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Ll@e CALICE : imaging calorimetry "W.Ee

Calorimeter for IL il

e After LHC : New imaging calorimetry...at the ILC /
e Improve jets measurement by Particle flow algorithm
e CALICE : 281 phys., 47 labs, 12 countries.
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CALICE AHCAL testbeam prototype Py

e Hadronic calorimeter prototype for the ILC : 1 cub
metre, 38 layers, 2cm steel plates

= 8000 tiles with SiPMs fabricated by MePHY group

‘1 W&t{ﬁ{m

gﬁmmmwﬁ

Front end ASICs: LAL i
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The front-end ASICs : the ROC chips P

e Technological prototypes :
full scale modules (—2m)

e EUDET EU funding (06-09)
= ECAL, AHCAL, DHCAL
e B=5T =N

giif Digital HCAL

H ,ri (RPC, umegas or GEMSs)

"}_I'_|'B;l'-f_:,'| 64 ch. 16mm?2
-

SKIROC
ECAL
(Si PIN diode)

36 ch. 20mm?
_ Nov 06
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ILC beam structure WL

Time between two bunch crossing: 337 ns

Time between two trains: 200ms (5 Hz)

Train length 2820 bunch X (950 ps)

0 0 0 0]
| 1ms (.5%) .5ms (.25%) .5ms (.25/0)/\ 198ms (99%)

YT Y

Two orders of magnitude saved on the power consumption
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Read out : token ring "MENL

Data bus
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[E =T

e SPIROC : Silicon Photomul.
Integrated Readout Chip
— 36 channels
Charge measurement
Time measurement
Autotrigger on MIP or spe

Sparsified readout compatible
with EUDET 2"d generation DAQ

Chips daisy-chained
Pulsed power -> 25 uW/ch

e Fabricated In SiGe AMS 0.35 pm
— Submitted in june 07
— Chip area : 30 mm?2
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SPIROC main features

Internal input 8-bit DAC (0-5V) for individual SiIPM 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 (50fC)

— pe/noise ratio on trigger channel : 24
— Fast shaper : —10ns

— Auto-Trigger on 2 pe

Time measurement :

— 12-bit Bunch Crossing ID

— 12 bit TDC step—~100 ps

Analog memory for time and charge measurement : depth = 16
Low consumption : —25uW 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
4k internal memory and Daisy chain readout
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SPIROC : One channel schematic

%
[ i !
1.5p LOIPF-L5pE 0w Shaper
[ ——‘Analog memory;
|| —_— 1 o~ ____. :_
1 C
i 50-100ns | | , ) -~ .
IF_>(r)(\a,vagrgnaplIlqifier Z Z Z ain cain
|
O — Depth 16 1 Setegtio
Slow Shapef |- 4 _
—  0.1pF-1.5pF 12-bit
ﬁﬂ'ilz Charge Wilkinson
IN | 0-100ns measurement SEE
- | HOI D _READ
IN High gain Fast Shaper 1 _
/ Preamplifier > delay Conversion
Di 80 us
Flag
TDC
4-bit threshold
adjustment
: _______________________ | Time
Common to the | 10-bit DAC TDC ramp : measurement
36 channels : 300ns/5 ps :
L a
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DAQ
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SPIROC layout "MENL

T

= e

o,

i
5
Gl
E HLE R
oo s 2
5 e
!
£

50 36*16 | 36%2
Preamp | | S6

Shaper |i An,?:g? | | Wilkinson
discri fi MO | ADC

Dual DAC
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Simulated waveforms "Wl

Expressions

Simulation obtained with SiPM gain = 10% - 1 pe = 160 fC
2.5 [T 1
O —
-2.5
-5.0
-7.5
-10.0
.250
0 < =
S-.250 in Preamplifier response
E-.500
$..750
-1.0
-1.25
150+

High gain Slow shaper
10mV/pe

Low gain Slow shaper
1mV/pe

.500
time (us)
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36 DACs : one per
channel

Ultra low power (1uW) :
no power pulsing

Can sink 10 pA leakage
current

Linearity : = 2%
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Trigger and gain select DAC meas.

e Linearity : typ £0.2%

Trigger DAC Linearit s

25 Gain selection DAC
\ 2 \
2

\ 15 |

N \
1
1 TN
\ 0’5 \

0,5 y = -0,0019918454x + 2,325@1509

y = -0,00198623x + 2,3246 R? = 0,9999969857
R® = 0,99996616 0 ‘ ‘
o _ 0 200 400 600 800 1000

0 200 400 600 soo  1Residuc._
001 0,004
0,008 T 0.003
0,006 u

S 0,002 -

0,004 1 nﬂm

0,002 % # > 0,001
; ¥
0 L S o
oo Wm;m “%% ﬁ : -0,001
0,004 ®

§ 2
0,006 %ﬂ 0,002 & §
¥
0,008 -0,003
001 e -0,004 - ‘ ‘ ‘ |
0 200 400 600 800 1000 0 200 400 600 800 1000
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INnput preamp "Wenl

e Bi-gain low noise preamp
Reused from SKIROC

Low noise charge preamp
capacitively coupled =
voltage preamp

Gain adjustable with 4 bits
common to all preamps :
Cf=0.2, 0.4, 0.8, 1.6 pF

Positive input pulse

8 mV/pe in HI Gain
Noise : 1.4 nV/sqrt(Hz)

nAIn'AI’ - AA'J\
rovvel . L IIIVV \UII[JUIDCU)

PM
e Low gain at preamp level High
— 1.5pF coupling capacitor voltage

— 0.8 mV/pe, MAX : 2000 pe on the

300pC cable
: P shielding
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Analog waveforms "WEes

High gain channel output

680fC ( ~4 pe @SiPM gain=109 in SPIROC

File “ertical Timebase Trigger Display Cursars  Measure Math  Analysiz  WMilities  Help

harge measurement

Auto trigger

—.i

Set up:

Cf=400fF

A0.0 nisidivi Marma T8 Y

TaUZSOnS I o :‘I: 5.00 k5 10 GSrs| Edge

12172007 4:00:40 P
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Gain uniformity

e Pedestal uniformity
— Avg = 1.16V
— Rms = 1.8 mV

e Gain uniformity
— Rms 1%

— 45 mV/pC (Cf=0.2pF
tau=50ns)

DC voltage (V)

1 3 5 7 9 11131517 1921 23 25 27 29 31 33 35

e Noise : — 1mV channel

Gain unirormity

4

oo AULLERERARLERRALARRARARRRRANIRRALE

1 3 5 7 9 1113 1517 19 21 23 25 27 29 31 33 35

Channel
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S-curves YWE41 ¢/

= Trigger efficiency versus Threshold (LUDAC=2mV)

S-curves

/ / Measured Noise ~8mV

/ // (expected ~ 5mV)

>
(&)
c
()
O
E
()
S
o
(@)
(@)
-
)

DAC value
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Trigger linearity "WEeAL

50%trigger efficiency vs Qinj
Cf=200fF; tau=50ns

[
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Lo

800 1000 1200 1400
Qinj (fC)
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Crosstalk and trigger time walk

Very low Cross-Talk : 0.3% (long distance cross talk due to
slow shaper voltage reference: If this voltage decoupled with
100puF, it becomes negligible —~0.04%)

Trigger time walk: —~10ns

trigger time walk vs injected charge

[
N

[
o

time (in ns)

\\

— .
1000 2000 3000 4000 5000
charge (in fC)
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12 bit Wilkinson ADC performance

e (stupid) bug in internal ADC :

cannot be tested

e Similar to ADC in sister chip
SKIROC

e 1 ADC/channel 12 bits 80us
e Fixed in SPIROC2

Pedestal value vs Channel number
1080

1085 T {
I
|
I
I

1080 —
1075
1070 —

1065 - —|- -

ADC count (#)

1060

1055

1050 - - —

1045 L L | | L | |
0 5 10 15 20 25 30 35 40
channel number (#)

16 sep 08

Count (#) - total is 1000

J. Fleury - SPIROC : SiPM readout ASIC

Noise in low gain shaper

w|TMS =
.| 0.9UADC
.| (330MV) |
| MIP = v
«| 3-UADC--| /|

,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,

,,,,,,,,,,,,,,

,,,,,,,,,,,,,,

,,,,,,,,,,,,,,
\

150 - — — — — — — — — — — — —
100— — — — — — — — — — — — — ., - L
50----------—-— /N - - L - - - - —
o _
1046 1047 1048 1049 1050 1051
ADC bins (#) mean: 1048.283 std : 0.883

SKIKUL ADU aispersion

Noise in high gain shaper

Jrme = |

LA Rl A

ol —
1055 1060 1065

+ 4UADC
1(.4mvy |
I MIP= L

1070 1075 1080 1085 1090

ADC bins (#) mean: 1071.3 std : 4.629

TWEPP 2008 - Naxos
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Single photoelectron spectrum MEeAL

e Spirocl can already replace FLC_SiPM (multiplexed analog
output)

SiPM 753 SPIROC HG 100fF 50ns external hold
5000 ©B.Lutz (DESY) —

. ‘ | | | ‘ | | | ‘ |
500 520 540 560

SPIROC out (mV)
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Conclusion

e SPIROC is a versatile readout chip for SiPM
photodetectors

e |t provides

— Charge measurement from 1 pe to 2000 pe in two linear
scales with a signal to noise ratio of 10

— Time measurement to better than 1 ns
Auto-trigger on %2 pe with internal 10 bit DAC

Ultra low power 5V 8bit input DAC for SiPM gain adjustment
25 uW/ch with 1% ILC Power pulsing
On chip Wilkinson ADC and RAM for daisy chain readout

e It will be produced in large scale in 2009 for the
EUDET AHCAL module

e More information on MAROC, HaRDROC, SPIROC,
SKIROC, PARISROC on http://omega.in2p3.fr
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Backup slides YMEAL
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Barrel HCAL architecture MEAL

AHCAL S | ab Front end ASICs embedded
1/16 of barrel half Interfaces accessible

HBU
HCAL Base Unit
12 x 12 tiles

SPIROC
4 ona HBU

&
G
o
S
=

Power:
40 yW / channel

H

HEB |

HCAL Endcap Board — Heat:

Hosts mezzanine T grad. 0.3K/2m
modules: Time constant: 6 d

, CALIB and POWER P.Goettlicher (DESY)
HCAL Layer Distributor
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Integrated layer design YWE&

Reflector Foil Polyimide Foil HBU Interface

Sector

wall Spacer

Top Plate | TQFP-100 \  8Q0um \oP Plate
’ ./mm

fix'ng m /gh 600um steel

Component Area:

900um high Bottom Plate Bolt with inner
HBU height: 600 M3 thread  AoSorber
6.1mm Hm welded to bottom Plates
. (steel)

M.Reinecke (DESY)

(4.9mm without covers => absorber) plate
integrated
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Slow shaper & SCA YMEAL

e Slow shaper from HaRDROC Sow S
ow aper,

— Variable peaking time : 50-150 _)A”a'og memory,
ns S e

3 bits common to all channels ZZ """ Z
High Gain = 10 mV/pe __— Depthle  ____
Noise = 900 pVv

Low gain = 1 mV/pe

e Backup : analog T&H from
HaRDROC

Hold capacitor : 2pF -> 0.5 pF
Needs external hold signal

Multiplexed analog output @
SMHz

Allows readout with DAQO
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e New block

16 sep 08

12 bits
300 ns full scale

100 ps LSB (not accuracy !)
« common start » = BC

Time stored in SCA together with /
charge

Can also be readout with backup
analog

J. Fleury - SPIROC : SiPM readout ASIC

)ISCH

Trigger

Depth 16

Fast ramp 300ns

TWEPP 2008 - Naxos
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ADC

Ikinson

W

ADC count versus Vin

e Taken from MAROC

table

adjus
resolution

— New

8 -10 or

— 40 MHz clock

— 6-100 s conversion

time
— Power d

ion

t

issipa

INL versus Vin

350pW

29
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rom HaRDROC

Internal or external Trigger

OR36 output
Discriminator Validation fast input

4kbyte RAM

« Open collector » output signals
DHCAL ASIC ,  DHCALASIC OASIC

LVDS clocks AnalogtoDigitalinterface ~ + Digtal pat — - \ Ouiide

W ]

Start conversion (=) g
I bis resier -~ | L Rl
seria] buding & reading

¥ Ik Res ORiM e ) |Conectal
Start/end readout e _ *Qtr‘

6 ouputsof DI ) = 0 ValEtOul & RazChoCut
5 = T Vo g EJI‘M hrrEum‘laJ
o inputs Vallnt & RazCho
' i vl '
f | riet ol — D YAEOul kst 4 perods
R | T Pfﬁ;} Dol e CK 0zl
, 0 \ - ki ;.g‘ o § ez {he Synchionzad
\ .Iﬂggﬂ'

Do Dot O RucClotut i el b 2
0 peiods affer YalEyiCul s
Adir y el and Bt | peod
s f 0 M
e [ wotking @ 1Mz
RAM address — )
Counler ReadCut
Stte Maehue

From Svachre Bock_—7

‘L‘Ii AN
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