Design, Fabrication and Characterization of
W AC Coupled p-on-n Si Strip Detectors
9 furnished with multi -guard-rings
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Silicon Detectors in HEP experiments

Si_as a tracking detectare being used for particle detection and precise
position measurement of charged particles in HEP experiments.
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CMS PreshowerDetector (Delhi University Contribution)

ASuccessfullydevelopedsi strip sensors for the
first timein India

ADelhi University (DU) performedR&D and
participatedn all the aspect®f Si sensor
developmentvith BARC, Mumbai& BEL,
Bangalore

AL000Si sensorsverefabricatedandtestedand
installedin the PreshowerDetector of ECAL for
CMS Experiment :

HCAL
Endcap

Major Milestone Achieved (19982004)p

Preshower ECAL
(Si detectors) Endcap

Specifications of Si Sensor

A Si sensor: 6863 mn?

A32 strips, 1.9 mm pitch

A4300 modules, 18 #of silicon

ASi sensors and fromnd hybrids
glued to a ceramics support

AEverything supported by an Al tile
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Challenges for futureSi-Tracking Detectors

FutureHEPexperimentgUpgradeof CMS detectorat LHC

& ProposedinternationalinearCollider) FluencevsRadius

‘ Z=0cm (barrel):
= = Charged hadrons

3000fb™ + + + Neutral hadrons

CMS TraCker Upgrade & 10 Z=250.|;:c:1t13(|end-cap):

Operationat High Luminosity (13%3cnr? s1) 5 =7 Charged hadrons

HigherFluence(10*n,/cn) = 10" S — Total
Radiation Damagein Si TrackingDetector 2 10" pixel -
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Leadsto thedeterioratiorof theelectricalproperties . T | Swptacker y |,
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of Sisensors

Radius (cm)
Surface Damage Bulk Damage
Creates charged states in Si9 Creation of donor and acceptor traps with energy
Contributego the surfacechargedensity(Qy) levels inside the banejap
p*—n' device Degradatiomf breakdown ATrappingof Chargecarriers
voltage(Vgp)
n*-p' device Degradationof position resolution Affect on Sensorproperties
(e accumulatioriayersbeweem® strips Decreasén the chargecollectionefficiency
Affect on sensor properties Increasein LeakageCurrent
Inter-strip capacitancenfpise between the strips
Inter-strip resistances{rip isolation)

m=) Need Radiation Hard Si Sensors with Finer Granularity 4
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Design Challenges for future Si tracking system

Comparison
Si Strip Detectors installed in CM&eshower Future Si tracking system
1) Si-Mini-Strip Sensors 1) Si-Micro-Strip Sensors
2) Large Pitch (1.9mm) 2) Small Pitch (5&m)
3) DC Coupled Si Strip Detectors 3) AC Coupled Si Strip Detectors
Readout directly coupled to implant Capacitive Coupling between implant
' ' ' and readout
A N— N— SiOg /IL“* )l\ / Sio?ﬁm
o /a¥ e ’
?1&;? = - p-Si
5/,
i _ne-si o= @v leakage curre@
| . . _— N*-Si
V=0 Al %
V= 0 (bias voltage) A
4) Direct biasing 4) Biasing through poly Si resistors 5
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DU Involvement for future Si Tracking Detectors

ATo understand performance of Si sensors at hifjinramnces extensive simulations ar
measurements of Silicon Sensors are required

A Delhi University is involved in the development&E€ coupled Silicon Micro-Strip
Detector (p-on-n) equipped with multi-guard-rings

ACollaboration with Dr. MarcdDemartead Fermilab

AParticipationin following threedifferentactivities

| | I
DesignOptimization  Fabrication Characterization o
DeviceSimulation Close coordination Established characterization
TCAD-Silvaco with Foundryi setups (IV/ICV & TCT)
Bharat Electronic Involved in the measurements of bo
Limited (BEL), static & dynamic properties of Si St

Bangalore, INDIA ~ Detectors
6
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Design Optimization

Device Simulation (TCAD Silvaco

Flow Chart for Simulation

DevEdit SR e AR | ASolves current density equations,
(Structur_e & Provide Current, Capacitance, continuity equation along with
Mesh Editor) \oltages : A : )
p 0 1 S sgoatiah sising given
Define ﬁ f boundary conditions
'Reg'o.”l ATLAS | o
"\D"g‘t?r:'a (Physics ASurface/Volume is subdivided in
_Coﬁtagts Model) small discre_te regions called
-Electrode Include AMeshingo
-Method

" -Model AGood mesh leads to better

Gener at e St stra -Interface convergence
Provide Electric Field, -Solve

Potential
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Design OptimizationDouble Sided Si MicreStrip Detectors (p-n—-n*)

Phasel (p*-n) Phasell (n*-n°)
ATo achieve good charge collection effiency (CCER Generation ofe accumulation layer on
after bulk damage, sensors should be over backside ( frn)
depleted

A Shortening betweentstrips

A Ensure the operation of Si sensors at high voltdge

A Degradation of position resolution if-nr

Alimited by the breakdown phenomena

ANeed isolation

Aln p*-n Si sensors, breakdown is due to
-Electric field enhancement at edges & corners|dhisolation MethodsTwo types
pnjunction
-presence of Q

p-spray p-stop
ATo improve the breakdown performance with lo
leakage current, performed design optimization
p*- n (front side) / f
Uniform doping Heavily doped region
A Incorporated guardng structures -

8
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Design Optimization (p-n—-n®)

Phasel (p*-n)

Eight different layout
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Optimized various design parameters[1]
Guardring spacing

guard ring width

Incorporation of additional intrguard rings of
p*and i types

Incorporation of metabverhang

Doping concentration

Junction depth

Phasell (n*-n)

Optimization is performed [2] for
-implant dose profile of the-ppray
-implant width of pstop

Seen effect omterstrip capacitance

16, -3
2.46-16 | Np=4.10 ,cm o
Vpias= -100 V Np=12.10 Cem™ e
_ Np=24.10"%cm™ ...,
5 ENBT without p-spray ..
w
3
c 1.6e-16 [
8
S
()
Q.
8 1.2e-16
R
2
2 8e-17 f
=
4e17 | v -
0 1e+12 2e+12 3e+12
Fixed Positive Oxide Charge Density (cm'2)
oV.

[1] Development of multguardring-equipped p#n Simicrostrip
sensors for th&iD detector at the ILC, FSaxenaet al.,Semicond Sci.
Technol.25(2010) 105012

[2] Simulation studies of the-p-nSi sensors having-pspray/pstop
implant for theSiD experiment, PSaxenaet al.,Nucl. Instr. and
Meth. A (2011)

9
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Detector Layout &Specifications (Phasé)

A Si strip detectors are fabricated on 4" wafer with eight layer mask process using the

planar fabrication technology at BEL, India
A FloatZone nbulk wafer with resistivity of & kohmcm, thickness of 30@m are used for
fabrication

AM)

Detector Dimensions ] lay?

| lay5 [ | lay8 [ ] text lay3

lay? lavd layé6 layl
Length 6cm -50000 = Major ILl_ck:lUOOD Minor tick=1000 (UM] 50000
Width: 3.4cm S S S S e e S S o
Numberof strips 512 g} - [oyeeea =
Stripwidth: 30 nm f HH . ’
Strip Pitchk 55mm ] =
E = 2
Detector Specifications fioos
Depletion voltage: 40- 150V ] e = FH —¢
Biasing scheme : poly-resistors on both ends 1O o]
Poly resistor values: 08+0. 2 Mq 1 [mHH |
SiO, Thickness 250nm i B H
Metal strips: Al coupled over the implant E 1] i j
Al strip width: 3 - 4 mm metal overhang on each sidqg i
Al strip thickness: >1mm L] _‘ »
Coupling capacitance per strip: | ~ 144 pF+ 10% S ] S
Junction breakdown: > 350V S 3 T S
Coupling capacitor breakdown: > 100V ~o0000 Test Structures (half moons)
Total detector current: < 100nA/cn (at full depletion _ )
voltage+10%V) Figure Detectors & test structures iKLayout
Total detector current at 350V: <16mA 10
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AC Coupled Single Sided Si Strip Detectorip)

Pictures & Dimensions  Length: 6¢cm
Width: 3.4cm

Number of strips: 512
Strip width: 30mm
Strip Pitch: 55mm

Corner Bias ring

poly-Si up to DC pad
AC pads
Implants up to here

Guard rings
inside bias ring

Fabricated Si Strip Detectors at DU in a collaboration with BEL, INDIA 11
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IV/CV Characterization Facility at DU

K-2410 K-237

Make & Model:

SUMMIT 11000BM
Serial Number:1260060904
-Precision manual % stage

Electrical Setup Configurations for IV and CV measurements

SMU
(e.g. Keithley IV 237)
Probe to p* bias-ring

Lo Hi
ﬂ Sensor (I

CV-590
Hi Lo
Pro[ie to n” ohmic-side
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