Design in
0.35um

MUX meeting
CERN 2011

C. de LA TAILLE

IN2P3
e Taille@in2p3.fr

ﬁmy_ W¢M5W¢ﬂm¢a ?@ouﬁ Uosocicted
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Semiconductor roadmap (SIA)

Feature Size (Half Pitch) (um)

W.P.C = Total Worldwide Wafer Production Capacity; Source: SICAS*
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Semiconductor roadmap (detail 2008-10) 2
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Readout electronics : requirements 7417

High
reliability
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Motivations for design in 0.35 pm 7

Solid state !

Analog friendly

Large dynamic range
Low cost

High speed with SiGe
Low noise

Radiation tolerant (~Mrad)

SiGe Bipolar in 0.35um monolithic process

base n* poly Si

contact emitter Contacts

pt poly nt poly 7nm gate oxide
SiGe SiGe gate

p* poly SiGe

SiGe base npn HBT Poly Si resistor
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SiGe technology 2
. . © R. Hermel
e Faster bipolar transistors for RF telecom
— Better mobility and FT strained
— Better current gain (beta) Si) Ge,
— Better Early voltage
— Interesting improvement at low T
— Compact CMOS (0.25 or 0.35um) for
mixed-signal design bulk Si
Temperature (K)
300 200 150 125 100 m
100 —r—T— 717 T l
- —"
s | -
o r"/_‘
"l:'; /./ SiGe HBT
3 100f *
=
E
N+ Subcollector F A—a__, SiBJT
= "“‘*-n..__,___i
Srrd Tl
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1000T (K™)
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Power and speed with SiGe 2

e BJT : best g, /I ratio (1/U;)

— Large transconductance with
small devices

e Speed goes as F;= g,,/2nC
- C~10fF g, typ mA/V
- F;y ~60 GHz for SiGe 0.35um
— Interesting for fast preamps
e Not forgetting 100V Early

voltage and matching
performance

1 . Fmax=53 GHz @Vce=1.00V; lc=4.1e-04 Alum
o La rg e SWI n g . VCEsat nJ 3 UT Fm:x:GS GH?. @Vz::zoov; E: 6.0:—04 sz

107
IC/AREA [A/um]
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ﬁ Example of prices, prot

CHilt: - MPS - WF

CMOS
CMOS opto
CMOS HV
CMOS
CMOS

CMOS

SiGe BiCMOS

SiGe:C BiCMOS

SOI
SOI

Poly-SOI-Metal

35
35
35
130nm
65 nm
40 nm
35

130nm

130nm

65nm

MUMPS

AMS

AMS

AMS

ST

ST

ST

AMS

ST

ST
ST

MEMSCAP

http://cmp.imag.fr/aboutus/slides/Slides2011/02_Runs_2011.pdf

CMP annual users meeting, January 20t 2011, PARIS

0.35um design MUX meeting
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© K. Troki (CMP)

650 €/mm?
810 €/mm?
1000 €/mm?2
2200 €/mm?2
7500 €/mm?

15000 €/mm?

890 €/mm?2

3500 €/mm?

4000 €/mm?

9500 €/mm?2

3700 €/cm?
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Circuits per technology, evolution N @

© K. Troki (CMP)

X

}
CHRE - MPE - WF

HV CMOS MEMS MEMS

HV CMOS

CMOS
CMOS SiGe

SOl

SiGe

MUMPS

GaAs

SiGe
SiGe -
: BICMOS &

BiICMOS

CMP annual users meeting, January 20™ 2011, PARIS
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AMS 0.35 um SiGe process

Process technology specifications units S35D4M5
Drawn MOS Channel Length MM 0.35
Drawn Emitter Width MM 0.4
Operating Voltage CMOS \Y 3.3 and 5V
Number of Metal Layers # 4
Number of Poly Layers # 4
Substrate Type p
Diffusion Pitch MM 0.9
Metall/2/3 Pitch MM 0.95/1.1/1.2
Poly1 Pitch Hm 0.8
Thick Metal 4 pitch Hm -
High Resistive Poly kOhm/# -
Polyl / Poly2 Precision Caps fF/pm?2 0.9
Metal 2 / Metal 3 Precision Caps fF/pm?2 1.25
N/PMOS Active Channel Length Mm 0.30/0.30
N/PMOS Saturation Current MA/ImM 540/240
Gain - 160
Early Voltage VAF Vv 100
HS-HBT: BVceo \% 2.7

ft / fmax GHz 60/ 70
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Precision and dynamic range 2e1

Dynamic range : maximum signal/minimum signal (or noise
— Typically : 103 - 10- for calorimetry or spectroscopy (10-16 bits)

Precision/resolution : % level

Precision and large dynamic range are key parameters for
calorimeter electronics

o/E

[F. Gianotti
CERN summer Cd(Zﬂ@)T@

students 2003] Nal LKr
. LAr
\\ Pb/ Scint
' BGO
microcalo Csl PbWO,

APy S

Yol 7)
\LLC‘%'VL‘A’J;/"‘

10 100 10° 10" E(ev)
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MNNen. »a

© G. Bertuccio (INFN Milano)
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Dynamic range handling

e Maximum linear dynamic range :

16bits PREAMPLIFIER GAIN ~ 10

- Noise : v, = 10 * 0.5 nV/VHz *

V10MHz = 30 pVv

- Max Signal : 2-3V Sy
— Linear dynamic range : 105 T

e C(lassical handling of large
dynamic range
— Multi-linear

) ECAL Readout - Terminology I
— Well adapted to energy resolutior
i

e Dynamic compression
— Difficult with fast signals

FERMI

— Pulse shape variations
- Bandwidth control

| ——— |
ICont.rol+:
1 Monitor 1

10 jun 2011 C. de La Taille 0

FE




Examples of designs in 0.35 um 7

8th International Meeting on Front-End Electronics

St b

http://dinamico2.unibg.it/feewk2011/Home.html

e 9 talks (/~40) involving 035u
— DC/DC converter (CERN)
MAPS : Mimosa 2* (Strasbourg), 4TMAPS (Heidelberg)

Spectroscopy (RAL)
Photon science : STARX32 (Milano) ASTEROID/VERITAS (MPI)
SiPM readout : SPIROC (Omega) BASIC32 (Bari) Rapsodi (Krakow)

http://indico.cern.ch/conferenceOtherViews.py?view=standard&confld=122027
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DC/DC converters ©S. Michelis (CERN) |f,

)

-

DC/DC ASIC design

Radiation folerance:
Technology choice Design for high efficiency:
HV transistors (10V) hor
LV transistors (control circuit) efficiency= —
Layout and design technique
(ELT, triplications)

pre-selection of CMOS technologies Pin -» DCDC __> Pout
with HV extension

design of prototypes in the two pre- l

selected technologies (0.25 and
0.35um) pl e

SEE tests on the two technologies
led to selection of 0.35um

5. Michelis, PH-ESE-ME, CERN, FEE Workshop, Bergamo 2011
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©S. Herrmann (MPI) +

DEPFET Readout ASIC oor ) -

Halbietlerabor

ASTEROID1.5 S&H and MUX  SPI control

AMS CMOS 0.35um 3.3 V Analog section & SRAM

readout ASICs for DEPFET Pixel
source follower readout

64 readout channels

trapezoidal filter

readout speed 4-6 s

selectable gain settings
electronic noise < 2e

dynamic input range: ca. 25keV

MUX 64:1 @16 MHz with
window-mode operation and
power switching

bias DACs

DICE SRAM (radhard) for
internal sequencing and configuration

system-friendly single test feature MUX control

system-friendly SPI slow control 80 mm >
interface

P/ch= ca. 8mW in cooperation with

Politecnico di Milano
Milano, Italy

ven Herrmann - MPI Halbleiterlabor sch@hll.mpa.de 26.06.2011 FEE2011 Beraamo 7
10 jun 2011 C. de La Taille 0.35um design MUX meeting 18
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DEPFET XL Measurements

Z 250
1

200

150 gl

Y DEPFET PIXEL
. ,.,ﬂ#_g + 256 x256 pixels of 75um x 75um

-

TR M it
el L 3
T R e T it

100

+ 450um fully depleted silicon

50

* backside illuminated

+ readout speed:
6.4us per row (1.6ms per frame)
4 Asteroid / 8 SWITCHER ASICs

Swven Herrmann - MPT Halbleiterlobor 26.05.2011 FEE2011 Bergamo 1
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Spectroscopy © P. Seller (RAL)

< Technology

3D-ASIC development
Cd(Zn)Te Spectroscopy ASIC

3 Rolling shutter type readout

-

] = Yo

Fa3afia
‘FJJT'TT'TTL‘FTlT'TTTTTLT

3 Four 80x20 pixel arrays on one ASIC

O 250mm x 250mm pixels
d Gold stud bonded to CZT

3 Programmable regions of interest

Pard Enchin Fegeisr

d 12 Analogue outputs

d Selectable range 150keV - 1500keV
... 9 Noise <1keV FWHM with CZT detector
- 3 AMS 0.35um CMOS

Ptk

llilTlTTlllllllilTll

-
I [

4 & 4 &
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Feedback

—<—
‘DI

2ps Peaking Time

Bias
Circuitry

S

Calibration

Pixel
Circuitry
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Np Daughter
Products

Cut Off

Am Peak
1keV FWHM

Te and Cd
Escape Peaks

/

Energy (keV)

189 17.7

0.35um design MUX meeting
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al Meeting on Front-End Electronics - 24-27 May 2011, Bergamo, Italy ] .
© G. Bertuccio (INFN Milano)

STARX-32: a3 em® Mixed Signal ASIC Y
with Spectroscoplc ~Grade Frontﬁ.f 3 '-

for ngh Speed. X~ Ray Imagm
with Semlconductor Pixel De J

s D

/D Gluseppie Bertuccio s

on behalt; of LFDR team +.
P

. Wy a0 A
epéglht nformiation Science

" and'N@fional Institute of Nucle
" Milan, Ttal
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[EEE TRANSACTIONS ON NUCLEAR 50U EN T WL, 56, MO 3 TUNE 2009

Noise Minimization of MOSFET Input Charge
Amplifiers Based on Ay and AN 1/ f Models

Giuseppe Bertuccio and Stefano Caccia

Abstract—The optimization of the noise performance of in-
tegrated complementary metal-oxide semiconductor (CMOS)
charge amplifiers is studied in detail considering accurate 17
moise modeling for the inpust metal-oxide semiconductor field-ef-
fect transistor (MOSFET) biased in a strong inversion-saturation
region. This paper aims to generalizve and correct previously
published analyses which have been based on two limiting and
sometimes not applicable assumptions: a fived MOSFETs bias
current and the gemeral validity of the McWhorter l_,‘_f noise
maodel. This study considers the two main 1/ noise models: 1)
the mobility fluctuation, known as Ay or Hooge model, which
is followed by p-channel MOSFETs and 2) the carriers number
fuctuation, also known as AN or McWhorter model, which is
applicable only for n-channel MOSFETs. The front-end noise
optimization is made with the 1 /f component alone, thus de-
termining the ultimate performance, and also considering the
presence of series and parallel white noise sources. It is shown that
different design criteria are valid of p- or n-channel MOSFETs:
the A o model resulis in an optimum bias current and a different
optimum gate width with respect to AN moedel. Two-dimensions
st n noise minimization criteria are derived when power
or area constraints are imposed to the circuit design. Starting from
experimental data on CMOS L noeise, examples of application
of the presented analysis are shown to predict the lower limits
of the 1§ noise contribution for the currently available CMOS
technologies.

Index Terms—Charge amplifier. complementary metal—oxide

ductor (CMOS) cirenit (1C), integrated circuits
(ICs), low-noise circwit, LT noise.

. LN (Cre + O
ENCZ, -=2x.-12('“*“ )l VT
1| A} i M__jl' \-f_d_((;

- i nkTNp-\[(Cirz, + Ca P
ENGY rjany =2mdz| o5 7 o

I'Z fuim = Ry

S50

ENCZ a0 = b G 3 1

f k.".i:'l-c?”:.?t;?: -."-"'T f kup‘?

I :_b' R:ui.nIE
G. Bertuccio, S. Caccia

IEEE Trans. Nucl Sci. 56,

10 jun 2011

amplifier concept for radiation detector readout [3], a large va-
riety of implementations have been studied and developed in-
volving all types of front-end devices and technologies (junc-
tion field-effect transistor (JFET), metal semiconducor field-
effect transistor (MESFET), high-glectron mobility transistor
(HEMT) , bipolar junction transistor {BIT). metal-oxide semi-
conductor field-effect transistor (MOSFET)) in order to maxi-
mize performance in terms of speed, noise, power consumption,
or chip area. In the last five years, intense attention has been
given to the design of charge amplifiers implemented in CMOS
technologies because of their advantages in terms of high inte-
gration density, low power consumption, wide bandwidth and
digital logic integration, as required in many applications.

The most common objective in CSA design is the minimiz-
tion of the equivalent noise charge (ENC), which requires
careful design of the input stage. In particular, the 1/f noi
associated with the drain current of the input device plays
major role in ultra low-noise design, as recently demonstrat
with CS5 A with noise levels of a few electrons root mean squa
(rms) [4].

Previous works have studied the noise optimization of CMC
CSA but with two restrictive and sometimes not applicable a
sumptions: 1) a fixed bias current of the input MOSFET, main
determined by power consumption or bandwidth constraints a
2) the general validity of the McWhorter 1,/ model (see ne
section) [S]-{10]. In our analysis, we remove both of these a

3
P

nE

ENCyyy [ nms)

e om
P

7

2009, pp. 1511

C. de La Taille
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© G. Bertuccio (INFN Milano) /4

Wireset

wn
T

ENC [e rm.s.]

5

O Measured ]
— Fit

Triangular shaping

3.2 e r.m.s.

o

3 —
1us

10us 100us

Peaking Time

G. Bertuccio et al., NIM, A 579, 2007, pp. 243
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Reset/PUR Logic
+Trigger Trasm.
<<1pW

Amplitude
Discriminator
37 uW

Shaper 1st
98 uW

Charge
Preamplifier
115 pW

Input Pad
0=35 Om

10 jun 2011

Total Power Consumption: 483 []
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© G. Bertuccio (INFN Milano)

7
4

Output Buffer
49 uW

Peak
Discriminator
21 uW

. Peak Stretcher

35 uW

DC stabilizer

Shaper 2nd
71 nW
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GAPDS In AMS 0-35 HV (g:Diegliez'(UBarcelona) b

@ .,Short term plans towards the use of APDs in a tracker for ILC
! UNIVERSITAT DE BARCELONA / FLC_APD_v1 - AMS R3

1. 10 x 43 GAPD array

=
oy

2. Test photodiode

- i 3. Test pixel
=

00 A | .

0 == s 4. Control signal

I e Sy generation circuit

T e

IIIIIIIIIIIIIIIIIIIIIII- ! 7 =T 3. Pad LVDS
---' 0 "

6. Active inhibit pixel
7. Current mode pixel

8.1 x5 GAPD array
with PAD layer

8th Int. Meet. on Front-End Electronics - Bergamo 24-27 May 2011 N - Depnartmeant
Angel Diéguez - University of Barcelona of Electronics

Liniversital de Barcelons
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© W. Kucevisz (Krakow)

SiPM readout chips

L A
‘/
Chip name group year Technology | channels Application
FLC SiPM Orsay 2004 BiCMOS 18 ILC HCAL
0.8um
NINO CERN 2004 CMOS 8 ALICE TOF
0.18um
MAROC2 Orsay 2006 SiGe 64 ATLAS lumi
0.35um
SPIROC Orsay 2007 SiGe 36 ILC HCAL
0.35um
PETA Heidelberg 2008 CMOS 40 PET
0.18um
RAPSODI Krakow 2008 CMOS 2 Snooper
0.35um
BASIC Bari 2009 CMOS 32 PET
0.35um
SPIDER Ideas 2009 64 Spider rcih
10 jun 2011 C. de La Taille 0.35um design MUX meeting
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Club building blocks 0.35um -

Mission :

Design of basic building blocks usable by
all in2p3 labs for physics experiments

Motivations

Target analog technology (0.35um SiGe
AMS )

Optimize ressources and competences
within in2p3
reduce developpement times

Increase visibility of in2p3 in
microelectronics

e First results
— 2-3 runs /yr financed by in2p3
— Porquerolles workshop
— Fruitful exchanges
- Now extended to IBM 130 nm

10 jun 2011 C. de La Taille 0.35um design MUX meeting 27



Microelectronics at IN2P3 2

I’lnraumt l.lni L~

e Large force of micro-
electronics engineers (~50) S e

Manche

— Experience in designing and Cherbourg . g0, Allamages

o . — ux,

building large detectors P |

- Common Cadence tools . ™
t-Malo N
— But scattered in ~15 labs heines .

Calmar |
Dijon
Nantes Bé.:.;.}nqun e

e National organization : poirs

Mkcn.

L.] Rachelle

— Building blocks : Atantiqus AL T :Qw_,\,f

« club »0.35um SiGe cmmhm ~
- Networking 0.35 and 130 nm R @ 7 e
— Creation of poles with critical _ o Sy

mass (~10 persons) 1‘ M o e

oubon
Carcassonne .

e Orsay (OMEGA) V’ » o {
e Clermont-Lyon (MICHRAU) s
e Strasbourg (IPHC)

mer Méditerranée
100 krn
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Motivation for poles

Continuous increase of chip
complexity (SoC, 3D...)

— Minimize interface problems

Importance of critical mass

— Daily contacts and discussions

Conversion
ADC

Ecriture

between designers

1

— Sharing of well proven blocks

— Cross fertilization of different
projects

Large R&D activity

— ILC detectors

— sLHC (+3D electronics)
— Medical imaging

- space

10 jun 2011 C. de La Taille 0.35um design MUX meeting
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Examples of chips at IN2P3 7

e MAPS sensors at IPHC (Strasbourg)

MIMOSA26

| Pixel array: 576x1152
MIMOSTAR

Chfp dimension: ~2 cm? Clitip eifEmsie: = 3

e Chips at MICHRAU (Lyon-Clermont)

10 jun 2011 C. de La Taille 0.35um design MUX meeting 30



IPI‘IC MAPS at Strasbourg () Ve Szsbous)

Instigut F'Iundlicl nalrs

CMOS Pixel Sensors: State of the Art

onizing paricle

¢ Prominent features of CMOS pixel sensors:

# high granularity = excellent (micronic) spatial resolution

# very thin (signal generated in 10-20 pm thin epitaxial layer)

# signal processing p-circuits integrated on sensor substrate

=» impact on downstream electronics (= cost)

¢ Organisation of MIMOSA sensors:
# manufactured in 0.35 pim OPTO process Pivel Array
# signal sensing and analog processing in pixel array

# mixed and digital circuitry integrated in chip periphery

AT R T
(pixels grouped in columns read out in /) ControllsrsMemory #DACHTrane.

% read-out in rolling shutter mode m T otamtewet aoc T [’I

=> impact on power consumption
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IPHC‘MOSA26 EUDET Beam telescope L@Mwlnter@trasbourg) )

A AA A“.'dE"4A &
CMOS Pixel Sensors: State of the Art

Pixel Amray
152x576

- ﬂum -
# active area: 1152 columns of 576 pixels (21.2x<10.6 mmg}

Instigut F'Iurldli:IHallEr;

# 0.35 pm process with high-resistivity epitaxial layer
(coll. with IRFU/Saclay)

A0 e

¢ Main characteristics of MIMOSA sensor equipping EUDET BT: ‘

% column // architecture with in-pixel amplification (CDS)

and end-of-column discrimination, followed by ()

# pitch: 18.4 pm — ~ 0.7 million pixels

charge sharing = 0= 4 pm

% tyo <100 s (~10% framesis)
= suited to ~>10° part_fcmzfs

# ~ 250 mW/cm? power consumption (fct of Neo)

10 jun 2011 C. de La Taille 0.35um design MUX meeting 32



IPI‘IC MIMOSA28 : STAR © M. Winter (Strasbourg) g

I ¥ VI WY

Instigut F'Iundlicl nalrs

STAR-PXL Detector : MIMOSA-28

¢ Use ULTIMATE sensor (alias MIMOSA-28) equipping STAR-PXL detector
> derived from MIMOSA-26 equipping EUDET BT
¢ Main characteristics of ULTIMATE:

# 0.35 pm process with high-resistivity epitaxial layer
= column // architecture with in-pixel cDS & amplification

3% end-of-column discrimination and binary charge encoding, followed by )

# active area: 960 columns of 928 pixels (19.9x19.2 mmﬂ}

][] [ E—

# pitch: 20.7 g »— ~ 0.9 million pixels - . B
— charge sharing = osp~ 3.5 um expected : E— *'-: : __=_—_::

%t , <200 ps (~ 5x10° frames/s) - - S
= suited to ~>109 part_fcm?'fs ': “:

# 2 outputs at 160 MHz - J :

% <150 mWi/em? power consumption s et Tt bk

>[>[> Chip back from foundry = lab tests under way since early April :
3% N =< 15e™ ENC at 30-35°C (as MIMOSA-22AHR)
3% CCE (°?Fe) similar to MIMOSA-22AHR

—o  m.i.p. detection assessment at CERN-5PS in June-July '11

Threshold voltage [my]
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© W. Dulinski (Strasbourg) b

Instigut F'|'|.IJ'JdI'5'EI inaire /
Hul rt RIEM

onuirehic Active Pixel Sensors (MAPS) : imagers

Binary sparsified readout sensor for EUDET beam telescope'

> 2 cm? active area, 0.7 Mpixel tracker

- Medium speed readout (100 pm integration (110 kFrame/s)

- Spatial resolution <4 pm for a pitch of 18.4 um

- Efficiency for MIP > 99.5 %

- Fake hit rate < 10-¢

- Radiation hardness > 1013 n/cm? (high resistivity epi substrate)

- Easy to use, “off-shell” product: used already in several application

C!
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OMEGA/Orsay « ROC chips »

Move to Silicon Germanium 0.35 ym BiCMOS technology in 2004
Readout for MaPMT and SiPM for ILC calorimeters and other applications
Very high level of integration : System on Chip (SoC)

Chip

detector DR (C)

MAROC

PMT

2f-50p

SPIROC

SiPM

10f-200p

SKIROC

Si

0.3f-10p

HARDROC

2f-10p

PARISROC

5f-50p

SPACIROC

5f-15p

MICROROC

0.2f-0.5p

10 jun 2011

http://omega.in2p3.fr

MAROC3 ~ HARDROC2 MICROROC1

SPIROC2

SPACIROC

51 i Tl
'R it
| i |
| (1
| il I
e 3
i =
(S &
fi s 1
i e I =R

RISROC2
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MAROC history .

e Started with OPERA_ROC (2001)
— 32 Ch BiCMOS 0.8 um for H7500
— 3000 chips produced in 2002

FRANCE

e MAROC1 (2004)
— 64 Channels
- SiGe 0.35 um
— OK except pb of Substrate coupling

e MAROC2 (2006) #I% OPERA_ROC

— produced to equip the ATLAS
luminometer and Double Chooz
scintillating fibers

— Fixed substrate coupling
— 1000 chips produced

L
.....

e MAROC3 (2009)

— Lower power dissipation

~ 1000 chips produced ; s MAROC2

10 jun 2011 C. de La Taille 0.35um design MUX meeting 36




MAROC3 overview

Package: CQFP240

AMS SiGe 0.35um
Area: 16 mm?2

sindino J1abbin 49

AL AL P 4 73 R S B

i L kW dirai i

AT T RVIEOP T S0P T P (o PR P 8 5 Y P 0.
st ' s i it

P AAF A I P ¥

i s s o s

WA R

& Bi
s A A

{5

1 MUX charge output

Lo
=,
el

b
i
il

siadeys

“mw.._ ETE (K10 (T T R0 T TR TR (LTI TR LT (EW L M A I (LR

RIR|HU#[ 4| A1E]RY#A| AT AL Y #1 L (1 K LEL

sindul Nd #9

‘2 Fast OR outputs
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MAROC preamplifier 2
7

e Current conveyor
« Super common base » configuration

low input impedance, small « equivalent
inductance » (<20 nH) W..fL—(a:L_.-’{J.Sj| p out pa

Zin = 1/9,,19+2R. = 10-100€2 vgain_pa

good performance of SiGe ]l o
e Variable output mirrors : 8 bits e J‘{
ol ! | Qz\|

- Multiple outputs

in_paH

ibi pa H [

il

ATLAS note : ATL-LARG-95-010 (1995)
Nucl Instr and Meth A521 (2004) 378-392
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Gain correction : scurves with FSB 2

IR R

©
o
|

MAROC3 - ASIC #3
Scurves vs threshold - FSB1
Before gain adjustment
Gain = 64 - Qinj = 50 fC

MAROCS3 - ASIC #3
Scurves vs threshold - FSB1
After gain adjustment
Qinj = 50 fC

Trigger efficiency (%)

rms : 4 fC

T I e

rms : 2.5fC

TrrTrt [T rrrprrr [T T aa LI B N B B B I B B
400 410 420 430 440 450 6 400 410 420 430 440 450 480 490 500
DAC register DAC register

IR RS RS SR

Trigger efficiency (%)
N R RE ST RETRE STEN PRREY PRl SEETE FTEEl FRRT P

MARQC3 - ASIC #3 T !
Scurves vs threshold - FSB ; j Xtalk : 1.2% W
Qinj =50 fC 3 : g :
~E3- gain = 64 | !
8- ain adi AROC3- ASIC #3
#- gain adjusted i ! e |=se,w1I Scurves versus Qinj
Input signal channel 8
Vdac=1.804V (DAC=460)
All gain 64

.

=

1=
1

Trigger efficiency (%)

scurve ch8 : 50% trigger efficiency at 47fC
~— scurve ch7 : crosstalk = 1.5%
—— scurve ch9 : crosstalk = 1.6%

50 % trigger efficiency DAC

Without adjustment| |With adjustment
mean = 463.5 mean = 461.3
ms = 8.0 rms =4.9

PRI ST S BT N S S T

430 T T T T T T T T e ; T
0 5 10 15 20 25 30 35 40 45 50 55 60
Channel number
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Charge measurements: Slow shaper 2

e Variable integrator + variable CRRC shaper (25-100 ns)
e 2 Track & Hold. Pedestal dispersion : 1.3 mV rms

vdd_buf1

swb_buf 2p f wbhpr f wbbeOOf > wbbf250f
in_buf

250fF
in_slow_shaper
D—. slow_shape

500fF

gnd_buf

800 — - E MAROC3 - ASIC3
760 MAROCS - Asic #3 3 Slow shaper output waveforms
720 3 \ Slow Shaper Waveforms Capa buffer=1pF
680 3 i via ADC wilkinson 7 Slow shaner feedback itor:
610 3 Cbuf=3.75pF and Css=0 3pF " |Slow shaper feedback capacitor:
600 3. 4/ — Qinj=0.1p o : ‘ ‘ S — ZIpF
E ; —— Qinj=0.15p —15pF
360 5 — Qinj=0 2p — 0.9pF
5205 /N — Qinj=0.25p — 0.3pF
480 AN Qinj=0.3p ] ~p
440 3 Qin=0.35p Injected charge=1pC - ch8
E Qinj=04p : : : 3

400 - — Qinj=045p
360 E N — (inj=0.5p
3205 - 3
280 3 ‘
240 2 = e ] .
200 = e ] \\
160 3 = :
120 : ] e

TT 171 T . S,

Charge value (ADC units)

Charge value {(ADC units)

100 150 200 250 300 350 400 450500x10”°

Hold delay (s) 50 100 150 200 250 300 350 400 450 500
Hold delay (s)
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Wilkinson ADC

Amplitude (ADC u)

10 jun 2011

Selectable 8/10/12 bits

22x10°
. . 20 MAROCS - ASIC #3
Conversion time : 6/25/100 ps
[ ] 100k acquisitions
18 #2 ch36
mean = 281.5
H . 16 ms = 1.8
verall noise . U. M © o
@ 14 - mean = 256.7
2 ms = 1.9
= = = H m ch12
2 124 mean = 271.0
Serul Tor gain calibration : =15
2 10+
£
=
P4 g
6 -
4
2 )
-t 2}
0 T
245 250 255 260 265 270 275 280 285 290 295 300
Amplitude (ADC u)
100x10°
- 1 MAROC3 - ASIC #3
_ MAROCS3 - AS.IQ #3 | |wilkinson ADC pedestal - 10 bits
i Charge pedestal - wilkinson ADC | 100K acquisiions
4. —- mean min —&— max a0 mean = 57.9
ms = 0.5
y 1 E channel 54
- - mean = 62.9
- ] rms = 0.4
] H 60
- s 1
_ ]
g 4
= ‘ El 40 —
1 20+
— 0 j
T 50 55 60 65 70
| AL DL AL LA LA INLL LIL  L L L L LL L L L L Y BLL Amplitude (ADC u)
0 5 10 15 20 25 30 35 50 55 60

Channel number

C. de La Taille

0.35um design MUX meeting
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Overall linearity at variable gain

.“é‘
S
&
(@]
<
@
©
=
=3
E
<

MAROCS3 - wilkinson ADC
Charge linearity
e gain 4 (0.0625)
---- gain 8 (0.125)

% gain 16 (0.25)
— - - gain 32 (0.5)
—— gain 40 (0.625)

12 14 16 18 20
Injected charge (pC)

T 1T T 1T 71
22 24 26 28
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Variant : SPACIROC for JEM/EUSO 2

ASIC Functions:
Analog part:

1. Photoelectron counting
(20-100MHz)

2. Time Over Threshold
(collab. JAXA/Riken)

Digital part (LAL):
1. Digitization,
2. Memory,

3. Send data to FPGA for
triggering

Crucial points

* Power consumption < 1 mW/ch
 data flow ~ 384 bits / 2.5 us
* Radiation tolerance : triple voting

HOLTITE J—
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I.|C

Cal meterfor IL

Requirements for electronics
Large dynamic range (15 bits)
Auto-trigger on 2 MIP
On chip zero suppress
Front-end embedded in detector | g; pa
108 channels

Ultra-low power : (25uW/ch) \

Compactness

e « Tracker electronics with | W layer
calorimetric performance »

it’s gonna heat !
=>Power pulse

10 jun 2011 C. de La Taille 0.35um design MUX meeting
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e auto-trigger, analog storage, digitization
and token-ring readout !!!

e power pulsing : <1 % duty cycle
e integration issues

HARDROC2 SPIROC2
SDHCAL RPC AHCAL SiPM

FLC_PHY3 04ch16mo 36 ch 30 mm?2
(2003)
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L hd | ] W e SN

CALI@ED

Calorimeter for IL

e Hadronic Rpc Detector Read Out
Chip : 64 channels

Variable gain, low input impedance
preamps + shaper + 3 discris

Full power pulsing => 7 yW/ch
Fully integrated ILC sequential

readout

320 |

310 }

300 |-
P MMWW
c 200 |
= :
O 280}
o
()

270

260 *’riw—J”‘l.ﬂm—r"—!_quC‘_r-—Lr—uﬂ—flﬁnﬂm——

Pedestal
240 (PP TP EPRDRINE. I ST g

o 10 20 30 40 50 60

Channel number

10 jun 2011 C. de La Taille

ANALOG PART

Cho:

ANALOG PART

HaRDROC : ILC DHCAL readout

Ch63:

S8 Gain

4 bits/channel
12,114,181/ 16

+ Hold

Gain correction
8 bits/channel

SLOW
Shaper

Cho

Variable
Gain PA

|-

FSB1 Gain
4 bits/channel
1/2,1/4,1/8,1/16

)

FSB2 Gain
4 bits/channel
1/8,1/16,1/32,1/64

N

Shaper 0

HARDROC2

-

Read

T

Bipolar FAST

Vth0

Vth0: 10fC to 100fC

Bipolar FAST
Shaper |

Multiplex
Charge output

— =

I *Read

—a
trigger(l

Vth1: 100fC to 1pC

Bipolar FAST
Shaper 2

Vth2: 1pC to10pC

Vithl ?_
liscri

Omn\kl‘ triggerl

vinz D2

1L

Latch |

I *F'lead

—a
pRe—c—
0mn~ek2| trigger?

I +Read
1 —a

:—-—

ChoO_trig0

Cho_trigl

ChO_trig2

el'lc01|0<£/

o riggerd )
trigge M fagerl | ENCODER| encodl<I=
DIGITAL PART 5[ S[ gl
Common to the 64 channels = = =
DACI Vth2
10 bits Digital Memory | OR64
encod0<0=>
DACL  [Vthl encod1<0> i
10 bits B
: R
DACO Vtho A
10bits | : M -
encod0<63>| 128 1 SERIAL OUTPUT
encodl<63> X transfered to DAQ
- 160 furi
24 Bit counter BCID Inter Bunch /

0.35um design MUX meeting
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Analog and Digital crosstalk 7

e Analog Crosstalk ~1%
— Well differentiated, capacitive like
— Dominated by the input
— No long distance crosstalk

e Digital crosstalk : 3 fC

- Coupling of discriminator to inputs through
ground or substrate

— Trigger on CH1 and look at analog
signal on CH2

. FSBO normallsed to 1

100n 150n

50 ns
1.8 v

A: Average (1
50 ns
5.0my

Pl
=
&
N~
=
C
£
N
Q
.
L
l_

— 1000 swps

TR TG
Qin (fC)
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Power pulsing 2o
e Total power on: 100 mW *—— [ PWR ON ;
] TOtaI pOWGI‘ Off . 10 IJW 2'%3\_!51 v T — ! ] —
e Power dissipation — i
- 1.5 mW/ch continuous N ~ 25 us f
— 25 IJS awake tlme e e R W e
— 7.5 yW/ch with 0.5% duty cycle :
e 10 pW/ch = 24h operation of full sle N I
with 2 AAA batteries ! ;‘ Trigger |
5 ops T .
i] 5 W RC Time 24_7TU95 ps
22 v
PA 5.46mA | DAC 0.84mA \- OFF cell
3 FSB 12.3mA BG 1.2mA Master
Ihias Rhbias
SS 9.3mA vddd 0.67mA ¢ el
3 Discris | 7.3mA vddd?2 0.4mA ibi_cell | ”'“—f'"
(=0 if 40MHz " '
OFF) | OFF cell -m-| @
TOTAL 38mA 1
Master source gnd
10 jun 2011 C. de La Taille 0.35um design MUX meeting
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Read out: token ring 2e1

e Readout architecture common to all calorimeters
e Minimize data lines & power

Time between 2 bunch crosings:
337 ns ILC beam
<>

111 e 1111 EFE

“rainlength. . Time between 2 trains: 200 ms
2820x337ns=950u s

Acquisition

Acquisition

Acquisition

Acquisition

Acquisition

1ms (.5%)
1% duty cycle 99% dut§ cycle
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First power pulsing results 2

e Tests at system level, 50 Hz pulsing in 3T magnetic field
e No efficiency loss

32x48 cm? GRPC

1 1
wDite

ot
e
X

g
o
=

—*— No Power Pulsing

—=— Power Pulsing

OO S SO SOOI TS SOOI SR

S - - -
g
A |
$ |
.

| Current

o PowerPu|S|n |E||||i||||i1||1i||||i||||i||||i||||i||||i|_
4'( g) 0.86 6.9 7 71 72 73 74 75 76 7.7

GRPC Polarisation Voltage (kV)

2 i
2 i
50.92 -
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Square meter prototypes

Fully equipped scalable m? RPC
SDHCAL detector bunt by IPN Lyon

Sla #1 = : : DIF #1

Fully qUippéd scalable large MicroMégas |

detector built by LAPP Annecy

10 jun 2011 C. de La Taille 0.35um design MUX meeting
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Variant : MICROROC 7

e MICROROC : MICROMEGAS Read
Out Chip
- Same as HARDROC but with

charge preamp input stage + HV
protection and slower shaping +
4bit DAC/channel
Preamp optimized for Cd=80 pF,
noise = 0.2 fC. Cf=0.4pF Rf=5M

Maximum input charge : 500 fC

Bi-gain shaper (G1-G4), peaking
tunable 50-200 ns (2 bits) 2P T g U P L
3 thresholds

Lowest threshold ~2 fC MMWF%

0,1fC, 2fC

876 —

Pin to pin compatible with HR2
e Collaboration with LAPP Annecy

874

872 —

870 —

868

| R T S PR P O RS SN A L R T R
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64
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SPIROC for SiPM readout

SPIROC : Silicon Photomultiplier
Integrated Readout Chip

Developed to read out the analog
hadronic calorimeter for CALICE (ILC)

DESY collaboration (EUDET project)

Chip embedded in detector : i
O Power consumption is an (0.36m)? Tiles + SiPM + SPIROC (144ch)
AHCAL Slab
6 HBUs in a row
g HBU

important issue
HCAL Base Unit
12 x 12 tiles

[] few external components
1
e Big detector with huge number of &| SPIROC
? == 4 on a HBU
HEB

channels (8 millions)
HCAL Endcap Board

Hosts mezzanine
modules:

OIF, CALIB and POWER

HLD
HCAL Layer Distributor
53
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SPIROC : One channel schematic

A (/
A /
- | -
per.
I -—']{-\nalog memorr-
| —_—1 o~
I Bl
Calib. LOW galn 50 -100nS Z Z ______ Z ] Galn
Preamplifier =l
B ___; Depth 16 p__ ectior-
Slow Shapeg - . )
I 0.1pF-1.5pF T 1o 12-bit
______ Charge Wilkinson
ol T 7 ;
0-100ns S04 S measurement ADC
Depth 16
HOLD READ [
IN High gain Fast Shaper . ] ,
Preamplifier Variable delay CEmiEEE
80 us
rigger
99 Flag
, Depth 16| TpC
4-bit threshold
DAC output adjustment /
:r ___________________________________________ 1 Time
Commonitothell 10-bit DAC TDC ramp i measurement
36 channels : 300ns/5 ps |
- |
C. de La Taille 0.35um design MUX meeting 54
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SlowClock

SPIROC : general schematic CaNl
ValidHoldAnalogp ,1’6 Chiosat l /
ExtSiJ;maTM (OF ; c:(:fTAri»gqf i

l t Systen On Chip

|

|

| Hit channel register 16 x 36 x 1 bits | :

TM |Discri tigger) v '
|

|

|

|

|

StartRampTDC

f 7
| 8

. ValDimGray
A ValDimGray 12 bits ” DAQ
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A
36
|
|
I
I v TransmitOn
I c . < tartConvDAQB
4, Lonversion L RamFul
ValGaih (low ggin of Lutsere
hih Gai
ib Gaml) ADC EndReadOut
| s |
| > + StartRgadOu
Lndliamp(Di cri AD( |
1 Wilkinspn)
1 | i I
: Lo Ecriture |
|
FlagTDC Rstb
— RAM |
3 -
| | ! l CIk40MHz:
..... | | |
: I
! I T Startrampb
| l (wilkinson
i | ramp)
I
I
|

TDC ramp -




Techno : AMS SiGe 350nm - package : TQFP 208 - die size : 8x4= 32mm?

a5 =t

Rt

e

B
|

)
i
L] o
I
H I
L] i

]
]
! i
{2t
iy
!
£

36 ropanil S
Preamp 36716 | 36*2
Shaper Analog i ' W”kinson

. memory |
discri 5 ol _AD

bl

Dual DAC ADC and TDC ramps

10 jun 2011 C. de La Taille 0.35um design MUX meeting 56



SPIROC main features 7

36 channels

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 [1 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
Time measurement :

— 12-bit Bunch Crossing counter (step=200ns)
— 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

10 jun 2011 C. de La Taille 0.35um design MUX meeting
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SPIROC2 input DAC -

Input DAC to optimize SiPM
bias voltage

8-bit DAC, 5V range,
LSB=20mV —

36 DAC (one per channel) o] | T,

—— ¢h13 — ch14 — ch15

Ultra low power (<1pW) : ===
no power pulsing R
Can sink 10 pA leakage

current

Linearity : £ 1%
DAC uniformity between the
36 channels : ~3%

Residuals (V)

DAC count

2N H A

Si
PM / i
High

voltage J;

on the
cable
shielding
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S-curves on fast shaper 2

e Trigger efficiency versus Threshold (1UDAC=2mV)
e Qinj=50 fC (1/3 pe-)

< 120

~ 120 £
N : © i
w100 & E 0
> - o _
0 O ol
- 80 | < _
) | -
:Q 60: BO—E
Y - | b y
E 40: 40__Lﬂ

20 | -

: QO_—
0L _
O L | R B | B R

I B T TN R T i R
0 25 50 7% 100 125 150 17% 200

Qin (fC)
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SPIROC2 performance 200

[_Mean(Voltage) | e Wilkinson ADC well suited to
multichannel conversion

ADC alone e Very good uniformity and linearity
36 channels /

4000

3500

3000

2500

Q
=]
<2000

et i Thréshold =100 fC
0 ' 5 5 5
1000

500

0....I...I...I...
1.2 14 1.6 1.8

| Residual(Voltage) |

time walk (ns)

1.5

jitter (ns)

. T T B B 400 800
14 1.6 1.8 2

Voitage s input charge (fC)

-
i\.‘!_
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Single-Photon Peaks 2

SPIROC2 Chn3
VCALIB=4820mV

VCALIB=4870mV —
VCALIB=4920mV ——

| 3 5 100fF PA feedback
”””””””””””””” 50ns shaplng ‘no ‘hold’ sent
------------- | ext trig., SIPM at nom blas----------

one SPIROC2 memory ceII used =
VCALIB - LED Ilght ampl

0N
Q
-
i)
C
o
O
c

I . . -
[ I e I MY O e W TR Nt ELIY N TGN G O B L el e

260 340 380 420 460 500 540 580
amplitude [12bit-ADC tics]
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SiPM SPECTRUM with Autotrigger >y

— ASICNr = 1, Channel = 13, 10 first Cefls, Run260087

— Hﬁi#ﬁmmm 100fF capacitance
— LED 4.79V, DAC = all events

Hit_Bit = 1

]
A gl N
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‘/

Photomultiplier ARray Integrated SiGe
Read-Out Chip

Replace large PMTs by arrays of smaller
ones (PMm2 project)

Centralized ASIC 16 independent channels
Auto-trigger at 1/3 p.e.

Charge and time measurement (10-12 bits)
Water tight, common high voltage =W Eare e
Data driven : « One wire out » T

——

¢ mgre Spre e

Joél Pouthas IPN Orsay

10 jun 2011 C. de La Taille 0.35um design MUX meeting 63



Trigger efficiency ;

2000 —

1975 =
1950 —{

1925 —

Good linearity down to 35 fC= 5 o noise
o=7fC

Trigger efficiency vs injected charge
Input charge until 500 fC

Minimum threshold

880 UDAC (1936 mV)|

1800 1

1875 —

1825 —

Threshold (mV)

1775 —

1750

1725 —

1700

1850 —-

1800 1

threshold
can be set at 1/3 of p.e.

10 jun 2011
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0 50 100 150 200 250 300 350 400 450 500
Injected Charge (fC)

C. de La Taille 0.35um design MUX meeting

64



Auto-gain test (ADC measurements) ( 2ﬂ1 2

The whole chain is tested, injecting a charge at the input of the channel:
the signal is amplified, auto-triggered, held in the SCA cell and converted by the ADC.

The charge measurements for different injected charges
setting the gain threshold at 60 p.e.

: Low gain
residuals <1 UADC — until 60 p.e. Up to 570 p.e.

Slow shaper linearity
s : ADC charge measurement
225 — : HG and LG automatic choice

200

Automatic gain selection

175 %
150 ¢

Good performance
of the whole chain.

25—

ADC count

100

75

0

/ R residuals < 1 UADC — until 570 p.e.
50 + & ;
‘ High gain 1
Up to 60 p-€. 0 50 100 150 200 250 300 350 400 450 500 550 600
Injected charge (number of p.e.)
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PARISROC TDC ramps Noise

D:\Mes Dm:u.mems\CLA‘S‘t2\PMmZ\FARISR9C2\Tes\7FARISROCV2\2£10:05727\AUT0RAMP\AUTO CHO_xx.csv
a noise for each step ot Ins.

lots are the row da

These p

ORAMP\AUTO_CHO_xx.cs:

—
Q
p=
=
wn
o
o~
()
—
<
[
>
<
=
—
Q
+=
<
=
Q
=
]
en
o
=
=
=
<
=
=
=
]
20
2
=
Qo
=
)
A

Max TDC Noise

TDC Noise
(Quadratic Mean)

Row Noise
(Quadratic Mean)

Capacitor

0.68ch = 148ps

Ramp1l.Cap2

= 147ps

0.68ch

Ramp2.Cap2
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PMm2 demonstrator

Y
(/
IPNO+LAL+LAPP+ULB

riau)
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Asic ROADMAP @ Irfu Saclay

Past Present Futwre Saclay
IdefX-E
IdefX0 oy i . New technologies
; l I8 IdefX-HD For space FE
Low Noise (SimbolX,MACSI) : FE Elec
Front-t-atjds for “  AFTER .~ for ILC/TPC
Capacitive [ ! (T2K)
(SPIRAL) |
detectors .
e i AGET Dream
na 09' P SAM (Spiral2) (CLAS12)
Memories EI (HESS2)
E (5 C.TA
MATACQ =

Nectar0 (CTA)

Wl scorr
- (Km3Net) KM3

System on chip &g:g!

ARS (Antares, HESS)

Monolithic
. . MIMOSAS8
Active Pixel f 3D Electronics
Sensors : ILC
MIMOSA26 (EUDET)
Prototypes :A;KXD%DC Cryogenic Electronics for XRay IXO

R&D Bolometer Matrixes




The Idef-X Family

COMMON BASIS => Idef-X family:
- For low or very low capacitance detectors (CdTe , or Si & LXe ‘'saclay
- Same CSA, PZ, Filter, (discriminator, peak detector) architecture
- Detector leakage current compliant.
- Use of a custom digital library for latchup free design.
- technology tested for space environment: AMS 0.35pm

time
IdefX1.1: IdefX-Eclairs: IdefX-HD:
16 channels. 32 channels. 32 Channels.
Parallel analog outputs Multiplexed outputs. Multiplexed outputs.
1 Range 200keV 4 Ranges up to 1.2MeV
<3mW/ch Low power: 0.8mW/ch
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Channel 0  Embedded temperat
Sensor with absolute Saclay
resolution of 0.5°C.

* Energy and T readout via
differential output buffer.

* Slow Control
i Multi ASIC interface

Channel 31
i Gain
i Tpeak
ﬁ ICSA(23-100l‘|A)
i I eax
it Channel mask
i Test mask
o i AlimON
&:ﬁ@) * 32 channels. Muxed output * 1 Threshold/ channel (6 bits) « Power on reset
&k, + CSA (new concept) * Dynamic up to 1.2MeV « LVDS input/output with
- Gain (50, 100, 150, 200mV/fC) (CdTe). tunable current
« PZ cancellation « “OR” Trigger output. - Hardened digital standard
« RCZfilter (Tpgac=1 to 10us) « 3 modes of readout: cells
- Base Line Holder (switchable) * All channels. e Low power:
e Peak detector * Hit channels.
« On demand 0.8mW /channel
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eS®

g CdTe Schottky 2x(2x2xmm?), -10°C,52¢!ay

Idef-X HD: performances

3.0 [N L I L R B LN L L LB L B LI B L L Jooo[ ' ' T ' ' ' T ' j T i
I j - Source: Am241 .
25 l Gainyg,s | Dynamic | Dynamic | INL L Resolution: ]
— ' r FHE® % % R $ % 2 2 % & WU range range CdTe | [%] L 1.14keV at 60keV ]
S e | i = = i 1.03keV at 14keV :
v 2.0F o - - ok | 1.19 2000 . -
g0 EEENENE , Low threshold: 4ke\’ :
= i X A | 1022 2 607k | 1.30 RS - .
Sisk S0 EERENE : | :
s L "% o N : r .
a 1.0 % ¢ S § 2038 11 303 | 1.16 1000 - ]
g ag B : :
N X 150mV/iC C ]
¢ 100mV/iC C ]
A 50mV/fic - J { :
P P B BRI B 0_ ! 1 7
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Qin (ke-) Energy {keV)
- 0 Gain 50 mVIfC, Solrce: Cs137 -
- 10 Low threshold: 4keV -
— 100F Aoaa" o B 1000 . . E
£ r . o 000 00 1 C Resolution: 4.3keV at 662keV, ]
s - % % . i i B MK X s 3 HOHK i E 800 1.1keV at 72.8keV,, —
= I Ty 1 1T 1.2keV at 32.2keV, ]
@ I oy 1 U B0 , -
@ T4+ - . i
~— L - . i L > - | ]
o ENC;, oor = 33€" +6e7/pF wwf | ~ Dynamic range>250 ke- | E
& ileak< 1pA C : ]
- + Inea J = -
% ileak=10pA 20410° ! s
) ileak=20pA : ]
A ileak=100pA L , ]
10 . . . e e 0 200 0 600 800

1 10 Energy (ve)
Tpeak (us)
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IDeF-X family : radiation hardness

N _ TID: Irradiation with 60CO @ 500rad/h =

"Lﬁ_ J { z psg oo rradigtion phose  Room temp. and 100°C Irradiation up to 1 Mrad: sacla Y
- : | —only effect noise increase (cleared after
200 . L b
. zo i Y ‘ ] annealing).
SES | TIDrange for ECLAIRS—4¢ * 1 | g)
£2% 5 .  andSimbol-X T L | —Leakage on ESD diodes suspected
s g £ % - —— : 1
= T F
s E 5 | s
E Dul B T e T ]
sE8 e E Ly ’
R L o ] —The Spec for ECLAIRs and SIMBOL-X
i " Annealing 1 is only 10krad
07...\".l..‘\..‘\"‘\i..‘um...mu.\“3<.|.H‘1..H|.."‘
40 200 400 600 800 1000 50 100 150 200 250 300
Total lonizing Dose (krad) Annealing Time (h)
10-5 gstandard tibrary T T
F P _.Q—-—E
N I SEL Tests
- 2 -
ﬁg 10-¢ 3 ) '}' ﬁ{ / 3 New digital library to improve hardness against Single
o C a )i ( ] Event Latchup:
S - o / fi dlib . Test on Idef-X V2.E => no anti latchup circuit required
=107 1 ‘f ; mproved library | for the ECLAIRs mission.
% - | ]
§ L L | No Latchup seen @ 110 MeV for IdefX HD.
S 1078 = f‘- -
E IC B, Epitaxy ~dum ]
I IG°, ho Epitaxy E
i IDeF—X W1.1 Epi 14um ]
10-9 PRI P R N R N R
0 20 40 80 80 100 120

. Effective LET (MeV.cm2.mg™) ) )
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AFTER: Asic For TPC Electronic Read-out ”.

Power Supply Reference Voltage sac I a y
A

120fC<Cf<600fC

511 cells

]
W/R . CK -
h CSA;CR;SCAin (N°1
K

» Optimized for 20-30pF detector capa
* Input Current Polarity: positive or negative 12-bit dynamic range
« 72 Analog Channels » Slow Control
* 4 Gains: 120fC, 240fC, 360fC & 600fC Power on reset

IEEE Trans. Nucl Sci, June 2008

* 16 Peaking Time values: (100ns to 2pus) » Test modes
* 511 analog memory cells / Channel: * Spy mode on channel 1:
Fwrite: 1MHz-100MHz; Fread: 20MHz CSA, CR or filter out
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- - /
Pulse Shape + linearity A =
o . . . P ‘ Good noi f ‘ saclay
Digitized signal with various peaking time ood noise perrormance
2500 T T T T S
L tp=1000ns [ * 116ns
f g o
N 2000: . tg=100ns 200 _::‘?;2:;5
m r :: 3 1400ns
9 1500 B b | [ |s1g12ns
L ]
8 S Emo
<C z
~ 1000 . ) =
L] O 0
ge) ﬁ |1
2 r 1300 = =
S 500 ] ! EEE=c—o
g [ |- | =T
F L [+ |
F 200 - — =
0 . ,; -/-r' ﬁE“JJ
~500 . S S T R . |
0 1000 2000 3000 4000 5000 v e n o 8 100 120
Time (ns) Cin [pF)
Pulse Shape Independent of amplitude Integral Non Linearity <1.2%
4000,0- 0.27 ! '
3750.0 R\\ r o Fw=30MHz
3500.0 i . 0.0 Maa-&%u?‘.;lﬂé-s‘ﬁ“' . Eﬁ:?gmﬁz ]
3250.0 o F “8840g
3000.0 i AR ® r e
VAR g —0.2- e ]
2750.0 o] 0.27 30
2500.0 }E} \\\‘ i 2 r ‘!x;nu
2 20000 mre S -04r e ;
£ e00 I L b [ R ]
£ 15000 Jf/ 5 \\\\\ g —0.6- e ]
@ F Ta ]
10000 I L S _os- Y]
750.0 g:‘u Y\\ Jl - hry 4
500.0 ! S z _ 1.0F W
250.0 TEAEaReE ESszbenas o r t 1
0.0 —1.20 . S Y
7250.07{‘) 100 200 300 460 500 600 TCIIO O 1 024 2048 3072 4096
Time (ns) Output Amplitude (ADC LSB)
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Charge range

Hit register

12-bit ADC
[ADS6422]

SCA MANAGER Readout
- W/R CK Mode

In Test Serial Interface

CSA;CR;SCAin;DISCRIin(N°1)

v
. . saclay
4

- 64 Analog Channels: Analog part + Sampling Capacitor| |* Slow Control.

Array. e Power on reset.
e CSA + PZC + Filter (semi-Gaussian order 2). e Test modes.
[e : analog memory cells. e Spy mode.

e AUTOTRIGGERING CAPABILITY

e Programmable Readout Offset

e Discriminator + Threshold DAC/Channel + mask.
NEW |- Digital Trigger output (LVDS)

e Multiplicity Output [ Analog sum of the discri
outputs.].

e High Charge range (10pC)
e Several SCA readout modes (all, zero-supress, on

Channel inhibit

10 jun 201
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SSP

saclay

DREAM (Deadtimeless Readout Analog Memory)

V ‘Designed to read the ~20000 channels of a Micromegas tracker for the
CLASI12 upgrade @ JLAB (Virginia).

More than 5m? of stripped detectors.
~30k channels

Based on AGET structure, but:
*64 channels with “everything” tunable.
*Design for high detector capacity (ENC <1500 e- for t,=150ns @200pF)
*Dead Time “Free” readout (APV-like structure) :

The 512 cell Switched Capacitor Array is used as a circular analogue
buffer (both L1 latency buffer + derandomizing buffer).
*No limit for the number of cells kept for an event.
*Normal operation with external trigger, but autotriggering capabilities
available.

*Chip submitted in beginning of June 2011.
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NECTAR: a 3.2GS/s digitizer for CTA*

!
Ll
* 3
CT g R Program supporrted by French AN /‘ / -

* project of a large Atmospheric Cherenkov Telescope Array.
* 100 telescopes with each more than 1000 PMT. ~16 bit range required ( 2gains)
* Need for fast integration time (typ 6ns) to reduce the effect of Night Sky Background.

* Use of low cost and proven solutions (HESS, Magic 2) => use of fast analogue memories as L1
Buffer.

NECTAr:

» 2 differential channels of 1024 cells SCA with 400 MHz bandwidth (DLL-matrix structure)
* Sampling rate in the 1-3GS/s range.

* Digitization of a window of interest by a 20 MS/s pipeline ADC (IP from IN2P3/LPSC) after a
trigger is received.

* Serialization of ouput data @120MHz on 2 LVDS pair

SCA Sequencer &
pointer manager

= gl

~ AMS CMOS 0.35um
Received mid 2010
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TAR: Performances

T T
6

o
N
e
QT
T
o
=
]
-

N
-

h

Sample Number (0.5ns)

Photoelectron signal digitized by
NECTAR:2.4ns FWHM, half range pulse
sampled @2 6S/s

Attenuation (dB)
v
Y

1 10 100 1000

Frequency (MHZ)

-3dB Bandwidth is llarger than 400 Mhz
For 0.8V peak-peak sinewave

Rl _ - -
Charge Hard (high gain) Ent:nes 263:332 1E46 E Chur'ge is still usable
#Evs pedestal Rms. 65818 Photoeleciron 8 +HG aftet amplitude E
20000 < = LG i
18 000T 1PE sm Mﬂ‘ e % Error Bar=+/-sigma sa‘turahon‘ :
15 0004 Hamomatsy E - i
140007 «— 2PE R9619mod PMT e 8§ !
12 000 {255 Gain + on g !
10 0001 board HG6=16 ) £ i
8000T 1E+3 - ! :
6000 S I I
1 I
40001 1 !
2 1E+2 1
2000 ' 5 | §!
0 = 1 i
4350 4400 4450 4500 4550 4600 4650 5 1 g hin(ee)
AdC count 1E+1 S : E I
1E-1 1E40 1E+1 HE+2 ! 1643 3 I 14
1E42 - ] 1 o}
ES - ¥ ol
o = 1 =
i * I +
| ST T 1] = o T [ = A TTTT
(] o — 1
g e E,
® i 1 <
1641 A AVl I i 9
% e —— = ==aa
S EaE e i {3 i A
Nectar0 performance Unit _____..I._ﬁ,;__ I -
[T o I3 TTTT T 3T
Power Consumption <300 mw
Sampling Freq. Range 0.5-3.2 GSIs GS/s |1E#0 ~+HG mi = = i
Analog Bandwidth >400MHz MHz -6 Shepedistorsion,jtref—
" -+undersampling fimitexd
Read Out time for a 16 cell event <2 us | T -
(2 gains 1- cells) T 1
' ¢in (PE)
ADC LSB 0.5 mvrms [1g1 - | | ] ]
Total noise (unchanged with <0.8mV mV rms 161 1640 16 1622 163 1644
frequency) Charge Scon & Q resolution with simulated PE pulses,
Maximum signal (limited by ADC 2v v 265/s (the 2 Nectar channels are connected
range) respectively to ampli with gain 1 ond 16) ,
Dynamic Range >11.3 bits More than 10,000 usable range
Crosstalk 4 per mil
Relative non linearity (integral) <2% (quasi DC) %
Sampling Jitter <40 rms ps rms
(from resolution)
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Ultra Low Temperature Mux for XRAY micro calorimg¢te

¢ Target: IXO satellite (ESA)
® High resolution (5eV @ 6kEV) XRay spectro-imager
| * fine pitch: 4000 pixels i

® Calorimeter Matrix manufactured by CEA/LETI \i I[:rr s 4
¢ Detector temperature : 50 to 100mK i | ’
¢ Photon by photon detection => high speed FE

-------------------

® Front_End electronics close to the detector:

8x8 calorimeter

® Must operate @ 4K o b T T Pt B T T kT

2 Aoty an mutiox e cotocorpuces  IUYUNINNUNNNNNNY e
® Low noise, low power (30pW/channel) o

* Technological choices: 7 Multi HEMT chip.

¢ HEMT (from CNRS/LPN) for the first stage (impedance adaptation + gain).
¢ AMS 0.35um SiGe chip for extra gain and mulitplexing:
® Prototype circuit (8 channel Mux) submitted in July 2009
=> Analogue and digital working perfectly @ 4K

¢ Design of an optimized 34 channel Mux in progress
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What's coming next ?

32 nm RF CMOS Technology

= TM1 Inductor: high Q and density

= Passives:
= Precision Resistor
= High Q Inductor
= High Density Decap

HV PA Transistor

RF Transistor: Templates/Modeling

HVPA

RF Models

’-‘5"?:? _ sl B m? High kiMetal Gate
g __n ! s __‘. nm-|I 5 . np‘ " ¥ ¥ 2 -
Transistor: [ A e
— Logic, low power, I/0

- JFET, B|T
Well: Triple Well/Deep Nwell
Substrate: High Resistivity

Basic 32 nm CMOS technology is expanded with many more

mixed signals/RF features to meet RF SoC requirements

C-H. Jan, Dec/10 IEDM "10, San Francisco
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RF 42 nm CMQOS

RF CMOS Technologv Performance Metrics

~ 200 RF Devices RF Circuits Key Device
T i 32 nm —_— | Characteristics
o - (peak f=445GHz) @9@ ] } MAC/BB, ADC

B = . - - P / r I -
= 400 + 45 nm —_— A ® Logic Transistor DAC sat, Idlin, Vt, Ioff

~ B _ LY ® —
k fr= 395 GH - :

) i (pes ? L ‘2)} : Analog Transistor | DG DAC, Gm, Rout, Matching,
3 5 4 Qi 72109 Transistor | yac)pp Linearity, Nc
=1 300 : T, f 1/f Noise
) C RF Transistor o 1.T’ max, LT NOoISe,
I R Switch NF iy
« 200 { 90nm —> XK o L
? [ (peakfr=209GHz) X PA Transistors Ron, Li X
-g - x T Efficiency, Breakdwn V,
v 100 + x. — -

B P P ~oiot e "B‘D{—': DAL'I BB ) sR/R Matchi

- Precision Resistors Filter others R, oR/R, Matching

0 N . T ———— —— Linear Capacitors FLL, VCO C, Q, Matching

0.01 0.1 1 Varactors PLL, VCO Tuning Ratic, Q, Kveq,

Inductor/ , T
Ids (mA/um) Transformer/Balun PA, LNA, Mixer

What are the impacts of CMOS scaling on these metrics ?

C-H.]an, Dec/10 IEDM "10, San Francisco
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Conclusion 2

e 0.35 um still widely used for good ratio performance/cost

e « acta est fabula » : talk is finished

A & sese ( CEST LE MOMENT DE
wor un PouweT | PARLER LATIN ET DE
SE GOINFRER .7/

AVORAMFIX ...

e T
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Backup slides 2
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PARISROC2 layout -

Technology: AMS SiGe 0.35 pm
Surface: 18 mm?
Package: CQFP160

PARISROC 2

16 analog channels

Trigger part Digital part

H

TDC
Bandgap 3 DACs ramps
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MAROC 3 - Main Features .

Hold 1 Hold 2
] (pedestal) (pulse max)

CHANNEL 63

Gain adjustement:

- 8 bits (2,1,...,0.0156)
:?;:“’;izzzﬁ instead of 6 bits
(2,1,...,0.0625)

CHANNEL O

SUM of 8
( wx—mmuipex  ©  Charge measurement

- Variable charge gain
- Dynamic range increased

— 8 or 10 or 12 bits wilkinson
ema_ab_ e ADC

channels

H1H2_choice=0 charge output

d Unipolar
Preamplifier : Fastshape

Gain correction Trigger measurement

R . — Bipolar fast shaper: 2
T i thresholds

Fast shapecr Only 2 DAC

_mHit_cho Mux instead of an encoder
Half Bipolar E

Fastshaper —-Hit_ch63 2 OR OUtpUtS

Pt D New digital output levels:
MAROCS3 Vhigh and Viow

Jfommon to the 64 channels d1[63..0] — Mask
k_40M [ —]

’L LVDS/CMOS d2[63..0]

@likb_40M|— —_—

Internal reference

Wilkinson ADC

DAC Vth 0
o.se + P=3mW/ch

—. ADC_output

ﬁandgap Vith 1 8bits, 10bits or 12 bits
e 828 slow control parameters!
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Scurves with FSB1 .

Residuals (%)

MAROCS - ASIC #3
Scurves vs Qinj

— Variable thresholds
Vdac= 1859V FSB1 - Gain 64 (g=1)

Channel 8

MAROC?2 - USB 4
S-curves linearity vs DAC
Gain 64 (g=1) - FSB1 (Cf = 150 fF)
Channel 8

Vdac = 1.905 V

L

Trigger efficiency (%)

IERTI RRERE FEEEY PRRTE FERTE FETT] FERES FRTTE PR P

L . 1.88 1.89
4 6 8 10 12 14 16 18 20 22 24 26 28 30 Amplitude Vdac (V)
Injected charge (fC)

Gain:2.2V/pC MAROC3 - ASIC #3 Intercept : 1.9V

MAROCS3 - ASIC #3 Scurves vs Qinj - threshold scan 2 V
Scurves vs Qinj - threshold scan - QO Linearity Intercept rms . m
Linearity slope inverse rms : 9 /0 Mean =1.919V
Mean = 2.3 V/pC RMS = 0.002 V
RMS = 0.2 V/pC

Slope inverse (V/pC)

LML L L N L B L L L I L L B L B L L L L L rrrrrrrrr[prrrrprrrrrrr T rrr T T T T T T T T T T T T T T T T T T T T T T T T T T
5 10 16 20 25 30 35 40 45 50 55 60 5 10 15 20 25 30 35 40 45 50 55 60
Channel number Channel number
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Discriminator offset 2
7

e SiGe BIT discriminator
— Offset ~500 pVv

N

Residuals (mV)

MAROCS3 - ASIC #3
Scurves vs Qinj - threshold scan
Gain = 64 - FSB1

FSB pedestal (V)

T I T T
1.915 1.916 1.917 1.918 1.919 1.920 1.921

Intercept (V)
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PARISROC characteristics 2
7,

i 16 preamplifier inputs
i Input dynamic range : 0 [ 300 pe (0 O 50pC) with 1% linearity
good precision obtained by 2 preamps (high and low gain)
i Variable gain by a factor 4 (8 bits) for PMTs gain adjustment
16 trigger outputs:

i Fast shaper (t=15ns) + low offset discriminator
Threshold provided by common internal 10bit DAC
100 % eficiency at 1/3 pe
“"OR" of 16 triggers output
1 multiplexed charge output :

i Slow shaper with variable shaping time : SRR

t =25ns,50n or 100ns PAR|SROC - 18 mm2

i Dual Track & Hold
8 to 10-bit internal ADC (Wilkinson) for charge and fine time
measurement
Internal TDC : 24 bits counter (coarse) + fine 1 ns
One serial data output : channel number + Charge + time
coarse and fine
Dissipation : 5mW/ch

u
u
u
u
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PARISROC general schematic

_-f"-"-'-_

DIGITAL PART

- e _,1|' N [ T A
. . = [
10-bit TDC =
v ¥ 1=
RAMP 1 RAMP 2 | B T Ramp ADC
— I vy v Vv
-~ { T
CHI6 - - -
—_ " i} 1 [
o o
A - = k8
; Rst g Time| Y
[o) ] data |
|
| T&H
I — [ . R '
[ | MUX ADC | ||
| _l—b > |
| J | T&H . |
| > 2l |
| Charge
! |
|
& | N ' |
o . ————— o
= I r A TaH MUX ADC !
- | I = —» > !
=9 I
g ! I |
2 |
- - .
I » T&H Défﬂchlfl '
| > —{ SCA [
16 I Time |
| I ] !
- Delay
P Delayed g
) Trigger cell !
Tricoer
DISCRI -
-
= -~
ig-; 1 OR. trigger
10-bit DAC 10-bit DAC & E Con) ouiput
Bandgap Trigger GAIN = 2 4’.—>
o
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Time measurement

2 systems: T

|RA[\IP1| ‘RAMPZl

1
|
|
|
|
|
|

-

Start RAMP

N . . . I

. 1. Coarse time by 24-bit gray counter . - —

: - working at 10 MHz : e TR e

. - with 1.67 s of dynamic e »| Tan R i
: y e f: r _; I_.J\:It‘(

+- 100 ns steps . g ' —i »| Apc [»
00 00 0000000000000 000000000000C0COCKOCONOINOIOIOGIOGNOGIOGNO \\— t T -;T&H C&I';E:\ge

-
=)

2. Fine time by analog TDC
- 100 ns dynamic
- 100 ps step

DISCRI

000 00O0OGOGIOSIODS
AJ
|
wn
z
i
5
el
H

StartRampTDC

from digital part 1 channe

140ns .

RampTDC 1 |

Read

StartRamp '-*‘\ \To AQC

TR TR 1
\ultiplexor

i /

'

.

RampTDC 2 .

Non-linear zuinzs

SelectTDC ' | | I i | ________ 5C

StartRampTOC delayed

Usable Ramp /
{ Wirtual view)

Reset zone!

Select good TDC
stored

~ S—

Seect goad TDC
: |0

v
=
@

2

* Hold P
| O




Digital part

T op Manager

4 modules: Acquisition, Conversion,

Read Out and Top manager.

Acquisition part manages the track & hold

Cotrverter

Blow shaper si

Conversion part converts charge and time into 10 1D sen e

bits digital values saved in registers (RAM)

Registers

1001

Read Out sends the data from memory to an
external system '

PARIROC 2

SELECTIVE READ OUT S _

Total cycle duration 51 ps

* Only hit channels are read

PARIROC version 2
* Readout clock : 40 MHz Channel number 4
« Max Readout time (16 ch hit) : 25 ps Coarse time counter 2
- 51 bits of data / hit channel xire Coorse fime 1
Gain used 1
Charge converted 10
Fine time (TDC) used 1
Fine time (TDC) converted 10
Total 51 bits
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SKIROC status 7

e SPIROC2 used as SKIROC emulator
only preamp differs
36 channels instead of 64
Limited dynamic range (~500 MIPs)

Tests starting with FEV7 to address
embedding issues

Noise tests on testboard proceeding
(ENC ~ 1 ke-)

1000

e SKIROC2 submitted with production run 3

800
700

— 64 channels, 70 mm? o
- Very large dynamic range: HG for 0.5- 500

400

500 MIP, LG for 500-3000 Mlp 300

200

~ Testability at wafer level wl P

e Front End boards crucial element
— Collaboration with Korea

S. Callier, M. Cohen-Solal, F. Dulucq, J. Fleury, N. Seguin
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SKIROC2 One channel block scheme

e SKIROC

e PARISROC

10 jun 2011

Slow shaps

Gaipsf0
p=180ns

_<

Analog Memory
Depth =15

Slow shaper

Gain selection

| |
Gain 1 | |

Amplifier
Gain 10

C. de La Taille

\p~180ns Analog Memory
Depth = 15

12-bit ADC
(Wilkinson)

fast shaper
Gain XX

e Trigger out
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