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Introduction

*The Low-Gain Avalanche Detectors (LGADs) operate with an
internal charge multiplication [1].

* Higher signal output compared to standard diode for MIP -
excellent timing resolution.

‘*Identified as one of the candidates for the High-Granularity
Timing Detector for ATLAS Phase-1II upgrade [2].

substrate [3].
“ Reports the electrical characteristics & gain of 50 um thick
LGADs with various gain implant doses.

Materials and Methods

structure:

n+/p/p-/p+ on p-type high resistivity

The LGADs n+ Cathode
50 pm
JTE /P-t:pﬂ () substrate (10kohm cm)  P-type multiplication layer | 2
Wafer : Pixel Size (mm?) + Electrical :
D Device ID JTE (um) Characterisation Gain Measurement
Single Photon Absorption
3331.19 West_2-2 (0.22 x 0.22) + 10 Current-Voltage (SPA) TCT
West_7-2 (0.50 x 0.50) + 10 Capacitance-Voltage S IRLL
North_2 (0.22 x 0.22) + 10 OUTEe. LR Lasel
Temp (°C). =24 + 2 ,
North_4 (0.50 x 0.50) + 20 Beam size: FWHM 10um
25110 gl 71 (0.50 x 0.50) + 10
Hast_38 ((1'0 * 1'0);_ 20 RH (%) = 44 + 3 Temp.(°C): 30, 10, 0, -10, -
2 0.22 x 0.22) + 10 - 20, -24
3331-13 4 0.50 x 0.50) + 20
7 (0.50 x 0.50) + 10
3331-19 East_29 (1.0x 1.0) + 10
3331-19 West_7-2 (0.50 x 0.50) + 10 LGADs used for the gain measurement
3331-19 West_2-1 (0.22 x 0.22) + 10

Gain Implant Dose: Wafer 3331-19 > Wafer 3331-16 > Wafer 3331-13

Electrical Characteristics
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50 um LGADs: Current-Voltage Profiles

Current-Voltage (I1V)

1w 3331-132

3331-13 4

| m—3331-13_7

| mm——3331-16_East_4-2
| mm== 3331-16 North 2
| m—3331-16_West_7

3331-19_ East 4_1
3331-19_East 7 2
3331-19_West_2_2

Device ID Vi (V)

3331-19 200-210
3331-16 150-180
3331-13 260 — 280
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Bias voltage [V]

Capacitance — Voltage (C-V)

Capacitance per unit Area vs. Reverse bias

. 3331-13 2, Cyg=0.293 £ 0.006 pF
3331-13_4, Cg=0.831 £ 0.006 pF

. 3331-13_7, Cyg = 0.863 £ 0,006 pF

I 3331-16_East 38, Cyy = 2.979 £ 0.004 pF

I 3331-16_North 2, G = 0,308 * 0.004 pF

I 3331-16_North 4, Gy =0.963 £ 0.004 pF
3331-16_North_7-1, Cyg= 0,905 £ 0.004 pF
3331-19_West_2-2, Cy =0.294 £ 0.006 pF
3331-19 West 7-2, Cyy = 0,823 £ 0.008 pF

Capacitance/Area [Farad/mm?]
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Reverse bias [V]
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 Total Capacitance /Area at

full depletion, C¢;/Area = C
+ C

** Depletion extended close to
the 15t Guard ring

LGADs with a higher gain
1mplant

edges

dose

pixel

(3331-19)

depleted at a higher voltage
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50 um LGADs: Depletion width as a function of reverse bias
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Depletion
width, d
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e 3331-13_2,d =47.91+ 0.9 um
3331-13 4,d =47.83+ 0.45 um

s 3331-13_7,d =49.04% 0.37 um

mmmm 3331-16_East_38, d = 47.96% 0.05 um

s 3331-16_North 2,d =47.77% 0.76 um

orth 4,d =47.95%+ 0.18 um

3331-16_North_7-1, d = 47.97+ 0.25 um

3331-19_West_2-2, d = 47.02% 0.88 um

——

I - 3331-19 West_7-2,d = 47.71% 0.49 um
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3331-19 West_7-2
3331-16 North 7-1

3331-16 North-4
3331-13 7
3331-13-4

Gain Doping concentration, Ny

2.72

2.61

2.46
2.37
2.44

C-V Measurement Summary

50 um LGADs: Carrier concentration vs. Depletion width

- 3331-13 4
3331-13 7

=@= 3331-16_North 4

=#== 3331-16_North_7-1

=== 3331-19 West_7-2
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Depletion width, w [um]

Pixel Size (mm?) +

5 : :

LGADs JTE(um) Vq(V) Ci(pF/mm?) Depletion Width, d (um)
3331-19_West_2-2 (0.22 x 0.22) + 10 30.31 0.29 47.02 + 0.88
3331-19 West_7-2 (0.5x0.5) +10 30.95 0.82 47.71 £ 0.49
3331-16_North_2 (0.22 x 0.22) + 10 26.24 0.31 47.77 + 0.76
3331-16_North_4 (0.5 x 0.5) + 20 27.62 0.96 47.95 £ 0.18
3331-16_North_7-1 (0.56x0.5) +10 28.68 0.91 47.97 £ 0.25
3331-16_East_38 (1.0x 1.0) + 10 28.35 2.98 47.96 £ 0.37
3331-13_2 (0.22 x 0.22) + 10 26.64 0.29 47.91 + 0.90
3331-13 4 (0.5 x 0.5) + 20 28.36 0.83 47.83 £ 0.37
3331-13-7 (0.5x0.5) +10 28.30 0.86 49.04 £ 0.37

TCT Setup @ Glasgow: SPA TCT

A :
V. (GGain Measurement

TCT MIP Calibration Setup

& z) Motion
. ] _ y controller: : Sr-90 -
Vbias: Keithley 2410 Ch Ampl I < Xllab : Osc.
y >—|‘z Control : MIP? I
movement of } Triggér: Scintillator + ‘AND’
90% Beam Ch.2 : LGAD gger:
— i the DUT 3 | R .
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Mounted on Peltier »| Oscilloscope MIP evients: Record signal on
90:10 - Cooler Ch. 1 LGAD
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-l = Vbias: Keithley 2600B cintillation Detector
% T ch Amp?2 . 0
| {>_ Laser Power adjusted @ 55.8% = 1 MIP
10% MIP Histogram Histogram of Max Amplitude at LP = 55.8%
= Beam Monitor & E === (aussian Fit
(PIN diode from Softwares g o0 30 maxAmp = 90.65 +/- 023
wafer 3331-19) 1. Laser Control 60— 25 Sipma: ::6?7?283/%'.203'55
IR or Red - 2.3D PSTCT 140 2 50
Laser Laser 3. Xllab stage 120E" T
Trigger controller 0 @ 15
Laser - 80— 10
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Inflated Gain

 Inflated gain due to reflection: More primary e/h pairs -> Gain increased.
¢ Avoid this region for measuring the gain

(ain at various Temperature

14

1.0 x 1.0 mm? pads LGAD: Variation of Gain with Temperature

- 3331-19_east_29-2 +00C
12 3331-19 east_29-2 +10C
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Gain - Temperature-dependent: ~ 54%
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0.22 x 0.22 mm? pads LGAD: Variation of Gain with Temperature
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- 3331-19_west_2-1_-10C
| =8 3331-19_west_2-1 -20C
- 3331-19 west_2-1 -24C

_i"i"éi aé"’i"‘iﬁ?

-
l
-
- =,

60 80 100 120 140 160 180 200
Bias voltage [V]

(Gain is a function of pixel size:
 Small pixel effect reduced fill-factor in

LGAD with JTE design [4].

s Unable to position the laser in the

middle to avoid reflection.

Device Pixel Size (imm?) Gain @ 30°C Gain @ -24°C % increase
3331-19_East_29 7-1 1.0 x 1.0 8.0 12.3 54
3331-19_West_7-2 0.5x 0.5 3.4 4.8 41
3331-19_West_2-1 0.22 x 0.22 2.2 2.7 23

temperature.

2Conclusion 3

“ A Fully depleted 50 um thick LGAD attains a gain of 12 at 200V at -24 °C.

 LGAD with a higher gain implant dose 1s fully depleted at a higher voltage.

¢ The breakdown voltages are 5-9 times higher than the full depletion voltages.

¢ The gain is temperature-dependent, with a 54 % increase for a 50°C change In

= Marco Gersabeck (Principal Investigator)
= Mark Richard William (Co-Investigator)

* (Gain variation as a function of pixel size 1s understood; 1t was due to the reduction
of fill-factor (small pixel effect) in LGAD with JTE structure.
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