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The Compressed Baryonic Matter experiment @ FAIR

= Explore phase diagram at region of
highest net-baryon density m L
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Micro Vertex Detector

tracking configuration (tr)

m Aim for high collision rate capability - Q
module \
% 100 kHz Au+Au @ 11 AGeV type: B |8

1/mm?collision

Y 10 GHz p+Au @ 30 AGeV t bear FET 0

m Aim to contribute to tracking | 2 of i.
% 4 planar detector stations T "

m Aim for good sec. vertex resolution | :
E 8Cm 1 4Cm . 72&2.5 -2 -15 -1 -05 0 0.5 1 1.6 2 2.5 0

x-axis [cm]

% Operate in target vacuum

% First station 5 cm from target (in vertexing configuration)

&L ~5 m resolution kHz modulation ON
S

HLD Fast hits distripution, 20.48 us bins

Thin stations sook- |
- |
m ~0.3%X, (first station) igg— 1_ T
m "~ 0.5 %X, (other stations) 300f | | H 5 ol 1\ ’3{
m Sensor must handle occupancy gradients in space wog'-lu”;,-1'-|,_1_;;_f+h._ A lﬁ SRTLLRARY
] i i Qa:o L 3.2l41' . 3|4" il :'?’I6 LY 3|8‘| LI 4"0
m Sensor must handle beam fluctuations in time Time ms]
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MIMOSIS Requirements

I
Triggerless without dead-time
~ 0.3 % X, (first station)
~ 0.5 % X, (other stations)
sk

26/05/2021 TIPP21 - frederic.morel@iphc.cnrs.fr 4



MIMOSIS diagram

|
. . . I
m  Matrix dimension: 1024 col. X 504 row :
. . . . . I
m Pixel dimension: 26.88 um (height) x 30.24 um (width) ' ,
. . : x8  Region 1 : Reg. 2 " Reg 3 :: Reg.4 : 1
m Integration time: 5 us | gl S :
_ | T T R '
m Tower Semiconductor 180 nm | Lo |
] | T T !
m 4 sub-arrays for threshold adjustment = ——— et W :
. I Bottom Periphery [ o] I | | I | T T T
m 3 steps prototyping:  Sorenreey [Ac vl iR OO ;
@ E Driving and Cluster Finding PEDCF EDCF PEDCF E§ 1 ! ':_1
% MIMOSISO small scale prototype (2017) | ) | : _"__"_:II » | 22l :D*Z': 3
1 - 16 bits @ 20 MHz o §
% MIMOSISI first full scale prototype (2020) | Mult Frame| | [;,;;EFME; s ||DGMFPE||DGMFPE||DGMFPE — | :
16 bits @ 20 MHz 2 I w»
%  MIMOSIS2 final prototype (2021) : — P Regﬁ%‘i"ﬁ“"“ RRU 2 || RRU 3 || RRU 4 £, :D*Z': g
%  MIMOSIS3 pre- productlon run (>2022) : f' |Mtttg| ajzi“f::: — : E i B ]
. ’ ; (A A . : = Super Region Readout Units E 11 E : =
| 12C Slave | Conﬁ; | ‘ 64x5§£tmx8 ‘ é : :|:|-|Z|| E
: | '» 2 256b||t5@4OMH2 E 11 : g
equencer Multi Iexer
: | Sequencer || > gonfi_gJ i 256 bits @ 40 MHz : : 1
| Frame Generator | Readout Test 11 1
: 20 MHz 40 MHz 80 MHz J, 128 bits @ 80 MHz Configuration 11 :
. | | ‘ "; : Ext 40 MHz- 320 MHz I—lclockgen 390 MHz %2048x128bh VT Monitors HV Res i i :
- - . ¥ Ll e e L ——/—/————Ch——Y——————————————— - ——— - I
=" R ~ | R B R I oo _ W Noomizn=1248 _ _ _ _ _ _ _ _ _ _ _ ! |
e % el W 4 fi=E OO
____________________________________________faiREEJ
CLKPLL  CLKRESCUE  SYNC_IN CLKSER DATA pads VT MON pads HVRESET pads
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Charge collection

u TOWG r Se m |CO n d u CtO r 1 80 n m Standardﬁp:;.\cess: os oy Modified process with additional deep n-layer:
- . - 0.8V -6V

-6V
% 4 process variants and various epi layer thickness ggm g —_— Jr) ‘ | 1 =
. . . Deep P-well z 2
% Optimize charge collection . (BSSAE-NSI Becnlpmui Deep P-well

=

N.
m efficiency after irradiation o
% Based on the experience accumulated with .
P-type epitaxial layer Inicial charge P-type epitaxial layer
ALPIDE and MALTA/MONOPIX S A
[ | G Oa I S . Backside voltage \l;v(-)i:(:.?:1:t/:.lrl1.i:ma.2017.07.046. Backside voltage
. . . . Additional p-implant: Gap in deep n-implant:
% Increase depletion region with a small collection Jpey 0.8 v ey vsv ey
diode
P-well i P-well  P-well L ) l P-well
% Avoid charge traps due to low lateral electric Csp Pl D SR Deep P-well
. N- S N-
field on the edges
m Additional degree of freedom for MIMOSIS:
] . ) ) P-type epitaxial layer P-type epitaxial layer
% AC coupled pixels to increase collection diode SR B nbabaio
voltage .
Backside voltage Backside voltage
Study of the depletion depth in a frontside biased CMOS pixel sensors Monolithic CMOS sensors with a small collection electrode
J. Heymes https://doi.org/10.1088/1748-0221/14/01/P01018 Seminar by M. Munker at Royal Holloway University of London (2019)

26/05/2021 TIPP21 - frederic.morel@iphc.cnrs.fr 6



Sensing part Amplification In-pixel Memory

m 2 versions of sensing part evaluated: U e

Full custom digital

% DC or AC coupled
m Polarization of the collecting diode to ~10-20 V in AC
m Variants are in MIMOSISO and MIMOSIS1 prototype

Dual Port Pixelioutput
2 words of 1 bit

m Amplification:
% Similar to ALPIDE
% Non linear and with clipping technique

m In-pixel Memory: e

% Dual ports for triggerless framing (5 us)
m One to write the hit (current frame) Amplifier output
m  One to read the hit (previous frame)

% Avoid multiple counting

m For impact which spread over several capture windows

Comparator output

% High density full custom block NG ey
m Amplifier and sensing part tested in MIMOSISO M. Deveaux NIM A 958 (2020) 162653
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Matrix readout

m Priority Encoders Functions:

% Give the address of the hit pixel with the highest priority
% Aim the pixel reset signal to the selected pixel

m 2 |levels of priority encoders to read a Region:
% Pixel level

m inside the pixel array to read 2 columns of 504 pixels
% Region level

m at the bottom of the pixel array to read 8 Pixel level Priority encoders
m Characteristics:

%, Reading is done at 20 MHz (100 pixels/frame/region)
m  ~3 MHz/mm? =» 1 MHz/mm? (hit multiplicity of 3) > 800 kHz/mm?

26/05/2021 TIPP21 - frederic.morel@iphc.cnrs.fr

504 x 2 x 8 pixels

1
1
1
1
Pixel 1
1
|
|
|

. Analo
Dig| | g ¢

x8 Region 1 ! Reg. 2 n

10 bits @ 20 MHz

ontrol

Analog FE

In pixel

Memory
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Bottom periphery readout

m Function:
%  Averaging the data fluctuations over the pixel array (gradient in space)
% Averaging the data fluctuations in time (beam fluctuations)
% Works like a funnel for the data e ——

__)l Data Generation for Multi- ” DGMEPE ” DGMEPE " DGMEPE |
Frame Pattern Emulation

m  20.48 Gb/s (16 bits x 64 regions @ 20 MHz spread over ~3 cm) |[woconvd T T 1T 11

x16

. . Region Readout Unit 1 || gru 2 || RRU 3 || RRU 4
m 2.56 Gb/s (8 serial links @ 320 Mb/s spread over ~3 mm) [azsiiebis | O
m 3 levels of dual port memories e T R T
% 64 Regions and 16 Super-Region (for space averaging) %Ti,-u”—@l@
m  Write frame N in parallel @ low speed I Fome Seente N [
¥a rd 128 bits @ 80 MHz onriguratiol =
m  Read frame N-1 in serial @ high speed o o HlstcBuer o, ] | [—— Multiplexer
. . I Serializer onitors
m  No data loss between matrix readout and Super-Region B iy ok e ik
% 1 elastic buffer ( for time averaging) @ @%}f? @ |;ﬁ|A
m  Works like a circular buffer SINCIN KSR DATApads 1 T MON pac

m  Write speed 10.24 Gb/s > Read speed 2.56 Gb/s (for 8 links)
m  Configurable number of serial links (8,4,2 or 1)

m  Canstore 3 x nominal beam during 50 ps
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Multi-chips synchronization

m No trigger available

% Need a mechanism to synchronize several chips for
common base time

m All the clocks derive from the 320 MHz clock

= 1 :
12C Slave SF
Config X3

from the PLL el —

20 MHz 40 MHz 80 MHz

% Synchronisation pad (SYNC_IN) acts like a reset for the
clock generator

Elasi
E"M'OIW'IZ- 320 MHz | Clock gen | 320 MHz SS‘

m Principle % @ % é @@

% Synchronisation signal is latched 2 times CLAPLL  CURESCUE  SYNCIN  CUKSER DA
m  With external 40 MHz clock
m  With 320 MHz clock from the PLL

I'__________'

% Timing constraints for the synchronisation signal over
several chips is relax to the 40 MHz clock
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Power consumption

) bottom periphery digital MIMOSIS1 POWER CONSUMPTION SIMULATION
m  Well below the requirements: padine 300 S ouPT —
% ~50 mW/cm? (for whole chip surface) e 20 miviem
250
% To be confirmed by measurement <
. . EZOO
m Dominated by: z . -
E 148
% The number of hits for the bottom periphery = 150 125
% The number of outputs in the padring S 11
. I . .. g 100
m Voltage drop will be mitigate in next submission E 38 37 37 36
50 9 11 13 14 191
| 4 50 50 50 50 50
I | I |- ' 0
1 261 521 640 1
b MEAN HIT NUMBER
20 mvV i < 3w

Simulation
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Testability and SEE mitigation

m Several levels of testability m Single Event Effect mitigation*
% Pixel level % All FSM are triplicated
= Analogue and digital pulsing over the whole % All configuration registers use a self corrected
matrix hamming register
m  Output of the amplifier and comparator of the % Partial triplication of clock and reset trees

first row is accessible _ o
m  Full trees in next submission

% Region level

&(

Only a CRC check for data corruption
m Generates data over several frames for each

region

&(

Classic latchup protection

& Serializer level
m Serialize a 128 bits words over the 8 serializer

*Y.ZHao PoS(TWEPP2019)131
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Preliminary Results DC pixel

m  Matrix B (DC pixels 24 regions) PIXEL T"!RESHOLD + FPN

5 | h_threshoid
% Vsub=-1V " 10} Entries 193107
— [ threshold—| Mean 149
. . . . w I+ —_—
%  Threshold scan obtain through charge injection £ 8} P Do 228
c E
%  Preliminary conversion factor (mV/e-) ® 6l [PrELMINARY]:
" 25 % of precision 4: standard épi 60 um
%  Exemplary Results: f matrix B, DC pixels
. . 2 VSUB =-1V
m  Pixel noise: ~3.4 e- ENC E Vycasn =576 mV
m  FPN:~10e-ENC pixel threshold [e ENC] column
S-curves PIXEL NOISE matrix B - PIXEL THRESHOLD
T F | 5 o F h_noise 2 500 e
%100:—- 7 = 20F Entries  193107| 9 &
@ _ S8 E ise~={ Mean 3.344 400 8 &
E B ‘ ; B ‘S
E gob 9 16 Std Dev _0.4062 -
= E : = 14k N [
5 60: = ::E IPREgLIMINA;RY 300 6 &
= - #[ standard epi, 60 um 10 F — j
C f | matrix B, DC pixels g F standard epi, 60 um 200 4
40: Vsug = -1V - matrix B, DC pixels 3
E Vyenen =576 mV °E Vaus = -1V
200 ‘ jj 4E Vycasny =576 mV A
5 2 F 1
02 T e e R I 150500 250 500 550 400 s0 S0 o
30 250 . 300 pixel noise [e ENC] ] column
input signal [e] The MIMOSIS-1 pixel sensor for MVD

Roma Bugiel 37th CBM collaboration Meeting
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Preliminary Results AC pixels

: : : PIXEL THRESHOLD + FPN :
m  Matrix C (AC pixels 24 regions — , matrix C - PIXEL THRESHOLD
h_threshold
S f ‘ L_thresho z 500 : SEETES o)
— : - — 10 Entries  192323| © Eha s - 2000
® Vsub=-1 V’ Diode pOI' 10V = I threshold—| Mean 146.9 : 180 L?)
% Threshold scan obtain through charge injection 8 8f FEN-=(StdDev 9.422 .-
. : =B 5
% Preliminary conversion factor (mV/e-) ® 6 [preECMINARY].., 120 £
0 . E =
- 25 % of precision af standard epi, 60 um 120 §
%  Exemplary Results: - matrix C, AC pixels 100
. . 2— VSUB=_1V1 HV=10V
L] Pixel noise: ~2.8 e- ENC i Vycasy =558 mV
.~ _ o . . i B I B ,.
m  Threshold: ~150 e- ENC ) 100 150 500 555 500 .
[ FPN: ~10 e- ENC pixel threshold [e ENC] column
S-curves PIXEL NOISE matrix C - PIXEL THRESHOLD
9 E[ standard epi, 60 um 1 o 25F h_noise 2 500 : S : 105
= 100 H r}narrix C, .zci?xels E r Entries 192323 o X 9 5
3 | Vsue = -1V, HV = 10V St noise:~| Mean 2.783 a5
E goft—ra 2l @ 20 Std Dev 03599 S
g k ‘ = 7 =
% 50 _ ‘GEJ 15: |P:RELIMIN.0:RY| ______ 6 %
'g E standa.rd epi, 66 um 5
40 e 10 LT R matrix C, AC pixels 4
T : VSUB=-1VI HV=1OV 3
20 E_ 5 : ............ VVCASN =558 mV 2
: : | . 1
02 ‘ SER" 05 1 2 3 45 6 g T R —— 0
50 100 150 200 250 oixel noise [e ENC] 550 600 fsso 700 750 800 sgglumn
input signal [e] The MIMOSIS-1 pixel sensor for MVD
Roma Bugiel 37th CBM collaboration Meeting
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Conclusion

m MIMOSIS1 is the first full scale prototype for the MVD

% High peak rate to handle occupancy gradients and beam fluctuations
Triggerless without dead time
Ultra low power MAPS

& & &

Single Event Effect hardened for Heavy lons (fix target)
% Early results seem promising

m Next steps:

% Pursue heavy testing program
m  Process flavours, pixels variants, irradiation
m Lab tests, SEE/latchup tests
m  Beam tests planned in the coming months
O Measurement of detection efficiency, spatial resolution, fake hit rate
O  Will help the pixel selection for MIMOSIS2

%  Submission of MIMOSIS2 after this summer
m  Add missing features, fix few bugs
m  Focus on promising pixels and processes
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Thank You
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