
W&Wsens	Devices	Inc.
Time-of-Flight	Solutions	For	The	Next	Generation	

www.wwsensdevices.com
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Single	Chip
27	Issued	&	Published	Patents
100+	Provisional	Filings
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•Hermetic	package
•Wire	bonding	–high	parasitics	
•Require	testing	due	to	low	yield		

Assembly	&	Testing

Package	

Components

•Hermetic	package	required		

•Detector	
array	

Cost	Reduction	with	Monolithic	Integration	

•Timing	circuits
•Readout	circuits	

Assembly	&	Testing

üNon-hermetic	assembly
üChip	bump
üHigh	yield	–spot	testing	

Package	

üCheap	plastic	
üNon	–hermetic	package	

Components
üSingle	hermetic	Si	chip	monolithic	PD	/	
APD	/	SPAD	array,	with	timing	/	readout	IC

Current	Time-of-flight	receiver
III-V	photodetector	/	thick	Si	APD

W&W	single	chip	ToFreceiverCo
st
	($
)
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W&Wsens	Devices	Inc.	IP	Portfolio

4

United	States	Issued	Patents:	
1. US	9,496,435	B2	–Date	issued:	Nov.	15,	2016
2. US	9,525,084	B2	–Date	issued:	Dec.	20,	2016
3. US	9,530,905	B2	–Date	issued:	Dec.	27,	2016
4. US	9,818,893	B2	–Date	issued:	Nov.	14,	2017

United	Stated	Patent	Allowed:
1. US	2018/0102442	A1	–Date	published:	Apr.	12,	2018

United	States	Published	Patents:	
1. US	2019/0019899	A1	–Date	published:	Jan.	17,	2019
2. US	2018/0102442	A1	–Date	published:	Apr.	12,	2018
3. US	2016/0254407	A1	–Date	published:Sep.	1,	1016
4. US	2016/0308075	A1	–Date	published:Oct.	20,	2016
5. US	2017/0194522	A1	–Date	published:	Jul.	6,	2017
6. US	2016/0307939	A1	–Date	published:Oct.	20,	2016
7. US	2016/0126381	A1	–Date	published:May	5,	2016

International	Published	Patents:
1. WO	2019/018846	A3	–Date	published:	Jan.	24,	2019
2. WO	2019/089437	A1	–Date	published:	May	9,	2019
3. WO	2017/112747	A1	–Date	published:	Jun.	29,	2017
4. WO	2016/081476	A1	–Date	published:	May	26,	2016
5. WO	2014/190189	A2	–Date	published:	Nov.	27,	2014

China	Issued	Patents:
1. CN	107078145	B–Date	issued:	May	7,	2019
2. CN	105556680	B–Date	issued:	Dec.	22	2017

China	Published	Patent:
1. CN	109155340	A	–Date	published:	Jan	4,	2019
2. CN	107078145	A	–Date	published:	Aug.	18,	2017
3. CN	105556680	A	–Date	published:	May	4,	2016

Japan	Published	Patents:	
1. JP	2018-508970	A	–Date	published	:	Mar.	29,	2018	
2. JP	2016-526295	A	–Date	published	:	Sep.	1,	2016

Korea	Published	Patents:
1. KR	10-2016-0039150	–Date	published:	Oct.	2016	

Europe	Published	Patents:
1. EP	3411906	A1	–Date	published:	Dec	12,	2018
2. EP	3221895	A1	–Date	published:	Aug.	15,	2018
3. EP	3000134	A2	–Date	published:	Mar.	30,	2016

27	Issued	Patents	and	Published	Patent	Applications
Over	100	Provisional	Patent	Applications

Patent Owner, W&Wsens - Ex. 2020, p. 4



Global	LiDAR	market	outlook

____________________
(1) Source:	Yole–The	Automotive	LiDARMarket	April	2018.
(2) Source:	Frost	Perspectives	–July	14,	2017.
(3) Source:	Technavio–Global	Automotive	LiDARSensors	Market	2016-2020.

LIDAR
Short Range 
Radar 24GHz 

UWB

Long Range 
Radar 77 GHz Ultrasonic Vision Infrared

Short Range 
(0–2MM)

Nominal Range 
(2–30MM)

Long Range 
(30–100MM)

Narrow Vertical 
FOV <10deg

Wide Vertical 
FOV >30deg

Angular 
resolution

Object speed 
measurement

Bad weather 
operation

Blockage 
(impurity on 
sensor)

Night operation

Sensitivity to 
Light

Cost

LiDARis	a	key	enabler	for	capturing	real-time	3D	data

n LiDARis	expected	to	be	a	$7-8bn	market	by	2030,	
with	a	majority	of	revenues	coming	from	solid-
state	and	flash	LiDARsystems(1)

n Between	2015	and	2025,	10	key	auto	OEMs	are	
expected	to	spend	~$345bn	on	autonomous,	
connectivity,	and	electrification	R&D(2)

n IEEE	estimates	that	roughly	75%	of	road-borne	
traffic	should	include	self-driving	carsby	the	year	
2040(3)

n Prominent	auto	OEMs	are	asking	for	LiDAR	
modules	to	cost	less	than	$100

n Currently,	best-in-class	LiDAR	modules	are	
almost	80x	more	expensive	today	

0.0	
1.3	

7.4	

0.0	

2.0	

4.0	

6.0	

8.0	

2016 2025 2032

CAGR:	
56%

LiDARShipment	Forecast(1)
(mm	units)
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Technology	differentiation	
of	W&Wsens	photodetector

nStandard	CMOS	/	BiCMOS	processing	for	integration	;	no	exotic	materials

nStraight	forward	path	to	APD	/	SPAD	CMOS	process	for	integration	

n Very	thin	Photodector	layer	(0.1	–1.0µm	vs	20	–200µm	used	currently)

n Lower	voltages	(35V	vs	200-600V	used	current	Si	APD)

n High	sensitivity	~85%	@	850	nm	(Lateral	Structure)
n APD	Gain	>	1000X

n Fast	rise	time	–10s	of	picosec	allow	for	high	depth	resolution	in	LiDAR	
detection	

n Wavelength	850	nm,	905	nm,	940	nm,	1550	nm	(Ge	on	Si)

nDramatic	cost	reduction
6
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W&W	innovation
photodetectors	in	LiDAR	&	DCI

•Photon	trapping	with	microstructure	holes	~	λ dimensions
•High	speed	&	high	external	quantum	efficiency

•Surface	illuminated
•2D	PD	array

•Enable	monolithic	integration	with	CMOS	/	BiCMOS	ASICs
•Improvement	in	performance	–reduced	parasitics		

•Compatible	with	mature	CMOS	/	BiCMOS	processing	&	manufacturing
•High	reliability	
•High	volume
•High	yield

•Wavelength	range	800	nm	–1650	nm
•Si	800	nm	–1000	nm	
•Ge	on	SOI	800	nm	–1650	nm 7
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W&Wsens	Demonstrated	–Proof	of	Concept
Microstructure	holes	to	enhance	absorption	

(non-optimal	materials	/	processing)	

•Enable	Si	to	have	high	external	quantum	efficiency	(EQE)	–in	2	structures:	
vertical	PIN	&	lateral	SchottkyMSM
•37X	@	905	nm	enhancement	of	the	effective	absorption	coefficient	
•High	speed	
•Surface	illuminated	30	–500	micron	diameter	photo	sensitive	lateral	
dimension

8
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Summary

üDisruptive	photooto	detection	technchnology	with	a	sim	simple	structure	foe	for	easy	
CMOS	monolithicithic	integration
üIR	Sensitivity	EnhEnhancement	with	lth	light	trapping
üWavelength	800	–1000	nm	Si	;	800	–1650	nm	Ge	on	Si.	Si.	Pico	second	rise	
time,	<35	volt	AP	APD
üAddresses	massivssive	and	fast	growinwing	markets	(	Data	center	inte	interconnect,	
LiDAR,	time-ofof-flight)
üGreater	than	2X	cost	reduction	through	monolitholithic	integration
üStrong	IP	portfolifolio	–27	issued	&	publisheished	patents,	100+00+	provisional	filin	filings
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W&W	Experimental	Results

10
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Microstructtructure	Holes	les	To	Enhanceance	Absorptiontion		
• Microstructure	holes	400400	–1300	nm	diameter	
• Spacing	between	holes	10s	100	–500	nm
• PIN	vertical	structure	
• Diameter	of	PD	30	–100	µm	

1111
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Finite	Differifference	Timeime	Domain	Sin	Simulation	on	of	
Optical	Fieldields	in	Si	Mic	Microstructucture	Holes

1212
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Microstructtructure	Holes	les	To	Enhanceance	Absorptirption
Experimentaental	Results	8lts	800	–900	nm

Experimental	EQE	for	Si	Microstructure	HoleHole	PD	

1313
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Microstructtructure	Holes	les	To	Enhanceance	Absorptirption
Experimentaental	Results	9lts	900	–1000	nm

Wet	Etch	/	Wet	Etch	+	D	+	Dry	Etch	Holes

1414
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Impulse	response	of	mic	microstructure	hole
Si	Pd	to	900	nm	and	98	980	nm	laser	pulses
30	ps	FWHM	10	–90%	rise	time	
approximately	15	ps

W&Wsens	ens	Devices	Ins	Inc.
Silicon	MicrMicrostructureture	Hole	APDAPD	

Experimentaental	Results	

n 273	A/W	equivalent	to	M	=	1026	@	850nm0nm	
(preliminary	results)

n Input	power:	8.5uW
n Sample:	2nsq2	(Inverted	Pyramids)
n Wavelength:	850nm

30	–33	dB	Avalanche	gain	@in	@	-35V
273	A/W	@	850	nm

900	nm
980	nm

1515
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500	um	PD	PD	@	905	nm	nm	
35	volt,	rise	rise	time	28	p8	ps,	M	=	1601600	(37V)
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Basic	Fabrication	Steps	
for	Integrating	with	CMOS	ASICs

Vertical	Structure

17
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Vertical	Fabrication	Steps

Si

BOX

Si

Si
BOX

Si

Si
BOX

Si

Si
BOX

Si

1.	Starting	material	SOI	

2.	Deep	N	well,	shallow	P	well
PMOS	/	N	implant	retrograde	well

3.	Electrode
Metal	interconnect

4.	Etch	microstructure	holes
Trench	etch

P	Si

BOX

P	well

N	well

Electrode

Microstructure	holes
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W&W	–Lateral	PIN

19

Patent Owner, W&Wsens - Ex. 2020, p. 19



W&Wsens	Devices	Inc.
Metal-Semiconductor-Metal		

Lateral	Structure
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W&Wsens	ens	Devices	Ins	Inc.	Lateral	ral	Si	MSM	PD	PD

2121
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Basic	Fabrication	Steps	
for	Integrating	with	CMOS	ASICs

Lateral	Structure

22
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Lateral	SchottkyMSM	Fabrication	Steps

Si

BOX

Si

Si

BOX

Si

Si

BOX

Si

P	Si

BOX

Electrode

Microstructure	holes

1.	Starting	material	SOI	

2.	Interdigitated	Electrodes
Interconnect	metal

3.	Etch	microstructure	holes
Trench	etch

23
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Lateral	PIN	Fabrication	Steps

Si

BOX

Si

Si

BOX

Si

Si

BOX

Si

Si

BOX

Si

P	Si

BOX
P	well

N	well

Electrode

Microstructure	holes

1.	Starting	material	SOI

2.	P	and	N	wells	
PMOS	/	NMOS

3.	Interdigitated	Electrodes
Interconnect	metals

4.	Etch	microstructure	holes
Trench	etch

24
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Si	MSM	Microstructure	Hole
Enhanced	Absorption-FDTD	Simulation

700	nm	diameter,	1000	nm	period,	square	lattice	

Si	MSM	with	holes	

Si	MSM	without	holes

Ab
so
rp
tio
n

25
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W&Wsens	Devices	Inc.	MSM	Lateral	Structure	
Experimental	EQE	Results SEM	Images	of	MSM	PD
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Absorptiontion	Coefficiencient
Enhancement	3nt	35X	@	850	nm,	m,	37X	@	905	nm	nm
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MSM	Impulse	Res	Response	85	850	nm

3	volt	bias
33	ps	FWHM	Deconvolved

10	volt
28	ps	FWHM	Deconvolved
23	–32	Gb/s

2828
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Appendix	1	–Ge	on	Si	

29
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W&Wsens	Devices	Ge	on	Si	PD	with	
Microstructure	Holes

•Large	area	PD	surface	illuminated	
•Single	mode	or	multi	mode	fiber	passive	alignment	

•Compatible	with	CMOS	/	BiCMOS	processing	
•No	burying	of	Ge	layer	as	in	Ge	waveguide	PD
•Simplified	processing	
•Higher	yield	

•2D	array	PD	/	APD	/	SPAD

30
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Ge	on	Si	Vertical	PIN	
with	Microstructure	Holes

31
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Ge	on	Si	Veri	Vertical	PIN	
With	Microicrostructure	hre	holes

•Ge	/	GeSi	on	Si	to	extextend	wavelength	to:
•900	–1060	nm	
•1250	–1350	nm
•1550	nm

3232
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Ge	on	Si	Mic	Microstructucture	Hole	PD	at		at	10Gb/s

3333
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Ge	on	Si	Vertical	PIN	
Compatible	with	CMOS	/	BiCMOS	

Basic	Fab	steps	

34
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Ge	on	Si	Vertical	PIN

Si
BOX

Si

1.	Starting	material	SOI

2.	P	and	N	wells	
PMOS	/	NMOS	retrograde	implant	

3.	Interdigitated	Electrodes
Interconnect	metals

4.	Etch	microstructure	holes
Trench	etch

Si
BOX

Si

Ge

P	Si

BOX
P	well

N	well

Electrode

Microstructure	holes
Ge

Si
BOX

Si

Si
BOX

Si
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Ge	on	Si	Lateral	PIN	
with	Microstructure	Holes

Basic	Fab	Steps

36
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Ge	on	Si	Lateral	PIN

Si
BOX

Si

1.	Selective	area	growth	Ge	on	SOI	/	planarize

2.	P	and	N	wells	
PMOS	/	NMOS

3.	Interdigitated	Electrodes
Interconnect	metals

Si
BOX

Si

Si
BOX

Si

Ge

P	Si

BOX
P	well

N	well

Electrode

Silicon	dioxide
Ge

37
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IBM	Laterateral	Ge	on	Sn	SOI	PD		Re		Results

SiSi
BOX

Si	(150	nm)
Ge	(250	nm)

3838
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250	nm	nm	Ge	oe	on	SO	SOI	[samI	[same	ae	as	IBM	IBM]
Estimaimated	7d	70%	E%	EQE	@	1@	1310	n0	nm
Estimaimated	5d	50%	E%	EQE	@1	@1550	n0	nm
BW	43	43	–58	Gb	Gb/s	pes	per	chachannelnel
Waveavelengength	80h	800	–1650	n0	nm

N+ P+ N+ P+

SiSi

BOX
SiSi

GeGe

Microstrostructucture
holes

TiTi/	Al	elel	electrodtrodes	Coverevered	by	by	US	20S	2018/01/0102442442	A1,	UA1,	US	20S	20190090019899899	A1	a1	and	oth	others	

Ge	on	on	bulkbulk	Si	
Waveavelengength	11	1100	nm	nm	–1650	n0	nm

3939
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Appendix	2	–Optical	Modules

40
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Current	Rx	t	Rx	+	Tx	On	Bo	Board	
Optical	Mo	Module	Assessembly		

IBM	On	Board	Optical	ical	Module
48	Channels,	10	Gb/s	p/s	per	channel	

Furukawa	/	Finisar	On	Bn	Board	Optical	Module
24	Channels,	28Gb/s	pes	per	channel	

4141
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CMOS	TIACMOS	VCSEL	Driver PDV

Microlens Optical
connector

PCB

Ribbon	Fiber	Cable	

W&Wsens	Devices	Inc.	
Tx	+	Rx	SoCoB	Final	Step

W&Wsens	Devices	On	Board	Optical	Module
Monolithically	Integration	Si	PD	Array	with	CMOS	Electronics	
Mounted	Directly	on	PCB
>	48	Channels	
10	–28	Gb/s	per	Channel	
Aggregated	Data	Rate	480	Gb/s	–greater	than	1	Tb/s
VCSEL	Array	Self	Assembly	Wafer	Scale	Level
(1	Component)

42
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Appendix	3	–Next	Steps
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W&Wsens	Devices	Inc.	
Next	Step	–Monolithic	Integration
•Significant	cost	reduction	
•Improve	performance	with	reduced	parasitics
•Tower	Jazz	in	discussion	
•IHP	in	discussion	
•Global	Foundries	next	

44
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W&W	APD	/	SPAD

APD	Array	+	ASICs

9	–12	months

W&W	1310	nm	PD
25Gb/s

Time-to-Prototype
Single	chip	APD	/	SPAD	Array	&	ASICs

10	–14	months

45
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Time-to-Prototype	
Monolithic	Integrated	APD	/	SPAD	+	ASICs

System	specifications	&	circuit	design	
[W&W	APD	/	SPAD]

Physical	design	/	physical	verification	&	tape-out

Wafer	fabrication

Packaging	

Test	&	characterization	

Deployment	&	
yield	/	reliability
test		

Month	1
Spec

Month	2-3
Physical	design

Month	4-6
Fab

Month	7
Pack

Month	8
Test

Month	9-11
Deployment	/	rel

46
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PD	Array	Iny	Integrated	wd	with	ASICsICs

Wavelength	Range:	850	n0	nm	–1650	nm
Data	Rate	Range:	10Gb/s	b/s	–50Gb/s	per	channel
Array	Size:	greater	than	1n	100	Channels	
Cost	Reduction	&	Improveroved	Performance	

3	components	 1	component	

4747

PD	/	APD	/	SPAD	Array

Wavelength	Range:	85:	850	nm	–1650	nm
Array	Size:	100s	–1,000,000	channels
Cost	Reduction	&	Improproved	Performance
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W&W	single	chip	T-o-F	PD	array	+	
timing	/	processing	ele	electronics

W&W	singsingle	chip	solu	solution	
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PD	Array	+	CMOS
BiCMOS	ASICs

CMOS	/	BiCMOS
laser	driver

Si	/	SiGePD	array	VCSEL	array	

Printed	Circuit	Board

System-on-Chip-on-Board		(SoCoB)
W&Wsens	Devices	Inc.	Disruptive	Technology	

49
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LiDAR	Chip	on	PCB	–Flash	LiDAR	with	VCSEL	array	
&	high	density	PD	/	APD/	SPAD	array

VCSEL	Array

PD	/	APD	/	SPAD	Array CMOS	/	BiCMOS	
ASICs

PCB

LiDAR	applications	using	W&W	technology		

•W&W	wavelength	850	nm,	
905	nm	,	940	nm,	1550	nm

•Flash	LiDAR	–short	/	medium	
range

•Scanning	LiDAR	/	long	range

50
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