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Evolution of calorimetry

« 3D calorimetry : eta, phi, Energy
* 4D calorimetry : x,y,z,E

« 5D calorimetry : x,y,z,Et
— High granularity=> Millions of channels = > Low power !
« Power pulsing ~1% for ILC
» Low power + C02 cooling for HL-LHC
— Energy measurement : Large dynamic range
» MIP sensitivity => low noise (~0.1 fC)
» Up to thousands of MIPs (~10 pC)
— Timing information
* Nice addition for ILC for PID : few ns is enough
* Crucial for HL-LHC : pileup mitigation, need few tens of ps
— Embedded electronics vs data out
« Daisy chain and low power busses for ILC
* High speed e/optical links for HL-LHC
— Radiation levels
* Negligible at an ILC
« Daunting at HL-LHC : >100 Mrad 1F16N

« See talk by Eva Sicking and referred talks

x/mm
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« R&D on imaging calorimetry

y/mm

Particle Flow Algorithms |

Electronics crucial (low
noise, low power, fully
integrated)

Several innovative features
(power pulsing, SiPM...)

Validation of technological :
prototypes

Common R/O features
Worldwide collaboration
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SIW ECAL mega

« 25 mm?2 Si pads 300 pm thick © V. Boudry ECFA workshop Santander 2016

https://agenda.linearcollider.org/event/7014/contributions/34685/
« 4 wafers per ASU 18x18 cm g —x1\/
* Readout 16 SKIROC2 chips 64ch
* Chip on board or BGA package
« Daisy-chain readout
 MiIP/noise ~18

4 A 0 . p B 0
Layer2 200 vs 230 thr settings
by
3099- + {
g by | |
. ! ﬂl‘[' i
: 9 15 | il r ”¥T,I»§5;—1‘x.2.f“viwzx,‘
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SKIROC2 readout ASIC ! !mega

* 64-channel Silicon Kalorimeter Integrated Read-Out Chip
— Autotrigger @ ¥2 MIP = 2 fC
— Charge measurement 15 bits in two gains
— 16-deep Analog memory
— Low power 25uW/Ch with power pulsing
— Embedded readout (see SPIROC)
— SiGe 350 nm, produced in 2010

12 bit-TDC Ramp 12 bit-ADC Ramp
P HOLD READ
M ¥
iﬂenﬂﬁﬁ .
=1 pF o Pt
it HELia
A — 1
Slow Sh. G1 Y B S out_adc
Rf 1 ar 108 Ri=tk  Cl=45pl H X —
yed A - HOLD READ b_'
A : ¥ out_tdc
cf ‘ > L Time
/‘ﬂ/ e z Degith=15 J ssh_G1,
A00F_B00F. 1.6p. 3. 2pF o , out_ssfl_GT X ssh_G!U
: C2-30F vers
> i} / out_ssh_G10
' Slow shaper*s
! in_pa Slow Sh. G10 vy . .

PAC RML i HOLD RED
I | > )]
vref s lDeprh=15

LO0UL, 2O0E, 300F wr 4 DOLF
Z TDC on ?
(slow control)

AN
300K

Gain10 Fast Shaper

Sp.lip, 15p or 20nF

Auto Gain ?
- Forced Gain ?
;:1/( - sk, (slow control)
Ml ’f aEn -
h_trigger| /. L Sel FlagTDCh Ext 7
Forced FlagTDCb ?|
4-bit DAC (slow control)
adjustment .
out_trigger

X - FLAG_IDC
10-bit DAC | 10-bit DAC | (from Digital ASIC)

C. de La Taille Front-End elecectronics TIPP 2017 5



KPiX = System on a Chip* JiD -

KPiX is @ 1024 channel ASIC to bump bond to Si detectors,
optimized for the ILC (1 ms trains, 5 Hz rate):

Low noise dual range charge amplifier w/ 17 bit dynamic range.
Power modulation w/ average power <20 pyW/channel (ILC mode).

Up to 4 measurements during ILC train; each measurement is
amplitude and bunch number.

Digitization and readout during the inter-train period.
1l AL

Internal calibration system 2

Noise Floor: 0.15 fC (1 |
Ol e 0.15 fC (1000 & ) © J. Brau ECFA workshop Santander 2016
Peak Signal (AUtO'ranging) 10 pC https://agenda.linearcollider.org/event/7014/contributions/36893/

Trigger Threshold  Selectable (0.1 - 10 fC)

vvvvvvv

eeeeeeeeeeeeeeee

A
L] Amplifier Shaper o
3
One pixe ) ot e ot cane|
7 ) . &
Trigger  Time L %4
kakakaka Logggic Control Time & Digitization
2 rrrrrrrrrrrr Range Control
X Trigger Threshold Register Logic
10f4
i
Calibration Pulse
Generation Sy

ooooo

t

500 um
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)

Sensor Traces o D o

(

In present design,
metal 2 traces from
pixels to pad array run
over other pixels:
parasitic capacitances
cause crosstalk.

>

e

New scheme has
“same” metal 2 traces,
but a fixed potential
metal 1 trace shields
the signal traces from
the pixels.
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Issues (both) mega

* Noise, crosstalk, « square events » « monster events »
« Retriggering, digital noise
« Connectors and power supplies

signal
3000

2000
1000
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Scintillating tiles and SiPM
— Pioneered by DESY (EUDET/AIDA)

— Chip embedded in detector : [OW power !

« SPIROC : Silicon Photomultiplier Integrated |
Readout Chip

— Variant of skiroc

— 36 channels autotrigger 15bit readout

— Energy measurement : 15 bits in 2 gains

— Autotrigger down to %2 p.e. (80 fC)

— Time measurementto ~1 ns

— Power dissipation : 25uW/ch (power pulsed)

(0.36m)2 Tiles + SiPM + SPIROC (144ch)

SHINSHU
UNIVERSITY
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@%E:.C SPIROC : System On Chip

(wilkinson
ram p) \/

[ 0 ot 81— RAM
| "8
VaIDirhGray ,
ASIC ValDimGray 12 bits ' — \/
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ﬁCALjC SPIROC2 performance

SiPM SPECTRUM with Autotrigger
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el B,

CAu@S power pulsing studies mega

Calorimeter for ILC
o [o et

« 2.5 A switched at 5 Hz
e 150 ps settling time

Eﬂ || 1 || I 1 || Il || I[::h"jb‘lh 1 I
B : memcell 2 —— |-
. memcell § —— |
g | Ch10
R
o
c =
ﬂ I I. . I S‘ I< I ;T 0 Fd ' dr '\iD‘DA‘-bNDl(d‘If—fS—L
200 300 400 500 600 T 0| " switch-on detector | Standard i
amplitude [12bit-ADC tics] o add 4mF ——
: uoE —
-01 add 8mF — |+
Eﬂ | I | I ] | I || Ichi h1h T I-: % ]
B f memcell 6 —— <
|| | memcell § —— | Q 02
w0 : o
£ >
£ 30
&
o 03
=
_0_4I[lljlllll[lllllllll[[ll
0 0 1 2 3 4 5 6

amplitude [12bit-ADC tics]
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SDHCAL RPC calorimeter mega

320
310

EZ’)OO

290

(280

0,

260

250

240 )

Semi-digital Hadronic calorimeter (SDHCAL)

technological proto with up to 50 layers built in
2010-2011.

Scalable readout scheme successfully tested
10 fC threshold on 1 m? (1 fC with micromegas)

Complete system in TB with 460 000 channels,
AUTOTRIGGER mode and power pulsing (5%)

30 fC

T E X R
2z 3 22228
L
"
-
Tiny
&a
a
2
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L:—u%—r’*—»l@-._fr@—uﬂ_nmw—
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1 50 60

Channel numb¢ +~—— . : :
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CMS HGCAL Detector overview

« Stringent requirements for Front-End Electronics
— Low power (< 10 mW),
— low noise (< 2000 e-) MIP ~ 1-4 fC
— High radiation (200 Mrad, 10516 N)
— System on chip (digitization, processing...)
— High speed readout (5-10 Gb/s)
— ~ 10 million channels

Panel Motherboard

A
1.6mm
(8 layers)

1.6

Height 4.70 mm

~
Sensor — | 0.2
Substrate O = = = - ¥ > ¥ > S - .J‘ 03

Si Sensor
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HGCAL readout ASIC

Imperial College
London

HGROCVv1 features:
- 32 channels
- Dual polarity L1 decoding logic I rfu

{

Local R/W Control

- TOT with 2 variants:

N channels
- Low power @ Imperial : ‘
TOT |—p Fixed latency
- DLL @ OMEGA (CERN based) Manager |~ Data
L1 Buffer Data
- L Align zero
TOA (CEA) ADC —p| Buffer |~ > - T 6 readout ‘[X:
. @ 40 MHz manager
- 11-bit SAR ADC (OMEGA) — Align
o _ ™ Buffer [
- Simplified Trigger path R = = = e e e e e e e e ...
- Onlysum by 4 £
: — Trigger cells
- No O-suppress (4+4 log) Linearization ~_
- i TOT/ADC )
Data readout to be defined . _ B ey Trigger
. . . . - o Digital / Trigger
- SC with tr|pIe voting (Shlft COS’Z(I:I:ion » S —» 3 »Compression% readout
register like SK2-CMS) S (4or9) / TEELELT
0-suppress
- Many digital block with - /
simplified architecture
- Services PLL /DLL DAC 1 DAC 2 Slow Control / 12C Bandgap
Time measurement
- Bandgap from CERN e-links ToT threshold || ToA threshold ASIC parameters Voltage References

- PLLfrom CEA-IRFU

- 10b DAC from TV2
C. de LaTaille Front-End elecectronics TIPP 2017
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LSB

key issues to be studied :  ***°]
_ Noise 300.0;
— Resolution 25°'°§
— Stability 2201
— Linearity 190.0 4
— Accuracy 100.0
— Calibration 5°-°<f
— crosstalk 0.0 Sl
— Radiation O.;Dp c 29 40 gfc (k) . - 1
— Timing ~100 MIPS
— Systematic effects I
ADC 9
[ Charge ... 1,
100 fC (~30 (fC) Mt 0
MIP)

C. de La Taille Front-End elecectronics TIPP 2017
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CRaS, |
Z Testbeam setup(s) mega

« Boards with SKIROC2 used in 2016 [UCSB, FNAL,UM]
« Hexaboards with SK2_CMS in 2017 [CERN]

ADC counts in Layer8

Fermilab
i
1

| TP NI A

L L )
=10 -5 0 5 10 15 20 25 30 35
ADC-<ADC >
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Coherent and incoherent noise meqga

« A constant concern in calorimetry

— Coherent noise extracted by comparing direct and alternate sums on n channels
(n=64) : DS = Y ped[i] ; AS =5 (-1)' ped]i]
— Incoherent noise IN = rms(AS) / Vn

o
— Coherent noise : CN = /var(DS) — var(AS) I n S

& C

 Need to show that CN /IN ~ 10% can be obtained at system level gé

10’ ' ' ' DS, 0=84.6 14 H@“

AS, 7=56.6 -l

08 (—)

2

— &)

T 0.6 M

d 5 —

- = 04 ©
3 C
0 et

2 02
O
o
0OF
-0.2 : : : :
0 50 100 150 200 250
400 200 0 200 400 Time (ns)

ADC code (LSB)
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Time of arrival (ToA)

TOA measured with internal TDC and corrected for time walk
Constant term = 50 ps

Noise term = 10 ns / Q(fC) (~4 ns/Q expected)
What can be obtained at system level ?

Error or jitter (ps)

300 |

250 |

o]
o
o

150 }

100 }

30

1072 103
Charge magnitude (fC)

C. de La Taille Front-End elecectronics TIPP 2017

—Jitter (25 C)
—Error (25 C)
—Error (20 C)

2]
=2l
2
©
O
s
i
v
o
£
H

@& London

© J. Borg ICL #*
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Timing at High-Luminosity LHC me

* Pileup mitigation with fine time information (~25 ps)

z

Luminous region

© G. tully CERN seminar on timing
/https://indico.cern.ch/event/633341/

C. de La Taille Front-End elecectronics TIPP 2017
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https://indico.cern.ch/event/633341/

« CMS HGCAL testhbeam measurements
e Jitter:j~1ns/S/N
— But S and N depend on BW...

— Parts come from detector and from electronic

o(tt,)/\2 [ns]

10"

1072

Sipad1 V8 Sisags

e 50 GeV4X,

b
L)
~
‘!
L)

!\
‘\
TR e Si 285 um: toy pulse simulation
e e mesmmmmmmmeeeemmmmm e ———— A === m s rsmr s s E s rEEEEssrEETEEsssrsEEEsssrsEsEssscsssssssscssssssss
“

U(t 1't2) _ L ®
V2. 7 V2ex

——&—— Si 133 um: A=1.00+0.01,C=0.009:+0.001
------------- Si 133 pum: toy pulse simulation
——&—— Si211 pm: A=1.06+0.02,C=0.008+0.001

--- Si 211 um: toy pulse simulation

Cc

—a—— 5i285 um: A=1.11:0.02,C=0.010-+0.001

10 102
SIN,;,
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e
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n
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w

© M. Mannelli et al. ACES 2016
https://indico.cern.ch/event/468486
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Time walk and Time |itter meqa

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

O'TWt _ |:tr|sev :|
S RMS

threshold

' o’ = N
t
. dv
discriminator signal for A
discriminator signal for B dt
4
Time walk effect Jitter effect

Due to the physj signal formation Mostly due to electronic noise

O ° 1 trlseV i 4 TDCbin
| S Jrws NV —
Jitter _-I:Ln'(e Walk ~ ®N. Cartiglia Trento workshop 2016 TDC

https://indico.cern.ch/event/485239/overview/ 22




Timing optimization : common view mega

e Jitter due to electronics noise: o =——

« also presented as j=tr/(S/N)
« dV/dt prop to BW, N prop to ¥ BW => jitter prop to 1/\BW

= « the faster the amplifier the better the jitter ? »

— « High speed preamps need to be low impedance (50 Q
or less) »

NB : tr=t590 = 2.2 tau.
faqg = L/21TtaU = 0. 35/ t15.99
f-3dB - 1 GHZ <-> tlo_go% — 300 pS
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Signal : detector current mega

« PN diode w =200um « SIiPM detector (10pe-)
* Very short rise time : tr~10ps « very shortrise time : tr~10 ps
* Relatively long «drift time» : « Short duration : td~100ps),
td~2ns
. td=100 ps
. | Sil 07 PS,
1.210° = 14
1.0— )
3-
2 0.8 | detector 2 ]
> Silicon Pin diode w=200um £t e SPM curtent 10 - simulation
g 0.6 E 6 3600x22.56F, Rquench=125K Gain=1M
R 3600x22.5fF (80 pF),
044 4§ Gain=1M,
94 Rquench=125K,
0.2 - | holes ~ e Cquench=5fF,
o CL=10pF
0.0 - i I T T T T T T T T T T T T T T T T T T T T 171711
1 ) . o D10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
0 ’ 5x10 Time (s)
time (s)

© Harmut Sadrozinski (Santa Cruz) “the beautiful risetime of the
detector is spoilt by the electronics”
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voltage vs current sensitive mega

« Example : 10 fC -1 ns Vin Vout
signal from 1-10-100 pF I>*
sensors into 50 Q (current) Iin (F Ca= §R” ,

or 50k (voltage) preamp T

w ulth—tt

100

R e,

] omv Lmv % I

100 pVvV

12-P f
"'-h-.._,_________—__-
i
_-q_\"-h——_____
N
12-P /N

4 / 4 40
1] C=1pF | C=10 pF C=100 pF
q T . -
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Examples of pulse shapes mega

« SIiPM pulse : Q=160 fC, C4=100 pF, L=0-10 nH, Rg=5-50 Q

« Sensitivity to parasitic inductance :LL_lo nH
- Choice of R¢ : decay time, stability (100
__Cd RL

« Convolve with current shape... (here delta) 10-300 pF<> 5-50 Ohm

« Small Rg not necessarily the fastest ! T % _
in

Q/Cd _ : . : . 75 10.0

[T13 4029ns | -33.23219u TG ) T OEGTAne | 17 2AEGAN time (ns)
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Detector impedance and input voltage

1 GHz, Cd=few tens of pF, input signal width <1ns

. Vin Vout
« Cd>1 pF, Zs@1GHz dominated by Cd
* Rise time: tr= td when td<< R4 C, and tr= Rq C, I
n Ca=+ Rs
when td>> Rq C, . He— 7
1 ==
width=td — = =

- - 10% g
difficult to beat _ ;
. 107 3
the capacitance : 1GHz |
10% 3
Vin( if ta<< CaRs 108 4 T r
_10% 3 = Bty oty 5
= ] = :
td = ] 10 pF ———__ i
10° § Ty -H-"'“‘m
z e |

. 102 4 50Q K‘“\EH

max= (Q/Ca Charge sensitive 3 : :

10" 3
Vin(t) if ta >> CaRs 10° 4
CaRs 10 107 . 108 10 10"
max= Rs.I Current sensitive req e
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High speed amplifiers me
* Response to very short pulse
 Broadband v Zs
— Zin=Rs (50 Ohm) +G,,. Vout
— Vin = Q/Cin L Zs 1 7
Q[N ? _
= Vour= —GRp - =
V4
« Transimpedance v —
— Zin ~ Zf/G ~ 1/gm o Vou
R Iin t+
_m_ F QIN
- Voyur = iﬂ—é:rilm ~ _GmRFC_d

Same response at High Frequency

C. de La Taille Front-End elecectronics TIPP 2017
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Signal and noise in Broadband amplifiers

Signal of duration t4, across capacitance Cd with BB
amplifier of impedance Rq

Signal scales as 1/ C; if Rg Cy >> ty and Cppa<< C4 ! inI
S=Vour = GQﬂ

Rise time is the convolution of signal duration t,; and
amplifier risetime ;5.9 pa

2 2
L = \/t10—90_PA +1;

Noise is given by the preamp noise density e, and
bandwidth

N=Ge |ZBW =%
2 \/ 2ti_g0_pa

Jitter is then :

o' = N :enCd t120—90_PA+t§
Yodv/dt Q

in 2t10—9o_ PA

C. de La Taille Front-End elecectronics TIPP 2017
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Jitter in Broadband amplifiers

Optimum value: t;. o pa=ty (current duration)

o, = eémd Jt

Dominated by sensor

Electronics only gives e,

Electronics noise e, given by input transistor transconductance g,, :
— Typically ~1 nV/YHz at I, = 0.5 mA

— Scales with the square root of current in transistor (weak inversion)

€

2,500

2KT  2KT

n = ~ 2,000
gm \/qID

1,000

e _n (nV/sqrtHz)
=
a
o
o

0,500

0,000

C. de La Taille Front-End elecectronics TIPP 2017

noise spectral density

0,5 1 1,5 2
Id (mA)

me
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Examples

« CMS HGCAL : PIN diode thickness 300 pm A=25 mm? 5
— Cy4=8pFe,=1nV/NWHz t;=3ns o =420 ps/Q(fC)
— 1MIP=3.8fC=>0=110 ps/#MIP (~200 ps measured)

 NAG2 tracker : PIN diode thickness 300 um A=0.09 mm?2
— C,=0.1pFe,=11nV/AWHz t;=3ns o =60 ps/Q(fC)
— 1MIP =3 fC=>0=20 ps/#MIP (~60 ps measured)

« ATLAS HGTD : LGAD diode thickness 50 um A=2 mm2G =10
— Cy4=2pFe,=2nVHz t;=0.5ns o =50 ps/Q(fC)
— 1MIP=5fC(G=10) =>0 =10 ps/#MIP  (~30 ps measured)

« SIPM G =156

— C,=300pFe,=1nVAHz t;=100ps o =3 ns/Q(fC)
— 1 pe =160 fC=>0 =20 ps/#pe (~60 ps measured)

C. de La Taille Front-End elecectronics TIPP 2017
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Expected jitter with thickness

Evaluate jitter(Q) with thickness (th)

At given Q, C, ~1/th, t, ~ th, expect j ~ 1~lth
dv/dt=Q / C,.ty = Cte

Better jitter : longer signal, smaller BW

Not seen in testbeam setup because 50 Q amplifier not optimum at low
capacitance

Jitter(MIP) even better because more charge
But more Landau fluctuations...

100um 200um 300um 200um

CMS
calc calc calc meas
th (um) 100 200 300 210
Cd (pF) 23 12 8 14
fc/mip 1,3 2,6 3,8 2,7
en (nV/VHz) 1 1 1
td (ns) 1 2 3
jitter/Q(fC) 727 514 420 1021
jitter/MIP 568 201 109 380

C. de La Taille Front-End elecectronics TIPP 2017
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ATLAS

EXPERIMENT

Voltage (mV)

350

SiGe discrete readout BW = 2 GHz

LGAD with SiGe hybrids
2 mm2 LGAD 50 um thick

Jitter measured : | = 200 ps / Q(fC)

— MIP=46fCatG=10,t,=0.5ns, C,;=2pF, e,

ATLAS HGTD will use 2 mm2 LGADS for

= 1 nV/\VHz
— Theory : j =50 ps/Q(fC)

~30 ps timing with G = 10-20

300

250

200 -

=
un
o

—=
(=]
o

50

<
%>
£

&
<
<
o]
ol
O
o

2.5 3.0
Time (ns)

35 4.0 4.5 5.0
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With SIPMs : SPTR [JINST 11 P10016]

SPTR

me

d

Single photon time resolution of state of the art SiPMs

— FWHM ~200 ps

— Rms ~ 80 ps

SPTR FWHM (ps)

e
o
o

350

300

250

200

150

M.V. Nemallapudi,' S. Gundacker, P. Lecoq and E. Auffray

CERN,
23 Rue de Meyrin, Geneva, 1211-CH

| 'E | | 1'

S S R —=— SensL JOO 3x3Imm2

—k— Hamamatsu LCT2 3x3mm2
—i— Hamamatsu TSV Jx3mm2
—&— Hamamatsu TSV 2x2mm2

—ap— Sensl JD4 3x3mm:
——— [KetekOptirizsed 3x3mmz2
: —l— FBE NUVHD 4x24mm2
" —m— FBE MUV 3x3mm2
—— STM 4.3x3 6mm2

i | i

2 4 6 8 10 12
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Going to lower SPTR

Count

Expect ~ 20 ps/pe
NINO risetime ~1 ns

Test with PETIROC2 (tr = 300 ps)
— SPTR =67 psrms (180 ps FWHM) lid

Preamp Rise Time reconstruction

Meanrementu the PA Rise Time
Step 2 m {Picosecond) inected in ¢h20

Possible effect of stray inductance
Furhter studies in FAST framework

meqga

/

300 ps

¥
T

T T T T T T T T y| T f;yl’.,.'ifi'}',’.|;i'7'|‘.'|'.|il. T

01020 0 40 5 60 70 B0 S0 100 110 20 130 %0 160 16D 170 180 19 200 200 220 230 240 20 260 210 260 290 30 310 320 30 30
Time (ps)
SPTR Energy Spectrum
. histo - - histo
. Entries 3465 3 - -~ o
200 Mean —13.68 & 250— nitries
180l Std Dev 0.1671 L ' Mean  0.0459
.: Prab 1] L | Std Dev  0.03437
160 — Constant 186.2 5.1 200 {
F Mean ~13.65+0.00 I '
140:_ Sigma  0.06784 £ 0.00130 5
120} 150/
100:_ Sigma : 67.84 ps L |
: FWHM : 160.10 ps r .
80+ 100} l
60 i | [ ] '
sk sol | -l J \ weeroc
20k J L | ! h hJ
0 ol i L-Ju.h_..l._nleJl |L ||||||||||| I o Lwl et d |.J'| 1 sl " 1'11' ':J'\H MJ}J HM.JI r:n._nl'
-16 -156 -14 -13 -12 -1 -10 0 0.02 004 0.08 012 014
Delay (ns) Bin
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Summary me

« Imaging calorimeters ramping up !
— Require highly integrated R/O electronics : System On Chip
— Low power, low noise, high speed, large dynamic range
— Timing capability down to a few tens of ps
— Lots of system issues

« Timing performance dominated by sensor characteristics
— Capacitance, duration, MIP charge

— Theory predicts : o} = Sne Jto
— Electronics affects only g,, ~ 1d/2U+ Qi

« Work getting organized towards 10 ps (1 ps ?) timing

C. de La Taille Front-End elecectronics TIPP 2017
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Evolution of technologies ! !mega

 More and more functions frstmOSFET gy TOUSNISIViss {“":;’ jf{:_:':‘-_—::'_'_ 100G
are integrated inside Lo 280 A >30H: {40
. 10 &
chips (ASICs) PR T P mat e PO
. . = & A =
- Evolution of technologies 2 1 L 1100m
—_ ‘ (=]
make them more and E I, & {1om B
s 100 TR S o
more performant but g N m B
more and more complex 5 1on - 100k ©
_ o Intel 80286 T T 2
« Costincreases ... £ e 410k E
— MPW costs : =" Inm:m _Silattice sbacing 084nm_ . {, =~ =&
— 350 nm: 1 k€/mm? S
. 1960 1970 1980 1990 2000 2010 ) 2020 2030 204:)00

— 130 nm: 2 k€/mm?2
— 65nNm: 6 k€/mm?2

« Chip size also...
« CERN targets 65/130 nm
« SiGe in AIDA2020

Year

10 ans d'éunlutinn des snécificatinns techniniies naur la rénl\icm‘inn

¢¢Q\ = 9 -
I \%— : \,\\ new “Moore’s-Law” on documentation volume
\ =X ﬁ G. Deptuch, Fermilab seen from the 14" floor at Fermilab perspective
\_é
[

C. de La Taille Front-End elecectronics TIPP 2017 38



erooxfnuen The PP-ASIC Paradigm

Complexity Collaborations ?
e only part of the solution

a Demand e communication
e overhead

Technology * lead of large group

The number of ASIC designers has to increase !

/N

involve increase size
non-PP ASIC groups of PP ASIC groups

G.L de Geronimo TIPP2014 39




ATLAS ALTIROC

EXPERIMENT

ALTIROC = ATLAS LGAD Timing ROC
— 20 ps timing measurement with LGAD sensors

for ATLAS HGTD
— Jitter : j = 110 ps/Q(fC) @ Cd=2 pF
— Test chip bondable to sensors of 1x1

2x2 mmz, submitted in dec 16 in TSMC 130n
— High speed preamp (1 GHz) + constant fraction

discriminator (20 ps)
Will evolve to 400 ch chip

mm?2 and

— With internal TDC, bump bonded to sensor.

Collaboration with SLAC

Vb arm  ceeghens ine/TOT discriminator ——— TAC
One channel th_ f.-\mnnhf IF'OT discriminator .

DAC for
bias tining

FRACTIO |

]
: TOT trigger_p
. rot
Bullcis == P
Vih_arm=0.5 MIP I'OT_trigger_n
I \' CFD_trigger_p ||

'_ CFD
Buflers ('FD_tli:.',ger_n —l r

CKD

Il

_ﬂNf %

Zero crossing discriminator
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HGTD architecture

meqga

" READOUT CHANNEL OF ONE CELL (1x1 mm2)

TDC

Preamp

TOT

CFD

bin = 20 ps

TOT RAM
20 ps to 25 ns
11 bits, 40 MHz
WR @ 40 MHz
TOA 20 ps to 2.5 ns | by, f: INMIE
7 Hts,-lll_hlﬂz
TOA, 6 bits 40 MHz L.
Serializer

Serializen

READOUT CHANNEL OF ONE CELL (1x1 mm2)

2 x 2 em2 module (4 x 100 cells)

readout by one 400-channel ASIC

1 cm

I cm

1em

|DIGITAL PART OF THE 400-channel ASIC

10U lines @ 240 Mihvs

HE 1 = Histo Builder 1 :
FLero suppress & Serialiver

LOh lines ‘e, (18 bits Timg meas. + 7 hits for cell position)

pae

RO 1

) LMy x 240 MNh's

HBE 2

¥
']

FeadOutl

100 lines ‘a (18 bits Time meas. + 7 bits for cell position) | o 2

100 x 240 Mbis

I em

HE 3

WITH 7 % occupancy |

HBI @ 1.7 Gb's
1M x 240 Mb x 7% occupancy

Data Ourl @ 175 Mb's
100 x 25b x | MHz x 7% occupanc

HBZ2 @ 1.7 Ghyx

&:mmnjﬂm

HB3 @ 1.7 Ghs

LOH) x 240 ‘hlh"'i .

HE 4

LMD limes a (1% bits Time meas. + 7 hits for cell position) RO 3

MWW

100 limes a0 (18 bits Time meas. + 7 bits for cell position) RO 4

?_ Data Outda 175 Mb's

HB4 @ 1.7 Gbs

Data Outd @ 175 Mb s
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CE In Si1Ge 130nm and in TSMC 130 nm

« Broad Band amplifier CE configuration
« Same current (Ic=700 pA), same Rf=4K, vdd=1.2V
« Higher gain with SiGe but larger noise due to rbb’

td=10ps
Qin=lin.td=
100pA.10ps=1fC

v :&7 Ity

Lin " G, G,

(‘LIT
td=1ns and
tr_ampli=td
CL=100fF
Qin= 1pA.1ns=1fC

CE 10pF
TSMC 130 nm

out=3.7mV
tr=220ps

BWa=1.6 GHz
rms=1.3 mV
S/N=2.8
0j=220ps/2.8=78 ps

out=3.52mV(CL=100fF)
tr=1.1ns

BWa=440MHz
rms=0.66mV

S/N=5.3
0j=1100ps/5.3=206 ps

CE 10pF
SiGe 130nm
Trans size= 20

out=8.95 mV

tr=176 ps
BWa=2GHz
rms=3.14mV
S/N=2.85
0j=176ps/2.85=60 ps

out=7.5mV (CL=110fF)
tr=1.1 ns
BWa=440MHz
rms=1.4 mV

S/IN=5.4
0j=1.1ns/5.4=204 ps

C. de La Taille Front-End elecectronics TIPP 2017
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CE in TSMC 130 nm: jitter vs tr (BW) and td

meqga

« With | source trans (O for 2 pF or 1.8mA) 3 oy L \/trz_ampli +1
»  Follower (connected to a discriminator) % T9v TS T S
 Normalization to 1 fC, square pulse. dt N N

« LGAD signha would give 6 fC/MIP

POWER: 0.5mW/ mm?2

Cd=2pF (1d=220 pA) Cd=20pF (Id=2.1 mA)

td=10ps
Qin=lin.td= 100pA.10ps=1fC

out =6.9 mV
out_fol=6.1 mV
tr_fol=284 ps
BWa=1.2 GHz
rms=0.485 mV
S/N=12.6
0j=284ps/12.6=23 ps

out=6.4 mV
out_fol=5.9 mV
tr_fol=1.1ns
BWa=410 MHz
rms=0.39 mV
S/N=15
0j=1.1ns/15=73 ps

Vo= On _ Ity
in
Lin Gy C,

U T

width=td _ —_—

td=1ns and tr_ampli=td
CL=100fF
Qin= 1pA.1ns=1fC

C. de La Taille Front-End elecectronics TIPP 2017

out=3.37 mV
out_fol=3.1 mV
tr_fol=290 ps
BWa=1.2 GHz
rms=1.2 mV
S/N=2.6
0j=290ps/2.6=110 ps

out=3.2 mV
out_fol=3.05 mV

tr fol=1.1 ns
BWa=440 MHz
rms=0.8mV
S/N=3.8
0j=1.1ns/3.8=288 ps
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SKIROC2_CMS for HGCAL

 new SKIROC2 for CMS """"""""""""""""""""" """"""""" D """"""" cosicns \

— Optimized version for CMS
testbeam, pin to pin compatible

o
— Dual polarity charge preamplifier > e e

— Faster shapers (25 ns instead of |~
200 ns)

— 40 MHz circular analog memory,
depth= 300 ns

— TDC (TAC) for ToA and ToT,
accuracy : ~50 ps

— Submitted jan 2016 SiGe 350nm
 Tests:

Slow Sh. G1
RI=lk  Cl=i5pF
it

xe=

‘ out_ssh_G1

on?
slow contt
LD uto Gain ?
a slow contros
o 300ns
Sel FlagTDCh Ext 7|
Forced FlagTDCb 7|
(slow control)

SKIROC2 In_

— First tests on BGA testboards
— 4-5 boards will be equipped

€
e

Fermilab

4&y C. de La Talll€ HFe@hiEakd et soectsoBERNIPP 20



CMS /!
% Time over Threshold (ToT) mega

« TOT measured in current sensitive config : Rf=20k Cf=300f
« ADC range : 0-500 fC TOT above
* energy reconstruction around 500 fC, calibration, pedestal evaluation

[+}]
g
=)
—ADC il
—DAC=200 Fhe
3000 DAC=237 ES
—DAC=273 E
—DAC=310 g
) 2500 DAC=347 _
o —DAC=383 O
8 000 —DAC=420 o
S o
s -
= 1500 o
O
5 ©
<
1000
500

0 500 1000 1500 2000
Input charge amplitude (fC)
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Results : CMS pin diodes caracterization

 Measured jitter In testbeam [A. Martelli et al.] :

— jitter ~ 1 ns/Q(fC) (+) 20 ps

Timing Resolution (Mean Silicon - MCP)
vs Mean Sensor Effective Signal

Si__4+Si
pad19 pad2 Vs ucplef

e 50 GeV 4 X,

3
2
[
¥

G(tmean-trel) = 2'?)( ®@C

—&—— Si 133 pm: A=0.7510.01,C=0.020:0.001
+ Si 211 pm: A=0.3840.01,C=0.019+0.001
____________________________________________________ —&—— Si 285 um: A=0.33+0.01,C=0.021+0.001 ___

ot . an—tmf)[ns]

10

102

i 10?
Slgnaleﬂ [MIP]

. 19 May 2016 XVIl International Conference on Calorimetry in High Energy Physics (CALOR2016) - Daegu

meqga

L. Jihe

| oy |F2320PS

!
-+

| 4 5x5mm? diode,,

i

@
5
4 »
S
3
£ & b D
)
§.< 1

£




NINO chip

* NINO is a 8-ch preamp/discriminator chip

meqga

« Design : F. Krummenacher, F. Anghinolfi et al. (NIM A533 2004)

« Cd=30pFP=30mW/ch IBM 0,25 um
 LVDS output to drive HPTDC (CERN)

25 mm CMOS technology |8 channel/chip
Input impedance ~50 Ohm, adjustable
Power consumption 27 mW/channel
Supply voltage +2.5V

Input peaking time 1ns

Timing jitter ~10 ps
Sustainable rate >>10 MHz/chan
Input signal range 30fC—-2pC
Noise <2.5x103
Discriminator level 10-100 fC
Outputs LVDS

* RICH detector NA62 CERN R7400 PMT readout Nucl.Phys.B, Proc. Suppl. 215 (2011) 125
 TOF analysis in PET Gundacker, S. et al. PoS PhotoDet2012 (2012) 016
« Multi-anode Micro-Channel Plate (MCP) PMT J. Instrum. 9 (2014) C02025
« TORCH time-of-flight detector In: J. Instrum. 9 (2014) C02025
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PETIROCZ2 DESCRIPTION mega

« Time of Flight read-out chip with AMS O,35um SiGe
embedded TDC (25 ps bin) and ADC
«  Dynamic range: 160 fC up to 400 pC e
« 32 channels (negative input)
— 32 trigger outputs
— NOR32_chrage
— NOR32 time Weeroe
— Charge measurement over 10 bits
— Time measurement over 10 bits
— One multiplexed charge output
«  Common trigger threshold adjustment and S R AT T TR
6bit-dac/channel for individual adjustment
Channel 31
« Variable shaping time of the charge shaper Channelo 7 Time<o>
o L e
« 32 8bit-input dac for SiPM HV adjustment S ™ I e 5
«  Power consumption 6 mW(/ch e <di e 5
* Front-end o D e e
— Broad Band SiGe fast amplifier ] e D
— Fast SiGe discriminator e F S e P = o Lo
-1 GHZ overall bandwidth, oo | [P L I S—
gain = 25 Common to the 32 channels j DRDZ > owaim
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PETIROC2A: performance mega

i, . . .
Preamp Rise Time reconstruction - _
45_ H P ——— H y . ya— o ST EINOTRTG B .
PETIROCEA: T™W
Neasurement ofhe PA Rse Tme
4 Step 2 Poseond) redin ) ! Scope easurment
: 0.90 " " " " o "
g i
1
g ! ~ : | i
< : S Ll Petioc2A: Time walk
T i g — 1mV
i ' —4mv
1
! —8mV
1 :
‘ H 060
0 | T I T | T | T | T I T | T \ T | T ‘ T ] T | I [ T | I...|va | T ] ] | T | T | T |4 ..... ‘ T | T | 1 ‘ T I T J T |I | T | T | T [ T | T | IJ 050 I I I I I I | I I I I | | I I
0102 % 4 5 60 70 8 % 10010120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 30 330 40 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 6.7 68 68 707172737475
. Time (ns)
Time (ps) o | |
240 — 65 — ®
oo TOT measurement
60— ‘ ; ;
200 55 —e—PETIROC2A: TOT
180 —
160 %0 /./
140 4 @ 45 —
7 W Rl e T £ ®
o —&— without clocks (160MHz and 40MHz) =
190 = 2 A
80 _, 30 —
60 —| 2%
40 —| b bt
'\\\;‘ 20 /
20 I .,/(
o] - . ® i 15—
I I [ I I I [ I I I I I I I I I I I 1
1.0 1.5 20 25 3.0 35 40 45 50 55 6.0 65 7.0 7.5 8.0 85 9.0 95 10.0 10 4 i i i i i i i i i —— —

5 10 15 20 25 30 35 40 45 50 55 60 85
in (mV)
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Signal and noise in Broadband amplifiers mega
« Signal of duration td, across capacitance Cd with BB amplifier of impeiﬁe RO

« Signal scales with 1/ Cd if ROCd>>td and C,,<<Cd I@

Lin __Cd

/77777
 Signal rise time is the convolution of signal duration td and amplifier risetime t;4 9 pa

Qi
S = VOUT = Gc_d

dv G.Q.
dt C \/ t120—90_ pa T tj

* Noise is independent of Cd

N =Ge,.|Z BW :G.en\/ﬂ 035 ___G&
2 2 4o 90_pa \/ 2ly_g0_pa
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Signal and noise on Broadband amplifiers me

« Jitter is given by

2 2 2 2
S N e C \/th—QO_PA +1; ~6,Cy [Yogo_pat1
o= = —
dV /dt \/ 2t10_90_pA Qin Qin 21:10—90_PA
*  Optimum value: t;y 9o pa=ty (current duration)
, eC Dominated by sensor
o, = (“3 d \/E Electronics only gives en
in

« Electronics noise en given by input transistor transconductance :

2kT 2T 1 _Cy [T

" Jn z»,/QlD t :Qin Om

e td
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Transient Response

: Vin

Cd=10pF td=10p= lin=100u4

1 TZ
Cd=10pF e -
td=10ps /f CdRin
lin=100pA w1 |/

Qin=1fC I 7

3

Wout CE
Yot T

time (ns)
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M39: 117.31MHz 18 4087V/san(Hz)
B 078, 276MHz 16, 185n/sqrHz)

10pF

[oN]

=1

=]

1
[wN]
—
=]
1

M34: 168.379MHz 17.7758nV/sqnlHz)

]

(=1

=]

1
(]
(=]
=]
1

N
T
£
o
[l
-
>
5
N
I
£
o
In
e
p>

YesqriH=z) (nvWisaqriH=1

p

\

M35: 1.00904GHz 14.4945nV/sqniHz) .

lig iy b g 1ol 10° lid iy lig 100
freq (Hz) freq (Hz)
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Timing with waveform samplers

Optimistic for S/N
and neglects noise
autocorrelation

today:
optimized SNR:

next generation:

voltage noise Au

timing uncertainty A¢

signal height U

Au

At

© Sebastian White TIPP2014

5

r

me

d

Assumes zero

At = Au : 1 aperture jitter
U \/3 1:s ) 1:3dB l
U AU f. fop 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
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