Calorimeter for IL

Concept and status of the CALICE AHCAL
engineering prototype

Mark Terwort * Concept and status of components
TIPP, Chicago * New scintillator tiles
June 11", 2011 + First tests of new ASICs
* Power pulsing
*+ DAQ integration
* Summary and outlook
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The AHCAL physics

— Need to build
realistic engineering

prototype

prototype

Cables for
calibration boards

Cables from analog
to digital part of
electronics
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The engineering AHCAL prototype

Development of scalable LC detector based on successful experience with physics prototype

Octagonal shape, 16
equivalent wedges,
segmented in two along z

PCB with 4 ASICs,
144 scintillator tiles,
SiPM readout

Challenges:
* No spacer between layers
* Minimize dead material between wedges

* Minimize gap between barrel and endcap

— Integrated readout electronics




Scintillating tiles !
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Scintillating tiles !

® First batch of new tiles with SiPMs with :i‘é u
796 pixels have been tested on simple g L |
testbench and with full readout chain E
¥ Pulse length 120ns — 320ns I )
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LED calibration system !

System task:

+ SiPM gain calibration via single pixel
spectra

+ SiPM saturation (limited number of pixels)
Solution for engineering prototype:

¢ Light directly coupled into the tile by 1
integrated LED per channel

¢ Easy to fully integrate
* BUT:

- different light intensity for each
channel (using common bias voltage)

TranSIStor — limited LED bias to prevent electrical

-l_l cross falk

Tile SiPM

pce LED, reverse mounted
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LED calibration system !

Blue vs UV LEDs

¢ High internal capacitance for blue LEDs
(market requires high light output...)

* Blue pulses too long for current tiles
— Chose UV LEDs, blue option for future
Test results:

¢+ System tested with PMT and full tile/SiPM
readout

+ Light pulse length ~10ns for different
amplitudes

* LED loading capacity array on each
channel to improve uniformity of LED
output

— Design of LED driver circuit finished,
tested and implemented in new front-end
board design
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SPIROC2

Specific chip for SiPM readout:

® Input DAC for channel-wise bias
adjustment (36 channels)

Designed for ILC operation:

Power pulsin Asle :
ower pulsing - ZSIJW/Ch Component Area TQFP-208 %
. - N
® (Auto) dual-gain setup per channel amm) =
® Internal ADC | |5
j— o
® Autotrigger mode ; 2 :
] . £ £60
# Time stamp (300ns ramp, 12bit TDC) 3" o — | £
17 == — = -
" 100 6=45
17
16-stage analogue memory TEOT 200 dimensions in pm
piF | o s A ek sPROC2| xS = =
Trigger Placement of

components in
PCB cutouts

’ - | REA

l rear ?mv " a_ ) Vari e dela
ﬂ]fm - T ~ | Charge — 300um/layer
1000F }M FEF injection

Amnalog
i ¢ © output Setu p
Comman  the 35 10-bit DAC TETp measurement
..... 3000915 s

[ 19.6dB

pulse generator
(voltage step)

coaxial
cable
(~1m)

- 30mm in total!
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SPIROC2b — First tests
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L 4

New version of ASIC -SPIROC2b- integrated in
front-end board for first tests

— Channel-wise gain and trigger threshold
selection since SPIROC2b

Debugging of system integration ongoing

Started first measurements of linearity, output
DACs, PA gain ...
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The front-end board - HCAL Base Unit %

* PCB with 4 ASICs

* 144 channels equipped
with scintillator tiles,
LEDs, SiPM readout

* Interconnectivity with
ultra-thin flex leads

* 6 PCBs in a row (2.2m),
3 rows per layer

CALIB POWER
DIF

* No cooling in layer!
— Power pulsing

* ~30.000 PCBs in HCAL

barrel ‘
SPIROC2 ASICs

New design finished,
production ongoing
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Power pulsing

* Mechanical constraints: no cooling within layers, only at end of steel structure
— Power pulsing of ASICs needed to reduce heat development
— Allowed power consumption for ASICs: 25uW per channel

* High voltage (SiPM bias) not pulsed: 15uW per channel

200ms >
100us x32 samples
Ims bunch (15 analogue stages ADC + TDC)
train
[
‘ ‘ IHH f’?;r‘;g" 150ms : readout of 24 SPIROCs in chain @ 3MHz | detector sleep H”HHH
Power on 20 d
— s . ‘_ , us
amplifier on’ during data taking, enabled 20us before ‘start_acqt e (I X
1us
ADC _IJ. — ‘on’ during conversion, enabled 1us before ‘start_conv_DAQb’
I e . 20ps
digital on’ during all operations | ——
AT : - 20us |
DAC, pipeline switched off after conversion <

v
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Power pulsing — ASIC current

Measured currents at GND supply of ASIC (analog)

~10mA/pin i

|
of
-1-200 (I) 2(|)0 4(i)0 6(I)0 800
8 L S Tlmel [ns] | | |
~40mA/pin | [Fast | . e e - E
* PWR-GND for board with 4 ASICs: | GND pln (1 of 2) of ASIC :
N : : ‘r ] I Vél’té'gé"'bi’h"'('i'"ar"?s")"'rar
SOZ)EII;FTIQHI:;B’ 10WF ceramic, 2 - “ """""""" preampllfler of ASIC
0 For b L e
* Currents switched: ~40mA/ASIC 2f AN
* Measurement of current: 4 S o P ae—
> Slow: 0.25MHz — 50MHz fime il
_ Fast: 30MHz - 3GHz — System has to deal with 5Hz from train

repetition to few 100MHz, 2.2A for a layer
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AHCAL layer — cross section

Electronics height: 17mm max
Reflector Foils glgxlead on g
Folyimict Fl viED CoNNEGtor Robust Interface | DIF, CALIB and POWER
- IKED \\ Connegtor mezzanine cards
abse T \\ \ \ |~7.5‘ max
absorber ’
material: L
— |0
- 2.5 e [T
5.4mm -
"""" <
I - ‘ N
i - ~75 0.5
not in scale [y
SPIROC2 ) LI 100 I )
in cutout :
Cooling Pipe \ Central Interface Board-
o CIB (1.7mm thick)

HBU, 0.9mm thick

CIB socket (~2.4mm)

* Compliant with steel and
tungsten options

+ Redesign and production of
components almost
finished

Tile with SiPM (Printed Circuit Board) %?ggﬁt:)%?ﬁ;:(mg!f te
Abbr. Name
DIF Detector Interface Board
CALIB Steering for LED calibration
ciB Central Interface Board
HBU Front-end board
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interface electronics

Left Central HBU Right
HBU (inner detector) iu—»a60 i HBU
[ l 1 [ i 1
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\ ] - \
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Data acquisition

Event building/
selecting/storage

#4 L —— 7Gbit/s/barel-HCAL

PC-outside detector

A Opto-Links
f;n:-ntr::nl o —0,2Gbit/s/half-octant
Clock Data

‘onfigure

i

[
'E LDA: I LDA/hailf-octant

; Link/data-aggregator in the end-gap region
f & 4 < - 5Mbit/s/layer
- 1 DIF/layer in the end-gap region

s DIF =detector interface * Moderate data rates using
= ~20 Koit/ASIC/bunch-frain channel-wise self-triggering
: o i ~ No need for further
v _ \ \MbitSsianaline front-end event selection

ensop The only short path of an
analog sensor signal

1P
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Data acquisition

Event building/
selecting/storage _ e ]
SE “ A v Yol Clock &
¢ 3 : - 5. \%.Control
PC-outside detector

Control
Clock Data
‘onfigure

LDA ‘W ’ /erf{.-ﬂ'r L’%m"/sa.r V(*.'ﬁ
Link/data-aggregator G '

v v

*+ All components assembled at DESY

+ Started to use testing interface from LLR
- Setup of communication chain ongoing
- PC - LDA - DIF - ASICs and back
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Summary and outlook !

* New technological AHCAL prototype under development

+ New tiles tested successfully

+ LED calibration system development for new front-end board finished
— Redesign of front-end board finished

* First SPIROC2b tests

+ First steps for DAQ integration successful

+ First tests of power pulsing

To do
* Further tests of ASICs and power pulsing
* DAQ integration and further development
*+ This year: Integration to full slab (2.2m calorimeter layer)
— Measurement of time structure of hadron showers in test beam
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Autogain performance

L ASIC = 0, Channel = 33 DAC Threshold = 209, 238 Q44 _
Charge jnjected = 14.560 pC DAC Threshold widt.011

1 ¥ ¥ : —

Threshold width

approx. 2 p.e. in

TrigEff

* Autogain: automatically switch between
high gain and low gain mode i

* Compare signal with predefined (10 bit)

DAC threshold 0.5— interesting region
¢ Good linearity, similar performance as for - -
auto-trigger i ]
0 2(|)0 I | | 22‘0
DAC Threshold
I e B I e = | ASICNr = 0, Channel = 33 y=a*(x)+b _
= o - a=-(22.37 +-0.33)
g 2 & 00 b=533.89 +3.16
= C S "
N A O
2 " =
E = 400

Auto—gain

300 .
Maximal threshold
o well in HG
\\\\“L EThreshold (for Auto—gain) 200 saturation region
B (> 20pC)
Input signal, pC 100)———— 5' TR S 1|0 I 1I5

Charge Injected, pC
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Autotrigger performance
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Autotrigger: mode of ILC operation

Compare fast shaped signal with
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Power pulsmg VoItage stablllty !

Ana|Og Supply : Il I I | T r r 1 r T |
voltage of ASIC : ~ Ready for measurement

— BN i’O’OpF”hééE'ASI"Cs """""""""

S N

E 5k

o N

©

2 C \ | |

A [ e R e

£ - \ i i

< - 3 ?

'15 """""""""""""" \\ """""""""" 7 NS LAl AP DL 7]
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_20_|||||||||||||||||||I|||I|||_
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Time [ns]

*+ DC voltage shift of ~4mV ok for tests, to be looked at for 6 HBUs (~80mV)

+ Higher AC shift, if Tantal is further away
— Thin 33uF Tantal available to mount near ASICs on HBU

+ Plans:
— Understand DC shift
- Signal performance of SiPM + ASIC + Power pulsing
— Plan and measure supply chain: ASIC - HBU - DIF - PWR
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