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SALTRO16

ACQUISITION CHANNEL (x16) Designed in 2009-2010
Beautiful success.
First chip integrating low noise FE ADC & DSP
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Technology :
COMMON Cnnﬁg mggﬂ IBM 130nm

NTROL and Status ALY 2
c?.OGI(? Raumm; Manager CMOS

level 1 Ievalz
BD CTRL {acquisition} (readout)

|| Runs with Sampling Clock
Runs with Readout Clock

Luciano Musa S-Altro Specs. & Architecture
Paul Aspell Coordinator of design
Designers :

Massimiliano De Gaspari Front-end + ADC

Hugo Franca-Santos ............ ADC core

Eduardo Garcia Data Processing & Control
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Power domains:

PASA analog

PASA ~8mW/ch,
ADC 36mW/ch @40MHz
Digital functions ~ 1 14mW
Total power ~ 750mW

[ [

Succesful power pulsing operation

Power Distribution for 16
channels

B PASA

ADC

. Digital
Large gain are functions
possible here

It is clear that the ADC power consumption limits the
design to small channels counts.
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| I000000 [ I— | But times are changing.
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Gas Detector Signal Processor
Go Digital as Soon as Possible

Larger number of channels (16 => 64): more compact

.. Or
Lower power consumption:
ADC,
Front-end.

Larger versatility, programability (gain, shaping, range of Cin).

Optimization of DSP.

New readout.

But large design effort required (~10 man.y) and (S)ALTRO team is

no more available:

Common design for CMS muon upgrade and for LCTPC.
International design team led by P. Aspell (CERN).
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ADC technology Trends

FOM ~ P / (2ENO8_ 2BW)

/

1pJis high
(~40mW @ ENOB 9, 40MS/s)

100f1] is good

(~4mW @ ENOB 9, 40MS/s)
50f) excellent

(*2mW @ ENOB 9, 40MS/s)

IS5CC 2011
WLSI 2011

Rise of new architectures: % o0 T —
as asynchronous SAR VLS| 1997-2010
——FOM=100fJ/conv-step
""FOM=1PfJIconv—|step

80 90 100 110 120
13.0 16.3

| Source : B. Murmann, Stanford, USA |

State of the art :
A 30fJ/conversion 8b 0 to 10MS/s Asynchronous SAR ADC in 90nm CMOS. P. Harp et. al. IMEC  ISSCC 2010
[They measured 69uW at 10MS/s, ]

A 550uW 10b 40MS/s SAR ADC with Multistep Addition-only Digital Error Correction, Sang-Hyvun Cho ef al.
CICC 2010 (FOM = 42fJ/conversion) designed in 0.13um CMOS

5 LCTPC electronics eric.delagnes@cea.fr 27/03/2012
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GdSP ASIC

» Join effort to have one ASIC for 2 projects. Or at least large common parts.

>

LCTPC (AIDA)
=» specifications derived from SALTROI6
(slower, low cap) . ’ -Ke SRAM | Data Coniroller
Muon CMS upgrade : Preamp  Shaper
. . . 64 or 128 channels Control Logie
First option :VFAT3 ASIC = PSD chip
Second option : GASP ASIC P -
VFAT3 & GdSP share half of their blocks -l Corfreton gt T
(i.e. Front End, SRAM ...)
= Specifications derived from previousVFAT?2
. VFAT3
(faster, high cap)
L ;E'-E' SRAM Data Controller
The technology issue: 128 channels o ContrlLogie
Long term project (> 2014-2015) -
Uncertainties on the future of IBM 130nm? mugr:%:iaa Configuration Registers EPort [—
Cern is moving to TSMC technology for 65nm technology.
Development ~ frozen during few months (simulations only):
decision now taken to go on with IBM 130nm.
6 LCTPC electronics eric.delagnes@cea.fr 27/03/2012
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Microelectronics design

Fabrice Guilloux
CEA Saclay

Preamp Shaper

64 or 128 ch

CBM Unit
(calibration, Bias &

Synergy with ILC / Simulation -
Marek Idzik, AGH

Erik Verhagen,
ULB brussels.

Maonitoring)

Flavio Loddo,
University of Bari

Configuration Registers

Common elements between VFAT3 and GdSP

. Common block but individual modes for VFAT3 and GdSP

2011 : Define global architecture and design team (approx. 8-10 man years needed).
2012 : Initial focus on VFAT3/GdSP elements needed for architecture choice and common

architecture building blocks.
Aim to complete design by 2015.
Design team not yet complete .

7 LCTPC electronics eric.delagnes@cea.fr
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Giuseppe De Robertis
University of Ban

Coordination :
Paul Aspell, CERN
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Schedule for GASP electronics

FE ASIC

Define electronics system for TP,
Formation of design teams.

ASIC design to start
2012
FE ASIC design team

Approx. 8 man years
of design time

FE blocks
prototype ?

Submission of FE AISC (VFAT3/GdSP) _
2014

From
~ 2014

Phase 1
“Specification”

We are still

here

Phase 2
“Module design”

Phase 4 “Testing”
Sub total

Phase 4 “Production”

Phase 3 “Full chip design”

Technology Choice
DSP functionality & simulation
Identify IP components, vendors & collaborators

Specification (memory sizes, data packet structure etc)

Specification document
Verilog high level simulation of full chip

Preamp + shaper
Comparator + Sync
ADC
DSp
CBM unit
SRAMs
Digital control
GBT interface
Verilog AMS modelling

Buy IP blocks if needed & simulate, DRC check
Assembly of full chip
Checking (DRC/LVS) of full chip
Verilog and verilog AMS simulation of full chip
MPW

Testing

Engineering run submission

(Sub total = 22)

B R AN

=3}

(Sub total = 42)

6

6
1
(Sub Total = 19)

12

95
(8 man years)
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Front-end detector module

Counting room

Interface and
driver board

|
O GLIB Custom
SerDes FPGAs

Clock. Optical link @ 3.2Gbps Firm:'are

TT commands - |
FE Ing. Data > E-link ra

Elinks
<10 FE chips / GBT @ 320Mbps
<20 FE chips / GBT @ 160Mbps
<40 FE chips / GBT @ 80Mpbs

The GBT is currently foreseen for many LHC upgrades :
CMS tracker, HCAL, Atlas tracker, LHCb (all upgrades)

Generic projects in CERN for :

DC/DC Powering
GBT
Versatile Link
GLIB - Giga-Bit Link Interface Board

LCTPC electronics eric.delagnes@cea.fr 27/03/2012
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General RO architecture (SLHC type)

Detectors
/ O o R. De Oliveira

c PAC Trigger Trigger
(| O Jr GDSP Cﬂllﬂh;g'i"m_\munkuwski etal.

P Aspell et al.
| GBT - Interface and N _
P_Moreira et al. driver board
| o | ? GLIB Custom
'\ #|5enDes FPGAs
Optical link @ 3.2Gbps o e
) F. Vasey et al. Vichoudis &
Power supplies etal. Software

=10V

L Fower Supplies

HV

10 LCTPC electronics eric.delagnes@cea.fr 27/03/2012
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DSP part : what is required for CMS

Digital Centre of

Trigger Processing latency

Mot all stages are necessarily needed for all detectors.

Removes systematic offsets that may have been introduced due to clock noise pickup etc.  The SRAM is used for storage of baseline
constants which can then be used a look-up table and subtracted from the signal

Compensates the distortion of the signal shape due to undershoot.

Reduces low frequency baseline movements based on a moving average filter.

Removes samples that fall below a programmable threshold.

To maintain accurate time resolution

Could be used to obtain a finer binary granularity. 77777

DSP part required for LCTPC still to be defined.

Larger memory, minimum treatment ?
I LCTPC electronics eric.delagnes@cea.fr 27/03/2012
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DSP SRAM GBT
=

T~

ELINK

' A To be defined
‘ / \ Aonﬁg uration registe*s Wlth GLlNK
/ \/ \ \ / group
Reduce current to a Reduce vdd

Reduce Stop ck

non zero current to O. to 0.Stop  Reduce vdd to reduce
value to keep a low Keep vdd Ck. leakage while keeping the
impedance informations

12 LCTPC electronics eric.delagnes@cea.fr 27/03/2012
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GdSP ASIC

» Focus on front end

1670 @ aa [8]

ADC

X 64 channels

g ADC

DSP

SRAM

GBT

Configuration registers

4 |
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GdSP Front End specifications

» Technology :
CMOS 130nm ; Power supply 1.2V

VFAT2 SALTRO VFAT3 /| GdSP

Polarity dual dual dual
<  Shaper peaking Programmable : Programmable : 23,
2 times (ns) 22 30,60, 90, 120 >y 820
E T 400 ?,600 ?
[
g . Programmable : Programmable:
& Gain (mVIiC) 60 12,15, 19 & 27 Values TBD

» Shaping times :
25 ns =» Silicon Strip Detector (demanding for power)
100 ns =» Gazeous Detector (optimum from our knowledge)
500 ns =» Micromegas Detector with resistive layer (may be not necessary now)
s it possible to reduce the set of shaping times by applying latter a digital filter to
obtain longer shaping (yes according M. Dixit talk) ?

» (Shaper + Gain) programmable through slow control

|4
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GdSP Front End specifications

Bararmeter VFAT?2 SALTRO VFAT3 /| GdSP
SHEeEs (IBM 0.25) (IBM 0.13) (IBM 0.13)

_ Linear range +- 12fC | 50fC 100fC, TBD

?'é- Input capacitance

< nputcap 20 0-20 15— 20— 30— 60

3 (pF)

S ~ -

£ Noise >00e + 40-60e/pF See previous talk < SAltro /VFAT
@ 25ns

Starting from data measured on ABCN (130nm design by Jan Kaplon for ATLAS SCT):
* 800 e- @ 5pF, tp=22ns, 100uW
* assuming serie noise only

=> we can hope 530 e- @I 0pF, tp= 100ns, 200uW

=> Ultra Low power low noise design seems feasible

VFAT2 SALTRO VFAT3 /| GdSP This FE study

Power [.5 (IBM 250nm) <0.24

(mW!/channel) (incl. comparator) (CSA only)

15
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GdSP Front End:preamp pre- study

» Real pre-amp, real biasing, real shaper (still to be optimized).

» Preamp in CSA configuration (transimpedance should be optimized for a

single Cin)

» Global Architecture not frozen yet

Two types of low frequency feedback + PZ cancellation schemes tested:

Current conveyor

MOS transistors

CSA Pz Shaper
cf
|1
: L ¥ cf :
N o |1 N
: s 1 :
Vin : : :
. . 4 x Cf .
T 1 S 1 :
lin Cd T Cp' ' CSA _E Rshaper VFilterOut
i $ L - 5
: L ¢ AAMAﬁ :
VSS : | " cf :
i Rshaper &3 :
VResFeed v l :
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GdSP Preamp prelimiary study

» CSA Structure: several architectures studied:

Low gain from intrinsic transistor parameters

() Simple common source : G ~ 30dB
(2) Common source + cascode for the input : G ~ 39dB
(3) Common source + cascode for the input + cascode for the load : G ~47dB
(4) Common source + regulated cascode for the input + cascode for the load : G ~73dB

(5) Common source + regulated cascode for the input + regulated cascode for the load : G ~ 86dB
(5) =» As in Jan Kaplon design

Chosen architecture : regulated folded cascode wy VDD =12V
Flexible architecture 104A b 250
Input transistor : weak inversion VDD_Regul. Vout

=> At first order ENC proportional to I-'2

Vin _‘[

Gain — bandwidth — noise — power consumption tradeoff.

VSS Y\

To multiply by 1.2 to obtain
The-CSA power-consumption
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GdSP Preliminay Front End study

» Real pre-amp, real shaper, real biasing

Cd = 30pF Cd = 30pF
Cf = 200fF ; Rf ~50MQ Cf = 200fF ; Rf ~50MQ
Tp = 100ns Tp = 25ns
lin =70pA =>90 uyW lin = 200pA => 240uW
185
5] U
1335 2194
glgz_: O{109.7hs, -5. 267 3218_ MO(24.2 Lns, -5.48mv)
- 1 }21?-
1811
f tp=100ns 2167 tp=25ns
1804
] 2154
17 94— I S ————————— —— ———
0] LS00 1.0 1.5 100 150 200 250 200
[ 8z.27&ns | 184.61mv time {us) [130.86ns| 215 82mv time (ns)
ENC ~ 1330 e- ENC ~ 2100 e-



‘ Irfu - CEA Saclay

Institut de recherche

' surjes_loisfondamentales
de I'Univers
« ” .
GdSP Preamp Stlldy (“Real” pre-amp, ideal shaper.)
10"( T T T ) T 1Dk T T T ) )
8k | ! ' ' ! Ca=5pF - 8k |- ! ' ' ' Ca=10pF -
o gpm—3  ef aid —3
“ B et
- Cd =5pF 1d=200 A . - Cd =10pF 1d=200 A -
—_ K[ 4 ~ x| -
[2) [7) e_
2 2 340°- @100ns 240pW
1k = - 1k = -
& 80 F 240¢e- @IOOns 240|JW J & e 3
Q 60 1 g ™[ § .
E 400 | — E 400 | ---l-:'.-'_-.-:T:-_-'_"_'_j’_"_‘-_—_—‘-:_.._. —
i e N 200 - i
100 : | . | . | . 1 . 100 . | : | . | . 1 .
0 50n 100n 150n 200n 250n 0 50n 100n 150n 200n 250n
tp (s) tp (s)
10"( [ T I T I T I T I T ] 10"( [ T I T l T I T I T —
8k | Cd=30pF 8k | Cd=60pF
= 2008 =2 o 420 — 3
o Cd =30pF N ] N
- 1d=200 pA — - '-"""'--'--'.',‘?:7-".‘_‘ _______ 1d=200 pA —
W ok 1 & %[ S ~—-~..T..'.?_?.T.-.',‘?._:,;f".‘.?.‘.—.-_-_:_‘.‘.‘:?- N
: S — 2
= : SSITIIIIII 4 ¢ *E 3
0 800 [ AN e e - -~ 800 - Cd =6OPF -
Z 600 ~ . O 600 ~ ]
W 400 - E 400 |- -
B 1.2ke- [145100ns, Cd=30pF, ldn=60pA| | | 1 500¢- @ 100ns 24OHW _
200 - 900°- @100ns 240uW | 4 = F -
100 L I 1 I 1 I L l 1 100 1 I L I 1 I L I L

200n 250n 0 50n 100n on 200n 250n

tp (s) tp (s)

0 50n 100n
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GdSP : preliminary simul of the preamp

» Simulation of pre-amp, ideal shaper (tp=100ns).
5k T T ' T ' T T T ' T

J I J Tp=*OOI'IS
S00 ——T——1 1 1 um2ona =
-7 1d=60 pA - - - -
B e ° 1d=100 pA - -
400 |- Pl Encouraging results -ia
= for TPC
4k - E£300 | 1200 pW . ]
te ) S,
| =200 sl 240 uW - |
v g
Z l.’__’f-f'
- w00 |- ] -
£ 3k [ :
- 0 1 | L ! -
' 0 2p 4p 6p 8p 10p Pt
< CD (pF) L -
Z 2k e _
m L 120 uW
o 240 uW
Ik i
500 o
FEE | . ! . ! : L . L : ! . L . !
0 10 20 30 40 50 60 70 80

20 CD (pF)
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Question Marks about the ADC

» ADC frequency: power consumption scales as f: is 40 MSPS useful for LCTPC ?
» Nb of bits of the ADC: direct impact on

* power consumption (2N)
* physical channel pitch => chip size => system integration
* size of the memories

Provocative question: are |0 bits really necessary ?

91

| 25 T 7T T
90.5 - + Z=10cm + - 1245 b= Z=30cm + -
90 |- -
= = 124 |-+ -
E 895} - £
2 2 1235 | -
. . . . c 89 B III - c III
Degradation of spatial resolution if g sshk |\ - S ) -
. . , 5 s\ - 3 1225k | -
nb of bits <9 (from Micromégas Data g + 3
g 815k - = 122\ -
with AFTER) 2 87 7 S sk -
s 865 . 5 L+
& g6 I + a 121 | \ =]
855 | - 120.5 |- T
85 | I T I I | 120 | I O I |
8 9 10 11 12 8 9 101112
ADC Resolution (bit) ADC Resolution (bit)
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> A GDSP design common for CMS and LCTPC is seriously considered.
» Some blocks are already being studied, other not.

» A low noise front-end part seems to be designed for a power significantly
lower than in PASA/SALTRO.

» First real design meeting: |5-18th may @ CERN.

» For this date: need to define specifications ( TPC oriented, which will be
merged with those from CMS) at least for the front-end :

Specifications (TPC mode) My proposal

Peaking time after shaping 50ns,100ns,200ns
Range(s) | 00fC, 200fC
Linearity 5%

Range for input capcitances 2 - 30 pF
Xtalk <2 %

Suggestions for specs are welcome: send me an email (eric.delagnes@cea.fr)

22
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GBT +elink

. 4'.‘5!’:|2I]I]B L)y Fend

10

20

Timing & Trigger

Custom ASICs

GBTX Block Diagram

Radiation Hard Optical Link Architecture Enables bi-directional optical communication
Defined in the "DG White Paper” Radiation Hard Optical Link: between multiple FE chips and the counting room.
- “Wor ackage 3-1* - fersatile linl roject:
l.:l’ 'zhp?!sfﬂﬁﬁ‘h:‘r of an Spaad bidiractional \': én;;{-—fg‘h-ri-g.w
'aii;n.cr hard npnmlmq ! Punctionality testing
v Tasted and qualified radiation hard optical link GET project:
. = ASIC design

esig
it Max. number of FE chips / GBT Bandwidth available per FE chip
Functicnality testing

320

160

20

On-Detector
Radiation Hard Electronles

External clock reference

[ o | oo |
2.5 250

GBTIA

FE '

el Module E

1.5 1414

GBLD 2.5 400-500

One 50 Mbys port

Source : P. Moreiraetal.

| control |
L—————— ciocks_| Fart Fort
http: rn.ch/proj-gbt it fearn. chipre-gbt Pad Morsirabosm. ch 15
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GdSP ASIC

» Readout circuit for TPC

» Architecture based on SALTRO 16 ASIC

Pre-amp / Shaper front end

Analogue to Digital Converter

Digital Signal Processing

/ \ ADC

Static Random Access Memory X 64 channels DsP | SRAM | ELink : GBT

New interface : GBT - E-link
developed by CERN

» Design optimization

Configuration registers

Keep main specifications of SALTRO 16 + extend capability on fast signal (cf. next slides)

Low power consumption d

25

riven design !
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