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Experimental layout
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Regular planar detectors

Voltage terminating structure (VTS)
(floating rings)

\4:0 V=V, Sensitive area(p *) I

coalane

>2d (>600 M) (n+)

\ 4
<
o

Voltage Terminating Structure

"1 A 0

Nl l

MM=ITTES

sensitive >1mm (Non Sen5|t|ve Cut edge (highly
part damaged
surface)

1. G. Ruggiero et al. IEEE Trans. Nucl. Sci. 52 (2005) 1899.
2. E. Noschis et al. Nucl. Instr. and Meth. A 563 (2006) 41.

V. Eremin, 19-th RD50 meeting, CERN, November 21 — 23, 2011



Requirements for TOTEM
Edgeless Strip Detectors

» The production yield providing fabrication hundreds
of the detectors

* Low strip capacitance and current for appropriate
signal to noise ratio

- Stable properties of the sensitive edge along the
years detectors operation.

The choices:
- N-on-P planar
- 3D technology
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‘ Prehistory \

Z. Lietal., IEEE Trans. Nucl. Sci. NS-49 (2002) 1040-1046
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3D active edge detectors

C. Da Via et al., NIM A587 (2008) 243-249 Main features of design'

« p* and n* through entire
bulk
 p* active edge

v“collectiondistance < 50 um

v fast response

v higher electric field due to
cylindrical geometry

v'radiation hardness
p+ active edge but

electrodes

Fig. 1. Sketch of a full-3D sensor where the p+ and n+ electrodes are v "Complicated techn o
processed throughout the entire thickness of the silicon bulk. The edges ) p OlOgy
are trench electrodes (active edges) and surround the sides of the 3D device low YIE Id

making the active volume sensitive to a few um from the physical edge.
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Planar approaches
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EDL detector with passivated cut

VTS at the cut
SiO2 passivated J
A

cut \
Non-sensitive
corner _J—

Complicate technology
Low operational voltage
Low operational fluence
Low productionyield

Voltage Terminating Rings
Sensitive area (floating)
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Detector with CTS
(TOTEM edgeless design)

Current terminating Clean-upring Sensitive area Voltage terminating rings
rng

Effect of the Current Terminating Structure
« The potential distribution along the cut similar to the potential in the bulk

The current of CTR: Injected Ohmic current along the cut
The current of CUR: Diffusion current from the cut to the bulk

The current of sensitive area: mainly the bulk generated current
No potential drop along the CTS rings
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Conductive cut - the main part of
EDL detectors

Damaged cut surface has high
concentration of defect levels and
high recombination rate

Surface ohmic curre
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Current at the detector sensitive area
(diffusion model)

| A=50pm|

5

T
I
I
I
I
I
I
I
I
I

Hole current

T
I I
I I
I I
I I
I I
I I
I I
I
I

—3

L e e —

p_— —_— —_— —_— _/_ —_— —_— —_— —_— — —

Distance from the cut
Ldif = ./ D .tdr — 4lurn Ibulk= Igen exp(-A/Ldif)= Igen*2.3e5

at : D= 16cm; at : I = 1le-3A;
tdr: 10ns Ibu|k= 2.3e-8A
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Final design

Pitch adapter on detector
7 VFAT / APV25 compatible

sy ..

Very High Resistivity Si n-type <111>, 300um thick, Vdep ~20V
¢ Standard planar technology fabrication

¢ AC coupled strip (punch-through)

¢ Single sided detector, 512 microstrips (pitch 66um)

# strips at 45° from the “sensitive” edge

¢ Voltage Terminating Structure on non sensitive edges

On|y Soum from end of ¢ Current Terminating Structure on sensitive edges

strip to end of sensor!!!
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Experimental I-V characteristics
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Good agreement with the predictions !
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Recent experimental results on CCE

in p-on-n edgeless detectors with CTS

Efficiency of CTS detector at the sensitive edge
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G. Ruggiero et al. Planar Edgeless Silicon Detectors for the TOTEM Experiment.
Pres. 8th Intern.Conf. on Position Sensitive Detectors (PSD8), Glasgow, Sept 1-5, 2008,

Nucl. Instr. and Meth. A (in press).
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The TOTEM Roman Pot Silicon Sensor

n-Si, p~20xQ-cmViy: ~20 V; 512 strips, 66 um pitch, Voper up to 400V
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TOTEM Edgeless Detectors Technology
Monitoring
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The Hybrid

Kapton
Flex PCB

CEQ7 side bar with

mounting holes CEOQ7

support
plate

TOTEM ROMAN POT HYBRID
EDA-01403. -v2 -
¥
St B ENE {

100 128 channels of tracking frontend
p . . [
Si microstrip with digital storage and data

edgeless detector transmission
8 programmable trigger outputs,
radiation hard design
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Detector Package

24 Detector Packages over >440m
122880 r/o channels

240 sensors (.3m?)
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Radiation hardness
of the edgeless sensor with CTS
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Electrical characteristics of test edgeless n-on-p

detectors

Pad detectors as-processed
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current vs. fluence

in n-on-p edgeless detectors with CTS
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¢ Dark current is bulk generation current
¢ dark (pad) current is still less than CTR current
¢ CTR current is only slightly dependent on F,

¢ CR currrent is affected by bulk current
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Wafer layout with N-on-P edgeless
detectors

Large strip EDL
Baby strip EDL
Test strip regular
Pad EDL

Pad regular
Small reqular
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Summary

« A novel approach forthe edgeless detectors was developed and
successfully realizedin TOTEMexperiment

(R&D and TDR in 2004 first data taking in 2009)

« Thelyear stableoperationof 240 TOTEM EDL detectors proved
completely the physical background of the new development and
motivates to follow this line for advancing the EDL detectors
radiation hardness.

 The story is not over...

September 2009
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