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Overall Project : Picmic in numbers and animation
Detail of the PICMIC-0 ASIC
* Layout 3D views
* Analog part
* Digital part
« Experimental results
* Description of the test bench (HW + FW)
« Static Comparator threshold S-curves
 Dynamic Comparator Hat-curves
* S5um position measure of two injection probes
Today’s setup
Conclusion and perspectives



PICMIC Project in numbers

PICMIC

!‘ : Position
I e NI sensor

Patent : PCT/EP2020/050058

Started in 2019.

IN2P3 R&T funded for 3 years @ 25k€/years

CNRS pre-maturation funding : 150k€ for 2 years.

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 TJ180nm foundry in 2021 : 60k€
(including dicing)

Human resources for the PICMIC-0 ASIC : 10 persons for 2
years, which represent 3 Full-Time-Equivalent for 2 years.

* Main interest : gain a factor 100 on the state of art

Principle : Coincidence between a timing sensor and a position
sensor 1n order to measure at the PICo-seconde level, the
passage of an incident particle together with a precision at the
MICro-meter level.
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PICMIC-O0 : 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

[63,128] matrix of Analog+Digital comparator readout in M1 an M2
each line gets a comparator
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y 3 directions * 852 lines,

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.

E. Bechetoille, PICMIC, TWEPP, 1-6 oct. 2023, Geremeas, Sardinia, Italy



1|




Synoptic : current comparator matrix element

+Digital readout

Frame n-1 Frame n Frame n+1

+Analog readout

CLK
FLUSH
LOAD
MARKER

S ECEC BEREELECEECECEECREEE
1 L |

VAL
Data of Frame n-1 Data of Frame n

Very front-end:

s+ Current mirror + current comparator

% injection MOScap inside front-end

+*Current reference: global 8-bit tuning DAC + 3-bit
local

% protection diodes
i2c Slow control :

% global registers + each readout-cell locally

% Column readout by priority encoder

¢ Parallel readout :

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

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




Very Front end synoptique

Common global configuration

* DAC references,
+ diod protection,

« current-mirror mode on/off

+ Current comparator is a typical Traff-cell

7-bit local registers

- Transient noise threshold :
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By-passable current mirror R
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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 —
RST 12C ——

1

DATA_OUT<12:0> @ 40MHz
VALID (Occupancy Flag)
CLK_SYNC (Sync Clock)
FRAME_SYNC (Marker)
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Full custom

\

In-pixel Logic Diagram v o
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M1 M2 Layout readout-cell detail 140u x 50u
P Uit | M & -l (FiSelect0 SelN)J0 Sel(l}0 Sel(0}0 [X cmd

ELJ | H “u: ULH Hﬂﬂ‘“’m“‘h mnﬂzzﬂjﬂj %@
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- Every TOP to M3 layer inside the active matrice had been written in skill code.
+ Plus the additional M2 line essential to the interconnection algorithm
- More than a thousand effectives code lines

procedure (createHexagon ( @optional (x 0) (y 0) (layer "MET1") (cv nil) (r 8/sqgrt(3)) (orient "RO") (fixGrid
let( (rot pi 1 pointList dg grid) unless (cv cv=geGetWindowCellView ())

grid=0.005 pointList="'() rot=0 pi=acos(-1l) dg=list(layer "drawing") pointList=tconc (pointList list(x y))
for(i 0 5 rot=rot+pi/3.0 x=x+r*cos (rot) y=y+r*sin(rot) pointlList=tconc (pointList list(x y)));;end i

plist=car (pointList)
(when fixGrid pList=foreach (mapcar xy pList list (round (car (xy)/grid)*grid round (cadr (xy)/grid) *g
hex=dbCreatePolygon( cv dg pList)
cBox=centerBox (hex~>bBox) dbMoveFig(hex nil 1ist(0.5*r:-r*sqrt(3)/2 orient)) hex));
load ("~/Skill/hexagone.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 XO+sx:Ymod X0+sx:Y0+sy XO0+vfe sx:Y0+s

pavement=dbOpenCellViewByType ( "picmicO 1ib" "pavement4" "layout" "maskLayout" "r
inst=(dbCreatelInst cv pavement nil X0:Y0 "RO");<== insert pavage hexas 5u in cellView
dbFlattenInst (inst 1 nil t)
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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
12¢c: SCL, SDA, RST _I12C

LVDS 2x(13-data +VALID, MK1 @ 40 MHz, CLK)

| Test : START, RST, PULSEPAD, TEST MODE %

4 Aux_board ) 17 4 Prox_board ) ( Sensor_board %

\ | i él_ 5 : 19 .% . :.if

! éL : 1 i N

Crate NI 11 1= EV.>1.8V —> "
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F g X . CL ?
o — NS | 1.8V =
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N . CLKin@40MHz g
USB [ ArduinoDUE :
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Test bench SW developped by IPHC & 1P21

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
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Total hit sent @1 ¥ =i el 128 Step 1 &| Step 50 % '-5
D
Set Activated DEEHiE? | /A
Run Caracterisation Lﬂ

et Activated

Run Status

WRefP:50 | wRefM step:111 out of 150

MMatrix Set Parameters and Run Caracterisation




15t results :

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

VrefN, 1adj) .

Piedestal S-curve of the threshold

trigger measure up to 5 dimensions
YRS Meelting-sCurves Studies PS@2V [4] « Here we measure threshold spread
PRI 3yt 08 s 21 ot VRGN WAIOTL O Oz« “107h PRI SCute 0 a2 0 0 i o VIS o0 as function of the global current
( — | lxm:so parame?ter (VrefN) o
The adjustment of the 3-bit inner
| ‘ readout-cell local current source
| permits to adjust the 50% crossing
H | i . : of the S-curve.
o i : « Digital readout (without input
: : : signal)
| " RS | f = “~:
=00 iAs <x>=55.3, std=12.8 P
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= o S — E /
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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 40uA to 120uA
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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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ond pesult : Tk A e —

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

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 trig anymore ( _|~ |_ ‘hat_chapeau_capello effect)=>
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Main experimental Result :
Sum resolution probes position detection of
two simultaneous « Hits »

VPULSE
VPULSE || + ]
- 77

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

—— B408
-—- B409
---B410
—- B411
/ ——- B4l12
! —.- Ba13
/' —.- Baes
-—- B466
--- R276
—-- R498
--- R499
-—- R500
—.- R501

Y313

Y481

1482




McCP

SAMPICMIC setup assembly TODAY ! (3 october 20253) -
PoC (Proof Of Concept) finalizing

Coincidence between position ( and time (oc 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;; @ x*mm, y*mm




SAMPICMIC HW + FW ready!

')

P
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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

g Pixel Configuration |
far Column 31
En Vpulse En Curent Comp  SWIT]  SWI0]
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

DISPLAY RUNINFO  picwiC Running @

¥ on/oOff 100 event Event &
g Total Nb of Frames
o Total Nb of Pixels
/| Max Frames/Evt to plat | 100
- Time relative to st Hit |7 | e Kte Fixels Rate

e KHz 46519
Persist [

Messages

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

% FONCTIONNAL ASIC that fullfil the primary goal for the PoC

¢ First time such current mirror and current comparator used in our Asics.
+» I12C is fonctionnal, testbench is fonctionnal

% (minor) on one 8-bit 250pA global DAC (not described here)

<> due to IR-drop

" identified on 38 channels
% layout out our own risk : 3 DRC Waiver (>max PAD coverage, > PAD opening, 60° path)

<+ Ongoing ASIC further improvement

*New foundry in 180nm Q1 2024:

% Hit rate improvement from 2,5MHz to 10MHz or 100MHz expected
% Digital data timestamp for firwmatre easyness

% Sensor size to increase to 1.48 cm x 1.28 cm

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

+detector level ongoing improvement feature
*PoC

“#*Idrogen (high rate readout)
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Thanks to the whole team 1nvolved :
ASIC team, PCB team,
DAQ/Firmware team, Scientist
team, bounding team ...
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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
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 : ObxxXxXxXXXyyyyyyy

grep "R<426" picmic_adress_table.csv 15;6;1926 ; 0x786 ; ©011110000110; 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 ; ©111001000100; R<424>
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Interleaved
superposed 852
lines 1in 3
direction, of the
hexagonal
pavement 1in a
staggered way
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Unwanted effect observed explained : 0.28u

Dff Flush signal in M2 overlap M3 EEQ

possibly every 6 cells depending on the | 264
digital placement

Palette 78X
Layers J X
¥ Valid _ Used _ Routing
SIS - R
B 13 drawing B
A v NV v AS ¥ NS v
B ts018_prim )
Dl dU=1.8V, dT=1ns
HEEIE
o Layer |Pu.| Vv [S|[-
EG dw
WIN dw
WTN | =
WBH drw
LN mp
XP drw ||
XN dw
XN_noconn soi d
cs dw
WP dw
WP [ I
B drw ¥ ¥
M1 bl ]
M1 dy
M1 rest ||
2 drw
17 bl
w2 dw ¥ ¥
M2 bl
s

- Flushing one memory inject to another cell a signal.

- 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.

- When the FLUSH signal totally superposed to a Metal 3, le coupling is maximum
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imad_rand_vias9.il - emacs @sbgue13.in2p3.fr X & X

File Edit Options Buffers Tools Help . . Every TOP to M3 layer inSide the
active matrice had been written in
skill code.

- Plus the additional M2 line
essential to the interconnection
algorithm

i d=fixx(¥Ymod)
imad rand vias9.il  51% L121  (SKILL)
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Digital Picmic Architecture

CLK_IN@40OMHz ———

128x64
RST B ——
Pixel config N
Calibration < PEAD .54 |PEAD
128 | |128
DAC <
iG4x7—bit@40MHzl
. < Column PE
Sequencing - | | PE & Pixel sequencing
13-bit@40MHz
SCL ——
SDA — 12C T
RST 12C ——

1 |

DATA_OUT<12:0> @ 40MHz
VALID (Occupancy Flag)
CLK_SYNC (Sync Clock)
FRAME_SYNC (Marker)
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Temporal Measure

yox {sqrt{x"x+y"y)<15&&nhit>7}

|||||||r|'||

|||||r|||||
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Preliminary routing example of the Front-end + Digital part
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