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• Select only tracks above a given pT since they are few

• Send reduced data volume off detector for further logic

Select only hits from “high-pT” tracks 

Figure of merit: 
Thickness/pitch

Tracking in the trigger: From the CDF experience to CMS upgrade. 
Fabrizio Palla (INFN, Pisa), Giuliano Parrini (Florence U. & INFN, Florence). 2007. 14 pp. 
Published in PoS VERTEX2007 (2007) 034 
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Track width measurements
Very similar

notice scaling! 
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Complications 

Tilt affects the two in a opposite way:
while for the track width goes to correctly compensate
for the stacked introduces an offset that is different for +ve and -ve tracks, though 
some charge discrimination possible with complex logic

Stacked Cluster width
Effects due to non-flatness and tilt
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pT modules in barrel and end-cap
• Sensitivity to pT from measurement of Δ(Rφ) over a given ΔR

• For a given pT, Δ(Rφ) increases with R 
• A same geometrical cut, corresponds to harder pT cuts at large radii

• At low radii, rejection power limited by pitch

• In the barrel, ΔR is given directly by the sensors spacing
• In the end-cap, it depends on the location of the detector

• End-cap configuration typically requires wider spacing

ΔR

Δz = ΔR / tg ϑ
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   Double Sided (DS) modules 
     considered to mimic

   the 2-in-1 stacked modules
     >> TOB Layer 2
          - R = 70 cm
          - ToP = 21.9 

Method Validation using LHC collision 
data in CMS

| _ 8 Single Sided
| _ 8 Double Sided

h Coverage of (1/4) present CMS Tk
2.8 m

1.2 m

Outer Barrel

Inner Barrel Inner 
Disk

End Cap

Double Sided
Module

Single Sided
Module

Single Sided (SS) modules 
TOB Layer 6
R = 108 cm
ToP = 4.2 
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SS: Sensitivity to CW

  Tracks CW correlated with reco pT 
     for various clustering thresholds 

         >> CW decreases with pT, as foreseen from
            theoretical model

         >> Good pT sensitivity for higher clustering
            thresholds (S/N > 6) due to suppression   

            of capacitive couplings effects on FE 
            electronics generating false large clusters 

   Tracks selected with CW < 3
         >> Selection efficiency as a function of pT

            superimposed to track pT distributions

         >> Efficiency > 90% yet from 2 GeV/c
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Using glued detectors
  Glued modules in CMS are used to get z info
         >> 2 SS modules are in “stereo” configuration
            i.e. rotated by 100 mrad, separated by ~2mm

         >> Correcting off-line for the stereo angle, we can 
            use these modules as double layer detectors

  Correlation TW(“d”) vs. track pT

      >> High pT (>2 GeV/c) tracks have clusters 
         almost overlapping

      >> Clusters for low pT ones are far
         each other

tilt angle: 100 mrad

  Tracks selected with TW(“d”) < 1.5 mm
      >> Selection efficiency vs. track pT

      >> Efficient selection (~100%) for 
         high (> 5 GeV/c) pT tracks
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Hardware designs
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2S pT-modules

≈ 5 cm long strips, ≈ 90 μm pitch, ≈ 10x10 cm2 overall sensor size

Wirebonds from the sensors to the hybrid on the two sides
2048 channels on each hybrid

127

HYBRID 2x1016 STRIPS HYBRID
COOLING & SUPPORTING STRUCTURE

CBCCBC

2x1016 STRIPS

FE hybrids
(CBC2)

z

y
x

DC-DC 
converter Optical link/GBT
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Pixels-Strips (PS) pT-modules
Sensors:

Top sensor: strips
 2×25 mm, 100 μm pitch

Bottom sensor: long pixels
100 μm × 1500 μm

≈ 5x10 cm2 overall sensor size

Readout:
Top: wirebonds to “hybrid”
Bottom: pixel chips wirebonded to hybrid
Correlation logic in the pixel chips

HYBRID STRIPS HYBRID
COOLING & SUPPORTING STRUCTURE

Strip ASICCBC

Pixellated STRIPS

Strip ASICStrip ASIC
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Strip sensor

FE hybrid with strip ASICs

Service hybrid (readout)

Support frame

Cooling contacts

Bias kapton

Service hybrid (power)

Thermal management

Sensors supports

Thermal management

Pixel ASICs

Pixel sensor

Bias kapton
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3D pT-modules
Data Flow

Analog
signals

Top detector

Amp/disc cluster
and stub formation 

Stubs
out

Interposer

Interposer

• Top sensor analog information flows through 
interposer to IC mounted on bottom

• Long strips on top provide r-phi minimize number 
of interposer connections

• Short strips on the bottom provide Z resolution
• ROIC amplifies and discriminates forms stubs and 

manages pipeline

ROIC sees signals 
from top and 

bottom sensors all 
correlations local

Long (1 cm) strips

Short (1.25 mm) strips

4Thursday, May 24, 12
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3D modules
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Tile after handle wafer 
removal and 
singulation

Full Module with 
interposer and 

top sensor

Top sensor

Bottom sensor

Interposer

1 mm

10 cm• Design of sensors is complete
• Design of dummy ROIC is complete

Tiled Active Edge Modules

Trench

Bump bond pads

Long Strip Layout

Short Strip Layout
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Correlation electronics
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CBC2 Architecture
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Some simulation results
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CMS - traditional geom.
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Data reduction

Hits

R=23 cm

R=38.2 cm
R=52.4 cm
R=108 cm

Clusters

Stubs

pT (GeV)
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Stub pT Measurement

1/pT is 
symmetrically 
distribuited!!

R 51 cm - mean √(1/pT): ~0.076
R 82 cm - mean √(1/pT): ~0.073
R 102 cm - mean √(1/pT): ~0.069

Single µ’s @ 5 GeV/c 

µ-strip 98 µm pitch 
sensors separation ∆R=1 mm
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Long Barrel layout (CMS)
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Geometry Comparison

Barrel+Endcap

Long Barrel
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Data Rates
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