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1. Overview ATLAS-CMS 

Engineering Run: CNM-6LG3-2
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Run15246: 6” ATLAS-CMS Common Run (CNM-6LG3-2)

Devices (ATLAS) : 1x1, 2x2, 5x5, 15x15 & 15x30 pixels of 1.3x1.3mm²

Devices (CMS) : 1x1, 2x2, 5x5, 16x16 & 16x32 pixels of 1.3x1.3mm²

ATLAS CMS
• 10 LGAD wafers

• Some of them carbonated

• 6-inch 55/525 µm epitaxial wafers

 Handle wafer resistivity = 0.001-1 Ohm-cm

 Substrate resistivity > 200 Ohm-cm

• Same technological process as first CNM LGAD Run

on epitaxial wafers: Run13002 (CNM-6LG3-1)

• Engineering Runs: New diffusion furnaces

The 40th RD50 Workshop
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Overview CNM-6LG3-2

Wafer 1 2 3 4 5 6 7 8 9 10

Gain layer

depletion V
𝑉𝐺𝐿 ≈ 12𝑉 𝑉𝐺𝐿 ≈ 13𝑉 𝑉𝐺𝐿 ≈ 15𝑉 𝑉𝐺𝐿 ≈ 31𝑉 𝑉𝐺𝐿 ≈ 33𝑉 𝑉𝐺𝐿 ≈ 34𝑉 𝑉𝐺𝐿 ≈ 15𝑉 𝑉𝐺𝐿 ≈ 30𝑉 𝑉𝐺𝐿 ≈ 20𝑉 𝑉𝐺𝐿 ≈ 30𝑉

Boron dose

(1e13/cm²)
1.7 1.8 1.9 2 2.1 2.2 1.9

Carbon dose

(1e13/cm²)
- 5 10 -

Dry oxidation

time DOT

(min)

30 180 30 180 90 180

Implantation energies : 100keV (B) & 150keV (C)

Wide experiment window  Commissioning run to calibrate new diffusion furnaces

Experiment1  W1,W2,W3,W4,W5 & W6: increasing Boron dose at 2 different DOTs

Experiment2  W3, W9 & W10: fixed Boron dose (1.9) and increasing DOT

Experiment3  W7 & W8: fixed Boron dose (1.9) and different carbon doses and DOTs

W8 & W10 are equal to CNM-6LG3-1 W4 (having W8 carbon enrichment) 

& the ones more suitable for the ATLAS/CMS timing detectors

The 40th RD50 Workshop
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2. IV measurements at room 

temperature & Yield
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Wafer 8 (CMS part): IV & Yield (20ºC) with temporary metal on wafer

Wafer 8 10

Gain layer

depletion V
𝑉𝐺𝐿 ≈ 30𝑉

Boron dose

(1e13/cm²)
1.9

Carbon dose

(1e13/cm²)
10 -

DOT (min) 180

Size Yield (breakdown > Vgl+50V)

16x32
0/1

0%
0/1

0%

16x16
1/2

50%
0/2

0%

5x5
58/75

77%
53/74

74%

2x2
38/41

93% 
38/41

93%

Single pad
18/18

100%
18/18

100%

Carbon enriched

50 100 150 200 250 300 350 400

100p

1n

10n

100n

1µ

10µ

100µ

I 
(A

)

Reverse bias (V)

 16x16 (W8)

 5x5 (W8)

 2x2 (W8)

 Single pad (W8)

VG
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Wafer 10 (CMS part) : IV & Yield (20ºC) with temporary metal on wafer

Wafer 8 10

Gain layer

depletion V
𝑉𝐺𝐿 ≈ 30𝑉

Boron dose

(1e13/cm²)
1.9

Carbon dose

(1e13/cm²)
10 -

DOT (min) 180

Size Yield

16x32
0/1

0%
0/1

0%

16x16
1/2

50%
0/2

0%

5x5
58/75

77%
53/74

74%

2x2
38/41

93% 
38/41

93%

Single pad
18/18

100%
18/18

100%

50 100 150 200 250 300 350 400

100p

1n

10n

100n

1µ

10µ

100µ

I 
(A

)

Reverse bias (V)

 5x5 (W10)

 2x2 (W10)

 Single pad (W10)

VG
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Diced single pad diodes : IV mapping at IFCA (CMS side)
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CMS side

W8 (single pad) W10 (single pad)
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Diced single pad diodes : IV mapping at IFCA (CMS side)
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Pad current up to breakdown Pad current at ≈ 𝑉𝐺𝐿

W8 W8

W10W10

W8 
(Carbonated)

W10 
(Non-

Carbonated)

𝑉𝐵𝐷

Mean [V] 344.1 331.6

RMS [V] 16.93 23.86
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3. CV measurements
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Differences between Left & Right sides of the wafers

Wafer 3 8 9 10

Boron dose/ 

Imp. Energy
1.9e13/cm² / 100keV

Carbon dose/ 

imp. Energy
-

1e14/cm² /

150keV
-

DOT (min) 30 180 90 180

0 5 10 15 20 25 30 35 40 45

10p

100p

1n

C
(F

)

Reverse bias (V)

 W3 (L)

 W3 (R)

 W9 (L)

 W9 (R)

 W10 (L)

 W10 (R)

Systematically, 

difference in 

depletion V has 

been found 

between Left and 

Right part of 

wafers

L
ATLAS

L R

Single pad diodes

(uncarbonated)

Single pad

diodes sites

L R

L R

R
CMS
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Differences between Left & Right sides of the wafers

In the 

presence of C, 

this difference 

is not 

observed

Single pad diodes

(uncarbonated+carbonated)

L
ATLAS

R
CMS

Wafer 3 8 9 10

Boron dose/ 

Imp. Energy
1.9e13/cm² / 100keV

Carbon dose/ 

imp. Energy
-

1e14/cm² /

150keV
-

DOT (min) 30 180 90 180

0 5 10 15 20 25 30 35 40 45

10p

100p

1n

C
(F

)

Reverse bias (V)

 W3 (L)

 W3 (R)

 W9 (L)

 W9 (R)

 W10 (L)

 W10 (R)

 W8 (L&R)
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Diced single pad diodes : CV measurements at IFCA (CMS side)
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𝑉𝐺𝐿 is less dispersive in 

the presence of carbon 

W8 
(Carbonated)

W10 
(Non-

Carbonated)

𝑉𝐺𝐿(V)

Mean [V] 31.15 31.61

RMS [V] 0.018 0.202

W8 W8

W10
W10
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4. Ongoing and future work
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Ongoing work: CNM-6LG3-2

• All wafers are diced

• Irradiation campaign (ATLAS-Left side) ongoing: 

• Single pad & 2x2 devices,

 20 single pad diodes (10 from W8 (Carbonated) & 10 from W10)

 20 2x2 pixels devices (10 from W8 (Carbonated) & 10 from W10)

 Neutron equivalent fluences 0.4, 0.8, 1.5 & 2.5e15/cm²

 Ready to be tested (TCT & Sr90)

• Irradiation campaign (CMS-Right side) plan:

 24 single pad diodes (12 from W8 (Carbonated) & 12 from W10) 

 21 2x2 pixels devices (9 from W8 (Carbonated) & 12 from W10) 

 Neutron equivalent fluences: 0.6, 1 & 1.5e15/cm²

The 40th RD50 Workshop
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Future work: ATLAS+CMS Runs (6LG2)

• 2 Runs (ATLAS, CMS)

• 10 LGAD wafers each run

• 150 mm, 55/525 µm, Si-Si wafers (6LG2)

• Some of them carbonated

• New mask sets: ATLAS (15x15), CMS (16x16) pixel devices

• ATLAS 15x15: 26 devices, ALTIROC chip compatible

• CMS 16x16: 23 devices, ETLROC chip compatible

• Gain layer characteristics under review

• CNM standard multiplication layer, Deep P-layer

• Simulations on deep gain layer (instead of shallow)

ongoing

The 40th RD50 Workshop

Devices (ATLAS, CMS) : 1x1, 2x2, 5x5, 15x15 & 16x16 

pixels of 1.3x1.3 mm²



18

Future work: ATLAS+CMS Runs (6LG2)

The 40th RD50 Workshop

Devices (ATLAS) : 1x1, 2x2, 5x5 & 15x15 pixels 

of 1.3x1.3 mm²

• ATLAS 15x15: 26 devices

• ALTIROC chip compatible

• SE3, 300 µm (400 µm at wire bonding area)

• No TCT opening window

• Reduced dead area in corners to improve fill factor

• 2 Runs (ATLAS, CMS)

• 10 LGAD wafers each run

• 150 mm, 55/525 µm, Si-Si wafers (6LG2)

• Some of them carbonated

• New mask sets: ATLAS (15x15), CMS (16x16) pixel devices

• ATLAS 15x15: 26 devices, ALTIROC chip compatible

• CMS 16x16: 23 devices, ETLROC chip compatible

• Gain layer characteristics under review

• CNM standard multiplication layer, Deep P-layer

• Simulations on deep gain layer (instead of shallow)

ongoing
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Future work: ATLAS+CMS Runs (6LG2)
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• CMS 16x16: 23 devices

• ETLROC chip compatible (waiting for final layout)

• SE3, 300 µm (500 µm at wire bonding area)

• No TCT opening window

• Reduced dead area in corners to improve fill factor

• 2 Runs (ATLAS, CMS)

• 10 LGAD wafers each run

• 150 mm, 55/525 µm, Si-Si wafers (6LG2)

• Some of them carbonated

• New mask sets: ATLAS (15x15), CMS (16x16) pixel devices

• ATLAS 15x15: 26 devices, ALTIROC chip compatible

• CMS 16x16: 23 devices, ETLROC chip compatible

• Gain layer characteristics under review

• CNM standard multiplication layer, Deep P-layer

• Simulations on deep gain layer (instead of shallow)

ongoing

Devices (CMS) : 1x1, 2x2, 5x5 & 16x16 pixels 

of 1.3x1.3 mm²
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Thanks for your 

attention!
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Overview CNM-6LG3-2

Wafer 1 2 3 4 5 6 7 8 9 10

Gain layer

depletion V
𝑉𝐺𝐿 ≈ 12𝑉 𝑉𝐺𝐿 ≈ 13𝑉 𝑉𝐺𝐿 ≈ 15𝑉 𝑉𝐺𝐿 ≈ 31𝑉 𝑉𝐺𝐿 ≈ 33𝑉 𝑉𝐺𝐿 ≈ 34𝑉 𝑉𝐺𝐿 ≈ 15𝑉 𝑉𝐺𝐿 ≈ 30𝑉 𝑉𝐺𝐿 ≈ 20𝑉 𝑉𝐺𝐿 ≈ 30𝑉

Boron dose

(1e13/cm²)
1.7 1.8 1.9 2 2.1 2.2 1.9 1.9

Carbon dose

(1e13/cm²)
- 5 10 - -

DOT (min) 30 180 30 180 90 180

Size Yield

16x32 / 15x30 0% / 50% 100% / 50% 100% / 50% 0% / 0% 0% / 0% 0% / 0% 0% / 100% 0% / 50% 0% / 0% 0% / 50%

16x16 / 15x15 50% / 75% 100% / 50% 100% / 75% 0% / 25% 0% / 0% 0% / 0% 100% / 100% 50% / 50% 100% / 50% 0% / 50%

5x5
100% 

(20/20)
75% (15/20) 90% (18/20) 80% (16/20) 50% (10/20) 5% (1/20) 90% (18/20) 77% (58/75) 90% (18/20) 74% (53/74)

2x2 -* -* -* -* 95% (19/20) 25% (5/20) -* 93% (38/41) -* 93% (38/41)

*not measured yet
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