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Introduction : FLC challenges for electronics

B CALICE = W-SI Calorimeter

®m Precision measurements : ~10%/JE
e good linearity (%o level)
* Good inter-calibration (% level)
* Low crosstalk (%o level)

m Large dynamic range
e 0.1 MIP ->~3 000 MI

= Auto-trigger qul4ls Low

Dits)

* Low noise <« POWER
m Hermeticity : no rog .

- High leve is the

* Ultra-low pot KEY i1ssue

m ~30 Mchannels

B « Tracker electronics
calorimetric performan
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FLC_PHY3 18ch 10*10mm 5mW/ch ATLAS LAr FEB 128ch 400*500mm 1 W/ch
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FLC W-Si front-end electronics : FLC PHY3 ASIC

6x6 1 cm? FLC PHY3 Calibration
photodiode 18ch readout ASIC
wafers ASIC
B FLC PHYS3 in a nutshell [see talk by J. Fleury]
m Variable gain preamp : 0.3-5 V/pC
® Bi-gain shaper G1-G10 t,=200ns BN e
g . p p so0F \ %L\‘\"

m  Multiplexed analog output 5SMHz ol £ %

m 18 channels, Pd = 100 mW total o E / \

= ENC = 4000 e- : ﬁ \ T N

= MIP/noise = 9 H=] T fo\ / X

_ = i / Y e

u EmaX - 1000 M PS =: : J// J \\-l_/[/ ' | \“l\\\

u 2000 Chips produced Er -100 -50 0 50 1)0(0 150 200 250 300

= AMS 0.8um BiCMOS  E!

m Yield : 80% E | Noise and MIP on cosmic bench |
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Towards moduleO ASIC : FLC TECH

B What is missing in FLC PHY3 :

Dynamic range
No Power <1000 MIPS
Cycling

1 channel

MUX out Gain=10

MUX out Gain=1

No Auto-trigger
on /2 MIP

No Internal
ADC
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ASIC developments in 2004-2005

B FLC TECH1 : moving into SiGe 0.35u
m 4ch preamp + shaper + power cycling
m Testing power cycling
m Submitted Apr 04, currently under test

B FLCPHY4 : integrating the ADC
m FLC _PHY3 architecture basis

Power pulsing

No external components

Integrated ADC

|
|
|
m To be submitted april 05

B FLC TECHZ2 : on-chip zero-suppress
m Prototype of moduleO front-end electronics
m Foreseen end 2005

®m ADCs
m Several ADC architectures being studied

S allaitad o
Pipeline ADC 0.35u ©LPCC
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noise performance

FLC TECH1

B Moving to 0.35 pm SiGe AMS

27pF

1000 e- @ tp=100 ns & Cd=
B Target noise of ENC < MIP/10 = 4000 e- is (more than) achieved
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noise performance

FLC TECH1

m

m Series:e,=14nV//Hz

® Cpp

® FLC TECH1 : 0.35

.8um

m Series: e

®m FLC PHY3 : O
m Cpa

1.6nV/JHz
10pF + 15pF test board

M 1/f noise : 25e-/pF

n

7 pF

m 1/f noise : 12 e-/pF

40 fA/JHz

n

B Parallel

40 fA/JHz

n

B Parallel

lllllllllllllllllllllllllll

1
I Tl T | Sy N S At [, "R NSO R RS

IIIIIIIIIIIIIIIIIIIIIIIIII

llllllllllllllllllllllllllllllllllll

[ = i ey e, B N =y

1 1 1 IR T N | 1 1 1

o e T TS TR T T T Al 1T S R T e s AT T I
1 1 11 L 1 1 1 1

D R e I I S S e Y o S
1 1 1 LI e ] 1 1 1 1 1 1

- o e T e T T T i B o] Tl et ey et e tartin It Dttt cin
1 1 1 .E [ | 1 1

RS RIS T I e III.“...“.._.LI_I._.I._.ILI = el = L
] ] ] Frooonooa [ ] 1

IIIIIIIIIIIII

ENC vs shaping time FLC_PHY3 0.8u
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FLC TECH1 : Power cycling design

B Switching from idle current (i/1000) to nominal
m Change in operating point : V5;5(100nA) = 0.5 V -> V5(500 pA) = 0.85 V
m Requires a large current i = Cdet dV/dt => antisaturation diode feedback

N
L
Rf=100M
NN~
|
| Cf=3pF

Low current: -0.5V

Hi current : - 0.85V
N 50nA @ 50uA o
-0

co= T < 0 >
. S00pA p—

/T777 [7777 /7777 /7777 /7777
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FLC TECH1 : Power cycling results

B On-setting time < 20 pus
m Pulse amplitude and noise identical in pulsed mode than in steady mode
m Allows to reduce power by 99% with beams 2ms/200ms

B Target power of 100 pwW/channel appears within reach

< : : : e g P
R oot Pregmpl outpt -1 : Fregmp gulpy
= : : PRI AR 3 T i i
2 . § M 5
R
15 oot i
: K : -1 N |
[ :::::2(:1145::::1_ T i
DO i S N Ready for pulse | ;
i - / i i i L Y T B
20 30 40 50 B0 70 80 90100 T
Preamp output during power up time (1:s) time {s)
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Next version : FLCPHY4

Ch.1

1 AN
10 N\
Ch. Bi-g2
dyna ange
Ch.18®
owe austriamicrosystems

Idle
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Digital Output
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FLC PHY4 design

—AMS

B Analog front-end :

Same preamplifier as FLCTECHL1
Extended dynamic range C->10pF
Shaper bi-gain G1-G10

Power pulsing

Differential Track&Hold + multiplexer
Internal bias

m ADC : 12 bit 1IMHz 8mW

Commercial IP from AMS to start with

® 18 channels, Pd = 2mW + 8mW ADC
m To be submitted April 05 in AMS 0.35u

B What is still missing

20 march 2005

SCA
Zero suppress

C. de La Taille

Ausiria Nikro Sysieme Infernalicnal AG

A/D IP-Block
Test Specification

Pavision: A 19-Diez-01

SCADCI2F C35
12-Bit A/'D Converter Cell

FEATURES DESCRIPTION
* Small Area < 0 83num’ The SCADCLIF is & conmlete analog to
¢ Size x= E62pm v=060pum dizital converter cell which operates from
* Supply Voltaze 2.7-3.6 WV 2 zingle supply. It performs sapling
« Tunction Temg. Range -40 - 125°C anslog-to-digital conversion, gensrating a
& Pesolusion 12-Eit true 12 bit valie in parallel form The
+ Maxinmm Savpling Rare 1.5MS/s ouiput word rate can be up to L3NS,
o Track and Hold It Staee The outpuat dara formst iz compatible
# Bail-p-Fail D\'nm: Rxn?ze ille Cdmmel pt nd ﬂ.@'ml. sigml
+ Single Ended avd Fully Differenrial e
Toput Stage bapotar.
* Low Bower of BmW at 3.3V Supply
Weltage

Self Power Down Mode
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FLCPHY4 : main issues

Mixed signal :
High speed digital features & low
noise amplifier on the same die.

nalog vs digital

No external component :
Reduce PCB thickness to 0.8mm
Need to internally decouple all
biases and supplies.
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R&D on ADCs

B Pipeline ADC
m 10bit 5SMHz 8mW
m Submitted in july 04
m Status : under test
m Non linearity needs to be fixed

B SAR ADC C/2C
m 10bits 1 MHz 1ImW
m Submitted in AMS 0.35um
m Status : Waiting to be tested

m Wilkinson
m 12bit 10kHz 2.5mW

m Submitted in dec 04

m Still a long way to go...

20 march 2005 C. de La Taille
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Measured linearity of Pipeline 10 bit ADC

Layout of Wilkinson 12bit ADC
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Conclusion

B FLC_TECH1 in 0.35 um

B FLC PHY4 in 0.35 pm

30 uW in pulsed mode
ENC = 10008 @ Cd=27pF (measured)

Similar to FLC_PHY3 (18ch)

Will integrate a 12 bit ADC

Will allow Power pulsing

Will cover the 0.05-3000 MIP dynamic range

Will have no external components TET -
Can be tested with test beam prototype BERBEREEEEEEE
Will be submitted in April 05

B The key issue of low power (100 uW/channel) now looks under control

B Now ready to design module O front-end electronics
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Backup slides
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ECAL Front-End ASIC

(It

FPower control

Channel Select

Dhgital memory

Auto-trigger
on 2 MIP

Ch.36 » ADC
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-Gerard Bohner
-Pascal Gay

-Jacques Lecoq
-Samuel Manen

el
R&D on ADCs : pipeline

10 bits low power high speed pipeline ADC

Performance

-10 bit
-up to 5MS/s (Clk @ 50 MHz)

-Consumption around 10mW

-First iteration (AMS 0.8 CMOS) is working well
-New iteration (AMS 0.35 CMOS) submitted
in April, 19t

1100 Ampllfler
Gain=2

Q00—

oV, stage N+1

Vref Dy
ViN | Gnd——

00+

500+

Comparator

300

»Bit N out
Vref

-100 T T T T T
-0.1 03 07 1.1 15 19

Stage N of pipeline ADC block schema

10 bit ADC
- 10 stages
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R&D on ADCs : SAR C/2C

SAR (successive approximation) ADC

-10 bits
A -C/2C network
. DAC C-2C -Consumption : 1mW
Vin R R R R -Bit rate : ~ 1 MSamples/s
Vss ] ‘
Hold - ( ______ [Z _____ ( ______ r ___________________
Vref * ' '
ST T T T |
A0 Al A2 A3
cl ¢ C C C_|
— CLK
)
2C 2C  2C  2C 2C . t
ompara or
Threshold —
T T T T Ts T T T T T
CLK — SAR Control logic
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FIL.LC_TECH : a first iteration

FLLC_TECH description JRSEstitel ety AMS 0.35 CMOS

-3 channels
-Multi-gain charge preamplifier

NElTt ESTON A pril, 19% 2004

-2 shaping : gain 1 and gain 10
-5-depht SCA
-Multiplexed output, auto-trigger and Idle mode

Ch.1 1 N

= B 1111

= I Output
Ch2 @
Ch3e®
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