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Samples Description

CNM-IMB Run 15246: 6” ATLAS-CMS.

Common Run (CNM-6LG3-2), Epitaxial Wafers, 
some carbonated.

Type of devices CMS: 1x1, 2x2, 5x5, 16x16 & 
16x32 of 1.3x1.3mm2 

Arrived from CNM in June 2022.

Arrived from irradiation (0.6E15, 1E15 & 
1.5E15 [neq/cm2].) at Ljubljana in August 22. 
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Electric Characterization (Fresh)

                      27 measured                      27 measured                       22 measured                      22 measured

IV Mapping Single pad diodes

Carbonated Standard

33/49

15/49

1/49
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Electric Characterization, IV curves (Fresh)

        

       Zoom                                 

     
                                      Zoom

Carbonated, CNM, RT Standard, CNM, RT

Main Diode: HV
GR: Connected HV
BackSide: Ground
Temperature: RT
Compliance: 100 uA
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Electric Characterization, CV curves (Fresh)

Main Diode: HV
GR: Connected HV
BackSide: Ground
Temperature: RT
Frequency: 1000 Hz

zoom                        zoom                          

Carbonated, CNM, RT Standard, CNM, RT
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Characterization summary (88 sensors measured fresh)

CV IV

W8 W10 W8 W10

Single 
sensors

12 12 27 22

2X2 
sensors

12 13 9+7+1 16+3+3

Total: 24 25 44 44

Electric Characterization
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Electric Characterization, IV (Irradiated)
Carbonated, CNM, -25º C Standard, CNM, -25º C
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Carbonated, CNM, -25º C Standard, CNM, -25º C

Using “automatic” 
variable kbd[1], based on 
the derivative of 
current[2], to identify 
depletion transition from 
gain layer to bulk. (See 
BackUp).

[1] Marcos Fernandez 
16th Trento Workshop on 
Advanced Silicon Radiation 
Detectors, 17th Feb 2021
[2] N. Bachetta et al. 
https://doi.org/10.1016/S0168-
9002(00)01207-9
Other methods to calculate 
Vgl, see: V. Gkougkousis, 35th 
RD50 workshop, 2019.

Vgl calculation

K (I ,V )=
dI
dV
V
I

Electric Characterization, IV (Irradiated)

https://doi.org/10.1016/S0168-9002(00)01207-9
https://doi.org/10.1016/S0168-9002(00)01207-9
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Carbonated, CNM, -25º C

c [ 10-16 cm2 ]=2.4 c [ 10-16 cm2 ]=6.4

Standard, CNM, -25º C

Acceptor Removal Constant
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c [ 10-16 cm2 ]=2.4
CNM-Run #15246 Carbonated 

c [ 10-16 cm2 ]=6.4

Acceptor Removal Constant

Data compilation by
G. Kramberger.

CNM-Run #15246 Standard 

Caveat: 
No all C-constants 

were calculated with 
the same method
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3-Stack DUTs:
CNM-1023:

W10 Standard
W8 Carbonated

  

Oscilloscope Tektronix MSO 7404C
25GS/s, BW=4GHz, 

Triple-Coincidence Trigger
Threshold level -10mV

Oscilloscope Yokogawa 
5GS/s, BW=1GHz

Triple-Coincidence Trigger
Threshold level -10mV

SourceMeter Keithley 2410

                    Supplier RS3005D

CIVIDEC
Current Amplifier 

2GHz, 40dB

Radioactive Source Setup
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Devices Under Test (RS-Setup)

Irradiation [n
eq

/cm2] W8 Carbonated
(Single diodes)

W10 Standard
(Single diodes)

Non-Irradiated 2 3

0.6e15 2+2 2+2

1.0e15 2+2 2+2

1.5e15 2+2 4

 CV,IV & RS Measured,  Only CV & IV
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Typical Waveform

RiseTime ~ 580ps Pulse Duration ~ 2ns

                                        Non-Irradiated One-Shot
                                  Baseline Noise ~ 3mV
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Charge Collection
Carbonated, CNM, -25º C Standard, CNM, -25º C
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Collected charge: Integral
of the Waveforms.
Most Probable Value Of 
Landau+Gaus Fit. 
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Charge Collection vs Fluence

Carbonated, CNM, -25º C Standard, CNM, -25º C

0E15

0.6E15

1E15

0.6E15

1.5E15

0E15

1E15

0.6E15
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Time Resolution vs Fluence

Carbonated, CNM, -25º C Standard, CNM, -25º C

0E15

1E15

0.6E15

1.5E15
0E15

1E15

0.6E15
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BaseLine Noise Bias Dependence

 
                             Zoom 0.6E15          

Carbonated, CNM, -25º C

0E15

1E15

0.6E15

1.5E15
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Spurious Pulse Rate at Operating Vbias

Fluence Operating 
voltage (50ps)

Spurious pulse 
rate

(-15mV th)

0E15 240Vbias
2Hz

7Hz

0.6E15 460Vbias
7Hz

40Hz

1E15 580Vbias
1Hz

59Hz

Caveat: Pulse rate may be 
limited by the digital Scope 

BandWidth.

Example of waveforms of 
thermally triggered 
Spurious pulses:

Due to the Aggressive 
Interpad Distance (IP47)
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Spurious Pulses Amplitude vs Vbias

0E15 1E150.6E15 1.5E15
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NIM-electronics Setup

CAEN
Counter-Timer

CAEN
Dual Timer

LeCroy
DiscriminatorSensors

Signal In

Discriminated 
NIM signal Out

Count 
Response
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Spurious Pulse Rate (th=-25mV)

240V     
Operating     

Vbias     

          460
          Operating

          Vbias

580V   
Operating   

Vbias   

690V  
Operating  

Vbias  
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New CMS Run (6LG2)

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

• 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

• 10 LGAD wafers
• 150 mm, 55/525 µm, Si-Si wafers (6LG2)
• Some of them carbonated
• Interpad IP60 - IP80
• Gain layer design

• CNM standard multiplication layer, as in MS run.
• Deep P-layer

To estimate the production yield 
there will be a dedicated Run
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Conclusions

● Radiation tolerance study completed for Market Survey CNM 
production.

● Acceptor Removal Constant of Carbonated samples with respect to 
the Standard samples was reduced by more than a factor of two.

● CNM Carbonated LGADs comply with CMS radiation tolerance 
requirement at a fluence of 1E15 [neq/cm2].

● For low threshold below 15mV we observe a low Spurious Pulse Rate 
(about 10Hz) at Operating Voltages. At 20mV threshold, the rate is zero.

● Dedicated Run for evaluating the actual large sensor yield to start on 
January.
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THANK YOU
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BackUp
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Time Resolution

Constant Fraction Discrimination (40%).

Compute the Time of arrival difference 
between the three sensors: Δt

1,2
 , Δt

1,3 
&

 
Δt

2,3

Fit the Width of the difference distributions: 
σ

1,2
 , σ

1,3 
&

 
σ

2,3
 

The time resolution and its errors[2] are 
determined by:

 

[2] See Paul McKarris' Talk: 
https://indico.cern.ch/event/840877/

https://indico.cern.ch/event/840877/
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Noise RS Setup

Noise
Channel

Dark 
Counts
(Trigger)
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Noise RS Setup
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Noise RS Setup
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Noise RS Setup

Projection of signals without RS From BlineRMS calculation

0E15
1E150.6E15

1.5E15 0E15 1E150.6E15
1.5E15
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