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Two VTX Detectors

• FPCCD (Fine Pixel CCD)
– 5um pixel (Design)

– No timing information

– Inter-train readout

• SOFIST (SOI sensor for FIne measurements of Space and Time)
– 20um pixel (Design)

– Timing information

– Inter-train readout

• In this talk, recent developments will be given.



FPCCD



FPCCD
• Fabricated by Hamamatsu Photonics

• Small pixel size and large number of pixels

– 5mm : best IP resolution among the options 
(~1.4um even for single pixel hit)

• 10um for second and third doublets

– 4x109 pixels in total to reduce occupancy

• Thin

– 50mm for total thickness

– 15mm for fully depleted epitaxial layer 
• 1200e- for normal incident

– Doublet layer structure 0.15% X0/layer

• Need cryostat to cool down to -40 ℃ to 
reduce dark current

• Low power readout ASIC

IP resolution for FPCCD



Neutron Irradiation Test at CYRIC

• Irradiation Test Performed

• Neutron Beam is produced from 70MeV 
proton beam using   “Li + p  Be + n” 
reactions.
– 65MeV Neutron beam

– Fluence: 1.78 × 1010 𝑛𝑒𝑞/𝑐𝑚
2

• Corresponding to 2.6 year running.

– Small Prototype is irradiated.

– Charge Transfer Inefficiency was studied. 
• But it’s not enough

• Dark current and hot pixels were also checked and 
no problem



• Improvement of CTI
– Degradation of CTI is caused by lattice defect

⇒ Additional charge are injected to fill up the lattice defects before 
transferring signal.

• Fat-zero charge injection
– Fill lattice defect by background current

– In this study, LED was used to fill the gap.

Improvement of CTI by Fat-zero charge 
injection

LED CCD



Improvement 
• Factor 9 improvement for CTIh

– Requried CTI 0.72x10-5 is achieved  
• 3year operation with safety factor of 3.

– CITv is less important since the number of 
transfer is smaller (125pixel)

• Another factor 3 improvement for   10 
year operation
– Reduce horizontal register size (smaller 

gap) 12um6um

– Notch channel
• Further reduce charge pucket by implant

– Noise reduction.

– Annealing

No fat-zero charge 600e/pixel injrcted

CTIh (5.93 ± 0.05) × 10−5 (0.68 ± 0.04) × 10−5

CTIv 7.32 ± 0.22 × 10−5 3.07 ± 0.15 × 10−5

Requirement



FPCCD VTX for ILD

• Sensors are mounted on both sides of double sided ladders
• Double-sided ladder×3layers = 6 layers of sensors
• 2 CCD sensors / layer (4 CCD sensors / ladder)

Ti cooling tube:

od:2mm, id:1.5mm

FPC: 9mm width x 10/side +

17mm width x 28/side
(50um Kapton + 9um Cu)
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Beryllium shell
Cryostat; 0.2mm CFRP+1cm styrofoam+0.2mm CFRP

Layer 1: 10 ladders

Layer 2: 11 ladders

Layer 3: 17 ladders 1mm CFRP

1.5mm CFRP Beam pipe
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FPCCD Ladder R&D
• Ladder R&D started (and no results today)

– Prototype flexible printed circuit (FPC) and CFRP support are made for 
ladder R&D

• Study of gluing
• Study of FPC cable impedance
• Study of rigidity and thermal conductivity of CFRP

– 3-dimensional CFRP structure 
• This could be also used for other options adopted doublet structure (CMOS)

CFRP

Kapton FPC

Si

Kapton FPC

Si

CCD Sensitive Area

CCD Pad Area

FPC Pad and Pattern Area



Ladder structure

W

L

t

Inner layers Outer layers

L (mm) ~160 ~280

W (mm) ~12 ~24

t (mm) ~2 ~2



Ladder structure
• Material budget ~0.26%/doublet

t (um) X0

Si 50 0.0534

Epoxy 5 0.0014

Cu* 0.8 0.0056

Kapton 37.5 0.0131

Epoxy 5 0.0014

CFRP 100 0.04

Epoxy 5 0.0014

CFRP 60 0.024

Epoxy 5 0.0014

CFRP 100 0.04

Epoxy 5 0.0014

Kapton 37.5 0.0131

Cu* 0.8 0.0056

Epoxy 5 0.0014

Si 50 0.0534

Sum 0.257

Si Epoxy Cu Kapton

Epoxy CFRP Epoxy CFRP

Epoxy CFRP Epoxy Kapton

Cu Epoxy Si

* Cu; t=8um, double side, 5% coverage

CFRP

Kapton FPC

Si

Kapton FPC

Si

CCD Sensitive Area

CCD Pad Area

FPC Pad and Pattern Area



CFRP

CFRP

Kapton FPC

Si

Kapton FPC

Si

CCD Sensitive Area

CCD Pad Area

FPC Pad and Pattern Area

CFRP structure

t = 70/100 um



FPCCD and FPC Cable

CFRP support

FPC

Real FPCCD Chip

12.3mm x 62.4mm x 50um

• Thin (100um) CFRP sheet
• Kapton FPC to mount FPCCD
• Dummy Si chip for study of gluing

Dummy Si chip 



FPC Ladder prototype has been fabricated

Picture of “ladder1b”, mounted a small size* FPCCD and an ASIC chip.

Picture of “ladderTEG” for impedance measurement, same size ,same material 

Mounted in a case to protect against dust and damage

1. impedance measurement of two kinds of wiring, one for high speed LVDS signals, 

and the other for CCD clock signal that drive heavy capacitive loads. “ladderTEG”

2. CCD clock waveform and output signal quality study. “ladder1b”

3. To study ladder assembly method for Large prototype* FPCCD.    “ladder1c”,             

no picture above.

320 mm

3
0

m
m

Status: Necessary test boards are ready. Impedance measurement has started.

* Large Prototype FPCCD 12.3mm X 62.4mm,    Small size FPCCD 6mm X 6mm.



2 phase CO2 Cooling

• Material budget / dead region
– Heat sources of FPCCD VTX locate mainly at both ends of ladders (on-

chip amps and front-end ASICs)

– Cooling by 2-phase CO2 at both ends of ladders seems an attractive 
solution

– 2-phase CO2 can go through very thin cooling tube (OD 2mm or less)  Only 
0.3%X0 increase of material budget of the end-plate

– Gas cooling requires much thicker tube  Dead space between FTD and beam 
pipe

• Started in 2011 at KEK.
– Collaboration of FPCCD, LCTPC, Belle II, KEK Cryogenic groups



Schematic diagram
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Cooling power

• Cooling power measurement 
using dummy load
– Cooling temperature: ~−40℃
– Flow rate: 1.4 g/s
– Dry out power ~170 W  Less 

than expectation of 280W 
(=200x1.4W)

– >1kW for cooling temperature 
of +15℃

• Possible reasons of deficit of 
the cooling power at −40℃
– Heat load of transfer tube 

(Liquid CO2:15℃, ambient 
temperature:27℃) and other 
low temperature part
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SOFIST



SOI Detector
• SOI

– Monolithic detector
• Circuit layer on substrate sensor layer 

• No bump bonding with readout circuit 

– Low material

– Low stray capacity

– Fabricated by Lapis semiconductor (formerly OKI 
semiconductor)

• 0.20um process



SOFIST
(SOI sensor for FIne measurements of Space 

and Time)

1st layer  : 1 cm x 10 (36°)

2nd layer : 1 cm x 15 (24°)

Proposing design Proposing shape for inner layers

Pixel size = 20 x 20 μm2

Thickness = 50 μm



Circuit on 1 pixel ( in design )

The number of buffers should be decided in terms of the hit occupancy.

Digital

Analog

Bunch ID



• Wafer type : Floating Zone (N)

• 500 um thickness

• Only analog part is implemented

SOFIST v.1
1

 m
m



SOFIST v.1



120 GeV/c proton beam at FNAL MTest beam line

2x2x2 mm3

10x10x5 mm3

• From 24 Jan. to 9 Feb. 2017.

• To obtain S/N ratio and position 

resolution w/o multiple scattering.

– SOFIST : < 3 μm

• 4 FPIX2 sensors (8um pixel) were 

used for the tracking.

– Also evaluated the position 

resolution of them. 

Scinti.1

Scinti.2



Residual of SOFSIT ~ position resolution

σ = 1.5 um σ = 1.6 um

• Position was determined by the centroid method.
• Rotational correction was done.
• Tracking by straight line : y = ay * z + by  w/ 4 FPIXs

Residual y (μm)Residual y (μm)
-15 15

~1.5 μm was achieved w/

20 x20 pixel size 



SOFIST development plan
• v. 1 (20 μm2, 500 μm thick) : Test for analog circuit

– Pre-amp & x2 analog buffers

• Testing thinning (to be 75 μm)

• v. 2 (25 μm2, 300 μm thick ) : Test for digital circuit

– Time stamp circuit (x2 analog buffers)

– Zero-suppression

• v. 3 (~30 μm2) : Implementation both analog and digital circuits

• v. 4 (20 μm2) : More payload by the 3D technology 

• * Grown sensor size needs to be considered.

– Other SOIPIX for X-ray was already achieved

- Production was done.

- Obtained good S/N and 

position resolution

- Now testing

- Production was done.

- Now preparing read-out 

board

- Designing in 

parallel



SOFIST 3D design
• More circuits on one pixel is needed for the further high occupancy 

situation.

• 3D integration is the solution.



3D integration : micro cone bump
• T-micro company (venture company at Tohoku) is establishing new 

method of bump bonding “gold micro cone bump” instead of the 

indium bump.



Summary

• In Japan, two vertex detectors are being developed.

• FPCCD
– 3year operation at 250GeV ILC OK

• Need factor 3 improvement for 10 year operation

– Mechanical study started

– New CO2 cooling

• SOFIST
– Based on SOI technology

• Analog readout for both position and timing capacitances

– Position resolution 1.4um with 500um thick sensor
• Try thining to 100um or 50um

– 3D integration
• Second circuit layer on SOI


