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TCT cryogenic module

DUT
Reflecting mirror Laserfront cable 2 mlong

with FC connector

G )
Cryo cable UT85 SMA
15 mm connector
— : : [aserbackcable 2 mlong -
PCBtable 1t with FC connector
L 250 mm |

Metal cylinder
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Arrangement with 5 cryogenic modules
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Inside the cryostate
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Cryostat
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The beam test area
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Charge collection

‘ Si electron pulses at 3330 V/icm |
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Electron collection

| Edectron pulse widths in 5i at 3330 Vicm | Electron drift velocities in 51 at 3330 Vigm | | —e— Smnmma
l1l' = Gl iy S i
E f " . T'ﬁﬂ ¥ 1T Cwm OB rwim by ol VR i
£ A : pob oy " e ey D ey
£ f 130" § @b Tt TAmEREEREeS
_E P e W ) 2 'I-
L P e 0 éf' %"“; .
] 3 _
: Pi. =100 b
ie] 9 F 1 ¥4 ",
i + ﬂ-_ - M £ P + #
1 o

SRRREIE i } UL

SRR T I | 3

10 ig 10 Ll's

V. Eremin, Bari, 29.05-1.06.12



Hole drift velocity
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Collected charge in Silicon and Diamond
detectors

Charge collection comparison between detectors
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Sc diamond detector polarization
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Polarization time in diamond

- The polarization criteria |Polarization by trapping:
MGA (2.7eV)
Otr =1e-15cm2, Ntr=1e15 cm-3)
RT
t=tpol Trapping time = le-7c
E(X) Net = Necr | | Detrapping time = 1e35 ¢
Collection time = 1e-8 s
Polarization time (estimation)
X R = 1e6 MIP cm-2 c-1
1MIP — 1e4 pairs
Detector at: CCE =009
Vb = 1000V Ntr = 1e4x(1-CCE)XR = 1e9 cm-2 c-1
W = 500um
Ner = 1e12 cm-3 tpol = Ner/ntr = 100 C
Ncr = Ner x W = 1ellcm-2 More details on polarization:

B.Dezillie, et al. NIM A 452, 2000,p.440
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Electric field evolution in detectors
under bulk polarization

P+ N+
+ ‘ tpol = C*V / {I*(1-CCE)} ‘

Neff(t
® At Jbulk = 1e-9 Alcm?2

fpol = < 1000c !
Critical for deep level rich
semiconductors

Critical time tcr
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Electric field evolution in detectors
under charge accumulation at the

contacts
Me | | Me
| | ‘ tpol = C*V / {I*(1-CCE)} ‘
| I +
I I
Neff(t
: ® : At Jbulk = 1e-9 Alcm?2
! ! tpol = < 1000c !
Critical for the wide band
semiconductor detectors
with M-S-M structure
E(x)
_t=0
______ | Critical time ter
4-/
X
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Double side injection structures as a
possible solution

P+

E(X)

Neff(t)

N+

- |E(n+) =E(p+) =0 |

Critical condition:

Injection at cryogenic
temperatures.

The best candidate —
silicon P-I-N structure with

higly doped contacts.
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Comparison of Surface-barrier and
P-I-N detectors

Surface P*(boron) || N*(phosphorus)

Me / Bulk Me / Bulk /Me

! | I| Vv /
S/B detector P-I-N
or M-S-M
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Electric field and potential at the
detector entrance window
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Conclusions

Polarization could be a major drawback for Diamond and
Silicon detectors operated at high counting rate at very
low temperatures.

The possible solution for Silicon detectors is a P-I-N
structures with thin and abrupt highly doped contacts.

For Diamond detectors the solution is not evident.

The modules with optimized P-I-N structures must be
studied with MIP’s laser simulator and in test beams of

2012.

Thank You for Your attention
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