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SPOTs: Scalable Reflective Optical Communication for Microscopic 
Electronics	
A	new	optical	communication	architecture	enabled	by	an	electrochromic	polymer	coating	
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New Capability	
SPOTs	(Submillimeter	Polymer	Optical	Transmitters)	enable	microscopic	electronic	devices	
to	wirelessly	communicate	by	modulating	reflected	light	instead	of	relying	on	conventional	
antennas,	LEDs,	or	lasers.	Their	ultra-small	size	(small	enough	to	fit	on	the	ridge	of	a	
fingerprint),	compatibility	with	standard	semiconductor	manufacturing,	and	low-voltage	
operation	make	wireless	communication	practical	for	devices	that	were	previously	too	
small	or	power	constrained.	

Brief Description	
SPOTs	(Submillimeter	Polymer	Optical	Transmitters)	are	a	new	optical	communication	
architecture	that	enables	microscopic	electronic	devices	to	transmit	information	by	
modulating	reflected	light.	An	ultra-thin	electrochromic	polymer	integrated	onto	standard	
microchips	provides	a	scalable	alternative	to	conventional	microscale	communication	
systems.	

Problem	
As	electronics	shrink	to	microscopic	dimensions	(sub-mm),	communication	becomes	a	
critical	bottleneck.	Existing	approaches	often	require	relatively	large	footprints,	specialized	
fabrication,	or	higher	operating	voltages,	making	them	difficult	to	integrate	into	the	smallest	
devices.	

Solution	
SPOTs	communicate	by	modulating	reflected	light	rather	than	generating	light.	The	
technology	is	optimized	for	microscopic	devices	where	conventional	antennas,	LEDs,	and	
lasers	are	impractical.	It	integrates	with	standard	semiconductor	fabrication,	operates	at	
low	voltage,	and	enables	wireless	communication	for	devices	previously	too	small	or	power	
constrained.	

Technology	



SPOTs	consist	of	a	thin	PEDOT:PSS	electrochromic	polymer	deposited	on	a	reflective	
electrode.	Small	voltage	changes	alter	the	reflected	light	intensity,	allowing	an	external	
detector	to	read	digital	information	transmitted	wirelessly.	

Key Capabilities	
•	Extremely	small	communication	element	
•	Semiconductor-compatible	fabrication	
•	Low-voltage	operation	(<±1	V)	
•	Wireless	optical	communication	approaching	10	kHz	
•	Billion-cycle	durability	
•	Operation	in	biologically	relevant	environments	
•	Potential	for	high-volume,	low-cost	manufacturing	

Y-Prize Challenge	
The	inventors	developed	SPOTs	to	overcome	one	of	the	biggest	barriers	in	microscopic	
electronics:	enabling	wireless	communication	from	devices	too	small	for	conventional	
hardware.	Your	challenge	is	to	identify	a	compelling	commercialization	opportunity	for	this	
capability	by	proposing	a	product,	customer	segment,	market,	business	model,	or	go-to-
market	strategy.	

Commercialization Considerations	
Think	beyond	the	inventors'	initial	applications.	Because	SPOTs	could	potentially	be	
manufactured	for	less	than	one	cent	per	communication	element	at	scale,	entirely	new	
products	and	business	models	may	become	economically	viable.	Focus	on	markets	where	
extreme	miniaturization	and	very	low	cost	create	a	meaningful	advantage.	

Current Technical Considerations	
SPOTs	are	designed	specifically	for	microscopic,	underwater	electronic	systems.	They	are	
not	intended	to	replace	conventional	communication	technologies	at	larger	length	scales,	
where	existing	wireless	solutions	generally	perform	better.	The	technology	prioritizes	
miniaturization,	manufacturability,	and	integration	over	maximum	bandwidth;	future	work	
is	expected	to	improve	performance	while	preserving	these	advantages.	

Stage of Development	
Proof	of	Concept	
•	Integrated	with	semiconductor	microchips	
•	Wireless	optical	communication	demonstrated	in	laboratory	settings	

The	purpose	of	this	brief	is	to	introduce	the	technology	and	inspire	exploration	of	new	
applications	and	commercialization	opportunities.	The	descriptions	are	intended	to	provide	
sufficient	background	for	opportunity	discovery	and	are	not	comprehensive	technical	
specifications.	You	are	encouraged	to	attend	the	Tech	Briefing	session	and	reach	out	to	Profs.	
Miskin	and	Campbell	to	clarify	any	additional	technical	questions.	


