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Introduc*on	

PixFEL:	advanced	instrumenta*on	for	X-ray	diffrac*on	imaging	

Poten*al	impact	

good efficiency from 1 
keV (optimized 
entrance window) up 
to 10 keV (450 um 
thickness) 

9 bit resolution 
(effective), 5 MHz 
sampling rate 

wide dynamic range (1 to 
10000 photons), single 
photon sensitivity 

1 kframe 
burst and 

continuous mode 
operation 

Advanced	interconnec*on	technologies	for	high	density	integra*on	
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Slim/ac*ve	edge	sensors	
for	minimum	dead	area	

104	dynamic	range,	5	MHz	sample	
rate	front-end	in	65	nm	CMOS	

Ampli	with	signal	
compression	 V-I	converter	 Time-variant	filter	 SAR	ADC	

dynamic signal 
compression 

fast time-variant 
processing and 
conversion 

single photon 
resolution 

Field	plate

Trench	edge

n/p	gap

n- substrate

p+n+

5	µm

minimize the gap between the sensor 
and the edge while avoiding leakage 
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104 photons at both 1keV and 12 keV 
Collection time < 30ns for both 300um and 450um thickness 
 at Vbias = 400V 

large bias voltage 
to mitigate plasma 

effect 
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LBNL thick, high ρ, fully depleted CCDs

• LBNL-developed thick CCDs provide excellent soft x-ray response
• Lack of field-free region provides excellent point spread functiontotal	gap:	

155	um	

<2%	dead	area	

thick substrate and 
thin entrance window 

for best collection 
efficiency  

FELs	provide	high	intensity	beam	of	ultrafast	X-rays	
•  energy	range:	100	eV	to	>10	keV	(λ	from								

10	nm	to	0.1	nm)	
•  pulse	dura6on:	femtoseconds	to	picoseconds	
•  repe66on	rate:	10	Hz	(con6nuous	mode)	to					

5	MHz	(burst	mode)	
•  peak	brightness	may	exceed																												

1033	ph	s-1	mm-2	mrad-1	

Novel	experimental	capabili6es	at	the	fron6er	of	
science	
•  structural	biology	
•  chemistry	
•  material	science	
•  atomic	and	molecular	science	
These	new	sources	are	driving	the	state	of	the	art	of	X-ray	
science	and	are	shaping	the	requirements	for	new	
instrumenta6on	

The	PixFEL	project	will	tackle	the	growing	need	for	new	and	advanced	instrumenta6on	able	to	take	advantage	of	the	
outstanding	features	of	FELs	at	different	levels	
•  the	availability	of	state-of-the	art	instrumenta6on	will	facilitate	progress	in	strategic	fields	of	life	science	and	

materials	science	and,	ul6mately,	in	key	sectors	like	health	care,	green	transporta6on	and	quality	of	life	
enhancement	

•  because	of	the	aggressive	specifica6ons	of	the	developed	sensors,	the	knowledge	gained	through	this	project	will	
also	benefit	other	fields	of	radia6on	instrumenta6on,	where	fast,	minimum	dead	area,	intelligent	pixel	sensors	are	
needed,	such	as	par6cle	trackers	in	high	energy	physics	experiments,	beam	monitors	for	hadrontherapy,	devices	
for	medical	radio-diagnos6c	systems	

•  the	program	is	expected	to	spawn	significant	advancements	in	microelectronic	circuit	design	for	imaging	sensors	-	
this	will	be	achieved	also	by	means	of	the	applica6on	of	state-of-the	art	interconnec6on	processes	and	pixel	
sensor	fabrica6on	technologies	to	scien6fic	instrumenta6on		

4 GR, 2.4 um junction depth, 300 nm thick oxide 


