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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 [n.,/cmz2].) at Ljubljana in August 22.

!
Multiplication Layer P-Stop Chanre
JTE Soorrer

High resistivity epitaxial wafer

Low resistivity epitaxial wafer
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Electric Characterization (Fresh)
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Electric Characterization, IV curves (Fresh)
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Main Diode: HV
GR: Connected HV
BackSide: Ground
Temperature: RT
Compliance: 100 uA
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Electric Characterization u

IF(A

Characterization summary (88 sensors measured fresh)

w38 W10 w38 W10
Single 12 12 27 22
sensors
2X2 12 13 9+/+1 16+2+3
Sensors
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Electric Characterization, IV (Irradiated) g
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Electric Characterization, IV (Irradlated) =

Current [A]

kbd [u.a.]
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Vgl calculation

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

da v
dv 1

[1] Marcos Fernandez

16" 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, 35"
RD50 workshop, 2019.

K(I,V)=


https://doi.org/10.1016/S0168-9002(00)01207-9
https://doi.org/10.1016/S0168-9002(00)01207-9

Acceptor Removal Constant

Carbonated, CNM, -25° C Standard, CNM, -25° C
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c[10'* cm?]=2.4 c[10'* cm?]=6.4
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CNM-Run #15246 Standar
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Acceptor Removal Constant

8 |
ECCEDFOI’ removal constant
N 6 | i
£ . Data compilation by
© . G. Kramberger.
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c[10*° cm?]=6.4 huge improvement for

CNM-Run #15246 Carbonated the C-enriched GL
c[ 10 cm?]=2.4
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Caveat:

No all C-constants
were calculated with
the same method
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Radioactive Source Setup

, Oscilloscope Tektronix MSO 7404C
SourceMeter Keithley 2410 25GS/s. BW=4GHz

Triple-Coincidence Trigger
Threshold level -10mV

3-Stack DUTSs:

CNM-1023: CIVIDEC
W10 Standard Current Amplifier
W8 Carbonated 2GHz, 40dB

cividec

Diamond TCT Amplifier

ssssss

gggggggg

Oscilloscope Yokogawa
5GS/s, BW=1GHz
Triple-Coincidence Trigger
Threshold level -10mV
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Devices Under Test (RS-Setup) y

IF(A

Non-Irradiated 2 3
0.6e15 2+ 2+
1.0el15 2+ 2+
1.5el5 2+

CV,IV & RS Measured,
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Charge Collection

Carbonated, CNM, -25° C Standard, CNM, -25° C
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Q(2.5 ns) at 680V [£C]

Collected charge: Integral
of the Waveforms.

Most Probable Value Of
Landau+Gaus Fit.
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Charge Collection vs Fluence

Carbonated, CNM, -25° C

Standard, CNM, -25° C
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BaseLine Noise Bias Dependence

Carbonated, CNM -25°C
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Spurious Pulse Rate at Operating Vbias

Example of waveforms of

thermally triggered
Spurious pulses:

2.015

=0.005

-0.0m§
—0.015

=0.02
| PP PR

1
6 8 10

Spurious pulse

Operating
Fluence rate
voltage (50ps) (-15mV th)
_ 2Hz
OE15 240Vbias
THz
_ THz
0.6E15 460Vbias
40Hz
_ 1Hz
1E15 580Vbias
59Hz

Due to the Aggressive
Interpad Distance (IP47)

01/12/22

time

E. Navarrete - 41st RD50 Workshop

Caveat: Pulse rate may be
limited by the digital Scope
BandWwidth.
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Spurious Pulses Amplitude vs Vbias .,.

45

35

30

25

Amplitude (Spureous signals) [mV]

20
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O FOOOOOTUOT oo SOOI SO # Ws-D207, Unirrad, -25C

G M W8-D253, Unirrad, -25C

- # Was-D238, 6E14, -25C

O SO SO SO S B Ws-D217,6E14, -25C

. B W8-D255, 10E14, 250

- # W8-D315, 15E14, -25C

T SO OO OIS SO B W8-D269, 15E14, -25C

. OE15 1E15 1. 5E15

R R T, Ll S i

. . lln

- : : . HEEE -

| 1 1 | 1 1 1 1 | 1 1 d 1 | 1 1 1 'y | 1 1 1 I- | 1 1
300 400 500 600 700

Bias Voltage [ V]
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Sensors
Signal In

NIM-electronics Setup

LeCroy CAEN CAEN
Discriminator Counter-Timer Dual Timer

LI R
QUAD SCALER AND
PRESET COUNTER-TIMER
ek ML

L
DUAL TIMER

---------

‘
;
ol

alo!
Gﬂ"j:) I‘GF

1

E. Navarrete - 41st RD50 Workshop

Count
Response

21



Spurlous Pulse Rate (th=-25mV)

EZ‘]{]{] ;— $  W8-D207, Unirrad, -25C EN. 1800_ 1 $ Ws-D23s, 6E14, -25C
Z 18001 & ws-D253 Unimad, -25C iy c / #  Ws-D217, 6E14, -25C
g P S 1600 /
RIS / £ 1400F
= 14001 / = . /
1200] 240V 4 / 12000 ;40 0]
g - : 10007 3
1000 C pY
" Operating .~ wl </ Qperating /
e \ 1A E H
600 <__ \/b'c S / G0OF / VblaS /
4007 / 400 / /
200 / 200 i/ /
ﬂ_u L L1 M L L1 ggg-/‘ll\\ L :. L L L L L g 11 _A_A—"l/|4|||| L
260 2:35 270 275 280 285 X 290 295 0 510 515 520 525 530 535 540 545
Bias Voltage [V] Bias Voltage [V]
T 4500 = 5000
E 4-500E 7 we-0zss, 10214, 250 /. i 8 $  Ws-D315 15E14, -25C
z: 4000 ;_ | & weDass, 10E14,-25C o) L §  We-D269, 15E14, -25C /
2 3s00F / g 401
N / Eol /
= 30007 =
25 580V ./ o 690V / 7
2n~— Operating // : o[ — Operating
15007 Vbias : Vbias / /
1000 1000} .
5000 i
E H——I{ - / I/
0:| L i L L . ﬂL_.......w-w --_n—a——r—r"ﬁluuuuuuuuu
680 685 690 695 700 705 770 775 780 785 790 795 300 805
Bias Voltage [V] Bias Voltage [V]
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Devices (CMS) : 1x1, 2x2, 5x5 &
16x16 pixels of 1.3x1.3 mm?

To estimate the production yield
there will be a dedicated Run

10 LGAD wafers h
150 mm, 55/525 pm, 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 y
~
CMS 16x16: 23 devices
* ETLROC chip compatible (waiting for final layout)
SE3, 300 um (500 pm at wire bonding area)
* No TCT opening window
* Reduced dead area in corners to improve fill factor
J

E. Navarrete - 41st RD50 Workshop
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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 [n,,/Jcmz2].

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.

E. Navarrete - 41st RD50 Workshop
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IRD50
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THANK YOU

E. Navarrete - 41st RD50 Workshop
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BackUp

E. Navarrete - 41st RD50 Workshop
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Time Resolution

At at 235Vbias

Constant Fraction Discrimination (40%). 55

Compute the Time of arrival difference 20
between the three sensors: At , , At & At ,

' ’ ' 15
Fit the Width of the difference distributions: 10
o-1,2 ' 0-1,3 & 0-2,3

The time resolution and its errors[2] are

hBin1
Entries 720
Mean 0.03588
Std Dev 0.07403
%2 / ndf 525.3 / 55
Constant 21.84+ 0.81
Mean 0.0367 + 0.0027
Sigma 0.06405 + 0.00288

determined by:

.1
At
12

1
Lo o 2 2472 Lo o 2 2 ! 2 2 2y)°
o1 = (5 (031 + 015 — 032)) T (E (n—otstom) ), o= 2 (=021 + o1 + 932)

[N

((021521)2 + (013013)° + (032532)2)

01 =

b)

20‘1
((021521)2 + (o13013)* + (032532)2) :
02 = 209 ’
((021521)2 + (013013)* + (032532)2) :
03 = 503 .
01/12/22 E. Navarrete - 41st RD50 Workshop

0.2 0.3 0.4
, k=0.4 at 235Vbias [ns]

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

27


https://indico.cern.ch/event/840877/

01/12/22

Noise RS Setup

volt {(Vbias==720.000000)}

Femp
16000 B 100000
Mean 0.0003487
14000 St Dev 002248
%7 fndf 53190406/ 82
12000/ Constant 15082+04 + 72518401
Mean 0.0002395 + 0.0000178
10000 Sigma 0.003217 + 0.000018

Y015 =001 0.005 0 0.005 0.01 0.015
Noise (projected) at 720 [V]

volt {(Vbias==720.000000)}

BlineRMS {(BlineRMS <0.005&8& Vbias==720.000000}}

htemp

Entries 198

Mean  0.002083

SHDev  0.0007169

[0

1 1 1
770,001 0.0015 0.002 0.0025 0.003 0.0035 0.004 0.0045 0.005

BlineRMS

BlineRMS {(BlineRMS <0.005&& Vbias==720.000000)}

20000 hiemp htemp
Eniries 400000 8 p— pre
18000) Maan ~0.0006736 e
SK Dew 0.004784 7 Mean  0.003288
16000 x 2 ndf 22016407/ 82 SdDev  0.0007503
Comstamt 18632404 & 16918:02 6
14000 Mean 7258005 + 3.6322 05
12000 Signa 0.003567 + 0.00008 5

015 —0.01 —0.005 [ 0005 0.01 0.0

Noise (projected) at 720 [V]

volt {(Vbias==720.000i

Constant  1.537e+04 £ B5158.01
Mean - 0000296 + 0.000020
000315 + 0.00002

L
R YTy TR 0 0,005 0.01 0.015
Noise (projected) at 720 [V]

0.0015 0,002 0.0025 0.003 0.0035 0.004 0.0045 0.005
BlineRMS

BlineRMS {(BlineRMS <0.005&& Vbias==720.000000)}

htemp

Entries 198

Mean  0.003083

SHDev  0.0004619

0.002 0.0025 0.003 0.0035 0.004 0.0045
BlineRMS

volt:time {(Vbias==720.000000)}

time

E. Navarrete - 41st RD50 Workshop

Noise
Channel

Dark
Counts

(Trigger)
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volt:time {(Vbias==265.000000)}

volt:time {(Vbias==250.000000)}

Noise RS Setup

volt:time {(Vbias==700.000000)}

volt

0.04

b4
i i L
~0.02

! ~0.04

volt

volt:time {{Vbias==600.000000)}

—0.005

01/12/22

—0.015

TR

ol /pllal
.‘;“\*A\f "'"" “'..r

“"\ ..

i bt

{ - ' I!;. 1,."| 'r' oAl N "‘

0 2

E. Navarrete - 41st RD50 Workshop

time
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Noise RS Setup

volt {time<=2}

BlineRMS {BlineRMS<0.008} -
160E : : 60000
= ; htemp ; u g 20004145
140:_ sl Entries 3711 | 50000 i f!‘iﬁ“ 28470308157 |
F i Mean 0.002944 | C Constant 58580404 = 0.3
120 e " StdDev  0.0008219 |7 p— Sy Sooislo-0omes
looj_ NSO ISR W, [ SRR MR : : E
- ﬁ 30000
u : 29 mV -3.3mV \
o T ! 20000 f :
0F -
5 ? /FFJ 10000 - : \
20- C ‘j H
n%.‘ L L1 \\l\'Eb:l- Mo e | ﬂ— e AN IS I —— . -
0 0.001 0002 0.003 0004 0005 0.006 0.007 0.008 =0.015  -0.01  -0.005 0 0.005 001 “-31151

BlineRMS

Difference between mean of BlineRM
(left plot) and the RMS of the
projection (right plot)

volt:time {time<=2}

TR T T I I

11

11l

PRI

0.2 04 06 08 1 12

E. Navarrete - 41st RD50 Workshop

14 16 18 2 22

time

=y
N\
>
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Noise RS Setup

Projection of signals without RS From BImeRMS calculation | F(A

; 4.5 L : ;‘ ® Wa-Dz07, Unirrad, -250
E - E B W8-D253, Unirrad, -25C
— = — ®  W8-D238, 6E14, -25C
& I _ W Wa3-D217, 6E14, -35C
- . FENRSERSE SSRINE SR S IS N - [ # We-D259, 10E14, -25C
2 _ E B W8-D255 10E14, -25C
B % # Wa8-D315, 15E14, -250
- .f‘\._. = @ We-D269, 15E14, 250
3_5 __ ettt et ert ettt s iee e etsaab s e e ete st e beaes e eteetenrenes .............. E.':‘ Bt ST TSP TS ST PO .................................................
3 P‘ .................................................................. . ............................................................................... S A e et e s ..............
- ; 3
.3 SO—— SUT—— S— $ W D07 Uniad 250 -] I S ——— e — S A B
- H : : B Wa-D253, Unirrad, -250 : : :
B : : &  W8-D238, 6E14, -25C
B B W8-D217, 6E14, -25C
_ : ®  Wa-D259, 10E14, -25C
2 e e 5 We.oze 10514 250
L : ®  We-D315 15E14, -250
B i | i B W8-D288, 15E14, -250 |
I I I I I I I I I I I I ] I ] ] ] ) I ) | | | 1 1
300 400 500 600 700 700
Bias Voltage | V] Bias Voltage [ V]
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