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e SPIROC : an ILC dedicated Chip
— ILC calorimetry electronics requirements

e SPIROC, the second generation chip for SiPM readout:
SPIROC Description

e Chip measurements

e Summary and perspectives
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ILC Challenges for electronics 2

e Requirements for ILC
ca Io ri met ry electronics I;Sflecfr Foil Polyimide Foil HBU Interface

ASIC  [00um  pcp 500pm gap  pEsy
[q Spacer

Large dynamic range (15 bits) of rQee 00 Top Plate
Auto-trigger on 1/3 MIP

On chip zero suppress
108 channels
Front-end embedded in detector Compinent Area:

900um high Bottom Plate Bolt with inner
Compactness HBU hetghis 22 Bolt with inner - Apsorber
Hm Plates
6.1mm welded to bottom

« U Itra - l Oow powe r> . (4.9mm without covers => absorber) plate (steel)
(25pW/channel) integrated

M.Reinecke (DESY)

e « Tracker electronics with
calorimetric performance »

ILC 25uW/ch FLC_PHY3 18ch 10x10mm 5mW/ch Ich
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CALICE AHCAL testbeam physics prototype 20
SPIROC is the second generation for SiPM readout

e The first generation FLC_SiPM was deS|<1:|ned to equip the Analog H-Cal physics
prototype for the ILC: 1 cubic meter, 38 Tayers, 2cm steel plates

8000 tiles with SiPM fabricated by MePHY group

Apeaks = 13.0 £ 0.1 ch.
=30 +0.1ch

FLC SIPM
ASIC

Mechanics and front end boards: DESY
Front end ASICs: LAL '

“with MPPCS
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The front-end ASICs : the ROC family chips 200 0

SPIROC
Analog HCA
(SiPM)

36 ch. 32mm?

Technological prototypes : ful /
scale modules (~2m)

ASIC designed within the CALICE
collaboration and EUDET (EU
funding 2006-2010)

ECAL, AHCAL, DHCAL

S8 HARDROC —
Ml Digital HCAL

EI (RPC, umegas or GEMSs)
|64 ch. 16mm?2

B SKIROC
|[ECAL

/| (Si PIN diode)
164 ch. 60mm?

- @SPIROC chip:
; handles signal from 36 SiPM
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SPIROC saga.... -

200 chips SPIROC 1 produced in Nov 2007 _’
~  Package PQFP240 inr
o

- Good analog performance

g i ADG rorm - mo dioital data ot INIEMaional lingar collider

©W. KarpinskKi

50 chips SPIROC 2 produced in June 2008 to equip AHCAL (Aachen)

and ECAL EUDET modules
- EUDET milestone
- Package TQFP208 -
- Difficult slow control loading experlmemt
Aachen

Full CALICE production run : April 2010 (Chip delivery Sept. University
2010)
-  SPIROC 2a (1200 chips) : conservative prototype in which

the major bugs of SPIROC 2 are fixed
SPIROC 2b (1200 chips) : more agressive prototype in which )
the major bugs of SPIROC 2 are also fixed and some pl’OjECt
interesting improvements are added (in particular the INEN
independent gain adjustment channel by channel) )
SPIROC A (3600 chips) : “light” analog version of SPIROC NaDON
users who don’t need the digital core.

e Others applications using SPIROC chips SPIROC A
astrophysics PEBS experiment (Aachen University),
medical imaging (Roma, Pisa, INMC Orsay, Valencia, etc.) Fabricated in SiGe AMS 0.35 pm

. Submitted in September 2009
Nuclear physics (IPNO, KEK) Delivered in December 2009

Vulcanology: Muon radiography of geological structures Chip area: mez (4.2 mm x
(INFN Napoli) 1 mm)
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ILC beam structure and SPIROC running modes 7

e
o

_
_intemational inear collider
- Time between two trains: 200ms (5 Hz) .

Train length 2820 bunch X (950 ps) R Readout based on token rlng
mechanism initiated by DAQ

+ One data line activated by each chip
sequentially

W 1ms (.5%) .bms (.25%) .5ms (.25"/% 198ms (99%) ’ Readoyt rate_few MHz to minimize
—~ ~ power dissipation

1% duty cycle 99% idle cycle

& “ “ &

@ @ @ @
% S o ™~

Chip 0| [chip 1] [chip 2] [chip 3] [chip 4

Data bus ' : ' '

Two orders of magnitude saved on the consumption by using the ILC beam
structure and the power pulsing
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SPIROC main features 2
36-Channel ASIC

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 25 nsto 175 ns
- pe/noise ratio : ~11

Auto-trigger on MIP or on single photo-electron |
- pe/noise ratio on trigger channel : ~24
— Fast shaper : ~10 ns
— Auto-Trigger on 1/3 pe (50fC)

Time measurement :
— 12-bit Bunch Crossing ID (coarse time)
— 12-bit step~1 ns TDC->TAC (fine time)

e | i meter for IL

Other features:
Analog memory for time and charge measurement : depth = 16
Low consumption : ~25 yW per channel (in power pulsing mode)
Individually addressable calibration injection capacitance
Embedded features (bandgap, 10-bit DAC, etc.)
Multiplexed analog output for physics prototype DAQ
4kbytes internal memory and daisy chain readout
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SPIROC : One channel schematic 2

|
: /&jplz-l.spl:
|

Slow Shape

Analog memor
e

Gain
Preamplifier m»
ection
f

}‘ Slow Shapef

0.1pF-1.5pF — 12-bit
ﬁ‘ﬂ'i ______ Char Wilkinson
F Z Z T measureg:
0-100ns ADC
I—Q—‘ F Depth 16
READ

HOLD —
IN High gain Fast Shaper

Preamplifier Variable delay CEMYE B
Discri maximum

rigger

time : 80 ps

{ Depth 16

8-bit DAC —
4-bit threshold
0-5V DAC output adjustment

TDC ramp
Common to the
36 channels 300ns/5 us

measurement
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ValDilnGra
SPIROC ASIC ValDimGray 12 bhits I : - //12 \/

DAQ

|
ValidHoldAnalogjp=a |
16 // RazRanal\l Chipsat | -
16 ReadMesureb l . I v
___________________________ Z1bo _____ | I 5 8af NoTrig |
: ; | Acquisition {« i
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| 1
: | | > '
: ] | A '
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] |
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SPIROC layout

s =

I
£ o oo

36

Preamp |
Shapers |:
discris |

36
8-bit
5V DAC

Dual DAC

3 i et
Lhad HE LY (1

36x16
Analog
memory

Cx]

36

Wilkinson

ADC

ADC wilkinson Ramp

milt

| SRAM
1 Readout

| ncanan |

_ !H:':

Fabricated in SiGe AMS 0.35 pm
Submitted in june 2007
Chip area : 32 mm? (4.2mm
7.2mm)
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SPIROC Input DAC 2

Input DAC to optimize SiPM bias
voltage

8-bit DAC, 5V range
LSB=20mV ; ——chl —ch2 — o3

ch4 ch§ — ché

—— ch7 —— ch8 — ch9
36 DAC (one per channel) === S
—— ch16 — ch17 ch18
—— ¢ch19 —— ch20 — ch21

Ultra low power (<1pW) : no ===

ch25 — ch26 — ch27
—— ¢h28 — ch29 — ch30

power pulsing P e
Can sink 10 pA leakage current A |

125
DAC value

Linearity : £ 1%
DAC uniformity between the 36

channels : ~3%

/
Si DAC count

PM

Residuals (V)

High
voltage
on the
cable
shielding R T s aanar aanay ' !

Channel number

Intercept (V)
Slope (MV/DAG count)
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Trigger and gain selection DAC measurements

e Threshold 10-bit DAC linearity : typical £0.2%

2,5 . Linearity ;s
\ Trigger DAC !
2 2
\ 1LSB=2mV
e \ )
1
\ 1
0,5
y=-0,00198623x + 2,32465 0,5
R?=0,99996616
0 T T T L T T T T T T T T T T
0 200 400 600 800 1000 0
Residuals (V)
0,01 0,004
0,008 0,003
0,006
0,004 . m 0,002
0,002 - ® 0,001
) ‘%ﬂ (0]
0,002
-0,001
0,004 -
-0,006 -0,002
-0,008 -0,003
201+ — T T ' -0,004
0 200 400 600 800 1000

Mardi 21 septembre 2010
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\ Gain selection DAC
\\
\\\
y =|-0,00199184544 + 2,325390
R? = 0,9999969857
0 200 400 600 800

200

400

600

800
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SPIROC charge measurement 2

High gain channel output

680fC ( ~4 pe @SiPM gain=10% in SPIROC |
ile Cursors  heasure Analysis  Utilities elp ¢ Setup %!TpF_l.SpF_

Charge measurement

Auto trigger M i W s aA T Low noise charge preamplifier capacitively
i - coupled = voltage preamplifier
pe/noise~7 Preamp noise : 1.4 nV/sqrt(Hz)
Set up: e e Power : 2 mW (unpulsed)
Cf=400fF

Tau=50ns
Cf = 700fF ,Tau=50ns Cc-100pF, 20dB

121712007 4:00:40 P

800

©W.Shen (Heidelberg)

High gain charge output at different Cf
Qinj= 1.5pC 700
—— Cf=100fF

—— Cf=100fF
« . High gain channel
Cf=300fF
Cf=400fF - -
Cf=500fF I ty
Cf=600fF I n ear I
Cf=700fF
Cf=800fF
Cf=900fF
Cf=1pF
Cf=1.1pF
Cf=1.2F
Cf=1.3pF

—— Cf=1.4pF

—— Cf=1.5pF

(m)

W_out

Linearity better than
1%

different preamp gqim

T 1
100 200 300 400 500
Time (xlo'gs)
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Other measurements

e Pedestal uniformity 7

1 - o)
~ Mean= 1.16V; RMS = 1.8 mV Very low electronic cross-talk :*0.3%
(long distance cross talk due to slow shaper
pedestal voltage reference: If this voltage decoupled with
100pF, it becomes negligible ~0.04%)

DCvoltage (V)

Channel 11 =10
- —— Channel 1 x100
I I — channel 24x100

\

o . T T
I I Cross falk| [——channel 12 (signal injectea 15pC)
: a

Channel

RMS 1%; 45 mV/pC (C;=0.2pF, T=50ns)

\
e  Gain uniformity _ //_/‘\:
- | d

Gain uniformity

Vout (mV)

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35

Channel

SPIROC Test board
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Trigger efficiency 200

e S-curves : Trigger efficiency versus Threshold (1 LSB = 2 mV)
— Good uniformity between channels

e Trigger at 50fC matched (1/3 photon-electron at 10°)

36-channel S-curves 50 % Trigger efficiency point vs Q;;
50 fC

Pedestal

efficiency (%)

- '5'd: 75950 125 156 175 200
I
' Qinj (fC)
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Time considerations : Trigger jitter and trigger time-walk

abee i Thrdshold. 2L 100.7C) o Time walk: ~10ns

L

time walk (ns)

Trigger jitter: ~100ps

—
i
C

S’
e
i

_|_d'

i

200 800
input charge (fC)
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Single photoelectron spectrum

Response with different injected 0

Entries 998

charge Mean  290.3
Ope 2pe 4pe 6pe 8pe == 3847

lpe 3pe pe 7pe/\ 9 pe

300 400 500 600 700

Setup: Autotrigger mode and internal ADC

nr. counts

i
M W' | i

i 1 1 1 I 1 [ 1 1 [ 1 1 1 [l I
850 &75 900 925 950 975 1000 {025 1050 1075 1100 1125 1150 1175 1200
ADC

R R R

Mardi 21 septembre 2010 Ludovic Raux — ID 62 - SPIROC: SiPM readout ASIC

ho

|Estries 10032
TV
RMS 258

1000 1200 1400 1lEN ilill:IlJ 2000 2200 2400

1 P PP PO P O ©R. Honda

Linear Fitting

2600/
24001

2200/

2000/
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MIP response in DESY 6 GeV electron
testbeam

| ASICNr=1, Channel =13, Cell =5
| HG, 50ns shaping time, 100F capaci
beam

g

Pixels!

no. entries

g

\|!I T T I L | L | T

edestal

1LMJH1 MIP Peak

600 8001000
ADC tics [12bit]

IFII

g

©M. Reinecke (DESY)

Spectrum obtained with the LED

calibration system
Channel 32, ASIC 0, memory 8

CH32

©I. Polak (ASCR Prague)

QRLD6x board
(ASCR Prague)
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Summary and perspectives 2e1

SPIROC is a versatile readout chip for SiPM photo detectors

Laboratory tests have shown nice global functioning, especially
on the charge measurement and auto triggering features.

Son;e more tests have to be performed (time measurement,
etc

SPIROC 2 is produced in large scale in 2010 for the EUDET
AHCAL module -> 1200 chips

Development on SPIROC chip are on-going for ILC and also for
other external requests (nuclear experiments, medical imaging,
vulcanology, etc.)

— More informations on Omega web site: htip://omega.in2p3.fr

@ raux@lal.in2p3.fr
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Thank you for your attention !!!

If you have questions or
comments...
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Backup slides 2
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SPIROC A main features 2

Spiroc 0 motivations :« light » analog version for
users who don’t need the digital core

32-Channel ASIC

-

Internal input 8-bit DAC (0-5V) for individual SiPM
gain adjustment

s
=

Energy measurement : 14 bits
- 2 gains (1-10) 1 pe > 2000 pe
- Variable shaping time from 25ns to 175ns Fabricated in SiGe AMS 0.35 pm
- pe/noise ratio : 11 Submitted in September 2009

a . . . . Delivered in December 2009
2 Multiplexed outputs for low gain and high gain Chip area: 17 mm2 (4.2 mm

i 4.1 mm)
Trigger output e
- pe/noise ratio on trigger channel : 24 / - \

.
Channel 0
7
Read Low Gain

Fast shaper : ~10ns —H s

Trigger on 1/3 pe (50fC) ’ B § Muttplenes
32 trigger outputs : I%—/—'
OR 32 Output /ﬁﬂ Hold Read High Gain

. . 0.1pF - 1.5pF Multiplexed
Trigger latch for each channel and multiplexed o [stow shaper|——" *—.0“":::e e
Output 15pF 25 -175ns I

RS or Discri
Individually addressable calibration injection S L B e —
capacitance 8-bit DAC Sl m -
W-5 15 ns Trigger
Multiplexed

-

FIPEN | PP VAP N PN P P Y L I ' | P I |
920 940 960 980 1000102010401 0601 0801100

ON »

Discri Read

Embedded features (power pulsing, new bandgap, \| —
10-bit DAC, possibility to disable each stage to save \_

power when unused, high impedance outputs when [Vmabmwj[mm p] III
Gain PA (4 bits) Variable Shaping DAC

Inactive)

Time (3 bits)

Ch31_tri
Variable|High' || | FS Slow Shaper =
Gain PA (4 bits) Variable Shaping
Time (3 bits) Common to the 32 channels
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Engineering run

. Reticle size : 18x25 mm2

— 50-55 reticles/Wafer
- 25 wafers needed

e Final arrangement:

- <« Calice » chips produced:
e 7 Hardroc 2b => ~9000 chips
e 1 Spiroc 2a => ~1200 chips
e 1 Spiroc 2b => ~1200 chips
e 1 Skiroc 2 => ~1200 chips

- Additionnal chips produced:

e 1 Spaciroc : JEM EUSO experiement => ~1200 chips
e 1 Maroc 3 : for PMT readout => ~1200 chips

e 3 Spiroc 0 => ~3600 chips

e Production run launched in April 2010

e Delivery in September 2010
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