Untersuchung von strahlenharten
Multigeometry Pixelsensoren

far den zuklUnftigen CMS
Spurdetektor im Rahmen
der HPK-Kampagne
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Kurzeinleitung

 Das CMS-(Compact Muon Solenoid)-Experiment ist eines der 4 Hauptexperimente
am LHC (Large Hadron Collider) und liefert wichtige Ergebnisse zur Entdeckung
“neuer Physik” ~> verweis

» Die Wechselwirkungsintensitat (engl. Luminosity) des LHC wird in mehreren Phasen
erhdht. Dadurch werden neue Anforderungen wie hohere Strahlungshéarte und
hohere Aufldsung (engl. granularty) an alle Detektorkomponeten gestellt

— Umfangreiche Forschungs- & Entwicklungsprogramme an allen Experimenten ~>T63
o Flr den CMS Spurdetektor: ,HPK*-Campaign®:

Untersuchung verschiedener Silizumsubstrate (Float Zone, Magnetic Czochralski und
Epitataxisches Silizium);

» verschiedener Dicken (320, 200, 120, 100, 50 um)

» und verschiedener Prozess- und Isolationstechnologien (p-in-n (N), p-in-n pstop (P), p-in-n
pspray (Y))

* produziert von einem Hersteller!!!

— Im folgenden werden aus dieser Kampagne Messergebnisse flr Multigeometry-Pixel

(MPIX)-Strukturen prasentiert)
— Namensschema: Material + Dicke + Technologie

*Hamamatsu Photonics KK
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Besonderheliten

e Teststrukturen fir Sensoren des innersten Berech des
zuklnftigen Spurdetektors “PT-model”

* Einzige Teststruktur innerhalb der Kampagne mit
Punch through Bias-Widerstand

— Besonders Augenmerk bei der Auswertung auf den Vergleich der
beiden Bias-Methoden

high Pt
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Messungen

e C/V und I/V Kurve des
Biasrings

« Zwischenpixelwiderstand und
-kapazitat

e Pixelstrom und
-kapazitat
e Biaswiderstand

e Gemessen wurden bisher 19
8 Mcz und 6 Epi Sensoren von aIIen

verfugbaren Dicken und
Technologien

 Gute Ubersicht tber die
Eigenschaften der unbestrahlten
Sensoren!

13/02/12 Matthias Bergholz

DESY Zeuthen



C/V Biasring

2e21 61V

SIS R —

/

/

1/C? [1/F7]

C/V Bias Ring - ——7-120
g —8-120
E100N-03-Mpix-2 8120
T ——10-100 0 -
[ leven numbers_: poly silicon 11-80 0 -100 -200 -300 -400 -500
o Fegions 1.6 pel engih = 2451,m 1280 Voltage [V]
c regions 7-12 pixel length = 1171pm|
e \— Verarmungsspannung
O 300 - =
cd ] .\.\. \I\
Q 1 | = I\I 2 n =\./:\l
S 300p ] N TN T
= S 200 T e
—B— FZ200P-03-Mpixl
| o - g
20.0p 1 =
0 100 200 300 400 % ] " P
Voltage [V] L

1 ./.\.\'\-/'\./'/.\'\./.
| Plot have to be updated...
1 2 3 45 6 7 8 9 1011 12
Region number

13/02/12 Matthias Bergholz

DESY Zeuthen




-15.0n I/V B|aS Rlng -
FZ320Y-06-Mpix-1 )

<C-10.0n
= /
o v
. - 5 ///
6o I/V Bias Ring - O 5o —
.0n q o
Il FZ320P-07-Mpix-1 /
— - // ,//—-—‘_45—-’; o0 0 -100 -200 -300 -400 -500 -ei)o -7230 -si)o -900-1000
<, 40n E—— Voltage [V]
= |
3 —
= ——7-120
O ——8-120
2om : ——9-100 - Durchbruchsspannung
B numbers  punéh trough ~——10-100 . .
. oo 2o~ 24z1m | ——11-80 Typische Werte:
———12-80
ool T FZ320 > 1000V
0 100 200 300 400 500 600 700 FZ200. M200 > 700V
Voltage [V] !
FZ120 > 500V
E100 > 500V
E50 > 350V

13/02/12 Matthias Bergholz

DESY Zeuthen




INt
« Keine Abhéangigkeit von

50.0f 1
- der Technologie !!!
e
8 M200N
S 120 150.0f - Cint @ 45OV ®  M200N-05-Mpix-2
g ——8120 o Ho M200N-09-Mpix-1
O feven numbers = poly silicon —9-100 lal 1 s\éznn:;nl;e?srs ; gzr)]/csi": Itf‘l?guglﬁsl;asedl n MZOON']-O'M p?X'l
v 2ot - 585m ——10-100 3] m  M200N-11-Mpix-2
regions 7-12 pixel length = 1171pum| —_— 11_80 % 1 120 100 MZOOP
| | | _ . v
ool ||| £ 10001 . " " M200P-0ANmL
0 100 200 300 400 a . / \. ;
Voltage [V] S ’\. ) = M200P-07-Mpix-2
Oltag ] 1 . M200Y
O | " = M200Y-02-Mpix-2
C C ) 1 - = M200Y-05-Mpix-1
° > 2 50.0f
PT PS o _ . A PN
-
e C >C >C g Ty
120pum 100um 80um £ .

~ D% ' i |
C Ian 2 Cku rz 0.0 T T T I_Iongl PIXGI| Slhortlplxell T T T
g 1 2 3 4 5 6 7 8 9 10 11 12

Region number

13/02/12 Matthias Bergholz

DESY Zeuthen




INt

Sl R - ESON-07-Mpix-2 [N

bias
20p4 ——————
<
= i —I=
g ] )
o B
5p e
P 1 B numbers = punh though >10TQ
regions 1-6 pixel length = 2421pm
J regions 7-12 pixel length = 1171pm|
0 ++——r————1—rT—— e e
-2.5 20 1|5 10 0|5 00 05 10 15 20 25
Voltage [V]
[ ]
Rin(PT) > Ri(PS)
=
o >1TQ fUr Epi
e >1GQ furM

13/02/12 Matthias Bergholz

DESY Zeuthen

- ZWischenpixelwiderstanc

51
Min :5.46E12
418l § § Max :1.29E15
31 N\ N
21 i Epi
1_T NN NNNNNY NN
N N
Ll .
O T T T T T T T T T T T T T T T 1
0.0 50.0T 100.0T 150.0T 200.0T

Resistance [Ohm]

M

SN

N\

7 Interpixel resistance

250.0T

T
0 100 200 300 400 500 600 700 800 900 1000

Rint [GQ]




pixel

600.0f - 10
] \ Pixel - 8120
550.0f - E50N-07-Mpix-2 —9-100
. ] \ ——10-100
= 500,01 emamaes oot e : :
3 1 \\ ors L5ttt Pixelkapazitaet @ 450V
& 450.01] 60.0p -
£ ] | _
cs 4
400.0f
=] 1 . n .
© 350 Of: l m
o | i /N
300.0f ——+— — N S S A
0 100 200 300

Voltage [V]

N
o
o

°

Capacitance [F]
.<.§.<
NS

<
/

* Cpr>Cps

—ml— Average of all FZ - 120um

—m— Average of all FZ - 200pum
Average of all FZ - 320um

—m— Average of all MCz - 200um

C120um > C100um > Caoum

00 t———7—

o 123411&'36789101112
CIanggckurz

13/02/12 Matthias Bergholz

DESY Zeuthen




Pixel

 Technologien zeigen

leven nu‘mbers = poly ‘silicon
I . odq numbers‘ = punch through -
el Sl i gleiches Verhalten
FZ320Y-04-Mpix-2
— 10
< "
+— ] //A/ /_J
C | A —7-120
Qo I X_J"”’" ——8-120 10.0p - Pixel
= ] - — e | 9-100 ] IXe
8 5p N\ o~ :ig:;go ] Durchschnitt ueber alle Sensoren
(oo TR e
] L ~ASN ATV
| W"/_N
] 8.0p
O T T T T T T T 1 Z‘
0 100 200 300 400 500 600 700 ': —m— FZ320N
Voltage [V] c 70p . —m— FZ320P
o —m— FZ320Y
= 6.0p
o > o
lot > lps \ \
5.0p \ N\
° > > - Nl
IlZOum I1OO]VLm I8Oum N
4.0p T T T T T T

13/02/12 Matthias Bergholz
DESY Zeuthen




Current [A]

Resistance [MQ]

M R__- E50Y-01-Mpix-1

\ Polysilicon
] \ —2-120
500n —4-100
LN ——6-80
] \ — 8120
. —— 10-100
0 —— 1280
5000 \\\
-2 -1 0 1 2
Voltage [V]
Poly silicon bias resistor R _
1as
10__ M200N (4 sensors)
94 7/} M200P (3 sensors)
] ™ M200Y (2 sensors)
8 FZ200N (2 sensors)
u m  FZ200P (2 sensors)
T1= - . y 4 ®  FZ200Y (3 sensors)
6111 i 4
] /
H u ]
S 1 i
[ |
41 =
1 |
3 i i -
| ] u
2
1
0 T T T T T T
2 4 6 8 10 12

Region number

Rbias

Resistance [Ohm]

_ Punch through Widerstand
N
7 B
10° N
‘\‘\
107 \
10° A
P.

1E-11 1E-10 1E-9 1E-8 1E-7 | 1E-6
Current [A]




Zusammenfassung

* Alle untersuchten Mpix-Sensoren weisen eine
gute Qualitat auf

e Deutliche Unterschiede der elektrischen
Eigenschaften flr die verschiedenen Bias-
Methoden

* Mpix Sensoren werden derzeitig mit Protonen
und Neutronen bestrahlt und anschliel3end
erneut gemessen

e Parallel zu den elektrischen Messungen sind
Teststrahlmessungen vorgenommen und
Simulationen durchgefuhrt worden
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Anhang
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1. HPK#* Campaign (1) .

« The goal is to find the best material and geometry choice for the
upgrade of the CMS (silicon) tracker
 To achieve this goal one wafer layout was designed and produced with

different substrates, thicknesses and different production technologies but
with same production process from one manufacturer! (Hamamatsu)

technology / material Fz- Fz- Fz- Fz- Fz- MCz- Epi- Epi-
320um 200um 200pum* 120um 120pm* | 200pm 100pm 50um
P-in-N 6 6 6 6 6 6 6 6
N-in-P pstop 6 6 6 6 6 6 6 6
N-in-P pspray 6 4 6 4 6 6 6 6
2nd metal P-in-N ° FZ - Floating Zone silicon
2nd metal N-in-P pstop 6 MCz — Magnetic Czochralski silicon
2'nd metal N-in-P pspray 6 Epi — EPltaxial silicon

* Physical thickness is 320um, active thickness is reduced by a “Deep Diffusion” process
#

In total 158 wafers have to be qualified, irradiated and re-qualified.
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1. HPK Campaign (3)

P-irradiation (KIT)

P-irradiation (KIT)

N-irradiation (Ljubliana)  Single particle N-irradiation (Ljubliana)  Mixed particle
damage damage
Expected fluences at 3000fb-! for CMS
Radius Protons Neutons Sum Ratio
[cm] [10%4 g /cm?] [10%ng/em?] | [10%n,,/cm?] PIN
5 130 10 140 13 Corresponding to simulated fluences
10 30 . 37 43 « Single and mixed particle irradiation for 5 radii
* Electrical measurements after each irradiation
15 15 6 21 2.5 « Several beam tests
20 10 5 15 2 » Annealing studies after irradiation
40 3 4 7 0.75
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Wafer Layout
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Biasing and isolation technic

FOXFET
[f_ "SOURCE"  "GATE"  *pRam
End of an AC-coupled | DC-connection Gate electrode Bias line |
readout electrode to the strip diffusion electrode
| (optional) 1
AU T AR LSS
Strip p *-diffusion | Bias line p *diffusion :
D it - no strip isolation
due to electron
accumulation layer P+Stop p+spray
n-type bulk
++ +4+++++++, ++ o+ ++ + ++
W ----wr - - -w-- - -
N+ electron N+ N+ p+stop N+ n+ Pt+spray n+
accumulation

Backside metallisation

Fig. 1. A cross section along the direction of the strips of the FOXFET structure.

Operation and radiation resistance of a FOXFET biasing structure
for silicon strip detectors
M. Laakso

Particle Detector Group, Fermlab, Batacvia, 1L, USA; and
Research Insttute for High Energy Physwcs (SEFT), Helsinki, Finland

P. Singh, E. Engels, Jr. and P.F. Shepard
Department of Physics and Astronomy, University of Pittsburgh, Putsburgh, PA, USA

F. Hartmann, Evolution of Silicon Sensor Technology in Particle Physics, 5STMP 231

(Springer. Berlin Heidelberg 20095, DOT 10,1007 978-3-5340-44774-0
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