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Agenda	

•  Internal	Panel	Display	Revenue	growth		
•  Technology	Progression	
•  Challenges	
•  Opportuni7es	:	Value	in	solving	the	Challenges	
•  IoT	Devices	:	What	those	displays	will	need	

•  Looking	ahead	into	2016,	2017,	…	

Warning	:	LCD-centric	content	ahead,	your	mileage	may	vary	
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•  Revenue*	
>$100	billion	
– 2012	:	>$15bil	loss	
– 2014	:	Break	Even	

•  Japan	LCD	makers	
losing	share,	China	
gaining	faster	

	

(*Source	:	DisplaySearch	Industry	Report	2013)	 >10yr	Foundry	Investments	!	Intensely	compe77ve	
50~75%	of	LCD	Cost	=	Deprecia7on*		

Panel Industry Revenue 

©	2015,	David	WyaB	 All	Rights	Reserved	 3	



What	do	“Billion	Dollar”	LCD	Fab’s	look	like	?	

•  Let’s	pick	two	orthogonal	examples	:	Sharp,	BoE	
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Sharp	
Kameyama	Fab	
(Mei	Prefecture)	
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Imagine	
You	are	Here	



Sharp	Kameyama		
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Speck	=	Car	



BoE	LCD	Fabs	
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BoE	#7	HeFei	(Gen8)	

BoE	#4	BeiJing	
(Gen4-5)	



China	is	inves7ng	in	yet	more	TFT	Fabs	…	
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April	2015	:	“BOE	to	splash	RMB	70	billion	(~$10bil)	on	new	display	fabs”	
“planned	to	build	a	new	10.5	TFT-LCD	fab	in	Hefei,	Anhui	and	an	8.5G	fab	for	the	produc7on	of	new	
type	of	displays”	



Panel Industry Growth 

Source : NPD DisplaySearch 2014 

Internal  
Panel 

Monitor, TV 
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Display Technology has changed	
•  CRT 50/60Hz Screen Refresh 

– 1920’s Technology 

•  TFT = Charge-Hold Device 
– 2~7 transistors per pixel 
– Used for LCD, OLED, MEMS, eInk… 
– DRAM-like storage capacitor Cs 
– No phosphor 

! 
Realiza7on	:	Not	driving	a	CRT,	so	why	do	Fixed	60Hz	Refresh	?	!	sDRRS	&	G-SYNC	

CS 
CS 

©	2015,	David	WyaB	 All	Rights	Reserved	 10	



Display Technologies : TFT is the Medium  

•  Key	Technologies	:	IGZO,	LTPS,	Blue-Phase,	Polymer	…		
•  OLED	&	LCD	Resolu7on	driving	TFT	transistor	count	on	the	Glass	

CRT	50~120Hz	 Incumbent	Technology	

TFT	1st	Gen	60~40Hz	
Compa7bility	Phase	

TFT	2nd	~	4th	Gen	80~20Hz	 Disrup7ve	Phase	

TFT	future	>120Hz	~	<1Hz	

Plasma	50~240Hz	

1920’s	
2010	E.O.L	

You are here 

2014		E.O.L	1950’s	
1980’s	

2000’s	
2010’s	
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TFT	Dynamics	:	SmartPhone	Pixels	/	Transistors	
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PentiumPro: 5m ‘95 
AMD K6: 9m ‘97 16x10 

38x21 

19x10 

28x18 32x18 
Pentium4: 42m ‘00 

AMD K7: 22m ‘99 

Moore’s Law (CPU) 
~2xTrans / 2yrs 

4K, 5K 
10bpc ? 

TFT	on	Glass	:	growing	faster	than	Moore’s	Law	

8x in 5yrs	

10x in 4yrs	

Toshiba 4K 



LCD by Memory bit 

•  LCD	growing	twice	as	fast	as	DRAM,	in	Memory	Density,	based	on	JEDEC	roadmap	
•  Combina7on	of	resolu7on,	color	depth,	sub-pixels,	T/C	cell	

2Gb (2012) 

8Gb (2017) 

~4x	

4Gb (2014) 
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G
ate D

rivers 

16x10 

38x21 
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TCON 

TCON	is	the	new	MCH	“Memory	Controller	Hub”	for	Pixels	

Pixel/Memory Array 

19x10 

MBit	

©	2015,	David	WyaB	 All	Rights	Reserved	 14	



SID	Display	Week	–	the	revolu7on	is	
happening,	right	in	front	of	us	
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Logic	on	TFT	Glass	=	Revolu7onary	IoT	Enabler	

JDI	:	RGBW	Reflec7ve,	SRAM	Memory-In-Pixel,	
0.000130/160	W	

Sharp:	Source/Gate	Driver-On-
Glass	

Sharp	:	Reflec7ve,	SRAM	Memory-
In-Pixel,	0.000010/16	W	
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Sharp:	Zero-Bezel	Round	LCD	 Source	Drivers	IC’s	

G
ate	D

rivers	IC
’s	

Old	Tech	:	Panel	restricted	to	Rect	Bezel	

Source	Drivers	IC’s	

G
ate	D

rivers	circuits	
constructed	from

	TFT		

New	GeneraOon:	Panel	is	Any	Shape	

TFT	Matrix	

TFT	Matrix	



But	wait	a	minute	…	
•  Rapid	growth	in	Transistor	gate	count	&	dynamic	Random	
Access	Memory,	when	was	the	last	7me	that	occurred	…	?	
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Microprocessor,	Intel	4004	 Dynamic	RAM,	Intel	1103	

1971	:	“Announcing	a	new	era	in	integrated	electronics”	



Recap : Internal/Embedded Panel  

Source Driver 
IC 
 

CoG or CoF 

Timing Controller : TCON 
< 10x5 mm (VESA) CoG or CoF Drivers 

TCON + Drivers  
Single Chip : “DDIC” 
Chip-on-Glass (CoG) 

Backlight & Power 

Backlight & 
Power 

Hybrid, Notebook, All-in-One 

LCD Panel Gate Driver IC 

Tablet, Smartphone 
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	What	is	a	TCON	?	hBp://www.apple.com/imac-with-re7na	(TCON	at	offset	1:00min)	



TCON Progression 

•  TCONs	have	lagged	other	Semiconductors	due	to	Driver/Glass	signaling	
–  Required	older	Analog-friendly	Si	processes	

•  But	every	Year	:	Vendors	!	2x	Gate	count	increase,	plenty	of	Process	runway	

TCON	Vendors	add	digital	value,	closer	to	the	“Glass”	
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+??? (more “Whitespace”) 

eDP 1.3 HBR2 
DSI1.2 1.5Gbps   

LVDS/DSI  

eDP1.2 HBR 
DSI1.1 1Gps 

eDP 1.4 HBR3 

TCON Technology 
Vs Gate Count 

2011 2012 2013 2014 2015 

500K 

1M 

2.5M 

5M 

TCON 
Gate 

Count 

90~65nm	

55nm	

45nm	

110~130nm	

2015 
2.5M Gates 

>2x	Gates	 >2x	Gates	

2016 

2013 
1.2M Gates 

Opportunity 



Step Back – Recap of Normal LCD Stack 

+30~40%	 58~75%	
Loss	

10~50%	
Loss	

5~50%	
Loss	

8~25%	
Loss	

5~10%	
Loss	

Optical 
(DBEF gain: x1.3~1.5)  Optical loss Optical loss 

Visible	Out	
	=	3~8%	of	B	

Light	In		
=	B	

TFT Aperture Ratio  

Aperture Ratio: Opaque TFT+Cap  
Vs Transmissive area  

Power savings: 
LTPS = 25% 
IGZO = 40% 
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By	Weight,	By	Power	–	most	important	is	…	

Source	:	hBp://www.apple.com/environment/reports/	
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iPad	BOM	Cost	Analysis	–	Value	of	Display	IP	

Component	 EsOmate	

Display	9.7”	2048x1536	(Sharp	IGZO)	 $77	

Touchscreen	 $38	

64GB	Flash,	2GB	DRAM	 $45	

Processor	A8X	 $22	

BaBery	27.6WHr		 $15	

Cameras	8MP+1.2MP	 $11	

Audio,	Sensors,	Power,	WiFi/GPS,	Misc	 $35	

Enclosure,	PCB’s,	Cables	 $42	

Assembly	&	Test	 $5	

BOM	Cost	 $290	

MSRP	64GB	WiFi	no-3G	 $599	

Thickness	 6.1mm	

Weight	 437g	

Source	:	IHS	Technology	&	iSuppli	reports	

Component	 EsOmate	

Display	9.7”	2048x1536	(LG	A-Si	IPS)	 $87	

Touchscreen	 $40	

64GB	Flash,	2GB	DRAM	 $67	

Processor	A5X	 $23	

BaBery	32.9WHr		 $32	

Cameras	8MP+1.2MP	 $12	

Audio,	…	etc	 $35	

Enclosure,	PCB’s,	Cables	 $42	

Assembly	&	Test	 $5	

BOM	Cost	 $343	

MSRP	64GB	WiFi	no-3G	 $599	

Thickness	 7.1mm	

Weight	 650g	

Component	 EsOmate	

Display	9.7”	1024x768	IPS	 $57	

Touchscreen	 $40	

32GB	Flash,	2GB	DRAM	 $67	

Processor	A5	 $14	

BaBery	43WHr		 $23	

Cameras	4MP+1.2MP	 $12	

Audio,	…	etc	 $35	

Enclosure,	PCB’s,	Cables	 $42	

Assembly	&	Test	 $5	

BOM	Cost	 $295	

MSRP	32GB	WiFi	No-3G	 $599	

Thickness	 13.4mm	

Weight	 680g	

iPad	2	Air	iPad	Re7na	(4th	gen)	iPad	2	(2nd	gen)	
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Wow	!	

Cost	of	Re5na	L	

Display	IP	=>	Thinner,	cheaper,	lighter,	faster	



Conclusion	

•  Solving	mobile	playorm	challenges	with	TFT	Display	
Technology	improvements	(e.g.	IGZO)	enabled:		
– Playorm	paradigm	shiz	

– Enhanced	usability	
– BOM	cost	&	profitability	improvements	
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Looking	1yr	ahead	
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2016	:	The	new	wave	of	UHD	Content/Displays	

The	Hollywood	Reporter:	“previously	reported	…	both	Star	
Wars:	The	Force	Awakens	and	Kosiniski’s	upcoming	Tron	
sequel	will	be	released	in	Dolby	Vision”	

CinemaCon	:	Launched	April	23rd	2015	
DC	Cinema	Today:	“Dolby	Showcases	End-to-End	Innova5on	for	Cinema”	
“Dolby	Impresses	CinemaCon	with	1,000,000:1	HDR”		

BD-UHD	Launch	:	Sep’2015	(Samsung	IFA,	Berlin)	
TV’s	&	Players	:	Xmas’15	~	CES’16	

Amazon	hBp://www.digitaltrends.com/home-theater/amazon-will-bring-hdr-this-
year-transparent-bosch/	

Neylix	hBp://www.wired.com/2015/03/neylix-will-remake-image-tv/	

hBp://www.extremetech.com/extreme/213396-samsung-launches-first-the-worlds-first-4k-blu-ray-player	
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Technicolor	June	2014	:	…	plays	back	on	legacy	SDR	TVs	and	new	HDR	
TVs	coming	to	market.	



4K who cares ? Pixels Per Inch maxed out ? 
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Intel	IDF	2013	



“UHD”	:	not	just	4K	
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“UHD” Content = HDR Localized Highlights 

•  HDR requirement : 10% localized highlight 750~1000nits 
•  Background max : 400 nits 
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“UHD” Content = Color Gamut Advancement 
•  Today : sRGB (~72% NTSC)  

–  Portable devices mostly LCD (60~72%) 
–  Internet & HD content 

•  First step : DCI-P3 (~110% NTSC) 
–  Movie camera, content, cinema 
–  Backwards/forward compatible 

•  Longer Goal : BT2020 (~150% NTSC) 
–  “Superset” container 
–  Fully contains DCI-P3  
–  Fully contains NTSC / sRGB 

630	

532		

467	

540		

615	

DCI-P3	

sRGB	
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“UHD” Content = 10x Bandwidth & Power 
•  BluRay (FHD) ! BluRayUHD (4K)  

–  More Pixels (4x) 
–  30 ! 60fps (2x)  
–  18/24bit ! 30/36 bit per pixel (1.25~1.5x)  
!10~12x Bandwidth (20x for 4K-Stereo3D) 
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•  Reminder : Power = VIL + akV2F  
–  So if F(frequency) or a(activity) = 4x increase, Power increase = Linear 
–  But higher F also requires higher Voltage = Cubic increase in power 

Opportunity : Efficiency improvements	



Today’s	Portable	Display	Experience	

Frame	
Rate	24	

30	

Contrast		
Ra7o	

Color	
Gamut		

Color	
Precision	

(bits	per	pixel)	

BT.2020	

DCI-P3	

NTSC	

60~72%	sRGB	

10	 8	12	 6	FP	
16	

500:1	
1000:1	

50000:1	

Resolu7on	

FHD	

QHD	

4K/UHD	

8K/SUHD	

1500:1	

330	nits	

750	nits	

1000	nits	

500	nits	

60	 120	48	

Dynamic	
Range	
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2016	“UHD”	Display	Experience	

Frame	
Rate	24	

Contrast		
Ra7o	

Color	
Gamut		

BT.2020	

DCI-P3	

NTSC	

72%	sRGB	

10	 8	12	 6	FP	
16	

500:1	

1000:1	

50000:1	
Resolu7on	

FHD	

QHD	

4K/UHD	

8K/SUHD	
1500:1	

300	nits	

750	nits	

1000	nits	

500	nits	

60	 120	48	

Dynamic	
Range	
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Color	
Precision	

(bits	per	pixel)	



LCD	Recap	–	White	LED	Backlight		
Excita7on	

Emission	

λ 800nm	

X	 =	

440~460nm	 λ 800nm	560nm	440~460nm	560nm	

+	 =	
YAG	-	Phosphor	Blue	LED		 (dirty)	White	LED	

(dirty)	White	LED	 LCD	Color	Filter	(CF60)		 LCD	Color	Display	

R	G	B	

Transmissi7vity	Intensity	
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Color Filter Efficiency 

50%	 60%	 70%	 80%	 90%	 100%	
0.2	

0.3	

0.4	

0.5	

0.6	

0.7	

0.8	

0.9	

1.0	

110%	120%	130%	140%	150%	

CF90	

CF72	

%	NTSC	

Rela5ve	Luminosity	 90% NTSC : White LED   
110% NTSC : Blue LED + QD 
(Nanosys proposal)  

Match	Original	Brightness	+	Wide	Gamut	è	2x	Backlight	

2x	
Backlight	
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“Wide	Gamut”	LED		

X	 =	

RG-Phosphor	LED	 Narrow	Color	Filter	(CF90)		 Wider	Color	Gamut	

R	G	B	

532nm	447nm	 635nm	

Thicker/AbsorpOve	Color	Filter		

Example	:	Nichia	NS2W266F-HG	

Total	Backlight	Power	Increase	:	1.8~2.4x	

100%	

Wasted	Energy	

Transmission	Intensity	

~25~50%	
-15~30%	
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Example	9.7”	Re7na	Tablet	
LGD	LP097QX1	$87	 Today	:	Max	440	cd/m2	 HDR-Only:	750	cd/m2	 10%	750	cd/m2	+	90%	400	@	P3	

Contrast	Ra7o	 1000:1	 1000:1	 >50,000:1	(Regional	Backlight)	

Color	Space	(%	NTSC)	 94.4%	 94%	 110%	

#LEDs	(3.0mm	x	0.4)	 2x	42pcs	=	84pcs	
49pcs	(4.2mm)	

143	pcs	(1.7x)	
83pcs	(4.2mm)	

184pcs	(2.2x)	
108pcs	(4.2mm)	

LED	BOM	Cost	 $13.27	 $22.60	(+$9.33)	 $29.20	(+$16.64)	

Backlight	Bar	 2	S-edge	(49pcs	@3m)	✓	 2	S-edge	(35pcs	@4m)	✗	
2	L-edge	(46pcs	@4m)	✓	

2	L-edge	(46pcs	@4m)	✗
2L	+	2S	(162pcs	@4m)	✓ (4	edges	!)	

B/L	Power	(max)	 4.4W	 8.9W*	 11.6W*	

BaBery	Life		
(Video,	42.5WHr)	

400nits	5.57Hrs	
200nits	10	Hrs	4.25	

4.08	Hrs	 3.22	Hrs	

BaBery	Cost	(10Hrs)	 $31	 $72	(+$41)	 $91	(+$43)	

Total	BOM	Cost	Adder	 ~	 >$50	 >$60	

NB	:	IGZO	25~30%	more	efficient,	only	2	edge	backlight	©	2015,	David	WyaB	 All	Rights	Reserved	 36	



Quantum	Dot	

λ 
380nm	 780nm	

I 

X	 =	

Blue	LED	

Thin/Wide	Color	Filter	(CF72)		 Ultra	Wide	Color	Gamut	

Green	QD	 Red	QD	

Blue	LED	+	Quantum	Dot	Film	

Wasted	energy	minimized	=	+20~30%	Efficiency	Improvement	…		
…	but	:	$$$	Cost,	Thickness,	Thermal/O2	Stability,	Heavy	Metals	:	Cd	

100%	

FWHM	:	35~25nm	 FWHM	:	35~25nm	 FWHM	:	35~25nm	
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Conclusion	
•  Tsunami	of	UHD	content	in	2016	

– UHD	not	just	about	4K:	More	Pixels,	it’s	about	HDR/WCG:	BeBer	Pixels		

•  Compelling	experience,	very-high	WAF*	for	new	product	sales	
– We’re	all	going	to	want	to	see	this	on	Mobile/Portable	Playorms	

– LCD	technology	needs	revolu7onary	improvements	to	get	there	

•  Opportuni7es	:		
– Brightness,	Wider	Color	Gamut,	Color	Depth,	Bandwidth,	Power	
– Revolu7onizing	the	Light	source	itself	
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*	-	“Wife	Acceptance	Factor”	



Looking	>1yrs	ahead	
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8K	–	Super	Vision	

•  Goal	:	Broadcast	2020	Olympics	in	8K	
•  NHK	&	Government	

•  BT2020	Color	Space	
•  HDR		
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Live	color	grading	in	8K,	Astrodesign	Tokyo	



What	PPI/Res	Limit	?	
•  OLED	8K	13.3”	

– SID	San	Diego	2014	
•  Challenges	:	

– OLED:	power	distribu7on	across	TFT	
matrix	

•  Voltage	droop	
– LCD	:	Aperture	ra7o	

•  TFT	storage	cap	size	based	on	leakage	
•  How	can	LCD	keep	up	with	OLED	?	

–  Remove	Storage	Cap	?	

LCD	Aperture	Ra7o	Example		
Mask	&	Opaque	Storage	Cap	vs	Transmission		

4K	:	~30%	loss	

8K	:	~80%	loss	

13.3”	8K	
OLED		
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4K,	8K	too	much	?	…	along	comes	VR	
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Ideal Head Mounted VR Display (SOL) 
•  20/20	human	acuity	:	~60	CPD*	(cycles	per	degree)	at	fovea	

•  Apply	Nyquist	rule	:	1	Pixel	=	2x	cycles	
•  Human	field	of	view:	about	170°	×	135°	

–  10,200	×	8,100	cycles	per	eye	
!Or	a	single	Display	Panel	of	40K	x	16K	pixels	
	

•  Independent	of	panel	size	or	PPI	
–  5-7”	for	prac7cal	reasons	
(bulk,	weight)	

*Michael	Deering,	2nd	Int’l	Immersive	Projec5on	Tech	Wkshp,	1998	
*Barten,	Peter	G,	Contrast	Sensi7vity	of	the	Human	Eye	

135~170°	

60cpd	

Display	Panel	
Fish	Eye	
Lens	
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Ideal Head Mounted VR Display (SOL)	

•  Has	a	Color	Gamut	equal	to	CIE	1931	color	gamut	
– BT.2020	only	surface	colors,	doesn’t	cover	radiated	e.g.	Neon	signs		
– Matches	exactly	what	your	eye	will	see	“crossing	the	uncanny	valley”	

•  Has	a	High-Dynamic	Range	of	1014:1	
– Human	vision	spans	from	10-6	nits	to	108	nits	(not	incl.	looking	at	Sun)	
– However:	enclosure	allows	opera7ng	at	a	frac7on	of	this	range	

•  Should	operate	at	same	brightness	as	indoors/daylight		
– Avoid	the	azer-shock	of	removing	VR	headset	
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Disruptive Technologies 
VR	/	HMD	(SOL)	

40Kx16K  
5.5~8” Screen 

Light	Field	?	

Sharp LCD, Nov’14 	
hBp://www.ubergizmo.com/2014/11/sharp-unveils-4-1-inch-igzo-display-with-700-ppi/	

Nov’14	700ppi	4.1”	QHD	
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Looking	ahead	>1yrs	IoT	
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IoT	Digital	Signage	–	Everywhere	
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LED	Signage	everywhere	-	Power	Consump7on	?	
Time	for	:	Electrowe�ng,	eInk,	Reflec7ve-LCD	



Power	MaBers	for	Portable	/	IoT	Devices	

•  It	drives	Usability,	BaBery,	Weight,	Form-factor,	Cost	

•  Green-tech	is	not	just	a	fashion	
– Now	a	voter	&	lobbyist	magnet	
!Enter	the	regulators,	lawyers	
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California	Energy	Commission	

•  36mil	Personal	Computers	(PC’s)	in	California		
–  9.6m	Desktop,	3.6m	AIO	Desktop	&	23m	Notebooks	

•  Current	statewide	PC	compu7ng	energy	use	in	2013	

		is	between	4-7	TWH	=	city	of	Los	Angeles!	
•  CEC	targe7ng	wasted	energy	
•  Proposal	to	reduce	PC	energy,	takes	effect	Jan’17	&	Jan’18	

hBp://www.energy.ca.gov/appliances/2014-AAER-2/prerulemaking/	
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Case	Example	:	Tokyo	Central	Sta7on	

•  Tokyo	Central	upgraded	
walkways	to	LCD	Based	
digital	signage		

•  JR	had	to	install	addi7onal	
sub-sta7on	&	transformer	to	
handle	the	load	

•  Cost	overrun	:	$Millions	

©	2015,	David	WyaB	 All	Rights	Reserved	 50	



Personal	IoT	Example	–	Display	MaBers	
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©BenGuild	hBp://benguild.com/2015/06/06/low-baBery-for-ios-apple-watch/	

LCD	=	7~10	days	

OLED	=	1	day	

There’s	an	App	for	that	



IoT	:	Close	&	Personal	
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COIN	

PLASTC	 Card+	

0.8mm	thick	
BaBery-life	in	months/years	



Challenges	Recap	
•  UHD	

– Spectral	Purity,	Color,	Brightness,	Power,	Cost,	Bandwidth		
•  LCD	+	4K	/	8K		

– Backlight	Source	:	>2x	Brightness,	>4x	Color	Gamut	

– Color	Filter	&	Aperture	Ra7o	Transmissi7vity	
– Power,	Brightness	challenges	for	Mobile/Handheld	Playorms	

•  IoT		
– Power,	color,	thinness,	flexibility,	weight,	daylight	viewing	
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Opportuni7es	–	what	is	needed	is	…	
•  BeBer	quality	light	source	(other	than	Blue	+	Yellow	=	dirty-white)	
•  More	efficient	LCD	op7cal	stack	(than	absorp7on	polarizers)	
•  More	efficient	Color	Filtering	(than	lossy	absorp7on	filter)	

•  Higher	Dynamic	Range	(SMPTE:2084	10bit	+	PQ,	12bit,	16bit	Float)	
•  Wide	color	depth	10bpc	(more	than	8bits	per	component)	
•  Localized	highlight	control	(edge-lit	regional	backlight)	
•  More-efficient	Sub-Pixels	:	RGBY	(Sharp),	RGBC	(AuO),	…	?	
•  Smarter,	lower-power,	more-colorful	displays		

– Memory	&	Transistor	Circuits	in	Pixel	
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Summary	

•  Displays	Everywhere	
•  Growth	in	Pixels	unstoppable,	and	BeBer	Pixels	are	coming	

•  2016	=	UHD	Tsunami,	consumer	demand	for	UHD	portable	displays	

•  Brightness	&	Color	maBer,	so	does	Power		

•  Solving	these	challenges	is	valuable	and	enables	IoT	usage	models	

•  TFT	Everywhere	:	TCON	=	MCH	?	LCD	Foundries	=	the	next	Intel(s)	?	
– Moore’s	Law	was	the	founda7on	of	many	Business	Models		
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Backup	
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TFT Backplane (OLED/LCD) 
A-Si	
Amorphous	Si	

LTPS	
Low-Temp	Poly	Si	

IGZO		
Oxide	

Electron	Mobility	(higher=beBer)	 Ok	(<1	cm2/V-sec))	 Best	(>100)	 BeBer	(>10cm2/V-sec)	

Off	Leakage	Current	(lower=beBer)	 Ok	(10-12)	 BeBer	(10-14)	 Best	(10-15)	

Deposi7on	Process	(lower=beBer)	 350°C	 600°C	 Room	Temp	

Process	Complexity	 Low	(4~5	steps)	 High	(5~11	steps)	 Low	(5~7	steps)	

Pixel	Complexity	 High	(4T/5T	+	1/2C)	 High	(5T	+	2C)	 Lo/Hi	(2/6T+1/2C)	

Process	Scalability	 Gen10	(2.8mx3.1m)	 Gen5	(1.1mx1.2m)	 Gen10	(2.8mx3.1m)	

Mura	(Uniformity)	 Good	 Ok	:	Inter-column	 Ok	:	Regional	

Driver	Integra7on	(cost/low	profile)	 Par7al	 Yes	 Yes	

Prac7cal	DPI	(backlight,	power,	speed)	 <300ppi	 >500ppi	 >500ppi	

Prac7cal	High	Ref	(w/o	overdrive)	 <80Hz	 <120Hz	 >80Hz	

Prac7cal	Low	Ref	(w/o	flicker)	 >45Hz	 >30Hz	 >20Hz	

Prac7cal	Applica7on	 Under	300ppi	 Panels	≤10”	 Panels	≥7”	

Claimed	:	Simplest.	
Cheapest	

Best	Low	
Refresh	Range	

Best	High	
Refresh	Range	
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iPhone	BOM	Cost	
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iPad	BOM	
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LED	Efficiency	–	Nichia	case	example	
Flux	 Intensity	 Efficiency	 Size	 Example	 Est.	Cost	

Standard	W-LED	 ~8	lm	 ~2.5	cd	 110~135	lm/W	 3.0x0.85x0.4	 NSSW306-F	 $0.132	

Single	RG-LED	 ~6.8	lm	 ~2.3	cd	 110~120	lm/W	 3.0x0.85x0.4	 NSSW306-F	

Double	W-LED	 16.4	lm	 4.5	cd	 125~155	lm/W	 4.2x1.0x0.6	 NSSW266-F	 $0.268	

Double	RG-LED	 14.5	lm	 4.5	cd	 120~145	lm/W	 4.2x1.0x0.6	 NSSW266-F	

Standard	W-LED	 ~9.5	lm	 ~2.8	cd	 140~165	lm/W	 3.0x0.85x0.6	 NSSW306-F	 $0.158	

Single	RG-LED	 ~8.1	lm	 ~2.7	cd	 140~	lm/W	 3.0x0.85x0.6	 NSSW306-HG	

Source	:	hBp://www.nichia.co.jp/en/product/led_search.html?op=cond=applica7on=%27LCD%20Backligh7ng%27	
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Nanosys	QD	Proposal	
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hBps://www.nanosysinc.com/s/high-efficiency-lcds-using-quantum-dot-films.pdf	


