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Cathode readout
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64 mm2 APD test results
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Two Gaussians overlapped,
possible explanation is: broader
one is produced by f ray in both
APDs, narrow sharp peak is the
result of cross talk signals.




(1) Samples of Cross talk events
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Vertical lines indicate where the zero crossing points are.
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Cross talk events (cont'd)
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(2) Samples of B Ray produced events
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Samples of B Ray produced events (cont'd)
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4mm?2 APD test results

Same setup (but w/o attenuator for channel #3) for 4mm2 APD
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Samples of cross talk events
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Samples of cross talk events (cont'd)
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B Ray events
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B Ray events (cont'd)

7

0.8 86
512.5ps 650ps IA"S
[ . [ L
[\
O. .
-5E-09 -4E-09 -3E-09 - fe09 E-09  2E-09 SE09 4E.09 -3E.09 J

1E-09  2E-09

/

i
V

\/

© & o D
A W N

g

675ps 637.5ps

>

\\
Do C,
[1%) »~

(o)

-5E-09 -4E-09 -3E-0 -09

(o)
No

([

5E 09 -4E-09 -3E-09 :::;09 1E 09 0

o)
N

1E09 2E-09

ool
w

o)
(48]




Discussion

by

The dT distribution of cross talk events can be used to estimate
the ultimate limit of time resolution due to electronics noise.

For 64mm2 APD test results:
nouse = 14 Zps
The dT of B ray produced events:
cg= 75.1ps
64mm?2 APD intrinsic time resolution (plus other unknown sources):
Gapp =V75.12 — 14.22 = 73.7ps

For 4mm2 APD test results:
nouse - 10 ZPS
The dT of B ray produced events:
o= 47.2ps
4mm? APD intrinsic time resolution (plus other unknown sources):
G app =V47.22 — 10.22 = 46.1ps




Discussion

If we want to use APD as fast timing device for MIP it is the most
critical R&D item: where is this large time jitter coming from?
(1) Zero crossing algorithm is not the best strategy to derive the dT?
(2) APD internal signal propagation time jitter (due to different
distance from hit location to the readout pin)?
(3) Drift time jitter of primary ionization electrons to the APD
avalanche region?
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(1) Look at the waveform samples provided above, we did see the time
difference between two waveforms is having big jitter, which is not
likely to be able to shrink by changing the algorithm.
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Discussion (cont'd)

(2) Signal propagation time

We can view the APD as a parallel plate detector, the signal
generated at one location propagates to the readout pin via
transmission line mechanism. The signal transmission velocity
depends on siflicon’s permittivity € (~11) and permeability p (~1), v

V = 1/V(ue) = ¢/3 = 101° cm/s
Travel 8mm needs t = 10'8 = 80ps, 0 = —— =23ps <« 74ps,

010 V12
Travel 2mm needs t = 1(:)'50 = 20ps,c = % =Dps <« 46ps.

(3) Drift time jitter of primary ionization electrons to the APD
avalanche region

According to our previous study the Co-60 B ray produced signal
is ~3 times of MIP signal, ~6000*3 = 18000 e-h pairs would
produced along with the track. So many pairs of primary ionization,
the fluctuation should be pretty small!




Discussion

A,
Experiment
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C. Summary

. Deconvolved transit time spread of Hamamatsu HPD R10467-06 is ~26.5 ps FWHM
at the single photon rate of ~ 3 kHz (excitation rate ~ 90 MHz)

. There 15 a weak exponential tail of ~80 ps (1/e) on the HPD response.
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