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. Introduction

 Many different ASICs
— Many possible classifications as well !

« According the input impedance
— Current mode versus voltage mode

« According the complexity / functionality
— Pure analogue front-end
= Section Il
— Mixed-mode including digitization and readout
= Section IV
* According the application
— Many applications: PET, LIDAR, vision, life-sciences, particle
physics, astrophysics, etc
— Fast timing is a must in many of them
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l. Introduction

e Disclaimers: what this talk will not be

— A comprehensive review of SIPM read out chips
= \We would need hours !

— How to measure SiPM electrical parameters
= Some references at the end
» Recommendation for model fine tuning and validation:
o Compare measurements to simulations including model of the electronics!

 \What we will talk about:

— Review SiPM electrical parameters impact on signal shape and readout
— Include effect of load (“amplifier”) input impedance and interconnect
— Review basic input stages and analog signal processing

— Present some examples of ASICs for different applications
= Projects in which | am involved: the ones we know better ©
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. SIPM electrical model

Vacuum Photomultipliers Silicon Photomultipliers
G =10°>-10- G =10°>- 10

Cd — 10 pF C =10 - 400 pF

L — 10 nH L=1—-10nH

& v
C. De LaTaille, Photodet conference, 2012 @ & |CCUB 9
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ll. SIPM electrical model

Single cell model ~ (R,[IC)+(R IIC)  —cccooooo--.
SiPM + load - (|1Z_)IIC .+ Z__,

grid

Signal = slow pulse (7, (ce), Tosiow =) +
+ fast pulse (z, [rise). Syrkant [enj:)

.Td {l'ise]NR (C +Cd) I
L T Rnad C.. (fast; parasitic spike) " _ .
T o = R, (C,+C,) (slow; cell recovery)=------- F{---- ---- '| ]
Firing Other P?r‘::‘;?‘m
microcel| microcells v:ap:?eitan::e
—I - —f
i Q ' Cg' T sy R{ead (-'d L g
Pulse shape 7(1)=g o tcte™ + 2= c—t5e™)
Vinas 0.. ¢, 1) PeakVilsignalgoes with C"
— charge ratio e
> N E 2) Peak [ signal goes with R
= i C=C
g =10 p™  (C2R,)
2 s - peak height ratio o G0 = NIRFSRSIG With Rq and /R,
= R = 500 Vi tot L ioad (and Cq of course)
(%
E Increasing C_/C, or/and R /R, 3) Fast vs
= — spike enhancement slow
E . 5. 107" T 1e10-% C15e10-% — better tir‘ning compqg‘@nﬂ‘



$: Equivalent input network: Series and parallel

resonances

Current SenSinq J/ ___________ N Series resonance: Cin — 0
Iout -

2"d order system

1

‘ i —
\L ’ wn,s Y, L Cget
—|— Cet g Rin

_ WnsL _ 1 ’ L
. ° U= R Rl
J7 in in det

L
Cdet

* Riper=2

3"d order system

[ ] n’p = .
Parallel resonance: Cin #0 VL (CaetlICin)
| Lis]® @@= Cinkin__ Rin |2
i L l " \/(CdetHCm) L L
del
oo, Co ZRn | r — WiCaallca?® 1 [1
T Cet i inp = 5 2 2 Cin
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Moderador
Notas de la presentación
The dynamics of the input current are dominated by the parasitic RLC network at the input of the channel.
A simple lumped equivalent model is derived, taking into account:
Detector capacitance.
Wirebond inductance plus inductance from the connections.
Input capacitance (i.e. PAD).
T.L effects not considered!
The goal of this exercise is to see how these parasitics impact the rising edge slope, thus time jitter.
From the results, one can come up with a criteria to select a target input impedance and bandwidth in the design.



II: Dynamics of the input signal

For oscillation-free input current:

. )3
Riner < Rin < Rinp = 2 [—— < Ry < %J HCaelllin) gg Cgep 2187 Cy
det in

Corners: L =5nH (Small) / 25 nH (Large), Cdet = 10 pF (Small) / 1 nF (Large)

L7 Cyg Rjy, range for Cjy = 0.1pF Ry, range for G, = 0.5pF Rj, range for Cj, = 1pF illatorv r n .
Small / Small 44.72Q < R, < 110.15Q 44720 < Ry < 46470 44720 < Ry, 30.640 Oscillato y response.
Small / Large (4A47Q)K Ry < 111.78Q  447Q < R, < 49.96Q  447Q < R;, < 3530 - Below 5Q
Large / Small U0 < Ry < Zfﬁ,ﬁﬂ 100Q2 < Ry, < 103910 1000 Riy 68.52Q
Large / Large 10Q < R, €249.96 10QQ < Ry, < 111720 10Q < R, < 78.93Q Above 250 Q
Example (cdet=380pF, L = 25 nH, cin = 0.5 pF) B ipulse||Cdet I SiPM model
R, =61 - Underdamped response R,_=20 1. Critically Damped response R _ =73 {1 - Overdamped response Rin = 300 12 - Ringing
10 - - T T 5 - - T T 0&
& 4 1.5
B | 04
T, g T |3
=5 4 =2 —= _£nz2
05
0 1
o 0
i ! ol o | |
0 10 20 30 40 0 50 100 0 50 100 0 5 10
Time [nz] Time [ns] Time [ns] Time [ns]
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ll. Slew-rate degradation with bandwidth in current

sensing

Convolution between the input slope and the electronics bandwidth (time domain):
SR = aloutoc (alin> " (BW . e—t-BW )

ot ot
Lot . Oijn lout igut Optimum bandwidth for connecting inductances
< ot < ot 5nH — 25 nH and Cdet = 10 pF — 1 nF
l Lwb / Cdet
Que® —I— de lcm Rn (IA) in SR, ==C,
1 l 5nH /10 pF|5nH /1 nF [25nH /10 pF|25nH /1 nF
AV AR V4 1.3GHz| 270 MHz 560 MHz 81 MHz
Bandwidth = 1.5915 MHz Slew-Rate = 4.5343 uA/ns —_— Slew-Rate of rising edge VS Front-End bandwidth
900 : : : , : : . 10 e e e e e
Signal
800 | — = StewRate| | i Oigut
ot
700 -
600 - . 10% ¢
5 s «  Optimum bandwidth is (ve-ry) approximately ————
: 210 JL Caor
8 400 al
o % & BW for BW << Cut-Off
300 - at
* No slope improvement beyond 1.3 GHz.
200
»  Whatif 6,5 ¢« VBW (~flat PSD)??
100 - — -
] F - 1 ‘ 100‘ 1 L PRI 1 L Lo vl PR 1
0 5 10 15 20 25 30 35 40 45 50 108 107 108 10° 1010 101

Time [ns] Bandwidth [Hz]



ll. Example of Slew-rate versus bandwidth in current

sensing (assuming leading edge discrimination)

= = = = C =0.5pF, L =5nH,C =1nF R =17.92
PAD 0.5pF, L b 5nH,C et 10 pF R N 1792 inPAD p wb et —R, 9]
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Il. SIPM electrical model

e Front end electronics for SIPM Is needed to:

— Preamplify for SNR optimization

= Even if “nominal” gain is in the order of 10° only a fraction of the
charge is used for fast read-out systems

» The “effective” gain for a fast system C
times lower than the nominal g

e between 2 and 10

o ( 1 ——
C,+Cy Cyy R, C,+C,

- — C
. g - charge ratio 0. C,
b C,= 10fF
5 &\2 tope ¥ dos C R ) increasing with Rq and 1/R
S <-s0ka  — peak height ratio —2f~ c.C. R i
o R = 500 V <tow load) (and Cq of course)
(=
E K Increasing C_/C, or/and R /R
2 % — spike enhancement
g B g D ™= [ — better timing
14 June 2018 LIGHT17 ——
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l1l. FE circuits: Pole-Zero cancellation

» Pole-Zero (PZ) cancellation of the SIPM recovery long time constant (t

 The PZ shaping has an effect in the signal to noise ratio (SNR)
— A SNR>5 is required for photopeak identification
—Can be seen in 2 different ways:
1) Attenuation of slow frequency components of the signal
2) Increase of the input referred noise (ENC=Equivalent Noise Charge)

slow)

Response to 50 um 6x6 mm~”2 SiPM single cell pulse
1,2
1
§ 0,8 Simulation with a
S \ model obtained from
8 06 3x3 mm device
o
& \
© 0.4 ——No PZ
£ Pz
= —
0 T — + F T — 1
0,0E+00 5,0E-08 1,0E-07 1,5E-07 2,0E-07 2,5E-07 3,0E-07
'0,2 - " EXCELENCIA
Time (s) & ICCUB 2

Institute of Cosmos Sciences



15

Il FE circuits: effect of capacitance and shaping in noise

e Front end electronics for SIPM Is needed to:

— Low noise front end is required for large SIPMs
SiPM capacitances range from 10s pF to more than several nF

ENC,.,, for SNR>5 @
2*10% nominal gain  ~

ENC, . for SNR>5 @
1*10°nominal gain ™

Equivalent Noise Charge

9E+5
8E+5 J
7E+5 Series noise < 2 nV/sqrt(Hz)
Parallel noise < 20 pA/sqrt(Hz)
“o O6E+5 F
& /
5 5E+45 /
< AE+ 7‘,
w T L T T L] L T L T . T, T,
S prd
2 3E+5 /
2E+ —————-—-—-—-7—-—-— ==~No PZ, High Zt -
B —/ -
1E+5 _ PZ, High Zt i
OE+0 -]
1,00E-11 1,00E-10 1,00E-09 1,00E-08
Sensor capacitance (F) ‘UB 9

14 June 2018
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lll. FE circuits: current versus voltage mode

 Typical photo-sensor front end circuit configurations:

Charge Current
preamplifier preamplifier
L sPM W e : Voltage
E | h{ E preamplifier
| T s
. A i H
1o ol s I E

U Best noise performance
U Best with short signals

» Long tails: pile-up!

> Need to discharge Cf
U Best with small capacitance

» BW=Cf/Cdet*GBW, with
Cf<<Cdet typically...

E.g. common-emitter/source
configuration

Large Zin // Large Zout
Current conversion with Rin

High power budget for high
speed systems

But can exploit RF
technologies

E.g. (super) common-
base/gate

Low Zin // Large Zout
Current conversion with Rin
Potential stability issues

Best for high rate applications
Good power/BW trade-off°

o OO0 O
ocoooo O

F. Ciciriello et alt., "Time performance of voltage-mode vs current-mode readouts for SiPM's," IWASI, 2015

@ & |ICCUB ?50
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Ill. FE circuits: MUSIC: Multipurpose SIPM RO chip

but multipurpose
— Amplification / impedance adaptation

— Pole zero cancellation

— Summation
. |
— Discrimination |

14 June 2018

Power Down

PZ Shaper

MUSIC: current mode, analog (binary) and designed for astroparticle (CTA)

Outchii

DDDDD

SE Driver
+

8

Fast OR

OR

VN
L/

Trigger

Current for slow

Current mode input stage for

integration

(HG, LG)

SUM

(HG) CUl'.I’ent ) ;
i ity Sy ____|I Switch (HG, LG)
: ::'_L‘; L‘: L[J_‘i | 8 |
I L(LS) | curent PZ Shaper -
: Xm Xn Xn, XN Xng| Switch 8 Diff Dr@
+
I

L SiPM anode readout

Gain control
Anode voltage control
Sensor switch off

ICASIPM - D.Gascon

&)

Diff output
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& ICCUB %
q y DE MAEETU

Institute of Cosmos Sciences



Ill. FE circuits: MUSIC: Multipurpose SIPM RO chip

SiPM array
common cathode)

 Possible to disable
each input reducing
overvoltage to Va_off.

 Double feedback loop
— Low input impedance

— Anode voltage control

* High bandwith

Baref
Series noise <2 nV/sqrt(Hz)

Parallel noise < 20 pA/sqrt(Hz)

@ & |ICCUB ?50
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Ill. FE circuits: MUSIC: Multipurpose SIPM RO chip

« MUSIC 8 ch ASIC integrates all those functionalities

14 Ju

Individual channel
amplification with adjustable
pole-zero cancellation (analog)

e P Possible application: CTA SSTs
PZ Shaper - 8
SE Driver 4 Outchi
[—{ PZ Shaper [—1 HAB. I:| Fast OR
—giPM Discriminator
chi B :I L~ 8, \ N\ OR
- ’ / Trigger
/\

Current for slow

integration
(HG) Current ‘
ity il Sl S Switch (HG, LG)
| ,E'J‘t/ L_':; LT::I":I ' 2 | (HG, LG)
| | | (LG) | curent > PZ Shaper - ,
: X n Xn  Xnp Xne  Xng | Switch ,8 Diff Dr@ SUM
| Current mode input stage for I + Diff output
L _ FiPManode readout _ _ |
Gain control N
Anode voltage control
Sensor switch off
& 1CCUB %
ne 2018 ICASIPM - D.Gascon @ B

Institute of Cosmos Sciences
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Ill. FE circuits: MUSIC: Multipurpose SIPM RO chip

e Output for a LCT4 MPPC ( 3x3 mm?)

File Control Setup D g er Measure Math Analyze Ulilities Demos Help :.|n57, mﬁ

TECHNOLOGIES | we |l —

0.0 kpts [~~~ (8,40 GHz |()[-525.0 mv

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help

brunt m @ : |20.0 Gsa/s ||1.00 kpts

|:-°::Jﬂ 20.0mv/|[63.6mv @0 |

No Pole Zero
FWHM = 100ns

SEDj [EXLAA | SEIW SWL

5B |E2ILIDA | SEIAW AL

ePole Zero NN __
FWHM = A - _ —

23am 103 ns. 153 ns 2a3ms 303 e 353

6ns SANRC 2 @i v @7 3

Mean | Min | Max | Range (Max-Min) | Std Dev Count
223707 s W0307Mns 9661027 ns  7660Tadns 101613120n 2348
1E5MImY L0 mV 351297 m¥ 350238 my 12126 m 2348

. 46.5 ns 495 ns 52.5 ns . . 70.5 ns
@ |[3.00ns/ |61.5051 ns '

"®) Results (Measure All Edges)

Measurement | Current Min | Range (Max-Min) | Std Dev | Cou
5.04653 ns 5.2689198 ns 4.63594 ns 17.96875 ns 1333281 ns 633.2735 ps 37

apeloiojo]

ICCUB ?
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Ill. FE circuits: MUSIC: Multipurpose SiPM RO chip

e Charge spectrum for a LCT4 MPPC ( 3x3 mm?)
» Pole-zero cancellation

» Excellent resolution with FWHM of 5 ns
300

250 -

Y —

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

Counts
[=]
[§)]
(=)

100

50

0 |
-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Charge (c) 1e_12 1 ﬁ‘:“ ICCU B 9['!\':[::.."NI‘:TA

14 June 2018 ICASIPM - DGascon W‘l .Il;astitu:eofCosmos Sciences s



Ill. FE circuits: MUSIC: Multipurpose SIPM RO chip

o Active summation to build large area detectors

 Why active summation?

— Total noise for active and passive summation can be similar
= |f series noise dominates...

— But signal (peak) is much higher ! Series noise < 2 nV/sqrt(Hz)
P ded hiah i BW Parallel noise < 20 pA/sqrt(Hz)
| |
rovide 'gh summation Equivalent Noise Charge for 7 SiPMs
7 x SIPM Lx PMT oE+s '
X 18 mm diameter | gess [ Ve summaton /
+ -4
6X6 mm?each ! /
7E+5 -——Passive summation
I 3 S | (parallel connection) /
S S5E+5 /
E 4E+5 I
A i /
‘2’ 3E+5 A
“ ok | /
1E+5 e
* 2 d 0E+0
7X7mm and some custom 1.00E-11 1.00E-10 1.00E-09 1.00E-08
larger SIPMs exist Single sensor capacitance (F)

4
Institute of Cosmos Sciences
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Ill. FE circuits: MUSIC: Multipurpose SIPM RO chip

« MUSIC 8 ch ASIC integrates all those functionalities

R Summation of 1 to 8 channels
. with double gain (high dynamic
| range) and tunable pole-zero
| cancellation

Roneibey Possible application:
PZ Shaper - 8 CTA I_ STS an d M STS
SE Driver 4 Outchi
+
. L PZ Shaper + Hm\ Fast OR
SiPM Discriminator
chi Th - | 8, \ N\ OR
7 ] / Trigger
ZS Current for slow
integration
(HG) Current ‘
it o iy Sanlily Sauis. Switeh (HG, LG)
| ;l | r | - '
8
I \q—L':\ : (LG) | curent 71 | Pz Shaper | : (HG, LG)
: Xn, Xno  Xnm  Xne Xng | Switch L /8 Diff Dr@ SUM
I Curfent mode input stage for I * * Diff output
L _ [SiPManode readout _ _ | N
Gain control B »
Anode voltage control |
Sensor switch off

% Qs
14 June 2018 ICASIPM - D.Gascon @ % |ICCUB i
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Ill. FE circuits: MUSIC: Multipurpose SIPM RO chip

 MUSIC configuration: the adder takes only 1 channel
— Pole-zero cancellation: trade-off between resolution and speed
— High transimpedance gain (MUSIC)

700
600 |-tk §1336(0.6050 SIPM
. 6x6 mm?2, 50 um cell
300 -t ] 2 nF capacitance 040 acolcustiontorv=sso
. . 7 V overvoltage o3| L
T TN [ e s S os0l
(- | i ; ' : : au
S 300 - | e
. | ; ] i
200}------ W ! | - ________________*E__________________é ____________ 5 0,10 ..//./. % SN S S— S
100 ________________ ) ) - __________15______“““““"; ____________ 0.00 ) - /.// N TN S U N A—_——
i , —0.05 ' :
: : -1 0 1 2 3 4 5 6
Photons
0 - -
-2 0 2 4 6 8
Charge (C) le-13

& L4
14 June 2018 ICASIPM - D.Gascon @ % 1CCUB ?:c
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Ill. FE circuits: MUSIC: Multipurpose SIPM RO chip

 MUSIC configuration: the adder takes 7 channels
— Noise is much higher (sqtr(7))
— But pe (cell) peaks can still be identified

— Channels have been equallzed by MUSIC anode ctrl voltage

450 |
200 Wi 813360 6050 SIPI\/I
2
o | 6x6 mm2, 50 um cell 1 X P_l\/lT X 66 mm?
""""""""""" 1.2 nF capacitance 18 mm diameter each
300 | 7V overvoltage
: : 0.25 Qc calculation for V = 59.0

FPTT NN | | T/ N S—
c y
=] 0.20 . -
O 200 - JEEGHUMWSENE 4

150 ---------ooe- //-' |

100 |- LU R ] e

0.05 A
27+ J B i 1 e ooo| &
e
0 : -0.05
=2 0 2 4 6 8 05 00 05 1.0 15 20 25 30 3.5
Charge (c) le-13 Photons
14 June 2018 ICASIPM - D.Gascon B Ml v



Ill. FE circuits: MUSIC: Multipurpose SIPM RO chip

« SHIP experimentis a new general-purpose beam dump facility at the SPS
(CERN) to search for hidden particles
— Predicted by a very large number of recently elaborated models of Hidden
— Dark matter, neutrino oscillations, and the origin of the full baryon asymmetry
* Reconstruction of the HNL decays in the final states: i «', u—p* & e '
’ - Requires long decay volume, magnetic spectrometer, muon detector
‘ and electromagnetic calorimeter, preferably in surface building
" — Magrgt yoke
'0' 5 - . wq“ . ::
SHiP
Search for Hidden Particles Oosny ohvms
« Long vacuum vessel, 5 m diameter, 50 m length
Background from active neutrino interactions
becomes negligible at 0.01 mbar . z -
10 m long magnetic spectrometer with 0.5 Tm \| ~ /'Zj' Montes |
dipole magnet and 4 low material tracking chambers Vv e
Tracking chamoers

& @ mmen
14 June 2018 ICASIPM - D.Gascon @ & |ICCUB i
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lll. FE circuits: MUSIC: Multipurpose SIPM RO

chip

'@' Timing Detector in SHiP
SHiP A
Cast plastic with light collection
‘i

¢ [orthe TD of size 5 m x 10 m with a bar
I00cmxé6cmx1cm

- 5c¢olx 182 row =910 bars =>
- 910barsx2=1820ch =>
- 1820 x 8 = 14560 SiPMs

10m

¢ The resolution at 50 cm is ~140 ps => we
can use with 1 m bar and 2-side readout to
be within 100 ps.

50cm tgar, test wfth cosmf’cs

| R

e

I RS

= =
o =

LI

Time resaluticn [ns]
=

0.04

3|
B
&
W) ]

& ICCUB 23
&)

Institute of Cosmos Sciences
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lll. FE circuits: MUSIC: Multipurpose SiIPM RO

chip

Bar and sensors for ToF/ND280

front side
¢ Bar: 230cmx6cmxl1cm '

¢ Plastic material: & i _ dE
3200 (BC408) or EJ208(BCA12) T —
- Attenuation length ~4 m back side
- 1.42 kg/bar

¢ Readout from both ends

v

- 8 sensors of 6 mm x 6 mm
- Example: S13360-6050PE

Plastic not to scale

EXCELENCIA
MARIA
14 by DE MAEETU
es



lll. FE circuits: MUSIC: Multipurpose SIPM RO

chip

e Timing sub-detector test beam with MUSIC chip
— By Univ. Geneva & Univ. Zurich
— MUSIC in summation mode (8 6x6 mm”2 SiPMSs)

=  Bar read-out at both ends

R .
— 2.5 GeV/c muon beam at the CERNPS £ ;-2 Resolution <100 ps 5
. = 014
— Readout with Wavecatcher s F
= Fast analog memory (LAL & IRFU/CEA) g 0120
- Jf'-:_f - - E 01:_
008,
0.06—
- —&—  Bx3iPM array-1
0.04— —B—  Gx5iPM array-2
o —&—  Measurement of mean
D.EIE:— —%— ‘Weighted mean
DDF' | | | | | Ll

1 | 1 1 1 1 1 1 1 1 1 | 1 | | 1 | 1
20 40 60 80 100 120 140

w [erml

Measurements with the 150 cm x 6 cm x 1 cm bar.

Time resolution as measured by the SiPM arrays at
both ends of the bar as a function of the interaction
point along the bar.

© A. Kornezev (Univ. Geneva)

h ? ;w{t&rm::lrm
14 June 2018 ICASIPM - D.Gascon @ ﬁ{m!&gymg MAE
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V. ASICs for HEP: PACIFIC

SciFi - The New Scintillating Fibre Tracker for LHCb

Albert Comerma™ on behalf of the SciFi tracker collaboration
*Physikalisches Institut, Universitat Heidelberg

Mt . UNIUERS!TY cwﬁ ."

.(I’ﬂ.

-““', LPNHE
ECOLE PO HLEI\ < ﬂlg(\‘\

FTUT DE FISICA
FEDERALE DE LAUS, \l RI A F 4-"51\&['\[!\

IEEE NSS-MIC. 26" QOctober 2017

h ? mé\i:rm
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V. ASICs for HEP: PACIFIC

Introduction
(o] o]

SciFi Overview

XUVX 53cm

e Scintillating Fibre Tracker:

e Light detector, < 1%Xo/layer
e Large area, total of 6 X 5m?2

e XUVX planes on each station
[ ]
L]

Full detector is 3 stations
Total radiation up to 35kGy x 3 =12 layers
e Requirements:
— Hit efficiency ~ 99%
— High granularity 250um
— Hit resolution < 100um

“l‘l Albert Comerma (comerma@physi.uni-heidelberg.de) The New Scintillating Fibre Tracker for LHCb

@) #1CCUB

Institute of Cosmos Sciences
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V. ASICs for HEP: PACIFIC

Introduction
ooe

SciFi Module

Signal spread over channels, 16-20 phe.

=2
Total of 128 modules of 0.5 x 5m~. Clustering needed:

Each module consists on eight fibre mats.
Each fibre mat is 240 x 13cm?.
Mats constructed with 6 layers of fibres:

T —
- 'L’F*WWYWW S 'WWY e G o

hf\.ﬁﬁmwvw Y YT YT f\.f mw—\,Nu\,l‘\fvw
T L T T W R J ; - \ . - AN»I

Fibres readout by SiPM array:

64 + 64 channels array (2 dies).
60 x 60um? cells, 104 pixels / channel.

ﬂ Albert Comerma (comerma@physi.uni-heidelberg.de) SciFi - The New Scintillating Fibre Tracker for LHCb

h ? ;w{t&rm::rm
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V. ASICs for HEP: PACIFIC

Introduction Mats construction
Q00 [e]e]e]

PACIFIC

Readout electronics

Testbeam

I ~ar Prwvviar AQIC fAr +hae QO Tn+illatAr Fllhrace +eal lrar

Collaboration: Heidelberg, ICCUB , LPC-Clermont, IFIC-Valencia

Summary
(e]0]

= Transg:ar:;dance Fsstl sgaper q——l Non-linear Flash Digitizer
| ole-Zero
v ich S VW Cancellation '\ Th — 5
= \ J‘/ =
I__l g ; '—_L— Th2 — Q |
Current l\ g ¥
Char Conveyor g‘/ Th3 — _J]_
o Interleaved Gated Integrators
@ Anode voltage control. F
@ Fast Shaper for tail adjustment.
@ Double interleaved gated integrator.
@ Track and hold.
@ Digitization with 3 hysteresis comparators.
@ Serialization and slow control (std cells). 5 BGA package
4x3.85mm

12 x 12mm? 196pins

SciFi - The New Scintillating Fibre Tracker for LHCb 10 / 14

) TXCELENG
& ICCUB 9z
y DE MAEFTU
A Institute of Cosmos Sciences

SCI F

Albert Comerma (comerma@physi.uni-heidelberg.de)

14 June 2018 ICASIPM - D.Gascon



V. ASICs for HEP: PACIFIC

iction Readout electronics

EACIFIC Collaboration: Heidelberg, ICCUB , LPC-Clermont, IFIC-Valencia

38,005 7= @+ vy
- H 180 paints

10 oct 2817 |1z 2ar_z017]
r ERH | 230851

PACIFICrS Threshold Scan with light

i == hp =148, 0, =13 { 01
R i =286, 0 =19, pyp,=138
hp =500, a; =22, jg-Hym2la
. B u3=730, 05 =27, uypz=230
. i Be=005) as =27 | pa-He=216
SiPM connected to PACIFIC: N, PE Tl
-, g =1318, 6= 38, jig-jin=222

e Analog DEBUG outputs for Preamp, Shaper and TH. Dol 4 T

] Measure .+
% doutput .
“"\_ Fit

04 | i R | 0,04

dOoutput {a.u.}

Digital eutput

e Synchronous light triggered on front of array.

e Threshold scan of one comparator to measure photons. SERR ER

a 50 100 50 200 250
Threshold Value (a.u)
cl Albert Comerma (comerma@physi.uni-heidelberg.de)

& @ B
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V. ASICs for PET: FlexToT: linearized ToT RO chip

Collaboration: ICCUB and CIEMAT

* A Flexible ASIC for SIPM RO (PET, SPECT, Compton)

— Novel current mode input stage L M ..
— Time resolution for ToF - %'% )
— Time over Threshold RO ] - e

= No ADC L = T I~ | >
SiPM array T N g O p

common cathode) SATUFLAHON |
Servoctrl CONTROL " * H Peak
CIRCUIT o <l
i S G L -© L
g Ml:ll__| M2
! : Qf Typical signals
— Mf 25 ,1 . : ;
Cel | 37 | > o T 12 [
g N CD o ) g 1! Time
II | I Ybar €| 5| & g o5t ]
| | = o = 25 [ f f -
N | o RS ]
vt I IHF loo £ okl |' \ i
LFloop | P S A | : ’
Va e I T 1) | ' | ' ' ' ]
Rd \|\ ! - % lg Input
8 ™ : g
o 9 . .
N /1 % 2 L
) T
s
1
Xn; < Xne  Xne Xnp 1e07  0e+00 = . cc
Ciemat I B
1 GOSPAHE BrEeono Carero de Invetigscanes HI AELTY
14 June 2018 |CASIPM - DGascon Eﬁtﬁ resion ’S““’E‘l‘:“”;_ tu:eofCosmosE‘;i;nces



V. ASICs for PET: FlexToT: linearized ToT RO chip

20

=
ul

(%)

error

-10

-20

14 June 2018

Good linearity and uniformity
— With only comparator threshold offset equalization

Different operating ranges can be covered

Linearity scan measurement

T T

=
A

R[]

n 1e-06
] 9e-07
- 8e-07
- Te-07
- 6e-07
= 5e-07
] 4e-07
-+ 3e-07
4 2e-07

< 1e-07

0 0.002

0.004

0.008 0.008

Peak current (A)
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V. ASICs for PET: FlexToT: linearized ToT RO chi

Coincidence Time Resolution (CTR): 128 ps FWHM
* 2%2%5 mm3 L50:Ce,Ca crystals.

° . * Measurements performedin a black-box at15 ecC.
Measured @ CERN. * Coincidences correspondingto 511 KeV photopeak (£30).
— Single Photon Time resolution (SPTR)
511keV gamma photon Black box

— Coincidence Time Resolution (CTR) e s Seintilator Crystal

— Supported by FAST COST ACTION m — T p
T Na radunague source il

= Many thanks to E. Auffray and S. Gundacker

Silicon photomultiplier

— Similar results as for NINO but 3 times lower S
power consumption | 0000
. SiPM= S13360-3050CS %0 Coincidence Time Resolution (CTR) test bench setup
250 - o SPTRsgma (p9)NINO 451 FlexToT v2 jitter 200
w SrTRsoma fpeyFiexte 407 $133660-3050CS + LSO:Ce,Ca(2x2x5 mm3)
£ 200- 35 600 - _
£ 2 %1 @ 4 )
S 150 4 2 25 ] & 500- f \ o e
£ 0 123 ps FWHM
o A A o 20 o
= 100 £ 5] %5 400
w =] .
s0{ * ° ¢ 10 . . Y g 300 CTR: 123 pS
3] (=
0 . . ; : =]
59 60 61 62 s 5 10 15 20 s Z 2004
number of photoelectrons
Voltage (V) . 100 -
SPTR=90 Jitter floor: 7 psrms A |
- p S -0,6 0,4 -0,2 0,0 0,2
r Time (ns)
(CASIPM - D = C'm* & ICCUB ?5T
14 June 2018 L Institute of Cosmos Sciences



V. ASICs for PET: FlexToT: linearized ToT RO chip

* Pisa University has develpped a FPGA based

TDC readout for FlexToT

— Based on Arria 10 FPGA

= TDC: 38 ps resolution
— System CTR: 116 ps FWHM !
— Energy resolution: 8 % FWHM @ 511 KeV

P. Catra,
G. Sportelli

2 LYSO xtals 3x3x5 mm3

: NUV-SiPM
— Dead time < 5ns: event rate > 1 MHz !
30000f — O p—>100.205, fwhm —> 116.25
% FWHM=8.8 D p—>-0.00865478, fwhm —> 115.722

Relative frequency 250001 O p->-99.957, fwhm — 116.152

o 20000} —

n u CTR: 116
ol Ge68 spectrum 15000} A {1 ps FWHM
8.8 % FWHM 10000} nEsaps
0.005¢ - Bl -
0 = e = —— Time (ps)

-300 -200 100 0 100 200 300

GBI NSO Ciremc )t- ah 9[\4‘{“&\\”}\
SPAHE Carero de Investigscianes ' ﬁ y DEMAEZTU
14 June 2018 ICASIPM - D. GaS(E'ﬁ R o, ISEQB
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IVV. ASICs for PET. HRFlexToT: linearized ToT RO chip

* A new version of the FlexToT has been recently developed.
— A linear Time over Threshold with higher resolution (>8bits)
— Lower power consumption (about 3.5 mW/ch)
— Different trigger levels and cluster trigger for monolithic crystals.
— Different scintillator time constants.

[ ]
x16 o o
[ ] o
[ ] o

HRFlexToT ) 1
Discriminator Time NoNL inear ToT 16 1 Timi ng
Th— +
(1) Tim

180 nm CMOS ® Fast-OR

Sync (2) Energy )
HDR Energy |Energy NoNLinear ToT| Bjock 16, (3) Time + Energy 16, Outli]
Linear ToT

1 Low Level
Trigger Fast-OR

S
—
=
-4 J

+ 9
8
El
=
)
=l
i
(2}

i i il Sl S 16
: . ' Cluster High
(i | : Level Trigger
= I'xn  Xno Xn, Xne Xng| ®
3 | ) | [ ]
ey | Curre_nt mode input stage for Py *
[ L SiPM anode readout | ° ¢ —'»SEE‘S?M ;Isngl?'omm Cmot
moodlh fofessi ) NARE 8 009| L————— === ] - ¥ COMPETTT foup| | Cero de nves rigacones
Gain control [ ) a a Erarpiticss, Mesounbenmies
Anode voltage control [

18 May 2018 ICASIPM - D.Gascon @ & 1CCUB 7
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IV. ASICs for PET: HRFlexToT: linearized ToT RO chip *

e Based on shaper and peak detector circuits

KEYSIGHT

TECHNOLOGIES
Adquisicién
Normal

4. 00GSals

Canales g
DC 500 1.00:1
DC 500 1.00:1

Mediciones
Ancho +(4):
85.0ns
Ancho +(2):

18 May 2018 ICASIPM - D.Gascon



IVV. ASICs for PET. HRFlexToT: linearized ToT RO chip

« Linearity and dynamic range

Linear ToT response for different gain configurations

— 200 ~-Gain=3;RL=3 —Gain=2;RL=2
£ 400 Gain=1;RL=1  Gain=0;RL=0
8 300
¢ 200
L]
= 100
2 0
0 10 20 30 40
Input peak current (mA)
Linear ToT response for different gain configurations
_ 1.000
=
g‘ﬂ w
E 10 ——Gain=3;RL=3 Gain=2;RL=2
F_'l Gain=1:RL=1 + Gain=0;RL=0
2
0,05 0,5 5

0
Input peak current (mA)

18 May 2018 ICASIPM - D.Gascon @

Institute of Cosmos Sciences



IVV. ASICs for PET. HRFlexToT: linearized ToT RO chip

* Preliminary results
— 3x3 mm? HPKK device (50 um) cell, S13660.
— SPTR of about 60 ps rms (<150 ps FWHM) with 3.5 mW/ch

450
=@ HRFlex FWHM (ps) ==@=Flex FWHM (ps)
400
350
7 300
= 250
=
; 200
-
% 150
00 -Best SPTR result for this SIPM to our knowledge:
50 Other chips (TOFPET2, PETIROC2A, etc): 200 ps FWHM for S13360
Comparable to transformer test (see C. Piemonte talk).
0
< 5 6 7 8 9 10 11 12 13
Vov(V) [; aserng g, Ciomat

18 May 2018 ICASIPM - D.Gascon @ & 1CCUB 7
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I\VV. ASICs for fast timing: outlook

« New ASIC FastIC in 65 nm being developed by ICCUB and CERN

— Very low power input stage, low input impedance, summation, < 10 ps TDC...
* First step towards a Hybrid Single Photon Pixel Detector

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

R n P Combined
: o PZC 7 0O TimeORChannels tlme by OR

7 m ) m _
o0—) Input 7 7 TIA 0 EnergyChannel[1:m]
stage ;
m | m
L *—~ PZC O TriggerORChannels
------------------------------- - |1T|me _
— 1 :
+ J" | pzc | ——e THo | Dise # ’ Y0 TimeSUMChannels C.:()mblned
: time
------------------ 41 Eneyy energy and
1 1 1 1 1 .
@ A TIA £ Shaper |—* PDH P PWM “ Time/Energy —;"—E—DEnergySUMCnanne{s t”gger by
"""""""""""""""""""""""""""""""""""" e — analog
.................................... T summation
“, . 5
1 1 H
@ l PZC [—e TH1 | Disc 7 O TriggerSUMChannels

o TriggerCluster,

& ® g
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Outlook

Introduction
|. SIPM electrical parameters
Il. FE circuits
V. ASIC examples

V. Conclusions

&
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V. Conclusions

e SiPM pulse shape depends on readout amplifier and parasitic component of
Inerconnects
* In current sensing, R, should be minimized for best timing (improved di/dt)
— But any value smaller than Rin,min = 5 Q make the parasitic input network to resonate

« In voltage sensing, R;, should be maximized for best timing (better dv/dt)
— This means large tails (PZ cancellation needed) and increasing series noise

* Optimum bandwidth in the signal path, prior to discrimination BW,, ~ 3

1
211 Cget

— No point in designing faster circuits, since only increases noises !
This limit can be below100 MHz for large SiPMs with high interconnect inductance.
 For an accurate design we need to consider SiPM, readout circuits and
Interconnects together

= [nput impedance, electronics noise and shaping determine final performance: shape,
effective gain, time resolution, energy resolution, etc

= Inmy “dream” LLL: sensor sensor and electronics are optimized together:
o 3D integration and hybrid approaches: not purely analog nor purely digital

& @
14 June 2018 ICASIPM @ & |ICCUB &
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Thanks a lot for your attention !l

Questions ?

dgascon@fqa.ub.edu

Th s UNIVERSITAT»x
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ll: Input stage optimization

* In current sensing, R;, should be minimized for best timing (improved di/dt), but any
value smaller than R;, i, =5 Q make the parasitic input network to resonate.

— Low R, trade-offs with power consumption; it can be reduced by means of feedback schemes, at the
cost of compromising stability.

— In practice, R, in the range 15 Q — 20 Q are desirable in order to be compatible with detectors showing
Cdet = 10 pF (PMTs/MCPs) — 1 nF (Large SiPMs).

» Involtage sensing, R,, should be maximized for best timing (improved dv/dt). Signal
dynamics are favourable since underdamped response is not possible under
such a case.

— The parallel resonance can boost the slew-rate even more, but one should rely on parasitics...
— Large R;, results in degraded count-rate capabilities. PZ cancellation becomes compulsory.

« Optimum bandwidth in the signal path, prior to discrimination BW; ~ 3—2n T

— The minimum LC,, product (5 nH short connection / 10 pF in PMT) already results in 1 GHz optimum

bandwidth.
— No point in designing current sensing circuits faster than 1 GHz, since only noise would be integrated,
worsening o;!
& @ i
14 June 2018 ICASIPM @Aq 5"5993 SR



|. Introduction: current IACTs cameras

« Even some CTA telescopes will still be based on PMTs

incoming photon photoelectric effect PE . electron multiplication chain
(generation of the primary electron) !

i - production of secondary electrons

NNANNN»

=> measurable electric signal

photomultiplier tube (PMT) - THE photodetector!
NO Si-based!

schematic view .
Focusing

Photocathode _electrode

Electron multiplier-dynodes

Photon
gy Photoelectron

Window

Secondary electrons

C. Casella, “Application of photosensors”, ICCUB- Technoweek, 2016.

& ICCUB 23
&)

Institute of Cosmos Sciences
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|. Introduction: current IACTs cameras

« Even some CTA telescopes will still be based on PMTs

 Amazing progress in last 10 years

— PMTs developped for CTA Peak PDE > 35 %

£
&)

22.04.2015 APPEC TF,
Razmik Mirzoyan:

Recent Progress on PMT and SiPM, where we are going to

ICASIPM - D.Gascon

14 June 2018
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l. Introduction: SIPM based IACTs cameras

e SiPM principle

-V

bias

Quench
resistor
/ N )
< — 6575 yr ~20 10 100 pm
GM-APD Q S Q (1x1) to (6x6) mm
nr cells ~ 100 to 15000 / mm?2
2Q

SiPM : array of micro-cells APD-like operated in G-mode connected to a common bias
through independent quenching resistors, all integrated within a sensor chip.
The output is the analogue sum of all cells

individual cell (i.e. one diode, APD-like)

- Vbias > Vbreakdown - when hit by 1(2,3...n) photon(s)

- Gain ~ 106 - 107 => full discharge

- Geiger regime (fully saturated) => Qcell = Ccell (Vbias - Vbreakdown)
- No analogue info at the single cell level ! overvoltage

C. Casella, “Application of photosensors”, ICCUB- Technoweek, 2016.

& ® g
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|. Introduction: SIPM based IACTs cameras

e What is crosstalk in a SIPM?

43

Correlated Noise
Optical Cross Talk

During the avalanche a large nr of photons are produced { O(1photon/105 charge carriers) |
=> Reach neighbours pixels and start a second avalanche

correlated noise
contribution added to the primary signal
stochastic process => contributes to ENF

¢ larger Vov => larger gain => higher P_XT
® smaller pixel size => higher P_XT

® XT ~ 30 - 40 % (w/o trenches)

e significant impact of trenches = optical separation

C. Casella, “Application of photosensors”, ICCUB- Technoweek, 2016.

& ICCUB 23
&)

Institute of Cosmos Sciences
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l. Introduction: SIPM requirements for IACTs

 High PDE > 40 %
— A higher PDE results in a higher reconstruction rate of Cherenkov
photons and decreases the energy threshold

e Low crosstalk
— Crosstalk degrades the single photon charge resolution

e Trade-off between PDE and crosstalk

30

45

40+

35F

301

-
‘—-
-
-

PDE [%]

-
'—‘
-
-
-

25 C - _-.
C -3 Excelitas C30742 6x6mnt 50um
- Excelitas C30742 6x6mnt_75um
-@-Hamamatsu LCTS 3x3mnt 50um
—@- Hamamatsu LCT4 3x3mnt 50um
Hamamatsu LCT4 3x3mnt 75um

=®= Hamamatsu LCT5 3x3mnt 50um
-®- Hamamatsu LCT4 3x3mnT 50um
Excelitas C30742 6x6mnf 75um

20

Photo-Detection Efficiency [%]

15 5 — -8 Hamamatsu LCT4 3x3mni’ 100um -
== SensL MicroFC-SMTPA 3x3mm” 35um - SensL MicroFC-SMTPA 33mm 35um ]
c.. .y ey 1 L I-.-Hamamatsu $12642-0404PA-050 ]
350 400 450 500 550 600 20 30 40 50
Wavelength [nm] Crosstalk [%]
J. Biteau et alt. “Performance of Silicon Photomultipliers for the Dual-Mirror Medium-
Sized Telescopes of the Cherenkov Telescope Array”, ICRC2015
& |CCUB %5
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l. Introduction: SIPM based IACTs cameras

Reversed bias pn junction - Different regimes

Vbias :

Break | - enlarge depletion region
A ' - increase electric field
- secondary ionization

100000

Linear
mode

10000 ]

o -”-r-'-‘-'-'
1000
e
100 ]
10 17
1
0.1

0.01 h-_//

0001 —~—— [onization coefficients ——

Gain (log)

Geiger
mode

J. Haba, NIM A 595(2008) 154-160

B [em™]

Bias voltage Vao ot I I

PIN Diode 1 15 2 25 3 35

no bias Electric Field [10° Vicm)
- no gain AVALANCHE PHOTODIODE ( APD) GEIGER MODE AVAL ANCHE (G-APD)
- voltage -V >V _breakdown
- secondary ionization from electrons - secondary ionization from electrons and holes
- avalanche - “broken” junction , avalanche
- linear regime - Geiger regime, not linear anymore

SILICON PHOTOMULTIPLIER (SiPM) :
array of micro-cells operated in G-APD

4

C. Casella, “Application of photosensors”, ICCUB- Technoweek, 2016.

§)| #1CCUB *:=x
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l. Introduction: SIPM based IACTs cameras

36

SiPM properties : Photon Counting

The output signal is ‘quantized’ and
proportional to the Nr of fired cells

Number
of ) Q1ce|l = Ccell Vo\r
detected 1 Geiger-mode
photons e / APD activated
2~=1 photoelectron—
5. 2 photoelectrons
gt lectrons+
’ T \\ Qtotal =N Qwell
Time

=

3 Geiger-mode
APDs activated

- 10000+ ;
S 1 pe
0 pe H
-1 ; SiPM
g 8000+
= 2 pe
E r
@ 50004
— [ 7]
2 £
[=2] 3 pe
=] S aooo/ :
Q 1
G i
5 4 pe
i 2000- P
-
- }.
@ J }l |
. 0._“_1\._.! L ._1 \/‘x_.-n.._..
= o 200 =00 400
Channel

C. Casella, “Application of photosensors”, ICCUB- Technoweek, 2016. W & ICCUB @ noriewen
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Basic pulse shapes

e Short pulse : Q=16 fC, Cd=100 pF, L=0-10 nH, RL=5-50 Q
s—Smaller signals with SiPM (large Cd) — mVV/p.e.

e Sensitivity to parasitic inductance

e Choice of RL : decay time, stability

e Convolve with current shape... (here delta impulse)

CfIOO pF C=100 pF
o =10 nH | =10 nH
Jr QICq MRS R=50 Q) S R=5 Q)

[ 1z 402ans | -33.23213uv TGTRE (R 7 agETAne | 17 FAETA

%-!f r\“\{'b \\u
C. De LaTaille, Photodet conference, 2012 E@ m-gm!gogym% e



SIPM modelization

e Modelization by Corsi et al [NIM A572 SiPM IRST,
2007] N = 625,
Vias = 35V

Rs - Rq (k€1)
o Var (V)

1 0 (iC) I
§Hq Cq C4 (fF) .13
| ] C., (fF) 4.95

C, (pF) 27.34

Lad
Lad WO

DO e
Ln b=l

Y

-
£
Z
L
I

lav [:J,) J- Cd -|- (N-1)Cd 0.025

T
—— Measured Single Pulse
R oL} Measured Single Pulses - averaged
i e == Simulated Pulse with an Ideal Amplifier
0.02 H ‘\‘ - Simulated Pulse with the finite Bandwidth Amplifier]
l . i
: i
= )
. Tag oy
V bias 0.015 Eif W)
)
= '
k= i W
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Fig. 2. Fitting of real data with the simulation results on the device model.
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G.Collazuol - IPRDOS 4/10/2008

(hundreds of kQ)

: junction capacitance

(few tens of fF)

: parasitic capacitance in parallel

to R, (few tens of fF, C, < C,)

+ SiPM ~ ideal current source

current source modeling the
total charge delivered by a cell

during the avalanche Q=AV(C +C,)

: parasitic capacitance due to the routing

of Vbias to the cells {metal grid,
few tens of pF)

=o'y

F Electrical model of a SIPM
! e 5 .G:N‘h.fa'it___ ______ 2008

: quenching resistor

Collazuol

~
A
il
T L
=
I3

I

T T+ I

Iy il I

' L I

' i i

: I i I

1 IN-1 gl I

i I | : I

] _ == 4~ 1

' i Lg I

L i J_ 1 I

: 1 (N-1)Cy 1 i

=lC | I |

R T d 1 1! i

| L _ L I

________ EBE L"_-T-_-------“-l L

Firing Other Pfraf"islic

microcell microcells grid

capacitance

1) the peak of V,,, is independent of R,

A constant fraction Q,, of the charge Q delivered during
the avalanche is instantly collected on C,=C_+C_,.

2) The circuit has two time constants:
- =R G, (fast)

« 5 =R {CHC) (slow)

Decreasing R,, the time constant 1, decreases,

the current on R, increases and
the collection of Q is faster

F. Corsi, C. Mazzocca et al.

10



Collazuol
2010

_r SIPM equivalent circuit

Single cell model = (R ||C)+(R ||C) ____________
SiPM + load = (||Z_)||IC ., + Z

load

Signal = slow pulse (TdﬂriEe:I.Tq-slnwﬂfallil] a3
+ fast pulse (1, (rise). Vq-fast am)

* Ty irise) Rd{ Cq+cd]

I
® Ty tast tfall) — Pigad Cot (fast; parasitic spikF_:}I-‘W |
.Tq-EI-:uw {fall} = R-q [Cq+cd} {SIDW; CE” I'E'CGUEF}"] ________ I— D B e e e e e e e e R i
irin - Parasitic
F. Corsi, et al. NIMA 572(2007) ;icrgce” a:grmnllg “gri
capacitance

Pulse shape:

The two current components show
different behavior with Temperature

— fast component is independent of T
- because stray C_couple with external R __,

(no dependence on T) while R_ is strongly
dependenton T

10,80
FOR !
.“ TR

H.Otono, et al. 5 < (we used low light level, BW filters against
PDO7 Conference | noise and AC coupling — difficult to

-m 20wt MIdns A Ch1 “-TF.Gmy

A, disentangle the two components) e

G .Collazuol - IPRD10 10/6/2010



- PhotoDet 2012

G.Collazuol

_ Optimizing signal shape for timing

Collazuol
2012
Single cell model - (R,[IC)+(R|IC)  —ccccocooo-o _ T :

SiPM + load - (]1Z_))IIC. ., + Z

grid load

Signal = slow pulse (T, (.0 Tq siow ) +
+ fast pulse (r, i) g ifall])

'Td I:l'ise}NRd(Cq+Cd) | i
. s . AV

oT cu ey = Ry C., (fast; parasitic spike) _

.Tq-sluw [Fal]]-= Rq I:Cq+c,;|] (EIUW; CE” rECGVEWj ________ '| ------------- -
Firing Other F‘ilra_slim
microcell microcells grid

capacitance

—I

c T~ R, C, =
{f} Q ( q FAST 4 load d e :-:.'.r.m']l

Pulse shape i e @ R OIG

1i""Illlrnél:-: Q .C

— charge ratio St

.._G.ﬂaw Ca‘

515 C,= 10fF s
C=GC max .’f .--2 -HH‘- . : :
i peak height ratio —&&f~— ?_Eq'i I S S
...... \ e Viow CaCulRiag) (and Cq of course)

Increasing C_/C, or/and R /R __,
\ — spike enhancement
‘ ey Lagd 1 5ein? ' — better timing




ll. Slew-rate in current and voltage sensing

]

It

eak

=0.8i

Slope

L [Vis]

It

in peak

=0.8v

Slope

Current sensing

6 Rising edge Slope vs R

in’ Small / Small corner
i

10
24 X . . 22
C =01pF
22 in
C =05pF 2
in
2 b C =1pF
in
2nd order approx 18
18 [ ]underdamped response 2
Parallel resonance - 16
16 | =
x
]
g
14 L £ 14
12 | =]
o 12
Il
1L 2
o
o 1
08 |
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0.4 L L I 0.6
0 50 100 150 200 250
R L
108 Rising edge Slope vs R . Small / Small corner
35 X B 35
C =01pF
in
3 C =05pF
in
C_ =1pF
in
2nd ords
25 nd order approx 7 25
l:l Underdamped response 2,
Parallel resonance <‘
2 i ¥ 2
8
=3
£
15 // > 15
- @
o
1
g
1 4 o 1
n
9
0.5 05
0 L I I I 0
0 50 100 150 200 250 0

14 June 2018

X9l

in

08 L

104 Rising edge Slope vs R

. Small / Large corner

SR improves with small R;,:

aiin Qdet
at L * Cdet

e Specially true when entering in
underdamped region.

e Underdamping can be problematic
(multiple crossing in discrimination).

* Independent of R;, deep in
overdamping regime. Parallel
resonance enhances the SR.

L

X
T T
C =01pF
| in
It C =05pF q
I in
| C =1pF
| in
H 2nd order approx 5
| [ ] underdamped response
Parallel resonance i
| | | |
0 50 100 150 200 250
R I
. L
6 Rising edge Slope vs R n Small / Large corner
% 10
C =01pF
in
C =05pF
in
C =1pF
in
2nd order approx
l:l Underdamped response
Parallel resonance

I
50 100

I
150 200 250

SR improves with large R;;:

3vin

E

diin
in’ at

Qdet : Rin
L- Cdet

* Almost linear relationship between
SR and R;,.

» Parallel resonance can be exploited
for peak enhancement.

 Problem: reduced count-rate for
large R;,.

R Lo
ICASIPM

m Institute of Cosmos Sciences



l1l. FE circuits: NINO

 NINO: current mode, binary and quite generic

e Chip designed by CERN group for ALICE TOF RPCs but quite
used for SIPM read-out
— 8 channels amplifier and discriminator
— Common grid current conveyor, high speed differential discriminator
— High speed time measurement (10 ps),

:l/.:: :‘. r’-'_ \
— Pd =25 mW/ch, Manufactured in IBM 0.25 um 5 g2zt i,-g,,i_c
5 e oy e
cTTTTTTTTTT [ O : et g
| Vo | Ve - | e
. i N i o3
Lo 2 :
1 ——Cspap || ! Vour— ouTH I iz SRl ey
| | Loy | ST e e
! . 2y IR e
: ¥ ! i |i R Ein
i i i i B e
! R Input NMOS Lo ! serea EC BaE s
| || o ! 5Lk I N et
| M e - craigadilEs o s
: || T Loy | i S Wy
| S=nCsemo | it e . | i
A B | o
__sPM__ 1 preamplifier | | ampliir !

F. Anghinolfi, P. Jarron et al. NINO, NIM A, 2004, Vol. 533 page 183-187

@ & |ICCUB ?50

Institute of Cosmos Sciences
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l1l. FE circuits: NINO

 NINO: current mode, binary and quite generic

« Binary: usually connected to TDC for Time-Over-Threshold (ToT) energy
— Simple discriminator: ToT is not linear

« Differential connection to the SiPM

SiPM Vilas
R Input stage output t
i >
100nF
Blioas
Cathode
L/
Out1-(t) l
SiPbd Filosr
Out+(t)
Time walk Non linear function
™ DHscriminabar andl B | o
Diffaranlial curmant moda
L/ | Fhar pibitie of the charge
ﬁmn$ .
Output of Nino t

F. Anghinolfi, P. Jarron et al. NINO, NIM A, 2004, Vol. 533 page 183-187

@ & |ICCUB ?50

Institute of Cosmos Sciences
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l1l. FE circuits: NINO

e Classical ToT is
non-linear

e It has an impact on
energy resolution

— Calibration is
possible

— But not perfect...

Counts

AMPLITUDE

TIME WIDTH (a.u.)

TIME

i

Threshold Level = 1%

77 10%

Qfrita, NIMA 648,$24-27, 2011 -

'ToT1.datl’
‘ToT2.dat——~
_——--""""ToT3dat ------
ToT4.dat =wmrmr
_ToT5dat’ ———

" 20% =
7 40% N

-

4000

3500

3000

2500

2000

1500

1000

500

: b
| S80%
: i P
! g s
0 I RN N A N N MR Vo N |
0 10 20 30 40 50 60 70 80 90 100 110
d
HEIGHT (a.u.)
a(l——
-3
T T T T T T 1600 T T T T T T T
'03~20RT1.txt’ ToT_graph0421_2dtot.dat’
4 1400 .
Non linear 41 1200} Linear ToT =
ToT 4 o0 §
2
1 3 800 -
O
7 600 -1
7 a00 [ :
7] 200 |- -
] 1 1 L ! I : | : : : |
0 "
100 200 500 400 500 00 200 860 100 150 200 250 300 350 400 450

Channel

Orita, NIMA 648, S24-27, @) & I1CCUB 9

=7

Clock Counts
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l1l. FE circuits: CITIROC

 CITIROC: voltage mode, analogue and for CTA SSTs ASTRI camera
« Part of Omega/Weeroc family: CITIROC, PETIROC, PETIROC2, TRIROC, etc

- General ASIC )
Channel 31 )
- 32 channel, charge and trigger outting el o o Crarge messremen
- 6.26mWI/Ch. Power pulsed TF | - e e
- Front-end F e " i N >+
- Trigger e
- Fast shaper connected to either L e - i o
low or high gain preamp = [>TT
- Two discriminator : one for timing, )
one for event validation on energy [ Wi
- Energy measurement — i J:;L;sg;,,d >
- 2 voltage preamplifier (10x gain w
difference) followed by shaper
- Analogue memory : track and hold U I—‘—M— ) S
or peak detector —_— p——
- Analogue multiplexer il I BN J 1?2’
- Eggl;l gg time between 12.5 and N omor | —_’ p .

- Valid only for SSTs
y https://www.weeroc.com/fr/products/citiroc-la

% Qs
14 June 2018 ICASIPM - D.Gascon @ ,ﬁu!&ggﬂ N



l1l. FE circuits: CITIROC

Osvaldo Catalano— 3rd SiPM Advanced Workshop- Palermo 26-28 May 2015

1

SAMPLING & HOLD Vs. PEAKDETECTION

ADC Unit

2200

INAF INTELLECTUAL PROPERTY

2000 -

1800 4

1600

s ..‘m.‘n::::tu.m.m-m

= T

Sampling with 2.5 ns step

10

20 30 40

Xx25ns

50

60

Same pulse measured in SCA and PD mode as a function of delayed HOLD

https://www.weeroc.com/fr/products/citiroc-la

| -D. S

Institute of Cosmos Sciences
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i Q000

Channel 31

[Y-TW#Y]  cmrocscremaricoiacram |G
%‘ﬁ

8Ok input DWC

L

Preamp

High

b?Oul'/l ; ;ossa

Co R, Co
—
IN T Roz
n"‘JI

0.7re

=
2r

12r

T = Rp1Cpy= R|Cy = Rp2Cp2

C
——
L

0 R,
3[ T°

ouT
/

AN

12r
<

T= RQCD— R;C;

e

71

Channel 0

Mk LG Charge measurement
O_Y
a _I } Low aan analog buffer
| muit plexad output
_v e =
o f—

LI

r ‘ ‘ Trigger
 — l\ — dot:;::ate
- | P oy -
4-be DAC -I// L""r;em
outpn

4-ht DAC

32 digital buffers

Y

| . | ‘ Temperature
Bandoa Senucr

Oual DAL

Common to the 32 channels

10-ba DAC

10-ba DAC

digeal buffer

o

1y

-

Osvaldo Catalano— 3rd SiPM Advanced Workshop- Palermo 26-28 May 2015

14 June 2018

ICASIPM - D.Gascon
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Ill. FE circuits: MUSIC: Multipurpose SiPM RO chip

« MUSIC 8 ch ASIC integrates all those functionalities

| Individual channel
| amplification with adjustable
pole-zero cancellation

Power Down . . .
(discriminated)
PZ Shaper - 8
SE Driver -~ Outchi

SiPM
chi Th

_ |— PZ Shaper + Hm\ FaSt OR
Discriminator I/

OR
Trigger

Current for slow
integration

(HG)

Current

itk s St Sl Switeh L (HG, LG)
| 8
I ™ hI"i: I LLS) | curent .| | PZ Shaper B (HG, LG)
I X Xno  Xn,  Xne  Xng | Switch *,8 \Diﬁ Dr@ SUM
+

I .
| Current mode input stage for I - Diff output
L SiPM anode readout | —

Gain control
Anode voltage control
Sensor switch off

& L4
14 June 2018 ICASIPM - D.Gascon @ % 1CCUB ?:c
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Ill. FE circuits: MUSIC: Multipurpose SiPM RO chip

e Output for a LCT4 HPKK MPPC ( 3x3 mm?)

— Picosecond laser
— Pole-zero cancellation
— Single Photon Time Resolution about 100 ps (@ 5V OV)

1200 SPTR of MUSIC-RED with LCT4 for threshold 392 and V = 57.0

— LCT4 MUSIC-RED Single Photon FWHM: 268.3 ps
1000 1 photon

7~ Laser trigger signal
: 600nm, 50 ps FWHM

0 5 10 15 20 25 30
Delay (ns)

‘ — LCT4_MUSIC-RED SPTR: 119.9 ps

0 N . N
45 50 55 60 65 70 75 8.0

Delay (ns)
14 June 2018 ICASIPM - D.Gascon



lll. FE circuits: MUSIC: Multipurpose SIPM RO

chip

e Studying the possibility to develop a beam loss monitoring
system based on scintillating fibers
— Collaboration with Alba synchrotron General idea:
— Fiber along the beam pipe or in selected regions
— Losses are detected by a rate increase

— With timing information, additional postion information
= Preliminary results: 20 cm resolution for a 2 m fiber of 1 mm diameter

1800

1600

1400
1200

21000

c

3

S 800
600
400
200

-20 -15 -10 -5 1] 5 10 15 20 25
Delay Time (ns)

14 June 2018 Thanks to C. Joram (CERN) for providing SciFibers LA & |ICCUB ?50

Institute of Cosmos Sciences



I\VV. ASICs for PET: PETIROC

Channel 31

« PETIROC2:

- Time<0> Qutputs
Channel 0 — Umw Timete o — Voltage mode,
A Positive or - converter | e i
n?gati“’e l\ Time measurement ADC ramp - Conflgurable analogue’
input binary or digital
= S&H + Wilkinson ADC

e :[> — For medical imaging (PET)

Data_out

—
IH |—|—~/w~—
\
Digital

HH

oAC —| Charges> — Versatile: analog or digital

Charge<31>

Charge measurement

= But shaping time > 10 ns
| ke ~ — Max ev. rate is 40 KHz in

Vth| charge ..
digital mode
— Power:
Temp 10-hit

Bandgap sensor DAC @ D—:} OR32_charge

8-bit delay box for hold | D_é’azt”gger outputs
ADCramp eneration 3 N\

g _:,)_OR} > ors: _time https://lwww.weeroc.com/fr/
Common to the 32 channels ' products/petiroc-2a

Detector Read-Out SiPM, SiPM array
Number of Channels 32
Signal Polarity Positive or Negative
Sensitivity Trigger on first photo-electron
Timing Resolution ~ 35 ps FWHM in analogue mode (2pe injected) - ~ 100 ps FWHM with internal TDC
Dynamic Range 3000 photo-electrons (108 SIPM gain), Integral Non Linearity: 1% up to 2500 ph-e
Packaging & Dimension TQFP208 — TFBGA353

& @ mmen
14 June 2018 ICASIPM - D.Gascon @ & |ICCUB i
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I\VV. ASICs for PET: TOFPET

« TOFPET2: current mode, digital (linear
ToT) and for medical imaging (PET)
— Power: 8 mWi/ch
— Max rate 200 KHz/ch

« Pre-amplifier: low input impedance
current conveyor

- Two post-amplifiers (TIA) for time and
energy measurements

« Three leading edge discriminators; = .| oc i1

— Very low threshold (1-5 p.e.) for optimum PET vth.T1
time resolution . 4| delay ]—-
— multi-level event rejection
Time to Amplitude Converter (TAC) \ confr!

logic
- Charge Integrator (Cl) I\\ R
— configurable integration windows Pra \y h
vth_E /

— linear amplitude measurement

— TAC and Charge Integrator are quad-buffered i 1

buffer (x4}

ADC (x1)

No dead-time due to Poisson fluctuations

3
-1
[]

rator [ |
uffer (z4)

=)

* Two 10-bit ADCs per channel
» Time and amplitude measurements

» Optionally: Time-over-Threshold

J. Varela, “New results with TOFPET2”, FAST, Ljubljana, Jan 2018

@v & ICCUB ?:

Institute of Cosmos Sciences

14 June 2018 ICASIPM - D.Gascon



I\VV. ASICs for PET: STIC

STIC: current mode, digital (linear ToT) and for medical imaging (PET)

STiC 2.1
[on test PCB]

Features:

STiC 2.1: 16 channels
STIC 3.0: 64 channels

r— Differential and

1 :ﬁnmuuu ‘}mi |m[|'|'.| : single-ended readout ...
n ; Integrated TDC [zITI, Fischer et al]
and digital data processing ...

Timing and ToT-based

linearized energy measurement ...
[SPTR:180 ps; MPPC $10362-11-100]

STIC 3.0 |8 g “"'55*%?’-"”’

[Chip layout] |H

SIPM bias tuning ...

[Tuning range: ~ 500 mV]

Serial interface for data
transmission and configuration ...

STiC — a mixed mode silicon photomultiplier readout ASIC for time-of-flight applications
T. Harion et alt., 2014 JINST 9 C02003

& ® g
14 June 2018 ICASIPM - D.Gascon @ ,ﬁu!&gydm% N



V. ASICs for PET: FlexToT: linearized ToT RO chip

o Joint project with CIEMAT to develop a time-over-
threshold ASIC for SIPM based PET
— ICCUB: expertise on electronics and microelectronics design
for detector FE

— CIEMAT: expertise on PET and medical imaging
iInstrumentation

FlexToT

16 channel
SiGe BiCMOS 0.35um

Aaustriamicrosystem
10 mm?
3.3V (10 mW/ch)
QFN 64

vetigacones

MO e Mot " Institute of Cosmos Sciences

EJK oz e, Cemet] 69 1CCUB 25

14 June 2018 ICASIPM - D.Gascon



V. ASICs for PET: FlexToT: linearized ToT RO chip

e Spectroscopy with linear ToT

Sources spectra

800

Comy 173 =1491
COsigma 173 =95
Copy 3% =1717

500 ) CO gigna 132 =6.4 |
g A
2 : Napy, ®1! =53.6
g 400 Nagigma =67 i
o
300 + |
Cs %2 =759
200 F Cs signia 82 = i
Na,, 1275 = 166.
100 + Naggina 1275 — 35 |
0 J-\"_‘&\.
0 50 100 150 200
au
[ |
- :ﬁ:.s‘es*m wme, Clomatll &G ICCUB 95
Carero de Investigacanes. - y DEMAEZTU
14 June 2018 lCASIPM i DGascon . (i w"":a o Institute of Cosmos Sciences




Outlook

Introduction
. SIPM model
Il. FE circuits
V. Digitization
V. System-On-Chip (SoC)
VI. Emerging technologies

& Qi
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lll. Digitization: basic options

1) “Classical” signal processing chain Discrimination e

Filter TH

— Requires complex analogue processing —
— Not so flexible

—  Optimal in power for specific app. Preamp
Detector

2) Digital signal processing Messurement
— Waveform sampling and digital signal processing

Timing Disgri

TH

Timing
Filter

Charge

(Peak Det,

Charge S/H,..)

Filter

— ldeally one should sample at fs > 2 x signal BW (x5)
1.0 4o ppypy } et e H+
0.9-———+— ; === sm=
0.8 f SESSs! :::,S ]
0.7 = = } ,/,'#::..::::: =
0.6- D j4EB-ZogdnsEEsSesEs =
2 os Pl g A
£ oa ) = Detector
E— == I ;f'.: JESST IS ESSE
< 03 = Tc| e EESEsE = E==E
02—+ | ”’:::i;;?“i;; = _
0l sttt o 0ot
covesesel L1 | Vel g0
oremE et T, e E. Delagnes, “Precise Pulse Timing based on Ultra-
0.2- ' AR R . Fast Waveform Digitizers”, IEEE NSS 2011
0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Time (ps)

14 June 2018

& ICCUB 23
&)

Institute of Cosmos Sciences
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lll. Digitization: waveform sampling

 Very demanding sampling specs for IACTs

— Dynamic range of about 12 bits (with several gains)
— Analog BW> 300 MHz requires 1-2 GS/s

. Power consumption and ADC cost !

=  Alternative: FlashCAM digitizes at much lower speed and tries to extract
signal parameters by signal processing
o) But NSB will be there anyway, so energy threshold will be degraded...

* Many projects have been using Switch Capacitor Arrays
(SCAS) to perform analog sam=t==

Counter
Clock -

Delay L € Coarse timing

(option)  |f o e e e o e e i e

Delay line

Stop or Copy

Input %'gnal
Threshold

Waveform capture

e = Fine timing

>

/

No more critical
For timing Critical path /
for time

measurement
E. Delagnes, “Precise Pulse Timing based on Ultra-Fast Waveform Digitizers”, IEEE NSS 2011

& ICCUB 93
=

Institute of Cosmos Sciences

Analog memory | lADC
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lll. Digitization: waveform sampling

« SCAs sample the signal which is digitized at a lower speed

== Switched Capacitor Array (Analog Memory)

0.2-2 ns 10-100 mW
— Inverter “Domino” ring chain ’\\

IN | I I I I
— — —— — — — —— — Waveform
T_ _“_ _“_ _“_ _“_stored
Out
L FADC
C|0Ck O— Shift Register 33 MHz
“Time stretcher”
GHz —» MHz
o
f S. Ritt £,

& ® g
14 June 2018 ICASIPM - D.Gascon @ ,ﬁu!&gydm% N



|. Digitization: waveform sampling

H. Frisch et al., Univ. Chicago

From an Orignal slide of S. Ritt

D. Breton IN2P3/LAL N=0aV:\;

E. Delagnes CEA/Saclay CTA MST-
& I NECTJAI‘-EIAI\/I

ae

DRS4
CTA LST

E. Delagnes, “Precise Pulse Timing based on Ultra-Fast Waveform Digitizers”, IEEE NSS 2011

[; #1CCUB

Institute of Cosmos Sciences
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l1l. Digitization: waveform sampling

SAMPIC " One Common 12-bit Gray
Wav/emvm TDC Synchro Timestamp Counter (FClk up to 160MHz) tor

Clock . .
o g Coarse Timestamping.

Sp— * One Common servo-controlled
Delay ctrl DLL: (from 1.6 to 10.2 GHz) used
for medium precision timing &

Discriminator

Trigger
Stop or copy

analog sampling

* 16 independent WI'DC channels

each with :
v'1 discriminator for self triggering

x16 channels _~"RAMP ADCs

v'Registers to store the timestamps

v 64-cell deep SCA analog memory

v One 11-bit ADC/ cell

p Teem(n+A)T, (Total : 64 x 16 = 1024 on-chip ADCs)

v f.ﬂiéi‘ .‘; (3 8 B B0 B 0 B} ;B 0 ;0 B0 ;0 § QB J}
st

ADC Timebase

Amplitude

gy

AN " One common 1.3 GHz oscillator +

I T counter used as timebase ftor all the
n n+l Sample NB
Wilkinson A to D converters.

Global time = counter (~10ns) + DLL (~100ps) + waveform(~ps) [ERIGHTEOINEINIS IS
» SPI Link for Slow Control
Waveform is available for extraction of other parameters (Q, A) configuration

D. Breton, 4th FAST WG3/4/5 Meeting, Ljubljana, January7/8 2018

Institute of Cosmos Sciences

@ & |ICCUB ?50
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Digitization: waveform sampling

SAMPIC_V1 PERFORMANCES

Power consumption: 10mW /channel Power
®" 3dB bandwidth > 1 GHz distribution
® Discriminator nosse ~ 2 mV rms
" Counting rate > 2Mevts/s (tull chip, tull wavetorm),
up to > 10 Mevts/s with Region Of Interest (ROI) e e

w- DC transfer

= Wilkinson ADC works with internal 1.3 GHz clock Il function
» Dynamic range of 1V %:
> Gain dispersion between cells ~ 1% rms .
» Non linearity < 1.4 % peak to peak :
» After correction of each cell (Linear fit): R TR0
noise = 0.95 mV rms e E\ TDR /‘7 64 C{S/IS
" Time Ditterence Resolution (TDR): = m—
» Raw non-gaussian sampling time distribution due to ; - 3.5 ps rms
DLL non-unitormities (TTNL) oo T
» Ea sily calibrated & corrected (with our sinewave T 18 ps rms

crossing segments method [D. Breton&al, TWEPP 2009, p149 |)  °

2.523 2,537 2.550 2.563 2.576 2.590 2.603 ZE].% %2’9 2.643
Measured Time DIﬂErEI\DEl—i

D. Breton, 4th FAST WG3/4/5 Meeting, Ljubljana, January7/8 2018

?ifm’n
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I1I. Digitization: waveform sampling

« CHEC camera is an interesting example of compact readout

CTA Application for TARGET

DACQ board

32 x MAPM

Lid
eclplung 2,048 readout channels/
Telescope camera
interface
Liquid-cooled TARGET Module

plate _\
Baffles for air
flow =

Calibration
units

4 x TARGET ASIC
4 x thick ribbon cable
(allows curvature, but stiff enough to
retain PCBs).

4 x 16 ch preamplifier boards

CHEC design for CTA

Gary S. Varner, 2nd Adv SiPM Workshop, Geneva, 2014

& ICCUB 23
=

Institute of Cosmos Sciences
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I1I. Digitization: waveform sampling

Several iterations to have a functional chip: TARGETY

o
TARGET7 Specification Summary
SSTin Timing Generator Write/Read ADDR Decode
07 A 16384 samples/chan (16-32us trig latency)
el sampling Amay | :i’;fzer pmps Storsse Array serial 16 channels!TARGET ASIC
crannel 1 ] \ S Wilkinson ADC ﬂ;ﬁ ¥4 —-> 4  Trigger channels (indep. ThriWidth)
anne| indow
- HANEH j_' — : ~9-10 bits resolution (12-bits logging)
WRITE | IR 32 samples convert window (~32-64ns)
0.5-1 GSals
4 1 word (RAM) chan, sample readout
& <10 us to convert 512 samples (at once)
‘E ° S Windows >100 kHz sustained readout (multibuffer)
: ® =32samples : :
U | '
! Sampling Array 32x2 T Serial B 1
signal — Buffer Amps Storage Array — — | data out SAere i) - =l = TARGET
Channel 16 == Window 0 ilkinson — )
g [ . I Single Channel
T T WRITE el T | | + Sampling: 64 (2x 32)
- | LT sepm'at.v tt.":msf('r lanes
Serial Confin/DAC Serial readout Sequencer e mmfi“lf.ii.‘ifﬁfﬁ;f;;ng--a

= Storage: 64 x 256 (256 =8 %"

+ Wilkinson (32x1):
32 conv/channel

Gary S. Varner, 2nd Adv SiPM Workshop, Geneva, 2014
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Outlook

. Introduction

. SIPM model

Il. FE circuits

V. Digitization

V. System-On-Chip (SoC)
VI. Emerging technologies
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V. ASICs for PET:

PETA: current
mode, charge
(ADC) and time
(TDC), for PET

— Choice between
Differential FE (both
polarities, MRT
immune) and
Single Ended FE (low
Zin, DC bias
adjustment, no external
coupling parts)

— Readout rates >200
kHz per channel (in all
channels)

— Power consumption
~30mW / channel

ADC 'gain’ ADC 'resolution’ vs. conversion time
Inject rInjec:t1 Front-End Charge Integrator & ADC )
D——\ | o
F gain |-| >—| f=
=
I 8 ’_’ |
> (© ampi.
P, I =
10 %
— AC “'ﬂ &
Input | . Veer | @ T hit
i a @
L g Condition 'E <— Clear
L J | IE
SiPM 1 ( Discriminator )
-HV Z,~7Q Variable DC
bias @ input > 8 ’ time
(~0.8V, per ch.) |-
No more external \ J
components needed A 2 bl A= (I. Sacco)
P. Fischer, Heidelberg University, The PETA Chip Family FAST Workshop, FBK 2016
| @ & ICCUB 90
ICASIPM - DGascon A Institute of Cosmos Sciences B

14 June 2018

Single Ended Frontend

Alow poweir front-end architecture for SiPM readout with
integrated ADC and multiplexed readout, |. Sacco et al ,

UNIVERSITAT
HEIDELBERG




I\VV. ASICs for PET: BASIC64

BASIC64: current mode, digital (peak detector + ADC) and for PET
— Power: 10 mW/ch
— Max rate: 75 KHz/ch
— No TDC for timing
; » “fast” monostable

Py Rt gain comparator delay line

M“"'i‘-“l—_ stage ‘ | [5\

| clipping

circuit SRE — e Vo “slow”

“ow” , compar_ator "

DAC threshold = Rur ; D FAST-OR
SiPM bias adj. {[:MT
o Tl DAC
e i “high”
|[__’MC l threshold
H_;/L | to
laias analog MUX
SiPM peak
s detector
Veias
C. Marzocca et alt., "BASIC64: A new mixed-signal front-end ASIC for SiPM detectors,” NSS 2016
@ g
14 June 2018 ICASIPM - D.Gascon @ Iﬁutleg:g)slsjcielg o



V. ASICs for PET: FlexToT: linearized ToT RO chip

 Why FlexToT is flexible?

— Different scintillator time constants
— Trading-off resolution versus rate
— Accurate analog processing directly connected to FPGA
» TDCs and signal processing are in FPGA: reconfigurable !

Logic Unit

i

! 1

I
! Low Gain F " .

Serial

| Irst | _

I inlerlace
: I (12C, JTAG)
' ASIC
1 M1 M2 i
| | L

. —H Bias y
| Bias an L - Conlrol
I i ! 1| thresholds
| A | !
! I
| - |
| Energy I
I ! S .
i y TOC (slow) i Fn:zﬂ:' & position

: putation

1 Tre I
! I
1
1
p
1
1
|
|

ﬂ : FPGA

Trigger & timing

Enerpttices, Medoanburmies
TTTTT
TDC
{Fast)

& ICCUB 93
2

Institute of Cosmos Sciences

14 June 2018




V. ASICs for PET: FlexToT: linearized ToT RO chip

1600

4000

T

 No linear ToT may degrade .} o3-20RM.xt —— | sl ToT_graphos21 _zdordar —— |
resolution 2000 Non linear 4 v Linear ToT A
e Linear ToT is possible i ToT 1o 1
— Used in Medipix, Timepix, & 18 -

1500 H = 600

Dosepix ASICs family
— Also proposed for PET

1000 H 400 K

500 H

Orita, NIMA 648 [S24-27, 2 1
— Tuneable feedback current I, ™ L DT T L
(IFB) 0 100 200 300 Chi(:](r)]el 500 600 700 800 0 100 150 200 ézgkcojr?g 250 200 450
= Rate vs resolution
N High Gain Low Gain
Q/C;:B ToT = i—ﬁ sATUFIQATloN
les e o
M3 F\Oé:/_
-(Ira/Crg)t Ml_:]’__'[: M2 ”“: Mlj’_{m
1 I
/hz FB
....... o=
n | 1
: H Common base
: (gate) stage with Energy +
Tror | : current division n:1 47_ + _l:l— 7DC (slow)
/N The— -
! ! ! >+ -
> Tme | S
Thr

Institute of Cosmos Sciences



IV. ASICs for PET: HRFlexToT: linearized ToT RO chip  *

e Preliminary results
11000 2 1.00% 200%/ 1.00%/ 408.0z 100,02/ Auto

w Ea

/\Shaper Output

L
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IV. ASICs for PET: HRFlexToT: linearized ToT RO chip  *

e Preliminary results

w

T 00v/ anon T r00.0n Auto

/\ Shaper Output
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IV. ASICs for PET: HRFlexToT: linearized ToT RO chip *

e Preliminary results
T 100 2 1.00/ 200%/ 1.00%/ 408.05 10008/ Auto

w7 e

—/\ Shaper Output

18 May 2018 ICASIPM - D.Gascon @ ”IEClsJB



IVV. ASICs for PET. HRFlexToT: linearized ToT RO chip

e Preliminary result
— 3x3 mm? HPKK device (75 um) cell, 4 year old.

= Soon test with more recent devices

— SPTR of about 65 ps rms (150 ps FWHM)

sigma SPTR (ps)

18 May 2018

230

210

150

170

150

130

110

70

SPTR vs Thrs at diff V

i 50V
e 554
= 5T

6OV
—— 5EV

f
!

—+
t""""-‘ —
——

34 36 38 40
Threshold

42

X

44

Inverted logic: low code means high threshold

ICASIPM - D.Gascon
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V. HRFlexToT: Linearity analysis: Channel Uniformity

Peak Detector mode and Max Gain (G=3, RL=3)

Linear ToT and Linearity Error for Energy Response

20,00%
350 - 15,00%
300 - 10,00% Iy
— A
L, 250 - 500% &
I_ |
S
(o) 0 (W E]
= 200 - 0,00% ‘2
] =
© o—
i =
0 150 - -5,00% ®
— | (]
= ”," o £
} L —
100 |4 GAIN mean = 245,63 [ns/mA] 10,00% =
| GAIN sigma = 3,64 [ns/mA
50 J’- gma = 3,64 [ns/mA|] - -15,00%
i
0 - -20,00%
o 610203040506070809 1 11 1,2 13 14 15 1,6
Input peak current (mA)
—a&—Energy Ch 0 —>—Energy Ch 1 ——Energy Ch 2 —e—Energy Ch 3 —+—Energy Ch 4 ——Energy Ch 5
———Energy Ch 6 Energy Ch 7 —#—Energy Ch 8 —&—Energy Ch 9 —>—Energy Ch 10 —#=—Energy Ch 11
Energy Ch 12 Energy Ch 13 ——Energy Ch 14 —e—Energy Ch 15 —@—Error Energy Ch0 ——Error Energych1
—o—Error Energy Ch 2 Error Energy Ch 3 Error Energy Ch 4 Error Energy Ch 5 Error Energy Ch 6 Error Energy Ch 7
Error Energy Ch 8 Error Energy Ch 9 Error Energy Ch 10 Error Energy Ch 11 Error Energy Ch 12 Error Energy Ch 13

Error Energy Ch 14 Error Energy Ch 15

« Maximum current limited by injection system with amplifiers. & P
14 June 2018 Meeting @ & ICCUB ?#
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IVV. ASICs for fast timing: outlook

e In order to improve CTR we need to progress in

— Crystals: prompt light emission

— Sensors: SPTR
= In the the limit, the single SPAD SPTR: 20 ps FWHM ?

e A cost/power effective mixed-mode approach:
— Use small SiPMs
= Better SPTR

— Low power input stage
= Demonstrated with HRFlexToT chip
— Fast analog summation
= Demonstrated with MUSIC chip
— Multi threshold comparators
» Provides estimation of the time of arrival of several photons

— High performance TDCs and synchronization
= < 10 ps timing resolution demonstrated in 130 nm technology

18 May 2018 ICASIPM - D.Gascon @ & 1CCUB ?:
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