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BROOKHEAVEN 3-d Detector

NATIONAL LABORATORY

O Differ from conventional planar technology, p* and n* electrodes are
diffused in small holes along the detector thickness (“3-d” processing)

0 Depletion developslaterally (can be 50 to 100 mm): not sensitiveto thickness

0 Much lessvoltage used --- much higher radiation tolerance
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BROOKHELVEN 3-d Detector
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BNL developed novel detectorsstructures:
o Still planar technology --- much easier and ssmpler than 3-d
0 V., may bereduced by afactor of 2-4
0 Insensitiveto SCSI
0 Depletion from both sidesand laterally

0 Real low resistivity S (100 \Wem) may be used (no SCSl up to
105 n/cmy?

0 Better power balance possible

Z.Li, 9" Vienna Conference on Instrumentation, Vienna, Austria, February 19-23, 2001
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Symmetrical semi-3d SSD
— Depletion from both sides of the detector and laterally

— With n* asread-out electrode (the high field contact after radiation
over SCSI), better CCE isobtained
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Asymmetrical semi-3d SSD

— The shift between the p+ strips on two sides D = pitch (P)

D can bebetween Oand P
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NATIONAL LABORATORY Awmmetrlcal ml':gd SSD

« Beforeradiation, Ng= +1x10'2/cm? (4 kW-cm)

« Junction on the p* contacts
Electron contour (smulation), V = 23 volts
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o After radiation, N 4= -1x103 /cm? (5x10%n/cm?)

e Junction on then* contacts
Hole contour (ssimulation), V = 230 volts (<< 370 volts)
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., L ow resistivity n-type SSD
and SPD: moreradiation tolerance

 Lowresgtivity FZ/CZ (high [O]) n-type S (cheap material)

« V., decreasewith rad, | increaseswith rad., power disspation almost stays
constant: power balance
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NATIONAL LABORATORY p+ /n/n* configuration

0V, to pre-amp (low resistivity)

OV, to pre-amp p/n/n structure pnn 53_8.3
Data from strip_pnn_gs3 400v.std
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(low resistivity)

p*- n* /n/p* configuration
2-sided process

Depletion from both sides
Can be fully depleted
from the beginning
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Bllﬂﬂl(lﬁl’ltll p*-n* /n/p* configuration
' (low resistivity)
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B@ﬁ@%ﬂ p*- n* /n/p* configuration
N (low resistivity)

0V, to pre-amp

p-n/n/p structure p-nnp/gs3_e5
Data from strip_nnp_gs3_ #150_b400v.std
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 Low biasat the beginning

0)
0)

 May work up to 1x10' n/cm? rad.

Medium and High resistivity n-type SSD
and SPD: moreradiation tolerance

e BiasVb may belarger than Vf to get maximum depletion depth without break down

p*-n* /n/n* configurati
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To pre-Amps, 0 V

———— |’

[
SIO, | AL | SIO, | AU [ SID, | AL | SID | AL SID | AL | SID
P* a8 P* n* P
~_ |
N—type Si

Medium to high
resistivity
(>=500 ohm-cm>

l

nt

Al

Positive
bias

Vi

Z.Li, 9" Vienna Conference on Instrumentation, Vienna, Austria, February 19-23, 2001



BROOKHRAVEN High resistivity p-type SSD
and SPD: moreradiation tolerance
 Highresstivity FZ p-type S : low biasat the beginning

 May work up to 1x10' n/cm? rad.
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nmnxlﬁ?rm p*-n* /n/n* configuration
' (Medium resistivity)

» Beforeradiation, Ng= +1x10'2 /cm? (4 kW-cm)

e Junction on the p* contacts
Simulation, V = 100 volts
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nmnxlﬁ?rm p*-n*/n (or p)/n* configuration
' (Medium resistivity)

o After radiation, N 4= -1x1013 /cm? (5x10%n/cm?)

e Junction on the n* contacts
Simulation, V = 130 volts (<<370 volts)
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Future Trends

0 Morestudiesin thefields of (next 2-5 years):

= MIDE (Material/lmpurity/Defect Engineering)
--- other impurities: H, CI, N, etc.

» DSE (Device Structure Engineering)
--- Realize 3D and semi-3D detectors

» DOME (Detector Operation M ode Engineering)
--- Realize CID

0 Make detectors with the new technologiesthat combine the
above three engineering methods (next 5-10 years):

0 Other semiconductor materialsfor extremely high radiation
(next 10-15 years)
=Diamond, SIC, etc.
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Summary

0 Novel semi-3d detector structurescan improve the detector radiation
tolerance by up to afactor of 4

0 Cheap low resistivity n-type Si can be utilized in anumber of structures
0 p-type S may also be used

0 One-sided and double sided planar technology can be used for all
detector structures

0 Most semi-3d detector structuresareinsensitiveto the space charge sign
Inversion

o In factor, most semi-3d detector structures have used the SCSI to theair

advantage to deplete the detector from both sides.

o Combination of various engineering technologies may push the detector
radiation hardness/toleranceto a few times of 10% n/cm>.



