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Overview %
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New ADVACAM production for thin n-in-p planar pixels sensors with
active edges

sensor thicknesses: 100 and 150 pm

Test-beam studies with n-in-p planar pixels in (un-) irradiated modules
with different sensor thicknesses from 100 to 270 pm

at different irradiation levels up to 1x1076 ny/cm?

Grazing angle studies with n-in-p planar pixels

unirradiated module at high ® (80" incidence angle (n~2.4))
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New thin production at ADVACAM




ADVACAM Production AN %

NDVACAM
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W Silicon oxide | Borondoping W Phosphorus doping

« Second SOl production of active edge pixels kg implanation

at ADVACAM \?"_"4 e /
« 156" wafers on p-type FZ material \ /
* Thickness 50, 100 and 150 uym ST
FE-l4s with
50 um edge, 100 um edge,
one GR, no punch-through structure Bias Ring, external punch-through structure
Active Slim
edge edge
In Collaboration with Glasgow, Gottingen, LAL, CLIC and Geneva University RD50 project: 2014/03
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Testbeam studies of unirradiated modules
(ADVACAM)
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Test beam set-up (slim and active edge, 100 ym thickness) oo
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 Hit map of the online monitor and DUT is placed
photo of the set-up such that the
beam only
traverses the
DUT shifted edge region

by 1 .cm
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In-pixel hit efficiency at 40 V %)ﬁ
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In-pixel hit efficiency at edge
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Smearing due to resolution of ~18 um
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Testbeam studies of irradiated modules
Comparison of performance at different fluences
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In-pixel hit efficiency at 7x10™ n.,/cm?
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Comparison of efficiencies at 7x10'° n,,/cm?
Irradiation at KIT and LANSCE
400V 600 V 800V
at KIT 941 % 97.1 % 97.7 %
at LANSCE 89.1 % 96.1 % 97.0 %
A=0.3 %
400 __Efficiency in pixels at different fluences
P
HoE : : ]
= | 1 | -
- : irradiéted to: .
60~ B S ®= 2atKIT E
C ‘N ® &= 6atKIT+JSI s
. new measurementl o o= 7atKIT —
- V| e ®= 7atLANSCE 3
40 ®=14 at LANSCE ]
- | | | [9]=10" n/cm’ ]
3007””160””266”‘366”466”‘566‘”666”‘766”5300‘7
Voltage
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In-pixel hit efficiency at 8x10'° n,,/cm?
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In-pixel hit efficiency at 1x10'° n,,/cm?

VTT production

. Standard punch-through design oF 0.4

. Geometry
. Thickness: 100 pm

. Tuning:
. Threshold: 1300 ke, ToT: 6 to 6 ke

- Irradiated at 1x10'° ngo/cm? at JSI
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Power dissipation at fluences up to 1x10® n,,/cm? %
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for a 100 um thick sensor g
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Grazing angle technique employing modules with a
50x250 um? pixel pitch
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Testing at high phi %
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* High © set-up with a not irradiated n-in-p FE-I4 module of 150 um sensor thickness
at high ® (80° ) and a reference plane, perpendicular to the beam

Side vieQ\; Top view
Back side of the sensor
Row 336 50 um (each pixel)
150 um ‘ ‘ }
TB DESY Front side of sensor
March ‘16 Row 0O
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Distribution of cluster width
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Cluster size dependent on sensor Cluster width y for different sensor thickmesses
thickness N 1l
S 30 b s
-=> Sma”er Cluster Width for thinner Sensors E 255 ----------------------------------------------------------
‘Q_’u)) ;- ------------------------- Activgothickness ---------------
= - —‘2’_ um
2 2% Z30im
. f s ot
Example on cluster width for 150 pm = L o
thick sensor 100
. 5:
 Geometry : 150 ym thickness, 50x250 S — .
2 . o = . ‘TTTT' L i i
um? pitch, placed at 80" in r-phi % 71020 30 40 30 60 70 80 90

« Expected cluster width from geometry Csdist

~18
140
 Measured cluster width at test beam 120
~15 100
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Charge Collection vs sensor thickness

Charge collection at threshold: 1000e and ToT: 6 to 4ke
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Module with 150 um thick sensor compared to thicknesses of 100 and 200 pm
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Increasing cluster width for increasing sensor thickness

150 ym 200 ym
TN @
E%G.ﬁ ® e 00,0404, o
| - . .
—r e g0 0000, ° ".. "....!.’.s.
e ° . ¢
82— Cluster width y Cluster width y
B o 14 e 18
3j 15 e 19
C ° 16 ° e 20 °
2.8
LS. | Ll AR B | | | [ | | |
0 2 4 6 10 12 14 2 4 6 8 10 12 14 16 18
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Flat charge collection throughout the sensor depth for all thicknesses
Increasing charge collection for decreasing sensor thickness
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Charge Collection and efficiency vs threshold %
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Charge collection and efficiency at different threshold: 1000, 800 and 600e and
ToT: 6 to 4ke

Charge collection per pixel Efficiency per pixel
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Front side Pixel Back sitie

First measurements at a threshold of 800 and 600e, in the
range expected for the RD53A chip

Increasing charge collection and efficiency for decreasing
threshold values
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Summary and Outlook %
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« Thin sensors with slim and active edge

* Results on FE-I4 modules with 100 um thick sensors and active edge
show a hit efficiency of 99.6 %
« Good hit efficiency up to the sensor edge

« Performance at high fluences

« Hit efficiency for the VTT module with a 100 ym thick sensor is still
97.3 % after irradiation at 1 .10'® n,,/cm?-> for a moderate bias
voltage of 500 V

* Performance at high ®

* Planar sensors tunable to a threshold of 600e
* Increase of charge collection from 3.5ke to 4.1ke and increase of
efficiency from 96% to 98% at a threshold of 600e instead of 1000e
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Different structures of bias ring and punch-through A %)ﬁ
c
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F E 'l4 WI th ADVACAM (Werner-Heisenberg-Institut)
50 um edge, 1 QO Hm edge, .
one GR, Bias Ring + Guard Ring,

no punch-through structure std punch-through structure

Slim edge

Active edge

100 um edge, 100 um edge,
Bias Ring, Bias Ring,
new external pynch-through structure,_ . std punch-through structurt .
Slim edge : O lim edge

22 June6t-812016 N. Savi¢ —Performance of thin n-in-p planar pixel modules Max-Planck Institut fir Physik



CiS Production
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« First R&D production on 4* wafers for 100 and 150 ym O=tarmy2=54.7°

thick sensors '/<m>
« Thinning technology without using support/handling ‘T’_ e D
<110>

wafer by anisotropic wet etching (KOH)

« Starting thickness 525 ym thick wafer

* Front-side processing up to nitride depositonsand == - front sice
patte rni ng processing (1)

« Back-side p+ implantation, top-side p-spray cavily eiohing

* Metallization on the front and back side | s \ 2NN | [renind

« UBM (electroless Nickel at CiS or standard at IZM) = cacae cunan ront side

. d|C|ng _v/ \;/* *\_ processing (2)
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CiS Production
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« Sensor layout with 50x50 um? pixel cells
* Implemented common punch-through design

» 5 pixel cells of 50 um are connected with an extra rail to allow for a readout with the
standard FE-I4 chip with 50x250 um? pixel cells
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New design for sensors compatible with the RDS53 chip %
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* Punch-through design adopted from the two 25%100
best performing ones: combination of biasline X
over p-t dot and common p-t

« Alternative designs also implemented without
any biasing structure .

o

25x100 pm? pixel pitch

» Pixel staggered in such way to be compatible 50x50 = ®
with a regular 50x50 ym? grid on the chip
* Design based on the existing prototype with 50
25x500 um? pitch (results shown before) . '
(o}
o] @ 8.0 e 'ad

. 25 .

* New production on SOI wafers at MPG-HLL with 100 and 150 pm

active thickness
« Alternative but similar design implement in new CiS production

10@1
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Not irradiated modules: Tuning for high phi
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NP150um-5-4A (active edge) at high phi: Threshold: 1000e and ToT: 6 to 4ke
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ADVACAM production (slim edge, 100 um thickness) Xrﬁ
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In-pixel hit efficiency at 40 V

100 -‘

- - —0.9
50 "
e e e e e - - 0.75
G 0.7
I 0 1 0.65
e 0 __10Q__200__300 _ 400

40 :§:§§ Relf?tiyely hijgh
082 \ o - . inefficiency due
20 G5, Hit efficiency : 98.8 % { 1 hynch-through
§:§3 structure
% 50 100 150 200
mirrored in X
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New punch-through designs

Possible reason
for rather large
inefficiencies:
large pt-dot

in different productions

New common PT
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ADVACAM 50x250 pm?

CIS3 25x500 pm?

RD53 25x100 Mm?2

5
7%
0

Standard PT
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Distribution of cluster width %
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Cluster width y for different sensor thicknesses

Cluster size dependant on 0 1 , A

sensor thickness -> smaller > F T N L A R R AR /I

cluster width for thinner = 30.:. ................................................................... /

B :. --------------- SN NN NN NN NN ENEENEEEEEEEEE EEsEEEEEEEEEEEEE
Sensors b 25I_l llllllllllllllllllllllllllllllllllllllll = lIllll-lllIlllIlllll/l ------------
7 C Active thickness E
Example on cluster width for 150 3 o — o hm ///1
um thick sensor S F — ke //
2 15 . 10(:) um | ///

Geometry : of ///’

150 um thickness, 55 =y
50x250 um? pitch, E |
placed at 80° in r-phi e S RS ISP IS NS U

0O 10 20 30 40 50 60 70 80 90

Expected cluster width from U [deg]
geometry ~ 18 Cluster width = 18

Cluster separation = 3
Front 3 not Vﬁt pixe\I§ XXX 20 pm
|
| XXX | | 200

Back side of sensor
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Not irradiated modules: Tuning for high phi
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NP150um-5-4A (active edge) at high phi: Threshold: 600e and ToT: 6 to 4ke
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Not irradiated modules: Cluster distances %
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NP150um-5-4A (active edge) at high phi: Threshold: 600-1000e
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