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Introduction 

KEK (http://www.kek.jp)　Established in 1971. 

~2 km 

高エネルギー加速器を使

った素粒子・原子核・物

質の研究。

職員~700人 

高高エエネネルルギギーー物物理理学学研研究究所所  
àà  高高エエネネルルギギーー加加速速器器研研究究機機構構  

東海 

2008 
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加速器、周長

スイス 

フランス 

11998899  WWWWWW誕誕生生のの地地		
22001122  HHiiggggss粒粒子子発発見見  
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ATLAS @LHC (Large Hadron Collider) 

2008  

46m 25m 7,000ton 

>500 34  ~1,800
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TDC LSI 
(TMC304) 

PACE 
(Plasma energy Angle 

and Composition 
Experiment) 

10  

宇宙科学研 

10 
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>4Gbit DRAM	
>10 GIPS Processor	

~

~

? >64Gbit Flash Mem	
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Nobel Prize in Physics (2000), Jack Kilby,  
the invention of the integrated circuit. 

A transistor and other components on a slice of germanium,  
7/16-by-1/16-inches in size. (1958) 

First Integrated Circuit 
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First Planar IC (1959 R. Noyce) 
Fairchild Semiconductor 
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Historical FET 
Patent (1928) 

J. E. Lilienfeld 
 (Poland, 1882-1963) 

Transistor is built on a 
thin Si Film supported by 
an Insulating Substrate. 

Unfortunately, No Evidence that this device was build and worked. 



TIPP 2014, Amsterdam 

The beginning: 1960s 

1961 Fairchild 
4T5R flip-flop 

1962 RCA 
16T logic chip 

1965 Fairchild 
opamp 

Images: 
Computer history museum 

1958 Fairchild 
First planar transistor 

1968 Fairchild 
2kT SRAM chip 
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Instrumenta�on	

1960	Price	 1960	Adj	Price	 2015	Price	

Type	551	dual	beam		
30	Mc	scope	

2,600$	

Preamplifier	 400$	

Total	2	ch	scope	 3,400$	 21,620$	

TDS2001C	quad-ch	 ~1,000$	

A.	Marchioro	/	VCI	2016	 18	
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1971  

 10 um Process, 

 2300 Transistors, 

 741 kHz Clock Speed, 

 4bit CPU 

 3mm x 4mm 
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NTT CMOS 0.8 um 
Process 
5mmx 5.6mm 
~100,000 Transistors 
 
Designed by Y.Arai 
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https://blogs.synopsys.com/theeyeshaveit/2012/03/03/the-role-of-ip-in-more-moore-and-more-than-moore/

(More Moor)  
(More Than Moor)  
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LSI Foundry Services 

Multi Project Wafer 

Multi Project Wafer (MPW) Services: 

マスク代が高いので、多くのユーザーでひとつ
のマスクを共用する。	
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半導体プロセス 
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半導体プロセス（続き） 
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平坦化 CMP: Chemical Mechanical Polishing 
(

研磨溶剤と研磨パッドによりウ
エハが平坦かされる。 
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多層配線が可能になった！ 
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DRIE: Deep Reactive Ion Etching (Bosch Process, 1992) 
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InGrid:	a	radia�on	imaging	detector	

Standard CMOS 

SU-8 post 

Al electrode 

Im
ag

es
: N

ik
he

f 

TimePix 

Micro Electro 

Mechanical Systems) 
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Si Substrate 
(Handle Wafer) 

Si Substrate 
(Handle Wafer) 

Oxygen Ion Implantation 
120-200 keV, 4-20x1017 cm-2 

annealing 
3-6 hours 
~1300 ºC 

Si Overlayer 
Buried Oxide Layer 

SIMOX  
(Separation by Implanted　Oxygen) 
K. Izumi (NTT Japan, 1978) 

Si 1um
. 

Si
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SmartCut (1991 : Michel. Bruel of Leti(仏）) 
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Bulk CMOS vs. SOI CMOS 

In SOI, Each Device is 
completely isolated by  
Oxide. 
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From	Planar	FET	to	FinFET	(3D	FET)	

Conduc�ng	channels	on	three	sides	of	a	ver�cal	"fin"	structure,	providing	"fully	
depleted"	opera�on	-	introduced	in	late	'90s	

 	Combine	20nm-Planar	FETs	and	sub-20nm	
FinFETs	
 	55%	drop	in	power	dissipa�on	or	35%	boost	in	
speed	compared	to	28nm-Planar	

Planar	FET	 FinFET	(3D	FET)	



39

going	3D	
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MOS (Metal-Oxide-Si) Transistor Structure	

N-channel MOS (NMOS)	
Gate	

Source	
Drain	

Body (Substrate)	

Source	 Drain	

Gate	

Body (Substrate)	

PMOS	
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Inverter 

PMOS NMOS 

CMOS（ComplementaryMetal-Oxide-Silicon) 

In Out 

0 1 

1 0 
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MOS	Transistor	Characteristic	

 

Ids = β
Vgs −Vth( )

2

2

2乗	

指数	

 

β = µ ⋅Cox
W
L

$ 

% 
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' 

( 
)   - - -  Gain Factor

µ  - - -  Carrier mobility
           µn ≈ 3× µ p
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放射線とシリコンセンサー	

~3µm 

(~2 eV)

Si 

~ 1 電子 / 1 光子 

~50µm 

 

Si 
+ - 
+ 
+ 

- 
- - + 

~ 80 電子 / 1 µm 

+ - + - 

~300µm 

X (<20keV)

Si 

~ 3000 電子 / 10 keV 

+ 
- + 
- 

>300µm 

X  (>20keV), γ-ray

Si 

e-

+ 
- + 
- 

45 
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Photon Interaction

E0 
Eγ 

Ke 

E0 = Ke +Eγ

cosφ =1−mec
2 1
Eγ

−
1

Ke +Eγ

"

#
$$

%

&
''

Si

Compton	effect	is	dominant	at		
E	=	60	keV	~	10MeV	in	Si.	
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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�
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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 

50 
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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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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 
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電源リング	

R
ow

 A
ddress D

ecoder 

Column Address Decoder 
Bias 
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