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AC-LGAD : parameters to optimize

High granularity achieved by AC electrodes achieving uniform LGAD gain

AC-LGAD  Performance evaluated of

ethode [ _’_E |_> ? N three sensor types
— Oxide insulator

Strip (80um pitch x 1cm)

e e = 3

Hamamatsu Photonics:
n* implant resistivity(€2/sq)

- Pixel (1x1mm active:
v v v v 50,100,150,200um0])
120 v v v

240 4 v
600 4 v

Cecp (pF/mm?2)

4ch Pad
(2x2 500umLl)
- w/ slits for laser

- p+ implantation adjusted to V,;,<160~190V (50um!)
- active thickness : 50um, 20um

- electrode gap varied slightly
le
i x Qo
\/ 1/@2rfCep)? +lep  Q larger for larger Ccp, Rimp
» large Rimp to suppress X-talk

Q=




Measurement system@ bench (20°C)
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MPV pulse height [V]
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Nice signal, rms noise~1.5-2.0 mV but
Q larger for larger Ccp, Rimp » PH(strip)<PH(pixel)

, as expected )
X-talk smaller for larger Rimp P « weak Ccp(strip) dependence.



Strip Pulse Height

* PH(strip)<PH(pixel)
« weak Ccp(strip) dependence

—| PH dependence on strip length
studied w/ a dedicated sample

X-talk ratio =(P_,+P,,)/P,
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* PH reduced by 60% by inter-strip capacitance at 10 mm, dominating
over Ccp dependence
« X-talk increase with length



Entries

Pixel Pulse Height
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 PH weakly depends on the pitch

« Signal seen also for 50um pitch pixel

(as wirebonds are at 100um pitch, readout is
not similar to the others; we expect larger
signal from TCAD)



Time Resolution (§) _ < including i jter
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T|m|ng reSOIUtlon (Iaser) IR laser: free from Landau effect as

charge deposit is uniform along depth

~% Laserjitter included
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Timing resolution contributions in 3
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Time resolution w/ laser for varied HV due to Landau effect is smaller
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3D TCAD - signal dependence on depth

v" 20 um thickness has smaller Landau

contribution than 50 um >x5 100um pitch pixels.vg;
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v" PH almost saturated for D>20 um
v' Landau fluctuation=signal shape deteriorated by late arrival time for D>20um



HPK is investigating to improve their (poor) radiation hardness !
HAB = Half Activated Boron

dope Boron more than required -> insufficient annealing process
->Borons not in Si lattice work to suppress “acceptor removal” e.g. capture O
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Radiation tolerance improvement —trial2

Compensation

Result not promising.... Non- 6014
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Not much change by two
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How should we understand the results?

Previous data
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Conclusion

AC-LGAD sensor parameters are tuned: 3 signals observed for
strip sensor of 80 um pitch
pixel sensors down to 50 um pitch

» Time resolution evaluated w/ 3
- time resolution obtained w/ IR laser is used to decompose

O Landau and ajitter
20um thick sensor has smaller o;4nd4qu
more reliable estimate will be soon available from FTBF

« 3D TCAD is ready for qualitative evaluation on time resolution

 HPK is investigating radiation tolerant LGAD: half-activated boron
IS promising : initial trial of compensation was not promising
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5x5 Pixel

40

1357414
0000 +00
~1357e+14
-3 6840016
<1.0000+19

Doping concentration [fcm ™3]

le+l9

le+18 |

le+l7f

le+l6 |

le+15|

le+ld

le+l3fF

le+12f

doping

concentration

—— BoronActiveConcentration

—— PhosphorusActiveConcentration

.
20
Depth [um]

40

Current [A)

le-7

le-8

le-9

le-10

le-11

le-12

le-13

le-14

IV simulation @ -20degC

!
.
3 —— 50um pitch
—— 100um pitch
3 = 150um pitch
== 200um pitch
-2e+2 -le+2

Voltage [V]




Compared different pitch (50, 100, 150, 200um)

Pulse shape simulation
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v’ signal size is similar to each pitches.
v" simulation and measurement are consistent
v" signal size of 50um pitch may be ~90mV?
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Change MIP injection point to y axis

Pulse height ratio
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