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§  The network transforms from a single 
service, telephony/MBB, network into a 
multipurpose, distributed platform 

§  In 5G everything moves in to the Cloud 

2018	
  network	
  

The foundation of  
mobile broadband 

The future of  
mobile broadband 

~2018 ~2000 ~2010 
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2.7 billion  
photos posted 

328 million  
app downloads 

Every 
day 

$13 million  
crowdfunding 

$2,7 billion  
e-commerce 

133 million hours 
YouTube video 

watched 

2.7 billion likes  
on Facebook 

700,000  
new internet users 

	
  	
  	
  	
  	
  	
  New	
  Behaviors	
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Wide	
  Range	
  of	
  Requirements	
  

Data rates Traffic Volume Density 

Device Density 

Latency 

Reliability Energy Efficiency 
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Photonics	
  for	
  5G	
  radio	
  

Platform for 50 Billion 
Open Innovation 

Global developments 
Global standard 

Milestones every year 
Research & Development 

5G System View 

One Network – 
Multiple Industries Industry Journey Technology Evolution 
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§  5G	
  will	
  encompass	
  changes	
  in	
  the:	
  
•  Transport	
  network	
  
•  Radio	
  network	
  
•  Data	
  center	
  network	
  
	
  

§  …	
  and	
  for	
  that	
  we	
  need	
  an	
  op<cal	
  toolbox!	
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The	
  opFcal	
  transport	
  toolbox	
  

›  All-optical switch 
–  Silicon photonics 

Reconfigurable optical add-
drop multiplexer 
(ROADM): switches traffic 
at a wavelength level 

–  100Gbit/s ready 

›  Transponder modules 
–  300-PIN,168-PIN 

›  Optical modules 
–  DWDM, C-band tuneable 
–  CFP, CFP2, CXP,QSFP+, 

CFP4/QSFP25 
–  Other optical engines 

›  Optical chip to chip 
interconnects 

–  Organic interposer 
–  Photonics enabled Si 

interposer 

–  Optical in PCB 
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up to 32 W. The CFP MSA supports Ethernet, Sonet/SDH and OTN through CAUI, XLAUI, OTL4.10, 
OTL3.4 and STL256.4 electrical interfaces, giving maximum flexibility. CFP modules support a wide 
range of 40GE interfaces, including 40GBase-LR4 (4x10G) and 40GBase-FR (40G serial). 
 
The 100G CFP module integrates optical mux and demux, as well as 10 receive and transmit optic 
components and an interface device (Figure 3.3). CFP has four power classes: 8, 16, 24 and 32 
W.CFP modules are significantly more expensive than QSFP+ and CXP modules; however, the 
significantly higher power envelope has made these attractive for many enterprise and metro ap-
plications. The CFP MSA was led by Finisar, Opnext and Sumitomo Electric Industries (SEI) and 
is strongly supported by both equipment and optical module vendors. The CFP MSA group has 
also developed CFP2 and CFP4 specifications for smaller modules that move more of the elec-
tronics out of the module and onto the line card, enabling higher-density systems. CFP, CFP2 and 
CFP4 modules are shown in Figure 3.4. 
 
Figure 3.4: CFP Modules 

 
Source: CFP MSA 
 
CFP2 modules are half the width of CFP modules, doubling the port density for systems. The first 
modules started shipping during 2013, and many systems vendors have moved to CFP2 for system 
designs. CFP2 supports up to six power classes: 3, 6, 9, 12, 15 and 18 W. CFP4 doubles port 
density again. CFP4 modules support one of four power classes: 1.5, 3, 4.5, or 6 W and 25/28G 
serial lanes or 10G serial lanes. The electrical interfaces supported include CAUI-4, OIF CEI-28G-
VSR, OTL4.4, XLAUI, XLPPI, OTL3.4 and STL256.4 The first 100GBase-SR4 CFP4 module was 
demonstrated by Finisar at ECOC in London during September 2013. CFP4 modules are now in 
production from several vendors. 
 
The 10x10 MSA led by Brocade and NeoPhotonics developed a specification for implementing 
100GE using 10 10G parallel optics, instead of four 25G parallel optics defined by the IEEE 
100GBase-LR4 specification. 10x10 MSA modules use the CFP form factor mechanicals and con-
sume about 14 W. This was considerably less than the 20 W+ of the first-generation 100GBase-
LR4 modules. Subsequent generations of 100GBase-LR4 modules using CFP2 and CFP4 dissi-
pate significantly less power making these 10x10 MSA modules less attractive for new designs. 
 
Cisco decided against using CFP2 and CFP4 and has developed a custom alternative: CPAK. CPAK 
modules available include 100GBase-SR10, 100GBase-LR4 100GBase-ER4 and 10x10 MSA. 
These are covered further in Section 3.8. Cisco is planning to use QSFP28 for future data center 
and enterprise applications as modules become available. 

3.2 400G Optical Module Overview 
The CDFP MSA was formed in September 2013 to define specifications and promote adoption of 
interoperable 400G hot pluggable modules. The industry consortium includes Avago Technologies, 
Brocade, IBM, Lumentum, Juniper Networks, Molex and TE Connectivity. Revision 3.0 of the CDFP 
MSA specification was released in March 2015 and the key parameters are shown in Figure 3.5. 
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3.13 40G 300-Pin Optical Modules for Enterprise Applications 
The first 40G modules used the 300-pin form factor. These modules have now largely been re-
placed by hot pluggable CFP modules; however, a few companies still use these modules for client-
side interfaces. Figure 3.33 shows a typical 40/43G 300-pin module. 
 
Figure 3.33: 40/43G 300-Pin Module 

 
Source: Accelink 
 
Figure 3.34 shows the few 40G client 300-pin modules still available for new designs. 
 
Figure 3.34: 40G Client 300-Pin Modules 

COMPANY/  
DEVICE ETHERNET LASER 

DIODE 
W 

(IN.) 
L 

(IN.) 
H 

(IN.) 
POUT 
(MAX) POWER STATUS 

Accelink  
RTXM298-301 N/D N/D 3.5 4.5 0.53 3 dBm 14 W max Production 

Oclaro TRV7B12xN No EA-DFB 3.5 4.5 0.54 3 dBm 12 W typ, 
14 W max Production 

Oclaro TRV7B12xN N/D N/D 3.5 4.5 0.53 4 dBm 14 W max Production 

›  Microstructural 
dispersion compensating 
fibres 

Opto-Electronic 
Device 

Card-edge connector 
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6.2.2.2 Optical polymer based waveguides inside PCB 

Some attempts on embedded polymer waveguides inside in the PCB has 
been done, but no answers about integration into ordinary PCB process (such 
as drill, de-smear, plating through the layer in question) and no answers about 
connection to components on top of the PCB.  
Lead free soldering survival is also a question mark. 

 

                
 

Figure shows Sketch of PCB with embedded optical wave guides and mirror 
for connection to component on top of the board. 
 

 

Figure shows PCB with embedded optical wave guides and mirror (for turning 
the light 90°). 
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The	
  5G	
  radio	
  opFcal	
  toolbox	
  
›  Silicon photonics 

–  Micro ring resonator 
–  modulators 

›  Transceivers 
–  Multi-channel WDM 

transceiver based on 
silicon hybrid lasers 
 
 

›  Backplane 200G 
–  Multiplexed PAM-4 Signals 

Using 1310nm SiPh 
Intensity Modulator and a 
Direct-Detection MIMO-
based Receiver  

-  Tx and Rx fully integrated in 
SiPh 

Traveling Wave Mach‐Zhender Modulators

D.V. Plant 2

›  Microstructural 
dispersion compensating 
fibres 

›  Remote radio unit 
interconnect 

RLS 

Up to 10 Km optical  link 

Ventilated cabinet 

Harsh thermal environment 
(Ambient temp up to 90 C) 

RRU 

DU 
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The	
  DC	
  opFcal	
  toolbox	
  

›  All-optical switch 
–  Silicon photonics 

Reconfigurable optical 
add-drop multiplexer 
(ROADM): switches 
traffic at a wavelength 
level 

›  Transceivers 
–  Board mounted 

 
–  pluggables 
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›  200G SiPh die 
–  Multiplexed PAM-4 

Signals Using 1310nm 
SiPh Intensity 
Modulator and a Direct-
Detection MIMO-based 
Receiver  

-  Tx and Rx fully 
integrated in SiPh 

Traveling Wave Mach‐Zhender Modulators

D.V. Plant 2

›  Bits and pieces 
–  Silica coupler for 

optical connectors 
–  Optical shuffles 

 

›  Carbon family   
–  Graphene embedded 

in SiPh 
 

3

when a bias is applied to a graphene layer, both the real
and imaginary parts of its conductivity change. Thus, a
modulator based on the tunability of graphene’s complex
conductivity will in general modulate both the phase and
the amplitude of the optical wave.

In order to separate amplitude or phase modulation,
di↵erent operating ranges must be used. With refer-
ence to Fig.(1), for |µ

C

| between 0.3 to 0.5 eV, a large
variation of the real part of graphene’s conductivity is
observed (see the inset in the left panel of the figure). In
the same range, the imaginary part of the conductivity
changes as well (see eqs. Eqs.(1) and (4)), leading to a
signal that is both modulated in amplitude and phase.

In the range |µ
C

| > 0.5 eV, the real part of graphene
conductivity drops to negligible values: graphene has
become an optically transparent material. Any change
of the conductivity will now reflect on the dielectric con-
stant only, eventually leading to phase modulation of the
traveling signal.

3. Phase modulation in the straight-waveguide con-
figuration

!! !

!"#$%&'($)*+,$

-,"./$0$

Fig. 2. Schematic diagram (not to scale) of a waveguide
comprising two graphene layers (dashed lines in the figure)
biased so to obtain electrochemical doping inside the waveg-
uide core.

Graphene’s conductivity can be changed by adding (or
removing) electrical charges on it. As shown by Liu in
ref.[13] an e�cient way to obtain this is to realize a ca-
pacitor in which both the plates are formed by graphene
layers entering into the waveguide core. A schematic
diagram of such a waveguide is depicted in Fig.(2).

The relationship among the carrier density n
S

on the
graphene sheets, the chemical potential µ

C

and the ap-
plied voltage V are the following:

n
s

=
2

⇡~2v2
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f
d

(✏) =
⇣
e(✏�µC)/kBT ) + 1

⌘�1

is the Fermi-Dirac distri-

bution, v
F

' 9.5⇥ 105 m/s, and

V =
d

✏0✏Oxide

|e|
⇡~2v2

F

µ2
C

+ 2|µ
C

|. (6)

Numerical simulations with the waveguide schematically
depicted in Fig.(2) were performed. A waveguide com-
prising two layers of graphene (each having a thickness

equal to 0.34 nm) was used. Thegraphene layers were
separated by 7 nm of alumina. Silicon enriched nitride
(Si

x

N(1�x)) was the dielectric forming the high index
contrast waveguide. The cladding was silica.
The dielectric constants used in simulations were

equal to 4.7568 for silicon enriched nitride, and 2.25 for
silica. The waveguide height and width were 400 nm
900 nm, respectively. Propagation of the fundamental
TE mode was considered at the propagating wavelength
�0 = 1550 nm.
For values of the chemical potential between 0.50 and

0.70 eV, we varied the real and imaginary part of the
complex graphene’s conductivity, and we numerically
computed the complex e↵ective index of the fundamen-
tal TE mode. Results of this analysis are reported in
Fig.(3).
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Fig. 3. a) (left panel): variation of the phase constant vs the
chemical potential. Zero is arbitrarily chosen in correspon-
dence to the phase displacement experienced by the wave
when µC = 0.50 eV. b) (right panel): attenuation across a
one cm long straight waveguide vs the applied chemical po-
tential. Note the log scale in the vertical axis. Computations
have been made for � = 1550 nm.

The left panel of the figure shows the phase change
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1.  Photonics	
  is	
  an	
  enabler	
  of	
  transport	
  solu<ons	
  in	
  new	
  network	
  segments	
  
§  Fronthaul:	
  high-­‐capacity	
  interconnects	
  are	
  needed	
  
§  Fronthaul	
  networks	
  (e.g.	
  C-­‐RAN):	
  low-­‐latency	
  and	
  high	
  flexible	
  network	
  solu<ons	
  
§  Xhaul	
  networks:	
  to	
  simultaneously	
  support	
  fronthaul	
  and	
  backhaul	
  in	
  the	
  last	
  

10-­‐20	
  Km	
  segment	
  
§  Small	
  cells	
  transport:	
  op<cal	
  DAS,	
  radio	
  DOT	
  systems	
  
§  Op<cal	
  offload	
  in	
  aggrega<on	
  (backhaul)	
  networks	
  characterized	
  by	
  high	
  capacity	
  

and	
  low-­‐costs	
  

2.  Op<cal	
  enablers	
  for	
  5G	
  radio	
  
§  Realise	
  key	
  subsystems	
  leveraging	
  on	
  op<cal	
  proper<es.	
  Example	
  of	
  this	
  are	
  the	
  

op<cal	
  blocks	
  for	
  the	
  beamforming	
  antennas	
  

3.  Solu<ons	
  for	
  data	
  centers	
  
§  Use	
  of	
  op<cal	
  transmission	
  and	
  switching	
  to	
  boost	
  performance	
  of	
  packet-­‐based	
  

modules,	
  simplify	
  the	
  architecture,	
  and	
  lower	
  costs	
  and	
  power	
  consump<on	
  

Key	
  take	
  aways	
  




