
The	all-important	signal-to-noise	ra-o	

•  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:	



Time	Delay	Integra1on	/	DriQ	Scanning	

•  Read	out	CCD	while	imaging	

•  Must	transfer	charge	at	exact	rate	of	target	mo1on	rela1ve	to	CCD	

•  Can	greatly	improve	integra1on	1me	(and	thus	S/N)	



Time	Delay	Integra1on	with	HiRISE	

dark	 bias	



HiRISE	flat	fielding	

•  Pre-launch	data,	onboard	
LEDs,	and	…	
	imaging	Mars	sideways!	



Frame	Transfer	or	Interline	CCDs	

Can	take	new	image	during	readout,	
but	“waste”	half	the	array	on	
shielded	(inac1ve)	pixels	



An1blooming	CCDs	

Devote	~30%	of	each	pixel	area	to	
“drain	gate”	for	excess	electrons	

rather	than	imaging	



Related	(non-CCD)	devices	

•  Complementary	Metal	Oxide	Semiconductor	(CMOS)	detector	arrays	
incorporate	extra	circuitry	into	each	pixel	
•  Each	pixel	produces	its	own	DN!	
•  Can	do	addi;onal	signal	processing	on	the	chip	
•  Reduced	QE	(~20%)	
•  Increasingly	popular	commercially	(e.g.,	iPhone	camera)	

•  Superconduc1ng	Tunnel	Junc1on	(STJ)	devices	generate	mul1ple	
electrons	from	each	incident	photon	
•  #	is	propor;onal	to	photon	energy	à	instant	spectra!	
•  CCDs	do	this	with	X-ray	photons;	STJs	can	do	it	with	UV/visible/IR	



Water vibrations: ice vs. hydrated minerals 
McCord et al. (1998) 

A – D are Europa, 
 
E is Ganymede, 
 
F is model ice spectrum 
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Europa spectral variations 



Hydrated	salt	spectra	

Wray et al. (2011) 

Essen;ally	all	features	due	to	H2O/OH	vibra;ons	


