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Towards the 4D tracking
The RSD1 batch
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RSD1 (2019)

wafer # n-plus dose p-gain dose
dielectric 
thickness p-stop dose substrate

1 B 0.92 normal B FZ 55µm

2 B 0.94 normal A FZ 55µm

3 B 0.94 normal B Epi 45µm

4 B 0.94 thick B FZ 55µm

5 B 0.96 thick B FZ 55µm

6 C 0.92 normal B Epi 45µm

7 C 0.94 normal A FZ 55µm

8 C 0.94 normal B FZ 55µm

9 C 0.96 normal B FZ 55µm

10 C 0.96 thick B FZ 55µm

11 D 0.92 normal B FZ 55µm

12 D 0.94 normal B Epi 45µm

13 D 0.94 normal B FZ 55µm

14 D 0.96 thick B Epi 45µm

15 D 0.96 thick C FZ 55µm

p-gain
n+

-cathode

AC-pad AC-pad AC-padDC-contact

coupling

oxide

JTE

See my 2019 talk at the 34th RD50 Workshop in Lancaster:
https://indico.cern.ch/event/812761/contributions/3459062/

pad pitch: 50 to 500 µm
pad size: 30 to 490 µm

strip RSD sensors with pitch
75 and 180 µm

https://indico.cern.ch/event/812761/contributions/3459062/


Towards the 4D tracking
From RSD1 electrical tests:

► No mask defects (stepper)
► Extremely low mortality
► Accurate process
► Uniform process
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increasing
gain

More details in https://arxiv.org/abs/2003.04838

https://arxiv.org/abs/2003.04838


Towards the 4D tracking
RSD1 dynamic characterization
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2D maps of charges

charge projection
w

aveform
s

More details in https://doi.org/10.1109/LED.2019.2943242 and https://arxiv.org/abs/2003.04838

TCT scan

https://doi.org/10.1109/LED.2019.2943242
https://arxiv.org/abs/2003.04838


Towards the 4D tracking
RSD1 dynamic characterization
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More details in https://doi.org/10.1016/j.nima.2021.165319 and https://doi.org/10.1088/1748-0221/16/03/P03019

1 pad
2 pads
3 pads
4 pads

regular geometry staggered geometry

https://doi.org/10.1016/j.nima.2021.165319
https://doi.org/10.1088/1748-0221/16/03/P03019


Towards the 4D tracking
RSD1 dynamic characterization:
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More details in https://doi.org/10.1016/j.nima.2021.165319 and https://doi.org/10.1088/1748-0221/16/03/P03019

https://doi.org/10.1016/j.nima.2021.165319
https://doi.org/10.1088/1748-0221/16/03/P03019


The new RSD2 production
The RSD2 batch:

► higher p-gain dose
► slightly decreased n-plus dose
► thin dielectric
► dose B of p-stop implants
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RSD2

wafer # n-plus dose p-gain dose
metal 

thickness substrate C spray

1 A 0.96 thick FZ 55 µm N

2 A 0.96 normal FZ 55 µm N

3 A 0.98 normal FZ 55 µm N

4 A 1.00 normal FZ 55 µm N

5 B 1.00 normal FZ 55 µm N

6 B 1.00 normal Epi 45 µm N

7 B 0.98 normal FZ 55 µm N

8 B 0.96 normal Epi 45 µm N

9 B 0.96 normal Epi 45 µm N

10 B 0.96 normal Epi 45 µm 1.0

11 C 0.96 normal Epi 45 µm N

12 C 0.96 normal Epi 45 µm 0.8

13 C 0.98 normal FZ 55 µm N

14 C 0.98 normal Epi 45 µm N

15 C 0.94 normal FZ 55 µm N

pad pitch: 25 to 500 µm
pad size: 15 to 440 µm

strip RSD sensors with pitch
75 and 150 µm

A B C

A B C



RSD2 design and layout

► Two different array configurations: regular and staggered

► Several pad geometries: squares, circles, crosses, stars, etc...
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RSD2 design and layout

► Signal confinement with cross or star AC-pads in the staggered arrays:

► and in the regular arrays:
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RSD2 design and layout

... some nice pictures of the RSD2 readout electrodes...
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RSD2: uniformity test
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Block A

290-300 µm
~200 V

FZ FZ FZ FZ FZ

Epi FZ Epi Epi Epi

Epi Epi FZ Epi FZ



RSD2: uniformity test
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Block B

blank RSD
~200 V
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RSD2: uniformity test
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Block C

strip RSD
~200 V

FZ FZ FZ FZ FZ

Epi FZ Epi Epi Epi

Epi Epi FZ Epi FZ



RSD2: first electrical tests - I
Gain dose 0.94
Block A – 2x3 290-300 stars
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wafer # n-plus dose p-gain dose
metal 

thickness substrate C spray

1 A 0.96 thick FZ 55 µm N

2 A 0.96 normal FZ 55 µm N

3 A 0.98 normal FZ 55 µm N

4 A 1.00 normal FZ 55 µm N

5 B 1.00 normal FZ 55 µm N

6 B 1.00 normal Epi 45 µm N

7 B 0.98 normal FZ 55 µm N

8 B 0.96 normal Epi 45 µm N

9 B 0.96 normal Epi 45 µm N

10 B 0.96 normal Epi 45 µm 1.0

11 C 0.96 normal Epi 45 µm N

12 C 0.96 normal Epi 45 µm 0.8

13 C 0.98 normal FZ 55 µm N

14 C 0.98 normal Epi 45 µm N

15 C 0.94 normal FZ 55 µm N

VBD ~ 380 V



RSD2: first electrical tests - I
Gain dose 0.96
Block A – 2x3 290-300 stars
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wafer # n-plus dose p-gain dose
metal 

thickness substrate C spray

1 A 0.96 thick FZ 55 µm N

2 A 0.96 normal FZ 55 µm N

3 A 0.98 normal FZ 55 µm N

4 A 1.00 normal FZ 55 µm N

5 B 1.00 normal FZ 55 µm N

6 B 1.00 normal Epi 45 µm N

7 B 0.98 normal FZ 55 µm N

8 B 0.96 normal Epi 45 µm N

9 B 0.96 normal Epi 45 µm N

10 B 0.96 normal Epi 45 µm 1.0

11 C 0.96 normal Epi 45 µm N

12 C 0.96 normal Epi 45 µm 0.8

13 C 0.98 normal FZ 55 µm N

14 C 0.98 normal Epi 45 µm N

15 C 0.94 normal FZ 55 µm N

VBD ~ 290-320 V



RSD2: first electrical tests - I
Gain dose 0.98
Block A – 2x3 290-300 stars
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wafer # n-plus dose p-gain dose
metal 

thickness substrate C spray

1 A 0.96 thick FZ 55 µm N

2 A 0.96 normal FZ 55 µm N

3 A 0.98 normal FZ 55 µm N

4 A 1.00 normal FZ 55 µm N

5 B 1.00 normal FZ 55 µm N

6 B 1.00 normal Epi 45 µm N

7 B 0.98 normal FZ 55 µm N

8 B 0.96 normal Epi 45 µm N

9 B 0.96 normal Epi 45 µm N

10 B 0.96 normal Epi 45 µm 1.0

11 C 0.96 normal Epi 45 µm N

12 C 0.96 normal Epi 45 µm 0.8

13 C 0.98 normal FZ 55 µm N

14 C 0.98 normal Epi 45 µm N

15 C 0.94 normal FZ 55 µm N

VBD ~ 230-280 V



RSD2: first electrical tests - II
Carbon spray implant
Block A – 2x3 290-300 stars
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Epi 45 µm FZ 55 µm

high Carbon

low Carbon

NO Carbon

NO Carbon



RSD2: first electrical tests - II
Carbon spray implant
Block B – blank RSD
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Epi 45 µm FZ 55 µm

high Carbon

low Carbon

NO Carbon

NO Carbon



RSD2: first electrical tests - II
Carbon spray implant
Block C – strip no.1
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Epi 45 µm FZ 55 µm

high Carbon

low Carbon

NO Carbon

NO Carbon



RSD radiation resistance
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RSD radiation resistance
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RSD1 W2
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RSD References

► Paper on NIM-A about the numerical design of RSD: link

► Paper on IEEE-EDL about the first demonstration of fine segmented RSD1: link

► Paper on laser/beam-test studies on RSD1: link

► Paper on machine learning studies applied to RSD: link

► Database and info about the RSD project: link
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RSD2: wafer dicing
Block A – 2x3 290-300 stars
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FZ 55 µm FZ 55 µm FZ 55 µm

pre-cut
post-cut



RSD2: wafer dicing
Block A – 2x3 290-300 stars
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RSD2: wafer dicing
Block A – 2x3 290-300 stars
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RSD2: wafer dicing
Block A – 2x3 290-300 stars
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Epi 45 µm Epi 45 µm Epi 45 µm
high Carbon low Carbon

pre-cut
post-cut



RSD2: wafer dicing
Block A – 2x3 290-300 stars
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FZ 55 µm Epi 45 µm FZ 55 µm
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post-cut


