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Omega microelectronics lab meqga

* Mutualized ASIC design team created in 2006, UMS in 2013

« 11 research engineers (31R0, 1 IR1,5IR2, 1 IE2, 2 Al)

« Importance of critical mass for more and more complex circuits
» Cross-fertilization between projects

» Projets selection by IN2P3 management

« Technology transfer via startup WEEROC

Education,
School

Tools for Discovery

Industry, company

ROC chips — J-PARC - March 2018




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 + CO2 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 ILC
« Daunting at HL-LHC : >100 Mrad 1E16N

CepC Meeting @ Roma Uni 3 - 2018/05/25



‘4

Y= =D

———

‘ YL /A1 K [3.5~4T]

—

.!//I/ﬂ

-

ERHOYX—F ECA

Electromagnetic

Calorimeter = —

100 Millions | &S B 3 .
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14 Millions (Sci) -
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Hadronic Calorimeter = 8 Millions (Analeg) or 70 Millions (Semi-Digital)




y/mm

- R&D on imaging calorimetry & !
— Particle Flow Algorithms 250

— Electronics crucial (low
noise, ultra low power, fully [~
integrated, large dynamic sof
range, Zero suppress) '

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

— Validation of technological
prototypes

— Common R/O features
— Worldwide collaboration

-

Events

“ . SPIROC?

.
L
s%

ROROC

- By it
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From 2"d generation... mega

aQ 2nd generation chips for ILD _ _ u’{: |
Q Auto-trigger, analog storage and/or digitization international linear collider

U Token-ring readout (one data line activated by each chip sequentially)
0 Common DAQ (common interface)
O Power pulsing : <1 % duty cycle

Time between two bunch crossing: 337 ns

Time between two trains: 200ms (5 Hz)

(ITIA

time

Train length 2820 bunch X (950 ps)

2 2 *

' b >

55 S § 5 3
AN S L AN &
[o7] (] o (] ~
(%) ™ Q Q

Chip 0| |Chip 1| |Chip 2| |Chip 3| |Chip 4

Data bus ' : ' ! ! : 1 :
W 1ms (.5%) .bms (.25%) .5ms (.25/0)/\ 198ms (99%) /
v Y
1% duty cycle 99% idle cycle
Chip 0 Acquisition
Chip 1 Acquisition
Chip 2 Acquisition
Chip 3 Acquisition
Chip 4 Acquisition
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...To 3'd generation

mega

 3rd generation chips for ILD

0 Independent channels (zero suppress)
- Huge change in digital part !!
- Digital part power consumption and size (+30 to 50% )

O 12C link (@IPNL) for Slow Control parameters and triple voting
- configuration broadcasting
- geographical addressing

J PLL provides the Fast Clock (mainly used for digitization) from the Slow Clock
- No Fast Clock to be provided to the ASICs !

(d HARDROC3: 15t of the 3 generation chip to be suls[jilii{=¢
But all ILC R&D stopped since 2016, waiting for ILC decision

Readout pads
Mylac{ayac(Sop) PCB interconnect ticmx 1cm)

PCB (1.2mm) Readout ASIC
PCB support (FR4 or polycarbonate) (Hardrocz\, 1.4mm)

—» [ Gas gap

Cathode glass (1.1mm?|
Ceramic ball spacer (1.2mm) + resistive coating
Glass fiber frame (1.2mm) Anode glass (0.7mm)

RPC cross section + resistive coating

I'Mylar (175p)
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SKIROC2 readout ASIC

« 64-channel Silicon Kalorimeter Integrated Read-Out Chip
— Autotrigger @ Y2 MIP = 2 fC
— Charge measurement 15 bits in two gains
— 16-deep Analog memory
— Low power 25uW/Ch with power pulsing
— Embedded readout
— SiGe 350 nm, produced in 2010

12 bit-TDC Ramp 12 bit-ADC Ramp
= HOLD READ
L T ¥
i epth=15 )
C2=1 6pF : :
it i Lo
——A——— L
Rf 4 1orloM R]f:"“;li’:- FGT femion : ETT"“TD out_adc
or =k =45p! 8
Wit I- HOLD : READ b_.
) : i>_g out_tdc
Cf / vref_ss + ' l E M Time,
# E | [pepth=15 g ssh_G1,
400f 80011 6p_3 2pF ] ! ' out ssh G1 ssh_G10
(2‘_\3[)': = — conversion
" out_ssh_G10
VWA
V_PA Slow Sh. G10 oy .
Gain_selection

signal
PAC Rm'}lszF B HOLD
) ¥
— > Vth_gs >
vref ssp—+ lDeprh=15 [

1001 200f. 300f or 400fF

ﬁﬂ/i TDC on ?

. ! (slow control)

Gain10 Fast Shaper o v control |
300k

$p.10p. 15p or 20pF

vref fs /
T th l‘rfiier '/

HOLD Auto Gain ?
Forced Gain ?

(slow contro)) _|

Mask,
Trig_Ext,
Val_Evt,

8-bit Delay Box :
100ns to 300ns

1 detector

Sel FlagTDCb Ext 7|

Forced FlagTDCh ?|
(slow controf) |

out_trigger

4-bit DAC

adjustment
- - FLAG_TDC

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




SKIROCZ2A : S-Curves (trigger efficiency) meaa
PA Gain = 1.2pF
100.0- : ‘/ l.’!
o BEeces——c===: e==s=—osmmseemmmnmms E==ceees
s === --

I S———

Trigger Efficiency (%)
=
=
|

i8S 0l S8
| RS IES 58
R SeESEESEESESESSEEEEss. SR TR i B8

[} | 1 1
180 200 220 240 260 280 3[][] 32[] 34[] 35'3 33[] 4[][] 42[] 44[] 4Erﬂ 43[] EUU U

0 MiP DAC code
S/N > 9 PA Gain =6 pF
B B TR

pamtmes
sitinim

i W
----------mf%---
i -------I%WQ--

24 226 228 230 232 234 54
C code DAC code DAC code DAC d
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SKIROCZ2A Linearity meaa

HG PA Gain @ 1.2pF LG

2500 3000
- n
2500 n
2000 -
2000
1500 m
1500
1000 u
“XX 1000 |
500 x?” - n
0 . , , , . . ‘F | | | |
0 10 20 30 40 50 0 200 100 o o
HG PA Gain @ 6pF (ILC request)LG
1200 3000
1000 JOre 2500 y = 1,1102x + 255,67

y = 11,243 + 235,39/x/ ‘H/H/“/H/
800 2000
600 / 1500
400 / 1000
200 M 500z

0 T T T 1 O I[ T T T T 1
0 20 40 60 80 0 500 1000 1500 2000 2500
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SKIROCZ2A : histogram

Histogram Convl Reset histograms ’

Mumber of entries

Histogram Convl

Mumber of entries

1000

1

10

1-

BU Bl BZ BE B-'-l

Low Gain Charge

I I I I I I I I
235 236 237 238 230 240 241 242

ADC unit

=

i

!

220 240 260 280 300 320 340 360 380

il

ADC unit

Convl #entries

Convl #entries

|

40!] 420

PA Gain @ 6pF

Data to analyze limits :

Cut max Convl Cut max Conv2
A A
- 2095 - 4095
7, v,

Cut min Convl Cut min Conv?
f .II f -II
o 1 o 1
7, v,

Convl max Conv2 max
242 307
Convl min Conv2 min
230 220
Convl mean Conv2 mean
236,868 268,35
Convl sigma Conwv2 sigma
2,82091 23,7005

Histogram Conv2

Mumber of entries

S/N>10

il |||

100-
10- w,
I
240

ADC unit

PA Gain @ 1.2pF

Heset histograms *
Data to analyze limits :

Cut max Convl Cut max Conv?
Al i
-4 4095 -4 2095
v .

Cut min Convl Cut min Conv2
- A
o 0 o 0
v, 7,

Convl max Conv2 max
407 1842
Convl min Conw2 min
236 277
Convl mean Conw2 mean
322,456 10413
Convl sigma Conw2 sigma
49,7609 479,782

callier@omega.in2p3.fr

Histogram Conv2

Mumber of entries

High Gain Charge ST l

Conv2 #entries

100- |

10-

AN

SUU IUUU 120(] 1400 lﬁﬂﬂ 18[]0 Zﬂﬂﬂ
ADC unit

1_
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POWE R P U L S I N G | N S K 2 T%t;-]fnl;el\\'ccn 2 bunch crosings:

Q Requirement: W J””l” """ ||||||||I!_

: inloneth. . Time between 2 trains: 200
O 25 uWi/ch with 0.5% duty cycle E;;"',‘x];’;‘;ﬂl;mm e e s A
Q 500 pA for the entire chip

vdd

\e- OFE cell 0 Power pulsing:
Master O Bandgap + ref Voltages + master |. switched ON/OFF
Ibias o . .
l, B 0 Shut down bias currents with vdd always ON
ibi_cell C ] OReell Ibias cell
- ¥
| e ¥ @ 0 SK2Z power consumption measurement:
) 0 123 mAx 3.3V = 40 mW => 0.6 mW/ch

Master source end

0 4 Power pulsing lines : analog, conversion, dac, digital
0 Each chip can be forced on/off by slow control

Measurements
Acquisition 88 mA, 290 mW Duty Cycle =0.5%, 1.45 mW
Conversion 27.3 mA, 90 mW Duty Cycle =0.25%, 0.225 mW
Readout 8.0 mA, 26.4 mW Duty Cycle =0.25%, 0.066 mW

Skiroc2 power consumption with Power pulsing: 1.7 mW ie 27 uWi/ch

callier@omega.in2p3.fr

12



Si-W ECAL mega

* 25 mm? Si pads 300 um thick R
« 4 wafers per ASU 18x18 cm — —x\/
* Readout 16 SKIROC2 chips 64ch

* Chip on board or BGA package
« Daisy-chain readout
 MIP/noise ~18

(©epp™ 7%, () yer 2983 % -
Layer 2 200 VS 230 thr SettlngS

=)

w

&
—.—

lie

=
w
&
— =
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Gain : 1.2pF - SigmaDet = 4.90 - Signal over Noise ratio = 14

Chip4_Channel_62_hit

Entries 1397
Mean 389
L o RMS 23.73
¥2/ ndf 177.6/152
100/— Constant 21.79+1.33
MPV 379.8+03

Sigma

4.324 +0.241

Eol Lol s ) L I /
260 280 300 320 340 360 380 400 420 440
uADC High Gain

1 MIP

Pedestal

-]

X (pad number).
[RS TS« - B+ < T T O B SN ]
1 1 1 1 | | 1 1 1

0

1 MIP (Beam without W)

Skiroc2 in Test Beam

e Fit of the energy distribution (without
W): expected result (physics studies)

| file_3_SCA4HighGain_Hit |

450
400
350
300

200
150

100
50

250 ;

| 1 MIP

\\ll\\ll\\llllll\\\

A bagaotag, o

file_9 SCA4HighGain_Hit
Entries 19024
Mean 391.6
RMS 69.97
% ndf 2413/199
Cc1 2257 +13.7
c2 0.9375 = 0.0664
c3 003386t 0.00258
scale 08411+ 0.0165
xOneMIP 350.91 0.1
xTwoMIP 420+ 1.2
xThresMIP 486 + 0.4
SigDet 5.04+0.37

[cr - L(xamip) + €2 - L@ L(xomip) + 3+ L@ L @ L{xgvip)] © G

sl

o
1 1 lossliael Losslissl 1

&
4 60 80

350

100

400 450

1207 {8

Shower w.'Béam @ 3Gev +

3x, W + W enclosed
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th
500 550 600 650 700

A
1 1 1 1 | Looaliaeleanl

40

2 20

Shower w. Beam @

1Gev + W enclosed
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Issues (system issues) mega

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

C.de LaTaille Front-End elecectronics TIPP 2017 15



SPIROC : Silicon Photomultiplier Integrated
Readout Chip

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

Chip embedded in detector : |OW power !

Variant of skiroc

36 channels autotrigger 15bit readout
Energy measurement : 15 bits in 2 gains
Autotrigger down to %2 p.e. (80 fC)

Time measurement to ~1 ns

Power dissipation : 25uW/ch (power pulsed)

4

o

SHINSHU
UNIVERSITY
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/P,o.lpF-1.5pF
|

1.5pF Slow Shaper Analo Charge
g memor
I I ] ; t— measurement
1
Ctest Low gain 25 -175ns Z Z """ Z Gain
n Preamplifier Deoth 16 m
| Selepen
Slow Shaper| — 3
0.1pF-1.5pF [
T
o L_> 25-175ns Depth 16
HOLD READ
15pF &= . A 2 AN
IN High gain Fast Shaper =
Preamplifierg@ Variable delay I
Disc rigger
: Flag
8-bit DAC v Depth 16| 1pc
4-bit threshold 1 1
0-4.5V DAC output adjustment T T ______ T
1 1 1
1 " I Time
Common to the | 10-bit DAC TDC ramp i measurement
36 channels | 300ns/5 ps |
' |

12-bit
Wilkinson

ADC

Conversion
100 pus
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SPIROC : System On Chip

etel for I|

Chipsat

v

| S tac
exsimar o \COUISITION
|

NoTrig

[e)]

Sta rfAr\qf
SlowClock

A A A

vV V

l t System On Chip

| |
| |
Wil ] | Hit channel register 16 x 36 x 1 bits | :
b Disqjri output 1 TM [Disgri tdgge ) v I
Trigger discri Output - i /36 : ELC|D 16 > 8 bhits | :
Channel 0 | | |
|
] |
| ! I l v v TransrriitOn
: : | 0 < QtartConvDA, Q
: : 4L JConversion ¥ Ram
i 1| Vald ain {low gai |riI or ADC ourse ||§ ’
. | e | readout EndRe3dour >
i = L, | >
i ; > StartRdadOut,
! 1 ErdRamp (D|$4r| ADC + = Ia -
i Wilkinspn ADC Wilkinsbn) I ¢
| Disdri output | I | I 2 I
: — = . Ecriture |
i Trigger discri Output : | FlallgTDC I RAM Rstb I
.. Channel 1_____ || ... o [T — |
| ol | | CIk40MHZ|
..... i ' | : I
| | Startrampb
: | | |(willinson
‘ I [ ramp) \/
- |
< StartRampTDC |
TDC ramp !

VaIDil,lnGray ,
SPIROC digital ASIC  |vaibimGray 12 bits — ~__ 1 DAQ
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SPIROC2E : Auto-trigger meaaq

Charge HG o LG (from G5) # Charge entries 600 Charge HG or LG (from 55) # Charge entries 400 Tirne Time # Time entries 400
100- 100- cutQmax gg-
-—J.I 4095
_cut Q min
4 o
g g g
5 5 5
= 5 % 10-
] ] ]
'E 'E cut T max 'E
=} =} ! =}
= = rJJ 4095 =
_cutT min
4 o
i 1 1) 1 1 1 1 1 1 1 1
3?0 380 390 400 410 420 430 440 450 460 470 410 415 420 425 430 435 440 445 450 455 450 455 4?0 2480 2490 2500 2510 2520 2530 2540 2550 2560 2570
Charge (ADC unit) Charge (ADC unit) Time (ADC unit)
. N Start ReadOut2 O oy
Fu ” autotrlgger - Used Slow Clock slow clock freq data folder
: @ FPGA 5MHz or 25MHz Clock 5MHz Jm  Reset Histograms
ASIC Memory (Raw Data) ~Data Histo | Decoded Data | DESY |
I I lOde Charge max Charge min Mean Charge Sigma Charge Time max Time min Mean Time Sigma Tirme
418 389 611 416
: High Gain Charge Jame n ———T———— — Time High Gain Charge # Time entries 1200
old Scan Time s @ | ASICNr = 1, Chaninel = 13, Cell = 5 ]
‘= 800— HG, 50ns shaping time, 100fF capacitance —
- |  beam
C |
s | | . Pixels! 1
& 600 Nl '
< Pedestal |/l /] /- g
; I -
- v ” L =
2 - L o
= 1 dl o
g 400[— ] ! Ll a
£ . ! |LLJ | E
- =

200—

e s I Ty,
1 - ” ,th“ MIP Peak '_le_ ]
_.lllllllll AL A
0 24 SO 74 100 124 150 174 200 224 W R R R

Time 200 400 600 800 1000 400 42[] 440 460 480 SUU 52[] 540 550 58[] EUU 620
Time (ADC unit)

ADC tics [12bit] 1Y
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LG Residuals %

HG Residuals %

Charge (UADC)

1.5
1.0
0.5
0.0
-0.5
-1.0
-1.5

1.5
1.0
0.5
0.0
-0.5
-1.0
-1.5
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2800

2400

2000

1600

1200

800

400

B

Within 1

SPIROC2D linearity HG up to 70 pe

SPIROC2D |
Residuals: -1 %10 0.9 %

inearity LG u
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Single-Photon Peaks |

no. entries

300
280
260
240
220
200
180
160
140
120
100
80
60
40
20
0

220

T

— T T T | T T T T T T T T T
| I T 1 1 1 1 = = = .
! | | ASICNr = 1, Channel = 13, Cell = 5 ©F. Garutti (DESY)
‘ ! ! HG, 50ns shaping time, 100fF capacitanc.

beam :,—MPVof MIP -
distribution

pedestal

y

.

340 380 420 460 500 540 580
amplitude [12bit-ADC tics]
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e B,

Q&hiC Power pulsing studies meaqga

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

Eﬂ | 1 | | 1 | | i

. "Chip214 ~ |
L : memcell 2 ——
| memcell 4 —— |
g | Ch10
530t
=]
= -
ﬂ I l. . S‘ I<l LT T a1 !v'DI':)A!-'GND!(dIff‘)'
%00 300 400 800 600 S Or| T switch-on detector | Standard I
amplitude [12bit-ADC tics] o add 4mF ——
© add 6mF —
0 -01¢f+ add 8mF — |
Eﬂ ] ] I I ] | I || Ichi h1h T I-: % ‘
L f memcell6 —— - <
|| | memcell § —— | Q -02r
2 ' 5
£ 2
S 30
L
S 03
=
_0.4IIII;IIIIIIIIIIIIIIIIIII
0 0 1 2 3 4 5 6

amplitude [12bit-ADC tics]
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Front- and back side of an AHCAL testbeam detector module

> 24 of 39 detector modules completed. All modules expected end Marc.

> Detector modules are tested with LED (ET), cosmics and at DESY electron
testbeam facility (16 modules already tested) , S 'faviime

22
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PPCs qn HBU backside
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RPC sDHCAL : HARDROC3 meaga

L 64 channels with current

.. 64 channels
preamplifiers '

+Ho|d Read M ultiplex
Charge output

Gain correction
[ 8 bits/channel J [_ SLOW Shaper JT@ -

O Trigger less mode (auto trigger 15fC
. Variable
up to 50pC) chi Gain PA Bipolar FAST L I *Read —
Shaper 0 DO > latch —_gu Chi_trig0
_I_ p Vth0 RS
. . Ctest ch<j - nor64_0_<j>
O Gain correction (max factor 2) sffwcc;’f{)ﬂ” Viho: 101C 10 200fC  Diseri. g0 [ s
L J . =14 YRed i
O 3 shapers + 3 discriminators (encoded Ctest_Chj Bipolar FAST =" —Tp1>—{ tatch | _ g Chi-tri
in 2 bits for readout) Shaper 1 —Biscri nor4_1_<j>
Vth1: 100fC to 1pC maskl |trigger1<j>
yRead i wriga

. JL
O 12C link with triple voting for Slow B'Eﬁ;aprei/;ﬂ Vthz_% ' AE{/

| P nor64_2_<j>
Control Parameters Vth2: 1pC to10pC mask2 |trigger2<j> ,

trigger0 g
ese] encod0<j>

U 64 Independent channels with zero e — M RAM
di<i>
suppress sneot

trigger0<j> trigro<j> 12 Bit counter BCID 8 events
%D— WR_MEM<j> >{12+;)bits
L Max 8 events / channel with 12-b %Dw
. . valid_trig
time stamping e _—

1 Digital Memory/ch

O Integrated clock generator: PLL

DIGITAL PART
O All bias and reference voltage Common to the 64 channels DAC2  |vth2
internal (with power pulsing) 10 bits
No decoupling capacitances required on bias | HARDROC3B or64_0<0:63p VLSS Vth1
and references voltages bor6d 1<0:63> OR64 10 bits
nor64_2<0:63> DACO | VthoO

. 10 bits
O Token Ring ReadOut caIIier@omega.ianx\ j s




(/)

out_fsh0

(m/)

out_fsh2

HR3: Analog linearity

megaqa

Fast shaper outputs (mV) vs Qinj (fC)

L e prevsneese prevenenee g e
+-----Scope measurement e It IR
1000 —----fsb0: 100K, 100fF OM, Gain=160---------- b e
4----Injected charge: Vin 100pF i :
1 S — — S S— |
GO0 —p-oemmeiemeranseeees raceseneanes ---------------------------------------------------------
400 —frereeerieoneeeees e ................................................................
200 —f -t
I s D T O N D
[ | [ | [ [ [ |
50 100 150 200 250 300 350 400
Injected charge (fC)
1000 —p----o-- T SRR S S ) A S
________ Scope measurement SN NUUNR VNN WU U SR RO
, Injected charge: V in 100pF
800 —i-- fsb2. all CF. R ON, G=160 oot g
” :ﬁ:ﬁﬁﬁﬁESBZﬁﬁﬁ:ﬁﬁﬁﬁf"fﬁﬁ:___Iﬁﬁﬁﬁﬁﬁ:ﬁﬁﬁﬁﬁﬁZﬁ:ﬁ:ﬁﬁﬁﬁffﬁfﬁﬁ:
T A S S U'p"tO'"SfD"pC""";
200 —iremrem b e
I S B B D B B B R

Inj Charge (pC)

callier@omega.in2p3.fr

?UU B etttk P e
Fho Scope measurement S O S AU -

GO0 —fi-mmmeeees Injected charge: Vin 100pF et
B fsb1: All Cf, RFOM, G=160 ... B

--------------------------------------------------------------

------------------------------------------------------------------------------------------------------
.........................................................................................................
........................................................................................................

50% trig eff. (DAC U)

Injected Charge (pC)

50% trig. Eff. (DAC units) vs Qinj (fC)

120 —foessembenessenssng s e es e e e e e —

mn—--F-SBO 50 nOIse Ilmlt- 15 fC ]

80
60 -
40~ o]
20 ; ; i
I | f f f f f f f |
10 20 30 40 &0 B0 70 80 a0 100
Qinj (fC)

Dynamic range: 15fC - 50 pC .



Gain correction / Scurves

d

Qinj=100fC
QO fismmggian TOOF i
80 HR2 gain 80
E correction £ b 0l
5 + 25fC : T fC
. 40F T & E 40F bt :
= E i i
20f 20
0 1 i .\ .“. N " 1 a 0 < | 1
0 25 50 75 100 125 150 175 200 0 100 125 150 175 200

Threshold in fC

HR3: extracted
50% S-curves
point vs Channel
number
Before: + 17 DACU
After: £ 8 DACU
(+ 6 fC)

S50% trig efficiency [(DAC LD

l hreshold in fC

_|
before G comection: <= 220, min=205 max=239 sdev=6.4

2730

20

Wt

210 \\ after Gain cormection: <= 217, min 209, max 226, sdev 3.4
I I I I I I I I I I I I I
0 g 10 15 20 75 30 3 40 45 50 fh 60
Ch number 26



Zero suppress: Memory mapping meaa

e Chip ID is the first to be outputted

during readout (MSB first) BCID + Charge
of CH63 : max 8 words

<|0| BCID chn 63 : 12 bits [E: Eo]P |576

BCID chn 63 :12 bits E1 Eo|P

e MSB of each word indicates type of BCID + Charge 0 BCID chn 62 : 12 bits E1 EofP
data: of CH62 : max 8 words L
— “1”:general data (Hit ch. number and Lo 1D G 82 L s [E: Eofp |

number of events)
— “0”:BCID + encoded data

e A parity bit/word [0] BCID chn L. 12 bits [E: Eo]P |

BCID + Charge
of CH1 :max 8 words

. . < 0 BCID chnl:.12 bits E1 Eo]P
¢ :'Jeg(g%l?tzsz bits (577X16) durmg BCID + Charge < 0 BCID chn 0 :12 bits E1 Eo]P

of CHO : max 8 words

(3nopess) vy

fo] BCID chn 0:12 bits [E: Eofr]

e Example of number of bits during

readout: : : :
HR2 HR3 General data : [Lo] Chn#(®bW I fevidb [0 00fP]
max 64 words .
1 chn hit 160 48 [T o] Chn#(6bit) [#evtab JO0 0 0]P]
8 chn hit 1280 272 [L 1]o 000 ofo] 7bitChipib JPfo

15 7 0
4 chn hit @ same time 160 144
10 chn hit @ same time 160 336

callier@omega.in2p3.fr 27



RPC sDHCAL calorimeter : HARDROC meqga

e Semi-digital Hadronic calorimeter (SDHCAL)
technological proto with up to 50 layers built in
2010-2011.

e Scalable readout scheme successfully tested
e 10 fCthreshold on 1 m?

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

i 30 fC

u
©
o
- B
¥ s33883888
&
"
-
ity
&

Q. - VthO Vth1Vth2
260 Lﬂw—‘l@‘i’@“‘-ﬂ—’w =
T ¢ = ¢ @y
550 oy gy et e ;"""“‘:"'!i“.;t!
.ol Pedestal

[0} 10

3385833288

50 60
a

Channel number L — : , .
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Micromegas sDHCAL : MICROROC

64 channels for pMegas (sDHCAL)

O Very similar to HARDROC except :
Input (charge) preamp
Slower shapers (100-150 ns)
HV Spark protections

O Noise: 0.2fC (Cd=80 pF). Auto trigger on 1fC
up to 500fC

O Pulsed power: 10 uW/ch (0.5 % duty cycle) 1m2 Micromegas detector
Microroc : 10 000 channels
O 4 Micromegas prototypes of 1x1 m2 were
constructed in 2011-2012 and tested in particle
beams inside the DHCAL steel structure in 2012

Shower profile - 150 GeV pions - 370 V

Very good performance -
of the electronics e e TS TP
and detector " 11C

(Threshold set to 1fC)

872

870 —

868 1 o
T TR T T T T S T ST 0 10 20 30 40 50 60 70 80 90
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 y (cm)




HGCAL TDR was submitted in No
R&D continues; construction start

CERN European Organization for Nuclear Research cem:t.mrm
" 17007
Organisation européenne pour la recherche nucléaire 27 Nov 2017

——— —

Q E - The Phase-2 Upgrade of the CMS-TDR-I 7_007
P’ CMS Endcap Calorimeter _ .
. ) hitp://cds.cern.ch/record/2293646
Technical Design Report

CERN EP Seminar, April 2018 44 D. Bamey (CERN)




CMS HGCAL Detector overview

« Stringent requirements for Front-End Electronics
— Low power (< 10 mW), [and dual polarity !]
— Low noise (< 2000 e-) (MIP ~ 1-4 fC with S/N>2)
— High radiation (200 Mrad, 10516 N)
— High dynamic range (0,2fC to 10pC)
— Fast shaping time (<20ns to avoid pile up)
— Timing information (tens of ps)
— System on chip (digitization, processing : zero

suppression, trigger sum on chip)

— High speed readout (5-10 Gb/s)
— ~ 10 million channels

Panel Motherboard

1.6mm
(8 layers)

Height 4.70 mm

Sensor — |

Substrate I =

Si Sensor ) )
CepC Meeting @ Roma Uni 3 - 2018/05/25



4 ASICs submitted in the past two years ! !mega

« SKIROC2 CMS
— SiGe 350 nm
— Submitted in January 2016
— Dedicated to test beam

« 1sttest vehicle: TV1
— CMOS 130 nm
— Submitted in May 2016, received in august 2016
— Dedicated to preamplifier studies

« 2nd test vehicle: TV2
— CMOS 130 nm
— Submitted in December 2016, received in may 2017 £
— Dedicated to technical proposal’ analog channel study &

« HGROCVv1
— CMOS 130 nm
— Submitted in July 2017, expected in October 2017

— all analog and mixed blocks; large part, but not
complete, digital blocks

CepC Meeting @ Roma Uni 3 - 2018/05/25 32



 new SKIROC2 for CMS """""""""""""""""""" I

— Optimized version for CMS
testbeam, pin to pin compatible

20k
il CLK40
7 ST 2 D
2500 SHOIF. 19F, 2pt oy
wref_sol p—{+ \..rl ! Depthe13
; l (2in track, 11 in hoid)
1256, 2SULE. SnME, 1pF f
, !

READ \
¥

out ssh_G1 conversion

out_ssh_G10

— Dual polarity charge preamplifier "
— Faster shapers (25 ns instead of

ik s ‘
. /“/ CLK+40 READ “:—:;6
Tl P s
2.56F <pF. 10gF, 2001 WD! i L
wret_sto p—o_+ wl o

xc=s

(2in track, 11 in hold)

200 ns)

Fast Shaper

out_TOT
vint fot | | ToT Fast]
AT, 2006 £ TAC ToT Slow
o

— 40 MHz circular analog memory, . | [# e

depth= 300 ns

out_TOA ¥ ! :
ToA (1) '
oa| / TAC ToA(2) /

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

— Submitted jan 2016 SiGe 350nm

e Tests:
— First tests on BGA testboards

— 4-5 boards equipped
B Imperial College JE Hexa"ard

IJI/L % London v designed at

STy g -

K% Fermilab CERN
(S foad -

= =~

% J

CepC Meeting @ Roma Uni 3 - 2018/05/25

| 10-bit DAC |

HexaBoard0_TimeSample4

HexaBoard)_TimeSampled

Electron and pions signals
seen In testbeam
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SCA operation

me

40 MHz circular analog memory. 13 cells in store and 2 in track

» Allows ~300 ns trigger latency

(@]

Mixed Test: S-Curve (Threshold) all Ch. | Analogue Test: DAC | Analogue Test: DC

Step by Step DAQ Automatic DAQ

Frame received OK ?

Reset ASIC Digital > oK
Nb of bits read in ASIC RAM
| = strt Acaustin

30784
Data Error (CRC)
7 oK Chip ID
- Start ReadOutl — 01101101
Global TS
Extra bit
Start ReadOut?2 " 80 )

Used Fast Clock
@ FPGA 50.52MHz or 40MHz Clock

Decoded Data HG | Decoded Data LG

Hold g
Track

ASIC Memory (Raw Data) | Histogram | Decoded Data by Channel

LG Ch waveform

| Hold scan w. DAQ Digital ASIC Debug / DAQ

Data Analysis

Fast clock freq
40MHz

Hold g
Track

. -
Setup | SlowControl1 | SowControl2. | Probe. SCARead | FPGA Confguraton | IRISSRIROGIGNJ] 1o pcb1011 /0 | o pebl011 Test | Mixed Test 5 Carve Threshold) |

| External ADC | Internal ADC calib

CepC Meeting @ Roma Uni 3 - 2018/05/25
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Waveforms with 1 MIP injection

« 3 fC test pulse injection ~1 MIP
 Preamp Cf =0.5 pF Rf = 2.5MQ Cd=0 !
— Vout=5mV N=04mV
« HG shapertau =20 ns
— Vout=15mV N=1.2mV =>0.25fC
« Fast shapertau=5ns
— Vout=12mV N=1.4mV =>0.35fC

CepC Meeting @ Roma Uni 3 - 2018/05/25
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me

Reconstructed waveforms CSA config

« Charge sensitive configuration : Rf = 2.5 MQ Cf = 0.5pF
 Hi Gain/ Lo Gain positive/negative configurations

550 550
500 500
450 450
[]
g 400 S 400
o [&]
(@]
2 30 8 350
< <
300 200
250 250
200 L . N . L L L L x L L L
0 100 200 300 400 500 600 700 200 0 100 00 200 700 =00 500 700
Time (ns) Time (ns)
Figure 29: Shaper response for different tau, Low-gain, positive polarity e e e e
3000 r . 3000 T T ;
——=20ns —7=20ns
H G + —7=30ns HG - —7=30ns
2500 =40 ns |4 2500 r =40 ns |4
—— =50 ns ‘ 7=30 ns
—— =60 ns —7=60 ns
2000 | 2000 f 4
@
g 8
O -
© 1500 Pt 1500
8 =
< <
1000 1000 | i
500 500 _
0 1 1 L 1 0 L 1 1 I 1
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700

Time (ns) Time (ns)

Figure 30: Shaper response for different tau, High-gain, positive polarity Figure 32: Shaper response for different tau, High-gain, negative polarity

CepC Meeting @ Roma Uni 3 - 2018/05/25

[8)
=)
9
©
V)
S
-
T
<%
£

c
=}
o
c
o
-

© J. Borg ICL

36



Linearity

* Linearity < 1%,

d

temperature sensitivity ~0.1%/K

3000 L 2000 L] L] T T L]
—T=30°C —T=30'C
—_— T ° 1800 F _ °
o500 H|— 119 C HG + T=19 C LG +
T=8C 1600 | T=8C -
—T=3"°C —T=3C 9
2000 H|—T=14 ‘C e 1400 F|—T=14 °C %
= T=25 °C z =25 C et
2 21200 =
5 S o2
o 1500 e 2 a
O 1000
2 : 3
< < S
1000 - 800 -
e
600 sif)
500 J
400 |
0 1 1 L 1 200 1 1 1 I 1 9
0 20 40 50 80 100 0 100 200 300 400 500 600 =
Charge (fC) Charge (fC) ot
o
Fionre 2- Hich-oain tranafer fimetion far different T nacitive nalaritvy = — Alng Flg 1 ns m
04 =20 ns |—>
0.8 K =30 ns i
02+ =40 ns @
’ 06 =50 ns
’ —7=60 ns /j
0 04 F )
Q)
'\5-0.2 F E_T 0.2
< =
3 =
Z 04t Or
02 F
06| =20 ns
_T=3g ns 04l
L T= ns
08 —7=50ns 06 | | | | .
7=60 ns ) 100 200 300 400 500
o 20 60 80 100 Charge (fC)
Charge (fC) CepC Meeting @ Roma Uni 3 - 2018/05/25 37



Noise vs capacitance mega

- Linear fit of series noise gives e, = 1.0 nV/VHz
» Parasitic capacitance : Ca = 34 pF (10 pF chip 20 pF board)

High—gain noise vs Cd, tau = 40 ns

0.55
. . . . HG noise

0.5 'y=0.0050718%x +0.17367 - - -+~ - -| ——— linear |- =
0.45 .
-

04
G 3
@ 0.35 =)
z )]
0.3 .
—
o
0.25 R,
o
02f- - @)
; ; ; ; ; ; a
0 10 20 30 40 50 60 70 @

Cd (pF)

Figure 8: High-gain noise vs Cd, positive polarity, 7 = 40 ns. Least-squares
linear fit: y = 0.17367 + 50.718 x 10~3z (fC, pF), y = 0 yields C' = 34 pF.
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Waveforms : ISA configuration mega

« Current sensitive configuration : Rf = 20 kQQ Cf = 0.5pF
« Hi Gain/ Lo Gain positive/negative

950 —7=20ns 2900 —=20ns
900 —7=30ns —7=30ns &
=40 ns 2000 f =40 ns
850 | — =50 ns —7=30nsd
— =60 ns ©
— =60 ns ® V]
La8ootf gz 1500 —
o] &) .E o
O 750 | 9) g
Q 0 1000 85
< 700 } < £9
T {t{l’-.s
650 | 500 | )
g
600 f
550 0 ] | -
0 100 200 300 0 100 200 300 O
Time (ns) Time (ns) E)
Figure 33: Shaper response for different tan, Low-gain, positive polarity Figure 34: Shaper response for different tau, High-gain, positive polarity 8
900 — g 2000 T HG _ T — =20 hs
—7=30ns —7=30 ns Q)
850 =40 ns =40 ns
— =50 ns 1500 F —7=50ns
o 800 —7=60ns o —— =60 ns
o i)
o o
O 750 © 1000
Q (&}
| o
< 700 <
500 f
650
600 . . 0 : :
0 100 200 300 0 100 200 300
Time (ns) Time (ns)

Figure 35: Shaper response for different tau, Low-gain, ne€gp@ Méwstinig @ Roma Uni 3 - 201871856/2536: Shaper response for different tau, High-gain, negative polarity 39



« 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

%]
3
IS
—ADC =
—DAC=200 53
3000 DAC=237 £5
—DAC=273 "5
—DAC=310 =
o 2500 DAC=347 ]
e —DAC=383 O
3 2000 —DAC=420 >
= o
0 3
& 1500 ™
O
A ©
<
1000
500

0 500 1000 1500 2000
Input charge amplitude (fC)
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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 = Y (-1)' ped]i]
— Incoherent noise IN = rms(AS) / Vn

— Coherent noise : CN = \/var(DS) — var(AS) /I n
* Need to show that CN / IN ~ 10% can be obtained at system level

DS, ¢=84.6 1%
AS, 0=56.6

103 T T T

08 F
E 06
—~ N
=) ©
=
En s 04
3 -
8 =
©
= 0.2
O
(R

0 50 100 150 200 250
2400 -200 0 200 400 Time (ns)
ADC code (LSB)

C. de LaTaille Front-End electronics TIPP 2017
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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)

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

102
Charge magnitude (fC)

C.de LaTaille Front-End electronics TIPP 2017

10°

& Imperial College

¥ London
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CMS, /! .
Z’f HGROC for SiPM

« Tests with SK2_CMS with DESY

+MPPC Bi%s_ SKIROC2-CMS
. 7 Testboard +6V/-6V
LED amplitude —0
0 LED
LE t”gggL coax. cable SKIROC2-CMS
- USB (to PC
o v 20cm 10..100pF 2
o— —| FPGA
MPPC ég)og
—
HBU GND =
U TATT LU w Convl #antries | Uata to anaryze imis : Lo LS ComZ #emizes ||
70~ Cut max Convl  Cut max ConvZ
& 4 4005 ¥ 4005
g% Cut min Convl  Cut min Conv2 P
E " 4 o | 4 o E
§ » |m;lz:_ |m-_—.:u-" ‘g
Z 20~ Convl min Conv2 min =
| 4 | 1
10 Convl mean Conw2 mean
| 798,892 | 276,211 0-
0 200 400 600 00 1000 1200 1400 1600 1800 200 |  Convisigma Conv2sigma 150 175 200 225 250 275 300 325 350 375 400 425 450
ADC unit | 348,636 | 46,2809 ADC unit

CepC Meeting @ Roma Uni 3 - 2018/05/25
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Boards with SKIROC2 used in 2016 [UCSB, FNAL,UM]
Hexaboards with SK2_CMS in 2017 [CERN]

ADC counts in Layer8

6

CMS Preliminary HGC test beam, July 2016

Events

20—

ADC - <ADC

pedesta”™

C.de LaTaille Front-End electronics TIPP 2017
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300 GeV
hadron 3.0 X 46X

0162 024,

= HIRARRIAAAHN
M&M

95X
048

" M”MI

Beam tests in 2016 & 2017 validated basic de5|gn ([l - >

Mips (for calibration) seen from
muons and also single particles
within hadromc showers

‘."

'_.-nr

- —A—

s. + Pb CE-E Ag Si + Pb front CEH § CALICE AHCAL

= as rear CE-H

‘_,-i '-q-——qu."—"‘-»s*!’ ——
Existing ASIC (Skiroc2) used in 2016; evolution (Skiroc2-CMS) used in 2017/ 18

Nl = Wl

Nearly 2 tonnes, 3m long



HGCAL readout ASIC

Imperial College

. London
HGROCVv1 features: Epe—— ~ A
- 32 channels »l« @  /
) . N channels Local R/W Control —
Dual polarity * lrfu

} Fixed latency
Tot Manager >

- TOT with 2 variants: Data

L1 Buffer Data
- Low power @ Imperial Align 7ero
— ADC |—p —>
Buffer > ! suppress mmp' readout
- DLL @ OMEGA (CERN based) @ 40 MHz manager

Align
- TOA (CEA) TOA ™ auffer ™
- 11-bit SAR ADC (OMEGA) |
- — / Trigger cells
- Simplified Trigger path Linearization ~_
- Onlysumby 4 TOT /ADC .
v - . Truncation Trigger
- No O-suppress (4+4 log) = 3 Digital / Trigger
ain = O 3 [ Compression== readout
- Data readout to be defined S < Ry / manager
0-suppress
- SC with triple voting (shift \|
register like SK2-CMS) /
- Many digital block with _PLL/DLL DAC 1 DAC 2 Slow Control / 12C Bandgap
simplified architecture Time measurement
e-links ToT threshold || ToA threshold ASIC parameters Voltage References
- Services

- Bandgap from CERN
- PLL from CEA-IRFU

- 10b DAC from TV2
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HGROCv1 features:

32 channels
Dual polarity

TOT with 2 variants:

- Low power @ Imperial

- DLL @ OMEGA (CERN based)
TOA (CEA)
11-bit SAR ADC (OMEGA)
Simplified Trigger path

- Onlysumby 4

- No O-suppress (4+4 log)
Data readout to be defined

SC with triple voting (shift
register like SK2-CMS)

Many digital block with
simplified architecture
Services

- Bandgap from CERN

- PLL from CEA-IRFU

- 10b DAC from TV2

L1 decoding logic

{

N channels

Local R/W Control

v

Fixed latency
TOT = Manager —>
L1 Buffer
L Align Zero
ADC [ giffer > suppress readout
@ 40 MHz manager
™ Buffer |
[ Trigger cells
Linearization
\
TOT /ADC
L . . Truncation
= 3 Digital 7 Trigger
A S P ¥  —»Compression readout
Correction < / manager
= (4or9)
0-suppress
PLL /DLL DAC 1 DAC 2 Slow Control / 12C Bandgap
Time measurement
e-links ToT threshold || ToA threshold ASIC parameters Voltage Red

CepC Meeting @ Roma Uni 3 - 2018/05/25
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LSB

4.0 6.0 8.0 10
qfe (k)

key issues to be studied : 00 3
— Noise 3000 2
— Resolution 250'02
— Stability 22901
— Linearity 190.0 4
— Accuracy 100.0 4
— Calibration 5°'°<f
— crosstalk 00 S
— Radiation o;npc %0
— Timing ~100 MIPS
— Systematic effects e
ADC 9
; Charge .. 3
100 fC (~30 (fC)
MIP)

C.de LaTaille Front-End electronics TIPP 2017

.0
time (ns)
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Analog and Mixed channel mega

«  Preamplifier gain adjustable on Vd FmmmmmESsmmmm————- s
. Al I 1
4b|t 100 IF, 200 {F 1 :
*  New shaper without SK 5./%7 | e rscrammaron :
— Inanext version, with SK and tunable ! Time Path |
shaping time and gain 100 fF, 200 17, 400 fF, 800 F !
« Decay time given by Ry N
- 25K -

— 100K
. New TOT architecture

Calibration Circuil

—  Gain adjustable by SC Trim DAC

. {Leakage compensation)
—  Undershoot & dead time ‘_t
. . Vith tot
— Inanext version, find a way to

! 1
l I
1 I
1 I
1 I
! I
1 I
! I
1 I
remove/reduce it (dynamic reset) : T\m :
* New TOA fast discriminator : :-:
! I
1 I
! I
1 I
1 I
1 I
! I
1 I
1 I
1 I
t [
\

-~ |

M

"y
10K - 20K - 30K

— Inanext version, higher preamp bias
current and fast output to improve the
time measurement

» Local 5bit DAC to adjust the Vrefs
and the thresholds

» Local input current DAC to
compensate the leakage

* Internal calibration circuit
—  Low range up to 600 fC
— Highrange upto 12 pC

Vref2

10K

MA—
W1t

410 F I

275 1F

|
m
Vv

20K - 30K - 40K

. L

-

Power dissipation @ 1,5V supply
* Vdda (preamp): 1,6mA
* Vdd (tot): 160pA
* Vdd(shaper, toa): 1,1mA
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Waveforms and linearity on scope

meaga

v)

(mV)

-75

1200
1000
800
600
400

200

Inverted shaper output
R; ,,=100K

1,2

——outM on SCOPE
— = simu outM (typical)

0,7

simu outm (slow)

0,6

-50 -25 0 25 50 75 100 125 150 175 200 225

time (ns)

Inverted shaper output

—e—Inverted shaper

—&—SIMU Inverted shaper

100 120 140 160 180 200
(fC)

0 20 40 60 80

-25

12

0,38

0,6

0,4

0,2

-0,2
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Inverted shaper output
Ry ,.=25K

——outM on SCOPE
0,8
= = simu outM (typical)
0,75 simu outM (slow)
0,7
0 25 50 75 100
time (ns)

Pulse Shape with T=20ns

| —n=1 —n=2 —n=3 n=4

100 120 140 160 180 200 220 240 260 280 300

20 40 60 80

t{ns)
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Preamplifier output

400
350
300
250
200
150
100

50

(mV)

10

(ns)

s 1 o N 00 W

Preamplifier

—8—Preamp

—#—SIMU preamp

20 40 60 80 100 120 140
(fC)

Preamplifier Time Walk
Measure

20 40 60 80 100 120 140
(fC)
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Equivalent Noise Charge mega

ENC

4000

3500 ——ENC (Rf=100K) L~
— = SIMU ENC (Rf=100K) _ -

3000 ——ENC (Rf=25K)

— = SIMU ENC (Rf=25K)

2500

2000

(electrons)

1500

1000

500

0 10 20 30 40 50 60 70 80 90 100

Detector capacitance (pF)
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New mixed-signal circuits ! !mega

- ADC SAR "
— Inspired from Krakow design, 11 bit i
« 2TDCsfor TOT ; }
— IC design, 50ps/200ns, based ona ™" O e
ring oscillator R

— OMEGA design, 50ps/400ns, based
on a global DLL running at 640MHz

« TDC for TOA
— CEA-IRFU design
— 10/11 bit

- PLL
— CEA-IRFU design
— 40MHz input clock

— 1,28GHz running frequency

RC-C filter
up 1, Vewt
40 MHz input —={ Fsme [] & | 2 1= wo 5 1,28 GHz Oscillator
DN —

32 pre-scaler External initigl load voltage & adjustable current injection

-
Counter

| Encoder & Sel-Logic
+MSB<3.0>

140, 160, 320, 640 or 1280 MHz output
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Serializer and Elink for trigger path ! !mega

L The chip integrates 2 elink transmitter to handle the 64 bits from the trigger path

4 channels are encoded into 8 bits (with 4+4 encoding)
2 variants (fully digital or mixed =» way the last mux is done) CIK640

U000

Possibility to readout a known frame (set by SC) i

Default is 1,28 Gb/s ( 640 Mb/s possible) Doutl i 5 Doutl 0
_ S ___ Doutt

Clk640 —p Dout
—

O Main specifications: Dout2 i 5 ol___Dov_ |4
Data rate 1,28 Gb/s (internally 640M DDR) CIK640 _[>o_

Compatible with LpGBT protocol
Programmable Pre-emphasis (based on Paulo Moreira scheme)

U000

Synchronization pattern on request (in place of trigger data)

Specification

description VEIE
Vcm (common voltage) 0,6V
Vdiff (differential voltage) 100 to 200 mV
Pre-emphasis current 0,5t0 4 mA
Termination load 100 Q
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E-links meqga

« Data path running at 320MHz TV =
— No difficulty to send out data from the .| i i —
SRAM T B
cosf : 3
8 os I - BS
* Trigger path running at 1,28GHz i i ELE
— For now, | only look at the eye Ll | -
diagram and Johan provides the plot .| i i
of error rate vs sampling delay o

Input delay setting (bits)

e

X1= — AX= —
|11 X2= — 1/AX= -500.5 MHz

Y Y
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Timing at High-Luminosity LHC me

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

VA

Luminous region

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

C.de LaTaille Front-End electronics TIPP 2017
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HGCAL timing performance

« CMS HGCAL testbeam measurements 4 \\l A

« Jitter:j~1ns/S/IN
— But S and N depend on BW... o\ _
— Parts come from detector and from electronicgs o /. HG@D

A
Absorber

Sipagt VS Siaqn e 50 GeV 4 X,
)
c G(t1‘t2) _ A
— =—@&C
o V2 Y2ex
= N ——e—— Si133 um: A=1.00+0.01,6=0.009:0.001
Y RN e Si 133 um: toy pulse simulation = 12
:_-'.:- ——&—— Si211 pm: A=1.06+0.02,C=0.008+0.001 E -
PR ) . m B
(o I R N e Si 211 um: toy pulse simulation £ 1
N —e—— Si285 um: A=1.11:0.02,C=0.010+0.001 5 -
TR e Si 285 um: toy pulse simulation = C
1077 e \ ----------------------------------------------------------------------------- 0.8 : :
- s ] Averaged
- o b 1.1 ns, . g
N 81 | Pulses
0.4_
S - M SREL e 0.2
‘::::;.‘ 0_
_ Tl 4 3 2 1 0 1 2 3 4 5
: t'tmax [I'IS]
1 11 1 | | L 1 1 ‘ L] a ..
2 .
1 10 12 © M. Mannelli et al. ACES 2016
eff

https://indico.cern.ch/event/468486
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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

SiaaitSia2
———+——Vvs MCP,,

e 50 GeV 4 X,

Lo | -
7] N 1
‘—% ¢ mean Dex
“1-.
la ——— Si133 um: A=0.75:0.01,C=0.020:0.001
E + Si 211 pm: A=0.38+0.01,C=0.019+0.001
=/ b ) —e—— Si 285 um: A=0.3310.01,C=0.021£0.001 ___
©
10
102
B Lo 1 L1
2
1 10 10
Signal _[MIP]
eff
. 19 May 2016

XVl International Conference on Calorimetry in High Energy Physics (CALOR2016) - Daegu

LB

Amplitude [ADC]
w
o
3

.“

¥

i

me

d

e 50 GeV: 4Xo lead absorber, 200 um‘g;}\m;or

X

"50% constant|

.
8

I
20
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Time walk and Time |itter meqga

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

O'TWt _ |:trisevth :|
S RMS

threshold

' o’ = N
t
. dVv
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 2 n tristhh n TDCbin 2
t S RMS V 12 ) ’;—
Jitter /qu/e Walk | © N. Cartiglia Trento workshop 2016 E

https://indico.cern.ch/event/485239/overview/ 59




Examples

« CMS HGCAL : PIN diode thickness 300 pm A=25 mm?2 5
— C,=8pFe,=1nVAHz t;=3ns o =420 ps/Q(fC)
— 1MIP=3.8fC=>0=110 ps/#MIP (~200 ps measured)

 NAG2 tracker : PIN diode thickness 300 pm A=0.09 mm?
— C4=0.1pFe,=11nV/NHz t;=3ns o =60 ps/Q(fC)
— 1MIP=3fC=>0=20 ps/#MIP (~60 ps measured)

« ATLAS HGTD : LGAD diode thickness 50 um A=2 mm2 G =10
— Cy=2pFe,=2nVAHz t;=0.5ns o =50 ps/Q(fC)
— 1MIP=5fC(G=10)=>0=10 ps/#MIP  (~30 ps measured)

« SIPM G =156

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

C.de LaTaille Front-End electronics TIPP 2017
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Summary mega

« OMEGA has long history in FEE design
— Started with ILC/Calice now lead by CMS/HGCAL

« 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
— CepC requirements for FEE are similar to CMS HGCAL specs

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

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

CepC Meeting @ Roma Uni 3 - 2018/05/25 61



OMEGA ILC chip

PQFP24O 34mmx34mm LQFP208
- 30mmx30mm

-----

Wi

LT

: T :
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V o

POWE R P U L S I N G | N S K 2 '[;;;cnzel\\'CCII 2 bunch crosings:

in I
0  Requirement: M—M‘T _ fed ST—— JLLL“” """ ||||||||.!_
a 25 pW/ch with 0.5% duty cycle rain length: ime between < trains: <00 ms

2820x337ns=950u s
Q 500 pA for the entire chip

vdd

\e- OFE cell 0 Power pulsing:
Master O Bandgap + ref Voltages + master |. switched ON/OFF
Ibias o . .
l, B 0 Shut down bias currents with vdd always ON
ibi_cell C ] OReell Ibias cell
- ¥
| e ¥ @ 0 SK2Z power consumption measurement:
) 0 123 mAx 3.3V = 40 mW => 0.6 mW/ch

Master source end

0 4 Power pulsing lines : analog, conversion, dac, digital
0 Each chip can be forced on/off by slow control

Measurements
Acquisition 88 mA, 290 mW Duty Cycle =0.5%, 1.45 mW
Conversion 27.3 mA, 90 mW Duty Cycle =0.25%, 0.225 mW
Readout 8.0 mA, 26.4 mW Duty Cycle =0.25%, 0.066 mW

Skiroc2 power consumption with Power pulsing: 1.7 mW ie 27 uWi/ch
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1st test vehicle: TV1

* Analog blocks for preamp characterization:

6 positive & 6 negative input preamps
« Use different transistor size ant type (Ivt, typ, hvt)
« 60dB and 90 dB OL gain architecture

« Variable Rf and Cf: charge sensitive or current
sensitive

« CRRC shapers: HG and LG, 5 to 75 ns shaping
time, => noise studies

1 baseline channel from TP (CERN schematic)
4 discriminators for TOT studies
Digital part for noise coupling tests

Test Vehicles for CMS HGCAL - TWEPP 2017

me

d
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TV1 test results ! !mega

HG output linearity - Negative current preamps -

« “90dB” preamps, for both polarities, 40ns shaping time & 100pF Cdet
achieve the best performances in °
terms of open loop gain, linearity,
speed and noise

0" 50 100 150 200

—@— neghg3000
—&— neghg2000

= 06 neghg1000
) Issues found -0,8 negd200
— Large parasitic capacitance (Cpa = . I:Zii’ZZZ

40pF)
— Stability issues with R2R shapers

— Poor modelization of Crtmom 5 residuats
capacitors |

Qinj(fc)

LAl
A

Qinj(fc)

5 p——— :
ENC noise vs detector capacitance

2500
y = 21,639x + 887,72 ENC (e-) - negative preamp - 22pF Cdet

ENC (e-) - negative preamp - 22pF Cdet
2100 (e-) - neg; p ] p

1700

ENC (e-)

1300

900

500 600
0 10 20 30 40 50 60 70 100 R o 100

cdet (pF) 1 1 100 shaping time (ns)

Test Vehicles for CMS HGCAL - TWEPP 2017 67



CMS, /! .
Z’f 2nd test vehicle: TV2 megad

* Negative Input preamp

High OL gain (90dB)

Variable Cf: 0,1fF — 1,5pF

Two selectable Rf: 24K & 1M
Cf_comp for high gain setting
Different versions: baseline, low
parasitics cap (custom layout)

- Baseline shapers Fem] . =) H’ﬁ terent
* Tunable bias ) l w [l
* Tunable miller comp 7 = i >S4 -.’\’».%jf“ 3 w% >
- Global 10b DAC and 5b DAC in 491 of S ) ' —
order to tune the Reference LTI Preampoutput T o e—
voltages S
shaper output ‘——‘
« 11b 40 MHz SAR ADC based et I
on Krakow design -
« ToT: No TDC but discri output
on a PAD : :
Different versions:
« ToA: not implemented (high » Preamp: baseline, low parasitics cap
speed TDC still not available) (custom layout)

 11b ADC: asynchronous and synchronous

* 32x512 SRAM (CERN) ADC, with and without bootstrap

Test Vehicles for CMS HGCAL - TWEPP 2017 68



TV2: ADC SAR

me

11-bit ADC SAR (MSB signal sign + 10 successive comparisons)

Designed for 20 MSamples/second

Design of 11-bit SAR ADC

— Differential input signal

32C

AS

16C

A8

A7

8C

ac

Ab

C, C=50fF

2C C 8C 4C 2C

AS Ad A3 A2 Al

Ctotal=3,2pF

— Based on a capacitive DAC architecture (« 614 » :Split 6b/4b DAC)

— Based on a asynchronous SAR logic and tunable settling delay

Power consumption ~3mW @ 20MHz (~50% capa array;~50% digital)

4 ADC SAR architectures in TV2 (w and w/o bootstrap; asynchronous/synchronous) to

16C

A8

8C

A7

A6

AS

A4

Ctotal=3,2pF

8C

A3

4c

A2

2C

Al

AD

dummy

be teSted Sample clock

Vin,p ( 32¢
A9

Vem
32c

Vin,m
A9

\

16C

A8

8C

A7

ac

AB

AS

A4

Ctotal=3,2pF

8C

A3

4c

A2

2C

Al

AD

dummy

Sampling swithes

Capacitor array « 614 »

Test Vehicles for CMS HGCAL - TWEPP 2017

comparator clock

Dynamic
comparator

11-bit
parallel
output

AO

d

dummy
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TV2: L1 Buffer SRAM ! !mega

| | energy | energy | energy | energy |leakage

O L1 Bufferin TV2 (TSMC 130 nm): | |READ* |WRITE*| R&W* | NOP
O 512w x 32 bits | [oW/MHz uW/MHz [uW/MHz uW/MHz| oW

O Use CERN memory generator (beta version) Ii‘;c I;i |;;§ igj I?g? Iif
- doufter/channel(nTv2) BC 865 Jwsz fi7ss  aae [506
Area | Power | Processing T [r05  f933 1619 247 9053
. LT [s15  Jwoss  fiera  [326  1s2
P R MR AL [98.9 1284 J2231 336  [283.22
RAM 035 _4 |R@LMHz
32b x 512w ’ W @ 40 MHz

Measured 3mW/SRAM with only 12bits toggling (data toggling @10MHz, writing @40MHz, reading @1MHz)
is in agreement with expectations

—F— |
L1 Buffer Readout
Ni 1N Buffer -
(@ 40 MHz (@ L1 rate
—/ 70




TV2: SAR ADC tests meqga

*  Maximum sampling frequency: 10MHz
* DC characterization: INL, DNL, capa network, noise

« Many parameters to be explored: delay, reference
voltages,

« Just starting: lots of work ahead (SINAD, ENOB, SNR ...)

' kb l il bkl

rms
B

—

DNL
N O ¢ O Lok
\

INL

2000 . 6
Channel 1, async version, no bootstrap, @ 10 MHz o
31500 ‘\Q
§1000 Coefficient values + one standard deviation .\\
500 b =778.27 £ 0.045 Q
0 I ‘ T T T T ‘ I I T T | T I I I ‘ T T T T ‘ I T T | T I ‘ T T

-1.2 -0.8 -0.4 0.0 0.4 0.8 1.2

Input Voltage (V)
1estL vernicies 101 Civio IOCAL - | VWEFF ZULl/ 71



TV2: Charge linearity mega

| @
Good agreement between simulation and A
measurement i
- Linear up to 90fC ] _ _
- But ADC brings a non linearity, likely =] e Simulation
due to mismatches of its capa el
network (half range) 90 fC

« Strong DC dependency to the Temp A e e g e e
- DC coupled channel, gain 15
- Input preamp 1mV/°C

)
o Cil
= 15 mV/°C at the ADC p
=
. - 3
= See in room condition
3000 — — 2100
14 F J = ™ [—ADc E Charge linearity: ADC and scope
| {f-Tot Rf=26k0; Cf=200fF; Cc=200fF
12 —250°c | 2500 |Cdet=47pF; 10MHz SAR ADC - 1750
1F Jl—112%C |
s [PPSR —-25°C —=— Vdiff {mV)
> o8t} 1162 ¢| 2000 |—=— ADC-PED (LSB) i s ooe ™ [ 1400
g 06 ----] | —=-30.0 °C n =449t 11.2
g0
Soal/ /) o0 e e 1500 1050
=}
cSl 02F a0 fC
O o} 1000 — ~ 700
02} -
o4 b N i ]
AT A . . i 500 Measurement 360
o} 100 200 300 400 500 L
Input charge (fC) 5

2l Imperial College 0 20 40 60 30 100 120

vea Yehicles for CMS HGCAL - TWEPP 2017

ADC counts



TV2: TOT linearity ! !mega

Good performance of TOT but after 3pC, 1pC in simulation => have to be understand

o -
= % = : ; w00 EET?;'E?FC? 200t Comzoat Measurement
Simulation e
—=— TOT_ns
e 300 —fit

“10pF Cdet
50pF Cdet
60pF Cdet

100pF Cdet o

ccccccccccccccccccccc

=29.8
=42

30 ns/pC

TOT (ns)
1

0 T T
0 1 2 3 4 5 6 7 8 9 10 1
T TTTTTTTTTTT T TTTTTTTTTTT T TTTTTTTTTT T TTTTTT T T anj(pC)
o 2.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
in] (ol

=
- .

a0 — \\

ity (

E I i
q s
2.0 i I 1 1
1s | H 30 8
3 H = -
1s | i s
L4 | H =
. 1 \ H 3 7
g1z ; 2
Fro e li | He =
Fio 4 a P
\ H S
08 { S 4 + .
E . .
I - |
va 4 \ i a0 fC
S [ , .
0o o
a
T
s 3 100 LR 3 1 s 5ot
r 10

——tod

T
o 80.0 100.0 12000 oo

: 1
Qinj (pF)

Non linearity

Jitter on TOT
- Spec < 50ps
- @ 200 fC 30ps simulated, 75ps measured
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meqga

TV2: Noise measurements

« Spec 2000 electrons with 50pF detector capacitance

* OK without ADC and running RAM
« Discrepancy between simulated and theoretical/measured values

4000 —
3500 — Equivalent Noise Charge measurement
Rf=25kQ; Cf=200fF; Cc=200fF
—A— ENC_Vdiff
—o— ENC_ADC_RAM_1M
3000 — - - ENC_simul
- - ENC_calcul

Electrons

500

0 ' | ' | ' I
60 80 100

0 20 40
Cd (pF)
Test Vehicles for CMS HGCAL - TWEPP 2017 74



Timing optimization : common view mega

o Jitter due to electronics noise: o, =—

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

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

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

NB . tr=t;5qq =2.2 tau.
fags =1 GHz <-> 1,590, = 300 ps
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Signal : detector current mega

« PN diode w =200um « SiPM detector (10pe-)
* Very short rise time : tr~10ps « very short rise time : tr~10 ps
* Relatively long «drift time» : « Short duration : td~100ps),
td~2ns
. td=100 ps
) | Sil - 7= PS,
1.2610" 44
10+ ]
34
2 0.8 | detector 2 .
N Silicon Pin diode w=200ym £ A7t e SIPM cutent 10 ) simuaton
g 0.6 g 6 3600122 56F, Rouench=125K, Gain=tM
- 3600x22.5fF (80 pF),
04 R Gain=1M,
94 Rquench=125K,
0.2 04 Cquench=5fF,
" CL=10pF
0.0 - T '-IIIIIIIIIIIIIIIIIIIII
: é | . o 010 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 20
0 3 5x10 Time (ps)
time (s)

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

C.de LaTaille Front-End elecectronics TIPP 2017



voltage vs current sensitive

12-P / mv

Example : 10 fC -1 ns
signal from 1-10-100 pF

sensors into 50 Q (current)

or 50k (voltage) preamp

W ulth-n

meqga

" ﬁ)

/E\g_: 1ImV
/ 10 mV
| |
/
/ T
| // i) i
1] C=1pF | // C=10 pF
=i R

C.de LaTaille Front-End elecectronics TIPP 2017
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Examples of pulse shapes mega

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

« Sensitivity to parasitic inductance 1.10 nH

- Choice of R : decay time, stability i

« Small Rg not necessarily the fastest ”n} % L, L

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

[ 1z 402ans | -33.23219uv
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Detector impedance and input voltage

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

« Cd>1pF, Zs@1GHz dominated by Cd
* Rise time: tr= td when td<< Rg C, and tr= Rq C,

when td>> Rg Cy

At HF :
difficult to beat
the capacitance

Vinit) if tad << CaRs

td

max= /Ca Charge sensitive

Vi) if ta>> CaRs

CaRs

max= Rs.I Current sensitive

me

Vin I>lnut
Iin CaT Rs
— [
_|_|_ R
width=td = = =
10° 3§ ;
107 3
] 1GHz |
10° 3 i
L
3 e 1pF !
1 T~
— 10% E == H'“'“m__%_
= 3 T !
= 1 10 pF 1 — i
10% 3 : T i
E TG TR !
3 TRIET]
-4 500 i
10 3 ] e
: e
10" g 100pF b =—F
10° 3 \
10° 107 10® 107 10"
freq (Hz)
79

d
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High speed amplifiers mega

 Response to very short pulse

 Broadband v Zs
— Zin=Rs (50 Ohm) o Ve
— Vin = Q/Cin L CP 1’ﬁ[]l] LF 7
QIN = —
- Vour= _GmRFC_d - =
Ly

« Transimpedance

— Zin ~ Zf/G ~ 1/gm e Vou
Iin : t+
1 - R; Q,y C_b Z«,i g [I] y A

Gm

- Vour = 21y ~ —GpRp=
C m

ouT 1+] d "IN ch

« Same response at High Frequency
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Signal and noise in Broadband amplifiers ! !mega

« Signal of duration tg, across capacitance Cd with BB

amplifier of impedance Rqg — >
en
« Signal scales as 1/ C; if Rg Cy >>ty and Cpp<< Cq nﬂ@ ——cd
S = Vyyr = G
Cq /77777

* Rise time is the convolution of signal duration t; and
amplifier risetime t;4. 99 pa

2 2
. = \/t10—90_PA +1;

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

\/ 2'[10—90_ PA

N =Ge %BW =

e Jitter is then:

5o = N _ e C, t120—90_PA +t§
t dv/dt Q

in 2’[10—90_ PA
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Jitter in Broadband amplifiers mega

Optimum value: t;4 oo pa=1ty (current duration)

5 = €,Cq " Dominated by sensor
t d . .
Q.. Electronics only gives e,

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

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

noise spectral density
2,500

2KT  2KT
en = N —— 2,000
g m q | D E 1,500
g
E 1,000

0,500

0,000

Id (mA)
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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/ th
dv/dt =Q / C,.t, = 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
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5 500

900

meqga

e
GtJ =< \/td
in

Q

600

700

600

400

)fC Cd=20pF

td=1ns

300

200

500 BB

100
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ATLAS

EXPERIMENT

Voltage (mV)

350

SiGe discrete readout BW = 2 GHz

LGAD with SiGe hybrids
2 mm?2 LGAD 50 pm 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

[y
U
o

—
(=]
o

50

&
[©
©

it
<
e
&
<l
&
O

2.5 3.0
Time (ns)

35 4.0 4.5 5.0

C.de LaTaille Front-End elece«

Time resolution [ps]

120_ T T T T | T T T T | T T T T | T T T T | T T T T | T T T T ]
- ATLAS Preliminary B LGAD 1 -
100 HGTD test beam Aug. 2016 ® LGAD?2 —
~ 120 GeV pions ]
gol  (1.2x1.2)mm? wide 45um thick ]
. N i
- o ]
60— » —
N n’ ]
_ me ]
401 .0 -
B " ¢ N . [ | ® _
20— —
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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)

400

350

300

250

200

150

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

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

SR SR SURTRSRURRUUPOS SOUPTRUUTY (NS SR - —+— SensL JOO 3x3mm2

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

—ae— Sensl JD4 3x3mm2
——— Ketek Optirnizad 3x3mm2
: —l— FBE HNUVHD 4x24mm2
| —m— FBK  NUV 3x3mm2
—— S5TM 4.3x3 Emm2
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Going to lower SPTR

 Expect ~ 20 ps/pe

* NINO risetime ~1 ns
 Test with PETIROC2 (tr = 300 ps)

— SPTR =67 psrms (180 ps FWHM)

« Possible effect of stray inductance

 Furhter studies in FAST framework

SPTR
- - histo
5 Entries 3465
o 200__ Mean -13.68
130: Std Dev 0.1671
- Prob 0
160 Constant 186.2 £5.1
I Mean -13.65 + 0.00
140 F Sigma  0.06784 +0.00130
120}
1002_ Sigma : 67.84 ps
F FWHM : 160.10 ps
80+
60/
40—
201 ;F,
ot et Losinai sl .L ........... .
-16 -15 -14 =13 -12 =11 -10
Delay (ns)

Count

5+

PETIROC2A:
Measurement of the PA Rise Time

Preamp Rise Time reconstruction

//

meqga

TN
ﬁ Step 2 Picosecond) rects n hd
E !
<C P
o H
54| 1
+— 1
|
I
1
’.5.. I
1
104 ::
1
§{ - 300 ps -
T T e e e e
0 10 20 % 40 5 6 70 80 90 100 110 120 130 140 150 10 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 MU0
Time (ps)
Energy Spectrum
e histo
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» J Std Dev 0.03437
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Evolution of technologies ! !mega

* More and more functions frotmosFET g oM Vies {“"FF’”“’ """"" 100G
are integrated inside Lo 106
. 10
chips (ASICs) PR I e e o
. . -E ﬁ\\\. E
« Evolution of technologies 2 1 * 100M g
— o
make them more and E tom @
= 100 =
more performant but g m E
5 z
more and more complex 5 1o 100k O
. 2 Intel 80286 g
« Costincreases ... £ 10k E
— MPW costs = " el 4004 _Si lattice shacing 0.64nm - w Z
firstIC z
— 350 nm: 1 k€/mm?2 e N S N S 100

1960 1970 1980 1990 2000 2010 2020 2030 2040
— 130 nm: 2 k€/mm?

— 65nm: 6 k€/mm?2
10 ans d'évnlution des snécificatinns technianes naiir la gﬁnlicm‘inn

* Chip size also... = s ——
« CERN targets 65/130 nm
SiGe in AIDA2020

\
\ 5 new “Moore’s-L.aw” on documentation volume
/ﬁ G. Deptuch, Fermilab seen from the 14" floor at Fermilab perspective

Year
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erooxnnuten  The PP-ASIC Paradigm

Complexity Collaborations ?
* only part of the solution

@ 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 88




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 mm?2 and
2Xx2 mm?, submitted in dec 16 in TSMC 130n

— High speed preamp (1 GHz) + constant fraction

discriminator (20 ps)
Will evolve to 400 ch chip

— With internal TDC, bump bonded to sensor.

Collaboration with SLAC

Vih o arm ---4-
One channel " f

= Arming/TOT discriminator ——— TAC
L]

Vih_arm=0.5 MIP

DAC for
bids tining

'
: TOT trigeer_p | |
! Ly
Buffis TOT _trigger_n —|—J—
J_L \ C-F[)_t'-igger_p -|-I—

'_ CFD
Buffers (‘Fﬂ_lli!.',}.',t'l'_ﬂ —l r

CFD

DELAY

Il

Zero erossing discriminator

C. de La Taille Front-End elecectronics TIPP 2017
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HGTD architecture

" READOUT CHANNEL OF ONE CELL (1x1 mm2)

Preamp

TOT

CFD

TDC ror RAM
20 ps to 25 ns
bin = 20 ps 11 bits, 40 MHz
WR @ 40 MHz
TOA, 20 ps to 2.5 ns | ), f: IAIE
7 bits, 40 MHz
TOA, 6 bits 40 MHz L.
Serializer

Serializern

READOUT CHANNEL OF ONE CELL (1x]1 mm2)

2 x2 em module (4 x 100 cells)

readout by one 400-channel ASIC

1 cm

I em

1 cm

|DIGITAL PART OF THE 400-channel ASIC

100 lines @ 240 Mbs | g 4 = Hiseo Builder 1 :
- FLero suppress & Serializer

L0 lines ‘e, (18 bits Timg meas. + 7 bits for cell position)

X

RO 1

Line x 240 MNb's

I em

_— -t HE 2

ReadOutl

100 x 240 Mhbis |

HE 3

100 lines ‘a (1A bits Time meas. + 7 bits for cell position) | pey 2

Livh x 2400 Mbvis

— === HB4

LOHY lines a (15 bits Time meas, + 7 bits for cell position) RO 3

WWW

L0 limes o (18 bits Time meas. + 7 bits for cell position) RO 4

WITH 7 % occupancy |

HBl @ 1.7Ghs
1600 x 240 Mb x 7% occupancy

Dara Outl @ 175 Mb s
100 x 25b x 1 MHz x 7% occupang

HB2 @ 1.7 Ghx

&:MM.J?SHM

HB3w 1.7 Ghs

- E Data Cutda 175 Mb's

HB4 @ 1.7 Gh s

Data Ourd i@ 175 Mbs
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CE In SiGe 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 <O _Inls
Iin Cd Cd

(\I-I'
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 LaTaille 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 +t§
« Follower (connected to a discriminator) % T4dv TS T S
 Normalization to 1 fC, square pulse. dt N N

« LGAD signa 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

vV, = O _Inly
c, G

width=td _ —_—

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

C.de LaTaille 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 g ——ee S H>~ ------ S
— Optimized version for CMS | \w
testbeam, pin to pin compatible || “ e S we |, —‘@*
— Dual polarity charge preamplifier > iy e | X
— Faster shapers (25 ns instead of |~ -
200 ns) o foos eamro
— 40 MHz circular analog memory, | i
depth= 300 ns et /
— TDC (TAC) for ToA and ToT, Tt
accuracy : ~50 ps I i i

— Submitted jan 2016 SiGe 350nm

e Tests:
— First tests on BGA testbhoards
— 4-5 boards will be equipped



« 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

%]
3
IS
—ADC =
—DAC=200 53
3000 DAC=237 £5
—DAC=273 "5
—DAC=310 =
o 2500 DAC=347 ]
e —DAC=383 O
3 2000 —DAC=420 >
= o
0 3
& 1500 ™
O
A ©
<
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

SiaaitSia2
———+——Vvs MCP,,

e 50 GeV 4 X,

Lo | -
7] N 1
‘—% ¢ mean Dex
“1-.
la ——— Si133 um: A=0.75:0.01,C=0.020:0.001
E + Si 211 pm: A=0.38+0.01,C=0.019+0.001
=/ b ) —e—— Si 285 um: A=0.3310.01,C=0.021£0.001 ___
©
10
102
B Lo 1 L1
2
1 10 10
Signal _[MIP]
eff
. 19 May 2016

XVl International Conference on Calorimetry in High Energy Physics (CALOR2016) - Daegu

LB

Amplitude [ADC]
w
o
3

.“

¥

i

me

d

e 50 GeV: 4Xo lead absorber, 200 um‘g;}\m;or

X

"50% constant|

.
8

I
20



PETIROC2 DESCRIPTION

Time of Flight read-out chip with
embedded TDC (25 ps bin) and ADC

Dynamic range: 160 fC up to 400 pC

32 channels (negative input)

32 trigger outputs

NOR32_chrage

NOR32 time

Charge measurement over 10 bits
Time measurement over 10 bits
One multiplexed charge output

Common trigger threshold adjustment and
6bit-dac/channel for individual adjustment

Variable shaping time of the charge shaper

32 8bit-input dac for SiPM HV adjustment
Power consumption 6 mW/ch

Front-end
— Broad Band SiGe fast amplifier
Fast SiGe discriminator

1 GHz overall bandwidth,
gain = 25

AMS 0,35um SiGe

AL U

me
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Channel 31
Channel O Time<0> Outputs
Vth_time 6-bit DAC Time to
Positive or -E‘dl'“St""@"‘t -Rs latch f— amplitude
negative converter E [ Time=i>
input —
% ime measuremen t ADC ramp o
pa i
—AA— ‘&b Data_out
preamplifier L7 p—y
hold =
1
M A*F = T _
+ sca T yi) H chargesi>
Charge measurement ADC ramp
8-bit
mout Charge<31>
DAC
I a—o Multiplexed_charge
3 out_discri_charge
Vth_charge I
Temp 10-bit  Jyth time
| Bandgap | | sBnsor | DAC - TJOR32 D—D OR32_charge
8-bit delay box for hold  |hold yéﬁz trigger outputs
ADC ramp .
generation
T OR32 ll x> OR32_time
Common to the 32 channels :
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PETIROC2A: performance mega

07 . . . T
Preamp Rise Time reconstruction 00 W W\ﬁ ; 3
N PETROCEA: ' T™W
Mezsurement o the PA Ris Tme
o Step 2 (Piosecnd) ncedinch2d . 1\ | SCOG esurmen
1 0.90 * * - ‘ ‘
i 1.
g i
= ! ; : 5
N 1 S ‘ . ‘ , ..
< I ST S Petiroc2A: Time walk
T | £ — 1lmv
! -
CMRERE TR RN RN L 8 —2mV
o : 0.70 e
o ] 4mv
I —8&mv
Bl 10% i 060
1
0I'l‘l'IW‘I'I'I’I‘I'I'N'l'l'I‘l'I'I‘\‘I'l'I'l'l'I'I‘I'I‘I’\'I'I'['I'I i I I rol I I
01020 3 4 5 6 70 8 010110 120 13 140 15 160 17 141 190 200 210 20 230 240 250 K0 200 20 20 30 310 30 3 0 50 5152 53 54 55565758 5960616263646566676869707172737475
. Time (ns)
Time (ps) o | | |
2407 65— °
o . TOT measurement
J o B0 — - T —
2007 . s —8-PETIROC2A: TOT
180 —|
] 50 v
160 —
140; ! /g 45 —
120 oLt 160Mbiz and 40 MHz clocks g
Q. —&— without clocks (160MHz and 40MHz) 2
1Lj~_/ 2 35 ¥
BO—_ . . 30
60 froood 25
40 — -+ b
N ™ ol
20 - i .,/(
0] b * " 15—
T T T T T T T T T T T T T T T T T T 1
1.0 1.5 20 25 3.0 35 40 45 50 55 6.0 65 70 7.5 80 85 9.0 9.5 100 10 4 i i i i i ; ; ; ; — a — —
5 10 15 20 25 30 35 40 45 50 55 60 85

in (mV)
(mV) C. de LaTaille Front-End elecectronics TIPP 2017 97



Signal and noise in Broadband amplifiers ! !mega

» Signal of duration td, across capacitance Cd with BB amplifier of impe e RO
« Signal scales with 1/ Cd if ROCd>>td and C,,<<Cd
nﬂ@ —cd
B ~Qy
Cq
/77777

 Signal rise time is the convolution of signal duration td and amplifier risetime t;4 g5 pa

dv G.Q.
dt C \/'[120_90_ pa T t§

* Noise is independent of Cd

N =Ge,.|Z BW =G.en\/” 035 ___G&
2 2 th—90_PA \/Zth—QO_PA
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Signhal and noise on Broadband amplifiers me
« Jitter is given by
o J N . en Cd \/t120—90_PA +t§ . enCd \/tlzogopA +t§
V= = =
dV /dt \/2t10_90_pA Qin Qin 2'|:10—90_PA

*  Optimum value: t;y 9o pa=ty (current duration)

, e Dominated by sensor
o =4t Electronics only gives en
In

Q.

« Electronics noise en given by input transistor transconductance :

KT 2KT ) _Cy [T
e, = ~ O, = d
O »,/C”D Qin Om
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Transient Response

: Vin

Cd=10pF td=10p= lin=100uA
17Tz
Cd:10pF e -
td=10ps /, CdRin
lin=100pA o 1 |/

Qin=1fC I 7

3

Wiout CE
Yot TS

tirm; n=)
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M30: 117.31MHz 18 4987nV/sqriHz)
W 0%, 276MHz 16, 185nV sqriHz)

10pF

[oN]

=1

=]

1
[wN]
=]
=1
1

M34: 168.379MHz 17.7758nV/sqnlHz)

]

(=1

=]

1
(]
—
=1
1

N
T
£
o
[l
-
>
5
N
I
£
o
In
e
p>

YesqriHz) (nvWisaqriHzn

p

\

M35: 1.00904GHz 14.4945nV/sqniHz) .

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

timing uncertainty At

Optimistic for S/N
and neglects noise
autocorrelation

today:
optimized SNR:

next generation:

voltage noise Au

mega

signal height U

Au U
At tr
© Sebastian White TIPP2014
Assumes zero
At = Au : 1 aperture jitter
U J3f - f., |
U AU fe f o At
100 mV 1 mV 2 GSPS 300 MHz ~10 ps
1V 1 mV 2 GSPS 300 MHz 1ps
1V 1 mV 10 GSPS 3 GHz 0.1 ps
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