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1 hit/mm /train = 1 hit/(20µm cm strip)/train (100% occupancy)



150 trains/s

85 bunches/train

1.4 or 2.8 ns
~1010e/bunch

6.7 ms
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Beam Test:
- 0.5, 0.7, 1.0, 2.0 GeV/c π- beam
- -15~+15
- 
- 
      HPK 10µm
       HPK10µm or HPK50µm or EEV20µm
 



24 µm 22 µm

10 / 50 µm 20 µm

SiO2 SiO2-Si3N4

2-phase 3-phase

2 µV/e 1 µV/e

 Inverted Inverted

( Surface current is strongly suppressed with inverted mode)
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L1=22 mm L2=4 mm

δ

δ2 = 2σ2(L1
2+L2

2+L1L2)/L1
2+(θMSL2)2

(δ : residual resolution,  σ : intrinsic resolution)

Resolution at 258K

2

4

6

8

10

12

14

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Momentum(GeV/c)

R
es

id
ua

l R
es

ol
ut

io
n 

(µm
)

EEV
HPK10um
HPK50um

Infinit mom.
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Intrinsic Resolution
2.94+-0.10um
2.76+-0.03um
2.79+-0.09um



Surface Damage --- SiO2 SiO2/Si
       SiO2

dE/dX

Bulk Damage --- Si 
       

Non-ionising energy loss (NIEL)

CCD Radiation Damage



Non-Ionaising Energy Loss



  90Sr (10mCi) t1/2 = 28.5y E = 0.546 MeV
-> 90Y E = 2.283 MeV

<dE/dX> ~ 3 dE/dX (MIP)
<NIEL> ~ 1/5 1/10 NIEL (H.E. e

252Cf (100µCi) t1/2 = 2.645y <E> = 2.14 MeV 
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 before irradiation

1.7x10 11  e/cm 2 (13 krad)

8.5x10 11  e/cm 2 (65 krad)

1.7x10
12

 e/cm
2
 (130 krad)

MPP mode

Normal mode

Minimum level
for reliable measurement



Model chip

1000 pixels (25 mm)

200 pixels (5 mm)

Vertical CTI < 1*10 -3:  (1-0.001)200 = 0.82

Horizontal CTI < 0.2*10-3:(1-0.0002)1000 = 0.82

-> Worst case: 0.82*0.82 = 0.67

µ



- 55Fe 5.9keV X

- 
  

-



      CTI measurement of S5466 (neutron-irradiated)
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Φ = 0

Φ = 2.4x108 n/cm2 (16 hours)

Φ = 1.1x109 n/cm2 (72 hours)

Φ = 3.2x109 n/cm2 (216 hours)

Φ = 8.9x109 n/cm2 (590 hours)

Solid line  - VCTI

Dashed line - HCTI

Neutron Irradiated CCD

CTI ~ 7*10-4 @8.9*109n/cm2

CTI~ 1*10-3 

           ~1.5*1010n/cm2 



HPK S5466
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Before irradiation

1.7x1011 e/cm2 (13 krad)

8.5x1011 e/cm2 (65 krad)

Standard CCD

Notch CCD-1

Electron Irradiated CCD

CTI~ 1*10-3

        ~3*1011e/cm2

      ~1*1012e/cm2(



Normal CCD Notch CCD

Trap



-
- 3µm
-

- Inverted Mode Surface Damage
-

(252Cf) ~1.5 x 1010/cm2                          -> JLC
(90Sr)       ~ 3 x 1011/cm2

                                         ~ 1012/cm2 -> JLC

- 

- 
- 


