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Breaking wireless barriers:
free-space beam-steered optical communication

BROWSE'’s system concept:

e narrow pencil beams ( ‘virtual fibres’)
— no sharing, high capacity, optical
long reach, high level of privacy

e IRA>1400nm
— eye safe, Py, up to 10mwW

e use of 1.5um fibre-optic components
— mature components available

e passive diffractive beam steerer access
— no local powering needed, easily scalable networ
to many beams (just add A-s)

OXC = Optical Crossconnect MD = Mobile Device

e A-controlled 2D steering CCC = Central Communication = PRA = Pencil-Radiating Antenna
— embedded control channel Controller
EHCI
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USP-s of Indoor beam-steered OWC vs. WiFi, LiFi 4

WiFi, LiFi
Shared capacity =
e bitrate x no. devices restricted *\
. . 100 N \y
e privacy issues \
e EMI sensitive (WiFi) %
Beam-ste.ered QWC o %‘ IR-BS OWC*
No capacity sharing = E 4
e much higher user density . Zz. =
. . . 210 T o
e much higher bitrate/device < N\
e personalized, WiFi-4 _ \| %\‘
enhanced privacy LiFi \Q\
no EMI disturbances
high energy efficiency, signal
only where and when needed 1 ! -
1E+06 1E+07 1E+08 1E+09 1E+10 1E+11
— a beam acts as a ‘virtual fibre’ bitrate/device (bit/s)
s \\/iFi-4 === \NiFi-5 == \NiFi-6 ==——=]|R-BSOWC
WiFi-6 (IEEE 802.11ax, Feb. 2021) OFDMA+1024QAM, PHY max. 1201Mbit/s " " " EHCI
WiFi-5 (IEEE 802.11ac-2013) MIMO-8, 256QAM, PHY 867Mbit/s P DR
WiFi-4 (IEEE 802.11n-2009) MIMO-4, 64QAM, PHY 150Mbit/s *a.k.a. ‘LiFi 2.0 casime_

IR-BS OWC: 128 beams X 112Gbit/s = 14.3Tbit/s [ECOC2017]



OWC receiver design 5

Requirements:

Large bandwidth

Large aperture

Wide Field-of-View
Simple

Compact

Low power consumption

Solutions reported:
e Non-imaging optics, such as compound parabolic concentrator

e Angular diversity receiver (multiple PD-s and TIA-s)
e PIC with large/multiple surface grating couplers + waveguide-fed UTC-PD
e Wavelength conversion in phosphorent slab waveguide or fibre
e 2D photodiode matrix + single TIA (first reported at ECOC2020* ; with 4 quad PD-s, not scalable)
x ; . . - o EHCI
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OWC receiver with 2D matrix of photodiodes 5

e 2D matrix of photodiodes (i.s.o. single large-area PD)
e Single pre-amplifier
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2D matrix of photodiodes applied in transimpedance amplifier it
Equivalent circuit of

o Voot (t A 2D matrix of photodiodes
TIA characteristics: Z;(w = 0) = ,O“t( ) = —— R, P
loe()]|,_, 114
W_sqp = —2 if Z,0y ~—— — BW limit due to PD capacitance EINDHOVEN
Ca'Ry Jw Cq CASIMIR

Pat. PCT/EP2020/080594 (filed 30 Oct. 2020) INSTITUTE



OWC TIA receiver - frequency characteristics

ZT,ref T ;Elzzag i log-log chart
paratlel 1 s . with a square MxM matrix

M-K-R¢ A - of photodiodes in a TIA the
AN 12k same bandwidth is
XM 2 par/ser.| achieved as with a single
i / M photodiode, whereas

K-R, : o] 60T active area is M? times
MK é{g}:{ larger, and output signal
R, is M times larger.
I: 1 2 K
é g %{g:
E.< [ M-K : : single PD M
| | | a-P(t) : average power received per PD
(D-3dB,par m—3dB,singIe PD

“Z-R-PH) | [1+4 ©-3ap ~ gl TR s
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Uneven illumination of 2D matrix of photodiodes

Vbias
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Bias voltage unbalances at uneven illumination (V,, =10V, M=4, P=10uW)

Coupled
powers

\
~

1’5 £ T T T T T T T T T T T T T T T T T T T

-100% -50% 0% 50% 100%
Rel. dev. x

e reducing R, reduces PD bias unbalances at uneven illumination
e aslong as R, >> R,/ (A+1), BW of OWC receiver is not affected
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Gaussian

= = = = g m xC=0.72 yC=0.72
Photodiode matrix — analysis of bias conditions V , . VPSSOV R, 1000000 On o
e Gaussian beam 35
. . , .
* 4x4 PD array moving diagonally across the beam’s footprint s, bias voltage
Beam onto PD matrix Received power per PD Moving beam across PD matrix £ per PD
(at defocusing p=0.2) 855
Gaussian wbeam=7.5mm p=0.2 f=10mm Pbeam=0dBm ) >
Rpd=0.075 Dpd=0.25 Npd=16 Po_,_=-21.0596dBm Saussian R .=1MOQ
a=7.25236deg XxC=0.72 yC=0.72 Nxn=50 dxn=0.03 _— . Vb):als=‘il] Rye ﬂ=5;?000 2 eff
xC=0.72 yC=0.72
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@) As K-R, Vbias
tan(a) =—— | |R 7 ||| ——2— 1 3
Gaussian_beam_on_PD_matrix_v5.m f(A-p) eff ( a (1 + RS/Zd)) 2 4 amjk 221106




Capturing the beam by the photodiode matrix

10

e ideal case : uniform beam, thin aberration-free lens

Defocusing factor p=x/f: spot size YD_ = p D, > PD dia. D,

With ideal thin lens @D, and uniform beam &D, :

e Coupling fraction T of beam’s power into all photodiodes (matrix
fill factor n)

D,

2
T =cosa -1 - (p—D) forp>D,/ D, decreases if p increases
0

2
T=cosa'-n-<%) forO<p<D,/D,
0

e FoV half angle o, :

__|p'D1— Dy

tan dpqx = - ) increases if p increases
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Capturing the beam by the photodiode matrix 1

e realistic case : Gaussian beam, Fresnel lens with aberrations

FoV ¢,,., vs. beam-to-PD coupling T Thin lens Fresnel lens
30 ‘\ T T T 5r
\ 4x4 PD matrix
25 \‘\ single PD | €
— \ € 0
P 20 =
. A
215 sl
;5 \\ \ 2 0 2 4 6
© 10 = \\ L a) X (mm) b) X (mm)
N\ \Y
5 ‘\\ - AN Gaussian beam D,=2100mm projected onto photodiode
~- - _T’:} ' matrix &1.32mm (red) for o=5 deg and defocusing p=10%
0 “J: ==~ (both lenses D,= @50mm, f=10mm; 1027 rays traced)
=0 2> 200 15 10 5 — FoV with 4x4 PD matrix is substantially
T (dB) larger than with single photodiode
4x4 matrix &1.32mm of ¥150um PDs; single PD ©&250um
curves calculated by varying p EHCI
solid curves: Gaussian beam, Fresnel lens (25117 rays traced; accurate for T> -24 dB) R

dashed curves: uniform beam, ideal thin lens (theoretical) INSTITUTE




OWC broadband receiver module 12

4x4 PD matrix OWC receiver with differential OWC receiver with J2” Fresnel lens
(made by Albis Optoelectronics) outputs

CoLoy05 08 .
EEEE

sEEw .

-

adapted media converter with
RJ45 output (— ‘OWC dongle’)
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OWC broadband receiver performance 13

-1 T T T T T
: ‘ -9 -9 -9 9 -9 -9 -7
+ Negatlve output <10 <10 <10 <10 <10 <10 2.2x10
« : ==@== Positive output i P
s sl Combined output ‘ 4 o o,
E T : H : T 4 ;l_' z T T
Lu wsel 2 s 1553711
@’ 12)
E 1558.963 1558.558 =2
< g i AsSe. FNE 1sseasa
Q 12 1 12 e . =
1565.475 1565J067 1568.658 ls_ 25 N
. 15¢3.842 156%.a3a
- : Sy Lot :
j j J 1.2x10*
2.2x10° 1.8x107 <107 <10° <10°  (crosstalk with

a neighbour)

-36 -36 -34 -33 -32 -31 -30 -29 -28 -27
Received opt. power on each PD element (dBm)

FoV measurements at 1Gbit/s

BER for both single-ended and
— error-free within FoV=10° from center cell

differential receiver outputs
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Lab demonstrator @ TU/e

/,t\

e Transfer of high-def video streams at GbE

R S -localization
speed “'(\ e detector
e Two PRA-s + MEMS switch enabling path !
diversity for avoiding LoS blocking N B He0S
e Up to 128 beams, @10cm received

GDbE receiver, streaming video
to a laptop

optical
MEMS switch

{ cccwith2
55, 3™ tunable

\c:’?’f transmitters 2w I EHCI

= [ i EINDHOVEN
7 cells captured with IR ¥ HENDRIK
B gt CASIMIR
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Concluding remarks 16

e An OWC receiver must have a wide aperture, wide FoV, large bandwidth, low power
consumption (at user side) without being highly complex.

e A scalable 2D photodiode matrix has been presented, which offers larger aperture, wider
FoV and same bandwidth as a single PD, without complex power-consuming electronics
(only single TIA needed).

e GDbE live video streaming to laptop with a OWC receiver ‘dongle’ has been demonstrated in
laboratory setup to multiple users, with FoV=10 deg.
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Thank you for your attention!
Any questions?




