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PICMIC Projectin numbers

PICMIC

: [‘ ’ Position
| sensor

Patent : PCT/EP2020/050058

Started in 2019.

Al N2P3 R&T funded for 3 years
CNRS pre-mat ur ation funding : 150
2 ANR (French national funding) started to go from MCP to

NCP (Micro to Nano Channel Plate)

Patent protected

Industry company are waiting for the result of the PoC (Proof

of Concept)

The project paid a part of the
(including dicing)

Human resources for the PICMIC -0 ASIC : 10 persons for 2
years, which represent 3 Full -Time -Equivalent for 2 years
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A Main interest : gain a factor 100 on the state of art

A Principle : Coincidence between a timing sensor and a position
sensor in order to measure at the PIC o-seconde level, the
passage of an incident particle together with a precision at the
MIC ro -meter level.
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PICMIC -0 : Specifications

7.4 mm* 6.4 mm
53*128
140pm x 50pm
3*852=2556 canals

256mA*1.8V
between [13uA x 2ns] (13fC)
and [1.8mA x 0.4ns] (360fC)
16 cells touched during 400ns
40MHz by priority encoder

40MHz of 14 -bit in parallel

5um (height of an hexagon)

2 077 200 (~2 Million)
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3 directions * 852 hexagon -strip -lines, in TOP metal interconnecter in Metal -543
[53,128] matrix of Analog+Digital comparator readout in M1 an M2
each line gets a comparator
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' 3 directions * 852 lines,
each line gets a comparator

Depending on the algorithm, the readout -cell is somewhere between one side or another
Depending on the position of the shower impact, the comparator could be below or at the
opposite side.
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Synoptic : current comparator matrix element

x Digital readout

Frame Al Framen Frame n+1

x Analog readout

CLK
FLUSH
LOAD
MARKER

S ECEC BEREELECEECECEECREEE
1 L |

VAL
Data of Frame 11 Data of Frame n

Very frontend:

x Current mirror + current comparator

X injection MOScapinside front-end

x Current reference: global ®it tuning DAC + 3-bit
local

x protection diodes
i2c Slow control :

x global registers + each readoutell locally
Column readout by priority encoder

Parallel readout :

13bit data (touched pixel address) + Marker
40MHz // readout speed

16 sample by frame : 16* 25ns => 400ns frame

X X X X X



Very Front end synoptique

A Common global configuration
9 DAC references,
i diod protection,
i current -mirror mode on/off

A Transient noise threshold :

140 NApys

9 Current comparator is a typical  Traff -cell
A 7-bit local registers
Voo VY T
VoD ! -
ENA_CM Dz |
B t VDD b
|_gain<Q:1>
TOCHECK
ENA_D1P VEP l Vret_P \
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= ENA_D2P Ith1 (53)
Vin L I
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Ln§<t:2> GHD GND Nb Block
r Column lines | 1 bits
oz c a o ENA_CM 1 S1 52 MUX
EMA_IP r = o = o=
- % 2B 8 £E922 % . 4 _gain 2 lcurmir
5585 ¢
Dac_P w » EMNA_CR1T 4 53
1-20 pA VDac_BP . :
8 bits ENA_IPb Cible 700mV| I_agj 3 ladj
ENA IN 8 bits ENAIR 4 Wt
Dac_N T _D E'N'Pl—m_ * Hh2
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' ENA_INb F e
: ERA_B2F 4 B2 Gormar Sim)
A 8 c D =
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[ -4 o
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ED

LOCAL: R
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By-passable current mirror N
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current

companstor

Current comparator is a typical  Traff -cell | ‘Bﬂﬂ}
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Digital implementation Diagram

CLK_IN@40MHz ——»

128x54
RST B ——
Pixel config N
Calibration “ PEAD| .54 |PEAD
128 | 128
DAC .
164x7-bit@40MH21
. < Column PE
Sequencing | | PE & Pixel sequencing
13-bit@40MHz
SCL ——!
SDA —— 12C o
RST 12C ——

1

DATA OUT<12:0> @ 40MHz
VALID ( Occupancy Flag)
CLK_SYNC ( Sync Clock)
FRAME_SYNC (Marker)
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Analog Test<N-1:0>




Full custom

\

In -pixel Logic Diagram - 6 1o
2 |
"In BI—C> R
] _ , Flush B -l
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M1 M2 Layout readout -cell detail 140u X 50u
M| n|u | (F)selec

ELJ | H “u: Y m I‘*‘“ﬂmnﬂz __M %}m

I reglster (7-bit)




A Every TOP to M3 layer inside the active matrice had been writtenin skill code .
A Plus the additional M2 line essential to the interconnection algorithm
A More than a thousand effectives code lines

procedure ( createHexagon ( @optional (x 0) (y 0) (layer "MET1") (cv nil ) (r8  sqgrt (3)) (orient "RO" )( fixGrid t
let ((rot pi i pointList dg grid) unless (cvcv= geGetWindowCellView ()

grid=0.005 pointList  ='() rot=0 pi= acos (-1)dg= list (layer “"drawing" ) pointList =tconc ( pointList list (xy))

for (i 05 rot=rot+pi /3.0 X=x+r *cos (rot )y= y+r *sin (rot ) pointList =tconc ( pointList list (xy)) )uend i

pList =car ( pointList )

(when fixGrid pList =foreach (mapcar xy pList list (round (car (xy)/grid)*grid round (cadr (xy)/grid)*grid))
hex=dbCreatePolygon (cvdg  pList )

cBox=centerBox (hex~> bBox) dbMoveFig (hex nil list (0.5*r: -r* sqrt (3)/2 orient)) hex))
load("~/Skill/lhexagone.proc.il")

dbCreateVia (cv techFindViaDefByName (tech "ML _M5_S") (0:0) "RO")

stackVias (viasM5_M2 Xmod:Ymod cv)
createPinLPPcv  ( pinName xy2bBox( Xmod:Ymod WM2/2.0) "M5" nil cv t)
dbCreatePath (cv "M2" list (Xmod:Ymod X0+sx:Ymod X0+sx:YO+sy X0+vfe_sx:YO+sy) WM2

pavement= dbOpenCellViewByType ( "picmicO_lib" "pavement4" "layout" " maskLayout " "r
inst =( dbCreatelnst cv pavement nil X0:YO "RO" ) ;<==Insert pavage hexas 5uin cellView
dbFlatteninst (inst 1 nilt)
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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 PX16562 board 16 I/O up to 200 MHz

13-bit//[+ VALId @ 40 MHz, MK1, CLKout
i2c: SCL, SDA, RST_I2C
Test : START, RST, PULSEPAD, TEST_MODE

4 N

Aux_board

-

Sensor_board

Prox_board

Crate NI
PXI 6562

5V->1.8V

1.8V

- CLKin@40MHz
USB

Ardumo DUE
shield
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Test bench SW developped by IPHC & IP2I

V GUI application 12C + DAQ (PC : Python + DLL  written in C, uC : Arduino C, C++)

V System validation
V PICMIC functionnal test
V Integration of automatic discriminators characterization in GUI application

& Picmic Slow Control software ver; 0.5.9

Misc
Main Configuration Steering Regiskers Pulsing Carac DAC Carac Discri
Registers:Pixel Sequence j e
Init Acquisikion
SET GET
Pulsed pixel params MNOT Pulsed pixel params Saving Params
1] Flush Module |0 )
a9 40 Path for the saved files
i} Unused 1]
C:fpython)/PicrmicO_Sw_Multijdata/car_disfz2023_03_17 Select directory
~ - _SW ! _03_
U %] 103 (Max &) 0 % 18D3(Max 8) o Marker Module |
[i] Unused o
EMA_CM ] EmMa_cm File: Narme Test Mo
0 0 1} Pulse Module 0
SWo SWio -
16 Loadwidth 16 R425_S00mipp a > i
= 5w z Load_p LSB 2 s
oad_p
[ ENA_CC EMA_CC — o
I 0 i 3 Load_p M5B 3 Pulsing Fgeth A—. — )
| Activatevpulse Activatevpulse ath For the matrix settin
2 o ([o Flushplse [0 | ) ? o
. A ; } y o
GroupBox ( L_ a Flush_p M58 o _J ) CifpyehongPicmicO_Sw_Mulki/Pulsing_Files %
o
ad APulse_pLSE |0 File narne for the matrix setting N
Send only the pixels to be set (faster) R o APukse_p MSE [0 R ,g
[ Files selection ] 0o DPulse_pLSE |0 %
Jula] DPulse_p M3B |0
Path for the matrix setting eE Run pararms —
251 Rdpix_mask LSE | 251 -
i fpwthon)PicmicO_Sw_MulkifPulsing_Files P Relpb:_mask MSE[255 Frame length &
- ~
Fileis) name(s) For the matrix setting 1 1] Max Frame LSE |0 16 b g
cfg_mat1Z8x54_01_R425,txt v a Max Frame MSE |0 Reqisters walues =
119 Polarity LSE 119 9)
[ Send pulsing to chip = Polarity MSB = Dacl:¥RefP | gp Dacl:¥RefM % | |DachivRefP v =
(©)
Test Pattern Example 1 Marker1 LSB 1 Dacl:¥Refd  |g Starting S| Starting = o
one pixel row 103 cal 35 > Markerl MSE |2 0 -~ S0 % -
Dacz:YBM 45 ) ) o
36 Marker2 LSE 36 Ending 150 % Ending s0 & i
b
Matker2 MSE Dac3:YBM_adj <]
Tatal hit sent 11 ¥ =i el 128 Step 1 & step so & S
Q
Set Activated DEEHiE? | ol
Run Caracterisation i

et Activated

Run Status

WRefP:50 | wRefM step:111 out of 150

MMatrix Set Parameters and Run Caracterisation




1st results :

3 dimension scan feature depending
on various tuning parameters (VBN,

VrefN , |ad]) A Piedestal S-curve of the threshold
| trigger measure up to 5 dimensions
S MeeIIInCl sCurves Studies PS@Z\/ [4] A Here we measure threshold spread

as function of the global current
parameter ( VrefN )

A The adjustment of the 3 -bit inner
readout -cell local current source

i VBN=55 W VBN=50

‘ | : permits to adjust the 50% crossing
] | il e of the S-curve.
: 5;;%5 i - SIS IR - | A Digital readout (without input
: = | :  EEE signal)
s . ! A e 3
B 4 ==l - STEESNS
: = == ’ == e — \:
<x>=60.9, Sid=14.8 <x>=55.3, std=12.8 <x>=50, Std=11.4

Without input signal s iRefN
i 5] ith /
S0y 1250 I current comparator ‘
g o
' A Rec Hit &
O4p of—= < Vout=In_B
Dp.-'se B s Dplse B
> E; -
wdn_BI—
- R 2| Rec Hit
ENA_CC| ENA_CM | g
13-bit // 0 —— @(
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Unwanted effect observed : threshold spread in the current courant
comparator reference, due to IR -drop in the matrice, before calibration.
Threshold vary from 40pA to 120pA
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Also, 38 channel are noisy due to coupling between the memory Flush
signalin Metal 2 with afew horizontal Metal 3 lines
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2nd result : N R

PICMIC: S-Curve for indiviual pixel: R425 as a function of vRefN. [vRefP=0,VBN_adj=128,VBP=91,VBN=61]

1.0 1

0.8 1

— 0.5Vpp

1.0vpp
— 1.5Vpp
— 2.0Vpp
—— 2.5Vpp
—— 3.0Vpp

e
o
L

Percentage [%]

o
IS
L

0.0 -

vRefN [udac]
3 channels can be injected from outside through a PAD
Voltage injection through external 1pF, then scan of the threshold of the current comparator
Below the threshold current, the falling edge sensitive comparator does not trig.
The signal is recorded on falling edge, so above a certain value of iRefN added to the threshold current,

~

the comparator does not triganymore (_| € | &at_chapeau capelloe f f)esc t &
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i K IRefN —A\:— ith-+iin | ety
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Vout T Vout f Vout t
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O — O 1,_ O
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Main experimental Result :
5um resolution probes position detection of
two simultaneous « Hits »

VPULS§H_ Vpﬁa‘ -
1pF I 1pF

Injected Signal (Masked 38Y): Run0, VRefN =119

—— 8408
-—- B409
-—-'B410
—- B411
/ ——- B412
/== Ba13
/' —.- Baes
-—- B466
--- R276
—-- R498
--- R499
-—- R500
—-- R501

1313

481 T
Y482




McCP

SAMPICMIC setup assembly TODAY ! (3 october2023) :
PoC (Proof Of Concept) finalizing

Coincidence between position ( and time (9 5ps) measure

Timing sensor

.~ Position sensor

Mezza_ PICMIC

:}6 Timing Channel

5um measure retrieve also a rough time estimation: X,Y @ nb*400ns
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16 time measure @ 3ps retrieve also a 1mm position estimation: t ;- t;; @ xX*mm, y*mm '




SAMPICMIC HW + FW ready!

')

P

Uy
2.4
ki

TRG

e Vive/1uio oinold

CTRL/DATA

IC Configuration Panel

zcted PICMIC Board & Popup for file: ¥ or Fie: | \P ig fault_picmic_cfg txt

Pixel Configuration |

EnVpulse EnCurentComp SW[1]  SWO]
Jor
Local Current Adj

> Tig_pata

Apply the above Pixel Configuration to

AllColumns [~ or Columns from w0

el Row" 100 + Column

and A
AllRows [ or Rows from

HEEIEX RUNINFO  picic Running @
¥ on/oft 100 event Event #
g Total Nb of Frames

« Total Nb of Pixels
/| Max Frames/Evt to plat | 100

Frames Rat Pixels Rat
A4 Time relative to TstHit |7 | o e txels Rate
e KHz 46519

Persist [

Messages

16h:08min: . e rdp2\Documens' Etudes_C
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x Summary

FONCTIONNAL ASIC that fullfil the primary goal for the PoC
First time such current mirror and current comparator used in our Asics.
[2C is fonctionnal, testbench isfonctionnal
(minor) on one 8bit 250pA global DAC (not described here)
due to IR-drop
identified on 38 channels
layout out ourown risk : 3 DRC Waiver(>max PAD coverage, > PAD opening, 60path)

x Ongoing ASIC further improvement

New foundry in 180nm Q1 2024
x  Hit rate improvement from 2,5MHz to 10MHz or 100MHz expected
x  Digital data timestamp forfirwmare easyness
X Sensor size to increase to 1.48 cm x 1.28 cm
*—Hexagonpieh-shrink-from-5pm-to-1-25pm

Migrate in a smaller tech node like 65nm or less (with more metal layers)

x detector level ongoing improvement feature
x PoC

x |drogen (high rate readout)
X e
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Thanks to the whole team involved :
ASIC team, PCB team,
DAQ/Firmware team, Scientist
team, bounding te
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"\‘ EELE NE LECROY

verywhereyoulook™

ey nJ 1 A A VN J"Uv*w"'-v-fv...—. R P r—
| f ! \J

Measure P1:mean(D15) P2:delay(D15) P3:freq(C4) P4:period(D14) P5:freq(C3)
value — -26.000 ns 5.7275 MHz 24.000 ns 40.025 MHz
status A v v v v
5] [Timebase_-400 ns] Trigger B
1.000 V/div 500 mV/div 500 MS/s 500 MS/s 100 ns/div Normal 1.20V
-2.600 V ofst -30 mV offset 500 S 5008 2kS 2 GS/s Edge Positive
2600V, ---- 28mV —--- 105e-3 ---- 1.406
-8358-3 o 954e-3
-2.000 V' Ay -1.000V Ay -941e-3 Ay -452e-3

13-bit in parallel representing X, Y address of the touched readout -cell
X [0-53] on 6 bits, Y [0 -127] on 7 bits : 0b XxXXxXxX yyyyyyy

grep "R<426" picmic_adress_table.csv 15;6;1926 ; 0x786 ; 0011110000110; R<426>
grep "R<425" picmic_adress_table.csv 35;103;4583, Ox11E7; 1000111100111;R<425>
grep "R<424" picmic_adress_table.csv 28;68;3652, 0xE44 ; 0111001000100; R<424>
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Interleaved
superposed 852
lines in 3
direction, of the
4 hexagonal

£ pavement in a
staggered way
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Unwanted _effect observed explained : 0.28u

Dff Flush signal in M2 overlap M3 EEQ

P < -

possibly every 6 cells depending on the ) 26U
digital placement
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A Flushing one memory inject to another cell a signal.

A Parasitic extraction gives a value of 4fF . The colormap default of 20uA permits to
estimate the rising edge (dT) of the signal dT=C* dU/di = 4f * 1.8/20u = 360ps edge.

A'When the FLUSH signal totally superposed to a Metal 3, le coupling is maximum
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