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Belle II PXD
SuperKEKB

Upgrade of KEKB using
the same tunnel.
Asymmetric e−e+ collider
with ECM at the Ψ(nS)
resonance.
L = 8x1034cm−2s−1

(x40 larger than in KEKB).

New beam scheme:
Nano beam concept (10 µmx60 nm).
Increase of the beam current (x2).

Higher background (x20): higher occupancy &
radiation damage.
Higher event rate: faster trigger, DAQ...

SuperKEKB: βγ = 0.28 : e−(7GeV )e+(4GeV )
KEKB: βγ = 0.42 : e−(8GeV )e+(3.5GeV )
Better vertexing reconstruction.
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Belle II PXD
Belle II

RPC µ & KL counter:
Scintillator + Si-PM

Time-of-Flight, Aerogel
Cherenkov Counter.

Central Drift Chamber.

CsI(Tl) EM Calorimeter.

Inner Tracker:
2 layers PXD
(DEPFET).
4 layers DSSD.
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Belle II PXD
Belle II Vertex Tracker

Beryllium beam pipe:
Radius: 10 mm.

PXD:
Pixel Detector
2 layers Si Pixel at R = 1.4 &
2.2 cm
DEPFET Technology
Thickness: 75 µm

SVD:
Silicon Vertex Detector
4 layers double sided Si strip
detector
R = 3.8, 8.0, 11.5 & 14 cm
(See next talk)
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Belle II PXD
Belle II Requirements

Belle II

Occupancy 0.4 hits/µm2/s (< 3%)

Radiation 2 Mrad/year

Duty cycle 1

Frame time 20 µs (cont r.o. mode)

Acceptance 17o-155o

Material budget 0.21% X0 per layer

Resolution 15 µm (50x75 µm2)

• Lower momentum range → ↑ Multiple Scatering ⇒ ↓ Material bud-
get & ↑ Resolution.
• ↑ Background → ↑ Radiation damage ⇒ ↑ Radiation tolerance.
• ↑ Background ⇒ ↑ Readout Speed → ↓ Occupancy.
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DEPFET
DEPFET - DEpleted P-channel FET

Micrometric structure
Each pixel is a p-channel FET integrated
in a completely depleted bulk.
A deep n-implant creates a potential
minimun for electrons under the FET gate
(internal gate).
Internal gate is capacitive coupled to the
FET gate.
The drain current is proportional to the
number of electrons collected in the
internal gate.

Internal gain: gq ∼ 500pA/e−

Detection and internal amplification.
Small intrinsic noise.
Low power consumption.
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DEPFET
Thinning technology & material budget

Process
backplane.

Wafer bonding. Thinning of
top wafer.

Process top. Etching of
handle wafer.

50µm 450µm
90 steps fabrication process:

9 Implantations.
19 Lithographies.
2 Poly-layers.
2 Alu-layers.
1 Copper layer.
Back side processing.

DEPFET material budget:
Belle II Scenario: 0.21% X0

See also “Spatial resolved radiation length (X/X0) measure-
ments of DEPFET pixel sensors using EUDET tracks." by
Ulf Stolzenberg (University of Göttingen) - 16th Interna-
tional Workshop on DEPFET Detector and Applications.
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DEPFET
DEPFET Pixel Array

Gate and Clear lines need
switcher steering chip.
Row-wise readout - 20 µs/frame -
100 ns/row (for Belle II 4 rows are
read at time).
Long drain read out lines keep
most of the material out of the
acceptance region.

Only “activated" rows consume
power.

The others rows are still
sensitive to charge.
Low power consumption.
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DEPFET
DEPFET half ladder

SwitcherB: Row Control
Gate and clear voltages.
32x2 channels

DCDB (Drain Current Digitizer):
Analog Frontend.
Amplification and digitation of
DEPFET signals.
256 input channels - 8-bit
ADC/channel
92ns sampling time.

DHP (Data Handling Processor):
First data compression
Common mode & pedestal
correction.
Data reduction (Zero suppression).
Timing and trigger control.
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DEPFET
Off-module Data Flow
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DEPFET
DAQ System: DHP

Data Transfer:
DCD → 80 Gbps → DHP
DHP → 6.4 Gbps → DHE

DHP:
Common mode and pedestal correction
First step of data reduction (zero
suppression)
Controls Switchers and DCD
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DEPFET
DAQ System: DHE

DHE:
5 DHEs connected to one DHE
Controller (DHC)
Distribute timing and slow control
signals to PXD
Converting of LVDS high speed to
optical signal (connected to ONSEN)
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DEPFET
DAQ System: ONSEN

ONSEN:
Receives data from DHC over 6.25 Gbps
optical links
Performance data reduction over pixel
selection with Region Of Interests (ROI)
Sends data to EVent Builder (EVB) over
Gbit Ethernet
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DEPFET
ROI Selection

• ROI Selection: Use hits from the sur-
rounding strip detector, find and fit
tracks, back extrapolate on the PXD
and create Region of Interest (ROI).
• Expected: Data reduction by a factor
of 10.
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DEPFET
DEPFET full ladder

Sensors are processed &
ASICs and SMDs soldered.
Kapton flex cable is
attached.
Two half ladders are glued
together.

Half detector shell is
assembled separately.
The two half detector
shells are mounted
together.
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DEPFET
Complete pixel detector

Layer 1 Layer 2

Module 8 12

Radii 14 mm 22 mm

Ladder Size 15x136 mm2 15x170 mm2

Pixel Size 50x55 µm2

50x60 µm2
50x70 µm2

50x85 µm2

Pixels 250x1536 250x1536

Thickness 75 µm 75 µm
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DEPFET
DEPFET Mechanics

PXD support rings.

Beam pipe cooling manifold.

Beam pipe.
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DEPFET
DEPFET Mechanics

Stainless steel.

CO2 capillaries.

N2 capillaries.

PXD cooling & support structure.
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DEPFET
DEPFET Mechanics

• Inner layer: Distance to IP = 14 mm.

Kapton cables

Inner layer

Carbon fibers for cooling
the switchers
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DEPFET
DEPFET Mechanics

• PXD fully assembled.

Massive structures & read-
out chips outside the accep-
tance region.
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DEPFET
DEPFET Cooling System

Ladder: 18W → Full PXD: 360W.
Cooling Blocks with CO2 at
-30oC & N2 flow (0oC ) to
decrease & homogenize the
temperature distribution.
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DEPFET
DEPFET Cooling System
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DEPFET
DEPFET Cooling System

Cooling attainable with a flow
rate of 15 l/min, pressure 3
bar. This is below
fundamental mode vibration
conditions.
Maximum deformation (center)
1.8± 0.8 µm.
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DEPFET
DEPFET Gated Mode

“Noisy bunches” create (junk) electrons within the Pixel Detector
(PXD).
Mask “noisy bunches” → PXD deadtime = 20%.
DEPFET option: Gate the sensor during the passage of the noisy
bunches → PXD deadtime ∼ 0%.
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DEPFET
DEPFET Gated Mode

External Gate in off state:
Shifts the potential of the in-
ternal gate by capacitive cou-

pling → larger potencial barrier.

Clear in on state: Remove the
new charge created in the bulk.

External Gate
in OFF state

External Gate
in ON state

Clear in ON
state

Clear in OFF
state
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DEPFET
DEPFET Gated Mode

Signal Charge Restore:

Junk Charge Generation:
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DEPFET Beam Test

DEPFET PXD6 extensively tested:
120 GeV pions at CERN-SPS.
1-5 GeV electrons at DESY.
Magnetic field.
Sensor properties (Charge
collection homogeneity, operating
points, efficiency, angular scans,
various pixel sizes, gate lengths,
clear structures, drift regions and
pixel designs).
System related aspects (Power
supply, prototypes DHH and
ONSEN readout).

PXD6 Belle II design 50x75 µm2 (50 µm thick):
DUT efficiency > 99.5%
Signal ∼ 21 ADU, Noise ∼ 0.6 ADU -
S/N ∼ 40.
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DEPFET Beam Test

Max resolution 8.5 µm

See also: DEPFET active pixel detectors for a future linear e+e− collider - DEPFET Coll. - http://arxiv.org/pdf/1212.2160.pdf.

DEPFET PXD6 Belle II design - test beam data (50 µm pitch and 50 µm thick).

Belle II scenario ∼ 10
µm of resolution (test
beam data).
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Status & Prospects
Next Step: Pilot Run

Pilot Run: Final
sensor prototype
with PXD9 full
matrix.
First pilot run
detectors, fully
assembled
expected by mid
July.
Debugging the
ASICs and
complete half
ladder operation.
Full detector
characterization
and test of quality
control process.
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Status & Prospects
DEPFET Schedule

Pilot Run with first “hot wafers” (test by summer of
2015).
DESY Thermal Test (includes PXD and SVD
dummies) in 2015.
Build 2 ladders (from Pilot Run) for DESY VXD
Beam test (spring 2016), prepare Slow Control for
VXD.
Final ASICs by spring 2016.
Finish PXD module / ladder production by spring
2017.
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Summary

Belle II requires a new inner Vertex detector to
cope with increased luminosity and higher vertex
reconstruction demands.
The good performance of the DEPFET detector
system in terms of SNR, spatial resolution, readout
speed is demonstrated, fitting all the requirements.
Every detail is being considered and planned
(cooling, mechanics, DAQ...).
With the pilot run, the final sprint have just started,
finishing at spring 2017 when the Belle II PXD will
become a reality.
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Thanks

THANK YOU.
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Backup

BACKUP
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Backup

Two half modules are glued
together.
Reinforcement by ceramic
mini-rods.

Test with real silicon dummies
(50 µm thick).
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Backup
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Backup

(Vertex 2014) The Belle II Pixel Detector for SuperKEKB - Michael Schnell.
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Backup

(Vertex 2014) The Belle II Pixel Detector for SuperKEKB - Michael Schnell.
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Backup

(Vertex 2013) The Pixel Detector for Belle II at SuperKEKB - Carlos Lacasta.
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Backup

(Vertex 2013) The Pixel Detector for Belle II at SuperKEKB - Carlos Lacasta.
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Backup

(Heraeus Seminar 2013) The DEPFET Pixel Detector (PXD) for BELLE II - Paola Avella.
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Backup

(Heraeus Seminar 2013) The DEPFET Pixel Detector (PXD) for BELLE II - Paola Avella.
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Backup

(19th International Workshop on DEPFET - 2015) Pilot run production: yield outcome af-
ter 2nd metal - Paola Avella.
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