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” INTT sensor, full depletion voltage

274 sets of sensors are included,
file title : 190528_8S...datasheet (149 sets) + 211130_S...datasheet (25 sets) + 200519_S...datasheet (100 sets)
sensor ID(A&B): 1011 ~ 1159 + 1161 ~ 1185
1231 ~ 1330 (A) & 1223 ~ 1322 (B)

These three peaks are
originated from the purity of

Type-A, full depleti It Type-B, full depleti It e . . .
ype-, Tl copletion voTiage ype-=, 1l deplefion YoTlage silicon within ingots for wafers.
g 5 so- | They are known to vary by this
50— L

s Moan :57.166 = 0.075 s Mean :57.231 < 0058 much from one batch to another.
40 iGaus Width : 0.831 =+ 0.100 40 [ Gaus Width : 0.742 = 0.038

[ %2:110.603 / NDF : 13 = 8.508 [ x2:105.333/ NDF : 15 = 7.022 .. .

g sl This is usually not an issue as
o . long as silicons are operated
na 201 high enough from the full

s i depletion voltage, not to
h: T mention.

o: N %:HH\H‘\H“Hun‘”\””

40 60 65 70 0 45 50 55 60 65 70

Full depletion voltage [V] - Full depletion voltage [V] Hamamatsu7s |nS|ght

200519 _S...datasheet 200519_8S...datasheet
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Silicon Ingot

TELESCOPE Magazine rouowus @0 | TEL
What does technology hold in store for societies of the future? 6 > nanotec museum

small stick of seed crystal hung from the end of a wire is dipped into liquid silicon. As the stick is
rotated and slowly pulled up, an ingot of monocrystalline silicon is formed that has the same
atomic arrangement as the seed crystal (Figure 3, top). The cylindrical ingot is then sliced into thin
circular wafers, which are polished, etched, and cleaned multiple times until their surface is as
shiny as a mirror (Figure 3, bottom).

Ve Semiconductor
Technology Now

Part1

» The Race for 14 nm
Semiconductor Fabrication to

Intensify This Year

Question: What Exactly Does
the 14 nm Dimension
Correspond to?

Figure 3. Silicon ingots (top) and wafers (bottom) of different diameters
Source; SUMCO

https://www.tel.com/museum/magazine/material/150430 report04_03/02.html



INTT Performance Open Questions

- ADC response as a function of the bias voltage

« 100V@Fermi 2019 vs. 50V@Tohoku 2021
« Bias scan result with source in Taiwan still doesn’t explain 50V response.

Sensitivity?

e Offset 200mV or 280mV is question, but this doesn’t explain
« MIP position vs single+double hit methods conflict

» Does collimater with source helps?

« Will be investigated by the latest NWU cosmic ray measurement with 3 ladder
telescope. This study gives better angular control of trajectory compared to past

single+double hit measurement.
. Thlck tail of the residual distribution cannot be reproduced by MC
Implement accidental hit rates in MC using far side silicon area from the beam
spot (Cheng-W S
« Compare with low rate cosmic ray residual distribution.
« Ultimate rate effect free efficiency evaluation with cosmic ray

Slide from the INTT meeting in May/27/2022



DAC scan comparison

https://indico.bnl.gov/event/15657/contributions/63079/attachments/40865/68318/INTT_energydeposit_summary.pdf

Testbeam?2021, 50 V Testbeam?2019, 100 V
Positron beam, 1 GeV Proton beam, 120 GeV

DAC Scan all I1 it i
. 1000~ ifem=1 chip=45
2 £
< E Fit ters - Signal :
900? it parameters ignal 0.45 : ——Total Fit
E « Width = 1.093 = 0.170 = — Signal
8001~ “MIP =75.422 +0426 0.4 7 :g::;
E « Area = 19262.15 +290.29 E — TotNoise
700E + sigma = 16.854 = 0.307 035
C " " E Signal
600 Fit quality 03K  Width = 4.54 + 0.49
E « @Indf = 52.053/19 = 2.740 E ::‘\4::;:17‘ 381 +0.65
500— 0.25F * sigma = 15.30 + 0.87
r I ; Background
4005 & E *Areal =9+ 0
00~ 02 «G-sigmat = 47.24 +3.57
C = *Area2=34+7
300E 015 :_ -G;sngm32=82710.62
E = * y2indf = 57.9/52 = 1.11
200 01
100 0,05
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ADC ADC Count

The peaks are different
Original though : because of the difference of the supplied voltage
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' Capacitance - bias voltage

174 sets of sensors are included, file title : 190528_S...datasheet + 211130_S...datasheet
sensor ID: 1011 ~ 1159 + 1161 ~ 1185

Complementary error function as a factor

erfe(x)

Ry | A S S -

Based on the theory : As
1 1
C x— x \

1
d \/‘_/ signal B

Capacitance - Bias voltage (Type-B) Capacitance - Bias voltage (Type-A)
—~ ~ 3000
w 2400| "~ data == correction function — x5 function — reverse Erf function L —— data === correction function — x5 function — reverse Erf function
@® C @ =
% 2000 --- Correction function, fit result --- :% ~ --- Correction function, fit result ---
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[ E y =3331.731 x (. 5013 x (rev. Erf(: 17.268 )) ) + 724.245 (&) C y =4298.477 x (- 5.7 x (rev. Erf( 17.443 )) ) + 930.945
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F 2000[— |
1600 — i function, fit result --- L L function, fit result ---
F | [ [ [
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E 1 1
C =5274.890 x +-5.560 - =6601.034 x +17.244
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1000[— r |
800 F\l\ i 1000{= | 1y
c \M o g \I\ \ 0%
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Electric Tield at non-fully depleted voltage

This area between strips might not
be depleted even slightly below the
depletion voltage. Thus we cannot
expect efficient charge collection
from this area.

Electric field between strips are
developed towards the last stage of
fully depletion voltage.

The best way to prove
this hypothesis is to see
the position dependence
of the resolution within
the strip width.

We'll see a dip in the
efficiency distribution
around the edge of a strip.

Is this doable in cosmic
ray?

The electric field just below strip is
well developed as a function of bias
voltage. This directly appears as CV
response. 7



