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ILC	Vertex	detector	requirements�
•  Precise	determinaNon	of	parNcle	tracks	

–  BeQer	posiNon	resoluNon:	~3um	
•  Pixel	pitch:	~20x20um2	

–  Low	material	budget:	<	0.1%	X0/layer	
•  Sensor	thickness:	<	100um	Si	

	
•  Beam	bunch-train	structure	

–  Detector	occupancy:	<	2%	
–  Event	separaNon	during	bunch	

collisions	

•  RadiaNon	damage	
–  TID:		~1kGy	/	year	
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RepeNNon	rate:	200msec	

ILC	beam	structure�

~2600	bunches	(every	366nsec)	

Vertex	detector	geometry�
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RepeNNon	rate:	200msec	

ILC	beam	structure�

~2600	bunches	(every	366nsec)	

Vertex	detector	geometry�

Advantages	of	SOI	pixel	sensor	
•  No	mechanical	bump	bonding: 	Smaller	pixel	
•  Monolithic	detector:	 	 	 	Low	material	budget	
•  Standard	CMOS: 	 	 	 	Complex	funcNons	in	pixel	circuit	
•  Double	SOI: 	 	 	 	 	Tested	up	to	100kGy	

New	SOI	sensor	opNmized	for	ILC	Vertex	detector	system	
•  Storing	both	the	hit	posiNon	and	Nming	of	charged	parNcle	in	each	pixel	



SOI	sensor	for	ILC:	SOFIST�
•  SOI	sensor	for	Fine	measurement	of	Space	and	Time	
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SOFIST	pixel	architecture	�

ġ�

•  Implementa)on	area:	20x20μm2	
•  Storage	data	

•  Charge	signal		
•  Hit	posiNon	calculaNon	

from	charge	sharing		
•  Timing	informaNon	

•  MulN-store	buffers		
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Sensor	development�
•  Development	of		prototype	sensors	

–  Ver.1:		Pixel(Analog	signal	readout)ŕColumn-ADC	
•  Sensor	producNon	was	done.	EvaluaNon	is	ongoing		

–  Ver.2:		Pixel(Signal	detecNon,	Nme-stamp)	ŕZero	suppression	
•  Sensor	design	was	finished.	(→	Next	talk)	

–  Ver.3:		Pixel	integrated	both	analog	signal	readout	and	Nme	stamp.�
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Ver.2�

Ver.1�



SOFIST	Ver.1:	Chip,	pixel	circuit	�
•  Chip	size:	2.9x2.9	mm2ŕWafer:	Fz(N)	Single-SOI�
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SOFIST	Ver.1:	Pixel	layout	�
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•  Pixel	circuit	schemaNc	and	layout	
–  Pixel	size:20x20um	
–  Analog	buffer:	2	
–  Conversion	Gain:		

•  32uV/e	(=	0.12V/MIP	@50um)	
•  8uV/e	(=	0.17V/MIP	@300um)	
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•  Pixel	circuit	schemaNc	and	layout	
–  Pixel	size:20x20um	
–  Analog	buffer:	2	
–  Conversion	Gain:		

•  32uV/e	(=	0.12V/MIP	@50um)	
•  8uV/e	(=	0.17V/MIP	@300um)	

Analog	buffer	(100fF)�

Analog	buffer	(100fF)�

Pixel	layout�



Column	parallel	ADC�
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Column	ADC	circuit�

•  Input	range:	1V,	Output:	8bit,	ResoluNon:	1LSB=3.9mV	
•  Clock:	100MHz	
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Column	ADC	output		by	Test	pulse	input	
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Pixel	circuit:	Output	response�
•  Measurement	of	pixel	output	response		

–  Checking	source:	Sr-90	(β-ray)	
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SOFIST	Ver.1:	Image�
•  Image	data	of	the	Ver.1	chip	output.	(taken	by	Column-ADC)	

–  AccumulaNon:	100usec	
–  Checking	source:	Sr-90	(β-ray)�
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Track	by	β-ray�
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SOFIST	Ver.1:	Beam	test�
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•  Charged	parNcle	tracking	by	beam	test	
–  2016/06/22,23 	:	Tohoku	university	(ELPH)	
–  2016/12 	 	 	:	FermiLab	

SOFIST

FPIX
Pixel pitch: 8um

SVX4 (Strip detector)
Strip pitch: 50um

Beam



SOFIST	Ver.1:	Beam	test�
•  Hit	detecNon	of	positron	beam	(460MeV/C)	
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SOFIST	Ver.1:	Beam	test	(Tracking)�
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Preliminary�

Analyzed	by	D.Yamamoto,	Y.Sawada	(Osaka	Univ.)�



SOFIST	Ver.1:	Beam	test	(Tracking)�

2015/07/14� IHEP	Workshop� ĝĤ�

Preliminary�

Analyzed	by	D.Yamamoto,	Y.Sawada	(Osaka	Univ.)�



Summary�
•  SOFIST:	SOI	sensor	opNmized	for	ILC	vertex	detector	

–  SOFIST	stores	both	posiNon	and	Nming		in	20x20um	pixel.	

•  Development	of	SOFIST	Ver.1	chip	
–  Pixel	with	analog	signal	readout,	Column-ADC.	
–  Charged	parNcle	tracking	by	beam	test.	

•  SOFSIT1	evaluaNon	is	ongoing.	
–  Sensor	performance:	Pixel	gain,	noise	
–  Beam	test	at	Fermilab:	ParNcle	tracking,	PosiNon	resoluNon		

	

ĝĥ�2015/07/14� IHEP	Workshop�


