 101,00

= no mechanical breakage — 101,25
E 40 101,50

= i 101,75

- . . 102,00
checked again homogenity of the 30 4 102,25

102,50
102,75
103,00
103,25
103,50
103,75
104,00

membranes:
= large scale (thickness measurements)
= same homogenity as seen for the _
dummy wafers 0
= thickness fluctuations in the order
of 5...10pum could be maintained
= small scale (AFM measurements)
= looks more than satisfying
= average fluctuations in the order
of a few 10nm
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sensor thinning by KOH etching m
~- sensor run -2(1S

1,20E-02 I I : :
. . . CV - thinned and thick diodes
electrical characterization Lo ) oAk
ngmﬁﬁ
H 8,00E-03 5—0’6 Q/é
= depletion voltages as expected _ 217
= ~15V for 150pm membrane | 3 sueo ﬂgﬁw
= ~7V for 100um membrane |~ 7o ol
. s T - —+—01_diode_19 ||
= >200V unthinned o EeaEars | ioues
= IV-characteristic looks very well 20 o thikdods | || et
= breakdown voltages mostly oooro0 ||| N N W T
0 10 20 30 40 50 60 70 80 S0 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
>50V above Vg, v

= electrical yield of pixel sensors:
350259-08 - 150um thickness, Vdepl=15V

150|Jm 100|Jm total 20 + [ | —e—01-Quad_G3_V5
FE-I4 Quads | 93,8% | 71,4% | 83,3% v |
FE-I4 SCS | 96,9% | 92,9% | 95,0%

/ —=—02- Quad_V5

16 I / —4—03-5CS_new_V5

——04-5C5_new_V5

1:2 T /-l —&—05-5C5_std V5
= next steps: UBM & Dicing EJO{MW / —e—06-55_50_V6

= 3 different types of UBM 'YL" =i

= electroplating (IZM) N 4 =
= mask-based Ni/Au (as for CMS) 0'4
PR o oliiiiiiiiiiii deeen _{——*—4./ —&—24-diode_L_nothin

= mask-based Pt/Au
= dicing within the thin 32- diode_s_nothin

0,0 T i
membranes 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
Vvl
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upcoming 6" prototype wafer run

= try to transfer the technology of cavity
etching to 6" wafer size

= same kind of sensors for comparison

= FE-I4 quads

= FE-I4 SCS
= additionally several other new designs
* RDS53 test chip} 50x50 and 100x25um2 pixel size,
CMS Roc4Sens
Omegapix
Medipix
test structures ...

w/ and w/o bias grid

= wafer layout is currently finalized
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SSD prototype wafer run

= analog technology as MPP run (+Poly-Si)
= n-in-p, backside cavity etching
= |ess ambitious as cavitiy areas are much
smaller
= several different structures on wafer
= micro strips (80um pitch, Poly-Si-Res)
= diodes (two sizes)
= spaghetti diodes (two kinds)
= two kinds of wafer material with various
resistivities
= Epi (525um substrate + 50um Epi)
= etching the complete substrate
= FZ (285um)
= etching to 50, 100, 150, 200um
(+unetched)
= process should be finished next week
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NitroSil prototype wafer run

= cooperation with ITME and Topsil
= comparison of N,-enriched wafers to various
other wafer materials
= N,-enriched
= w/0 enrichment
= O,-enriched
= |ow-resistivity ...
= MPW layout with pad diodes
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= |ow temperature FTIR and charge carrier
lifetime measurements are conducted in
parallel on raw wafers

fec @ -

= wafer run just started
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active edges wafer run

= reduction of inactive sensor edge by doping
of side walls

. . L de R
= several parameters are varied which can be 3 a4
compared - e
= p- and n-type bulk |
= sensor thickness (300 & 100um) e

= three side wall doping methods
= trench widths
= numerous edge designs had been simulated
= most promising ones were implemented
in the layout

p-spray p/n type bulk

p implantation

1) implantation of back side 2) bonding to support wafer 3) oxidation + implantation 4) etching trenches
\ \ p+\ \‘ \ (+ wafer thinning) - p+
|
sensor wafer sensor wafer
... S
support wafer
5) side wall doping 6) oxidation + annealing 7) oxide opening + metallization

S 0L 1L
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active edges - wafer layout A

= numerous|active edge diodes|with
systematic variations of edge design

= |reference diodes
2 FE-I4|& FE-I13|SCS

= mod p-spray

= nomod p-spray
= |micro strip sensors|(80um pitch)
= |MediPix/TimePix sensors
= test structures

|

=
(24
T
O
o
n
Q
(a4
n
A
o
o
N
>
¢
n
O
o
©
0
Q2
=
2
-+
Q
<
o)
=
o
)
c
@)
2
-+
=
=
|_



active edges wafer run
- status

= challenging step of the ICP trench
etching has been performed for the
thick wafers

= didn't have much experience up to now

= dummy trials to adjust etching

p a ra m ete I’S FIB Imaging = SEM WD = 63 mm Signal A = GE2 Stageal T=-148"  250508.2_Run15_125um 593
3G
wnky

7

20 pm EHT= 3.00 kv FIE Probe = 30KV.E0 pA  Tilt Corm, = Off

= still have to optimize the etching H
homogenity at the wafer edge

= anyhow, most of the side walls look
fine

= next step is the side wall doping 3

. . . F_#—'
= 4-quadrant ion implantation -

= plasma immersion ion implantation — EessSssEEEET |
= BBr; doping from gaseous phase
= thin wafers are processed a bit later
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UBM @ CiS

mask-based electroless Ni-UBM

= done for CMS-Pixel production, in
combination with In-bumps

= process is partly outsourced

= relatively thin film on sensor surface

= already tested with (IZM) solder
bumps

mask-less Ni-UBM

Ni is growing on Alu surface on all
passivation openings

covered with Au layer

can be done in-house

already tested with immersion soldering
to obtain solder caps




Flip Chipping

= first trials at CiS to flip chip FEs with
IZM solder bumps with Ni-UBM
= |arge size of the FE-I4 is challenging for
our fineplacer
= in principle the alignment works
= not yet 100% reliably reproduceable
= have to gain some more experience
= next steps:
= read-out assembly to get some
statistics of disconnected bumps
= try out our Die-Bonder for flip
chipping
= investigation of solder paste print
technology is in preparation
= could be a low cost alternative
for solder bumps
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Flip Chipping

= first trials at CiS to flip chip FEs with
IZM solder bumps with Ni-UBM
= |arge size of the FE-I4 is challenging for
our fineplacer
= in principle the alignment works
= not yet 100% reliably reproduceable
= have to gain some more experience f_pnr
= next steps:
= read-out assembly to get some
statistics of disconnected bumps
= try out our Die-Bonder for flip
chipping
= jnvestigation of solder paste print
technology is in preparation
= could be a low cost alternative
for solder bumps
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Conclusion & Outlook

the implementation of the cavity etching technology to produce thin planar
sensors without large additional expenses has been demonstrated
= 4" production shows proof of principle
= next step is the transfer to 6™ wafer size
= 4" test wafer for SSD-lab is near completion
= active edge wafer run is progressing
= NitroSil wafer run to study N,-enrichment has started
= UBM & flip chip technologies are followed up
= first assemblies have been produced
= process optimizations are ongoing
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Conclusion & Outlook

= the implementation of the cavity etching technology to produce thin planar
sensors without large additional expenses has been demonstrated
= 4" production shows proof of principle
= next step is the transfer to 6" wafer size
= 4" test wafer for SSD-lab is near completion
= active edge wafer run is progressing
= NitroSil wafer run to study N,-enrichment has started
= UBM & flip chip technologies are followed up
= first assemblies have been produced
= process optimizations are ongoing

Forschungsi i
o qungsinstitut
fir Mlkrosensurik GmbH

Work_shop on readouyt
electronics for radiation and
particle detectors

Erfurt, Germany

The w_orlshop is organizeq by the
CiS Research Institute in
collaboration with the Instit e of
Advanced Sciences at
Yokohama National University,

Japan. ’
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Flip-chipping at CiS

Fineplacer Die-Bonder
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immersion
Sﬁldéﬁhﬁ_’ with
solder groove

@ 9
c = W 5
g2 £ & 3o
S5% 22 s558s%
W m mm 5.2 XX c %
=z 0 F
53 2
e v
sE—
2D
b ommy
G2
=z
h
)
m O -~
a v =
| G — m
o 5 E O
C dmlu I
T 5 >
oo 9 P
© 0 5 =
o o= o
n 2392 7,
den wn
o n o L
(- O % m —
O 52 e v
Bt dmsehp
- 0.mwmac
O 22850
E = o
m < o O
[ s | ] [ ]

NY3D | 0SA¥ | STOZ'ZT'¥ | SID 3e seniAndy bulobuQ | BiIMm*L




LIP — Light Induced Plating

= epitaxial growth of the UBM is stimulated by laser light
= UBM is only growing on the passivation openings
= openings in the back side metal could be necessary
= no additional process steps necessary
= no plating base / resist
= no stripping / etching
= |ess cost & time consuming
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cooperation with TU llmenau @



LIP - Light Induced Plating

= first trials done on CMS-pixel sensors (no difference
to ATLAS pixel)
= works in principle
= homogenity of Ni is improvable
= also old sensor with bad Alu surface used
= expect better results with new sensors

= next steps
= combine Ni-UBM (LIP or chemical) with LIP
solder
= alternative to immersion soldering
= different electrolytes should be feasible
= Sn, SnAg, In, In/Sn
= possibly no UBM necessary
= additional usage of lacquer mask to grow higher
solder pillars
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Daisy Chains

= daisy chain dummies in production (% 2\
= geometry is based on CMS Pixel :
= different bump pad diametres are tested @ | y
= possibility to try out
= different UBM and solder variants LN N
= large quantity =
= different sensor/chip sizes S — o o =

Widerstandsmessung

1]

1° ©3
| 4

Sensor

! [ e : : S
o syt ey e o | - -
Bump Bond \ / Chip @

Leiterbahnen
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defect engineering

project in progress:
= improvement of the radiation hardness of silicon sensors by defect engineering

plans:
= analysis of defects in silicon during and after the processing, possibly also after
irradiation

= investigation of the reason for increase of radiation hardness by oxygen
= optimize the defect configuration
= investigate effect of other elements for bulk enrichment
= adaption of essential process steps
= influence of thermal budget to the oxygen defect configuration
= influence of thermal donors p—

= tempering 0.3 — ——FZ silicon
= dielectrical layers
= tools:
= simulation
= charge carrier life time
= |low-temperature FTIR
= DLTS

WBOI
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