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[ PICMIC concept
< Time measurement
< Position measurement
[ Detail of the position sensor prototype
< Layout of 3D view
< Architecture
O Experimental results
< Threshold S-curves
< Position measurement of injection probe
< Test with a and y sources
[ Ongoing R&D
< Large area position sensor PICMIC-1
< PICMIC with Nano-Channel Plate (NCP)

O Summary



PICMIC concept

< MCP is as for now is one of the best timing devices with a
few picoseconds of resolution.

< MCP has an excellent intrinsic spatial resolution since the
avalanche produced by the incoming particle is constrained
to one of the glass tube whose diameter can ban as small
as a couple of um.

MCP

< MCP are often used for their timing while their spatial
resolution is not appropriately exploited.

MCP

Input electron ( or radiation )

Electroding
(on each face)

Timing
sensor

1 High

PosItion
Voltage

SeNsor

Output

Glass structure
electrons

Channels



PICMIC concept

O To fully exploit MCP a new scheme is proposed

< A transparent grid placed downstream the MCPs and read out by sensors with
excellent time resolution.

< A detection matrix with small pixels to measure the position of the avalanche
while requiring limited number of electronics channels.

Concept description

4D Detector

O The avalanche crosses a transparent grid
connected on its periphery to a few timing
sensors.

O The avalanche is then collected by pixels.
Metallic grid 1

Time + position 2. Measure T, by time sensors

Measure XY, by the fired woven strips

3. Subtract time propagation using speed
Pixels propagation

4. Average value on the (Ti—Ti(pmpag))

T — lev(Ti_Ti(propag))
abs N




Time measurement

8-point PCB for the time measurement.
PCB to be in contact with the grid

- SAMPIC D
1 WIDC

SAMPIC: TDC ASIC allowing
to reach 3 ps time resolution

System tested oh 2-MCP system of 25mm
diameter using a source

Time ierence (ns)

Time resolution of arrival time of two channels
is of 30 ps = 10 ps by exploiting 8 channels




Position measurement

1 To reach few microns resolution with a limited number of electronic channels, a
new concept was developed.

< Connect the pixels in woven strips

% Two neighboring pixels are connected to two different strips
< Each strip is connected to one electronic channel

% Share the charge among a few ones

% Crossing the fired strip to determine the position

‘ 2 : \°
= = - Q = ° S =
MCP : Q—/:(‘J_R?/W@go
Pixels‘ S W?:/Q : D = G

N x N = 3N : Reduction of electronic channels, power consumption and occupancy



Position sensor prototype: PICMIC-0

O Although there is no silicon sensor, the
CMOS technology was used.

[ Pixels, the interconnections as well as
the readout electronics are implemented
in TJ 180 nm (6 metal layers) technology.

Discriminator

Pioriry Encoder

Design Flow Cadence DoT flow
Technology TJ CIS 180nm
Power supplies 1.8V

Power density >172mW/cm?

Die dimension

Anode dimension
Readout pixel dimension
Readout matrix

Input clock

Read-out port

1/0 Pad
Slow control

Max data rate (1Mhz hit rate)

~7.5x7.5 mm? (6.5x7.5mm?
active)

~22p%(5pum hexagonal pitch)
50umx140um

128x54 cells (only 2556 active)
40MHz

13-bit parallel, 1 sync clock out,
1 marker

CMOS
12C
390Mbps



Position sensor prototype: PICMIC-0
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and the comparator response globally.

Column PE (priority Encoder)

Sl (d One DAC (3-bit) to correct the threshold
of each cell individually.

ANALOG DAC SEQUENCER

O Priority encoder protocol is used to

13-b@40MHz, | .
Valid, Clk_out ] read out only the cells with data.
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Position sensor prototype: PICMIC-0
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Position sensor test

[ Pedestal S-curve calibration

VRefP=100
eell -SC Studles PS@2V [4
oo M elmg = e T i @M m[m]«» wame= | (1 A scan of all the DAC values was

l
— performed to find the best
operational point

= i O Threshold spread as function of the
global current parameter

O The adjustment of the 3-bit inner

= readout-cell local current source
<0=609,sd-148. <X0=50, std=11.4 permits to adjust the 50% crossing
of the S-curve

1.0 1 - 1.0 4 -

0.8 9 0.8 4
;f: 0.6 —-{: 0.6
] before g
§ 0.4 $ 0.4

0.2 1 0.2 4

0.0 1 0.0 4

0 0 100 150 200 250 3 3 40 a5 50 55 60
VRefN [udac] VRefN [udac]
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Position sensor test

VPULSE;,

O Test with direct injection of charges using probes
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PICMIC DAQ

O The DAQ board was placed within the SAMPIC module.

® PICMIC Canfiguration Panel

Detected PICMIC Board &

Main Config | Pixel Configuration | Advanced Cenfig | Debug |

Read Pixel Configuration | for Column 31 Howi 711

En Vpulse En Current Comp  SW[1] SWIO] En Current Miror

g On On On n On
off Jon of Jor off
Local Current Adj i) (wecimal)
o2 e —>Gig_Data b 10101001 -=>d 163

‘ Apply the above Pixel Configuration to '

Al Columns T~ or Columns from 0 to 563
and
AllRows [ or Rows from 30 to 5127
DISPLAY RUN INFO

PICMIC Running &
M on/oft p: 100 event Event # 12
{0 = completely OFF)

O With both time and position sensors tested, a dedicated DAQ board was developed
O Distribute the same clock (40 MHz) to both the timing and position chips

[ Collect data from both and associate them

Load Picmic Settings from File: Popup for file: ¥ or File: |.\PICMIC_ConfigFiles\defautt_picmic_cfg.txt

339-)
338

Tofal Nb of Frames 159565

ELLEEE o Total Nb of Pixels 2712605
Max Frames/Evt to plot 100

) FramesRate  PixelsRate  #pixcls/ frame
Time relative to st Hit [ 308} . ) ! L ! ! L L ]
- 2735 K ESTIS I (S 17.00 20000 40000 60000 0000 100000 120000 140000 160000 180000 200000 220000 247500
Time (nz)

Messages
6h-08min:15=-Opering PICMIC corfig setup from file < \Lsers wep 2 Documents Eiudes_CVINSAMPIC\PICMIC_CorfigFies picmic_cfg_all_columns_row3.ta

16h:08min: 17s:PICMIC Slow control Cortig successfuly loaded from file!

2l

o
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PICMIC demonstrator

O The first prototype including:

>

Two 5-cm diameter MCP

D)

%

X4

D)

% A board hosting 16 timing sensors (only 8 were cabled)

>

D)

%

A mezzanine hosting the pixel sensors

A Master board

>

o
%

O All are placed within a vacuum system ( <10e-5 mB)

Vacuum chamber

Optional pet| | ——————- 177~ Tavacuum pumg

we TiMIng

—
|
| Position FMC (timingsposition)
" - | "
I
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PICMIC demonstrator

O The whole system was tested by using collimated o and y sources

Pixels Y
Amplitude [Volts]

Samples

Pixels Y
Ampitude [Volts]

15



PICMIC demonstrator

L Histograms of arrival time difference of Ch1,Ch2, Ch3, Ch4, Ch5, Ch6,Ch7 and ChO
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PICMIC demonstrator

U The whole system was tested by using collimated o and y sources

1 mm holes 2 mm holes 0.5 mm holes

RunData RunData
Entries 396 Entries RunData

Mean x . . "Entries 376 |
RunData Meanx 4937 Mean y 4000 H i Mean x 746
Meany  -275.1 : £

Meany  466.8
StdDevx 2129 gﬁ g!\fx 2219
Std Dev 1357 evy 2039

StdDevx 1110
StdDevy 9563

-4000 -3000 -2000 -1000 1000 2000 3000

-3000 -2000 -1000 O 1000 2000 3000 4000 0 1000 2000 3000 4000

0 1000 2000
RunData

T T T T T T T
| I | I | | I I

B L YA STAAT TS WA AT STWAS WS S
-4000 -3000 -2000 -1000 0 1000

Many holes of 0.3mm diameter and 0.8 mm pitch 17



Ongoing R&D: new position sensor PICMIC-1

1 The PICMIC-0 chip was the first attempt to demonstrate the concept. PICMIC-1 was
designed and improved on several features.

< Better calibration possibilities (8 bits DAC) to get better uniformity
Higher acquisition rate (1 MHz - 10-30 MHz)

D)

0‘0

D)

0‘0

By reading out each column separately

< By increasing the surface of the sensor by a factor of 4 (1.2 cm x 1.4 cm)

)
0‘0

Adding a charge preamplifier to avoid current smearing problems for long tracks

14 mm

A
v

12 mm

v STTIR

PICMIC-1 18



Ongoing R&D: PICMIC with Nano-Channel Plate (NCP)

Q A new kind of MCP that we call Nano-Chanel Plate (NCP) is being developed.
< Small aperture (< 1 um)
< Large aspect ratio: L/d, ultra-fast response time

QO It aims at producing structures with nanoholes that could be coated with
emissive and resistive materials.

O Three technologies for NCP are followed
< Anodized Aluminium Oxide (AAQ)
< Silicon electrochemical etching

< Femto-laser digging

19



Ongoing R&D: AAO NCP

O Nano Channel alumina structure made by electrolyte was invented twenty
years ago: H. Masuda, K. Fukuda, Science 268, 1466 (1995)

V, voltage (20V ... 180 V)

Aluminum
clectrode

Platinum
clectrode

acid solution
(sulfuric, oxalic, phosphoric)

water flow to control
the temperature

O L/d =200-300, L is the plate thickness and d the tube diameter. In principle we
should have better timing than that of the MCP (less dispersion (TTS))

L Conic shape for higher quantum Efficiency is possible

O New resistive and emissive coating materials are being studied to transform the
nanopore into NCP

20



Ongoing R&D: Si NCP

O A highly granular reflective photocathode using silicon electrochemical etching is being
developed. Photocathode is made of holes with conic shape.

< Exploit the high spatial resolution the MCP offers
< Increase the quantum efficiency

O The structure will be coated with different kinds of photocathode materials and then
cast on MCP to test PICMIC as a photodetector concept.

photocathode

7 electric field



Ongoing R&D: Femto-Laser NCP

O The concept is to produce micro/nano-pore using the Femto-Laser techniques Bessel
beam allows digging deep in transparent material producing regular pores

LIGHT MATTER
DV ¢
\ Bessel beam"

O By using lead-glass plates and obtaining high density of pores, one can not only
produce NCP but also reduce the tedious chemical process used in MCP fabrlcatlon

0 4 um dlameter
2 5 um pltch \‘

L More precise time measurement with a dedicated ASIC

O Position sensor developed in smaller process like 65nm or less

< More metal layers, less power consumption, high speed

22



L The PICMIC concept that allows to simultaneously measure the time and

position of MCP is validated
L Optimization and independent resolution measurements are ongoing
L High-rate capability with large surface position sensor has been designed

L New high granular reflective photocathode is being developed and will be

soon tested

L A new generation called NCP with the aim to reach 1 ps and sub-micrometer

resolutions are being developed

Thanks
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BACKUP
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PICMIC-0

8.4 mm * 8.4 mm

Taille du circuit

Taille de la matrice de pixels
Nb lignes(ROW) * nb
colonnes(COL)
Dimensions d’une cellule active
Voies de lectures actives

Puissance dissipée maximale

Charges incidentes [courant x
temp]

7.4 mm * 6.4 mm (0.5cm?)
128753
140pm x 50pm
3*852=2556 canaux

256mA*1.8V ~ 0.5Watt
[13uA x 2ns] et [1.8mA x 0.4ns]

16 cellules touchées pendant
400ns => 2.5MHz RATE

8 pistes touchés par impact
2 impacts possible => 16 cellules

7-bit pour ROW + 6-bit pour COL

Taille donnée d’une adresse touché

Horloge de lecture interne
Taille des données

Horloge de lecture externe

40MHz par encodeur de priorite

13-bit + Valid + Mrk

40MHz sur 14-bit en paralléle
520 MBps

5um (hauteur d’un hexagone)

Pitch (pas de quantification
spacial)

Nombre total d’hexagones

2 077 200 (~2 Million)

PICMIC-1

16.4 x 14.76 mm?

14.8 mm x 12.8 mm (1.9cm?)
184 x 74
199.92 um x 70 um
3*1704=5112 canaux

2*256mA*1.8V ~ 1Watt
[13uUA x 2ns] et [1.8mA x 0.4ns]

25 MHz

2 piste/direction => 6 pistes
1 seul impact
=> 8 (+2 pour marge bruit)

8-bit pour ROW + 7-bit pour COL
(+ 2-bit augmentation taille x4)

40MHz /colonne
15-bit + Valid + Mrk

8 liens 160MHz DDR
(double data rate)
SLVS or LVDS ?

4.8GBps
S5um

8 millions de pixels

25



3 directions * 852 lines,
each line connects a comparator

picmico_ebe

Depending on the algorithm, the readout-cell is somewhere in-between the line
Depending on the position of the shower impact, the discriminator could be at strong opposite

26
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Layout of readout cell

AVO of reado e anda 40 0
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PICMICO DAQ

Test bench HW developped by IPHC

- New design for sensor board & Arduino shield

- Most of test bench HW reused from a previous project
- 12C : Arduino DUE board

- DAQ : NI PXI6562 board 16 I/0 up to 200 MHz

13-bit //+ VALid @ 40 MHz, MK1, CLKout
12¢c: SCL, SDA, RST_I2C
Test : START, RST, PULSEPAD, TEST MODE

|

/ Aux_board \ 17 / Prox_board ( Sensor_board\

\ .,5 % : : %\-——.

Crate NI | &, EV.>1.8V sE 4 —> & E
= N 1.8V/

j gpio {9
\_ —_— ) 1ac CLKin@40MHz
USB | ArduinoDUE
| shield
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Unwanted effect observed : threshold spread in the current comparator
reference, due to IR-drop in the matrice before calibration.
Threshold varies from 40pA to 120pA

120 4

100 A

80 4

60 4

40 -

204

[ 11 J

*00
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Lz 1 N 11]]
SNE 0 D8 S BEWe & (1 1]

e eemee
soee
[ 1]

T
10

T
20

T
30

T
40

T
50

120

100

r 60

F 40

Also 38 channel are noisy due to coupling between the memory Flush

signal in Metal 2 with a few horizontal Metal 3 lines
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