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MEGA group

Mutualized ASIC design team

10 research engineers (1 IR0, 2 IR1, 6 IR2, 1CDD), 2 pHD students
Importance of critical mass for more and more complex circuits
Cross-fertilization between projects

Technology transfer via startup WEEROC

CdLT OMEGA ROC chips
PSHP2013
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OMEGA « ROC chips » s

 Move to Silicon Germanium 0.35 um BiCMOS technology in 2004
* Readout for MaPMT and SiPM for ILC calorimeters and other applicﬁﬁi&némegajans.fr
* Very high level of integration : System on Chip (SoC)

Chip detector |ch | DR (C) R €3 HARDROC2 MICROROC1
MAROC PMT 64 |-2f-50p

SPIROC SiPM 36 |+10f-200p

SKIROC Si 64 | +0.3f-10p SPIROC2

HARDROC | RPC 64 |-2f-10p

PARISROC PM 16 |-5f-50p

SPACIROC |PMT 64 |-5f-15p

MICROROC |uMegas |64 |-0.2f-0.5p

i T ROC chips *
PETIROC SiPm 16 56 WPSHPZOB



MAROC for MAPMT Qme 3

« Started with OPERA_ROC (2001)
— 32 Channels in BICMOS 0.8 um
— 3000 chips produced in 2002
— Readout OPERA Target tracker in Gran Sasso

* MAROC1 (2004)
— First prototype with 64 channels
— AMS SiGe 0.35 um (12 mm?, Pw=5 mW/ch)

- MAROC2 (2006)

— 1000 chips produced and bonded on a compact PCB
for ATLAS luminometer (ALFA)

OPERA_ROC

* MAROCS3 (2009)
— Lower power dissipation
— Wilkinson ADC added
— 1000 chips produced in 2010

13 nov 2013 CdLT OMEGA ROC chips PSHP2013
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MAROC in ATLAS : ALFA

~ MAPMT

I (e
B COnrectors

10 x 2 fbre lavers
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MAROC : MultiAnode Read-Out Chip Qme 3

« Complete front-end chip for 64 channels multi-
anode photomultipliers

— 6bit-individual gain correction

— Auto-trigger on 1/3 p.e. at 10 MHz

— 12 bit charge output

— SiGe 0.35 um, 12 mm?, Pd = 5 mW/ch

 Bonded on a compact PCB (PMF) for ATLAS
luminometer (ALFA)

« Also equips Double-Chooz, medical imaging...
« 3000 chips produced

Hold signal
. ~\Variable | s&H | Multiplexed
64 inputs Slow An;‘aloc_t:; charge
hotons Shaper S&H 64 outpu
- Multiplexed
yariablg | an.ron ae iki Digital charge
A _§ain __’Bip0|ar IT \Wilkinson ougtput g
64 channels Preamp ast Shaper = 12 bit ADC
; [T 1
Gain —Unipolar I 80 MHz 4 trigger outputs
correc?ion Fast Shaper encoder o FPGA)
64*6bits
3 discris
thresholds 3 DACs —-| I
(3*12 bits) 12 bits e

13 nov 2013 CALT OMEGA ROC chips PSHP2013 6



MAROC3 overview

64 PM inputs

13 nov 2013

charge output

CdLT OMEGA ROC chips PSHP2013

AMS SiGe 0.35um
Package: CQFP240
Area: 16 mm2

64 trigger outputs

2 Fast OR
outputs




MAROC 3 — Main Features

Hold 1

Hold 2

(pedestal) (pulse max)

BN CHANNEL 63

CHANNEL 0

SUM of 8
channels

4

H1H2_choic

EN_ADC=1 EVT
o=

in_ADC

EN_ADC=1 and

mux—™ Multiplex

charge output

| £
,,,,,, RC ariable
G j % slow shaper
cmd_ss o
: 5
X cmd_fsu cmd_fsb_fsu
in63 M 2 Unipolar -
Preamplifier : Fast shape :
inOM—] Gain correction
(8 bits)
4
cmd_fsb cmd_fsb_fsu
= Fp}clm %
| FaSt/Shape'/ Discri di
Vth 0
4 gl il Mux m Hit_cho
Half Bipolai z
Fast shaper -
MAROCS3 e - .
mask_2
Common to the 64 channels
L d1[63..0] OR1
Clk_40M [T— LVDS/CM
Clkb_40M[— S/CMOS d2[63.0] OR2
Wilkinson ADC
Bandgap DACO |_VthO )
10 bits in_ADC

Vbandgap

DAC 1
10 bits

Technology: AMS SiGe 0.35 mm
Package: CQFP240
Area: 16 mm2

ion: 22 = 3. i
Po%err]geré%i@ptlon OomW (= 3 Smmﬂgigc chips

Vth 1

8bits, 10bits or 12 bits

—® ADC_output

mega

Almost pin/pin compatible
Internal reference

Gain adjustement:

— 8bits (2,1,...,0.0156)
instead of 6 bits
(2,1,...,0.0625)

Charge measurement
— Variable charge gain
— Dynamic range
increased

— 8or10or 12 bits
wilkinson ADC

Trigger measurement

— Bipolar fast shaper: 2
thresholds

— Only 2 DAC

— Mux instead of an
encoder

— 2 OR outputs

— New digital output
levels: Vhigh and Viow

—  Mask



MAROC 3: Trigger performance

* 50% trigger efficiency:

110 110
] 1 . v
100 E 0 1 A
90% 90 |
50 E MAROC3 - ASIC #3 80 E MAROC3 - ASIC #3
q Scurves vs threshold - FSB1 ] Scurves vs threshold - FSB1
= 1 Before gain adjustment = ] After gain adjustment
£ 70 Gain = 64 - Qinj = 50 fC s 70 Qinj = 50 fC
g g 1
g 60 § 60
] ] (3] ]
=S E & ]
L 50 e 50
@ 3 @ ]
8 ] 8 .1
= 40—: £ 40?
30 30
20% 20
103 105
L e s 0 rr e e T
400 410 420 430 440 450 460 470 480 490 500 400 410 420 430 440 450 460 470 480 490 50
DAC register DAC register
100 ﬂ— 500
%07 .0 Mean = 39.93 fC "
] Q RMS =3.20 fC 1 ¥
80 | MAROCS3- ASIC #3 ; 46.0
i FSB1 Scurves versus Qinj =g
] Input signal channel 8 E '
70 Vdac=1.804V (DAC=460) o
] All gain 64 32
g s
P Ak i
c
N < »
g ] 2 .I'. {
£ 501 2.9pC | |3:1PC 3
g = o e
2 ] scurve ch8 : 50% trigger efficiency at 47fC 2
= 40 4 —— scurve ch7 : crosstalk = 1.5% e
1 —— scurve ch9 : crosstalk = 1.6% D [ ]
30 - e
1 (=)
7 wn
20 1 320
10: BN o e e o o e L o o e e e B B B
b 0 5 10 15 20 25 30 35 40 45 50 55 60
] Channel number
0 T T T T T 1
4 5 2 3 4

0.1 Input charge (pC) 1 ’ ) \A ROC ChIpS PSHP2013 9



Threshold linearity and uniformity

Slope inverse (V/pC)

T MAROC3 - ASIC #3 o~
F 704 Scurves vs Qinj Q48
e ] - Variable thresholds MAROC2 - USB 4
> Vdac = 1.859 V| . - 2
% 60 —| = FSB1 - Gain 64 (g=1) 5’40 S-curves linearity vs DAC
g | Channel 3 £ 5 Gain 64 (g=1) - FSBT (Cf = 150 F)
2 50 \Vdac = 1.905 V b Channel 8
S ] i PR
g a0 - £
= s 325
1 g
30 | G 20
] %
20 - 315
4 j=2
€10
10 | °
| 25
R B B B I R e e o e .
5 4 & 8 10 12 1 15 15 20 2 24 % 28 20 7
. 1.85 1.86 1.87 1.88 1.89 1.90 1.91 1.92
Injected charge (fC)
Amplitude Vdac (V)
32 1.930
E g MAROCS3 - ASIC #3
30_' MAROQCS3 - ASIC #3 Cfb = 150 fF 4 Scurves vs Qinj - threshold scan
- Scurves vs Qinj - threshold scan i Linearity intercept
g Linearity slope inverse 1.925 - Mean = 1.919V
E Mean =23 V/pC ) | RMS =0.002 V
2.8+ RMS = 0.2 V/pC
] 1 e
2.6 > 1 & ? * L ¢ ! o ** e .
o 4 * : i : 1 it / * .
E o 1920 ¢ * e " ‘ T AL
o] LR . ' + »* ; v * hd
J o 100 ' , # vt et . ] A *, '
1 = . ¢ i & ee : L. $ e,
2.4 T Y P [® LA SR LT
i 1 + Lot . . ¥ 4
] 1.915 ¥ H
22+ ] * S .
2.0 - ]
e B e B I B s o o e B B 1910 4+ T T T T T T T
0 5 10 15 20 25 30 35 40 45 50 55 60 0 5 10 15 20 25 30 35 40 45 50 55 60
Channel number Channel number
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MAROCS3 trigger timing resolution Qme 3

e Testpulse measurement
 Threshold : 50 fC (1.3 pe)

180

[ |
160
140
— 120 @ Sériel
(7p]
E M Série2
o
n 100 H
o
N
- 80
o
= )
= 60 | C
. N
40 =
* V'S =
20 )
0 T T T T T 1 i:
0 200 400 600 800 1000 1200

Input charge (fC)
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3500
3000 d
1 MAROC3 - ASIC #3
2500 7] Slow shaper waveforms
Reconstructed ADC wilkinson
measurements
el 1 with a variable delay
g 2000+ Gain = 64 - Channel 8
< - Qinj = [0,16.5] pC
o
-]
2 ]
=g. 1500 -
<
1000
500 4
0 T B B e e
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
Time (ns)
3250 —
3000 4
2750 3
2500 -
2260
T 2000
=] |
8 ]
< 1750 —:
@ ]
T 1500 ]
z E
£ 1250 E
1000 4
I 4 e MAROC3 - wilkinson ADC
750 - Charge linearity
e o gain 4 (0.0625)
500 - ---- gain 8 (0.125)
. gain 16 (0.25)
250 — - - gain 32 (0.5)
—— gain 40 (0.625)
O — T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Injected charge (pC)
13 nov 2013
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Amplitude (V)

026

-0.05

Charge measurements with wilkinson ADC

me

-0.10 T

Residuals (mV)

Amplitude (V)

MAROCS3 - Slow shaper waveforms
Channel 8 - gain 64
—Qinj=25pC — Qinj=5pC
Qinj=7.5pC —— Qinj=10 pC
—— Qinj=15pC —— Qinj=20 pC
— Qinj=25pC —— Qinj=30pC
—— Qinj = 35 pC Qinj =40 pC
Qinj=45pC —— Qinj=50 pC

]

A e e o e e e e L L B e e e e e e e B A I
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 18
Time (ns)

MAROC3 - slow shaper linearity|
Gain = 84 - channel 8

Slope = 1.3 mV/pC

Slope = 14.1 mV/pC

0

0P =36.4MW/pl = o s w

Injected charge (pC)
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Variant: SPACIROC

JEM EUSO experiment ,
Analog Front End similar to MAROC EIIIIIII (PN
64 channels e g

Photoelectron counting (<50MHz)

Time Over Threshold % g - "
(CO llab.JAXA/Riken/Konan Unive rSity) | ¢ |mmumugumnmnuumnrwlnf

Digital part :Digitization,memorization N
Power consumption <1 mWi/ch
data flow ~ 384 bits / 2.5 us

4

PhotonCounting

—>
Dataout0

64 Anodes *Pre—Amp

» Trig_PA
(adjustable gain) 9=

b

N

64 pre-amp
MAPMT signals
Very Fast
Shaper
& &

JEM=EUSO

UV photon
Trig_ PhotonCounting
sum

8-pixel-sum
Dataout7

Extensive Air Shower (EAS)

Dynode Kl Dataout

(D12)

< AN




SPACIROC2 measurements

100 7
90
80
70
60~ SPACIROC2 ASIC N°7 (JP)
VFS Scurves - Triggering Efficiency
50 — Qin=50fC
— Qin=0

40 -
30
20
10—
0 -

90 95 100 105 110 115 120 125 130 135 140 145 150
14
12
104

2 0.6

LT

] SPACIROC ASIC N1
0.4 -] F5U Wiavaloem

T Ciny = 133G - CHO

3 Ci=1T8IF, Ri= 25k Onm
0.2 =
0.0

I T T T T T T T T T T T T T T

-0 1] 0 40 =] a0 100 130 140

Timns)
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450
= SPACIROC2 ASIC N°7(JP) - Scurves vs Qin /
400 — 3] VFS - Channel 28
2 Gain = 1.33 mV/fC
= RMS Noise = 1.87 mV
350 - |- @ DAC LSB = 1.7 mV
300 - .
Slope = 0.78293 (1.33 mV/iC)
2504 Intercept = 82.582 |
)
200 - Y —— 50% Triggering Efficiency
—— 5"Noise (7 fC)
— 1/3 p.e (50 fC)
150 - —— 1p.e (160 fC)
— - Min DAC (85) @ 15 fC
100 :,.rf'f ------------------------- [WinoAg)— — —
50 -
D —
T T T T T T T T T
0 50 100 150 200 250 300 350 400 450
Photoelectron/GTU
10 20 30 40 50 60 70 80 90 100 110 120
PR I T SR SN T TN T S AN SO HNNT SR AT SN S|
40000 -
36000 —
i ° )
32000 ®
28000 ] 4
5 i ¢ SPACIROC MAPMT Test
HVPS: K=1000V, CW=4.8V
= _ s
g 24000 1p.e~0.16pC
S ] ® Photon Counting - FSU
= 20000 — Fit Photon Counting
g b —— 25 photoelectron
2 16000 — n
O -
12000 — ﬁ
8000 — [3]
w
T o~
4000 — fﬁ
0
e S s S e B B S B L s T
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SPIROC for SiPM readou"g

e SPIROC : Silicon Photomultiplier Integrated Re
— Developed to read out the analog hadronic calori
— DESY collaboration (EUDET project) iy

— Chip embedded in detector : [OW power ' ! |
i N

* 36 channels autotrigger 15bit readout

— Energy measurement : 15 bits in 2 gains

— Autotrigger down to % p.e. (0.36m)2 Tiles + SiPM + SPIROC (144ch)
— Time measurement to ~1ns

. . . = [ T T T T i

— Power dissipation : 25uW/ch (power pulsed) g o0t ot e e o ]
wo— T Hit Bit=1 |

1500/ — —

1000 — —

= =

13n OMEGAF " / m _ E
PSHP201 ADC



IN

Low gain
Preamplifier

0.1pF-1.5pF

150F

36 channels

|
|
Common to the |
|
|
|

13 nov 2013

o
L

High gain

Fast Shaper
Preamplifier N
Di

DAC output

-F————

ROC : One channel schematic

Slow Shaper, A

50 -100ns

HOLD

nalog memory;

Depth 16

> i
0-100ns

Depth 16

¢

Charge
measurement

Gain

CdLT OMEGA ROC chips PSHP2013

— 1 Nl
Variable|delay I
ISCrI .
rigger
Flag
v Depth 16| Tpc
4-bit threshold I |
adjustment | | | | ______
AT
________________________ 1 Time
TDC ramp | measurement
300ns/5 ps |
|

16



SPIROC measurments

versus threshold (1 LSB =2 mV)

50 fC
~ 120 I = : ;
N >E 120 | g
~o 100 =% . Pedestal =
> y < 0o f |
g 80 - Wi\ .E
o = mot |
o SO | 50fC| = .
% a0 [ injected s |2 |
- .
20 [ 40 |7 I Trigger at 50fC matched
»o | / (1/3 photon-electron at 10%)
‘ 40 50 I
DAC (m\/) 05~ 35 B0, 75 oo 125 150 175 200
: Qu (fC)

MIP response in DESY
6 GeV electron testbeam

linearity using the auto gain mode

©M. Remecke (DESY)

0 [ Asichr=1, Channel=13,Cell=5 ]
-gm_HG,Eonsshapingn’m 100fF capacitance _ and internal ADC
% - beam - 30001
céo- Pedestal | B 5
i | 1 2ocmE
i W{I i 15005
wr 1R ' g
i H}[ . QRLD6x board = | 1000~
b LR I (ASCR Prague) . sook.
) mﬁ}ﬂ MIP Peak “% ' AR
- "0 50 100 150 200 250 300
L L | 1 L
200 600 800 1000
ADC tics [12bit]
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EASIROC: SIMPLER VERSION OF SPIROC Qme A

. 7 P pCR— * 32-channel front-end readout
tnput 07 i "0 Read Low Gain (analogue part of SPIROC)
in_calib _ v Multiplexed 1

I——>—/"@,_/Otp—t- R — 2 multiplexed analog
BERTF 25- 175 ns -
i outputs (high gain, low
pul Hold e : : ’
= 73 /'> v R il | o gain) [tri state outputs]
ALy Slow Shaper|—— _Output | output « Trigger output
ON’W Rso;unscri - - 32 Tr|gger OUtDUtS
8-bit DAC Blpg':aa:’eF?St V th W Channem_trigger- outputs — OR32 output
0-5V 15ns S . .
Discri Read FHOSEE | — Trigger multiplexed output
% Y oup olitplt (latch included) [Tri state
output]
eZ.i"Si’\'e(iﬁvé) b;.i?%i%pa?i;] 1§}f<i;t ; OR32 outlput ° LOW/p('J‘WET :I4.184 W/ "
e | _ mW/channel, 155 mW/chi
Varlable ngh HG Slow Shaper Ch31_trigger o s ) p
Ga.n PA (4 i) V%;;;g'e(gg:g;"g Corman o fhe 32 charels SipMed, IMNC, LAL, OMEGA

Many applications:
w — Astrophysics (CTA Palermo),
® — Nuclear physics (KEK, Tohoku),
| — PET (Roma, Pisa, Valencia),
— Vulcanology (Napoli, IPN Lyon)
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PETIROC Qme A

* 16 channels, prototyping ASIC
e 16 discriminator output, 16 charge output, MUX charge output, Trigger OR
* Power consumption 3.5mW/ch
* RF, common emitter SiGe fast amplifier, DC coupled to detector, GBWP 10GHz@1mW
* Fast SiGe discriminator, BW 1GHz @ 1.5mW
* Low noise amp+shaper for charge measurement
— Adjustable peaking time (25ns, 50ns, 75ns, 100ns)
— Low gain for high swing (up to 3000pe) : 360uV/pe

weeroc

Channel 15™,

16 analog buffers

%ﬁ energy meas outputs

k= 1 multiplexed energy meas output

analog buffer

8-bit input DAC

16 digital buffers

%ﬁ trigger outputs

[ Common to the 16 channels -
digital buffer

Temperature
1 - Bandgap S:nsur

10-bit DAC k— 1 general trigger output




PETIROC measurements with SiPM

e 1x1mm SiPM Hamamatsu

10 pe laser injection
* Laser for low light injection preamp out

— 405nm, litter: 28 ps FWMH
* Low trigger mandatory for good timing resolution
* Petiroc can trigger on first photoelectron ===y
* Petiroc is low noise : single photon |dent|f|cat|on

Injection (pe) [ Jitter (ps) [

140 -

-

[a*]

=1
1

e laser injection
ashold 0.5pe
amp + trigger

-

[=]

=]
I

1pe trigger threshold

Trigger jitter (ps RMS)
3
——

60 -

40 I TR [T TR S N TR S T T TS ST SR R—
4 6 8 10 12 14
SiPM output (pe)

2 ns/div2o



PARiISROC for PMm?

Replace large PMTs by arrays of smaller ones (PMm?2
project)

— Centralized ASIC 16 independent channels

— Auto-trigger at 1/3 p.e.

— Charge and time measurement (10-12 bits)

— Water tight, common high voltage

— Data driven : « One wire out »

250 —
Slow shaper linearity
ch Spect ADC charge measurement
10 arge spectrum 225 HG and LG automatic choice
HV @ -1250 ] 200 —
108k PROC2 LED Thres850 (Black): J
ped=82.82 peak=90.1449 pv=1.5175 E
NIM (Red): 7o
ped=65.1427 peak=72.8943 pv=2.1389
10°E PROC2CAL (Black): 4 150 —
£ ped=65.8201 peak=73.1449 pv=1.5175 E 5
o g
‘.|-|_1 8 125
5 10° <
E 100 —
Z
10} -
10' 50 —
25 —
1 Du | | | |
50 100 150 200 0

ADC LSBs/Channels I I I I T ! T T I
100 150 200 250 300 350 400 450 500 2? 600

13 nov 2013 ChipS Pé)H P26)13 Injected charge (number of p.e.)

Figure 3.3.4: The calibrated of different acquisition system



PARISROC: System On Chip
- = LN b

DIGITAL PART

p.e. (32 fC) for 10-bit ADC
v Dynamic range from 1/3 pe to
600 pe (~ from 50 fC to 100 pC)

= Input stage
2 input preamplifiers with
adjustable gains (on 8 bits)
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Output E 2 S StemS E

______ —— data ™ 2 . :

¢ 10bieTDC o '5 o = 1. Coarse time by 24-bit gray .

RAMP1| |RAMP2 :; : : : Ramp ADC + counter (Digital part)

_ ! vV ¥ = - working at 10 MHz .

cme - '_D o, 3 - with 1.67 s of dynamic

1 - cE T\ = - 109 ns s.teps .

| o ¥ | = 2. Fine time by analog TDC .

| p| T&H - : =" ) .

| S s we e b v 1QO ns dyna_mlc range :

| P R P N e — g | =V Tlme_resol_utlon: 220 ps

| =1 Clage | = v Non linearity: +/- 1ns .

?ﬁl : ' - N | (_‘[1112? (A SRR R RRERRRRRRRERRRERRRRRRRRRERRRRENILI

E : 4*{‘2 > :-_ .-;. T&H . MUX . ADC ::

% I ll I | llllllllllllllllllllllllllllllllllll.
2 ! ! N ' a .
Nyl o &L > ron el : > - Charge measurements :
M | 1< Time | Y Two gain channels to cover
| ST IR o ey ] : the large input dynamic range 1
bl g IS I . = v' 2 input preamplifier with "
z” = adjustable gains (on 8 bits .
!_’ ? l;Rtl’lE:Z?l’ : \/ JSh gth ( bl h) H :
lll;a?tDA‘C 10-bit DAC Eﬁ!% = ouput : aper Wi variaple s aplng :
= S = time ( form 25 ns to 100 ns) and :
= gain :
= v/ Charge resolution: max 0.2
x -



Next steps Qme A

* Production run end 2014 : large quantities, reduced cost

« MAROCA foreseen : now time for requests for new features
— Radiation tolerance : triple voting
— Higher speed
— Lower power 2mW/ch, power pulsing mode
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Conclusion http://omega.in2p3.fr/ and http://weeroc.com/ Qme 3

MAROC, SPACIROC , PARISROC : for PMTs

SPIROC, EASIROC for SiPM

v' Low power multichannel System on Chips, smart detectors

v" Versatility allows these chips to be used in various applications
- high energy physics, nuclear physics, medical imagi

vulcanolog

Scintillation
Fiber g
s EANN

- ATy, A
' SR Y AR

...............

Pixel Value

e

0 1000 2000 3000 4000 #
13 nov 2013 Distance (meters) C chips PSHP203


http://weeroc.com/
http://weeroc.com/

. ROC family

SPIROC

EASIROC HARDROC MICROROC SKIROC PARISROC SPACIROC

0.35 SiGe

0.35u SiGe 0.35u SiGe 0.35u SiGe 0.35u SiGe 0.35u SiGe 0.35uSiGe  0.35u SiGe

Technology

Packages *Naked *Naked *Naked *Naked *Naked *Naked *Naked
available *TQFP208 *TQFP160 *TQFP160 *QFP160 *QFP240 *QFP160 *CQFP240

PMT, MAPMT, PMT, MAPMT, PMT, MAPMT, PMT, MAPMT,
Detector

compliant SiPM, pmegas, SiPM, pmegas, SiPM, pmegas, SiPM, pmegas, umegas RPC, GEM, PIN PM matrix MAPMT
P RPC RPC, GEM, PIN RPC, GEM, PIN RPC
Optimized . . -
MAPMT SiPM SiPM RPC pmegas PIN PM matrix MAPMT

for

Nmber of 36 32 64 64 64 16 64
channels
*Threshold “Threshold “Threshold «Threshold Threshold *Threshold “Threshold
*Charge «Charge «Charge «Charge «Charge *Charge «Charge
*Time g g g g *Time &

64 triggers, 1 digital formatted 32 triggers, 1 digital formatted 1 digital formatted 1 digital formatted 16 triggers,

1 mux charge output, 2 mux charge output, output, output, 1 digital formatted 64 triggers,
Outputs (analogue),
1 mux charee 1 mux charge (anlogue), 1 mux charge 1 mux charge 1 mux charge output, 9 mux charge
digitizedg (analogue) 1 mux trigger (analogue) (analogue) (analogue) 1 mux trigger
Input . . . . . . . .
Sk Negative Positive Positive Negative Negative Positive Negative Negative
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Standard testboard Qme 3

Monitoring

Charge Input 7 y FPGA
& Switching :'II
[ 7| IR e
-1 UsB
1 Interface

- ",m Seee
=P Lz

Y
’

booan

e Dty
il
Al

MAPMT Footprint
26
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Backup slides Qme 3
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mega

* Pulser vs SIPM comparison 5_10 nH
« SIiPM is significantly slower than Petiroc ((j{j{j]
— Pulser with 100pF injection capacitance, 10pe |
injected lin __Cd RL
— SiPM illuminated with laser pulse, 10pe measured W % 10-300 pF >-50 Ohm
— Threshold from 1pe to 9pe L 1 1

 Petiroc bandwidth meas. : 877MHz with

@
1

=3}
1

i~
1

————o—— Preamp Pulser Response Reconstruction
———o—— Preamp SiPM Response Reconstruction

Preamp output amplitude (pe)

o
1

Injection : 10 pe Q/Cd
- Threshold : 1-9 pe
I 1 1 L L I 1 L L 1 I 1 L 1 1 I 1 L 1 1 I 1 1 L 1 I 1 1 L 1 l 1
0 100 200 300 400 500 600 : 2 SI 50 73 I (1n2)0 125 5.0
Time (ps) 13.40259ns -33.23219uv

28



Energy resolution Mega

* Preliminary meas, raw data, no correction for non
linearities

e Using 3x3x5mm LYSO:Ce crystal & 3x3mm Ketek SiPM
 Na22 source

* Petiroc self-triggered (threshold 5pe i
* Energy resolution: 9.5% FWMH i‘g’zz |
1600? gslgmaé 8.50?10.099
14oof
1200f
1o00f |
8oof ‘
g .l
|
ool IR ’
A1) 10

0 50 100 150 200 250 300 350
Minimum value (mV)



