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Major trends W

* HL-LHC upgrade

— Require new ASICs + timing measurements (< 50ps) for event pileup
mitigation
* Better detector timing resolution for PET

— Intrinsic time resolution of SiPM is improving ( SPTR ~100ps range)
— CTR <100ps : increase sensitivity, dose reduction & direct 3D imaging (10ps)

 High channel integration & compact (4-side abutable SiPM, TSV)

— less space & low power budget for higher number of channels

e (ost effective

— Order of magnitude in number of channels, not in budget...



Institution & companies

Research Institutes & Universities

* Heidelberg, Germany

IN2P3, France
— Micrhau, Omega, LAL

* CEA IRFU, France

e CERN, Switzerland

* Bari, Italy

e FPACS, AGH, Krakow, Romania
e Hawaii, USA

e C(Chicago, USA

e PS| Switzerland

* Sherbrooke, canada

e |CC-UB, Spain

Companies

* |DEAS
* PetSys

e Weeroc

Not exhaustive list
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Waveform sampling & stretching time to get ps resolution



PAUL SCHERRER INSTITUT

a( - Waveform digitizers [S. Ritt]

FADCs

e 8bits-3GS/s-19W — 24 Gbits/s
e 10bits-3GS/s—3.6 W — 30 Gbits/s
e 12 bits-3.6 GS/s-3.9 W — 43.2 Gbits/s
e 14 bits-0.4 GS/s-2.5W — 5.6 Gbits/s
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PAUL SCHERRER INSTITUT

]

How is timing resolution affected?

today:

optimized SNR:

next generation:

voltage noise Au

timing uncertainty At

signal height U

Au U
At 4 .
Assumes zero
Au 1 N
= . aperture jitter
U \/3fs 'f3dB l
U AU fs S 3ap At
100 mV 1 mV 2 GSPS 300 MHz ~10 ps
1V 1 mV 2 GSPS 300 MHz 1 ps
1V 1 mV 10 GSPS 3 GHz 0.1 ps

Stefan Ritt
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Underlying technology

« Track and Hold (T/H)
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Recent ASIC : SAMPIC v3 W

THE NEW « WAVEFORM TDC » STRUCTURE

= The Waveform TDC: new concept based on our know-how and innovating
ideas
» Mix of DLL-based TDC and of analog-memory based Waveform Digitizer
» Time information is given by association of contributions:
- Coarse = Timestamp Gray Counter ( few ns step)
- Medium = DLL locked on the clock to define region of interest (100 ps minimum step)
- Fine = samples of the waveform (interpolation will give a precision of a few ps rms)
= Digitized waveform shape will give access to amplitude and charge
= Conversely to TDC, discriminator is used only for triggering, not for timing

Counter Coarse time

Clock 4= precision
Delay
Input gignal (option) \ o )
LN r— 16 bits in the chip
Discri * Delay hine Medium time  + 16 bits in the FPGA
Threshold -« .
T / D.|>. == -D.D precision
No more critical T o
: ! Fine time e
© Patented Jor timing Stop or Copy : recision arman | |
Structure ! / p — }7’/ ________
Critical path for timing Analog memory e I
T 41 |
1L 1)
T T T T
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Courtesy: Dominique Breton/Eric Delagnes & al = See talk by D. Breton : Fast electronics for TOF in Nuclear Physics



SAMPIC v3 Time Resolution W

TIME RESOLUTION

The new DLL has been re-worked for
improving the resolution for the lower
sampling frequencies

25 - - - -
= Delays made by a cable box => rise time o [ees| SRR on
degrades with delay ... 20 sazes
— 4 s —— e
i 45 | ~85GS/s //\/'"*‘/" T
= With external time-calibration : S // .
: s I "
= ATDRof~5psrmsif 42<Fs<85GS/s = N
* The TDR <10 ps rms for 3.2 GS/s £° ,::ft'tif-’f‘f'*“ St
= TDR <18 psrms for 1.6 GS/s o : . . N N .
“ ” With self calibration
= WITH self-calibration - P i 7 s DA
. . .. . c ~ 1 &1.2GS/s
= Limited jitter degradation (~20%) fis L 6.1 G8/s [—
= Permits fullintegration in compact . / NP : e
detection systems ... 5 Y N P 4
e eetul L oy ‘.,\_1‘ == —p

lime Difference (ns)

Courtesy: Dominique Breton/Eric Delagnes & al = See talk by D. Breton : Fast electronics for TOF in Nuclear Physics



Example of ASIC in development (Univ of Hawaii)

sampling pulse gencration, clock divider (differential) RFpiX 1 A S IC
i Design Status

DLL

Key Desigh components
verified

input transmission line (layer 8)

sampling armay CHI

Work still needed on the
wires from sampling cell W storage cell digital controlladdress
decoding

storage array CHI

Pushing towards fs resolution

space for storage arvay timing and control

Parameter Desired value Simulated value
storage array CH2 Sampling period 50 ps @20 GS/s 50 ps @20 GS/s
’ Analog bandwidth # ~3GHz ~ 3.56 GHz
Input referred noise P < 0.5 mVpars ~ 1.05 mVpyrs
Added jitter per channel ~40 fs ~29 fs
ENOB ¢ > 10 ~ 0.6
Power consumption per channel ® 40 mA 41.71 mA

# The simulated value is the tracking bandwidth of the SCA.
b The simulated value does not take into account the input buffer.
¢ The simulated value does not take into account distortion. 28

Courtesy : Gary Varner 10




Waveform digitizer worldwide state of the art W

ASIC # chan Depth/chan Time Resolution [ps] Vendor  Size [nm]

LABRADOR 3 8 260 16 TSMC 250 2005
BLAB 1 65536 14 TSMC 250 2009
STURM2 8 4x8 <10 (3GHz ABW) TSMC 250 2010
DRS4 8 1024 ~1 (short baseline) IBM 250 2014
PSEC4 6 256 ~1 (short baseline) IBM 130 2014
RITC3 3 Continuous TBD IBM 1307 ---
PSEC5 4 32768 TBD TSMC 130 ---
DRS5 8/16? 128x32 TBD umcC 110 ---
SamPic 16 64 ~few [pic 0] AMS 180 [2014]
RFpix 128? TBD <= 100fs (target) TSMC 130°? -—-

Courtesy : Gary Varner 1]



MICROELECTRONICS CIRCUITS

Things you can use fo build a system based on detector readout

12



Readout ASIC (SiPM, Si Diode & LGAD) W/

NINO

PETA6

PETIROCZ

Trirocl
PARISROC?
TOFPET?2

STIC

MuTrig
Flextot/HRFlextot
ALTIROC

HGCROC

SKIROCZ2_CMS

CERN

ZITl Heidelberg
IN2P3/0mega-Weeroc
IN2P3/0mega-Weeroc
IN2P3/0mega

Petsys

KIP,Heidelberg
KIP,Heidelberg

ICC-UB

IN2P3/0mega, LAL,LPC,
SLAC...

IN2P3/0mega, LLR,
IRFU, Imperial, CERN....

IN2P3/0Omega, CERN...

36
32
64
16
64
64
32
32
25

32

64

Current
Current
Voltage
Current
Voltage
Current
Current
Current
Current

Current

Current

Current

Differential, ToT, ToF, 32 ch.
Integrator, ADC,TDC

ADC, TDC, 2 Trigger, ToF
ADC,TDC, 2 trigger

SoC for large PM area

ToT, TDC 25ps bin, ToF

ToT, 2 threshold, ToF
Differential TDC, 2 threshold
Differential TDC, 2 threshold
ToA, TOT

ADC, ToA, TOT

ADC, ToA, TOT
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acti Vv

Timing needs in particle physics W

e HL-LHC = time of arrival for events pileup mitigation
* Medical imaging (PET) = Single photo electron timing resolution & Coincidence Timing Resolution
« PN diode w =200um «  LGAD sensor w =50pm «  SiPM detector (10pe-)
*  Very short rise time : tr~10ps * rise time : tr~500ps * very short rise time : tr~10 ps
«  Relatively long «drift time» : «  Decay time» : td~700ps *  Short duration : td~100ps),
td~2ns
41 —sum — td=100 ps
0
1.2)(106' g «+ Primary e+ h | S 14
104 . = Gaine+h 24
KE
08 | detector 3 5 2 4
0.6 Sikon P dods w=20)m v 4 £ ¥ t = SPH curent 10 pe-) smuaton
' § i 49 360022.5F, Rquench=125K, Gan= 1M
04 3 3] BEL 3600x22.5fF (80
2 8+ pF), Gain=1M,
i PR 9 Rquench=125K,
0.2 | holes~ 1 04 Cquench=5fF,
004 - CL=10pF
' | | [ 0 T T T T T ! I N I O A
0 1 2 3 4 0002 04 06 08 nmeltgs] 12 01020 30 40 50 60 70 80 90 100 110 120 130 14 180 160 170 160 190 20
time (s) Time ps)

© Harmut Sadrozinski (Santa Cruz) “the beautiful risetime of the
detector is spoilt by the electronics”
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Timewalk and Jitter

\4'4

Time walk: the voltage value Vo is reached Jitter: the noise is summed to the
at different time for signal of different signal, causing amplitude variations
amplitudes N

— |: rzse17th :|
S lrus f

threshold

, s N ’r
o, g7 Lpropto
discriminator signal for A - 1/\/BW
discriminator signal for B dt —
f

Time walk effect Jitter effect

Due to the physics of signal formation Mostly due to electronic noise
2 2 2
O-tz — ( trise j + I: rzsel/thi| + T D Cbin\
\S/N S leus V12 )
: : TDC
m’ra \Tlme Walk \
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High Speed configuration W

* Open loop configurations : current conveyors, RF amplifiers
« Usually designed at transistor level MOS or SiGe

e Current conveyors

e Small Zin : current sensitive input
e Large Zout : current driven output
e Unity gain current conveyor

e E.g.: (super) common-base
configuration

e Low input impedance : Rin=1/gm
e Transimpedance : Rc
e Bandwitdth : 1/2nRcCu > 1 GHz

e RF amplifiers

e Large Zin : voltage sensitive input
e Large Zout : current driven output

e Current conversion with resistor Rg
e E.g. common-emitter configuration
e Transimpedance : -gmRcRs

e Bandwitdth : 1/2nRsCt

R,

148 __Cd

1717707
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NINO FOR PET

Application for TOF-PET

[P . Jarron, E. j‘\uffray, S.E. Brunner, M. Despeisse, E. Garutti, M. Goettlich, H. Hillemanns, P. Lecoq, T. Meyer, F. Powolny, W. Shen, H.C.

Schultz-
(TOF-PH

oulon, C. Williams - Time based readout of a silicon photomultiplier (SiPM) for Time Of Flight Positron EmissionTomography
) - 2009 IEEE Nuclear Science Symposium Conference Record, p. 1212 and NIM 617 (2010), p. 232

Difterential connection of NINO to SiPM
NINO followed by CERN 25 ps HPTDC

T SiPM Vblas

Input stage output

out1-(t) |

Out+(t)

REp
Out-
In_phus i
n1 TDC

Differential current mode  Discriminator
Fier amplifiee
Output of Nino
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NINO timing performances

2x2x3mm® LSO:Ce codoped 0.4%Ca

130
120 NINO threshold:
> 2000mV
110 . B 40mV
+--120mV
g 100 b
Y -
= 9 g Ny
(@) o S
* ‘ + . i - " 3 z ) ) ! b
80 R R S &
70 ., .
60
3 5 7 9 11 13
bias overvoltage [V]

Nemallapudi et al, "Single photon fime resolution of state of the art SiPMs" J. Instrum. 2016
Gundacker et al, "High-frequency SiPM readout advances measured coincidence time resolution limits in TOF-PET”, Phys. Med. Biol. 2019

(a)

SPTR FWHM (ps)

2x2x3mm® LSO:Ce codoped 0.4%Ca

130
120 SiPM overvoltage:
m7.5V
110 *12.5V
60
200 400 600 800 1000
NINO threshold voltage [mV]
(b)
210
NINO ASIC X RS
130 s My E
CHF-AMP e =
90 Po e aneseseves?®” 8')
FBK NUV-HD, 4x4mm?, 40pm @ 38V

50
0

0.2 0.4 0.6 0.8

leading edge threshold [SPAD amplitude]

(a)

210
NINO ASIC
170 f "X,_t‘ P KKy e, X ';5‘..?(
s e xxx ._.'," ol
1301 HF-AMP
20
HPK S13360, 3x3mm?, 50pym @ 62V
50 . - - .
0 0.2 0.4 0.6 0.8
leading edge threshold [SPAD amplitude]
(b)
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[ Inject Y[ Low Impedance ’ g Charge Integrator & ADC B

Front-End —_—

|\ égﬁ =3 a”) ke _’

§ — & )
A SiPM ( Discriminator )

Finite State Machine

* Input impedance < 10Q
« Adjustable input DC potential £ 0.4V
« Trim Threshold per channel

x4

LD— Thy
I—D— Thp _/-

\. J

HighRR Biweekly Seminar, |.Sacco - 22.02.2017 19




STiC : basic readout principle (Heidelberg, Wei Shen)

* 64-ch SiPM readout ASIC for ToF applications
« UMC 0.18um CMOS

* Time + (linearized) Energy based on TDCs
* Analog Frontend + TDC + Digital

* SiPM bias tuning (~500mV)

e jitter <20 ps

* Coincidence Resolution ~ 210ps FWHM

signal wave

e e e N e — — Energy Threshold

. __._ .+ == Timing Threshold

* Energy Resolution ~ 11% 1 ;vl T trigger
. : : w

e SiPM Dark Counts pile-up suppression edge processed by TDC

ﬂnalog Channel E-Trigger )

: + Iy Tl-_ e Event
SiPM Input IPput Stage _L> ETCET J_ Hit Logic TDC HGeneration]
7\ L J /\ I
\_ L ) FIFO
4 Memory
SPI DAC Configurations




Na?2 B* decay = coincidence with LSO 3.1x3.1x15 mm?3 +MPPC-510625-33-50

CTR CTR
x10° Entries 2517

@ 22 . - 2/ ndf 84.36 / 90

e - 140 Prob 0.6479

-— 2 — _

0 F Sl1keV C e . ) Constant 127 +3.2
1sF- Energy Spectrum 120 Timing Coin. Mean 1853 £19
16 il - Sigma 90.69 + 1.35
e ook FWHM
12— 80—

- ~
I= - | 214 ps
- - r
0.8— 60 B é b
0.6/ -
- 40—
" 1.27MeV .
02 % 20 :—
0 : 1 1 1 I 1 1 1 1 1 1 l 1 1 l 1 1 1 x103 : 5 . _ “.i “:._;‘ B X X i X § X
0 0.2 04 06 05 1 0" 800 600  -400  -200 0 200 400

ToT [TDC Bins] time[ps]

128 — ch frontend detector system : 2 STiCs wire-bonded on 2 MCMs then
BGA-soldered on 1 FEB, MPPCs connected by Flexprint, yield > 96%

R e ey e ";"'--
® X - . s,
- n . { oy b ; -
~, | ) ey b | ' [

Fleiprint




Petiroc 2

e 32 ch SiPM GHz readout ASIC, dual polarity, 100 fC-400 pC, 6 mW/ch W
e 32 trigger outputs and multiplexed data output

* Embedded 10 bit ADC and 20 ps TDC

* Dual threshold : first photons and energy M E GA
Microelectronics
Channel 31
Channel 0 — Time<0> Outputs
Vth time RS latch amplitude o
Positive or - converter / _U Time<i>
negative Time measurement ADC ramp
input | _
| 4(_3 Data_out
—AMA Q0
/IrJ" )]
8-bit
input —NV% - [\
I DAC + -i:- _lﬂ/ Charge<i>
= Charge measurement ADC ramp Charge<31>
i j—o Multiplexed_charge
] Vth| charge
Temp 10-bit
Bandgap sensor DAC @ {>—=> OR32_charge
ADC ramp 8-bit delay box for hold | {ﬁ—%az trigger outputs
generation @ {>_° x5 time
Common to the 32 channels :
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PETIROCZ timing performances

Ch20 Charge Readout

Count

Frr e

ADC Unit
Ch10 & CH20 Coincidence -
E 60— i i Entries 244
S F Mean ~0.4001
F StdDev 005933
SO
o=
. F Sigma :53.93ps
- FWHM : 127.27 ps
20[~
10f=
t L 1 = Il L 1
-1 -08 o

0.2 0.4
Time Difference (ns)
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127 ps- - 1%

600
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300
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NUV-HD 50un (HV :35/), 2x2c3mm LSO-Ce,Ca - Analog

MPPC $13360 3)50PE 3x3mn 50um (HV: 54V)

|
A
MPPC S13360 3DS0PE 3xdme S0um (HV: S7V)
A
v

MPPC 813360 3)50PE 3x3mes 50um (HV: +535V)

> »

MPPC $13060 3050PE Sx3mm 50um (HV: -53.5V)
MPPC $13360 3050PE Sx3mm 50um (HV: -56V)
NPPC $13360 3050PE S3mm S0um (HY: -58V)

NPFC 813360 3050PE Sx3awm 50um (HY: +57V)

3x3x20mm3 LSO

v b b by b b by by by v a Lya oy

oO

CTR ~127.3 ps FWHM (FBK NUV-HD & LSO:Ce,Ca 2x2x3 mm3)

Count

SPTR Energy Spectrum
histo = histo
o Entres 2084 5 pem——
[ Maan 2782008 1000 s
60 S1 Dev 1.067e-10 [ Mean 036
L Prob 0.0008059 L SxiDev 0.5550
L Constant 58472187 800—
o Moan 2761008 £0.8030-13 r
C Sgma  38430-11 +8.6720-13 [ [
40f 800
30~ !
E 400(
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F HM : 90.68 ps [
200 |
10 J
; Y r LA
N el b e X0 NPT ER RGO AW, WIS
%7 275 28 285 29 295 30 05 0 0.5 1 15 2
Delay (s) Bin

SPTR ~90.7 ps FWHM (FBK NUV TxImm2)

100 200 300 400

500

700 800 900 1000
Threshold

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

’;)*UUU [~ A MPPC 1350PE 1.3x1 3mm S0um (HV: -61V) [ MPPC 2080CS 3x3mm 50um (HV: -80V)
o - 0 NUV 3x3mm 40um (HV: -30V) . NUV 3x3mm 40um (HV: -34V)
~ - NUV 33mm 40um (HV: -35V) v NUV 1x1mm 40uem (HV: -29V)
o 900 \ 4 NUV 1x1mm 40um (HV: -34V) v NUV 1x1mm 40um (HV: -35V)
- - ¥ -Saries JDO 3xamen 35um Fast Output (HV: -32V) " -Saries J00 Bxamm 35um Fast Oulput (HV: +34V)
o — ¥ +Series JDO 3x3men 36um Fast Cutput (HV: +36V) % Serios J0O Bx3mm 36um Standard Cutput (HV: -32V)
[%p] - ¥ +Serios JOO 3x3me 36um Siandard Output (HV: +32V) ¥ Saros JCO 3x3mm 36um Standard Cuiput (HV: +34V)
800 }
600 —
-
500"
400 - s :
- o 2 A
300__ ........... 3X3“”“MPPC .....
200|—

90 ps 100
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[T S R R
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400
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23



TOFPET2 (Petsys Electronics)

*  Designed in standard CMOS 110 nm technology.

*  Signal amplification and discrimination for each of 64 independent P BAS

channels.

*  Separately configurable t1, 2 and energy thresholds for each channel.

*  Rejects dark counts without triggering, allowing to handle large dark cou
rates.

*  Configurable charge integration time up to one microsecond.

*  Quad-buffered TDCs and charge integrators for each channel.

*  The first branch is used for timing measurement.

*  The second branch can either be used for time-over-threshold (ToT) or
charge measurement with a Wilkinson ADC.

*  Dynamic range: 1500 pC.

e TDC time binning: 30 ps.

*  (Gain adjustment per channel in the charge branch: 1,1/2,1/4,1/8.

*  On-chip charge calibration pulse generator with 6-bit programmable
amplitude.

*  Main clock frequency: 160-200 MHz.

*  Configurable digital data output over 1, 2, or 4 LVDS data links at 2x the
main clock frequency and single data rate (SDR) or double data rate (DDR).

*  Max output data rate per ASIC: 3.2 Gb/s.

*  Maxevent rate per channel: 600 kevents, 80 bits per event.

*  Power dissipation per channel: 8.2 mW, for the recommended settings

2

TRIGGER_GENERATOR

Bugalho et al, "Experimental characterization of the TOFPETZ2 ASIC" JINST 14 P03029 2019
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TOFPETZ2 - Timing measurement W

300 — 250 F=
c 250 [— 000 |-
° - B
g 200 i
£F FWHM o FWHM
cg)_ C time resolution B time resolution
o PO 183 ps - 119 ps
§ F 100 |- HPK S14160-3050HS & LSO:Ce,Ca
@D 100 - B
50 [— 0=
:""J "l'\&“‘“‘ll'—’ll‘ :IIIJ.J_JIILIII[IIIIII
-1000  -500 0 500 1000 1000  -500 0 500 1000
Coincidence time difference [ps] Coincidence time difference [ps]
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2005—
- 190;—' " " o= e, o " L -
& isof-
£ wof-" . .
e E = " ., o= HPK S14160-3050HS
120 — -
1005'_ . 'Y *
BOE— |} ] - n
60—
| PR 1 1 | | | P
1 2 3 6 8

4 5
Overvoltage (V)

Bugalho et al, "Experimental characterization of the TOFPETZ2 ASIC" JINST 14 P03029 2019



HRFlexToT: linearized ToT RO chip

* A new version of the FlexToT has been recently developed.
— Alinear 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 . To be presented in
[ ]
o NSS-MIC 2019
HRFlexTol _ 1
Discriminator Time NoNLinear ToT 16 1 Timing
Pl Fast-OR
Th
180 nm CMOS j o7
Sync (2) Energy .
| HDR Energy |Energy NoNLinear ToT | Block 16, (3) Time + Energy 16 Out][i]
Linear ToT
SiPM
chi
" 16 \ AN 1 Low Level
Discriminator, .
Th— + L/ Trigger Fast-OR
-_——l-—-1-————" 16
: @ L I Cluster High
| ;‘J_':\ L‘: L‘:I L‘i : Th— + Level Trigger
Ixn  Xn_ Xn, X Xng | ®
: Current mode input stage for | ..
L _ _ _SiPManodereadout _ _ | ) F‘ 2 G EspARA oecuom
‘> COMPETITIVIOAD , <%
Gain control ® o
Anode voltage control B
B LS LR B 6 ICCUB 9;}::4);0}511&12 NN
. EZTU
18 May 201 8 Sense Expert Meetlng - DGascon Institute of Cosmos Sciences




Altirocl - 25 ps time resolution ASIC for ATLAS HGTD

W

| I ol AR :
o 7 Detector | o Y o\ L1 :
N A L
_ —— 1
| Preamp Discriminatoy I =Sk 7 bits 1
1 | . Bin 20 ps 0111011 |
1 + |
e . 1 . ’
- ; >\ : — SRAM || . Time measurement (TOA, TOT)
: “"—/ d : > — Hit Data
E TOE, TOTTDC | obis 7 bits
| MEGA IA > 1 Range 20 ns OTTT0TT01 I
| Microelectronics TOT | Bin 40 ps |
! |
|

ALTIROC1 FE integrates:
= A preamplifier followed by a discriminator: Time walk correction made with a Time over Threshold (TOT) architecture
= Two TDC (Time to Digital Converter) to provide digital Hit data =Time of Arrival (TOA) + Time Over Threshold (TOT)
measurement
v" TOA: range of 2.5 ns and a bin of 20 ps (7 bits)
v" TOT: range of 20 ns and a bin of 40 ps (9 bits)
= One Local memory (SRAM): to store the 17 bits of the time measurement (Hit data) until LO/L1 trigger (~ 1 MHz) => trigger

latency = 35 us SMU
Altiroc1 integrates a standalone phase shifter designed by SMU ~ ~&\

ATLAS HGTD - ALTIROC ASIC -TWEPP 2019
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Altirocl — Jitter measurement

180

160

140

120

Jitter (ps)

60

40

8

80 -

W

Measurements done with the internal TOA TDC

5fC, o= 36 ps 10fC, o =23 ps

. : + Board 1 Ch4 Vth<=1fC Cd 3.5 pF

4 Boardl Ch9 Vth <=1fC Cd 3.5 pF

0 1 2 3 4 55 6 7 8 9 lp 11 J12 13 14 15 16 17 18 13 20 21 22 23 24 25

Qinj (fC)

ATLAS HGTD - ALTIROC ASIC -TWEPP 2019
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AltirocO_v2 - Testbeam (2018)

W

* Time resolution of a 2x2 x1x1 mm2 LGAD array bump bonded on an AltirocO ASIC as a function of
the discri threshold (DAC Units) before (black points) and after TW correction (red points)

o, [ps]

100

90
80
70
60
50
40
30
20
10

= 30 % improvement after TW correction
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Conclusion W

*  Whatever FEE is used (SCA WS or single point read-out), microelectronics is now the
mainstream choice for large system design

* Strong push for high speed front-end > GHz
— Essential for timing measurements
— Several configurations to get GBW > 10 GHz
— Optimum use of SiGe bipolar transistors
* \oltage sensitive front-end
— Easiest : 50£ termination, many commercial amplifiers (mini circuit...)
— Beware of power dissipation
e Current sensitive front-end

— Potentially lower noise, lower input impedance
— Largest GBW product

* Inall cases, importance of reducing stray inductance

e Deep submicronic technology will allow disruptive results from FEE for both power and
fiming
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Readout configuration

 Charge preamp

« Capacitive feedback Cf

* Vout/lin = - 1/jwCf

e Perfect integrator : vout=-Q/Cf|

 Difficult to accomodate large
SiPM signals (200 pC)

« Lowest noise configuration

* Need Rf to empty Cf

v=-1/Cf [ i(tydt

W

Current preamp
Resistive feedback Rf
Vout/lin = - Rf

Keeps signal shape
Need Cf for stability
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Circular analog memories: basic principles

An analog memory can record waveforms at very high sampling rate (>>GS/s)
After trigger, they are digitized at a much lower rate with an ADC (~20 MHz)

Input Signal -‘/\I\

|
N
bl Bt
b e
Digital samapling signal

:

o

e
B pl Pl p
1L

7

4P

A write pulse is running along a folded delay line (DLL).
It drives the recording of signal into analog memory cells.
Sampling stops upon trigger. e~
Readout can target an area of interest, which can g
be only a subset of the whole channel

Dead time due to readout has to remain as small

as possible (<100ns / sample). N

Read offset

= Depth - Nd

\ Nfcell read
N
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Speis Switched Capacitor Array (Analog Memory)

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

N I
— = =7 Waveform
. . . . . . . . __ stored
Out
FADC
Clock O Shift Register 33 MHz

“Time stretcher” T-P_r"'_."d
GHz —» MHz
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Design constraint 1 i

Difficult to couple in Large BW (C is deadly)

RFamp ;.- inside ASIC
Zs| . Zs
ESOQ% - Cini VSlg :‘.Q Vin
L L Z7
o0 = 1/272C | L i =

Input Coupling versus total input Capacitance
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Design constraint 2

Want small storage C, but...

v

Weite Read :
1025 wells ‘L S Reae
D D—e— Vour

Ceiore = 78fF

store

1mV on 16fF is only
100e- !

Impact of Storage Cap size

For 1V useable input range

Storage Cap [fF]

——\Vms

Courtesy : Gary Varngy



Design constraint 3 W

Increase C or reduce conversion time << 1mV

| In‘o
Frequency of current drain in LAB3 cells €
- Mean 1973
c RMS 95 8%
S o .
E°F 500
T :
S1001- g“’?
o [ .
> ¥ =
i ‘xo:
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Sample channel-channel variation
~ fA = nA leakage (250nm = 130nm)
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NINO
\\'

Chip designed by CERN group for ALICE TOF RPCs

[ F. Anghinolfi, P. Jarron et al. NINO: an ultra-fast and low-power front-end amplifier/discriminator ASIC designed for the
multigap resistive plate chamber, NIM A, 2004, Vol. 533 page 183-187 ]

8 channels amplifier and discriminator
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