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1 m3RPC detector, 40 layers

HARDROCZ fOI’ RPC I’eadout 370 000 channels

HARDROC?2: 64 channels (RPC DHCAL)

preamp + shaper+ 3 discri (semi digital readout)
Auto trigger on 10fC up to 20 pC

five 0.5 Kbytes memories to store 127 events
Full power pulsing => 7.5 yW/ch

Fully integrated ILC sequential readout

10 000 chips produced to equip 400 000 ch

SDHCAL technological proto with 40 layers (5760 HR2 chips) built in 2010-2011,
« Successful TB in 2012 : 40 layers in AutoTrigger with Power Pulsing mode

Cosmic hadronic shower

— High Granularity ( PAD size:1cmx1cm)
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HARDROCS3: Simplified schematics mega

L 64 channels with current 7 64 channels

preamplifiers ‘ . y Hold Read M ultiplex
(Gnsmae]fsow e e e |
O Trigger less mode (auto trigger 15fC [_ I
- Variable
up to 50pC) Gl Gain PA Bipolar FAST I +Read —
Shaper 0 o »_ Latch Chj_trig0
t RS
. . Ctestch<js | L < . nor64_0_<j>
O Gain correction (max factor 2) sffwccfr’f{)ﬂ” Viho: 101C 10 200fC - Diserl g0 [ s
> JL
. oo k - _[— yRead —
O 3 shapers + 3 discriminators (encoded | | Ctest_chj Bipolar FAST =2 " o1 > tateh | y g ChiZtiE
i 2 bt f d t) Shaper 1 Discri 2 nor64_1_<j>
N ITS TOr readou Vth1: 100fC to 1pC maskl |trigger1<j>
1L I
. . . . Bipolar FAST Read 8 o
O 12C link with triple voting for Slow haper2 | vthz % e ﬁ B
— nor64_2_<j>
COI"Itr'Ol Parameters Vth2: 1pC to10pC mask2 |trigger2<j> ;
. _ trigger0 | encod0<j>
U 64 Independent channels with zero wiggerz_ oo encopEr RAM
encod1<i>
suppress trigger0<> . 12 Bit counter BCID 8 events
| #Dv?. 3 rlg. - WR_MEM<>  }419+2) bits
L Max 8 events / channel with 12-b %Dw
valid_trig

time stamping 1 Digital Memory/ch

trigger2<j> trigr2<j>
valid_trig

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 Bl Vth1
and references voltages TR PITER OR64 10 bits
nor64_2<0:63> DACO | VthoO
10 bits
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Gain correction / Scurves

100. R i

605004 point
+ 25fC

401

Trigger Efficiency

201

|

0 25 50 75 100 125 150 175

Threshold in fC

200

Qinj=100fC

HR2 gain
correction

HR3

ASIC Dynamic range: 15fC-50pC

50% trig eff. (DAC U)

FSBO: 50 noise limit= 15fC
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Zero suppress: Memory mapping

e Chip ID is the first to be outputted

meqga

during readout (MSB first) BCID + Charge [o] BCID chn 63 :_12 bits [E1 Eo]P |576
of CH63 : max 8 words .
BCID chn 63 :12 hits E1 Eo]P
e MSB of each word indicates type of BCID + Charge L SCUD ol 62 42 it 2 Lol
data: of CH62 : max 8 words L
— “1”:general data (Hit ch. number and Lol SO G062 2 i [E: Eofp |
number of events) X
— “0”: BCID + encoded data
e A parity bit/word Sein 4 ch [0] BCID chn L. 12 bits [E: Eo]P |
arge ;
of CH1 :max 8 words .
: . BCID chn 1:12 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 .
lo] BCID chn 0 : 12 bits [E: EofP|
e Example of number of bits during :
readout: : : :
{1 o] Chn#(6bit) | #evtab o 00][P]
General data : .
HR2 HR3 max 64 words .
1 chn hit 160 48 {1 o] Chn#(6bit) [#eviab 0 00 ]|P]
8 chn hit 1280 272 {1 1Jo 0o 0o 0 o] o] 7-bitchipio Jr]o
15 7 0
4 chn hit @ same time 160 144
10 chn hit @ same time 160 336
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Power pulsing in HR chips

Power pulsing:
O Bandgap + ref Voltages + master |: switched ON/OFF
O Shut down bias currents with vdd always ON

2 No decoupling capacitance on bias and voltage references

e Compared to HR2, HR3 power consumption is
higher due to:

— The extended dynamic range (from 15pC to 50pC)
— The integration of the zero suppress algorithm

e Ifthe PLL is used, the power consumption is
increased by 3% (due to the PLL VCO)

PowerOnA (Analog) 1650 1325
Only PowerOnDAC 55 50
Only PowerOn D 725 50
Power-On-All 2430 1425
Power-On-All

@ 0,5% duty 12,2 7,5
cycle

ROC chips for Gazeous detectors — 2021
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MICROROC (GEMROC)

64 channels for pMegas (sDHCAL ILC)

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 pW/ch (0.5 % duty cycle) 1m2 Micromegas detector
144 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

E
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Test Beam : "0 i
Very good performancé“‘1“ﬁJJ1f‘PﬂbLLrM1LrLAWJi”1"IJILLFL|JLuJ_HJ1ﬂJ1
of the electronics 7 11C
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MAROC3 : MultiAnode Read-Out Chip mega

« Complete front-end chip for 64 channels multi-anode photomultipliers
— 6bit-individual gain correction
— Auto-trigger on 1/3 p.e. at 10 MHz
— 12 bit charge output with internal ADC
— SiGe 0.35 um, 12 mm?, Pd = 5 mW/ch

Channel 63 |
Channel 0 Hokdi Digital outputs
I
-
—AA— sca T
. .
el 5 JF pain MUX E_, Multiplex
= Al 1 charge output
ssh 2 -
b= s L
Wariabbe slow shaper |3bits)
—AA— = Charge ADCeB 3>
Breamplifier [ | P i ! -
H H '-'—I ~— Dout
'“B--Dﬁq . Y F Al Charge ADC<O>
[2ain
carrection p L+
sl | } ——[}—5 TransmitOn
Unipalar fast shaper [Saiks)
ruhA—)
Vs
md_Fsb
i ’ :ﬁl emd_tsa_| T
Bipolar ast shaper (4bits|
—AA— = L
’H' MUK "b_hnu{;gl.lg:r
'lpb ﬂ. 2
] Half Bipolar fast Vih_2 Mask.2
chaper {dhits)
Cll_A0M =— Dual 10-bit DAC ”l&’--ﬂ%)
- LVDS/CMODS ADC ram T P OR1
d2[63..0]
Hold2 o Bandgap i [}—UUR}!
Comman to the 64 channels
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MAROCS3 performance

110 —
100
90
80 ] MAROC3 - ASIC #3
E Scurves vs threshold - FSB1
3 ] After gain adjustment
£ 707 Qinj = 50 fC
g ]
& 60
2 E
& ]
o 50
@ 4
j=3 - —
g . |Rms=35fC
30 -
20
10
0~ e
400 410 420 430 440 450 460 470 480 490 5C
100
90
801 MAROC3- ASIC #3
R FSB1 Scurves versus Qinj|
7 Input signal channel 8
70 Vdac=1.804V (DAC=460)
4 All gain 64
> 60
g
3 ]
£ 50 - 2.9pc |i[3-1pC
5 ]
2 ] scurve ch8 : 50% trigger efficiency at 47fC
= 40 —— scurve ch7 : crosstalk = 1.5%
7 —— scurve ch9 : crosstalk = 1.6%
30
20 | 0
: crosstalk ~1%
10
0 T
5

0.1

Input charge (pC)
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Amplitude (ADC unit)
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Time walk (ns)
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--------- gain 4 {0.0625)
5

Charge readout 20 pC

4 6 8 10 12 14 16 18 20 22 24 26 28
Injected charge (pC)

30

10



PETIROC?2 ()mega

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

 Embedded 10-bit ADC and 50 ps TDC

« Dual threshold : first photons and energy

Channel 31
Chal’lne| O Time to Time<0> Outputs
Vth_time RS latch amplitude o
Positive or B converter _/ _ﬂ Time<i>
negative Time measurement ADC ramp weeroc
input

Data_out

8-bit
input VVY j j_

DAC

+
iHH

—
iIH }—l—ww—
Digital

I
ﬂ Charge<i>
AD_Cr/:m—pI

Charge<31>

Charge measurement

‘2—0 Multiplexed_charge

\

=
=

| charge

Temp 10-bit
Bandgap sensor DAC @

ADC ramp 8-bit delay box for hold |

generation @
Common to the 32 channels :

ROC chips for Gazeous detectors — 2021
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532 trigger outputs
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PETIROC2A : SCURVES with and w/o clock meqga

* Injection of a step (1ImV, 2mV, 3mV, 4mV, 5mV and 10mV)

100 T 1 | [T | o
90 1mv 3mv K V SCurve Trigger efficiency for various Vin
no clks no clks With clocks and no clocks
— wi clks — wi clks
80
70
S 2mV 4 mV 5mV 10 mvV
& 60 —— no clks —— no clks —— no clks no clks
15 —— wi clks — wi clks — wi clks — wi clks
£ 50
©
S 40+
=
~ 30
pedestal
20 - |—— no clks
— wi clks
10
0_IIII |I||III|III 1T Illlll;lllll TTT |II||||I||III|II TTT IIII|||I|II T |II|||I||I T1TTrT

380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 600
Threshold (DAC Unit)

=3 =
=2
= 1
= o —
S -1 —
£ =
o= -3
1000 —
200
800
700
(=3 600
=
=
=
= 500 |
=3
=
S 400 —|
Charge linearity
Cinj= 500 pF, ©1= 1.25 pF, ©2= 400 fF, TH= 600 UDAC, delay=60|,
300 — Coefficient values + one standard deviation
a =13.862 + 0.227
= =0.28021 * 0.000191
=00 — Residuals (UADGC)= [-2.7,1.7]
100
© ' T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' T T 1
o 200 400 s00 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

Injected charge (p.e.)
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PETIROC2A: performance mega

1 . . . SR
Preamp Rise Time reconstruction " W iy __
é PETIROC2A: ' TW
Mezsurement o the PA Ris Tme
o Step 2 (Piosecnd) ncedinch2d . 1\ | SCOG esurmen
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Gl L I 1 A 9 IR I Rl 0 LY RS 1 R R B RS P l l T l UL
0100 3 40 5 60 70 80 9 100110 120 130 140 150 16D 170 180 19 200 210 220 230 240 250 260 270 280 20 30 310 310 30 340 50 51 52 53 54 55 56 57 58 59 6.0 61 62 63 64 6566 67 68 69 707172737475
. Time (ns)
Time (ps) " | | |
240 - 65— .
o] N TOT measurement
i P gr - I,
200 i 55 —8—PETIROC2A: TOT
180 —|
w 160 - o] %0 =
o N -
:’ 140 - | n 45 -
D 120 e Nith 160MHz and 40 MHz crocks g
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— [100 35 ad
- P 30 |
L 25
~ ol
0 T 15—"{(
T T T T T T T T T T T T T T T T T T 1
10 1.5 2.0 2.5 3.0 3.5 40 45 50 55 6.0 65 7.0 7.5 8.0 85 9.0 9.5 10.0 104 : : : : : : : : —— S

: 5 10 15 20 25 30 35 40 45 50 55 60 65
Vin (mV) in (mV)

ROC chips for Gazeous detectors — 2021 13



PETIROC2: TAC measurement medgaqa

Petiroc 2 TDC output vs. Delay

750 . : : : : ;
H H H 2
700 1000 :_.\. ............ o ......................... .............. % / ndf 17981725
£ 650 Co Prob 0.8433
S 500 900 —- p0  -22.23 + 0.06541
z weeroc -
2 550 -~ pi 2033 + 3.873
= agoo_ -
500 =2 [
5 T
450 700 [ S
) 3700
17— Q
0.0 25 50 75 10.0 125 16.0 Feoo B ; R O OOOOTNL . O SO E SO
delav (ns) Sl d . r
] ope dispersion: E ‘
-21.75 ~10 50O [T ‘l. ______
) _ 1% rms or 10ps/1ns C u
] <»=22.33 sdev 027 o _ =
= 2200 or 250ps/25ns 400 i o . T E— .
= i b . . =L T R R T R T T T I | T N TR BRI N
3 ] => Calibratipn 45 50 55 60 65 70
8 1 Delay (ns)
2 2225 TDC Deviation
2 ] | NG ———
o E L
™ 2250 -
] 08
_22-75 _I T T T T | T T T T | T T T T I T T T T I T T T T | T T T T I 1 0-8 :_ d )dlglta ! COL‘ F)l I ng
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=3
.
|

channel s Non Lin: ~0.25% or #50ps

|ntercept dlspers|on: Eo_g:_ ........................................ ®
_ ~1% rms => Calibration I S N R .
= a L
> r L]
C LS
é 02y
% e
£ 750 <= 764.35 sdev=7.9
?45 _: 1 1 1 1 1 1 1 1 1 1 1 1
] 55 60 65
740 Ly e e B e e e e Delay (ns)
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SUMMARY htip://omega.in2p3.fr/  http://www.weeroc.co meaqa

MAROC 5fC-5pC 64 trig outputs, internal 8/10/12-bit ADC (for charge
measurment)

SPACIROC PM 64 <0 2pC-220pC Fast photon counting (50MHz)

PARISROC PM 16 <0 50fC-100 pC Internal TDC (<1ns), 16 trig outputs

HARDROC RPC 64 <0 2fC-10pC 3 discriminators, 128 deep digital memoryto store 2x64
discriminatorencoded data

MICROROC LMEGAS/GEM 64 <0 0.2 fC - 500 fC 3 discriminators, 128 deep digital memoryto store 2x64
discriminatorencoded data

SKIROC Si pin diodes 64 >0 0.3fC-10pC Internal 12-bit ADC for charge measurement

SPIROC SiPM 36 >0 10fC-300pC 36 HV SiPM tuning (8 bits), Internal 12-bit ADC for charge and
time measurement

EASIROC SiPM 32 >0 10fC-300pC 32 HV SiPM tuning (8 bits), 32 trigger outputs

CITIROC SiPM 32 >0 10 fC-300 pC 32 HV SiPM tuning (8 bits), 32 trigger outputs

PETIROC SiPM 32 <0 100fC—300 pC 32 HV SiPM tuning (8 bits), 32 trigger outputs, Internal 10-bit
ADC for charge and time measurement (25 ps)

TRIROC SiPM 64 Both 100 fC- 300 pC 64 HV SiPM tuning (8 bits), 64 trigger outputs, Internal 10-bit

ADC for charge and time measurement (25 ps)

ROC chips for Gazeous detectors — 2021 15
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OMEGA ROC chips

meaga

« Use of Silicon Germanium AMS 0.35 um BICMOS technology since 2004
* Readout for MaPMT and SiPM for ILC calorimeters and other applications

« Very high level of integration : System on Chip (SoC)

D

Chip detector | ch | DR (C)

TMAROC PMT 64 | -2f-50p 1
SPIROC SiPM 36 | 10f 200p
SKIROC Si 64 | 0.3f 10p

1 HARDROC RPC 64 | -2f-50p
PARISROC PM 16 | -5f-50p
SPACIROC PMT 64 | -5f-15p
EASI/CITIROC | SiPM 32 | 10f 200

I MICROROC uMegas | 64 -0.2f-0.SE ;

TPETIROC SiPM 32 | 50f 300p
TRIROC IPM 64 | 50f 300p

> GEMROC || [

P

MAROC3

~ SPIROC2

SPACIROC

http://omega.in2p3.fr
HARDROC2 MICROROC1

PARISROC2

A LY

iRk E
e
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MOS and Bipolar ! !mega

2 FTTVRE © K. Torki (CMP)
%% Example of prices, protc D <

CMOs 351 AMS 650 €/mm?
CMOS opto 35 AMS 810 €/mm?
CMOQOS HV 35 AMS 1000 €/mm?
CMOQOs 130nm ST 2200 €/mm?
CMOSs 65 nm ST 7500 €/mm?
CcMOs 40 nm ST 15000 €/mm?
SiGe BiCMOS 35 AMS 890 €/mm?
SiGe:C BiCMOS 130nm ST 3500 €/mm?
SOl 130nm ST 4000 €/mm?
SOl 65nm ST 9500 €/mm?
Poly-SOI-Metal MUMPS MEMSCAP 3700 €/cm?

http://cmp.imag.fr/aboutus/slides/Slides2011/02_Runs_2011.pdf

ROC chips for Gazeous detectors — 2021 18



SiGe technology ! !mega

- Faster bipolar transistors for RF telecom ©R. Hermel
— Better mobility and FT strained
— Better current gain (beta) Slyqlet,
— Better Early voltage
— Interesting improvement at low T
— Compact CMOS (0.25 or 0.35um) for mixed-s T T 1 L L0 L ik

Temperature (K)
300 200 150 125 100 m
1000 ——T— T T -
: —
= o i
3 o//,
g /. _~~ SiGe HBT
g W 3
B a :
g 1
N+ Subcollector F A“‘\‘ Si BJT
= = P
PPN Lo L TP TR il
2 4 6 8 10 12 14
1000T (K™)
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Power and speed with SiGe mega

« BJT :bestg,,/l ratio (1/U;)

. S ]
— Large transconductance with small e
devices
* Speed goes as F=g,,/21C V120
— C~10fF g, typ mAN

— F; ~60 GHz for SiGe 0.35um ‘ | . 2
— Interesting for fast preamps 0 | , , T loslce

. 0.01 0.1 1 10 100 |
* Not forgetting 100V Early voltage anc
matching performance (A~mV*um)
o Vge=VLn(l/ls) e :;::;::z:zy»--\\
* Large swing : Vegey ~3 Ug e
‘¥ ¥ lc2 40r ; i',
I
— o o IC/AREA [A/um] o
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Evolution of technologies in practice me

» Performant design is at transistor level
 More and more functions are integrated inside chips (ASICs)

« Evolution of technologies make them more and more performant but
more and more complex

10 ans d'évolution des spécifications techniques pour la réalisation d' ASIC

new “Moore’s-Law” on documentation volume

seen from the 14" floor at Fermilab perspective

ROC chips for Gazeous detectors — 2021

d

21



mrooicnden  Design Groups — Current Status

design groups = 30-40 active designs = 30-40
e 1IN D'" NOvA APV25 MAPS POM
- B i | 3D fssr2 ASDQ ppcipic 'CECAL
e I oo R FEXIS CBC LBNE VMM ppo MAROC3
sPennll - i KPIX nhEXO SAMPA
CERN }','n. LA PAS AS D C D C
A6 . BEAN QIE VELOPIX
ABC --- SAO3

CLIC | ARGET 1srap  SALT

Average one design per group

* institutions leading collaborative efforts
e institutions performing R&D on technologies

One FE-ASIC design currently requires

2-4 full-time designers and 2-4 years
average, fromRe@mGp%?qseastfor-production 25



HR3: Analog linearity

(/)

out_fsh0

(m/)

out_fsh2

me

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)
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B T T P
Fho Scope measurement i e

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

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

------------------------------------------------------------------------------------------------------
T
........................................................................................................

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-$BO 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 o



PETIROC2: efficiency uniformit

0% trigger efficiency paoint (DAC Unit)

Trigger efficiency measurements: Lineari
One 10-bit DAC Unit= 923 uVv

£
80 =
] |PETIF{OCQ: 32 channels linearity vs injected chargel E
70 =3
] g
60 e
50 -
40
g ]
[ T I T I T I T I T I T I T I T ]
0.0 04 08 1.2 16 20 24 28 32
Injected voltage (mV)
22—
214 Linearity 10bi-DAC —_
Fit 923uVIDACU ped=12538V "é
20 >
&
194 g
Z s :g_
5 ] S
é Lik]
° 16 . . . =
10-bit DAC linearity
154
923uV/DAC code
134

I I I I I I I I I I I
0 100 200 300 400 500 600 700 800 900 1000
10bit-dac code
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me

Scurves Fit: slope dispersion
<>=14.3 DAC U/mV sdev=0.3 DAC Unit/mV or 2% rms

14.8 —

14.6 —

14.4 —

14.2 —

14.0

13.8

I I I I I I I I I I I I I I I I
02 4 6 8§ 10 12 14 16 18 20 22 24 26 25 30

channel

344 —
342
340
338
33.6
334
33.2
33.0 1
32.8
R S N B B B B p

14 16
channel

Scurves Fit: intercept dispersion
<»=33.1 DAC U sdev=04 DAC U or 1% rms

I I I I I I I
18 20 22 24 26 28 30

24



PETIROC2: « S-curves » meqga
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With SiPMs : SPTR [JINST 11 P10016]

SPTR
— FWHM ~200 ps
— Rms ~ 80 ps

me

d

Single photon time resolution of state of the art SiPMs

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

CERN,
23 Rue de Meyrin, Geneva, 1211-CH
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Going to lower SPTR

Expect ~ 20 ps/pe
NINQO risetime ~1 ns

« Test with PETIROC2 (tr = 300 ps)

— SPTR =67 psrms (180 ps FWHM)
Possible effect of stray inductance
Further studies in FAST framework
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