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Because RFoG extends the range of glass-fibre 
networks to buildings (FTTB) and even into 
living rooms (FTTH), this technology can be 
seen as being FTTX technology based on the 
common DOCSIS/EuroDOCSIS standard. 

In principle, RFoG can be seen as a PON repla-
cement for the coaxial part of an HFC network.
 
For cable network operators, RFoG offers an 
attractive way of simply upgrading existing 
networks to FTTB or even FTTH levels without 
having to leave familiar territory.

Radio Frequency over Glass (RFoG)

Investments already made in DOCSIS techno-
logy (CMTS, cable modems) can continue to be 
operated without modification. 
In RFoG clusters, only the return path receivers 
must be exchanged. 

The coaxial part of an HFC network can be 
entirely replaced by a single mono-mode fibre 
(PON). 

RFoG standardisation is driven forward by 
the SCTE under the title of 'Advanced Fibre 
Access'.

Basic principle of an RFoG network

RFoG clusters Opt. splitters Fibre length

1:8 12 dB 48 km
1:16 15 dB 36 km
1:32 17 dB 24 km
1:64 21 dB 12 km
1:128 24 dB < 1 km

The table below gives an approximate overview of realisable RFoG cluster sizes and the correspon-
dingly realisable fibre lengths.
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RFoG …

• Expands the geographical range of your 
 HFC network

• Enables continued use of existing HFC 
 headend equipment

• Enables continued use of existing cabling 
 (NE 4) in the building

• Strengthens competitive capacity against 
 VDSL and PON services

• Offers competitive bandwidths

• Offers FTTB/FTTH infrastructures

Kathrein's RFoG product range:

• Longstanding experience in the 
 HFC business

• A complete, harmonised portfolio featuring 
 high-quality RFoG components

• Professional consultation

• Strong local partners

The technical benefi ts 

of RFoG technology

• Return path receivers are saved

• No CWDM wave length management 
 required

• Less ingress due to lower coaxial technology

• Enables FTTB and FTTH networks via 
 DOCSIS technology

• No switch-over to new, unknown 
 technologies

• Existing HFC networks can continue to be 
 used and expanded

• Hybrid operation of HFC and RFoG 
 networks possible

• High bandwidth downstream to 1 GHz

• Economic advantages compared to FTTX 
 technology (P2P Ethernet) and conventional 
 HFC technology

RFoG – Added value for cable network operators

RFoG
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Upstream Rx

In order to satisfy the continuously increasing 
demand for broadband capacity, telecommuni-
cation service providers increasingly implement 
glass fi bre into their access networks. Cable 
network operators have expanded their net-
works primarily with HFC technology and offer 
their customers a diversity of new services via 
DOCSIS cable modem systems. 

RFoG technology makes possible a fl exible 
transition from HFC to FTTB networks, where-
by essential infrastructure components such as 
central headends, DOCSIS systems, building 
cabling and end devices are used. 

Compared to a complete change to FTTH glass 
fi bre technology, lower investments are needed 
and end customers are not disturbed. In this 
way, cable network operators can prepare them-
selves for future capacity expansions, and with 
established technology also stand their ground 
against the competition.

Experiences and recommendations for RFoG projects

Introduction to RFoG

Because RFoG extends the range of glass-fi bre 
connection technology to buildings (FTTB) and 
even into living rooms (FTTH), this technology 
can be seen as being FTTX technology based 
on the common DOCSIS/EuroDOCSIS standard. 
In principle, RFoG can be seen as a PON (passi-
ve optical network) for specifi c parts of the HFC 
network. By specifying the optionally available 
1,610 nm wave length, the system can even be 
migrated to a complete GPON/GEPON network.

This ensures future use of the most important in-
frastructure devices such as optical splitters and 
optical transmission devices. RFoG standardisa-
tion with the SCTE bears the title of 'Advanced 
Fibre Access'.
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RFoG

Benefits of RFoG technology

The following lists some of the most important 
advantages of RFoG technology: 
- Expansion of the existing HFC network 
- Wider bandwidths to customers 
- Existing HFC headend devices can still be 
 used 
- Existing HF distribution technology in 
 buildings can be maintained 
- Cable modems can continue to be used 
- Strengthening of competitive capacity com-
 pared to VDSL and GPON services 
- Modification of the network to a highly cost-
 efficient DOCSIS-based FTTB/FTTH infra-
 structure

Reasons for upgrading to FTTX /RFoG 

technologies 

Four clear reasons exist: 

1. Increasing bandwidth demand 

2. Established telecommunications operators 
are in competition with cable network operators, 
each with new technologies. IPTV via xDSL 
or FTTX technologies against CATV, VoIP and 
internet via DOCSIS technology 

3. Customer requirements: residential building 
companies increasingly demand FTTB or FTTH 
technologies 

4. Economic pressure

What makes RFoG so attractive?

RFoG offers cable network operators an attrac-
tive option to simply upgrade existing networks 
to FTTB or even FTTH levels without exposure 
to unknown territory.

Previous investments in DOCSIS technology 
and a majority of the optical transmitting and 
receiving technology can still be used. The 
coaxial part of the HFC network can be enti-
rely replaced by a single fibre solution (FTTH). 
Alternatively the existing coax cabling and 
cable modems of the subscribers can be kept 
unchanged. The subscribers are thus not incon-
venienced with cable replacement.

How is RFoG different to HFC? 

1. The most obvious new feature with RFoG 
technology is the passive optical splitter/com-
biner that distributes the downstream signal to 
the micro-nodes and that combines the return 
path signals from the micro-nodes on an optical 
fibre. In this way each individual coaxial HF clu-
ster is transformed into a passive optical RFoG 
cluster. 

2. RFoG micronodes with return path transmit-
ters in burst mode enable a passive combining 
of return path signals. 

3. Return path receivers with high input sensi-
tivity and burst mode capability in the headend 
enable an optical budget of 28 dB for the return 
path
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Experiences and recommendations for RFoG projects

RFoG offers greater reliability, signal 

quality, bandwidth and economy

The effects of RFoG technology on HFC archi-
tectures are enormous: The replacement of 
coaxial cable amplifiers with passive optical 
fibres has a positive effect on energy consump-
tion, network dependability and operating costs 
(OpEx). 

The higher network reliability is easily under-
stood: there are several active amplifiers with a 
specific age and reliability value and many older 
coax devices that can be replaced with higher 
reliability values via several passive optical split-
ters, a mono-mode fibre and small RFoG micro-
nodes.

What needs to be considered when using 

RFoG?

Some aspects exist that might be overseen 
when setting up a first RFoG network, leading 
to erroneous test results and misunderstan-
dings. To avoid this, we recommend the follo-
wing: 

1. Special RFoG return path receivers must be 
used, because if conventional return path recei-
vers are used it is not possible to achieve an 
optical budget of 28 dB upstream. 
These old devices, because of automatic 
amplifying control loops, are not designed for 
receiving pulsed optical signals and may have 
insufficient response times 

2. The effects of channel bonding in accordance 
with EuroDOCSIS 3.0 are specified in the sec-
tion "RFoG and EuroDOCSIS 3.0" 

3. When measuring optical power on the return 
path it must be noted that this is pulsed, which 
may lead to erroneous test results. Without a 
functional cable modem there is no or very low 
optical output power. In the HF range, the nor-
mal DOCSIS/EuroDOCSIS test devices can be 
used as usual because the RFoG system beha-
ves transparently for (Euro)DOCSIS signals at 
the HF connections 

4. Use of wave length-independent PLC 
splitters 

5. Sufficient isolation between the (high power) 
transmitter downstream and the highly sensitive 
RFoG receiver upstream must be ensured. The 
difference between transmitted optical power 
to minimum permissible reception power may 
exceed 40 dB
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RFoG
With signal quality, forward path (down-

stream) and return path (upstream) must 

be differentiated:

Between the gains in signal quality in the 
downstream cannot be used for expanding the 
bandwidth by using higher modulation types 
because the gain in signal quality with values 
significantly below 1 dB is not sufficient. 
The next higher modulation type requires a 
6 dB-higher carrier to noise ratio (CNR) - the 
number of channels, carrier level and optical 
modulation index remain unchanged. Of course, 
complex considerations are created due to 
adaptation of the parameters above in order to 
also enable higher modulation types with less 
CNR increase.

The situation is completely new and improved in 
the upstream: 

1. The coaxial upstream is now usually imple-
mented via a mono-mode fibre that is subject to 
neither EMC nor ingress

2. The return path laser operates in burst mode 
and transmits only when a (Euro)DOCSIS signal 
is detected from the transmitting cable modem. 
Less ingress is passed to the receiver in the hea-
dend; thus according to ingress situation, the 
signal quality and reliability of communication 
is improved by several decibels, as we already 
know from previously designed RFoG networks. 
A correct system design enables higher modu-
lation types and significant improvements in 
upstream bandwidth

RFoG saves costs in two ways: 

1. Device costs can be saved as less return 
path receivers are needed. 
A 64-port splitter reduces the number of return 
path receivers to 1/64. In addition, all active 
coax amplifiers can be completely removed 
from an RFoG cluster 

2. The higher reliability due to less components 
used, less devices maintained and reduced 
energy consumption cut operating costs

Which part of an HFC network can be 

replaced by RFoG?

It is possible to replace a complete HFC network 
with RFoG. Also, specifi c parts (clusters) can 
also be replaced. In addition, the range of HFC 
networks can be expanded with RFoG techno-
logy by adding RFoG clusters to the peripheral 
areas of the HFC network.

By integrating a second level, the coax compon-
ents on the fi bre nodes of the HFC network can 
be partially or completely replaced by a single 
mono-mode fi bre and passive PLC splitter. The 
HFC fi bre node can become part of an active 
RFoG hub. 

Depending on the type of network (FTTB or 
FTTH), the micro-node is situated at the en-
trance to the building or at the apartment 
entrance.

7

Prospekt RFoG_2012_engl.indd   7Prospekt RFoG_2012_engl.indd   7 30.05.2012   07:10:0530.05.2012   07:10:05



RFoG nodes

The RFoG return path laser transmits only after 
detecting a QAM burst on the return path from 
a cable modem. This gives two decisive advan-
tages: 

1. Lower ingress 

2. The optical return path fibres can now be 
passively combined with an optical coupler 
because noise accumulation is not applicable. 
With use of less return path receivers, signi-
ficant savings in costs, space and energy can 
be achieved, allowing planning of more econo-
mic network concepts (PON)

Experiences and recommendations for RFoG projects

The RFoG components: 

optical return path receiver

There are two reasons for using a specially 
constructed RFoG return path receiver: 

1. In order to gain an optical budget of up to 
28 dB, construction of a new return path recei-
ver with an ultra-sensitive input stage is requi-
red (noise figures < 1 pA/√Hz) 

2. Standard HFC return path transmitters are in 
operation continuously (CW mode) and enable 
the return path receiver to use the received light 
for constant optical light control (AGC). This is 
no longer possible with RFoG systems because 
the return path laser in the micro-node is only 
then activated when a QAM burst from a cable 
modem is detected

RFoG clusters Optical splitter Fibre length
1 : 8 12 dB 48 km

1 : 16 15 dB 36 km
1 : 32 17 dB 24 km
1 : 64 21 dB 12 km
1 : 128 24 dB < 1 km

Size of the RFoG cluster

The table below gives an approximate overview 
of possible RFoG cluster sizes and fi bre lengths:

8

Prospekt RFoG_2012_engl.indd   8Prospekt RFoG_2012_engl.indd   8 30.05.2012   07:10:0630.05.2012   07:10:06



RFoG
Optical splitters/combiners

At the moment special splitter configurations 
based on PLC technology are available, opti-
mised for use in the RFoG headend with up to 
64 ports in a 19" 1 RU device.

In principle there are two possible situations 
that each demand a different material selection:

1. The passive splitter/combiner is placed in the 
headend. A good solution is to select 2 x 32 
or 2 x 64 splitters/combiners with two identi-
cal inputs or 32 or 64 output ports. Isolation of 
both input ports is greater than 55 dB and can 
therefore be used in most RFoG setups to avoid 
crosstalk of the output power downstream to 
the high-sensitivity return path receiver. An input 
port is used for downstream distribution and 
another for the output upstream 

2. The splitter/combiner is installed in the field 
as in a typical PON architecture. In this case the 
downstream and upstream wavelengths have to 
be separated in the headend with aid of a WDM 
that has sufficient isolation to avoid the above-
mentioned crosstalk

Coexistence of RFoG and HFC in the 

same network

The differing setup principles of HFC and RFoG 
technology can exist side by side in the same 
network or DOCSIS area. Further clusters can 
be added to an existing HFC network when 
using RFoG without the need for modifications 
in the DOCSIS data area, the learning of new 
network protocols or investments in new testing 
equipment. 

Of course a complete HFC cluster should 
always be replaced by RFoG. The HF output 
signal of the RFoG return path receiver equates 
to the HF output of the HFC return path recei-
ver. 

RFoG and FTTX 

RFoG can be seen as an independent FTTX 
technology or as TV/DOCSIS expansion for 
GPON networks. With the aid of WDM filters, 
both RFoG and GPON technology can use the 
same fibres without problems.

9
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Connection of rural areas

Let us assume a cluster with 500 subscribers 
and four apartments per building for example. 
This means a total of 125 buildings need to be 
connected to an RFoG network.

In an FTTB situation, the 125 buildings are 
typically connected with 125 micro-nodes, two 
64-port splitters and two RFoG return path 
receivers.

With the use of 64-port splitters with approxi-
mately 21 dB insertion loss and a total optical 
budget of 24 dB, 3 dB or an optical fibre length 
of around 12 km must be used for connection 
of the 125 buildings. 
This is a highly practical value for a rural region.

RFoG is the technology of choice for brin-
ging high bandwidths to urban and rural 
areas that were until now not connected but 
that are only a few kilometres from existing 
HFC networks.

Experiences and recommendations for RFoG projects

RFoG and EuroDOCSIS 2.0

EuroDOCSIS 2.0 is the perfect basis technology 
for use in RFoG architectures. Thanks to high 
performance time slot assignment by the CMTS, 
each individual cable modem is assigned a time 
for data transmission, and this is ideally supple-
mented by the RFoG technology. This enables 
maximum exploitation of the optical budget; the 
possible bandwidth of an RFoG cluster is pre-
defi ned by DOCSIS 2.0 specifi cations. 

RFoG and EuroDOCSIS 3.0

With (Euro)DOCSIS 3.0 based systems, more 
complex situations occur with the bonding of 
channels. More than one return path laser may 
transmit simultaneously, possibly leading to a 
deterioration of the carrier to noise ratio (CNR) 
at the output of the return path receiver. This 
makes a greater system reserve necessary that 
permits such deterioration. In addition, DOCSIS 
error correction corrects temporary deterioration 
or interruptions that may also occur upstream 
in conventional HFC channels due to disrupting 
signals. 

Communication can be interrupted by so-called 
beat noise with the bonding of channels, and if 
two or more transmitters are also transmitting 
on precisely the same wave length. If this only 
happens for a short period, then DOCSIS error 
correction eliminates such effects. Many net-
work operators implement fi eld tests with RFoG, 
and beat noise could not be detected in various 
RFoG networks. As such, we believe this is a sel-
dom-occurring phenomenon. It must also be sta-
ted that beat noise is only a factor for transmis-
sion in the upstream channel; the downstream 
signals (TV and DOCSIS downstream) are not 
affected by this anyway.

10
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RFoG
The migration path

During the operating life of a broadband net-
work, several opportunities for introducing 
RFoG technology exist: 

1. Upgrading to EuroDOCSIS 3.0 – in this case, 
older EuroDOCSIS 2.0-CMTS can be installed 
in network components with less data traffic, for 
example for expansions in rural areas, as RFoG 
is the ideal solution for thinly populated regions 
and because EuroDOCSIS 2.0-CMTS has a lon-
ger service life 

2. Broadband upgrading, new contracts and 
replacing older components offer further opti-
ons for introducing RFoG 

3. It is also possible to expand a coaxial net-
work with RFoG to increase area coverage. 
Suggesting leaving some coaxial elements in 
the ground may sound far-fetched, but is in 
fact a realistic situation that has been decided 
upon by several network operators to expand 
the operating life of still-functioning linear ampli-
fiers and to push forward extended use of fibres 
(RFoG)

RFoG is also the preferred technology for 
bringing a high bandwidth into campus are-
as with use of existing mono-mode fi bres if 
the building is within an existing HFC net-
work, as is often the case in urban areas.

Summary

Kathrein has successfully implemented several 
RFoG projects, and our findings are described 
in this article under 'What needs to be conside-
red when using RFoG?'. 

Because of the extremely low probability of 
interference noise, upstream transmission inter-
ruptions from these disturbance signals can be 
more or less ignored. This has been confirmed 
by experience in practice from several network 
operators. This assumption has also been bak-
ked up by several field test measurement sur-
veys.

Is there an advantage when connecting 

a campus? 

To represent the connection of a campus area 
the same figures are used as specified above: 

500 subscribers with four users per office. That 
means 125 offices. The distance between the 
offices can be specified as short with maximum 
length of the fibres being < 1 km. A 128-port 
splitter with insertion loss of 24 dB can be used. 
Thus all 500 subscribers are passively con-
nected with an RFoG return path receiver or a 
CMTS port. 

With use of EuroDOCSIS 3.0 and the bonding 
of eight downstream channels, these 500 sub-
scribers share a bandwidth of 400 Mbps.

11
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The Kathrein 
RFoG key components

Optical transmitters for downstream OTA xxxx

The optical transmitter modules OTA xxxx allow CATV (AM-
VSB), DVB-C, FM and EuroDOCSIS signals to be transmitted 
to an optical receiver (fi bre node) via mono-mode fi bre within 
an HFC or RFoG network. The same demands are valid for 
optical transmitters in RFoG networks as for those in HFC 
networks. All optical transmitters of the KOBRA series are 
available for RFoG applications.

Optical RFoG return path receiver ORx 43E-RFoG

The ORx 43E-RFoG is designed for use in RFOG networks, 
in which typically 32, 64 or 128 optical micro-nodes are 
connected to a return path receiver using optical combiners. 
This is possible because with the DOCSIS protocol it is 
ensured that in each case only one return path receiver sends 
a data package when a DOCSIS data package from the cable 
modem exists at the input of the micro-node. Due to pulsed 
optical power at the input of the return path receiver and the 
low optical input powers, special RfoG return path receivers 
are mandatory for RFoG applications. The RFoG return path 
receivers are avaialable in KOBRA and BK design.

RFoG micro-nodes ORA xxx

The ORA xxx-RFoG micro-nodes are designed for use in 
FTTB and FTTH networks. The full CATV/EuroDOCSIS 
frequency spectrum is available on the downstream output. 
EuroDOCSIS signals are transmitted in the upstream in burst 
mode. What's new about this concept is that the return path 
laser is only activated when transmission is actually from a 
cable modem on this return path (burst mode). 

Fibre management box FMB 500

FMB 500 fi bre management box is an optional accessory for 
RFoG micro-nodes. The FMB 500 is designed to carry out 
fi bre management for up to six fi bres in RFoG networks at the 
location of the RFoG micro-node, simplifying installation. It is 
possible to fi rst only install the fi bre management box and the 
optical fi bre. The RFoG micro-node can be retro-fi tted after 
the fi bre management box has been sealed.
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Optical splitters/combiners 19" 1 RU BOS 20xx 

The optical splitters of the BOS 20xx series with one racking 
unit are very compact, and are optimally suited to application 
in HFC, RFoG and FTTX networks where high packing 
densities in the headend are what counts. These components 
are used to split high power CATV optical signals in the wave 
length range 1,260 to 1,650 nm to the required number of 
distribution fi bres, or in RFoG nets to couple the upstream 
signals together before feeding them into optical return path 
receivers. The splitters are equipped with two equal optical 
input ports and 16, 32 or 64 equal outputs.

Optical bandpass fi lters BWMR Cxx

For use in RFoG splitters or at the input of RFoG return path 
receivers to free the upstream wave length from unwanted 
wave lengths. Unwanted wave length components may still 
exist from insuffi cient directional attenuation or from selection 
of other WDM elements in the spectrum.

Wave length multiplexers BWMR 1xx0-1yy0-LC-RFoG 

Wave length multiplexers (WDM) for splitting the downstream 
and upstream wave lengths in RFoG networks with distant 
splitters. In single-fi bre RFoG-networks, the downstream 
signal is transmitted on one wave length (1,310 nm or 1,550 
nm) and the upstream signal on 1,310 nm or 1,610 nm. The 
BWMR 1xx0-1yy0-LC-RFoG is optimised for the use in RFoG 
headends. The high downstream transmission power and low 
reception power of the return path or high sensitivity of the 
optical RFoG receivers make extremely high selection values 
necessary. 

Universal passive racking KOP 10

The passive racking with 24 slots can be used as a tray to 
store excessive length and as a project-specifi cally equipped 
platform for passive optical components.

RFoG
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The ORA 11x-RFOG micro-nodes are 
designed for use in FTTB and FTTH networks.

The full CATV/EuroDOCSIS frequency 
spectrum is available on the downstream 
output. EuroDOCSIS signals are transmitted in 
the upstream. 

What's new about this concept is that the
return path laser is only activated when 
transmission is actually from a cable modem 
on this return path. 

This has two advantages: 
1. Less ingress, and 
2. The optical return path fi bres can now be 
passively combined with an optical coupler 
because noise accumulation is not applicable. 
The advantages of having to use fewer return 
path receivers is considerable, enabling very 
cost-effective network concepts.

14

Optical Micro-Nodes for RFoG

ORA 110-RFoG

ORA 118-RFoG

ORA 119-RFoG

ORA 118-RFoG

It is convenient to always combine the micro-
nodes in multiples of 8, whereby clusters with 
8, 16, 24 and 32 micro-nodes are created. The 
attenuation of the passive coupling elements 
and the fi bre length function are limiting 
elements here. 

The ORA 1xx-RFoG micro-nodes comply with 
the current SCTE standard SCTE 1742010 for 
RFoG (RF over Glass).

ORORORORA AA 111111 8-8-8-88 RFRFRFoGoG

• Low-cost single fibre RFoG micro-nodes
• Distribution of CATV frequency multiplex signals
• Extremely low-noise receiver
• DC light-controlled AGC
• Optical return path transmitter in burst mode according to RFoG specification, 
 DOCSIS/EuroDOCSIS compatible
• Integrated diplex filter 65/85 MHz
• Optical connector: SC/APC
• Return path input level settable using bridging plugs: 
 75-85 dBμV, 85-95 dBμV, 95-105 dBμV
• Downstream level settable using bridging plugs: 80 dBμV/96 dBμV
• Test socket with settable decoupling loss direction
• Available types:
 - ORA 110-RFoG, DS 1,550 nm with 1,310 nm FP laser diode, 3 dBm 
 - ORA 118-RFoG, DS 1,550 nm with 1,610 nm DFB laser diode, 3 dBm 
 - ORA 119-RFoG, DS 1,310 nm with 1,610 nm DFB laser diode, 3 dBm
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Micro-Node
Type  ORA 110-RFoG ORA 118-RFoG ORA 119-RFoG

Order no.  24710043 24710050 24710053

FORWARD PATH  

Optical data

Frequency range MHz 85-1,006

Optical wave length (reception) nm 1,550 … 1,560 1,250 … 1,380

Photo-diode sensitivity at 1,550 nm A/W 0.9

Optical return loss dB > 45

Equivalent noise current density, input pA/√Hz 5

Optical input level range dBm -8 ... +0

Nominal optical modulation index (OMI) % 4.4

Optical interface 1 x SC/APC

RF data

Impedance Ω 75

Number of outputs  1

Output level (1 GHz at 4.4 % OMI) dBμV 80/96 ± 1.5

Frequency response (typ./max.) dB ± 1.0/± 1.5

Additional frequency response 
(over optical input power and temperature range)

dB ± 1/± 1.5

Pre-emphasis 85 ... 1,006 MHz (output: 80 dBμV or 96 dBμV) dB 3 ... 5

Output level for CSO 60 dB to CENELEC 41 (Pin = 0 dBm) 
for 80/96 dBμV setting

dBμV 84/100

Output level for CSO 60 dB to CENELEC 41 (Pin = 0 dBm) 
for 80/96 dBμV setting

dBμV 84/99

Return loss (85 MHz) dB 18 -1.5/oct.

Attenuation test socket dB 15

RETURN PATH (general)  

RF data

Frequency range (through diplex fi lter/broadband input) MHz 5-65

Impedance Ω 75

Return loss (5-65 MHz) dB 20

Frequency response dB ± 1

Attenuation test socket (upstream in/out) dB 19/21

Input level for OMI 12 % (bridging plug 0 dB, 10 dB, 20 dB) dBμV 80/90/100

Input level range dBμV 75 ... 105

Return path laser Fabry-Perot laser diode DFB laser diode DFB laser diode

Wave length return path laser diode nm 1310 ± 20 1,610 ± 3 1,610 ± 3

Optical output power dBm +3 +3 +3

Laser on/off time μs 0.95

Power supply  

Input voltage V AC 230

Power consumption W 5

General data  

Housing material Zinc die-casting

RF output  F-type socket

Dimensions (W x L x H) mm 105 x 155 x 54

Weight kg 0.8

Temperature range (operation) °C -5 ... +45
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The ORA 11xD-RFoG micro-nodes are 
designed for use in FTTB and FTTH networks.

The full CATV/EuroDOCSIS frequency 
spectrum is available on the downstream 
output. EuroDOCSIS signals are transmitted in 
the upstream. 

What's new about this concept is that the
return path laser is only activated when 
transmission is actually from a cable modem 
on this return path. 

This has two advantages: 
1. Less ingress, and 
2. The optical return path fi bres can now be 
passively combined with an optical coupler 
because noise accumulation is not applicable. 
The advantages of having to use fewer return 
path receivers is considerable, enabling 
very cost-effective network concepts. It is 
convenient to always combine the micro-nodes 

16

Optical Micro-Nodes for RFoG

ORA 110D-RFoG

ORA 118D-RFoG

ORA 119D-RFoG

ORA 118D-RFoG

in multiples of 8, whereby clusters with 8, 
16, 24 and 32 micro-nodes are created. The 
attenuation of the passive coupling elements 
and the fi bre length function are limiting 
elements here. 

The ORA 11xD-RFoG micro-nodes comply 
with the current SCTE standard SCTE 
1742010 for RFoG (RF over Glass).

OROROORORORORRORORRRRORRRRRAAAAAAAAAAAAAAAAAAAA 111111111111111111111 8D8D RRRFoFoGG

• Low-cost single fibre RFoG micro-nodes
• Distribution of CATV frequency multiplex signals
• Extremely low-noise receiver
• DC light-controlled AGC
• 3 dB higher output level (83/99 dBμV) than ORA 11x-RFoG
• Optical return path transmitter in burst mode according to RFoG specification, 
 DOCSIS/EuroDOCSIS compatible
• Integrated diplex filter 65/85 MHz
• Optical connector: SC/APC
• Return path input level settable using bridging plugs: 75-85 dBμV, 85-95 dBμV, 95-105 dBμV
• Downstream level adjustable using bridging plugs: 83 dBμV/99 dBμV
• Test socket with settable decoupling loss direction
• Available types: 
 - ORA 110D-RFoG, DS 1,550 nm with 1,310 nm FP laser diode, 3 dBm 
 - ORA 118D-RFoG, DS 1,550 nm with 1,610 nm DFB laser diode, 3 dBm 
 - ORA 119D-RFoG, DS 1,310 nm with 1,610 nm DFB laser diode, 3 dBm

NE
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Type  ORA 110D-RFoG ORA 118D-RFoG ORA 119D-RFoG

Order no.  24710071 24710072 24710073

FORWARD PATH  

Optical data

Frequency range MHz 85-1,006

Optical wave length (reception) nm 1,550 ... 1,560 1,550 ... 1,560 1,250 ... 1,360

Photo-diode sensitivity at 1,550 nm A/W 0.9

Optical return loss dB > 45

Equivalent noise current density, input pA/√Hz 5

Optical input level range dBm -6 ... +0

Nominal optical modulation index (OMI) % 4.4

Optical interface  1 x SC/APC

RF data

Impedance Ω 75

Number of outputs  1

Output level (1 GHz at 4.4 % OMI), switchable dBμV 83/99 ± 1.5

Frequency response (typ./max.) dB ± 1.0/± 1.5

Additional frequency response (over optical input power and 
temperature range, typ./max.)

dB ± 1.0/± 1.5

Pre-emphasis 85 ... 1,006 MHz (output: 83 dBμV and 99 dBμV) dB 3 ... 5

Output level for CSO 60 dB according to CENELEC 41 
(Pin = 0 dBm) for 83/99 dBμV setting

dBμV 84/100

Output level for CTB 60 dB according to CENELEC 41 
(Pin = 0 dBm) for 83/99 dBμV setting

dBμV 84/99

Return loss (85 MHz) dB 18 -1.5/oct.

Attenuation test socket dB 20 ± 1

RETURN PATH (general)  

RF data

Frequency range (through diplex fi lter/broadband input) MHz 5-65

Impedance Ω 75

Return loss (5-65 MHz) dB 20

Frequency response dB ± 1

Attenuation test socket (upstream in/out) dB 20 ± 1

Input level for OMI 12 % (bridging plug 0 dB, 10 dB, 20 dB) dBμV 80/90/100

Input level range dBμV 75 ... 105

Return path laser  Fabry-Perot laser diode DFB laser diode DFB laser diode

Wave length return path laser diode nm 1310 ± 20 1,610 ± 3 1,610 ± 3

Optical output power dBm +3

Laser on/off time μs 0.95

Power supply

Input voltage VAC 230

Power consumption W 5

General data

Housing material  Zinc die-casting

RF output  F-type socket

Dimensions (W x L x H) mm 105 x 155 x 54

Weight kg 0.8

Temperature range (operation) °C -5 ... +45

NEW

NEW

Micro-Node
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Optical Micro-Nodes for RFoG

• Low-cost single fi bre RFoG micro-nodes
• Distribution of CATV frequency multiplex signals
• Extremely low-noise receiver
• DC light-controlled AGC
• Optical return path transmitter in burst mode according to RFoG specifi cation, 
 DOCSIS/EuroDOCSIS compatible
• Integrated diplex fi lter 65/85 MHz
• Optical connector: SC/APC
• Return path input level settable using bridging plugs: 75-85 dBμV, 85-95 dBμV, 95-105 dBμV
• Downstream level adjustable using bridging plugs: 0 dB, 10 dB
• Test socket with settable decoupling loss direction
• Power supply unit
• Available types: 
 - ORA 210-RFoG, DS 1,550 nm with 1,310 nm FP laser diode, 3 dBm 
 - ORA 218-RFoG, DS 1,550 nm with 1,610 nm DFB laser diode, 3 dBm 
 - ORA 219-RFoG, DS 1,310 nm with 1,610 nm DFB laser diode, 3 dBm

ORA 210-RFoG

ORA 218-RFoG

ORA 219-RFoG

The ORA 21x-RFoG micro-nodes are designed 
for use in FTTB and FTTH networks. 

The full CATV/EuroDOCSIS frequency 
spectrum is available on the downstream 
output. EuroDOCSIS signals are transmitted in 
the upstream. 

What's new about this concept is that the 
return path laser is only activated when trans-
mission is actually from a cable modem on this 
return path. 

This has two advantages: 
1. Less ingress, and 
2. The optical return path fi bres can now be 
passively combined with an optical coupler 
because noise accumulation is not applicable. 
The advantages of having to use fewer return 
path receivers is considerable, enabling 
very cost-effective network concepts. It is 
convenient to always combine the micro-
nodes in multiples of 8 whereby clusters with 

8, 16, 24 and 32 micro-nodes are created. 
The attenuation of the passive coupling 
elements and the fi bre length function are 
limiting elements here. 

The ORA 21x-RFoG micro-nodes are 
equipped with a plug-in power supply unit. 
They comply with the current SCTE standard 
SCTE 1742010 for RFoG (RF over Glass).

ORA 210-RFoGOOOOORORORORORORRROROOO AAAAAAAAAAAAAA 21212121212121212122 000 RFRFoGoGGOOOOOORORORORORORORORROORORORRAAAAAAAAAAAAAAAAAAA 21212121212121212121212 0000000 RFRFoGoGoG
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Type  ORA 210-RFoG ORA 218-RFoG ORA 219-RFoG

Order no.  24710057 24710055 24710056

FORWARD PATH  

Optical data

Frequency range MHz 85-1,006 85-1,006 85-1,006

Optical wave length (reception) nm 1,550 ... 1,560 1,550 ... 1,560 1,250 … 1,310

Photo-diode sensitivity at 1,550 nm A/W 0.9

Optical return loss dB > 45

Equivalent noise current density, input pA/√Hz 5

Optical input level range dBm -8 ... +0

Nominal optical modulation index (OMI) % 4.4

Optical interface  1 x SC/APC

RF data

Impedance Ω 75

Number of outputs  1

Output level (1 GHz at 4.4 % OMI), switchable dBμV 80/96 ± 1.5

Frequency response (typ./max.) dB ± 1.0/± 1.5

Additional frequency response over optical input 
power and temperature range (typ./max.)

dB ± 1.0/± 1.5

Pre-emphasis 85 ... 1,006 MHz 
(output: 80 dBμV or 96 dBμV)

dB 3 ... 5

Output level for CSO 60 dB according to 
CENELEC 41 (Pin = 0 dBm) for 80/96 dBμV setting

dBμV 84/100

Output level for CTB 60 dB according to 
CENELEC 41 (Pin = 0 dBm) for 80/96 dBμV setting

dBμV 84/99

Return loss (85 MHz) dB 18 -1.5/oct.

Attenuation test socket dB 15

RETURN PATH (general)

RF data  

Frequency range 
(through diplex fi lter/broadband input)

MHz 5-65

Impedance Ω 75

Return loss (5-65 MHz) dB 20

Frequency response dB ± 1

Attenuation test socket (upstream in/out) dB 19/21

Input level for OMI 12 % 
(bridging plug 0 dB, 10 dB, 20 dB)

dBμV 80/90/100

Input level range dBμV 75 ... 105

Return path laser  Fabry-Perot laser diode DFB laser diode DFB laser diode

Wave length return path laser diode nm 1,310 ± 20 1,610 ± 3 1,610 ± 3

Optical output power dBm +3 +3 +3

Laser on/off time μs 0.95 0.95 0.95

Power supply

Input voltage (power-supply unit) VAC 230

Power consumption W 5.5

General data

Housing material  Zinc die-casting

RF output  F-type socket

Dimensions (W x L x H) mm 105 x 155 x 54

Weight kg 0.8

Temperature range (operation) °C -5 ... +45

Micro-Node
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Optical Micro-Nodes for RFoG

• Low-cost single fi bre RFoG micro-nodes
• Distribution of CATV frequency multiplex signals
• Extremely low-noise receiver
• DC light-controlled AGC
• 3 dB higher output level (83/99 dBμV) than ORA 21x-RFoG
• Optical return path transmitter in burst mode according to RFoG specifi cation, 
 DOCSIS/EuroDOCSIS compatible
• Integrated diplex fi lter 65/85 MHz
• Optical connector: SC/APC
• Return path input level settable using bridging plugs: 75-85 dBμV, 85-95 dBμV, 95-105 dBμV
• Downstream level adjustable using bridging plugs: 0 dB, 10 dB
• Test socket with settable decoupling loss direction
• Power supply unit
• Available types: 
 - ORA 210D-RFoG, DS 1,550 nm with 1,310 nm FP laser diode, 3 dBm 
 - ORA 218D-RFoG, DS 1,550 nm with 1,610 nm DFB laser diode, 3 dBm 
 - ORA 219D-RFoG, DS 1,310 nm with 1,610 nm DFB laser diode, 3 dBm

ORA 210D-RFoG

ORA 218D-RFoG

ORA 219D-RFoG

The ORA 21xD-RFoG micro-nodes are designed 
for use in FTTB and FTTH networks.

The full CATV/EuroDOCSIS frequency 
spectrum is available on the downstream 
output. EuroDOCSIS signals are transmitted in 
the upstream. 

What's new about this concept is that the
return path laser is only activated when trans-
mission is actually from a cable modem on this 
return path. 

This has two advantages: 
1. Less ingress, and 
2. The optical return path fi bres can now be 
passively combined with an optical coupler 
because noise accumulation is not applicable. 
The advantages of having to use fewer return 
path receivers is considerable, enabling very 
cost-effective network concepts. It is convenient 
to always combine the micro-nodes in multi-
ples of 8, whereby clusters with 8, 16, 24 and 

32 micro-nodes are created. The attenuation 
of the passive coupling elements and the fi bre 
length function are limiting elements here. 

The ORA 21xD-RFoG micro-nodes are 
equipped with a plug-in power supply unit. 

They comply with the current SCTE standard 
SCTE 1742010 for RFoG (RF over Glass).

ORA 21xD-RFoGOOOOOORORORORORORRROROO AAAAAAAAAAAAAA 2121212222112122 xxxDxD RRFoFooGGOOOORORORORORORORORRROOOROORAAAAAAAAAAAAAAAAAAA 2212121212121212122121xDxDxxxxx RRRFoFoFoGG
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Type  ORA 210D-RFoG ORA 218D-RFoG ORA 219D-RFoG

Order no.  24710067 24710068 24710069

FORWARD PATH  

Optical data

Frequency range MHz 85-1,006

Optical wave lengths (reception) nm 1,550 ... 1,560 1,550 ... 1,560 1,250 ... 1,360

Photo-diode sensitivity at 1,550 nm A/W 0.9

Optical return loss dB > 45

Equivalent noise current density, input pA/√Hz 5

Optical input level range dBm -6 ... +0

Nominal optical modulation index (OMI) % 4.4

Optical interface  1 x SC/APC

RF data

Impedance Ω 75

Number of outputs  1

Output level (1 GHz at 4.4 % OMI), switchable dBμV 83/99 ± 1.5

Frequency response (typ./max.) dB ± 1.0/± 1.5

Additional frequency response 
(over optical input power and temperature range, typ./max.)

dB ± 1.0/± 1.5

Pre-emphasis 85 ... 1,006 MHz (output: 83 dBμV and 99 dBμV) dB 3 ... 5

Output level for CSO 60 dB according to CENELEC 41 
(Pin = 0 dBm) for 83/99 dBμV setting

dBμV 84/100

Output level for CTB 60 dB according to CENELEC 41 
(Pin = 0 dBm) for 83/99 dBμV setting

dBμV 84/99

Return loss (85 MHz) dB 18 -1.5/oct.

Attenuation test socket dB 20 ± 1

RETURN PATH (general)  

RF data

Frequency range (through diplex fi lter/broadband input) MHz 5-65

Impedance Ω 75

Return loss (5-65 MHz) dB 20

Frequency response dB ± 1

Attenuation test socket (upstream in/out) dB 20 ± 1

Input level for OMI 12 % (bridging plug 0 dB, 10 dB, 20 dB) dBμV 80/90/100

Input level range dBμV 75 ... 105

Return path laser  Fabry-Perot laser diode DFB laser diode DFB laser diode

Wave length return path laser diode nm 1,310 ± 20 1,610 ± 3 1,610 ± 3

Optical output power dBm +3

Laser on/off time μs 0.95

Power supply

Input voltage (power-supply unit) VAC 230

Power consumption W 5.5

General data

Housing material Zinc die-casting

RF output F-type socket

Dimensions (W x L x H) mm 105 x 155 x 54

Weight kg 0.8

Temperature range (operation) °C -5 ... +45

21
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Micro-Node
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Optical Mini-Nodes for FTTB/RFoG

• Economical single-fi bre FTTB/RFoG mini-nodes
• Can be used in classical HFC and RFoG networks
• The operation mode for the return path laser (CW/RFoG Burst Mode) 
 can be selected using bridging plugs
• Latest GaAs-MMIC technology
• Highly effi cient switched-mode power supply unit
• Distribution of CATV frequency multiplex signals
• Internal LED display for correct optical input level and operational voltage
• Extremely low-noise receiver
• Optical connector: SC/APC
• DC light-controlled AGC
• Settable downstream level: 100 ... 110 dBμV (1 dB steps)
• Settable pre-emphasis: 0 dB ... 10 dB (1 dB steps)
• Settable return path input level: 75 ... 105 dBμV (2 dB steps)
• Integrated diplex fi lter 65/85 MHz
• Integrated high pass fi lter (ingress fi lter), switchable between 5 MHz and 15 MHz
• Optical return path transmitter in burst mode according to RFoG specifi cation, 
 DOCSIS/EuroDOCSIS compatible
• Optical return path transmitter can be operated in burst mode or in CW mode
• Test socket with settable decoupling loss direction
• Die-cast housing with F-type connectors
• Planned types: 
 - ORA 310-RFoG, DS 1,550 nm with 1,310 nm FP laser diode, 3 dBm 
 - ORA 310-RFoG, DS 1,550 nm with 1,310 nm DFB laser diode, 3 dBm 
 - ORA 318-RFoG, DS 1,550 nm with 1,610 nm DFB laser diode, 3 dBm 
 - ORA 319-RFoG, DS 1,310 nm with 1,610 nm DFB laser diode, 3 dBm
• Modules and accessories: 
 - EBC 90-1G (Order no. 24510113): Splitter (two symmetrical outputs) 
 - EAC 90-1G (Order no. 24510116): Tap 1.5/10 dB 
 - EAC 93-1G (Order no. 24510115): Tap 2.5/6 dB 
 - EAC 94-1G (Order no. 24510114): Tap 0.8/20 dB

ORA 310-RFoG

ORA 311-RFoG

ORA 318-RFoG

ORA 319-RFoG

The ORA 3xx-RFoG mini-nodes are designed 
for use in FTTB networks. They are used 
instead of house connection amplifi ers and 
allow interactive optical fi bre connection. 

The ORA 3xx-RFoG mini-nodes are based on 
the current SCTE norm for RFoG 
(RF over Glass).

22

The return path transmitter of the ORA 3xx-
RFoG can either be operated in CW mode 
in conventional HFC networks or in pulsed 
RFoG mode in RFoG networks.

NEW
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Mini-Node
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Type  ORA 310-RFoG ORA 318-RFoG ORA 319-RFoG ORA 311-RFoG

Order no.  24710074 24710076 24710077 24710075

FORWARD PATH  

Optical data  

Frequency range MHz 85-1,006 85-1,006 85-1,006 85-1,006

Optical wave length (reception) nm 1,550 ... 1,560 1,550 ... 1,560 1,250 ... 1,360 1,550 ... 1,560

Photo-diode sensitivity at 1550 nm A/W 0.9 0.9 0.8 0.9

Optical return loss dB > 45 > 45 > 45 > 45

Equivalent noise current density, input pA/√Hz 6 6 6 6

Optical input level range dBm -6 ... +0 -6 ... +0 -6 ... +0 -6 ... +0

Max. optical input power dBm +3 +3 +3 +3

Optical Modulation Index (OMI) range % 3.5 ... 6 3.5 ... 6 3.5 ... 6 3.5 ... 6

Nominal optical modulation index (OMI) % 4.4 4.4 4.4 4.4

Optical interface  1 x SC/APC 1 x SC/APC 1 x SC/APC 1 x SC/APC

RF data  

Impedance Ω 75 75 75 75

Number of outputs without/with output taps  1/2 1/2 1/2 1/2

Output level (1 GHz at 4.4 % OMI), settable in 1 dB steps dBμV 100 ... 110 ± 1.5 100 ... 110 ± 1.5 100 ... 110 ± 1.5 100 ... 110 ± 1.5

Frequency response dB ± 1.0 ± 1.0 ± 1.0 ± 1.0

Additional frequency response (over optical input power and 
temperature range) dB ± 1.0 ± 1.0 ± 1.0 ± 1.0

Pre-emphasis 85 ... 1,006 MHz (output: 110 dBμV settable in 
1 dB steps) dB 0 ... 10 0 ... 10 0 ... 10 0 ... 10

Output level for CSO 60 dB according to CENELEC 41 
(Pin = 0 dBm) one output active dBμV 113 113 113 113

Output level for CTB 60 dB according to CENELEC 41 
(Pin = 0 dBm), one output active dBμV 113 113 113 113

Spurious suppression at 75 dBμV input level dB > 50 > 50 > 50 > 50

CNR (OMI = 3,2 %, 25 km fi bre, PRX = -6 dBm, FM, 36 PAL, 
18 QAM 64, 40 QAM 256) dB 47 47 47 47

MER QAM 64 (OMI = 3.2 %, 25 km fi bre, PRX = -6 dBm, FM, 
36 PAL, 18 QAM, 64, 40 QAM 256) dB 34.5 34.5 34.5 34.5

MER QAM 256 (OMI = 3.2 %, 25 km fi bre, PRX = -6 dBm, FM, 
36 PAL, 18 QAM 64, 40 QAM 256) dB 40 40 40 40

Return loss (85 MHz) dB 18 -1.5/oct. 18 -1.5/oct. 18 -1.5/oct. 18 -1.5/oct.

Suppression loss diplex fi lter for f ≤ 65 MHz dB 45 45 45 45

Attenuation test socket dB 20 20 20 20

RETURN PATH (general)

RF data  

Frequency range (through diplex fi lter/broadband input) MHz 5-65 5-65 5-65 5-65

Impedance Ω 75 75 75 75

Return loss (5-65 MHz) dB 20 20 20 20

Frequency response dB ± 1 ± 1 ± 1 ± 1

Attenuation test socket (upstream in/out) dB 20 ± 1 20 ± 1 20 ± 1 20 ± 1

Input level for OMI = 12 % dBμV 75 75 75 75

Switching threshold return path transmitter, referenced to the 
nominal input signal level @ OMI = 12 % dB -20 -20 -20 -20

Input level range, settable in 2 dB steps dBμV 75 ... 105 75 ... 105 75 ... 105 75 ... 105

Input level density (CNR = xx dB, xxx) dBμV/Hz 10 10 10 10

Return path laser  Fabry-Perot laser diode DFB laser diode DFB laser diode DFB laser diode

Wave length return path laser diode nm 1,310 ± 20 1,610 ± 3 1,610 ± 3 1,310 ± 3

Optical output power @ 25 °C dBm +3 +3 +3 +3

Laser on/off time (RFoG mode) μs 0.95/1.1 0.95/1.1 0.95/1.1 0.95/1.1

Classifi cation to KDG 1 TS 140 (CW mode) Type D (4.4) Type D (4.4) Type D (4.4) Type D (4.4)

Power supply  

Input voltage F = 50 ... 60 Hz VAC 207 .... 253 207 .... 253 207 .... 253 207 .... 253

Power consumption W 16 16 16 16

General data  

Housing material  Zinc die-casting Zinc die-casting Zinc die-casting Zinc die-casting

RF output/test port  F-type socket F-type socket F-type socket F-type socket

Dimensions (W x L x H) mm 218 x 150 x 80 218 x 150 x 80 218 x 150 x 80 218 x 150 x 80

Protection class acc. to DIN EN 60529  IP 43 IP 43 IP 43 IP 43

EMC EN 50083-2 EN 50083-2 EN 50083-2 EN 50083-2

Over-voltage protection/safety EN 60950-1 EN 60950-1 EN 60950-1 EN 60950-1

Protection class  II II II II

Over-voltage protection/pulse 2 kV, 1.2/50 μs 2 kV, 1.2/50 μs 2 kV, 1.2/50 μs 2 kV, 1.2/50 μs

Weight kg 1.3 1.3 1.3 1.3

Temperature range (operation) °C -5 ... +50 -5 ... +50 -5 ... +50 -5 ... +50
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Optical Mini-Nodes for FTTB/RFoG

• Economical single-fi bre FTTB/RFoG mini-nodes
• Can be used in classical HFC and RFoG networks
• The operation mode for the return path laser (CW/RFoG Burst Mode) 
 can be selected using bridging plugs
• Latest GaAs-MMIC technology
• Highly effi cient switched-mode power supply unit
• Distribution of CATV frequency multiplex signals
• Internal LED display for correct optical input level and operational voltage
• Extremely low-noise receiver
• Optical connector: SC/APC
• DC light-controlled AGC
• Settable downstream level: 100 ... 110 dBμV (1 dB steps)
• Settable pre-emphasis: 0 dB ... 10 dB (1 dB steps)
• Settable return path input level: 75 ... 105 dBμV
• Integrated diplex fi lter: 65/85 MHz
• Integrated high pass fi lter (ingress fi lter), switchable between 5 MHz and 15 MHz
• Optical return path transmitter in burst mode according to RFoG specifi cation, 
 DOCSIS/EuroDOCSIS compatible
• Optical return path transmitter can be operated in burst mode or in CW mode
• Test socket with settable decoupling loss direction
• Die-cast housing with F-type connectors
• Planned types: 
 - ORA 410-RFoG, DS 1,550 nm with 1,310 nm FP laser diode, 3 dBm 
 - ORA 410-RFoG, DS 1,550 nm with 1,310 nm DFB laser diode, 3 dBm 
 - ORA 418-RFoG, DS 1,550 nm with 1,610 nm DFB laser diode, 3 dBm 
 - ORA 419-RFoG, DS 1,310 nm with 1,610 nm DFB laser diode, 3 dBm
• Modules and accessories: 
 - EBC 90-1G (Order no. 24510113): Splitter (two symmetrical outputs) 
 - EAC 90-1G (Order no. 24510116): Tap 1.5/10 dB 
 - EAC 93-1G (Order no. 24510115): Tap 2.5/6 dB 
 - EAC 94-1G (Order no. 24510114): Tap 0.8/20 dB

ORA 410-RFoG

ORA 411-RFoG

ORA 418-RFoG

ORA 419-RFoG

The ORA 4xx-RFoG mini-nodes are designed for 
use in FTTB networks featuring remote feeding 
over the output. They are used instead of house 
connection amplifi ers and allow interactive 
optical fi bre connection. 

The ORA 4xx-RFoG mini-nodes are based 
on the current SCTE norm for RFoG (RF over 
Glass).

24

The return path transmitter of the ORA 4xx-
RFoG can either be operated in CW mode 
in conventional HFC networks or in pulsed 
RFoG mode in RFoG networks.

NEW

Prospekt RFoG_2012_engl.indd   24Prospekt RFoG_2012_engl.indd   24 30.05.2012   07:11:3830.05.2012   07:11:38



Mini-Node
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Type  ORA 410-RFoG ORA 418-RFoG ORA 419-RFoG ORA 411-RFoG

Order no.  24710078 24710080 24710081 24710079

FORWARD PATH  

Optical data  

Frequency range MHz 85-1,006 85-1,006 85-1,006 85-1,006

Optical wave length (reception) nm 1,550 ... 1,560 1,550 ... 1,560 1,250 ... 1,360 1,550 ... 1,560

Photo-diode sensitivity at 1,550 nm A/W 0.9 0.9 0.8 0.9

Optical return loss dB > 45 > 45 > 45 > 45

Equivalent noise current density, input pA/√Hz 5 5 5 5

Optical input level range dBm -6 ... +0 -6 ... +0 -6 ... +0 -6 ... +0

Nominal optical modulation index (OMI) % 4.4 4.4 4.4 4.4

Optical interface  1 x SC/APC 1 x SC/APC 1 x SC/APC 1 x SC/APC

RF data  

Impedance Ω 75 75 75 75

Number of outputs  1 1 1 1

Output level (1 GHz at 4.4 % OMI), settable in 1 dB steps dBμV 100 ... 110 ± 1.5 100 ... 110 ± 1.5 100 ... 110 ± 1.5 100 ... 110 ± 1.5

Frequency response dB ± 1.5 ± 1.5 ± 1.5 ± 1.5

Additional frequency response 
(over optical input power and temperature range) dB ± 1.5 ± 1.5 ± 1.5 ± 1.5

Pre-emphasis 85 ... 1,006 MHz (output: 110 dBμV 
settable in 1 dB steps) dB 0 ... 10 0 ... 10 0 ... 10 0 ... 10

Output level for CSO 60 dB according to CENELEC 41 
(Pin = 0 dBm) for 80/99 dBμV setting dBμV 113 113 113 113

Output level for CTB 60 dB according to CENELEC 41 
(Pin = 0 dBm) for 80/99 dBμV setting dBμV 113 113 113 113

CNR (OMI = 3,2 %, 25 km fi bre, PRX = -6 dBm, FM, 36 
PAL, 18 QAM 64, 40 QAM 256) dB 47 47 47 47

MER QAM 64 (OMI = 3.2 %, 25 km fi bre, PRX = -6 dBm, 
FM, 36 PAL, 18 QAM, 64, 40 QAM 256) dB 34.5 34.5 34.5 34.5

MER QAM 256 (OMI = 3.2 %, 25 km fi bre, PRX = -6 dBm, 
FM, 36 PAL, 18 QAM 64, 40 QAM 256) dB 40 40 40 40

Return loss (85 MHz) dB 18 -1.5/oct. 18 -1.5/oct. 18 -1.5/oct. 18 -1.5/oct.

Attenuation test socket dB 20 20 20 20

RETURN PATH (general)

RF data

Frequency range (through diplex fi lter/broadband input) MHz 5-65 5-65 5-65 5-65

Impedance Ω 75 75 75 75

Return loss (5-65 MHz) dB 20 20 20 20

Frequency response dB ± 1 ± 1 ± 1 ± 1

Attenuation test socket (upstream in/out) dB 20 ± 1 20 ± 1 20 ± 1 20 ± 1

Input level for OMI = 12 % dBμV 75 75 75 75

Input level range settable in 2 dB steps dBμV 75 ... 105 75 ... 105 75 ... 105 75 ... 105

Input level density (CNR = xx dB, xxx) dBμV/Hz 10 10 10 10

Return path laser Fabry-Perot 
laser diode DFB laser diode DFB laser diode DFB laser diode

Wave length return path laser diode nm 1,310 ± 20 1,610 ± 3 1,610 ± 3 1,610 ± 3

Optical output power dBm +3 +3 +3 +3

Laser on/off time (RFoG mode) μs 0.95/1.1 0.95/1.1 0.95/1.1 0.95/1.1

Classifi cation to KDG 1 TS 140 (CW mode) Type D (4.4) Type D (4.4) Type D (4.4) Type D (4.4)

Power supply

Input voltage VAC 32 ... 65 32 ... 65 32 ... 65 32 ... 65

Power consumption W 16 16 16 16

Remote feed current power rating A 5 5 5 5

General data

Housing material Zinc die-casting Zinc die-casting Zinc die-casting Zinc die-casting

RF output F-type socket F-type socket F-type socket F-type socket

Dimensions (W x L x H) mm 105 x 155 x 54 105 x 155 x 54 105 x 155 x 54 105 x 155 x 54

Protection class acc. to DIN EN 60925 IP 43 IP 43 IP 43 IP 43

Protection class II II II II

Weight kg 1.3 1.3 1.3 1.3

Temperature range (operation) °C -5 ... +50 -5 ... +50 -5 ... +50 -5 ... +50
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The ORx 43E-RFoG is designed for use in 
RFOG networks, in which typically 32, 64 or 
128 optical micro-nodes are connected to a 
return path receiver using optical combiners. 
This is possible because with the DOCSIS 
protocol it is ensured that in each case only 
one return path receiver sends a data package 
when a DOCSIS data package from the cable 
modem exists at the input of the micro-node. 

The passive optical coupling enables the saving 
of return path receivers.Together with the very 
cost-effective RFoG micro-nodes 

26

ORM 43E-RFoG

ORR 43E-RFoG

Optical network termination 

RFoG return path receiver

• Opto-electrical conversion of DOCSIS return path signals
• Four separate receivers, with individual shut-down
• Four separate outputs or one common output
• Redundant operation possible
• Optical input power monitoring on all inputs
• Wide optical input power range 
• RS 485 interface
• Stand-by mode for unused receiver to reduce power consumption
• Very low power consumption
• Optical interface: E-2000, 0.1 dB-type
• Ultra low-noise fi gure of 0.8 pA/√Hz

ORA 11x-RFoG and ORA 21x-RFoG enable 
the designing of very economic network 
concepts.

RFoG

Type ORM 43E-RFoG ORR 43E-RFoG

Order no. 24710047 24710049

Design KOBRA BK

Optical interface E-2000

Wave length nm 1,280-1,630

Equivalent noise current density pA/√Hz 0.8

Optical input level range dBm -25 to -10

Optical return loss dB > 40

RF frequency range MHz 5-85

RF output level at OMI = 17.5 % dBμV 76

Frequency response dB ± 0.75

Return loss dB > 19

Impedance Ω 75

Power consumption W 6

Operating temperature range °C -20 … +70
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Mux/Demux
Wave length demultiplexer (WDM) to split the 
wave length 1,310 nm and the CWDM channel 
wave length (C05) C11 ... C18 nm in HFC 
networks. 

In single-fi bre based HFC networks, the 
downstream signal is transmitted on one wave 
length (1,310 nm) and the upstream signal on 
another wave length (CWDM C11 ... C18). 

The BWMR 1310 separates these wave lengths 
for opto-electrical conversion in the fi bre node or 
headend.

BWMR 1310

Optical Mux/Demux, 

Mini-tube design

Similar to picture

27

G

• Optical multiplexer/demultiplexer: 
 - Wave lengths: 1,310/CWDM C05 ... C18 
 - Application: e.g. multiplexing/demultiplexing forward path/CWDM return path
• High reliability
• High isolation
• Low insertion loss
• Design: Mini-tube
• Optical connections: 
 - 900 μm fi bres 
 - Connector: SC/APC
• Designed for use in the optical compact receiver ORA 9022 or in the KOP 10 in the headend

1) Without connectors

Connection in headend: 
1,310 nm transmitter on "Pass-Port" 
CWDM return path Rx on "Refl ection-Port" 
Fibre optics to fi bre node on "COM-Port" 

Connection in fi bre node: 
Downstream receiver module in fi bre node on 
"Pass-Port" 
CWDM return path Tx on "Refl ection-Port"
Fibre optics to headend "COM-Port"

Type  BWMR 1310

Order no.  24810197

Wave length, Pass Channel nm 1,310 ± 6.5

Wave length, Refl ect Channel nm C05 ... C18

Insertion loss, Common T Pass Channel 1) dB 0.6

Insertion loss Pass Channel T Common 1) dB 0.6

Insertion loss, Common T Reflect Channel 1) dB 0.6

Selection (adjacent channel) dB ≥ 30

Selection (non-adjacent channel) dB ≥ 40

PDL dB ≤ 0.15

Directivity Pass/Refl ect Channel (forward path/return path) dB 55

Optical return loss dB 50

Max. optical power mW 500

Dimensions (length x diameter) mm 34 x 5.5

Operating temperature °C 0 ... +70

Storage temperature °C -40 ... +80

Fibre SMF, 0.9 mm loose tube, l = 1 m

Optical connectors SC/APC
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BOS 20xxSC

BOS 20xxLC

FTTX RFoG splitters 19", 1 RU

The optical splitters of the BOS 20xx series 
with one racking unit are very compact, and 
are optimally suited to application in HFC, 
RFoG and FTTX networks where high packing 
densities in the headend are what counts. 

These components are used to split high power 
CATV optical signals in the wave length range 
1,260 ... 1,650 nm to the required number of 
distribution fi bres, or in RFoG nets to couple the 
upstream signals together before feeding them 
into optical return path receivers. 

The BOS 20xx splitter is equipped with two 
equal optical input ports that can be used for 
path redundancy, as a service port or as a 
downstream and upstream port.

Similar to picture

• 19” racking (1 RU)
• Includes an optical 2 : xx splitter
• Two combined inputs and xx outputs with SC/APC or LC/APC connectors
• ITU G.694.2 compliant
• Broadband PLC splitter

FTTX

28

The special advantage of the BOS 20xx series 
is also due to the fact that a large number of 
splitters are already preconfectioned and ready 
to use - a huge benefi t for network operators 
in terms of reliability and costs.

 1) Including optical connectors, across the entire temperature range and all polarisation conditions

Type  BOS 2016SC BOS 2016LC BOS 2032SC BOS 2032LC BOS 2064SC BOS 2064LC

Order no.  25010070 25010069 25010067 25010066 25010065 25010064

Confi guration  1 x 2 : 16 1 x 2 : 32 1 x 2 : 64

Wave length range nm 1,260 … 1,650

Max. insertion loss (-40 ... +80 °C) 
per splitter 1) dB 14.9 17.8 21.1

Uniformity of channels dB < 2.0 < 1.6 < 1.2

Polarisation dependent loss dB 0.4 0.35 0.3

Typ. isolation (Directivity) dB 55

Min. return loss dB 55

Temperature range (operational/storage) °C -40 ... +85

Relative humidity (non-condensing) % ≤ 90

Max. optical power mW < 300

Dimensions (W x H x D), 19" chassis mm 482 x 45 x 196

Fibre type (Core diameter/
sheathing diameter/outer diameter)

μm 9/125/250; G657A

Type of optical connection  SC/APC LC/APC SC/APC LC/APC SC/APC LC/APC
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Mux/Demux

• Optical bandpass fi lter for a CWDM channel 
 - Bandpass wave lengths: 1,611 nm and 1,551 nm
• High reliability
• Low insertion loss
• Design: Mini-tube
• Optical connections: 900 μm fi bres, Connector: SC/APC

Optical band pass fi lters for fi ltering a CWDM 
channel. 

For use in RFoG splitters or at the input 
of RFoG return path receivers to free the 
upstream wave length from unwanted wave 
lengths. 
Unwanted wave length components may still 
exist from insuffi cient directional attenuation 
or from selection of other WDM elements in 
the spectrum.

Similar to picture

BWMR C15-SC

BWMR C18-SC

Optical Mux/Demux, 

Mini-tube design

1) Without connectors

Type  BWMR C15-SC BWMR C18-SC

Order no.  24810192 24810260

Wave length, "Pass Channel" nm 1,551 ± 6.5 1,611 ± 6.5

Wave length, "Refl ect Channel" nm
1,460 ... 1,537 and 

1,563 ... 1,617
1,460 ... 1,597

Insertion loss, "Common t Pass Channel" 1) dB 1.0

Insertion loss, "Common t Refl ect Channel" 1) dB 0.8

Selection (adjacent channel) "Common t Pass Channel" 1) dB ≥ 30

Selection (adjacent channel) "Common t Refl ect Channel" 1) dB ≥ 15

PDL dB ≤ 0.1

Directivity "Pass/Refl ect Channel" (forward path/return path) dB 55

Optical return loss dB 50

Max. optical power mW 500

Dimensions (length x diameter) mm 34 x 5.5

Operating temperature °C 0 ... +70

Storage temperature °C -40 ... +85

Fibre  SMF, 0.9 mm loose tube, l = 1 m

Optical connectors  SC/APC
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Wave length multiplexers (WDM) for splitting 
the downstream and upstream wave lengths in 
RFoG networks. 
In single-fi bre RFoG networks, the downstream 
signal is transmitted on one wave length (1,310 
nm or 1,550 nm) and the upstream signal on 
1,310 nm or 1,610 nm.  

The BWMR 1xx0-1yy0-XX-RFoG is optimised 
for the use in RFoG headends.
The high downstream transmission power and
low reception power of the return path or high
sensitivity of the optical RFoG receivers make
extremely high selection values necessary.

Connection in headend: 
Transmitter on "Pass-Port" 
Return path Rx on "Refl ection-Port" 
Fibre optics to fi bre node on "COM-Port"

Optical Mux/Demux, 

mini-tube design

BWMR 1550-1610-60-SC-RFoG

BWMR 1310-1610-60-SC-RFoG

BWMR 1550-1310-60-SC-RFoG 

BWMR 1550-1610-60-LC-RFoG

BWMR 1310-1610-60-LC-RFoG

BWMR 1550-1310-60-LC-RFoG

• Optical multiplexer/demultiplexer: 
 Wave lengths in DS: 1,310 or 1,550 nm; 
 wave lengths in US: 1,310 or 1,610 nm
• High reliability
• Extremely high isolation of 65 dB
• Low insertion loss
• Design: Mini-tube
• Optical connections: 900 μm fi bres, 
 Connector: LC/APC or SC/APC
• Designed for use in RFoG networks for separation of downstream 
 and upstream wave lengths at the headend site
 

Similar to picture
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Mux/Demux

Type

BWMR 

1550-1610-60- 

LC-RFoG

BWMR 

1310-1610-60- 

LC-RFoG

BWMR 

1550-1310-60- 

LC-RFoG

BWMR 

1550-1610-60- 

SC-RFoG

BWMR 

1310-1610-60- 

SC-RFoG

BWMR 

1550-1310-60- 

SC-RFoG

Order no. 24810255 24810256 24810257 24810263 24810264 24810265

Wave length 1 "Pass Channel"  1,550 ± 40 1,310 ± 40 1,550 ± 40 1,550 ± 40 1,310 ± 40 1,550 ± 40

Wave length 2 "Refl ect Channel" nm 1,610 ± 6.5 1310 ± 20 1,610 ± 6.5 1310 ± 20

Insertion loss 
"Pass Channel t Common" on 
wave length 1 1)

dB ≤ 1.0

Selection "Common t Pass Channel" 
on wave length 2

dB ≥ 45

Insertion loss, "Common t Refl ect 
Channel" on wave length 2 1) ≤ 0.5

Selection "Common t Pass Channel" 
on wave length 1

dB ≥ 15

Directivity ≥ 60 ≥ 65 ≥ 65 ≥ 60 ≥ 65 ≥ 65

PDL dB ≤ 0.2

Optical return loss dB ≥ 45

Max. optical power mW 300

Dimensions (length x diameter) mm 39 x 5.5

Operating temperature °C -5 ... +70

Storage temperature °C -40 ... +85

Fibre SMF, 0.9 mm loose tube, l = 1 m

Optical connectors LC/APC SC/APC

 1) Without connectors

Prospekt RFoG_2012_engl.indd   31Prospekt RFoG_2012_engl.indd   31 30.05.2012   07:12:3630.05.2012   07:12:36



32

• Rapid and simple installation: 
 - Designed for on-wall fi bre installation 
 - Mainly clip-on connections: slot in - ready to go! 
 - Retaining clips for protective covers and splices
• Tamper proofi ng afforded by seal
• Appealing design
• Compact dimensions
• For use with ORA 11x-RFoG, ORA 21x-RFoG or micro-nodes similar dimensions
• Excellent ventilation
• Fibre management functions: 
 - Excess length fastening for up to six fi bres 
 - Four park positions for the SC/APC, LC/APC optical connectors 
 - One park position for an optical twin connector LC/APC for the ORA xxx-RFoG 
 - Fixing facilities for fi bres using cable clips 
 - Six fi bre splice trays (Ø = 3.0 mm) - one WDM coupler (Ø = 5.5 mm)
• Separate cover for fi bre management section
• Installation either horizontal or vertical
• Optional earthing block for earthing of ORA xxx-RFoG

The FMB 500 fi bre management box is an 
accessory for RFoG micro-nodes. 
The FMB 500 is designed to carry out fi bre 
management in RFoG networks at the 
location of the RFoG micro-node, simplifying 
installation. It is possible to fi rst only install the 
fi bre management box and the optical fi bre. 
The RFoG micro-node can be retro-fi tted after 
the fi bre management box has been sealed.

After installation has been completed, the 
FMB 500 is closed using a cover and can 
be additionally fi tted with a seal for tamper 
proofi ng.

FMB 500

FMB 501

Optical network termination 

Fibre management box RFoG

The FMB 500 fi bre management box replaces 
the installation cabinet usually used in NE4 
installation, thereby optimising costs. 
Compact dimensions substantially simplify 
installation. The unit's favourable appearance 
permits installation in areas visible to the 
public. 

The fi bre management box FMB 501 features 
a connection kit including EVL 340 connec-
tion cable with F-quick connectors and the 
EMU 21 earthing block.
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FMB 500
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FMB 500, open, coaxial cable and 

earthing block not included in the 

delivery scope

Type  FMB 500 FMB 501

Order no.  25810020 25810021

Dimensions (W x H x D) mm 310 x 210 x 80

Weight g 250

Connector compartment  4 x SC/APC and 1x LC/APC Twin

Fibre splice trays (diameter: 3 mm)  6

Compartment for WDM tubes (diameter: 5.5 mm)  1

Insertion openings for glass fi bres  Bottom side left, top side left

Max. diameter of inserted fi bre cables mm 8

Housing material characteristics

Flame-retardant characteristics UL 94 V0

Resistance against external impact Impact-resistant, UV proof

Contents Cover for fi bre management
EVL 340, EMU 21, 

cover for fi bre management
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Examples of typical 

RFoG network architectures

RFoG network in PON architecture

RFoG network in P2P architecture

34
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RFoGOverview of the current Kathrein RFoG portfolio

Order no. Kathrein type designation Note

Headend WDMs

24810255 BWMR 1550-1610-60-LC-RFoG WDM 1,550-1,610 nm, 60 dB isolation, LC/APC
24810256 BWMR 1310-1610-60-LC-RFoG WDM 1,310-1,610 nm, 65 dB isolation, LC/APC
24810257 BWMR 1550-1310-60-LC-RFoG WDM 1,550-1,310 nm, 65 dB isolation, LC/APC
24810263 BWMR 1550-1610-60-SC-RFoG WDM 1,550-1,610 nm, 60 dB isolation, SC/APC
24810264 BWMR 1310-1610-60-SC-RFoG WDM 1,310-1,610 nm, 65 dB isolation, SC/APC
24810265 BWMR 1550-1310-60-SC-RFoG WDM 1,550-1,310 nm, 65 dB isolation, SC/APC

Low-cost bandpass fi lters for upgrading from 2 to xxx splitters

24810260 BWMR C18-SC 1,611 nm band pass, SC/APC
24810192 BWMR C15-SC 1,511 nm band pass, SC/APC
24810197 BWMR 1310 1,310 nm band pass, SC/APC

2 to xx splitters/combiners 19" 1 RU

25010069 BOS 2016LC 2 inputs to 16 outputs
25010070 BOS 2016SC 2 inputs to 16 outputs
25010066 BOS 2032LC 2 inputs to 32 outputs
25010067 BOS 2032SC 2 inputs to 32 outputs
25010071 BOS 2064LC 2 inputs to 64 outputs
25010065 BOS 2064SC 2 inputs to 64 outputs

RFoG micro-nodes

24710043 ORA 110-RFoG DS 1,550 nm with 1,310 nm FP laser diode, 3 dB
24710050 ORA 118-RFoG DS 1,550 nm with 1,610 nm DFB laser diode, 3 dB
24710053 ORA 119-RFoG DS 1,350 nm with 1,610 nm DFB laser diode, 3 dB

24710057 ORA 210-RFoG DS 1,550 nm with 1,310 nm FP laser diode, 3 dB
24710055 ORA 218-RFoG DS 1,550 nm with 1,610 nm DFB laser diode, 3 dB
24710056 ORA 219-RFoG DS 1,350 nm with 1,610 nm DFB laser diode, 3 dB

24710071 ORA 110D-RFoG DS 1,550 nm with 1,310 nm FP laser diode, 3 dB
24710072 ORA 118D-RFoG DS 1,550 nm with 1,610 nm DFB laser diode, 3 dB
24710073 ORA 119D-RFoG DS 1,350 nm with 1,610 nm DFB laser diode, 3 dB

24710067 ORA 210D-RFoG DS 1,550 nm with 1,310 nm FP laser diode, 3 dB
24710068 ORA 218D-RFoG DS 1,550 nm with 1,610 nm DFB laser diode, 3 dB
24710069 ORA 219D-RFoG DS 1,350 nm with 1,610 nm DFB laser diode, 3 dB

24710074 ORA 310D-RFoG DS 1,550 nm with 1,310 nm FP laser diode, 3 dB
24710075 ORA 311D-RFoG DS 1,550 nm with 1,310 nm DFB laser diode, 3 dB
24710076 ORA 318D-RFoG DS 1,550 nm with 1,610 nm DFB laser diode, 3 dB
24710077 ORA 319D-RFoG DS 1,350 nm with 1,610 nm DFB laser diode, 3 dB

24710078 ORA 410-RFoG DS 1,550 nm with 1,310 nm FP laser diode, 3 dB
24710079 ORA 411-RFoG DS 1,550 nm with 1,310 nm DFB laser diode, 3 dB
24710080 ORA 418-RFoG DS 1,550 nm with 1,610 nm DFB laser diode, 3 dB
24710081 ORA 419-RFoG DS 1,350 nm with 1,610 nm DFB laser diode, 3 dB

Fibre management box for micro-nodes

25810020 FMB 500

RFoG return path receivers

24710047 ORM 43-RFoG KOBRA module
24710049 ORR 43-RFoG BK module
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www.kathrein.de · E-Mail: hfc@kathrein.de

 We are always pleased to advise you:

For further information please contact us: 

E-mail: hfc@kathrein.de 
Phone: +49 8031 184-380 

or visit our website "www.kathrein.de". 

You will also fi nd additional information in 
our latest brochure on the optical broadband 
platform KOBRA.

Optical 
Broadband Platform

NEW: Directly modulated DWDM transmitters OTB xx08

KATHREIN-Werke KG · Telephon +49 8031 184-0 · Telefax +49 8031 184-385
Anton-Kathrein-Str. 1 - 3 · P.O. Box 10 04 44 · 83004 Rosenheim/GERMANY
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