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Belle-II

KEK-B upgrade plan: SuperKEKB Flavour Factory

Belle-II PXD group has decided on DEPFET as baselin e

• Asymmetric energy (4 GeV, 7 GeV) e+e- collider at
the to be realized by upgrading the
existing KEKB machine
• Final luminosity (40 times)
• Luminosity will be achieved by squeezing the beams
(“nano beam”)
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Belle-II SVD upgrade

4 layers DSSD � 4 DSSD + 2 layers DEPFET pixels
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• 2 thin DEPFET pixel layers at 1.4 and 2.2 cm
• 4 layers with double sided Si-strip detectors, 
slanted at the end
• Angular coverage 17°<θ < 155°
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Belle-II requirements

Belle-II

Occupancy 0.4 hits/µm2/s **

Radiation > 1Mrad/year

Frame time 20 µs (continuous r.o. 
mode)

Low momentum (< 1 
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Momentum range
Low momentum (< 1 

GeV)

Acceptance 17º-155º

� Required spatial resolution (~10µm) → Moderate pixel size (50 x 50 µm2)
� Few 100 MeV momenta → Lowest possible material budget (0.19% X0/layer)

→ The DEPFET technology can cope with this challenging requirements
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** Occupancy for the obsolete High-current option. Chosen Nano-beam is under study!
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DEPFET – DEpleted P-channel Field Effect Transistor

� Each pixel is a p-channel FET on a
completely depleted bulk (sideward
depletion). Charge is collected by drift

� A deep n-implant creates a potential
minimum for electrons under the gate
(internal gate)

� Signal electrons accumulate in the
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o Small pixel size

o Intrinsic Noise≈40e- at high
bandwith→Small capacitance and first in-

pixel amplification

o Thin Detectors≈50µm

� Signal electrons accumulate in the
internal gate and modulate the
transistor current (gq≈400pA/e-)

� Accumulated charge can be removed
by a clear contact

� Internal amplification

� Low power consumption: Readout on
demand (Sensitive all the time, even in
OFF state)
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DEPFET ASICs

DCDB (Drain Current Digitizer)
Analog frontend

UMC 180nm

SwitcherB
Row control
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DHP (Data Handling Processor)
Processor

IBM CMOS 90nm
Stores raw data and pedestals 
Common mode and pedestal correction 
Data reduction (zero suppression)
Timing signal generation

UMC 180nm
Size 3.3 × 5.0 mm2

Integrated ADC
Noise 40 nA
Irradiation up to 7Mrad

AMS high voltage 0.35µm
Size 3.6 × 2.1 mm2

Gate and Clear signal
Fast HV up to 30V
Rad. Hard proven (36Mrad)
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Switcher, DCD: Heidelberg U.
DHP: Bonn U., Barcelona U.



Interconnect: Full Size Module Test

Realistic module (dummy chips) was assembled successfully at home (Heidelberg)
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Switcher

Dummy

DCD

ASICs 
are bump 
bonded 

only
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Operation mode: Row wise readout
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Row wise readout (Rolling Shutter)

• (If CDS) Select row with the external gate, read the current, clear
the DEPFET and read the current again The difference is the signal.

• Single sampling with pedestal substraction afterwards (Baseline)

• Low power consumption: Only one row is active at a time;
Readout on demand (Sensitive all the time, even in OFF state)

• Steering chips needed (Switchers)

• Limited frame rate (Target speed: 10-12.5 MHz)
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In-module signal flow

Switcher

DEPFET
Matrix

DCDDCDDCDtiming

pedestal 

memory

pedestal correction

DCD

256 inputs per DCD

64 outputs per DCD

1024 r/o lines from DEPFET matrix

8 bit ADC per input

4:1 output mux

81.29 Gbps

(320 Mbps output data x 256 lines)

DESER & cm correction

raw data memory

to Switcher

ADC

10 MHz row frequency

(100 ns ADC conversion time)

PLL

Switcher 

sequencer
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DAQ
(DHH)

Switcher

DCD

DHP

DHPDHPDHPDHP

one data out per DHPclock, sync triggerJTAG

JTAG

DAC

ADC

zero suppression

FIFO

Gbit TX

core

4 Gbps 

(one 1 Gbps link per DHP)

link layer framing

hit pairing

PLL
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Off-module signal flow

DHH (Data Handling Hybrid): interface of the ladders with the outside world
Impedance matching
Electrical - optical interface
Power regulation 
Slow control master (JTAG)
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Tests (Lab and beam)

• This technology has been extensively tested with 
great results!
• Successful program for several years:

• SNR>100
• Position resolution 1.2 µm

• However: slow readout, thick sensors (450 µm), old 
readout chips

→ Test beam period with a close to final design system is planned for November
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Optimization: Full simulation chain

Particle gun (single event)
EvtGen (physics event)
Mokka geometry

Ionization points
Signal points
Electronic noise
Digitizacion and clustering

Marlin tracking
PXD+SVD+CDC

Physics channels

• Digitizer (Geant4) tuned with TBeam data:
- Electric noise
- Electric field in Si (charge collection time)
- Lorentz angle in magnetic fields
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Optimization studies: 
• Sensor thickness
• Pixel size
• Inner layer radius

µ single track
J/Psi z-Vertex resolution
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The Belle-II ladder

Inner layer Outer layer

# ladders 8 12

Radius 1.4 cm 2.2 cm

Pixel size 50x50 µm2 50x75 µm2

# pixels 1600(z)x250(R-ɸ) 1600(z)x250(R-ɸ)

Frame time: 20 µs
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# pixels 1600(z)x250(R-ɸ) 1600(z)x250(R-ɸ)

Thickness 75 µm 75 µm

Thinned sensor (75 µm) Support frameBump bonded chips
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Elegant thinning technology: mechanical samples

6” wafer with diodes and large mechanical samples

• Sensor: Thinned down to 75µm
• Balconies: Etched grooves

Thinner  sensors are posible 
(50 µm)
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Top Wafer

Handle Wafer

a) Oxidation and back side implant on 
sensor wafer

b) Wafer bonding and 
grinding/polishing of top wafer. Thin 
sensor side to desired thickness

c) Process DEPFET on top side �
passivation

open backside passivation

d) Anisotropic deep etching opens 
"windows" in handle wafer. Structure 
resist, etch backside up to oxide/implant
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Mechanical design

Beam pipe

PXD support rings
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Beam pipe cooling 
manifold
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Mechanical design

PXD Cooling and 
support structure
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• Stainless steel
• Fast sintering
• Coolant: CO2

Down to -40ºC in the end of the stave
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Blue: CO2 capillaries
Yellow: Air channels



Mechanical design

Inner layer
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Carbon fiber capillaries
(Under study!)

Kapton cables
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Mechanical design

Outer layer
Full PXD
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Stress relieves
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Finding the optimal environment

Ladder Belle-II 
PXD
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• Implement the full Belle-II ladder geometry in f.e- software
• Apply the loads to the different elements (DCD,DHP,SW,Sensor)
• Find an optimal cooling solution (find Tenv and Tcb) for the current upper limits
on the temperatures:

� Tmax (Sensor)<30ºC
� Tmax (Chips)<60ºC
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Detailed
simulation
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Thermal studies

MN MX

X

Y

Z

Temperature distribution along the ladder

ºC
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7.989

8.809
9.629

10.449
11.269

12.088
12.908

13.728
14.548

15.485

Tenv=-5ºC
Tcb=8ºC TLaddermax=15.5ºC

Reasonable 
environment 
conditions
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• The end of the stave will be cooled by CO2 inside the cooling block
• The center will be cooled by blowing cold air

→ Both, SVD and PXD subdetectors will be isolated of the CDC



Summary

� The new super flavour factory (SuperKEKB) is under construction and will 
be ready by the fall of 2013

• The new machine will deliver a luminosity 40 times the present world 
record
• The Belle detector will be upgraded to exploit the increased statistics 
and perform precision measurements
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� To perform precision measurements, the innermost subsystem will consist 
of two layers of pixels, based on the DEPFET technology

• Low power consumption
• Low material budget 
• High resolution

• Well defined ladder geometry (detailed simulation)
• System elements close to the final production(expected performance)



Thank you very much!

depfet.org

Thank you very much!
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Backup slidesBackup slides
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ILC S3b prototype system

•Hybrid Board

• DEPFET 64x256 matrix

• Readout chip (CURO)

• Steering chips (Switchers)
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•S3b Readout Board

• ADCs→Digitization

• FPGA→Chip config. and 

synchronization during DAQ

• RAM→Data storage

• USB 2.0  board→PC comm.
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seed pixel

cluster signal

TB2008, 120 GeV pions
Perpendicular incidence

24 x 24 µm2 DUT 

H. Bichsel
(PDG)

TB 2008 and 2009 results

Gain map: Deviation from average seed signal

24 x 24 µm2 DUT 

• 64x128, 24x24 µm2 Common Cleargate (TB2008)
MPV=1715 ADC counts
gq=363pA/e-

• 64x256, 32x24 µm2 Capacitative Coupled Cleargate (TB2009)
MPV~2400 ADC counts
gq~500pA/e-

• 64x256, 20x20 µm2 Common Cleargate, LengthGate=5µm (TB2009)
MPV~3100 ADC counts
gq~650pA/e- (2x previous gq, as expected)
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Internal Amplification

✔ The internal amplification measures the change in drain current in the presence of charge 
in the internal gate:

✔ Increasing gq increases SNR

✔ Playing with channel length we can achieve up to gq ~ 1 nA/e-

✔ PXD4 has L=6µm, some matrices in PXD5 have now L=4µm → Expect factor 2 better S/N

Gate Length Leff (µm)

g
q

(p
A
/e

-)

simulation at ID=50 µA

PXD4: measurement and simulation
PXD5: single pixel measurement
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Single sampling

Abandon CDS in favor of speed, move clear to end of cycle

Digital correction of pedestal variations in DHP (keep static pedestal memory)

Increase DCDB settling time → less bandwidth, less noise
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