
Anatomy	of	a	CCD	pixel	
•  Coa1ngs	to	minimize	reflec1on	off	outer	surface	
•  Can	operate	upside	down	(backside	illumina.on)	if	the	

CCD	is	thinned	
•  Generally	more	expensive	
•  Higher	QE	because	no	gate	structures	in	the	way	
•  Less	absorp1on	of	red	photons	(because	thinner)	
•  Poten1al	non-uniform	thickness	must	be	calibrated	

~300	μm	



Front-side	vs.	back-side	(thinned)	CCDs	

One	of	the	keys	to	HiRISE’s	excellent	S/N:	back-side	illumina.on	



2010	Frontside	QE	data	

Designing	HiSCI	



2010	Backside	QE	data	–	Morley’s	Model	

Designing	HiSCI	



Coa1ngs	can	boost	
blue/UV	absorp1vity	

Generally	a	phosphorescent	material	
that	“converts”	UV	photons	into	

detectable	longer-wavelength	photons	



Coa1ngs	can	boost	blue/UV	absorp1vity	



QE	also	depends	on	temperature	
(higher	T	à	higher	QE	…	but	also	higher	noise)	



QE	also	depends	on	temperature	
(higher	T	à	higher	QE	…	but	also	higher	noise	—	dark	current)	



CCDs	have	excep1onally	good	linearity…	



…un1l	you	approach	the	full	well	capacity	

…and	there	can	be	devia1ons	even	before	that	

HiRISE	is	14-bit,	so	A/D	satura1on	at	half	this	DN	



Devia1ons	from	CCD	linearity	
What’s	a	simple	way	to	check	your	CCD’s	linearity?	

	
Integrate	for	1	second,	2	seconds,	4	seconds,	…	

Note	500	ADU	for	
0	input	photons!	

		“Bias”	



Measuring	the	bias	
•  A/D	conversion	purposely	

includes	offset	(bias)	such	that	
0	e–	à	>0	DN	

•  Measure	the	bias	by	reading	
out	“image”	acquired	with	
integra1on	1me	of	0	seconds	



Bias	is	used	because	of	read	noise	
•  Amplifier,	A/D	converter,	electronics	don’t	give	perfectly	repeatable	results;	i.e.	the	same	

pixel	detec1ng	the	same	radiance	will	yield	distribu1on	of	DNs	varying	by	~	a	few	e–	

•  Bias	imposed	so	that	read	
noise	doesn’t	yield	DNs	<	0	



Dark	current	
	
•  Thermal	noise	
	

	
•  Can	vary	from	pixel	to	pixel	



Dark	current	

•  Negligible	when	cooled	to	near	
liquid	N	temperatures	(77	K)	

	



Also	need	to	account	for	varying	pixel	sensi1vity	



Flat	field	images	

•  Illuminate	detector	
uniformly,	preferably	with	
color	spectrum	similar	to	
what	you	actually	want	to	
image	

•  Note	dust	specs	on	detector	
surface,	and	“low	spa1al	
frequency”	varia1ons	

•  With	telescopes,	point	at	
dome	wall	or	white	screen;	
not	so	easy	with	instruments	
in	space…	



Bolom	line	of	image	processing	(“data	reduc1on”)	

•  Replace	“Bias”	with	“Dark”	if	not	at	extremely	low	temperature	
(dark	image	will	include	the	bias	anyway)	

	
•  “Flat	Field	Frame”	assumed	to	also	be	Bias/Dark-subtracted	
	



The	all-important	signal-to-noise	ra7o	

•  Es1mate	from	the	“CCD	Equa1on”:	

	

•  N*	=	photons	(or	equivalent	e–)	from	target	object(s)	
•  npix	=	#	of	pixels	
•  NS	=	photons/e–	from	“background”	(“empty”	sky	in	astronomy)	
•  ND	=	dark	current	
•  NR	=	read	noise	
	
Note	that	if	N*	>>	the	noise	terms,	then	S/N	~	√(N*)	
	
Increases	as	square	root	of	integra(on	(me:	


