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LAL (Laboratoire de I'accélérateur linéaire) is aypit laboratory in Orsay (France), 20 km away fraani$? 350 people including around 100 physicistskwo
on many experiment in cosmology, high energy parpphysics and accelerator. Several technologypmsueh as the mechanic or the electronic group wao ==
on applications to achieve physicist expectations. Laéaanm.ﬂzdt _ =

)

The LAL electronic group (50 people) is divided3runits : digital design unit, analog design uarnd automated equipment design unit. Teams aréeveoo
iIn many big physics experiments such as Atlas,dRlafiuger and FLC. The group can work on projechifrthe manufacturing standard to the production ar 3
ensure maintenance.

Or say Micro- The analog team has acquired a sharp knowledgdlioustom analog ASIC design. Its specializatisfiacused on low-noise high-speed front-end chip b
Electronics Graup on high-precision calibration devices. Its know-hmaevolving to system-on-chip designs that embyedtfend electronic, auto-trigger system, calilomati s

Associated devices and digital converter.

IN2P3 (Nuclear and particle physics French ingtftas recently asked for a rationalization of eegiing resources in microelectronic and is bugjdin®®
competence poles. Omega is the pilot structureerigineers are currently in the Omega team, ensutivegR&D of several complex chip per year to serve
particle physics.

Introduction

The SPIROC chip Is a dedicated very front-end sdaats for an ILC prototype hadronic calorimeterm@iPM readout. This ASIC is due to equip a 10,008rnel demonstrator in 2009.
SPIROC is an evolution of FLC_SiPM used for ILC AHCAhysics prototype.

SPIROC was submitted in June 2007 and will be test&eptember 2007. It embeds cutting edge featiiad fulfil ILC final detector requirements.nas been realized in 0.35m SiGe technology.| It
has been developed to match the requirementsgd thmamic range, low noise, low consumption, lpggtision and large number of readout channels meede
SPIROC is an auto-triggered, bi-gain, 36-channelCAf&hich allows to measure on each channel thegehftom one photoelectron to 2000 and the time waithOOps accurate TDC. An analog
memory array with a depth of 16 for each is usestdoe the time information and the charge measemend 12-bit Wilkinson ADC has been embedded tptdie the analog memory contents (timge
and charge on 2 gains). The data are then stor@dkbytes RAM. A very complex digital part has ihag#egrated to manage all theses features andnefar the data to the DAQ.
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Analog memory for time and charge measurement : dep 16 Component Area:
Low consumption : ~25uW per channel (in power pulsig mode) 900um high Bottom Plate Bolt with inner Absorber
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Configuration)

Layer units (assembly) Sﬁbdlwded '”fasma/e" "’5'35 g | Calibration injection capacitance ';'BIL:n:\eight: 600um M? thread Plates
HBUs: Typ// 12*12 tiles, 4 ;’c . Embedded bandgap for voltage references and DAC fdrigger threshold (4 9mm without covers => absorber) z//f,,ffd 7o bottom (steel)

Bunch Crossing ID, Hit channels and Gain saved foeach column of SCA
Digital part integrated

2 clocks domains : 40 MHz and 5 MHz for digitalpa

Serial analogue output

External “force trigger”

: 12-bit Bunch Crossing ID : :

ILC AHCAL Calorlmeter SRAM with data formatting 2 x 2kbytes = 4kbytes ARCAL Integrated Iayer deSIQH

Output & control with daisy-chain
Probe bus for debug : 939 probe points

F”‘S't genera“on S|PM Very versatile: 703 slow control parameters One Channel deS|gn
readout chip : FLC _SIPM

4-hit threshold
DAC output adjustment

SPIROC Full Chip layout

Technology AMS 0.8um CMOS
Chip area =10mm?
Package QFP-100
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The read-out of that detector is ensured by anognal front-end PRI T : SR = test | e Ny | S Charge Wilkinson
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Technology : AMS SiGe 0.3fn technology
: surface :32mm2 (4.2mm X 7.2mm)
; power supply: 5V/3.5V
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FLC_SiPM chip main characteristics

18-channel 8-bit DAC(0-5V)

18-channel front-end readout :
* Variable gain charge
preamplifier (0.67 to 10
V/pC)
* Variable tine constant
CRRC2 shaper (12 to 180
ns)

*Track and hold> 1 multlplexed output

Power consumption : ~2 m@dﬁjwt@@kﬁctron spectrum

Each channel includes an input DAC which allowsatjust the
SiPM high voltage on 5V and consequently the detaydm.

Two variable preamplifiers allow to obtain the regted dynamic
range (from 1 to 2000 photoelectrons).

Consumption 26W per channel (in power pulsing
mode
Package: CQFP240
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SPIROC Block scheme SIPM connection scheme| SPIROC running mode RAM Mapping
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. . : During the conversion mode, the analogue data@meerted into
Ch-oAna/og mem.— = < -1 vr - o The system on chip has been designed to fit the IL@nb&eaucture. di italg Then. the data are stored in gSRAM by fflg the
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s -zsct_ | High gain Preamplifier response 1% duty cycle 99% duty cycle >'-<] Chip 1D (8 bit) 0
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