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."P Challenges for next generation of Ecal

o

v Sandwich structure of: thin wafers of silicon diodes

& tungsten layers

» Embedded Very Front End (VFE) electronics
» Deeply integrated electronics

v' Large dynamic range of the input signal (15 bits)

v 0.1 MIP -> ~3 000 MIPs

v" Minimal cooling available

» Ultra-low power : 25 uW per VFE channel

= power pulsing required

« Tracker electronics with
calorimetric performance »

Time laps between two trains of collisions: 200ms
ILC beam structure

AL /

time
.
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Vv

Train length: 2820 bunch X (950ps)

Electronic sequence

Acquisition

Ims 0.5ms 0.5ms 198ms
(0.5%) (0.25%) (0.25%) (99%)
" "
— —

1% duty cycle 99% duty cvcle
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'l""‘: Road map of the R&D activity @ LPC Clt-Fd

"Long is the road ..."
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shaper 1 — analog memory E
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preamp —4 {12-bit ADC

"l shaper 10 — analog memory

Low power ADC:
» 10-bit pipeline

1> 2-gain shaper
' w/ gated integrator
1> analog memory

SKIROC chip

nishje

Wilkinson ADC implemente

e

Low power ADC:
» 12-bit cyclic
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".,IE Architecture of the VFE designed

-------------------
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v' Charge Preamplifier

— The amplification of the charge delivered by the detector is performed with a low-noise
Charge Sensitive Amplifier (CSA)

v' Shaper and Analog Memory

— The bandpass filter is based on a gated integrator which includes an intrinsic analog
memory thanks to the integration capacitor

v' Analog to Digital Converter
— The converter is a customized low power 12-bit cyclic ADC

v' External digital block (in a FPGA)
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H/

1o The charge preamplifier

 The amplifier is based on a boosted folded cascode, followed by

a source follower

» Boosted Cascode : High gain performance

» Source follower : Low output impedance

j_ A(p) ‘
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7/6/2010

Vout & —Q/C

Q, the charge delivered by the detector.
Cf, the feedback capacitor.

MAIN CHARACTERISTICS OF THE CSA (SIMULATED RESULTS).

Detectar SUp

CFeedback 50% for masters of the current sources
Transconducta] - can be shared by several channels

Open Loop GAMT Go T 530D
" Gain-Band Width 105 MHz

Y Qutput swine 1.0V
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Memoryj— :
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Memory
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Out_Gated_Integrator
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Out_CRRC
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The integration capacitor of the G.I. can be used as an analog memory cell

Bunch in

e
<

terval

]
> u

337ns

(switch opened at the end of the integration)
— no extra analog-memory stage required

The fast switched reset of the capacitor of the G.I. allows a time of integration

near to the bunch interval
— no pile up

— improved noise filtering (see next slides)
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.'lﬂ Comparative noise filtering performances of
JLT Gated Integrator and CRRC filtering

CRRC shaper is time invariant filter
Gated integrator is time variant filter

» To compare performances, weighting functions R(t) in time domain
MUST BE USED

The weighting function is the measurement of influence of a noise
step generated before the measuring time on the amplitude at the
measuring time

Obtained with simulation software
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.'Iﬁ Comparative performances of
o Gated Integrator and CRRC filtering

. Noise indices have been simulated with Analog Artist (Cadence) Software
for several peaking times (CRRC) and durations of integration (G.1.)

1.8 80
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50 100 150 200 250 300 350 400 450 50 100 150 200 250 300 350 400 450
Peacking Time (CRRC) or Measurement Time (Gated Integ.) in ns Peacking Time (CRRC) or Measurement Time (Gated Integ.) in ns

The peaking time of the CRRC shaper is limited due to pile-up consideration

- 200ns with a bunch crossing of 337ns (ILC).
For the Gated Integrator, fast reset of integration capacitor allows duration of
integration near to the bunch crossing interval

= 300ns with bunch crossing of 337ns
-> both serial and parallel noise indexes can be reduced by about 30% with the
G.I. filtering.
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.'IP Variation of the noise
JLT Simulation/ Measurements

« Variation of the noise versus the time of integration of the G.I.
obtained by simulation (serial index) and by measurement

— Dominated by serial noise.
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,'.,"‘: Architecture of the 12 bits cyclic ADC

E S~ @ DAC Architecture 1.5-bit/stage
. b i ) Area 0.12 mm*
LT ! ' Supply Voltage 3.0V
v i Resolution 12 bits
A Dvnamigue range 2.0 V differential
mme of conversion 0.8 s
_O/Q_E:OZ;’:‘HE ’ '_@ b1 Consumption
Input ——=0 ! ! >h2 INL
| i RMS Noise

» The cyclic architecture is well adapted to compact-low-power
converter.

» 1.5 bit per stage architecture

» Clock frequency: 1MHz

> Presented IEEE NSS 2008 Dresden

» “A custom 12-bit cyclic ADC for the electromagnetic calorimeter of the
International Linear Collider”
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,"IE Results of measurements of the VFE (1)

0.10

006y Global linearity of 10 bits (0.1%)

0.06~

12 bits

I ;
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0o 1 2z 3 4 5 6 7 & 9 10 The standard deviation of the noise at the output of
the channel is 0.76 LSB (370 uV rms).

The Equivalent Noise Charge (ENC) at the input of
the channel is then lower to 2 fC.
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The power consumption of the channel is 6.5mW,
estimated to 25uW with duty cycle of each block.

o
o

0.0
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ADC Code (LSB)
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Results of measurements of the VFE (2)

Dispersion of the gain of the 9 chips (in %)

2,00

Dispersion of the offset of the 9 chips (in mV)

1,80

1,60

1,40
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ilr
Hi Summary

O A VFE channel performing the amplification, the filtering, the memorization and the
digitalization of the charge from Si detector has been designed and tested.
O Global Linearity better than 0.1 % (10 bits) up to 9.5 pC (2375 MIP).
0 ENC=1.8fC (0.5 MIP) with a single gain stage

O Power consumption with power pulsing estimated to 25uW (no digital part).
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Perspectives

O Next steps

U Improvement of the dynamic range up to 15 bits

>
>
>

O Integration of the digital block, of the bandgap (ADC references), of the power pulsing, ...

Reduction of the output noise of the amplifier of the Gated Integrator
Integration of a multi-gain system on the CSA

Use of a multi gain shaping

O Test-bench for the VFE channel

Q

o 0O 0O O

realistic environment : wafer/ASU + VFE + (DIF)/DAQ

versatile and upgradable

connected to wafer test-bench already in LPC-CIlfd

have to be discussed with LPC-Clfd management for Manpower resource

Synergy with the Collaboration has to be defined

14
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,',',‘: spare
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,""': Exemple avec une IP

Exemple avec I'IP qui traite les Bits sortant de
H H .
Design optimisé (Clk_enable + I’ADC (une seule conversion):
reset), composants de la librairie i% Design optimisés Vs Design simple
"Worst Case" ] o
Design optimisé (Clk_enable + \60 )
reset), composants de la librairie" _ 1220 \
Typical" H Power (UW)

Design non optimisé, composants
. N T 2621 RTL-COMPILER (POWER, Nb PORTES)
de la librairie "Typical
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CLOCK = 10MHz
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l'h‘ Calice in Desy March 09: our slide of Conclusion

JL T

Our 12-bit ADC: a VFE Building Block available
for the Calice collaboration

Clock generator
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clock_amp clock_comp read reset

Control signals

Common Mode
to : ..
Vin 2 i . 4 Digital
Differential Analog Input 12-bit ADC Digital Output 7 g
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| Threshold C.M. Ref. Analog Digital
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