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Imaging calorimetry at the International Linear Collider [l bt
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— New detectors with one hundred million channels

—> Readout electronics: must be highly integrated (System On
Chip) and ultra low power to be embedded inside the
detectors

— Readout ASICs: HARDROC, MICROROC, SPIROC and SKIROC
in SiGe 350 nm technology (AMS) by OMEGA group

http://omega.in2p3.fr/
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@@9 ILC Challenges

Calorimeter for IL

e Requirements for electronics
— Large dynamic range (15 bits)
— Auto-trigger on 72 MIP
— On chip zero suppress

e |ntegration issues
— 108 channels, Compactness

— Front-end embedded in detector

=> Ultra-low power

it’s gonna heat !
=>Power pulse
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ASICs for ILC prototypes

HARDROC2 and MICROROC
Digital HCAL (DHCAL)

(RPC, umegas or GEMs)
64 ch. 16mm?

Sept 06, June 08, March 10

SPIROC2
Analog HCAL (AHCAL)

(SiPM)
36 ch. 32mm?
June 07, June 08, March 10

SKIROC2
ECAL

(Si PIN diode)
64 ch. 70mm?

March 10

L »{Chip 1 | |Chip 2

L | Chip 3 | 3| Chip 4

Data bus

Chip 0 Acquisition

Chip 1 Acquisition

wrip s Acquisition
Acquisition

Acquisition

Chip 3

Chip 4

e SR
1% duty cyE
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Calorimeter for ILC
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O 1st generation ASICs: FLC-PHY3 and FLC_SiPM

(2003) for physics prototypes

L 279 generation ASICs: ROC chips for technological

prototypes
v' Address integration issues
v' Auto-trigger, analog storage, internal digitization,
power pulsing
v' Readout architecture common to all calorimeters

and minimization of data lines & power
v’ Daisy chain using token ring mode
v Open collector, low voltage signals
v Low capacitance lines

[ 3" generation ASICs (AIDA funded)

v" Independent channels to perform Zero
suppress

©) AIDA



SKIROC2 for ECAL readout ©) AIDA

0 « Imaging » calorimetry for « particle flow
algorithm » => 30%/VE jet resolution

v’ High granularity and segmentation of the
calorimeters

CAu@S

Calorimeter for ILC
Iz

See D. Jeans and T. Frisson’s talk

d Si W Calorimeter

SN P 7 )
v Active medium: SILICON SENSORS (WAFERS) S - /

v’ 325um thick Silicon Wafers => 25000e"/MIP ie Somafers
1MIP=4 fC

v High granularity : 5x5 mm?

—

L T A

v" High segmentation: 45 000 cells with embedded
electronics for the technological prototype

O Final ECAL: 30 layers, 100 M channels
v" SKIROC2 embedded inside the detector, No (few)
external components
v Front End boards: crucial element

O stitchable” motherboards (Active Sensor Units)

L Minimize connections between boards
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SKIROC 2 main features

Energy measurement : 14 bits
— 2 gains (1-10) + 12 bit ADC: 1 Mip (4fC)> 2500 Mip (10pC)
— Variable shaping time from 50ns to 100ns
— Mip/noise ratio > 10

Auto-trigger on 1/2 MIP (2 fC)
— MIP/noise ratio on trigger channel >10
— Fast shaper: ~30 ns
— Auto-Trigger on %2 MIP

Time measurement :
— 12-bit Bunch Crossing ID + 12 bit TAC step~100 ps

Analog memory for time and charge measurement : depth = 15
12 bit-ADC, 4k internal memory
Daisy chain readout

Low consumption : ~25 pW per channel (in power pulsing mode)
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SKIROC2 Analogue core

12 bit-TDC Ramp 12 bit-ADC Ramp
- HOLD READ
y Y

C2=1.6pF

i lDep_th=15

1 i VLt
T ! =
- Slow Sh. G1 R2=100k i :Tg:g,nal ' out_adc
1 or 10M Ri=4k  Cl=45pF : —
% AN |_ HOLD E READ b_»
v : M out_tdc
' m
Cf “/ vref ss + | J‘ f U Time,
f ' |Depth=15 ssh_Gl,
400f 8007, 1.6p. 3. 2pF i i : out ssh_G1 X ssh_G10
C2I—I3pF conversion
" | out_ssh_G10
AN i Slow shaper’.
in_PA Slow Sh. G10 A L Sigmﬂp —
RI=22k  Cl=8pF
PAC | D _ HOLD RE‘?D Gain_selection
vref_ss + i l D_I Vth—g S 2L
- Depth=15
100£. 200£. 300f or 400fF
TDC on ?
Gain10 Fast Shaper ’ (slow control) |
AN
S 10p, 15p or 20F o HOLD | | Auto Gain ?
L Forced Gain ?
B vref_fs /- 8-bit Delay Box : (SIO%
q 100ns to 300ns
) ‘“’-tﬂﬂgﬂ /L Sel FlagTDCb Ext ?)
Forced FlagTDCb ?|
4-bit DAC (slow control)
adjustment .
out_trigger
. ) FLAG_TDC
10-bit DAC 10-bit DAC (from Digital ASIC)

70 mm?
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SKIROC2 digital features

Chipsat |

ValDinGray

\ValDimGray 12 bits 2

|ncquisiion.———~ * Common features with Hardroc & Spiroc
N e (compatibility with any CALICE DAQ system)
‘ i — Open Collector token-ring ReadOut
[TESTTSITENTT) — Multiplexed Slow Control & Probe
[ ecowce | i — Redundancy on Data Out & Transmit On signal lines
inversm: - — 2 switchable StartReadOut Inputs & EndReadOut
ADC readout m—'@—> Outputs :
R % - to prevent chip failure
E;r}i:;lre 1_ ‘ﬁz@:m‘
Bl ; e Very Complex Digital Part (~10% of the Die)
mjm i — Manage Acquisition, Conversion, 15 SCA control,
= i RAM, 1/Os...

DAQ

Slow shaper signal Ly Analog to Digital | i
] _/— : Converter b
:TDC ramp signal F
_______________________________________________________________ . A
Registers

Shift & 1001

I Register 4‘ 0111

§ 0101

Read-Out
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SKIROC2 PERFORMANCE

Fast shaper

Minimum Threshold= 5 o noise= 0.5 Mip

ADC+ AUTOTRIGGER MODE
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POW E R P U LSI N G Ei;;cnbscmccn 2 bunch crosings:

2 ’
0 Requirement: ”lll”m””l”la J””l” """ ||||||||I!_

Q 25 pW/ch with 0.5% duty cycle “Trainlength. . Time between 2 trains: 200 ms
O 500 uA for the entire chip R
vdd N
oo O Power pulsing:
Master O Bandgap + ref Voltages + master |: switched ON/OFF
Ibias g . .
¢ ool O Shut down bias currents with vdd always ON
ibi_cell C OR_cell Ibias cell
—_ | * .
| “""—“"*} @ O SK2 power consumption measurement:
O 123 mAx 3.3V =400 mW =>6 mW/ch
Master source end
O 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 uW/ch
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TESTBEAMSs with SKIROC2

Successful test beams @ DESY in 2012 (1 to 6 layers) and 2013 (8 Iayers)

power pulsing mode, autotrigger mode, e- ( 1 to 5GeV)
v’ 4 packaged skiroc2/slab
v Nice event displays

Y {pad position)

Signal/Noise

S/N > 10

16 18
X {pad positian)

Gain : 1.2pF - SigmaDet = 230 - Signal over Noise raio = 12
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HARDROC for SDHCAL readout igm;é% Stanless-stee
:5. structure

{asui beErs)
Semi Dlgltal HCAL: RPC Iayers See Y. Haddad’s and G. Grenier’s talks [{

Hadronic Rpc Detector Read Out Chip
— 64 channels

— semi digital readout to reduce the
number of data with 3 thresholds i over (50) 3 o

PCB (1.2mmJ+ASICs(1.7 mm) - 9
e preamp + shaper+ 3 discris + memory

— Auto trigger on 10fC up to 20 pC

Cathode glass (1.1mm)
Ceramic ball spacer (1.2mm) + resistive coating
Anode glass (0.7mm)
+ resistive coating

Mylar (175p)

— Full power pulsing

Glass fiber frame (=1.2mm)

SESSIIISEISINES ST SISEEESEIIES
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HARDROC: simplified schematics

d

Q

64 inputs

Current preamp with 8 bits gain correct: G=0 to 255
(analog G=0to 2)

3 shapers, variable Rf,Cf and gains:
U Fsbil, G=%,1/4,1/8,1/16
O Fsb2,G=1/8,1/16,1/32,1/64

3 discriminators

L 310 bit-DACs to set the thresholds (100fC, 1pC,
10pC)
L Encoded in 2 bits

Auto-trigger down to 10fC up to 10pC

All channels and BCID stored for every hit in a 127 bit
deep digital memory

U Dataformat: 127 (depth)*[2bit*64ch+24bit(BCID)
+8bit(Header)] = 20 320 bits

872 SC registers, default config
U Mask of bad channels

Full power pulsing: < 10uW/ch

CHEF 2013 ROC chips

HARDROC?2
http://omega.in2p3.fr/

Ch63:
ANALOG PART TN
88 Gain HARDROC2
Cho: 4 bits/channel
ANALOG PART 1/2.1/14,1/8.1/16
el Read  Nuitiplex
Gain correction SLOW ; + Charge output
§ bits/channel B Shaper _J%_/ _— =
Cho - I
Variable :
- . —1 "
Gain PA Bipolar FAST JL — yread —
- at I
Shaper 0 veho |P° RS B
\'th0: 10fC to 100fC HSCTLL 0[11‘!*]—("| . =
i trigger
FSB1 Gain —— [ yRead ey
| bits/channer || PO FASTIr —Iny Lateh T
1/2,1/4.1/8.1/16 Shaper 1 e - nor64_1
Vth1: 100C to 1pC Omaskl]  piggert
— i
FSB2 Gain  |[Bipolar FAST mﬂ T . yRead 5o figs
| 4 bits/channel Slml)e[ 2 Vith2 RS | —a
\ 1/8,1/16,1/32,1/64 nor64_2
\ J Vth2: 1pC to10pC Qmask2|  joger2
triggerd encod0<0=>
. g-iggvrl B ) N
trigger " ENCODER| encodl<I1>
DIGITAL PART Iz L
Common to the 64 channels = ¥ =
DACI |Vih2 . _ ORG64
obits [ Digital Memory
encod)<0=>
DAC1 | Vthl encod1<0> |
= g WR
10 bits =]
g R
DACO | Vtho B
10 bits : M -
encod0<63>| 128 1 SERIAL OUTPUT
encodl<63> X transfered to DAQ
- 160 duri
24 Bit counter BCID Inter Bunch /
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HARDROC2 PERFORMANCE

Dac unit

: 1 , After Gain correction |
. | O 80 <
g : . | 5 : iy
é G0k D0%0 p'omt 5 60} ,.”50.%,.pfoint4
) '___:___ ——— ] B _———— T
o | - —
o\ IREGN — . .
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320 -
t DAC Unit=1 fC
s E — 200
:g 175 1 NO decoupllng cap -------------------
300 |-
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290 | o
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i (N E C |
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PEdEStaI L - 0 A 10 15 20 25 30 35 40 45 AD
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HARDROCin TB

— SDHCAL technological proto with 40 layers

(5760 HR2 chips) built in 2010-2011.

— Scalable readout scheme successfully tested

— Complete system in TB with 370 000 channels,
AUTOTRIGGER mode and power pulsing (5%)

SOHCAL mode: Reconstructad energy vs Beam Energy

5]
S
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SDHCAL mode: Refatve resolution vs Beam Energy

1 m?RPC detector, 40 layers
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W
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Hardroc2: 370 000 channels

@IPNL Lyon
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16-Jan-05
15:06:68

Power pulsing : —  PWRONT
ey Mm

Power dissipation s L :

-1 11T W el / 25 KS 1

— 1.5 mW/ch continuous
— 25 ps awake time i
— 7.5 uW/ch with 0.5% duty cycIe

;\ Trigger

5 s T
e 10 uW/ch = 24h operation of full e
0

slab with 2 AAA batteries !
Testbeam 370 000 channels power pulsed (5% duty cycle)

: . 5‘.‘: j :: -
ek i
] ahy [ *
50 GeV pion > 50 GeV electron
3 % % 7 7 zZ
Y: B LA L ;'-:*E"I iy : Viagepa g,
] Z ‘
= = 4

Colours correspond to the three thresholds: Green (114 fC), Blue (5 pC), Red (15 pC)

CHEF 2013 ROC chips
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MICROROC (variant of hardroc) S !ﬂﬂ ﬂﬁ A

64 channels to readout a DHCAL equipped with MICROMEGAS
See Max Chefdeville’s talk

O Very similar to HARDROC except for the input preamp (@LAPP)
and shapers (100-150 ns)
J Noise: 0.2fC (Cd=80 pF). Auto trigger on 1fC up to 500fC

O Pulsed power: 10 puW/ch (0.5 % duty cycle)

Shower profile - 150 GeV pions - 370 V

J 4 Micromegas prototypes of 1x1 m? were constructed in 2011-
2012 and tested in particle beams inside the DHCAL steel
structure in 2012

L Very good performance of the electronics and detector in autotrigger
mode and with threshold set to 1fC

Landau distribution with cuts on the passed thresholds

B B T e .
i s = Sl ST S L e 10 20 30 40 50 60 70 80 90
%2/ ndf 128/86 | H %/ ndf 2668177 | ] y (cm)
300 0 456440040 | 30 0 12074011 |
pl 0211900174 3 1 pl 08274 00516 3
0 - 1
H o
200f | ~
softi 3.3MIP | 4
wii [ ]
soft! |
s

3 35 40
charge (fC)
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HARDROC3 @) AIDA

[ 3rd generation chip for ILD
U Independent channels (zero suppress):
Each of the hundred millions of channels:
will sense that it gets a signal,
will measure its charge on 16 bits and its time to a fraction of ns
and will send its zero-suppressed digital information to the

reconstruction farms. This scheme has never been implemented before inside any detector,
on such scale, but will certainly be a major change in the next generation of detectors

 12C link (@IPNL) for Slow Control parameters and triple voting

 HARDROC3: 15t of the 3 generation chip to be submitted

No major change in the analog part

PLL: integrated to generate clocks internally,

Submitted in Feb 2013 (SiGe 0.35um), funded by AIDA, expected in June 2013
Die size ~30 mm? (6.3 x 4.7 mm?)

To be packaged in a TQFP208, will equip 2-3m RPC chambers

2013: dedicated to the test of HR3 before submitting other chips

CHEF 2013 ROC chips 18



SPIROC2 for AHCAL readout

D Analog HCAL See Marco Ramilli ’s talk

v 40 layers of 1.5 m2 2 cm thick steel plates
interleaved with cassettes of 296 scintillating
tiles (3x3 cm?) readout by SiPMs

O FE Chip embedded inside the detector

v" Thickness:critical issue, mother boards
(HBU) are sandwiched between 2 absorber

pIates See Katja Kriiger ’s talk

AHCAL Slab
6 HBUs in a row
HBU
- HCAL Base Unit
12 x 12 tiles

SPIRQOC
4 on a HRBU

HEB

HCAL Endecap Board
Hosts mezzanine
modules:

DIF, CALIB and POWER

HLD
HCAL Layer Distributor

Reflector Foil Polyimide Foil HBU Interface
100pm ASIC 10Cym  pep E00um gap
Sector TopPlate |  TQFP-100 8Q0um 10p Plate Spacer
e Im 800um steel [ 7mm

igh

fixjng

Component Area:

900.m high Bottom Plate ; Bolt with inner
HBU height: 600 Tile M3 thread Absorber
6.1mm H Imm welded to bottom Plates
. plate (steel)

(4.9mm without covers => absorber)

CHEF 2013

ROC chips
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SPIROC main features g Zﬂﬂ éﬂ 7
* Internal input 8-bit DAC (0-5V) for individual SiPM gain adjustment

Energy measurement : 14 bits
— 2 gains (1-10) + 12 bit ADC: 1 pe - 2000 pe
— Variable shaping time from 50ns to 100ns
— pe/noise ratio : 11
Auto-trigger on 1/3 pe (50 fC)
— pe/noise ratio on trigger channel : 24
— Fast shaper : ~10 ns
— Auto-Trigger on %z pe
Time measurement :
— 12-bit Bunch Crossing ID
— 12 bit TDC step~100 ps

Analog memory for time and charge measurement : depth = 16
4k internal memory and Daisy chain readout

Low consumption : ~25 uW per channel (in power pulsing mode)
Individually addressable calibration injection capacitance
Embedded bandgap for voltage references

Embedded 10 bit DAC for trigger threshold and gain selection
Multiplexed analog output for physics prototype DAQ

CHEF 2013 ROC chips 20



SPIROC : One channel schematic

1.5pk

|
/g!/lva-l.SpF-

Slow Shaper,
[ —]Analog memoryj
| | _— >~ . :-
I
i 50-100ns | | ) ) .
LL=T | b cor
O reamplifier ___; Depth 16 @E_—»
Slow Shapey | -*  __________ I i}
}‘ 0.1pF-1.5pF
AHS ______ Charge
15pF 0-100ns Z Z Z measurement
.—._‘ L Depth 16 READ
HOLD | READ | o
IN High gain Fast Shaper 1
Preamplifier Variablg delay T
Discr rigger
. Flag
8-bit DAC — vDepth 16| TpDC
0-5V 4-bit threshold 1 T
DAC output adjustment T ______ T
/ 1 1 1
1 Y= 1| Time
Common to the | 10-bit DAC VDS [ i measurement
36 channels ! 300ns/5 us |
|
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12-hit
Wilkinson

ADC

Conversion
80 ps
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SPIROC2 PERFORMANCE

36-channel S-curves: trigger efficiency
versus threshold (1 LSB =2 mV)

50 % Trigger efficiency point vs Q;

inj

120 50 fC
P
N | = o | Trigger at 50fC
\; 100 == .. JPedestal - . i(1/3 photon-electron at 106)
1 > L
g 80 - Wi\ éﬁ
0 K = 80 |
o Sr 50fC| ~
% a0 F injected 50 g
(=
20 [ s [ 2
" . 20 |-
¢ 40 50
DAC (m\/) “o 35 50, 75 100 125 1850 175 200
: Qy (fO)

MIP response in DESY
6 GeV electron testbeam

QRLD6x board

1

@ [Taow s oot OM- Reinecke (DESY)
g W;HG. Eonss;mping time, T;DWFcamcnanu _
IS beam i
q) . -
o Pixels! |
< 600 Pedestal M .
| .
Ny :
400 _

M

g wf

0 (ASCR Prague) w
MIP Peak “%
0 T R R—TTY
ADC tics [12bit]
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SiPM SPECTRUI\/I With Au

[~ ASICNF =1, Channel = 13, 10 first Cells; Run260087
capacitance

Events

rigger

all events
Hit_Bit = 1

£ threshold = 471.16
reshold width =

ratio

g
o} §L|H||m 14

AD

linearity using the auto gain mode

and internal ADC
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TEST BEAMs with SPIROC2b

0 576 channel AHCAL layer prototype successfully

tested at CERN and at DESY in 2012 60000
50000

O TDC: First tests of TDC ramps in SPIROC2b show 40000
promising results 30000

v’ Several corrections needed: memory cell and channel wise 20000
offsets correction, chip wise ramp corrections

dists_all

Entries 613925
Mean  -0.1884

RMS (@

mIIII|IIII.lIIII|IIII|IIII|I]II|III

10000
v" Electronics resolution ~ 2 ns, allows neutrons identification
O Multi layer prototype in TB at DESY in June 2013 4
@DESY’ Al = pedestal
% £ = . b thre

-10 -3 0

] 10

ol
13

Time-TDC(interpol) [ns]

k2

- e
[ (5 4 > A
L 3 As

h 1]

MIP
chold
i Spacirfn ASIC 1332
Al dies C0d
L=k e
Klrar -1- k|
RiE tHa

E
IIIIIIIIII|I|I|III|III|IIIII

L

- —
- —
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EASIROC: SIMPLER VERSION OF SPIROC

. 7 - E— 22 e 32-channel front-end readout
input {77 e o read TR (analogue part of SPIROC)
in_calib _ v Multiplexed 1 i
|——>4A Output " _f output — 2 multiplexed analog outputs
ey e (high gain, low gain) [tri state
|I HO = o
wa /'> v vond ERGER | outputs]
i 55 — ——a "™ e Trigger output
= o — 32 Trigger outputs
. | 32
Bipolar Fast Ch 10_tri
i Srper |y (P> 2 |- — OR32 output
% Discri Read G0l 0 | 4 — Trigger multiplexed output
é |V WSS | output (latch included) [Tri state
N j output]
[G:;“;*;\'e(;gg)] {bfi.gi;a;’g] DAC 1 Do o © LOW p?‘wer : 4.84 mW/channel, 155
. . HG Slow Shaper Ch31_trigger AT~ mW/C Ip
[G\a/%r?g\'e(rkl)%g)] [Variable Shapingﬂ
Time (3 bits) Common to the 32 channels

SipMed, IMNC, LAL, OMEGA
o

Many applications:

w — Astrophysics (CTA Palermo),
® — Nuclear physics (KEK, Tohoku),
— PET (Roma, Pisa, Valencia), |
— Vulcanology (Napoli, IPN Lyon) [ Sttt

e

JPARC
CHEF 2013  ROC chips 24



SUMMARY ! !ﬂﬂ é‘g z:
O Imaging calorimetry possible thanks to ROC chips, also

used for many other applications (astrophysics,
vulcanology, medical imaging) |
gt ]

y,

O Integration issues successfully addressed with the 2 y ray camera
. . readout with Hardroc
generation chips

J Complete systems with up to 400k channels run at
system level in auto trigger mode and with power
pulsing

[ 39 and last generation of chips (= completely
independent channels, triggerless) underway

=> Intelligence brought inside the chips
=> Major change for the next generation of detectors
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Digital part for DAISY CHAIN readout

Ck_40n,ck_40p

st i resetb LVDS pin 9,100 Clk_40MHz
867: Sol startroadoutt | pin 102 Ck_Sn,ck_Sp =
LM e e menocamn ) Sionals from Chips
[start_readout2 * ' t (Open Collector) g p
pin 111
rt_readoutl .
5in 110 Synchro WriteEvents

g hipSatb
—

block State Machine - ‘-’_' Eln 108
pin 92

Trigger————

[RazChn_int
-
871: EN_OC dout2b
g S Dout2b,Open Collector
Lsi:n'f e Sumch || stow control i — 07 O~ pin 105
= Data ~ A Dout1b, Open Collector
128 bits 24 bits 8 bits 160 piefSeriaizer[ 7 fv"\ pin 104
Din Dou Slow control
encodl_chi) to 63 Addr 872: EN_OC douitib
encodl_chil to 63 7 bit Clk 5MHz / 1MHz
s Slow control
RAM address ] 869: EN_OC_TransmitOnzb
H Counter sr.;: i:laocmne - * - TransmitOn2b, Open Collector
Signals from DAQ e o709 pintor
From Synchro Block | ]
: T TransmitOn1b, Open Collector
—“ ‘}CF' pin 106
( Slow control J
BT0: EN_OC_TransimitOnib
e Readout architecture COMMON to all calorimeters )
Slow control
¢ Minimization of data lines & power {““’S‘"““‘“’"“" ‘“]
— H H i i * ndreadout2
Daisy chain using token ring mode o/o_.Elnm
— Open collector, low voltage signals

O_’ ndreadout1
in112
— Low capacitance lines
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Main signals of the DAISY CHAIN

(d COMMON to all the ROC chips e AL
TnggerOut S e . ——Reset*
[ startAcq ey :)1(3 TAL Tl(...\ALS e Rt
o ege L LK, eset* for commands write * 1Sy ch? —_ -
O Start acquisition, generated by DAQ D. Q. Clk Resel* for fegiste read or Laisy chain — g}tigﬁ”ﬁ -
StartAcq
N = ValExt
([l ChlpSat (Open Collector signal): y —RazChn
U Generated by chip, « 1 »: digital memory is full or acq is finished
DAQ
ASICN ASICO
U StartReadout: o - -~ . -
U Generated by DAQ, start of the readout |7Remlmn ReadOut] ReadOut ReadOuff ™ [ReadOut
End
d EndReadout . ?hlpl.‘:)ltll
U Generated by chip, End of the readout | TransmitOnb
»{ Douth
) Dout: data out (OC signal)
ILC

No conversion in Hardroc

-l TransmitOn (OC signal) Start J_ blue= generated by the DAQ (DIF)

U Generated by chip, Data out are transmitted

Acquisition ] /
Start t t
O Buffers integrated for OC signals Camersion b~ : Ll
3.3V or 1.2V Start i i f:
—l—E ern Read-Out \ — Lo ‘
%Rco"emr Chip Sa X al L « pink=generated by the chip
oous T 5o e
“TI
i TEN_GC Douth [T EN_OC Doutb | —I_I I Read Out ! ! ' : : |_|_
: chip N chip 1 : 1 1 : . '
: [ Acquisition| Conversion | | Read-Out ||

v + z
Dout_N _/4{ ﬂ{ Dout_1 _/4{
Nl ol 1 — >

- . . Time
S AsicN AsicN-1 Asic1 Bunch Crossing Train
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