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LGADbensoistructure

A The LowGain Avalanche Detector (LGAD) with time resolution better than 50ps is the key technology to separat
collisions in limited space.

A LGAD is an avalanche detector working at voltage before breakdown voltage, and has gain factor larger than 2(

before irradiation The radiation hardness should be larger than 2.5xk'cm?.
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ProcessSimulation

Ap+ layer boron implantation dose
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ProcessSimulation

Ap+ layer boron implantation energy
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An++ layer phosphorus implantation dose
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ProcessSimulation

An++ layer phosphorus implantation energy
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Structure simulation

Inner pad gap simulation: 200um, 80um, 50um
One pad is grounded, the other is floating(FL) / grounded(GR)
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Reverse Voltage [V]

A Vgfor single sensors with different structure are saraad when alpadare groundedVggfor

sensor array with different structurés same withsinglesensors.

A But whenone pad is grounded, the other onefisating, Vgpfor sensor array is different with single
sensor even they have same structure.

A And theVg, decreases as reducing the inner pad gap 8
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IHEPIMEV1sensors

U Fourwafers:#1,#3#7,#3® 0 p n dz¥epi,8 ineh O Y

Energy
1# Low +

U Fourquadrants, I, 1lI, V.

3# Low -
# Low -
8# high -

I Low

1 Medium
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IV Extremely High

A 4 separate quadrants for each wafer are implanted different boron dose for p+ layer.

A #1, #3and#7 havelow n++implantation energy#8 has high n+mplantation energy

A Only #1 wafer has carbon implantation

A Each quadrants has 14 fields, In one field, there are 29 single sensors, 9 types 2x2 array and 1
type 5x5 array. ’
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-V measurement
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A A Processlemonstrateggooduniformity based on

Most of process configuratio <100pA except

P J MRakage<100PA P W3, W7 wafer -V measurements.

extremely high boron dose implantation which¥200V. ) _ _ _

A Wafer 8 with higher n++ implantation energy

A Thetesting resultsshow thatVyyincrease with p+ layer dose _
shows highebreakdownvoltage(by 50V).

up, which fitwith simulation, whileVg,for all the wafers from ] L _ _

A Wafer 1 with carbon injection shows no increasir

testing resultsaare ~80Vhigher thansimulation(WaIIl, W&IV). _ o 10
leakage current before irradiation.
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-V measurement

A Single sensors (W&, extremely high p+ layetose )with different
structures
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Voltage (V)

A The V testing results of single sensors(\Ng with different structures(inner pad gap and
guard rings ) are almost the same, whitttwith simulation.(before irradiation)

A More testing will be done about 2x2 array witlifferent structures.
11
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GV measurement
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A Gainlayer depletion voltage V) increase with p+ layettoseup.

Vg from testing results arabout 23V lower than simulation.
Capacitance at depletion voltagealout 4.1pFwhile the capacitances with different p+ layer dose are similar

T

at depletion voltage .
12
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GV measurement
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A Processiemonstratesgooduniformity based orw1, W3 and W7 & measurements(having same
gain layer doping profile).
A W8 with higherenergy forn++layer implantatiorhas lowenVg,

A Carbonimplantationhasno distincteffectson measuredcapacitance before irradiation
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Beta testing:
Timeresolution & Collectedharges
WT7-IV V=150V W&V =197V  extremely high p+ layer dose, different n++ implantation energy
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Reverse Voltage [V]
A The time resolutiorare better than Dps, thecollectedcharges are larger thatDfCfor both W7-1V
andW8&-IV(with extremely high p+ layer dos&)room temperature.
A WT7-IV(low n++ implantation energgemonstrates higher time resolution and more collected

charges than WV under same collected charges voltage because of the higher electrical field
14



