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4D TRACKING WITH 1002 FILL FACTOR =K ReD

BRUNO KESSLER H

In the current UFSD design, isolation structures between readout pads represent a no-gain area for signal collection

ntt D nt+
!Zé;n jayer "JTE JTE sain 135;5 present limit of no-gain area in the UFSD design 40-100 um
p-Si no-gain area ~70 pm

- >

> ptt

-—

>

Beam-test results confirm the presence of a non-gain space between active regions: = "\i '100' Hm dea‘ area .
*HPK: 100 um (2018) — 70 um (2019) - ’é’;‘;;’* T L Tk
*FBK: 70um (2018) — 40 um (2019)

*CNM: 70um
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23000 !’ ‘g-;;* :

13000 13100 13200 13300 13400 13500 13600 13700 13800 13900 14000 14100 14200 14300 14400
x1

TCAD simulations performed on 50-um UFSD show that a no-gain
area of about 20 um could be reached with aggressive designs

dead area
- : : VNN
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- RSD
RSD PROJECT RCAS

DC contact coupling
ACpad #1  ACpad #2  AC pad #3 ;);ﬂde

resistive n* p*-gain
S; -y .
-ph;%— Resistive AC-coupled LGAD (RSD) are designed as detectors
l with 100% fill factor

= S AC—;gupling » One continuous gain layer

: I i& |TII -l I > Segmentation of read-out pads defines spatial resolution

| e ! resistance, . ‘
%z/ : » Easy structure with a reduced number of edges, more resistant

I
I
| -
I
|

|
detector |

=_/ |

See Marco Mandurrino presentation @ TREDI 2018: https://indico.cern.ch/event/666427/contributions/2885020/
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RSD PROJECT: SIGNALS peA

Slow discharge
Fast signal

/

Negative component: sighal induced on AC pad by charges drifting towards the surface, same shape
as the equivalent DC sensor

Positive component: signal induced by discharge along the resistive layer, depends on the sensor RC
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RSD PROJECT: RSD1 PRODUCTION AR (08

See Marco Mandurrino presentation @ 34th RD50 https://indico.cern.ch/event/812761/contributions/3459062/

3x3, 4x4 pads with 500x500 um? pitch
5x5 pads prototype for ATLAS/CMS

75 pm pitch strip module for PSI

test diodes  Shot-B 64x64 pixel with 50x50 um? pitch sensor for RD53A ROC

180 pm pitch strip module for MoVelT (particle therapy) dielectric thickness
1 A B [

0.92 L Si-Si

Shot-C 2 A 0.94 L A Si-si

3 A 0.94 L B Epi

4 A 0.94 H B Si-Si

6 B 0.92 L B Epi

7 B 0.94 L A Si-Si

v 8 B 0.94 L B Si-Si

10 B 0.96 H B Si-Si

CICCICICICICICIC 11 C 0.92 L B Si-Si

Square Matrix Sensors: — o 12 C 0.94 L B Epi

2x2, 3x3, 5x5, 8x8, 10x10 pads IEIEEG ’ 13 C 0.94 L B Si-Si
50x50 to 300x300 um? pitch F rolseOreoiseoleo UBM markers for 1ZM 15 c 0.96 H c Si-i

different pad size ___ \

Pat other optical markers for automatic prober
pin diodeg”

Measurements on devices belonging to this shot are presented
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OUTLINE owsoe |

» Initial RSD1 lab characterization
» Capacitance measurements
» Dynamic characterization: charge, signals properties — spatial resolution

» Time resolution measurements
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- RSD
FIRST TESTS IN TORING peA

AC pad size

I(V) and C(V) measurements 0.000005 \ _pitch
. . . ) 0,000005 W4 e W04 - 3X3 - 35-50- (-2;5)
Characterization of different devices from each wafer oo —— W04 -36340-50- (25)
e W04 - 3X3 - 45-50- (-2;5)
0,000003

W04 - 3x3 - 50-100- (-2;5)

o o . <E\ .
— Excellent homogeneity within the wafer £ 0,000002 e e
é 0,000001 —W04-3X3-100-200-(-’2;5)
0 e\ 04 - 33 - 150-200 - (-2;5)
e \\/04 - 3x3- 190-200 - (-2;5)
1E-10 -0,000001
-50 -150 -250 -350 -450 -550
evorse bins, v
. A i-Si ’
3 A 0.94 L B Epi
W02 - 3x3 - 50-100 - (-2;5)
™ 1E-11 e \W0 2 - 3%3 - 70-100 - (-2;5)
] ——— W02 - 3x3 - 95-100 - (-2;5)
S ——W03-33-50100 (29 and measurements of samples with the same geometry from
é ——— W03 - 3x3 - 70-100 - (-2;5) . . .
g 16-12 s 36 ss 00 (29 different wafers with same pgain dose
— Excellent homogeneity among wafers
1E-13
5 -15 -25 35
reverse bias, V 7
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CV MEASUREMENTS @CERN SSD LAB RCAS R

Study of pads and interpad capacitance

DC: sinusoidal signal on DC pad, guardring grounded, f=1 kHz

AC: sinusoidal signal on AC pad, DC grounded, guarding floating, f=200 kHz
AC AC: AC pads connected to high and low level of LCRmeter, DC grounded, guarding floating, f=200 kHz

low level LCRmeter low level LCRmeter
high level LCRmeter

low level LCRmeter

gua
p Sili i 2l
:: HV — high level LCRmeter I HV — high level LCRmeter : : HV
DC setup AC setup AC AC setup .
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CV MEASUREMENTS: EXAMPLES FROM W4 e, (O

1,2E-10 1,4E-12 1,24€-13
DC CV AC CV P R AC-AC CV/| | sz
1,2E-13
- 1E-12
p— 1,18E-13
= 8E-13 % ™y
6E-11 _'.‘..é :"‘S: 1,16E-13:§
8 6E-13 & s
4E-11 1,14E-13
f 8E-13 k/—-—-‘x
1,12E-13
2E-11
2E-13
1,1E-13
0 0
-35 -30 -25 -20 Vbias V] -15 -10 -5 0 .35 -30 .25 20 -15 10 -5 0 - = . o e o - . 1,08E-13
Vbias [V] Vbias [V]
AC-AC capacitance versus pad distance (constant pitch)
. ) o ——W3 —e—W4
» Gain layer and bulk depletion visible for all the curves 2000 - —
3 A 0.94 L B Epi
1500 4 A 0.94 H B Si-Si

» Capacitance values after depletion in agreement with
theoretical ones

290-300

200-300
150-300

capacitance [fF]
[
o
o
=)

200-300

Ul
o
o

» AC-AC capacitance depends on AC pad dimension

o

150-300

0 20 40 60 80 100 120 140 160

pad distance [um]
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TCT MEASUREMENTS @CERN SSD LAB AND @TORING

Analysts of current signal produced by a laser

Marta Tornago

Laser 1064 nm, spot 10 um

Stages with micrometrical precision

DAQ with LabView softwares

Measurements performed in similar conditions

35th RD50 Workshop, CERN, Geneva
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TCT MEASUREMENTS: RESULTS FROM CHARGE SCANS =5 RD
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Study of charge projections along a scan line (in red) for two neighboring pads

18.9
[ ] , ® ®
* The induced charge shape doesn’t depend on the oxide thickness or on the n+ dose
18.7 1
Y 9.6 9.7 9.8 9.9 10 1o.1[ | 0
Induced charge for W2, W4 200-300, different oxide thickness Induced charge for W2, W8, W13 200-300, different n+ dose
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TCT MEASUREMENTS: RESULTS FROM CHARGE SCANS =5 ReD
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The induced charge shape depends on the pitch and the AC pad size in the DUTs

Induced charge for W2 150, 200, 290(300 > Induced charge for W2 100, 150, 190<200 }

1,2 1,2
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TCT MEASUREMENTS: RESULTS FROM CHARGE SCANS =5 ReD
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W2, W8, W13 200-300, diversa dose n+, carica raccolta pad

1,2
1
0,8
—a—Padl W2 200-300
—&—Pad2 W2 200-300
0,6 —&—Padl W8 200-300
—&—Pad2 W8 200-300
—e—Pad1l W13 200-300
0,4 —e—Pad2 W13 200-300
0,2
0
8 8,9
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TCT MEASUREMENTS: WAVEFORMS aRos, (08

Waveforms change with the sensors RC, depending on n+ dose, oxide thickness and also AC pad size and pitch

Signal RSD 70-100 different oxide thickness

0,5
dielectric thickness
0,4 2 A 0.94 L A Si-Si RSD signals W2 150, 200, 290-300, 70-100
4 A 0.94 H B Si-Si 0,5
0,3
S 0,4
% 0,2
3
% —W4 03
£ 0,1
< W2 s
o 0,2
0 ———e— - e==70-100
‘_é. 0,1 ] 50-300
-0,1 < w=200-300
e 90-300
0
-0,2
10 11 12 13 14 15 16 17 18
time [ns] 0.1
Signals RSD 70-100 different n+ dose 0,2
05 2 1 0 1 2 3 4 5 6
dielectric thickness time [nel
o 2 A 0.94 L A Si-Si
8 B 0.94 L B Si-Si
o 13 (e 0.94 L B Si-Si
- 0,2
2
o —WwW o
é 01 —W8 \ )
[-% c—
E w13
<
0 e
_-0,1
--0,2
10 11 12 13 14 15 16 17 18
time [ns] 1 ll-
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SPATIAL RESOLUTION: MEASUREMENTS ~oC
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RSD signals reach their maximum in the middle of the AC pad and get smaller moving towards neighboring pads

— We can use this feature to obtain a spatial resolution better than the sensors pitch

2d his (Z[0]=0.000000 U1[0]=0.000000 U2[0]=0.000000) RSD signal W2 100-200 x=515

175

1600

@380V, gain 12
3 MIP

600

1400 130
500
1200 —325
—336
400 85 357
1000 %- —378
< —399
300 800 & —
40 —41
600 —_—162
200 —483
400 == ——504
” 525
100 500
O 0 -50
0 100 200 300 400 500 600 -1 0 1 2 3 4 5 6

time [ns]
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SPATIAL RESOLUTION EXTRACTION =5 RSD
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RSD W2 3X3 100-200, 380V (gain=12) on FNAL board

Laser 1064 nm 1 kHz, spot ~10 um, intensity ~ 3 MIP

Acquisition of waveforms from 4 AC pads, ~500 triggers in each point

oo Reconstruction of hit position:

n " 5 doccdescl e Loy > Centroid using signal amplitude

» Centroid using signal area

the three largest amplitudes

Laser shot on red dots
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SPATIAL RESOLUTION EXTRACTION =KD
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100

80

60

40

20

Spatial resolution is obtained as the sigma of the gaussian distribution of

X = Xpeco and Y = Yreco

Considering the points in the most central area (blue square), where you have a
good signal from at least 3 pads, a spatial resolution of ~5um is obtained

®
with each method
Centroid (area) Centroid (amplitude) Circles intersection
YArea-YCord {nrun>3 && nrun<17} YCent-YCord {nrun>3 && nrun<17} YCirc-YCord {nrun>3 && nrun<17 && XCirc-XCord>-100}
htemp htemp htemp
Entries 2600 B Entries 2600 B Entries 2034
— Mean 0.8077 i Mean 2.043 - Mean 2.848
Std Dev 4.95 100|— Std Dev 4.199 100— Std Dev 5.336
Constant 90.87 - Constant 96.65 B Constant 89.26
Mean 0.8627 Mean 2.07 B Mean 2.596
- Sigma 4.929 . - Sigma 4.095 80— Sigma 4.594
B 60— 60 :—
— a0l 401
| 20— 201
25 TR Uk - g T 5630
YArea-YCord YCent-YCord YCirc-YCord
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SPATIAL RESOLUTION EXTRACTION =KD
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o o ot | o« B

RN 55 |:| Spatial resolution is obtained as the sigma of the gaussian distribution of

°°°°°° X—x_,. and y—
N R . reco Y = Jreco YArea-YCord:nrun {nrun>3}

......... 40
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» ,'L-..'.....'..-_."“.. W A « 1 ..'._._.'._-..'..._.'._._. ..'..-_.'._-..' :
O A | i v A i ¢ i
R ¢ 4 B LR o | i s
e | el g
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- —— - ———
L~ A e [ J o
- . . ~ - . .
=, = . ! M u u )
 —— . 4 X : I . ————— |
= PO | ORI p R ] o w w w Al w x w :
il e A | 20
- . u N
L
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L w

e | L EEE S e

e L T

S I R e
...............

YArea-YCord

noQo0fO000

Signals between two pads (green and orange square) miss
part of the information to calculate the centroid (2 more pads
would be needed - not read in this setup)

—20

o
o | L | I | I | I | [

A similar problem affects the reconstruction of the position
for the middle points of AC pads s 1015 .

18
—> Next: study the dependence of the position resolution on the input signal size, gain and metal pad size
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SPATIAL RESOLUTION EXTRACTION =KD
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RN 55 |:| Spatial resolution is obtained as the sigma of the gaussian distribution of
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N R . reco Y = Jreco YArea-YCord:nrun {nrun>3}
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Signals between two pads (green and orange square) miss
part of the information to calculate the centroid (2 more pads
would be needed - not read in this setup)

—20

o
o | L | I | I | I | [

A similar problem affects the reconstruction of the position
for the middle points of AC pads S T

19
—> Next: study the dependence of the position resolution on the input signal size, gain and metal pad size
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TIME RESOLUTION @CERN SSD LAB -D< RISD
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Measurements @20°C for three pairs of sensors with Sr90
(22.6 MBq):

> RSD W10 290-300 (400 V) - CNM LGAD 2 (215 V)
> RSD W10 290-300 (400 V) - CNM LGAD 3 (205 V)
> CNM LGAD 2 (215 V) - CNM LGAD 3 (205 V)

Analysts performed with CERN timing scripts

61Gap2 = 40ps  OrGaps = S3ps

— _ 2 2
Ogystem = Ipur — ref — \/GDUT T Gref
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TIME RESOLUTION @CERN SSD LAB RCAS

-ch2:time {event < 1000 }
0.7

RSD Landau distribution can’t be clearly distinguished from the noise
ampli[1]

-ch2

0.6

htemp 0.5
Entries 25088
Mean 0.1039 0.4
Std Dev  0.05742

300

250

200

Possible reasons:

150

> Noise from the setup

100

» Small signals produced when E"
particles hit neighbouring pads

50

19.1

% /W% %777 el

A«Wl [ | ] |rme_m| | e | | | | | A |

0.2 0.3 0.4 0.5 0.6
ampli[1]

19

o
—r

18.9

18.8

—> [n multichannel readout, the time resolution would be obtained always

18.7

using the largest signal. This analysis uses only one pad, so time s
resolution is not optimal.

9.5 9.6 9.7 9.8 9.9 10 10.1
X [mm]

21
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TIME RESOLUTION @CERN SSD LAB RCAS R

Time resolution calculated in different amplitude intervals:

ampli[1] B
_— e > amp(DUT)>0.08 V and <0.6 V —> Orsp = 48PS
O Entries 25088
3008 ' ! Mean 0.1039
L supev 0057¢2) > qmp(DUT)>0.1 Vand <0.6 V —— Orsp = 43PS
SELEL i
250 11 :
§ X : > amp(DUT) >0.14 Vand <0.6 V — Ogrsp = 45PS
200§ E E :
150 § E E : Entries — 851
N | . 60 — Mean 3.221e-10
L : : b o
100 \ \ \ . [ CP):)Onbstant 49.970;325.22
§§\ i
50k 1 S : s0f-
\ " -
o ' :
Ox \\\ Wil L e T 30__ < /
0.1 0.2 0.3 04 0.5 0.6 B
ampli[1] ol
o
0:6.1' - (I)m ) 0?5'71' 'mo.|6' - '0!27' 107

tCFD[1] - tCFDI0]
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CONCLUSIONS AND FUTURE PLANS RCAS R

» Excellent production uniformity for the RSD1 production by FBK within a wafer and among wafers

> Preliminary measurements show that spatial resolution is about 5 um (gain 12, ~3MIP) in 200 um
pitch devices

> First measurements give promising results for time resolution

More studies to be performed on both spatial and time resolution to define the characteristics of the next
RSD production
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TCT MEASUREMENTS: WAVEFORMS - SIGNALS DELAY
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Signals peak delay with respect to the largest signal as function of the distance in mm from the largest signal

for W2, W8 190-200 in the optical window

tpeak variation for W2, W8 190-200 optical window

0,6
0,5 "o

0,4 @

0,3 @

0,2 ®

0,1 - mW8
o O oW2
-0,1

-0,2 " o

signal delay with respect to the highest peak [ns]
O

-0,3

0 0,05 0,1 0,15 0,2 0,25 0,3 0,35
distance from the highest peak [mm]
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TCT MEASUREMENTS: WAVEFORMS - SIGNALS DELAY =5 FSD

FONDAZIONE ]
BRUNO KESSLER

Signals peak delay with respect to the largest signal as function of the distance in mm from the largest signal
for W2 150 and 190-200 in the optical window
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TCT MEASUREMENTS: WAVEFORMS - DV/DT =5 FD
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Signals dV/dt as function of the distance in mm from the largest signal for W2 150 e 190-200 e W8 190-200
in the optical window

e 23
- : : £
dV/dt variation for W2, W8 190-200 and W2 150-200 optical window =
1
22.8
0'9 22.7
0,8 22.6
0,7 225
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= N\
2
w 0,0 —e— W2 150-200 _
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SPATIAL RESOLUTION
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um

2D charge maps

Nominal RSD spatial resolution
corresponds to the devices pitch

Collected Charge 2D Map - Pad1
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SPATIAL RESOLUTION EXTRACTION =KD

BRUNO KESSLER

H?2
H2
B Entri 20000
300 Mr;gr? S 40.81
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RSD W2 Gain vs bias
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