Concepts for a Tracker Trigger based on a
multi-layer layout and on-detector data
reduction using a cluster size approach

N. Beaupere ¢, J. Bernardini ?, G. Boudoul ¢, D. Contardo ¢, R. Dell’Orso b, A.

Messineo ®, F. Palla ®, G. Parrini ¢

a: IPNL, Lyon
b: INFN, University and Scuola Normale, Pisa
c: INFN and University, Florence

With help and contributions from D. Abbaneo (CERN), G. Barbagli®, R. Frazier (Bristol), M. Meschini®

WIT2010 - Berkeley, CA (USA)
February 3-5 2010




R
INFN

What an Intelligent Tracker for?

antelllgent tracker: Fast, Efficient, Adaptive

@Provide tracking capabilities with “extra” abilities - two models
@Turing: can distinguish from a pure mechanical machine
@®Darwin: can react to unforeseen situations applying knowledge and skills

@“Extra” is the Trigger: ability to highly reject non-interesting collisions
while retaining ~all the good ones

@The presented solution:
QExtract efficiently and fast the interesting data and process them
off-detector

@ Off-detector technologies are intrinsically more flexible and evolve faster
than on-detector ones: see CMS HLT example

® Although the progress in high speed data transmission is fast, a Tracker
design for SLHC limits the technology to that available at To-[a few years]

QRejection of spurious clusters is effective in the reduction of the data
rate and the combinatorial background: Cluster width based approach
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The size of the problem (NN
@Huge data rate at 1035 cm2 s Clustor rat
@Even with a short strip length, CMS SI_UHSC?rSri?nilation
that keeps the occupancy to with 400 Min Bias @ 20 MHz
~1%, the data rate of the fired _ ——— —
strips is large 5 R =50 cm
« R=50 cm: ~ 20 MHz cm2 3 ¢ R=78cm
+ R=70 cm: ~10 MHz cm g1 T
» R=100 cm: ~3 MHz cm? 2 it

= This of course depends on the
electronics details

« Strips can be clustered to reduce :
the data rate, typically by a factor SRS S
~3, but stilllarge [ 7

* Note the large fraction of the hits
coming from photon conversions
and nuclear interactions

@select only the clusters from
“high pT” tracks, based on their
typical size
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Data rate reduction on sensor INFN

@ Select high pr particles using their distinct cluster width (CW) patterns
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R-® plane , "ideal" barrel layer see G. Parrini’s talk
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Trigger working principle mfr?

(P
120 ON DETECTOR data
RN iANn* *See also
%100.;.._% I ”‘r.’eductlon - G. Parrini’s talk

- A. Messineo’s talk

OFF DETECTOR
track segments with
fast addressable memories$

§See U. Heintz talk

TSee D. Janner’s talk
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@cCase study using silicon strip detectors only
@Barrel and Endcap coverage
@study data reduction using cluster width approach

@Determine sustainable data rates and “tracking efficiency” for
different set of the parameters

QEstimate the power consumption
@Some electronics R&D in progress

@Validation the method using real data
@p-p LHC collisions at 900 GeV
@Qcosmic muons

@Conclusions
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Full GEANT4 simulation INFN

& Modified Strawman A™: *Dimensions constrained by the Strawman A

@ 4 pixel layers (4, 7,11 and 18 cm) simulation approach
@ 2 silicon pixel “stacked layers” at 23 and 34 cm (see talk of M. Pesaresi)

@ Trigger layers at: 50, 70, 90, 110 cm (barrel) and 5 rings in the endcaps
e 320 pm (290 um active) thickness, n-type bulk, Noise ~ 800 electrons

» Barrel: 4.72 cm strips length, AC coupling, 3% inter-strip couplings, no Lorentz angle
compensation

» Forward: 5 rings for triggers made of two sensor sandwiches (see A. Messineo and G. Parrini
talks)

» only fast simulation implemented so far
@ Goal: performance as a function of sensor properties and electronics
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@Usmg the above geometry compute the momentum
resolution using single muons

using Tuil ciuster resoiution we ge PI/PI~VU.07 e
Qusing full clust luti t ApT/pT~0.5% @ 10 GeV

Q@However for trigger purposes, a coarser pitch can be used, thus
saving bits

o(pT)/pT with (1 mm)/without beam spot constraint

Pitch (um) pT=10 GeV pT=40 GeV pT=100 GeV

100 0.6%/2.5% 2.5%/8.5% 6%/21%
500 1.3%/11% 5%/42% 13%/105%
1000 2.3%/21% 9%/84% 23%/210%
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Optimization studies

Compute cluster (and tracking) finding efficiency vs pT as a function of
cluster thresholds and widths in each layer for muons

Compute cluster occupancies, rejection rates for FE-chip and layers for
several layer configurations and thresholds for MinBias events (x400

Pileup, 20 MHz LHC clock)

Optimize the module layout for a given “track cluster efficiency” above a

given pT and mean cluster rate per FE-chip

. Single p
250~ R=90 cm
- pitch =120 pm
0200—
tn " N\--i/ threshold } ‘5150_ SIN >2
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Cluster efficiency and data rate |/~v
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pseudo track efficiency

Pseudo-Track efficiency

@ Fraction of muons with at least 3 out of 4 in the barrel trigger layers with
a Cluster width <3
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92.3

Conceptual readout block diagra

R
INFN

Data concentrator

chip : Low power bus (p-twisted* or opto-electric)

P e®® \

N\

¥

A module
(2 detectors)

N\
N\

—
47.2 mm

AN
FE\chips (includes clusterizer)
128x%2 channels

* see B. Meier at TWEPP 2009

F. Palla INFN Pisa

12




INFN
A conceptual rod layout NN

2 rods per layer
(one for -ve z and one for +ve z)
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120 cm
Two set of modules, internal and external to the same layer, staggered in z
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Front End and clusterizer N
The FE is organized schematically as follows: it receives the input from 128 strips and a
threshold is set to each comparator per each strip. It is assumed only one is needed. A
width size selector receives in input the settings to select clusters whose width is
smaller than a certain value (for instance <3 strips) among all the channels and outputs
the clusters found together with their address and width.

The cluster width selector (configurable) also allows to work at different rate conditions
(namely at lower luminosities).

Threshold

Clusterizer (<3 ; <4 ; <5; <6)

Readout buffers

128 strips/ Clusters address and width output

detector

F. Palla INFN Pisa
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Data concentrator chip

Clusters are routed from each FE to a data concentrator, in parallel.

The data concentrator chip holds the clusters into buffers, to allow for the driver
to pilot the data out of the module. Depending on the data rate it could also
absorb local fluctuations, if the chip frequency is too slow. The length of such
buffers will set the size of the chip and its final inefficiency. Given the above
data rates, 8 bunch crossings will be sufficient

Clusters from FE chips

Trigger buffers
up to 8 bx

Data out:
N Clusters per bx

F. Palla INFN Pisa
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Data encoding™

% 7= = 4

Estimate of the number of bits needed to encode the
address

e At the level of a module

* 5 bits (Header) +[4 bits (cluster address) + 5 bits (chip ID)] x N +
3 bits (time stamp) + 2 bits (Trailer) = (10+ 9 N) bits

At the level of rod need to add the module ID number:
(15+9 N) bits

*see G. Magazzu talk
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Front End ASIC architecture (NN

Lyon IPNL design

. . e— trigger
pipeline FIFO
Communication High speed
[ ] MUX | —;
Aimpl" Comp. 64 strips o controller link
| —— 2r— Cluster Cut on
€ search width
<
o .
X 128 x 128 9 COI?Cldence FIFO
- inder
64 strips | | 2
=]
||/ — g —  Cluster Cuton
[ | search width
X
(2]
©
=
parameters L SCL
Serial interface
threshold DAC

Suitable to implement correlation in a
“stacked” module
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, )
Main parts and plan J'NFN

QCluster search logic

QAlgorithm based on Look-up table (LUT) applied on 4 strips, that
is then instantiated 32 times to perform the cluster search on 128
strips in one clock period.

Q@A second stage collects clusters information from all LUTs to
compute the final data taking into account LUTs edges

@Status
QVHDL design is done, now working on the synthesis.

@The goal is to submit before this summer (in June 2010) in a
0.13um IBM technology.
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INFN
A geometry for high efficiency |/~
4 layer in trigger (L1/L2/L3/L4)
thresholds optimized for 96% hit efficiency
for muons at pT>5 GeV/c ~ 99% of tracks
with >=3 hits out of 4 layers
Layer radius (cm) 50 70 90 110
pitch (um) 60 60 90 90
Total No. Strips/layer (Million) 3.1 3.5 3.2 3.6
Clusterizer S/N threshold 3 3 3 3
Cluster Rejection factor 4 4 2.9 2.7
Strip Rejection factor 11.6 12.6 6.8 6.0
Cluster Bandwidth (KHz/cm?) [after cut] 1000 504 420 263
Cluster Bandwidth/module (Mbps) 983 595 529 406
Cluster Bandwidth/rod (Gbps) 13 8 10 7
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A geometry optimized on lower bandwidth but mfr?
with Rl efﬁdency (G

Thresholds adjusted to 85% hit efficiency for muons with Pt>5GeV/c ~ 99% of tracks
with >=2 hits out of 4 layers

(gain in bandwidth is small, but shows flexibility to adjust according to experimental
conditions, to be completed by a S/N study)

Layer radius (cm) 50 70 90 110
pitch (um) 60 60 90 90
Total No. Strips/layer (Million) 3.1 3.5 3.2 3.6
Clusterizer S/N threshold 2.7 2.7 2.5 2.5
Cluster Rejection factor 4.5 4.5 3.1 2.9
Strip Rejection factor 14 15 8 7
Cluster Bandwidth (KHz/cm?) [after cut] 820 430 360 230
Cluster Bandwidth/module (Mbps) 842 537 482 380
Cluster Bandwidth/rod (Gbps) 11 8 9 7
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INF

E Sti m ate Of th e p ower - B arre l (P

We have made the following assumptions - 20 MHz LHC:
a)0.6 mW/strip in the Front End chip (0.50 mW/strip M. Raymond TWEPP 08 + 0.10 mW/strip due
to clusterizer]
b)20 pJ/bit per link and consumption weighted with average load. (conservatively a factor 2 larger
than the estimate by B. Meier, TWEPP 08)
c)power for Data Concentrator chip 100 mW - estimate
d)external links two different solutions investigated:
i. Standard GBT 5 Gbps (2.5 Gbps useful) 3 W power consumption: 7 per rod at R<90 cm and 3
per rod for R>90 cm
i.MZM (0.5 W) + data serializer (3W) - 15-20 Gbps - 3.5 W power consumption: 1 per rod

Power for
Radius Pitch No No. Front End | Power for Data Power for Power for Power for
(cm) (um) detect.ors strips + concentrator | internal links | external links - | external links -
(Million) | clusterizer (kW) (kW) GBT (kW) MZM (kW)
(kW)
50 60 2016 3.097 1.86 0.20 0.02 1.76 0.29
70 60 2304 3.539 2.12 0.23 0.02 2.02 0.34
90 90 3168 3.244 1.95 0.32 0.02 2.77 0.46
110 90 3552 3.637 2.18 0.36 0.02 3.11 0.52
11040 13.517 8.11 1.10 0.08 9.66 1.61
Configuration with 4 layers Power (kW)
FE+DC+links+ GBT+20% 23
FE+DC+links+ MZM+20% 13
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Trigger rings
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géi_ Modules and trigger variables INFN

y, ,,,
/s Yo

@Geometries for endcap modules
Q@Rings at Radius<74 cm: Strips pitch 50um and length 22 mm.
@Rings at Radius>74 cm: Strips pitch 100um and length 44 mm.

|
0.5 GeV/c

Basic formula (see G. Parrini’s talk)

A¢ _ 037"hztBAZ
2.p7 . Zdisk

Disk at 1.5 m
Strip doublet detector type: see A. Messineo’s talk
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N Endcap Disk

R. Frazier
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stub_efMiciency endcap diskd ot
| Entries 79486

o

SRS Nt 7
-
-
0.4; ........... k
02 Distribution of the thresholds
O_K : o 12

* Threshold (éeV/c)8

@Quite promising results for rings>40 cm
Qlow occupancy
@small number of stubs/module
Qrelatively small pT threshold

R. Frazier
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"% Validation of the method with CMS | v+

@Use 900 GeV LHC collision data using the current CMS
Tracker (peak mode)

@Reconstruct all tracks in the events

@For each track use the clusters belonging to it plot
» The cluster distribution as a function of the track pT
» The cluster width distribution as a function of the track pT

hptlayer¢ —WtebLedeca | Barrel modules hWtobL6deca
14000:_ Entries 27481 95_ R:1£8 (‘:]'20 Entries 244815
12000/ niries 2IET 0 8- pitch = Mm
of R e | thickness =500 ym | "%
Sr o E strip length=20 cm "y 4278
‘:’,’ — RMS 0311 & Gg }[ RMS  0.3054
© — -9 > J{H RMSy 1.613
> "
st 8
o :. i
- | | | | | | 0 T T T W T SN TN TR (NN SN T T N TR T S NN ST SN T (N T S
8s 08 1 12 14 16 18 2 0.6 0.8 1 1.2 14 1.6 1.8 2
pT (GeV) pT (GeV)
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%L Cluster efficiency LHC data INFN

V-

/4

@Cluster efficiency (for CW<3) as a function of the
clusterizer thresholds
@Number of clusters that survive the CW <3 cut per pT bin.

R=108 cm
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“t SIN=2,2,3 : —
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1'_-' _________________ AR R e R R T
e
0.8:— | —— |
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pt
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Cluster efficiency LHC data
QFraction of clusters with CW <3 cut per pT bin.
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\ Original Cosmic Track

A\ \ Top Half Cosmic Trac

Bottom Half Cosmic Track
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Cluster efficiency
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& “Tracking” efficiency with muons | /~v7N

@Require muons in multiple layers
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Mimicking strips doublets INFN

(P
Glued stereo modules —
sensors separation ~2 mm prosi n aum
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Strip Doublet with LHC data INFN

@Separation between two clusters in back-to-back
sensors as a function of track pT

Barrel modules

 3[ R=70cm
N pitch =183 pm
2.5 strip length =20 cm
E sensors separation~ 2 mm
S 2 I
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> Efficiency of thcelacilgublet with LHC INFN_

V&

@Cluster efficiency as a function of pT
@Two clusters in separate sensors and cluster distance <1 mm

Barrel modules

14 R=70cm
T pitch =183 ym
1.2 sensors separation~ 2 mm
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X Conclusions

V-

@A concept for tracker with trigger capabilities has been
shown to be feasible:

Q@Keeps the data rate manageable using a cluster width data
reduction on chip

* Up to 20:1 suppression factor [from strips to small clusters]
» Highest bandwidth 10 Mbps cm2 at 50 cm radius
» Can use “today” technology
@Multi-layer approach required for efficiency and redundancy
» Use external intelligence based on addressable memories
@Endcap region addressable using stacked strips sensors

@Validation of the concept ongoing with LHC collision data
@Tune MC simulations and data rates
QAllows studying high multiplicity jets

@Subsequent talks on on-going R&D

QMessineo, Janner, Heintz, Magazzu
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Pseudo-Track efficiency LHC 900 GeV. | ,,;v
Minbias

@ Fraction of tracks with at least 3 out of 4 in the barrel trigger layers with a
Cluster width <3 in Minimum bias events at 900 GeV

RMS __0.8069
& L[
.§ 1—7 ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥
Q -
&::, - . L 4 & i A A A i &
— F Y
0.8— 4
- F
0.6—
B 4
04—
L R
0.2—
olbut1 L | | 1 O
0.5 1 1.5 2 2.5 3 3.5 4
pt (GeV)

F. Palla INFN Pisa
36




@ Keep data volume to be transferred limited in each sector

QIntroduce an intrinsic pT cut

@Data reduction and transfer
@Reduce the data rate for Trigger purpose on detector
QUse high speed data links O(20 Gbps) to limit the no. of links to manageable level

@Process the data off detector
Q@majority logic: for instance at least 3 layers out of 4 in each trigger sector
@ compute pT and impact point
@match with muons and calorimeters

@Output of the Trigger

@Tracks reconstructed above a given pT sector by sector
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A possible module layout (oute
layers)

Connector to Mother Board
(through flex cable)

| =
Data Conce§ator ASIC
PR, ;—*
- o — e ——, — ‘(g\\(\
130 mm ‘Q\‘a(\
120 um pitch ENGES
) (o) &
128 strips/FE \0@0 N
300 um thick AN
o
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A geometry optimized on larger bandwidth but ,N?
lower number of channels o
4 layers in trigger (L1/L2/L3/L4) Alternative 3 layer in trigger (L2/L3/L4)
Thresholds and choice of layers adjusted to ~ 3.5 ~100% of tracks with >=2 hits out of 3
MHz per APV and 96% hit efficiency for muons layers (88.8% tracks with 3 hits, 11%
with Pt>5GeV/c ~ 99% of tracks with >=3 hits with 2 hits)
out of 4 layers
(last layer could possibly have only 4 APVs)

Layer radius (cm) 50 70 90 110

pitch (um) 60 90 120 120

Total No. Strips/layer (Million) 3.1 2.4 2.4 2.7
Strip S/N threshold 3 3 3 3

Cluster Rejection factor 4 3 24 24
Strip Rejection factor 11.6 7 10 8

Cluster Bandwidth (KHz/cm?) [after cut] 1000 670 380 270

Cluster Bandwidth/module (Mbps) 983 987 597 482
Cluster Bandwidth/rod (Gbps) 13 13 11 9
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e Full GEANT4 simulation NN
==

@MOdiﬁed Strawman A*: *Dimensions constrained by the Strawman A
Q4 pixel layers (4, 7, 11 and 18 cm) simulation approach

@ 2 silicon strip layers at 40 and 50 cm

@Trigger layers located at: 78, 87, 97, 108 cm (current last 4 TOB)

* 290 um active thickness, 91.5 pym pitch (97 and 108 cm layers) and 122 um
pitch (78 and 87 cm layers), n-type bulk, 4.65 cm strips length, AC coupling,
3% inter-strip couplings

= no Lorentz angle compensation
= 12192 mini-modules, 7.96 M channels

| Number of wedges 70 |

- Chal Note module overlap
00— > b4 s, | Detween sectors
S e E 100 ;;‘. N N“!." Fatos,
50 g g || e — L .iv;m"""*"'“"t-_ e,
a '\”'ﬁ”'\” ____________ ”'i”{'”p showing only gl Raimey N
SR I _ TR o O
£ oL strip modules i o T S
S 60; *’h,‘u’i&' !5*.,.‘.*’&..1: X
cr + b Sl S
BN [ i I
ol ity ST i I Yoty
- a0 K W
L SN ‘.
= ; Nt
100~ = s Y= 20 % &i“ ii i
N BN B R B i %i“’,%:fé
100 50 0 50 100 ’% @ 5=
z(cm) e e s W MR RN S0 B SRR 4 BT SR
% 20 40 60 80 100 120
hit X (cm)
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Data rate in Barrel - | INFN

@Huge data rate (at 1035 cm2 s)
QUse clusters instead of hits to first decrease the rate
e R=42 cm: clusters (hits) ~7 (22) MHz cm-2
« R=78 cm: clusters (hits) ~1.6 (6) MHz cm-2
« R=108 cm: clusters (hits) ~0.7 (3.6) MHz cm-?
(Note: if no zero-suppression applied (DIGI) rates are a factor 10 larger)

hit rate (Hz cm®)

HITS CLUSTERS
107 ‘E R=42cm
o R=50cm
g R=78cm
2 6
e R=42cm s 10
10° . . . R=50cm '§
R=78cm ©
o -+ * R=108 cm ‘
...................... e i @ 10
§e)
10° £
g ......
@ e 8 T )
00000 fnonononon fhononononthenononoothenononsodnsnonsodgenonooood ey - e SR : 10 e
i-g N N N N NN N B E L B & mmpimpniign
£ £ § § 5 5§ § & § € § 2 5
S EBEEEEREEEE
= 2 % 8 % ” A £ £
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Data rate in Barrel- || INFN

@Large reduction in data rate expected:
@R=78 cm: 500 kHz cm-2 (it was 6 MHz cm2 hit rate)
@R=108 cm : 170 kHz cm-2 (it was 3.6 MHz cm2 hit rate)

Cluster rate before CW reduction

& e R=42cm &

£ £

:: = R=50cm :"

T il = R=78cm T

2 10k .| * R=108cm 9

© 'Y o © A5
o =10
1 £y

L) I L | S I O

P~ -

G | oo -

S g b L T 5 [
) )

5 10°E n
L 2 S
Ep [
........... [ S . ()]
2 - 2
- 10° . © S
104 S e e O - .g ©
O OSSO OSSO OSSOSO NSO NSO W T T © D!—_ c
D_ E 2 g z s = & w H ] 2 § £ = = (‘B w
T (3] E (D * E
< <
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Fast Links

Telecommunication/lT standards

Q@Put Laser power outside the detector and use modulators

<200 m

Detector layer
(experiment)

Back end

(counting room)

][]

Receivers

Optical

Waveau

Interaction
lenght. L~
=

ide

transnssion line

* Normally uses electro-optical modulators (reaching up to 40 Gbps)

* Need to be tested in high B field, low temperature and high fluence

. Dyn. Extinction | Modulation | Power dissipated: | Packaged Dimensions
Modulator Vpi @ 10Gh/s Ratio (dB) Power driver (Typ) (Typ) Laser Source Notes
LiNbO3 (Avanex Small Form Factor)” SV 13 250mW 145w>°| 81mmx9.3mmx bgny | External VpiL =9V
LiNbO3 (Avanex Low Voltage)’ 4V 1 200mw W™l 98 mmx9.3mmx @ External
LINbO3 ridge” 3V >0 200mW 051w 'g Extenal Vpi L =7V (only R&D)
o
EAM (Bookham)” 27V 1 200mw 054 w1°| 60 mm x 13 mm x 5@ ntermal (0.6 W cons) ﬁig:::’los':"(’h7 8)
EAM (o|(|)6 25V 9.5] 200-300 mW 0.5-1 W10 25 mm x 13 mm x 6 T Internal (0.4 W cons.) [Rad Hard?
. RIER
VCSEL (BeamExpress) 25V >0 ~30mw -200mW| NOt St T80|Direct modutation f:: ::T:z !
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Some interesting products

NS

/3

http://www.avanex.com/Products/datasheetslTransmissiorf/p%q%ﬂlgeritxm 0-1700-2000.pdf

R
INFN

(%

Istituto Nazionale
di Fisica Nucleare

Parameters ]
—
Optical
Operating Wavelengths Range C- and L-Band
Insertion Loss 4 dB
Extinction Ratio (DC), 0-Chirp Version 220 dB
Note: Prechirped Versions for 1700 ps/nm, 2000 ps/nm or Custom are Available on Request.
Optical Return Loss (without connectors) 245 dB
Electrical
S,. Electro Optic Bandwidth (-3 dBe) 125 GHz
S.. Electrical Return Loss <-10 dB
RF V. Voltage (@ 1 kHz) 5.0 \
Bias V. Voltage (@1 kHz) 6.9 \
Dynamic Extinction Ratio (0-chirp version) 13 dB
10.7 Gb/s PRBS Electrical Drive Voltage (V,..) 5.0 \

CONNECTOR AND FIBER SPECIFICATIONS

RF Input Port GPO

Bias and VOA Connector Solder pins

Input Fiber Corning/Fujikura SM15P UV/UV400

Output Fiber Corning SMF-28 " or single mode ITU-T G.652'

F. Palla INFN Pisa

45




RD23 project was mainly focussed on analogue data transmission. CMS data link

RD23 project legacy

upgrade is based on digital links. Analogue data transmission is much more

sensitive to environmental effects, since these can lower/change the linear

response of the system.

Radiation hardness of lithium niobate is defined “outstanding” in the RD23
CERN-DRDC_93-35(1993) document.

Lithium niobate modulators have not been chosen in the RD23 project not because

of poor performance, but due to their high cost (decreased since that time) and

excessive device dimension (CERN-DRDC-94-38). This can still be seen as an

issue, but which can be overcome taking into account the performance they

can deliver, still not reached by other devices.

http://documents.cern.ch/cgi-bin/setlink?base=generic&categ=public&id=cer-0212283
http://documents.cern.ch/cgi-bin/setlink?base=generic&categ=public&id=cer-0215602
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Tracker Outer
Barrel (TOB)

Magnetic field operating at 3.8 Tesla

STRIPS:

~200 m2 micro-strip silicon modules
156.232 modules

6136 320 pym and 18.192 500 pm thick sensors!
9.648.128 analogue channels

pitch from 80 a 183 pm

10-14 measurement points up ton ~2.5

PIXEL:

~1 m? pixel modules pixel and 66 million pixels
1400 modules

4,7 and 11 cm from beam (barrel)

pixel dimensions 100 x 150 pm?




Tracker in High Level Triggers |/~

Muon Trigger rate at 10 3* cm2 s

N 5 generator 1
=10} o L e
£ = L2 ]
e Il O L2 +isolation (calo) .
4 -
10 = '.'_._ * L3 =
? ; — R L3 + isolation (calo + tracker)f
‘ : 35
B A g 30 GeV: 30 KHz@10
3
10 &= .
- : Note limited rejection power (slope)
Sl without Tracker information
10 &
10 &
1 ] | ] ] ] ] i 1 ] ] 1 i ] ] ] ] i ] ] 1 1 i ] 1 1 ] i

10 20 30 40 50 60
p; threshold [GeV/c]
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3

Pattern matching with AM jmm

|||||||||||||||||

QThe pattern bank is a set of pre-calculated patterns
@can accommodate for alignment
@changing detector conditions
@beam displacements

@An Associative Memory holds different patterns banks
and compares them with the current event pattern

The Pattern
% % o
The Event
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Associative Memory for pattern matching | INFN__

-
M. Dell'Orso and L. Ristori,
"VLSI structures for track finding”,
Nucl. Instr. and Meth., vol. A278, ONE PATTERN %
pp. 436-440, ( ).
Layer 1 Layer 2 Layer 3 Layer 4
A
1 register et ol ! ! 1y
1 comparator [l ? T ? ? >
/ layer Patt 1! | | |
O
/ pattern 2=
=
Patt 2| F—%ﬁF | | | =1
|z
i
Patt 3| | | |
A A ) A
HIT HIT HIT HIT
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INFN

. Associative memories evolution

i W

@Long history

£1990: Full custom VLSI chip - 0.7 pm (INFN-Pisa), 128 patterns/chip: high
pattern density, not easy design

QFPGA approach 1998: easier design but fewer density

@A good compromise is the standard cell approach currently used for the
SVT CDF upgrade: J. Adelman et al., Nuclear Science Symposium, 2005 IEEE, vol. 1, 2005, p.
603.

@ 0.18um (INFN-Pisa), 5000 patterns/chip, 6 buses input lines, 50 MHz/bus, 18 bits/bus
® produced by UMC (Taiwan) - design time ~8 months + 2 months production

@Forecast for 2013:
£90 or 65 nm technology would allow higher density pattern
QFactor 4 higher clock speeds achievable
QAll in all: allow to reach ~30K patterns/chip with 200 MHz/bus speed
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INFN

Istituto Nazionale
di Fisica Nucleare

AM chip details

v
= Init_ev
=
INIT
Local_or .
CLK
=
o (4]
]
1 i
Z &
= - =
9.8 mm amiE
& A
b =
3]
Q
.}
l: A
JN CONFIGIJRATICON >
JIA w1 REGISTERS
JTAG_TDI ol N ——

JTAG TDO 151 pa INT 13%.4:::1}7
JIAL_TIC PAT_ADD_IN -

4

Fig. 2. Micrograph of the AMchip03 device. Four manually optimized
columns of 1280 patterns each are visible. One on the left, one on the right
and two in the middle. The two columns of lower density logic correspond to
the interconnection and readout logic that was automatically placed. (Color T .
version available online at http://ieeexplore.ieee.org.) POWGr d |SS|pat|0n

Clock (MHz) Power (W)

10 0.5
20 1.0
40 1.8
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Switch conceptual design N

A possible switch that allows the

analysis of 10 consecutive events

From Detector

Layer 0: ~25 fibers bringing

-~

- _ i
4 Parallel N |\ <100 its/50ns AEVD
g Serial OUT From other =
. layers
Parallel IN
it/10. ns N
5 Serial OUT 1:r|;r:11(‘)\ther 2 AMEVT
layers
coo . \ Distribute hits into different sets of
‘A/ storpge units depending on EVent #
¥
Parallel IN 1 A0 e | AMEV10

K—g Serial OUT / From other ————]

layers
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Radiation length (X )

ATLAS

N
(3]

[ Trr I TrTT l TrorrT I TrIroT l TrrorrT l Tirrr ' TrTT I Trrorr I TrTT l TrT 1 ;o 2.5-

_ [ services 1% i
o CJTRT = §, -

- OscT 15 2

N Erixel 1< -

- [CJBeam-pipe 1 8 N
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Material - "Cluster width”

|_Radiation Length by Category|

[_Interaction Length by Categony

1

0.25

0.2

Illllllllllll

0.15

> Average radiation length in tracking volume [0, 2.4]: 57%

= Max of ~80%

> Average interaction length in tracking volume [0, 2.4]: 16%
= Max of ~20%

D. Abbaneo
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