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The RICH subdetectors provide k-1t separation in the range
2-100 GeV/c.
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Multi-anode photomultiplier tube (MaPMT)

R11265
8x8 pixels

Geometrical dimensions
Window material / thickness
Photocathode minimum effective area
Photocathode material

Spectral response range

Number of pixels / dimensions
Number of dynodes

Maximum supply voltage
Typical gain at —1 kV
Uniformity between pixels

Dark current (average per pixel)

Rise / transit time

R11265 — 2688 RICH-1 + 1120 RICH-2 = 3808
H12700 — 448 (RICH-2)

Lorenzo Cassina — EDR: MaPMT characterization
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26.2 x 26.2 mm?
UV glass / 0.8 mm
23 x 23 mm? (> 80%)
Super Bialkali

185 — 650 nm

64 / 2.9 x 2.9 mm?
12

—1.1 kV

> 1 x 10°

1+3

0.4 nA

0.6 ns / 5.1 ns

AGH

H12700
8x8 larger pixels
Allows to reduce
costs in the
peripheral regions




CLARQOS chip

Requirements for the front-end electronics for Ma-PMTs:

* Deadtime<25ns

* Low power = 1 mW/channel

* Radiation tolerance: up to 10 KGy (1 Mrad), hadrons up to 10?3 cm™

The CLARO was designed by Milano Bicocca, Ferrara and Krakow to satisfy these requirements.
Since the end of 2013 the CLAROS is the baseline choice for the RICH upgrade.
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_ Digital configuration register (Ferrara/Krakow):
: | i L * 128 configuration bits protected with TMR
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. SEU counting

8 readout channels (Milano Bicocca):

Amplifier with low input impedance
. Discriminator with settable threshold -

o Test pulse injection circuit

it

rryyyyyryyywo

Typical output signal

Claudio Gotti — The CLARO chip
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A single channel of the CLARQOS chip

AGH
—_ A
Cherenkov FE Data
photons — | PMT ASIC FPGA link ) Off detector
VDD
A CLAROS8 channel

4' Buffer
Analog output
Input E
r Digital output ‘
Dummy
V
D l Settable op
threshold

Claudio Gotti — The CLARO chip
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CLAROSv2 (2015):

* Total area: 5 mm? (2000 x 2500 um?)
* Analog block: 1200 x 800 um?

* POR block: 900 x 100 um?

* Digital block: 1050 x 600 um?

* Free space near the POR block

filled with bypass capacitors
(3x 13 pF on both avdd and dvdd)

Claudio Gotti — The CLARO chip
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CLAROS8vV3 (2016):

Total area: 6.6 mm? (2350 x 2800 um?)
(30% larger than CLARO8v2)

Analog block: 1200 x 800 um?
POR block: 800 x 100 um?

Digital block: 1600 x 1200 um?
(3x larger than CLARO8v2)

Free space near the analog block
filled with bypass capacitors

(2x 40 pF on avdd, 2x 17 pF on dvdd)

agnd pads added for direct downbond
to QFN thermal pad

Claudio Gotti — The CLARO chip
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Overview: CLAROS8v3 digital core.details

TMR protected configuration register compatible with the SPI port of the GBT-SCA device AGH
detailed next slide

from voter 12 bit SEU counter | I 4 bit (rsrvd) 8 bit latch

=~z _— =~ =

{ %28 hit parallel input port for data to shift out

SPI a2l |/O Shift register connected to the SPI interface -=>5PI out

from voter from voter from voter
from self corr. from self corr. from self corr.
pulse generator pulse generator pulse generator

(96+8)bit storage register A (96+8)bit storage register B “ (96+8)bit storage register C

I W to voter/SEU detect {E}} to voter/SEU detect 1‘ ‘_I\{} to voter/SEU detect
> 0 5 5> 5 %

(96+8)bit majority voter (96+8)bit SEU detect

cfg hits to&z to registers {}
CLARO core SEU self correction pulse generator

(n) Power On Reset generator

from 1/O shift
register

BLOCK DIAGRAM

Angelo Cotta Ramusino — INFN Ferrara
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CLAROS tests in Krakow and Ferrara

PC

FPGA board

Piotr Dorosz, Mateusz Baszczyk
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BURN-IN board

Oscilloscope




Elementary cells (EC): EC-R and EC-H

Back Boards (BkB
RICH 2 detector column details S AGH
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Alessandro Petrolini — Status of Elementary Cell components
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Piotr Dorosz — RICH EC-H Roberta Cardinale — Test beam status
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CLAROS production and schedule

Name Begindate | Enddate
= e CLAROS8v3 final production 06/12/16  31/07/18
= o MPW for 400 CLAROSv3 for EC production startup and 2017 beam testing 06/12/16  03/04/17
o CLAROSv3 dice production at AMS 06/12/16  20/02/17
 packaging at ASE; delivery at MiB 21/02/17  03/04/17
= o Engineering run for 9 wafers (3 guaranteed, should yield min. 11.000 dice) 16/02/17  03/10/17
o Effective Date of Contract to Manufacturer 16/02/17  16/02/17
o CLAROSv3 dice production at AMS 16/02/17  10/07/17
o packaging at ASE; delivery at CERN 11/07/17  03/10/17
= e Production run for 25 wafers 04/10/17  31/07/18
o Validation of engineering run 04/10/17  15/11/17
o CLAROS8v3 dice production at AMS (after validation of engineering run) 16/11/17  27/03/18
o packaging at ASE; delivery at CERN 28/03/18  31/07/18
% ¢ PRODUCTION OF THE CLAROS ASIC AUTOMATED TEST BENCH 01/02/16  04/05/17
# ¢ PRODUCTION OF A SECOND UNIT OF CLAROS ASIC AUTOMATED TEST BENCH 01/02/17  20/10/17
# ¢ PROTOTYPE OF AUTOMATED TESTER FOR THE FEB+BACKBOARD (and EC) 07/03/16  11/05/17
¢ PRODUCTION OF AUTOMATED TESTER FOR THE FEB+BACKBOARD (and EC) (6 units at least) 05/05/17  28/07/17
= o PROCUREMENT of FEB, Backboard-R, Backboard-H 16/02/17  26/03/19
« Effective Date of Contract to Manufacturer 16/02/17  29/03/17
« pre-production: manufacturer launches PCB production/component procurement 04/04/17  04/04/17
¢ Test of ASICs (INFN-FE) for pre-production 04/04/17  24/04/17
« pre-production of FEBs (30), BkB-R(5), BkB-H(5) (tests performed at INFN-Fe to qualify QC system) 26/04/17  25/05/17
& MILESTONE: availability of FEBs for QC system commissioning / beam testing 26/05/17  26/05/17
« pre-production: manufacturer develops BackBoard connectivity test system (for production lots) 04/04/17  29/06/17
o Test of ASICs (4240) for Lot 1 04/10/17  02/11/17
¢ Lot1 (including test at factory) 03/11/17  31/01/18
o Test of ASICs (4800) for Lot 2 03/11/17  15/12/17
Lot 2 (including test at factory) 01/02/18  26/04/18
¢ Test of ASICs (8000) for Lot 3 - IF 6/9 WAFER GOOD FROM ENG. RUN 18/12/17  19/02/18
¢ Lot 3 (including test at factory) 27/04/18  20/07/18
¢ Test of ASICs (8000) for Lot 4 - ASSUME TO WAIT FOR ASIC FROM FULL PRODUCTION 01/08/18  03/10/18
¢ Lot4 (including test at factory) 04/10/18  31/12/18
o Test of ASICs (8000) for Lot 5 - NEED TO WAIT FOR ASIC FROM FULL PRODUCTION 04/10/18  15/11/18
o Lot5 (including test at factory) 02/01/19  26/03/19
o » TEST of EC {no Mag.Shielding) 01/03/17  16/05/19

The FEB/Bac"I'<Board team:

M. Baszczyk, P. Dorosz, W. Kucewicz — AGH-UST Krakow
M. Fiorini, R. Malaguti, A. Cotta Ramusino — INFN Ferrara
P. Carniti, L. Cassina, C. Gotti, G. Pessina — INFN Milano Bicocca
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