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Analog Memory 
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Analog-to-Digital Converter (ADC) 
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量子化誤差 
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≈ 0.29 bit
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A-D



   
+Capacitor) 

  (~50 ps)  
   
   
  ADC  
  Calibration

TAC(Time-To-Amplitude) 
-ADC
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   ~ 1ns 
   
 

Counter 
Digital ! 
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Shift Register

  Counter (~0.5 ns)  
   
   
 

"1.2 GHz GaAs shift register IC for dead-time-less TDC application" 
Sasaki, O., et al.,IEEE Trans. on Nucl. Sci. Vol. 36,  (1989)512 - 516. 
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  (~50MHz) (~0.1 ns)  
   
   
   
  2  
  Calibration

Delay Line
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DLL(Delay Locked Loop)

   
  Feedback Calibration  
  Delay Line  
 

N
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ミューオン 

ニュートリノ 
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I = I0 exp −µ⋅ d( )
µ photoElectric( ) ∝ NZ 5

µ Compton( ) ∝ NZ

I: ガンマ線強度
N: 単位体積中の原子数
Z: 原子番号 

γ線のSi中での減衰�

Al (~ Si)�

原子番号の大きいもの、密度の大
きいもの程ガンマ線を吸収しやす
い。�

600keVのガンマ線の線形吸
収係数は0.2 cm-1なので、
5cm厚のSiでe分の1(37%)に
減衰する。�

比較的フラット�

急激に減衰�
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放射線とシリコンセンサー	

~3µm 

(~2 eV)

Si 

~ 1  / 1 

~50µm 

 

Si 
+ - 
+ 
+ 

- 
- - + 

~ 80  / 1 µm

+ - + - 

~300µm 

X (<20keV)

Si 

~ 3000  / 10 keV

+ 
- + 
- 

>300µm 

X  (>20keV), γ-ray

Si 

e-

+ 
- + 
- 
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 高比抵抗 基板と低比抵抗 基板を絶縁層を介して張合わせ。

 高比抵抗部に を生成し、センサーとする。

 絶縁層 に穴を開けセンサーと回路を接続。

SOI Pixel検出器�

KEK 測定器開発
プロジェクト�



Layer Transfer
(SmartCut)  

Silicon-On-Insulator 
(SOI)  

Silicon-On-Insulator (SOI) Wafer 

1991 : Michel. 
Bruel of Leti(仏) 



Conven�onal	Radia�on	Detector

Measure Total Charge 
generated by radiation

SOIPIX	

Detect a Quantum 
in each Pixel

Revolution of Measurement



Bump LSI

Revolution of Scale

Cross Section of SOIPIX

1/100	of	Pixel	Area!	

Hybrid Detector SOIPIX
1 Pixel



   
 

SOI Pixel

  (~50µm)  
(~500µm) X  

   

   

   
 

  100%  



Mask Size 24.6 x 30.8 mm

MPW

Lawrence Berkeley Nat'l Lab. 
Fermi Nat'l Accl. Lab.

U. Heidelberg

Louvain Univ.

IHEP/IMECAS/SARI China

AGH & IFJ, Krakow

KEK



SOI

Middle Si



Double SOI

  Shield Crosstalk 
  Compensate 

radiation induced 
oxide charge

Single SOI

From Single SOI to Double SOI



Transistor

Sensor 
Contact

Middle Si 
Contact

Metal 5

Middle Si

Metal 1

Cross section of the Double SOI Pixel



 

 

 
 

 

 

PPiixxeell  

Mask Layout

EExxppoosseedd  LLaayyoouutt
 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 
 

 
Blind 

 

Blind 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Stitching Exposure for Large Sensor



Integration Type Pixel (INTPIX)

18.4 mm

12.2 mm

Pixel Size : 12x12 µm2 
896x1408 (~1.3 M pixels  
11 Analog out port Column CDS.

INTPIX5



14.144mm

8.
70

4m
m

PF-AR NE7A 33.3keV 
Acrylic resin 40mm 
200us x 250 frames

Needle

Acrylic Resin

Stent Wire

CA

RA

-46000

8700

Arb. unit

(INTPIX4)

X-ray Image with the INTPIX



X-ray

MirrorCollimator

INTPIX4

Sample

(by R. Nishimura, K. Hirano (KEK) 

  Sensor INTPIX4	FZn,	Backside	Illumina�on	
  HV 200V Integra�on	Time 1ms ScanTime 320ns/pix,	1000frame/event	
  KEK	PF,	X-ray	Energy 9.5keV	
  Took	images	for	0~180°at	every	1	degree.

3D	Tomography	with	Syncrotron	X-ray

Dried 
Sardine



3mm

Computed	Tomography	(CT)	with	
Syncrotron	X-ray
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18 mm

SOI Pixel 
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Vsense =
Q
C
≈
0.6 fC
8 fF

= 70mV

β線 

Integration Type Pixel (INTPIX) 

Size : 14 µm x 14 µm 
with CDS circuit 

30 
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+HV	

積分型Pixel回路例	
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+HV	

積分型Pixel回路例	

Reset	
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+HV	

積分型Pixel回路例	

VLOAD	
Reset	
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+HV	

積分型Pixel回路例	

VLOAD	
Reset	

RowSelect 

ColumnData 
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µ

Ω

Ω

Ω

Ω

Ω

Ω

MIM Capacitance       1 fF/µm2 

Gate                    8 fF/µm2 
Metal ~0.05 fF/µm2
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VDD

VSS

RowSelect 

Reset VLOAD 
ColumnData 

Pixel	Layout例	
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Pixel	Layout例	

電源リング	

R
ow

 A
ddress D

ecoder

Column Address Decoder
Bias



41

電源リング	

R
ow

 A
ddress D

ecoder

Column Address Decoder
Bias



42



ごご静静聴聴有有りり難難うう。。		

		

エエレレククトトロロニニククススははああららゆゆるる測測定定のの基基礎礎。。		

今今後後ささままざざままなな場場面面にに活活かかししてて下下ささいい。。		

		

不不明明なな点点はは  yyaassuuoo..aarraaii@@kkeekk..jjpp  へへ		


