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Introduction: CMS @ LHC

Tracker: Tracker:
Silicon Strip Detector  Silicon Pixel Detector
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- The Compact Muon Solenoid is
one of the 4 main experiments at
the Large Hadron Collider

- To improve sensitivity to rare
processes the luminosity will
further be increased by a factor
of five in the year 2020

=> Sensors with higher
radiation hardness and
granularity are needed

This talk will only cover planar silicon sensors for the tracker investigated in the HPK-
Campaign. With in CMS also other options like 3D silicon are investigated.
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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)

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

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

In total 158 wafers have to be qualified, irradiated and re-qualified.
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1. HPK Campaign (2)

“Wafer is cut into 30 pieces e.g.:

Diode_new

- Test-Structures | Process/surface

- Diodes Irradiation/annealing/material
- Multi geometry pixels
- Multi geometry strips
- Baby std sensor | Irradiation/annealing
- Baby PA sensor

- Baby_Strixel sensor
- Add Baby | Lorentz angle

Geometry

Routing/design

PTTS

Sims ™ piode_new
Hall Sample
bl
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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] [1014 neq/cmz] [1014 neq/cmz] [1014neq/cm2] P/N
5 130 10 140 13 Corresponding to simulated fluences
10 20 . 37 43 * Single and mixed patrticle 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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2. First results: production Process Analysis

Backside Diffusion on Floating Zone Materizl
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1/C? (1/F?)

1.2e422

Spreading Resistance Profiling
measurements show the
back side doping profile for
different sensor thicknesses

Such profiles are used to
compare simulations with
measured curves

n-type Diodes
le+22 -
8e+21

},-

T ——T
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Karisrube Institute of Technology
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2. First results: Diodes (1)

Current - Voltage © FZ320M_10_Diodel 08
T=20C non-irrad. guard=1 [ FZ200N_0T_Diodel_08
«10° FZ120M_05_Diodel_05
= 4 =
§ as—
E - .
S 3F i
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- Currents for thin diodes are higher than for thick diodes; that indicates that the deep
diffusion process produces defects acting as current generators

- This could be confirmed with additional Deep Level Transient Spectroscopy (DLTS) where
a so called H220K defect was identify as current generator
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2. First results: Diodes (2)

Proton irradiated - CV

CV-Plots large n-type 1.09 * 10" neq proton

1,09*10%neq protons
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200V,0°C,FZ320N
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104/ cm? protons

T. Pohlsen, Hamburg Univ.|

- For n-type sensors the depletion voltage decreases with fluence

- contrary: it increases for p-type sensors

- reason: type inversion of the n-type sensors
(could be confirmed with TCT measurements)
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unch through oly silicon
biasing biasing

Isolation

Measurements
- I/V & C/V bias ring
- I/V & C/V single pixel

int




Poly silicon bias resistor R,
las

10__ M200N (4 sensors)
" o4 7/} M200P (3 sensors)
u ] M200Y (2 sensors)
First results: MPIX -
u 1 = / B FZ200P (2 sensors)
'a' 7—_— = - 7/; m  FZ200Y (3 sensors)
= . ——— e
M200N Q 5_': : -
. m  M200N-05-Mpix-2 ] !
. 15001 Cint @ 450V M200N-09-Mpix-1 § 4- -
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3 M200P T [ . .
% . ®  M200P-03-Mpix-1 .
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- C. . is lower for PT biased structures, 3 L7
int O —m— Average of all FZ - 120um

(no significant difference between isolation technologies) —=— Average of all FZ - 200um

- Bias resistor is higher for MCz sensors o
- The total capacitance at 450V is higher e “R: io‘; anZerg 0
for PS biased regions )

Average of all FZ - 320um
—m— Average of all MCz - 200um
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3. Summary / Outlook

e Most of the materials and structures have
been characterized

e Sensor quality is in general very good

e First irradiations were done and irradiated
sensors are now being investigated

 Test beam data now being analyzed

« End of 2012 final conclusions for material
choice of future CMS tracker are planned
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Backup




Silicon sensor

alignment
marker

passivation
SiO, oxide

coupling capacity oxide
SiO,

n++ layer

aluminium backplane

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

iSpringer. Berlin Heidelberg 20007, DO 10, 10077 978-3-540-44774-0
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Transient Current Technique

Alison Bates, Michael Moll

TCT Analysis provides information on:
» Electric field formation
« Effective trapping time
* Charge collection efficiency

+ Full depletion voltage

+ Normal detector operation: 06
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Spreading Resistance Profiling

V = 005 Volts
I (measured current)

Bevel ~
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Source: SOLECON LABS TECHNICAL NOTE



DLTS
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t temperature T H (220 K) A —_— Egg
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- Traps are filled by a voltage ramp C(t)ec exp(—ij
T

- After ‘capacitance vs. time’ was measured, t de-trapping constant
- DLTS Signal is difference for two different times t, and t,| AC(T )= C(t, ) C(t,)
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Biasing and isolation technics

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, STMP 231

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