First production of
Resistive AC-Coupled
Silicon Detectors (RSD) at FBK

Marco Mandurrino

marco.mandurrino@to.infn.it

for the RSD group (FBK and INFN Torino)

34t RD50 Workshop — Lancaster University, 12-14 June 2019




Istituto Nazionale di fisica Nucleare

RSDEH
Oooad
° ° Om
Motivations
\1RD50
» Possible solutions to increase the fill-factor:
trenches isolation (HD-LGAD)
(see G. Borghi presentation)
DC-contact et _ _
AC-pad #1 U AC-pad £3 resistive AC-coupled readout (AC-LGAD)
resistive pt-gain oxide
n-cathode

M. Mandurrino, INFN Torino 34th RD50 Workshop — Lancaster, 12-14 June 2019 5



The RSD1 simulation and design s
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The RSD1 production

55 pm thick 6” wafers
stepper lithography

. dielectric
A L B

1 0.92 Si-Si

2 A 0.94 L A Si-Si

3 A 0.94 L B Epi

4 A 0.94 H B Si-Si
eojeeaersisraiosals 5 A 0.96 H B Si-Si
6 B 0.92 L B Epi

7 B 0.94 L A Si-Si

8 B 0.94 L B Si-Si

| 9 B 0.96 L B Si-Si
10 B 0.96 H B Si-Si

11 C 0.92 L B Si-Si

12 C 0.94 L B Epi

13 C 0.94 L B Si-Si

14 C 0.96 H B Epi

15 C 0.96 H c Si-Si

Si-Si FZ from IceMOS
Epi from Addison
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Static characterization
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4x4 matrix sensor
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reverse bias, V
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Dynamic characterization at TCT

Readout setup:

» TCT laser (1064 nm) @ ~10 MIP with FWHM ~15 nm
> INFN-Torino 3-channel board

> CIVIDEC 40 dB ampl. for each channel

> Vpe =200V (I ~ 5 nA)

Tested sample:

> 2x2 matrix, 200-300 pm

» W04
gain dose:  0.94 0%
n* dose: A 5
p-stop dose: B 2100}
Laiel- ngh g
substrate: Si-Si 02t
> Vbd = ~400V 0 50 100 150 200 250 300 350 400

reverse bias, V

M. Mandurrino, INFN Torino 34th RD50 Workshop — Lancaster, 12-14 June 2019 20



Istituto Nazionale di fisica Nucleare

Pad 1
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300mv
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100 mv

-200mv

300 mv

400 mVvV

10ns 15ns s

Measure P1:rms(C1) P3:area(C1) PS:ampl(C1)
value 31mV -67.030 pWb 15.7 mV
mean 15.36 mV 85.80 pWb 91.84 mV
25mV -312.353 pWb 9.7 mV

55.0 mV 082 pWb 3552 mV

1347 mV 35.14 pWb 86.31 mV

83.820e+3 83.8200+3 83.820e+3

v X

S ; L HD lTbase 25015
v 100 mV/div 100 mV/div | i 9Bits 5.00ns/div Norm. -700 mV
0.0 mV ofst 0.0 mV ofst 0.0 mV ofst | § 1kS 20 GSIs Edge Neg
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Measure
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mean

0.0 mV ofst

P1:rms(C1)
41mV
2948 mV
32mV
55.0 mV
1457 mV
22 T79%+3
v

100 mV/div
0.0 mV ofst

e e GND

N s e T T S

10ns

100 mV/div |
0.0 mV ofst |

P3:area(C1)
-53.204 pWb
-117.40 pWb 183.33 mV
-312.353 pWb “41mv
57.581 pWb 355.2 mV
33.24 pWb 95.26 mV
22 779%+3 22 779e+3
X
[E=HD !
9Bits 5.00ns/div Norm. -700 mV
1kS 20 GSIs Edge Neg
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300mv
200mv

100 mV

100 mVv
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10ns

Measure P1:rms(C1) P3:area(C1)
value 35mV -63.158 pWb
mean 17.99 mV -92.68 pWb
2.5mV -312.353 pWb

55.0 mV 89.812 pWb 3552 mV

13.62 mV 33.91 pWb 87.78 mV

68.2520+3 68.2520+3 68.252e+3

v X

‘ [_HD |

5.00ns/div Norm. -700 mV

100 mV/div 100 mV/div | i 9Bits
0.0 mV ofst 0.0 mV ofst 0.0 mV ofst | j 1kS 20 GSIs Edge Neg
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100 mVv
-200mv

300 mv

400 mVvV

10ns

Measure P1:rms(C1) P3:area(C1)
value 5.9 mV -22 496 pWb
mean 19.52 mV -96.60 pWb 117.85 mV
25mV -312.353 pWb 97 mv
55.0 mV 89.812 pWb 3552 mV
1357 mV 32.88 pWb 87.71 mV
61.187e+3 61.187e+3 61.187e+3
v X

S ! [ HD lTbase -25 0 ns
100 mV/div 100 mV/div | i 9Bits 5.00ns/div Norm. -700 mV
0.0 mV ofst 0.0 mV ofst 0.0 mV ofst | j 1kS 20 GSIs Edge Neg
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100 mVv
-200mv
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400 mVvV

5 ns 10ns

Measure P1:rms(C1) P3:area(C1) P5:ampl(C1)
value 418 mV -151.277 oWb 2654 mV
mean 419321 mV -139.57 pWb 265.77 mV
min 394 mV -312.353 pWb 219 mvV
max 438 mV 8.030 pWb 280.7 mV
Sdev 510.6 uV 19.13 pWb 11.16 mV
num 9.023e+43 9.0230+3 9.023e+3
status v X
C3 E 3 [_HD |
100 mV/div 100 mV/div 100 mV/div | i 9Bits 5.00ns/div Norm. -700 mV
0.0 mV ofst 0.0 mV ofst 0.0 mV ofst | } 1kS 20 GSIs Edge Neg
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100 mVv
-200mv

300 mv

400 mVvV

10ns

Measure P1:rms(C1) P3:area(C1)
value 39mV -53.540 pWb
mean 21.09 mV -102.78 pWb 128.43 mV
2.5mV -312.353 pWb 1“4 1mv
55.0 mV 57.581 pWb 355.2 mV
1448 mV 32.71 pWb 93.76 mV
46.505¢+3 46.5050+3 46.5050+3
v X

3 ; L HD lTbase 250 ns
100 mV/div 100 mV/div | i 9Bits 5.00ns/div Norm. -700 mV
0.0 mV ofst 0.0 mV ofst 0.0 mV ofst | j 1kS 20 GSIs Edge Neg
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Dynamic characterization at TCT

<R

Istituto Nazionale di fisica Nucleare

um

um

Collected Charge 2D Map - Pad2

e 82 8 8 £

g

3

0 100 200 300 400 500 600 700 800

Collected Charge 2D Map - Pad1

]

charge [a.u.]

]

Pads 1, 2, 3

Integration time: 5 ns
Signal sensitivity to position: ~1% each pm

]

Collected Charge 2D Map - Pad3

charge [a.u.]

M. Mandurrino, INFN Torino 34th RD50 Workshop — Lancaster, 12-14 June 2019 30



nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Summary

» A first run of Resistive AC-Coupled Silicon Detectors (RSD) has been
produced at FBK

» Two substrates and several split of resistive, gain and p-stop implants have
been used

» Preliminary static measurements before dicing seem to be indicative of a
very homogeneous run

» First signals seen with the TCT setup on a small-pitch RSD matrix demonstrate
that RSD are alive and produce very promising signals, both in terms of
shape and dynamic response with respect to the laser hit position

» The signal shape is dominated by a large negative lobe followed by a small
positive overshoot. The various splits will identify how to control the shape
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Static characterization g

p-stop dose split: pin

3x3 matrix sensor
40x40 pm? pad size
80x80 pm? pad pitch
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Example: ALTIROC device
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Measurements and simulations

3x3 matrix sensor
45x45 pm? pad size
50x50 pm? pad pitch
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Dynamic characterization at TCT &
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Dynamic characterization at TCT
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