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Choice of operating voltage:

Noise and current vs bias voltage
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o Leakage current vs. bias voltage, and noise (from all channels) vs. bias voltage
o Find the bias voltage where the noise begins to increase. Sensor is operated at 1-2 volts below that bias voltage.

o At the same time keep a check on the leakage current (sensor not operated at very high current)



Systematic Study of Sensor Performance: Strip

Name | Wafer | Pitch lgﬁg& ﬁrli?t?: tlﬁ cclt:l‘fss Sheet resistance | Capacitance Op\t[gﬁt;lg:las
(pm) | (mm) | (pm) | (pm) (2/0) (pF /mm?) V)
HPK Wide strip
SH1 W9 20 1600 600 114
SH2 W4 400 240 204
SH3 W8 50 =0 600 200
SHA | W2 | 500 | 10 3 -~ 240 180
SH5 W5 600 190
SH6 W9 100 20 1600 600 112
SH7 W38 50 400 600 208
BNL Wide strip
SB1 WBI1 50 50 1400 270 170
SB2 WBI1 500 10 100 50 1400 270 160
SB3 I T I N N

[T mn@ﬂﬁ?ﬁ

HPK 50 um thick

BNL 50 um thick, higher capacitance

BNL 50 um thick, lower capacitance




Spatial resolution in AC-LGADs:

HPK Strip : 10 mm length, 500 pm pitch, S0 pm metal width, 1600 /0 resistivity, and 240 pF/mm? capacitance

Efficiency

Signal sharing between strips enables the

X position reconstruction

Amplitude fraction f =al / (al + a2)

where al and a2 are the leading and
sub-leading strip amplitudes

Two-strip reconstruction at gap and one-

strip reconstruction on metal
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Amplitude fraction

Efficiency reaches ~100%
Two-strip resolution ~ 12 — 15 pum

One-strip resolution ~ 40 um on metal




Time resolution in AC-LGADs:
HPK Strip : 10 mm length, 500 pm pitch, 50 pm metal width, 1600 Q/o resistivity, and 240 pF/mm? capacitance
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Test Beam Results on Strip Sensors (BNL vs HPK):
50 um thick, 50 um metal width and 500 um pitch
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Summary

= HPK (SH2, SH3, SH4, SH5):
o Higher n+ resistivity = less charge sharing = higher signal amplitude = less jitter = better timing resolution
o Higher AC-coupling capacitance = less charge sharing = higher signal amplitude
= HPK vs BNL (SB1, SB3)
o Amplitude and resolution of BNL sensors similar like lower resistivity (C-type) HPK sensors
o Signal amplitude, timing and position resolutions of HPK sensors are much better than BNL-IO sensors




Systematic Study of Sensor Performance: Pixel

Name | Wafer | Pitch xfitta}i t}ﬁslii:;ess Sheet resistance | Capacitance Op‘t,ﬁz;lg:las
[m] [m] [m] [©2/0] [pF /mm?] 4
HPK 2 x 2 Square pixel
PH1 | WP1 20 1600 600 105
PH2 | WP2 | 510 500 30 1600 600 140
PH3 | WP3 50 1600 600 190
HPK 4 x 4 Square pixel
PH4 | Wil 20 400 600 116 | HPK 20 um thick square
PH6 | W8 500 150 50 400 600 200
PH7 | W5 1600 600 185
PH8 | W9 300 20 1600 600 112
BNL 4 x 4 Square pixel BNL 20 um thick
PBL | WP4 | 100 20 1400 76  —>Small Square
PB2 | WP4 200 20 1400 695 80 —> Large Square
BNL 4 x 4 Squared Circle pixel
PB3 [ WP4 [ 500 | 110(*) [ 20 | 1400 [ 695 ] 85  —*Squared circle
BNL 4 x 4 Cross pixel
PB4 | WP4 | 500 | 400x25(**) [ 20 | 1400 | 695 | 80 —»Cross
BNL 4 x 4 Square pixel BNL 30 um thick
PB5 [ WP5 [ 100 30 1400 385 115  —»Small Square
PB6 | WP5 200 30 1400 385 115 —> Large Square
BNL 4 x 4 Squared Circle pixel
PB7 | WP5 | 500 | 110(*) | 30 | 1400 [ 385 | 110  —»Squared circle
BNL 4 x 4 Cross pixel
PB8 | WP5 | 500 | 400x25(**) | 30 | 1400 | 385 | 115 —> Cross

(*) diameter of the circular metal pad
(**)sensor pads form a cross shape with two metal strips that are 400 pm long and 25 pm wide



AC-LGAD pixel sensors:

HPK Pixel : 500 x 500 pm pitch, 20 pm thickness, 150 pm metal width, 400 Q/o resistivity, and 600 pF/mm? capacitance
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Test Beam Results on Pixel Sensors (BNL vs HPK):
20 um thick, 500 X 500 um pitch with different metal width
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BNL 20 um (PB1, PB2, PB3, PB4)
o PBI and PB3 have significantly smaller signal size

o BNL pixel sensors with smaller signal size not able to achieve 100% efficiency across the surface
o Poor timing resolution in the gap region and poor position resolution on metal pad

HPK 20 um (PH4) vs BNL 20 um (PB1, PB2, PB3, PB4)

o Signal amplitude, efficiency, timing and position resolutions of HPK sensors are much better than BNL-IO sensors

PB1: Small square PB2: Large square PB3: Squared circle PB4: Cross




Test Beam Results on Pixel Sensors (BNL vs HPK)

FNAL 120 GeV proton beam Pixel sensors FNAL 120 GeV proton beam Pixel sensors FNAL 120 GeV proton beam Pixel sensors FNAL 120 GeV proton beam Pixel sensors
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* HPK 20 um (PH4) vs BNL 20 um (PB1, PB2, PB3, PB4)
o Signal amplitude, efficiency, timing and position resolutions of HPK sensors are much better than BNL-IO sensors
[

HPK 20 um (PH4) vs BNL 30 um (PBS, PB6, PB7, PBS)

o Efficiency, timing and position resolutions of HPK sensors are better than BNL-IO sensors

Cross sensor (PB8) performance is similar like PH4
o Slightly worse timing resolution due to larger Landau term in PB8

O

o PB8 position resolution (140um) at the metal worse than PH4 (60um). Unclear if this can be improved
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BNL Pixel Sensors (500 x 500 um pitch): 30 um thick
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BNL Pixel Sensors (500 x 500 um pitch): 30 um thick

small squares

large squares
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BNL and HPK Pixel Sensors (500 x 500 um pitch): Two-column Efficiency

FNAL 120 GeV proton beam Pixel sensors 50 FNAL 120 GeV proton beam Pixel sensors
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