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ABSTRACT 

The disclosure describes an optical network terminal (ONT) 
for use in a passive optical network (PON) that includes 
poWer conversion circuitry to accommodate a variety of MN 
poWer source options. In particular, the poWer conversion 

App1_ NO; 11/313,234 circuitry converts a Wide range of input direct current (DC) 
voltages to a DC supply voltage that poWers ONT circuitry 

Filed; Dec, 20, 2005 that supports communication of information via the PON. 
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OPTICAL NETWORK TERMINAL WITH WIDE 
INPUT RANGE POWER CONVERTER 

[0001] This application claims the bene?t of US. provi 
sional application No. 60/639,860, ?led Dec. 28, 2004, the 
entire content of Which is incorporated herein by reference. 

TECHNICAL FIELD 

[0002] The invention relates to networking and, more 
particularly, to powering an optical netWork terminal (ONT) 
in a passive optical netWork (PON). 

BACKGROUND 

[0003] Apassive optical netWork (PON) can deliver voice, 
video and other data among multiple netWork nodes, using 
a common optical ?ber link. Passive optical splitters and 
combiners enable multiple optical netWork terminals 
(ONT)s to share the optical ?ber link. Each ONT terminates 
the optical ?ber link for a residential or business subscriber, 
and is sometimes referred to as a subscriber premises node 
that delivers Fiber to the Premises (FTTP). An ONT is 
connected to one or more subscriber devices, such as tele 

visions, set-top boxes, telephones, computers, or netWork 
appliances, Which ultimately receive the voice, video and 
data delivered via the PON. 

[0004] Generally, a PON includes a PON interface, some 
times referred to as an optical line terminator (OLT), having 
multiple, independent PON interface modules that serve 
multiple optical ?ber links. A PON interface module pro 
vides an interface for transmission and reception of data 
packets over a particular optical ?ber link that serves a group 
of ONTs. A PON is inherently a doWnstream-multicast 
medium. Each packet transmitted on an optical ?ber link can 
be received by every ONT served by that link. ONTs identify 
selected packets or frames on the ?ber link based on 
addressing information included Within the packets or 
frames. 

[0005] NetWork equipment in a cable or hybrid netWork 
may be connected to poWer provided by a central of?ce, 
Which commonly utiliZes battery and generator back-up 
poWer to maintain a continuous poWer supply. In contrast, an 
ONT in an all-?ber optical netWork is ordinarily poWered 
locally at the subscriber premises. For this reason, an ONT 
often includes a battery to provide back up poWer during a 
poWer outage to maintain critical services, such as voice 
service. Many FTTP service providers provide an uninter 
ruptible poWer source (UPS) unit that may be mounted 
Within or outside the service subscriber’s premises. A UPS 
unit provides AC-to-DC voltage conversion from line poWer 
Within the subscriber premises and includes a battery for 
backup poWer. In any case, different providers may Want to 
implement different poWer options depending on several 
options, such as cost, reliability, and distance from a poWer 
source to the ONT. 

SUMMARY 

[0006] In general, the invention is directed to an optical 
netWork terminal (ONT) for use in a passive optical netWork 
(PON) that includes poWer conversion circuitry to accom 
modate a variety of poWer source options. In particular, the 
poWer conversion circuitry converts a Wide range of input 
direct current (DC) voltages to a DC supply voltage that 
poWers ONT circuitry that supports communication of infor 
mation via the PON. 
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[0007] An ONT is typically poWered locally at the sub 
scriber premises. Thus, circuitry is provided to convert 
standard alternating current (AC) line poWer to DC poWer. 
Some ONTs are generally designed to be poWered by either 
a 12 volt direct current (VDC). Other ONTs are designed to 
be poWered by a 48 VDC poWer supply. Accordingly, an 
ONT designed for 12 VDC operation Will not operate With 
a 48 VDC poWer supply. Similarly, an ONT designed for 48 
VDC operation Will not operate With a 12 VDC poWer 
supply. Consequently, the poWer supply options offered to 
the ?ber-to-the-premises (FTTP) service provider are gen 
erally limited by the design of the ONT. 

[0008] In accordance With an embodiment of the inven 
tion, an ONT includes poWer conversion circuitry compris 
ing a Wide input voltage range poWer converter. The poWer 
conversion circuitry accommodates a Wide input voltage 
range, e.g., 10.5-56.5 VDC, and converts the input voltage 
to an appropriate DC supply voltage to poWer the ONT. For 
example, the poWer conversion circuitry may convert the 
Wide input voltage range to a supply voltage in a range of 
approximately 8 to 15 VDC for an ONT designed for a 12 
VDC poWer supply. For example, the input poWer to the 
ONT circuitry, as generated by the poWer conversion cir 
cuitry, may be 12 VDC. In this manner, the invention 
enables an ONT to be used With a variety of different input 
poWer source options, including 12 VDC or 48 VDC poWer 
supplies. 
[0009] In one embodiment, the invention provides an 
optical netWork termination (ONT) for use in a passive 
optical netWork (PON), the ONT comprising ONT circuitry 
to support communication of information via the PON, and 
poWer conversion circuitry to provide operating poWer to the 
ONT circuitry, Wherein the poWer conversion circuitry is 
capable of converting a range of input voltages to a supply 
voltage that poWers the ONT circuitry. 

[0010] In another embodiment, the invention provides a 
method for poWering an optical netWork termination (ONT) 
for use in a passive optical netWork (PON), the method 
comprising generating an input voltage, and converting the 
input voltage to a supply voltage to poWer circuitry Within 
the ONT using poWer conversion circuitry that is capable of 
converting a range of input voltages to the supply voltage. 

[0011] In another embodiment, the invention is directed to 
a computer-readable medium containing instructions. The 
instructions cause a programmable processor to 

[0012] The invention may offer one or more advantages. 
Unlike ONTs designed to be poWered by either a 12 VDC or 
a 48 VDC poWer supply, the described ONT includes poWer 
conversion circuitry that converts a Wide range of DC input 
voltages to a DC supply voltage that poWers the ONT. 
Consequently, rather than the FTTP service provider being 
limited by the design of the ONT, the FTTP service provider 
may select from a variety of different poWer source options, 
including 12 VDC or 48 VDC for a given ONT. In this 
manner, the FTTP service provider may select a poWer 
source depending on several factors, such as cost, complex 
ity, reliability, and distance from a poWer source to the ONT. 
The described invention provides a ?exible solution that 
may be con?gured to accommodate different ONT poWer 
supply options. 
[0013] The details of one or more embodiments of the 
invention are set forth in the accompanying draWings and 
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the description below. Other features, objects, and advan 
tages of the invention Will be apparent from the description 
and drawings, and from the claims. 

BRIEF DESCRIPTION OF DRAWINGS 

[0014] FIG. 1 is a block diagram illustrating an exemplary 
passive optical netWork (PON). 

[0015] FIG. 2 is a block diagram illustrating an optical 
netWork terminal (ONT) on the PON of FIG. 1 that includes 
poWer conversion circuitry to accommodate a variety of 
different poWer source options. 

[0016] FIG. 3 is a block diagram illustrating another 
optical netWork terminal (ONT) on the PON of FIG. 1 that 
includes poWer conversion circuitry to accommodate a vari 
ety of different poWer source options. 

[0017] FIG. 4 is a block diagram illustrating yet another 
optical netWork terminal (ONT) on the PON of FIG. 1 that 
includes poWer conversion circuitry to accommodate a vari 
ety of different poWer source options. 

DETAILED DESCRIPTION 

[0018] In general, the invention is directed to an optical 
netWork terminal (ONT) for use in a passive optical netWork 
(PON) that includes poWer conversion circuitry to accom 
modate a variety of poWer source options. In particular, the 
poWer conversion circuitry converts a Wide range of input 
direct current (DC) voltages to a DC supply voltage that 
poWers ONT circuitry that supports communication of infor 
mation via the PON. 

[0019] In one example, an ol?ine converter converts stan 
dard AC input line poWer to DC poWer. The of?ine converter 
may be located inside the premises of a FTTP subscriber. 
The Wide input voltage range of the poWer conversion 
circuitry of the ONT enables the output voltage of the ol?ine 
converter to be anyWhere Within a Wide input voltage range 
of the ONT. 

[0020] In another example, an uninterruptible poWer sup 
ply (UPS) unit provides AC-to-DC voltage conversion from 
line poWer Within the subscriber premises and also includes 
a battery for backup poWer during a poWer outage. The UPS 
unit may be located Within or outside the service subscrib 
er’s premises. Again, the Wide input voltage range of the 
poWer conversion circuitry permits the use of any of a Wide 
range of voltages produced by the UPS unit to poWer the 
ONT. 

[0021] In a further example, an o?line converter provides 
a supply voltage to the ONT via the poWer conversion 
circuitry and also provides DC poWer to a UPS unit. The 
UPS unit may utiliZe the DC poWer as a supply voltage for 
a battery charger. This con?guration may be particularly 
desirable in the event a supplier desires battery backup 
outside the subscriber premises, but does not have access to 
AC line poWer outside the premises. 

[0022] FIG. 1 is a block diagram illustrating a passive 
optical netWork (PON) 10. As shoWn in FIG. 1, PON 10 can 
be arranged to deliver voice, data and video content (gen 
erally “information”) to a number of netWork nodes via 
optical ?ber links. Exemplary components for implementing 
a PON are commercially available from Optical Solutions, 
Inc., of Minneapolis, Minn., and designated by the trade 
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name FiberpathTM, including the FiberdriveTM headend bay 
interface, i.e., OLT, and the FiberpointTM subscriber premise 
node, i.e., ONT. The ONT may conform to any of a variety 
of PON standards, such as the broadband PON (BPON) 
standard (ITU G983) or the gigabit-capable PON (GPON) 
standard (ITU G.984), as Well as future PON standards 
under development by the Full Service Access NetWork 
(FSAN) Group or other organizations. 

[0023] An OLT 12 may receive voice information, for 
example, from the public sWitched telephone netWork 
(PSTN) 14 via a sWitch facility 16. In addition, OLT 12 may 
be coupled to one or more Internet service providers (ISP’s) 
18 via the Internet and a router 20. As further shoWn in FIG. 
1, OLT 12 may receive video content 22 from video content 
suppliers via a streaming video headend 24. In each case, 
OLT 12 receives the information, and distributes it along 
optical ?ber links 11A and 11B (collectively “?ber links 11”) 
to groups 26A and 26B (collectively “groups 26”) of ONTs 
28A, 28B, 28C and 28D (collectively “nodes 28”). Each of 
groups 26 is coupled to a respective one of optical ?ber links 
11. OLT 12 may be coupled to any number of ?ber links 11. 
For purposes of illustration FIG. 1 shoWs only tWo ?ber 
links 11A, 11B. 

[0024] ONTs 28 include hardWare for receiving informa 
tion from PON 10 via optical ?ber links 11, and delivering 
the information to one or more connected subscriber devices 

(not shoWn). For example, each ONT 28 may serve as a PON 
access point for one or more computers, netWork appliances, 
televisions, set-top boxes, Wireless devices, or the like, for 
video and data services. In addition, each ONT 28 may be 
connected to subscriber telephones for delivery of telephone 
services. Hence, ONT 28 may provide video to support 
television applications, data to support Internet access, and 
voice to support telephone services. ONT 28 includes appro 
priate conversion hardWare to convert optical signals to 
electrical signals, and electrical signals to optical signals. 
OLT 12 may be located near or far from a group 26 of ONTs 
28. In some existing netWorks, hoWever, OLT 12 may reside 
in a central of?ce (CO) situated Within approximately ten 
miles from each ONT 28. 

[0025] An ONT 28 may be located at any of a variety of 
locations, including residential or business sites, any of 
Which may be referred to as subscriber premises. In addition, 
a single ONT 28 may operate on a shared basis to deliver 
information to tWo or more closely located residences or 

businesses via copper or additional optical ?ber connections, 
either directly or via a netWork hub, router or sWitch. A 
group 26 of ONTs 28 may refer to nodes served by OLT 12 
via a common optical ?ber link 11. Each group 26 in FIG. 
1 contains tWo ONTs 28 for purposes of illustration. HoW 
ever, a group 26 may include a single ONT 28, or numerous 
ONTs. 

[0026] ONT 28 also may include hardWare for transmit 
ting information over PON 10. For example, an ONT 28 
may transmit voice information over PSTN 14 via OLT 12 
and sWitch facility 16 in the course of a telephone conver 
sation. In addition, an ONT 28 may transmit data to a variety 
of nodes on the Internet via ISP 18, router 20 and OLT 12. 
Multiple ONTs 28 typically transmit upstream over a com 
mon optical ?ber link 11 using time division multiplexing 
techniques, and rely on a doWnstream grant packet for 
assignment of upstream time slots to individual ONTs. 
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[0027] Each of ONTs 28 is powered locally at the sub 
scriber premises. ONTs 28 are generally designed to be 
powered by either a 12 volt direct current (VDC) or 48 VDC 
poWer supply, depending on the design of the ONT. Accord 
ingly, an ONT designed for 12 VDC operation Will not 
operate With a 48 VDC poWer supply. Similarly, an ONT 
designed for 48 VDC operation Will not operate With a 12 
VDC poWer supply. Consequently, the poWer supply options 
offered to the FTTP service provider are generally limited by 
the design of the ONT. 

[0028] In accordance With the invention, hoWever, an 
ONT is equipped With poWer conversion circuitry that 
permits the ONT to be poWered by 12 VDC or 48 VDC 
poWer supply. The poWer conversion circuitry accepts a 
Wide input range voltage, e.g., from 10.5 VDC to 56.5 VDC, 
and converts the voltage to a supply voltage appropriate for 
the ONT, e.g., 8 to 15 VDC. For example, the poWer 
conversion circuitry may output a 12 VDC supply to the 
ONT processing circuitry. With the Wide input voltage 
range, hoWever, the FTTP service provider has the option of 
using 12 VDC, 48 VDC or other supply voltages as input 
voltages for application to the poWer conversion circuitry of 
the ONT. 

[0029] Fiber-to-the-premises (FTTP) providers may desire 
to implement different poWer options depending on several 
factors, such as cost, complexity, reliability, and distance 
from a poWer source to the ONT. For example, some 
providers may elect to include battery poWer, While other 
providers may elect to eliminate battery poWer. Similarly, 
some providers may select implementations that require 
indoor or outdoor battery placement. Thus, it may be advan 
tageous to provide a ?exible solution that can be con?gured 
to accommodate different poWer options rather than provide 
a unique solution for each poWer option. 

[0030] Each of ONTs 28 in PON 10 may include poWer 
conversion circuitry to convert a Wide range of input direct 
current (DC) voltages to a DC supply voltage that poWers 
the ONT hardWare. By permitting a Wide range of input DC 
voltages at the ONT, the FTTP service provider may select 
a variety of different poWer source options. 

[0031] FIG. 2 is a block diagram illustrating an ONT 28 
that includes poWer conversion circuitry 36 to accommodate 
a variety of different poWer source options. In general, 
poWer conversion circuitry converts a Wide range of DC 
input voltages to a DC operating voltage or supply voltage 
for poWering the hardWare of ONT 28. In particular, ONT 28 
receives a DC input voltage from of?ine converter 48 as 
shoWn in FIG. 2. 

[0032] ONT 28 provides an interface betWeen an optical 
?ber link 11 on a PON 10 and subscriber equipment 38 in a 
?ber-to-the-premises (FTTP) netWork. ONT 28 receives 
information in the form of voice, video and data from PON 
10 over optical ?ber link 11 from OLT 12. ONT 28 processes 
the information to deliver telephone, television and Internet 
services to subscriber equipment 38. Subscriber equipment 
38 may include telephones, computers, televisions, set-top 
boxes, netWork applications, and the like. ONT 28 sends 
video signals to subscriber equipment 38 via coaxial cable, 
data via netWork cables such as Ethernet cable, and tele 
phone signals over tWisted pair Wire. Voice, video and data 
are examples of information that may be received and 
transmitted by ONT 28. 

Aug. 24, 2006 

[0033] As further shoWn in FIG. 2, to support voice, video 
and data services, ONT 28 includes an optical receiver 30 
that receives optical signals from optical ?ber link 11 and 
converts the optical signals to electrical signals, and an 
optical transmitter 32 that receives electrical signals from 
ONT processing circuitry 34 and converts the electrical 
signals to optical signals for transmission over PON 10 via 
optical ?ber link 11. Optical receiver 30 and optical trans 
mitter 32 form an optical interface, and may be formed by 
conventional opto-electrical conversion hardWare. 

[0034] ONT processing circuitry 34 handles reception and 
transmission of information in the form of frames, packets 
or other units of information over PON 10. For example, 
ONT processing circuitry 34 may be responsible for iden 
tifying information directed to and from particular sub 
scriber equipment 38, and formatting the information to 
support respective telephone, video or data services Within 
the subscriber premises and over PON 10. ONT processing 
circuitry 34 may also include data circuitry, video circuitry, 
and telephone circuitry to process incoming data for delivery 
of Internet, television and telephone services, respectively. 
ONT processing circuitry 34, data circuitry, video circuitry, 
and telephone circuitry may be implemented together or 
separately as one or more microprocessors, digital signal 
processors (DSPs), application speci?c integrated circuits 
(ASICs), ?eld-programmable gate arrays (FPGAs), or other 
equivalent logic circuitry. 

[0035] ONT 28 is poWered locally at the subscriber’s 
premises With AC poWer supply 49. In particular, of?ine 
converter 48 converts poWer from AC poWer supply 49 to a 
DC input voltage for ONT 28. PoWer conversion circuitry 36 
is designed to convert a Wide range of DC input voltages to 
a DC supply voltage that poWers ONT 28. For example, 
poWer conversion circuitry 36 may accommodate a Wide 
input voltage range of approximately 10.5 to 56.5 VDC and 
output a supply voltage in a range of approximately 8 to 15 
VDC, thereby providing suitable poWer for an ONT 
designed to operate With a 12 VDC poWer supply. Impor 
tantly, With the Wide input voltage range accommodated by 
poWer conversion circuitry 36, the DC voltage out of of?ine 
converter 48 can be anyWhere in the input voltage range of 
poWer conversion circuitry 36, providing the FTTP service 
provider With ?exibility in the selection of poWer supply 
options. 

[0036] ONT 28 may be designed to be poWered by either 
a 12 VDC or a 48 VDC poWer supply. When ONT 28 is 
designed to be poWered by a 12 VDC poWer supply, poWer 
conversion circuitry 36 converts the DC input voltage to a 12 
VDC supply voltage. In this manner, ol?ine converter 48 
may provide a supply voltage of 12 VDC or 48 VDC, Which 
is converted by poWer conversation circuitry 36 to 12 VDC 
to poWer ONT processing circuitry 34. Similarly, in some 
embodiments, When ONT 28 is designed to be poWered by 
a 48 VDC poWer supply, poWer conversion circuitry 36 may 
be provided to convert the DC input voltage to a 48 VDC 
supply voltage. 

[0037] PoWer conversion circuitry 36 may comprise a 
Wide input voltage range integrated circuit (IC). One 
example of a suitable Wide input voltage range IC is the 
LTC3703 IC commercially available from Linear Technol 
ogy Corporation of Milpitas, Calif. HoWever, poWer con 
version circuitry 36 may be any suitable DC-to-DC con 
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verter that accommodates a Wide input voltage range and 
outputs an appropriate supply voltage to poWer ONT 28. 

[0038] O?line converter 48 may comprise an inexpensive 
“Wall Wart” or other suitable AC-to-DC converter that 
outputs a DC voltage Within the Wide input voltage range of 
poWer conversion circuitry 36. Generally, of?ine converter 
48 may include a transformer to reduce the voltage of AC 
poWer supply 49 to a DC voltage Within the input range of 
poWer conversion circuitry 36, a recti?er to perform the 
AC-to-DC conversion, and a capacitor to ?lter the output. In 
any case, of?ine converter 48 may be located Within or 
outside the premises of a FTTP subscriber. 

[0039] For example, of?ine converter 48 may be a Wall 
Wart that simply plugs into a standard AC outlet Within the 
installation premises. The output voltage generated by 
o?line converter 48 may be delivered to ONT 28 via a poWer 
cord. In some embodiments, a supply voltage of 48 VDC 
may be selected to permit longer poWer cords due to the 
loWer voltage drop at ONT 28. 

[0040] As further shoWn in FIG. 2, ONT 28 may also 
include battery module 40 to provide backup poWer during 
a poWer outage to maintain critical services, such as voice 
service. Battery module 40 includes a battery 44 to provide 
backup poWer to ONT 28, a battery charger 42 to charge 
battery 44, and battery charger control circuitry 46 to 
monitor the status of battery 44. The voltage output by 
o?line converter 48 may also be used to poWer battery 
module 40. 

[0041] While ONT 28 is illustrated as including battery 
module 40 in FIG. 2, some providers may choose to 
eliminate battery module 40 Within ONT 28. By eliminating 
battery module 40, cost, space, and poWer dissipation can be 
reduced Within ONT 28. HoWever, different service provid 
ers may Want to implement different poWer options depend 
ing on several factors such as cost, reliability, and distance 
from a poWer source to the ONT. For example, the service 
provider may choose to eliminate backup battery poWer 
altogether or, alternatively, provide an external battery mod 
ule, such as a UPS unit. 

[0042] FIG. 3 is a block diagram illustrating an ONT 28 
that is poWered locally by a UPS unit 50. Notably, unlike the 
embodiment illustrated in FIG. 2, ONT 28 does not include 
battery module 40 because UPS unit 50 provides AC-to-DC 
conversion from AC poWer supply 54 and also includes 
battery 58 to provide backup poWer. In general, UPS unit 50 
delivers a voltage Within the Wide input voltage range of 
poWer conversion circuitry 36 and also provides backup 
poWer to ONT 28 during a poWer outage. 

[0043] Again, ONT 28 includes poWer conversion cir 
cuitry 36 that converts a Wide range of DC input voltages, 
such as approximately 10.5-56.5 VDC, to a DC supply 
voltage appropriate to poWer ONT 28. PoWer conversion 
circuitry 36 outputs the supply voltage, e.g., 12 VDC, to 
poWer optical receiver 30, optical transmitter 32, and ONT 
processing circuitry 34 to support communication of infor 
mation over PON 10 and provide voice, video, and data 
services. In some embodiments, poWer conversion circuitry 
36 may be con?gured to output a supply voltage of 48 VDC. 

[0044] UPS unit 50 may be located Within or outside the 
subscriber’s premises. Because battery performance and 
reliability are adversely affected by temperature extremes, 
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UPS unit 50 may be located Within the subscriber’s pre 
mises. HoWever, When UPS unit 50 is mounted Within the 
premises, the service provider must gain access to the 
premises in order to service battery 58, Which is generally 
expensive and inconvenient to obtain. Physical access to 
UPS unit 50 is important because the inability to maintain 
battery 58 could result in battery failure during an extended 
poWer outage causing ONT 28 to lose poWer and fail to 
provide critical voice service. Consequently, in some cases, 
UPS unit 50 may also be mounted outside the subscriber’s 
premises so that UPS unit may be easily accessed. In this 
case, UPS unit 50 is typically mounted to an exterior Wall 
and may be mounted near or far from ONT 28. 

[0045] Regardless of Where UPS unit 50 is installed, 
conversion circuitry 52 converts standard poWer Within the 
subscriber’s premises from AC poWer supply 54 to a DC 
input voltage Within the Wide input voltage range (e.g., 
approximately 10.5 to 56.5 VDC) of poWer conversion 
circuitry 36. Again, AC poWer supply 54 may be obtained 
from AC line poWer Within the subscriber premises. Battery 
charger 56 and UPS processing circuitry 59 are also poWered 
by the voltage output by conversion circuitry 52. 

[0046] Battery charger 56 charges battery 58 so that bat 
tery 58 may poWer ONT 28 over an extended period of time, 
such as approximately 8 hours, during a poWer outage. In 
addition, UPS processing circuitry 59 monitors the status of 
battery 58. For example, UPS processing circuitry 59 may 
transmit information associated With the status of battery 48 
to ONT 28 or OLT 12. The information may indicate a 
failure in AC poWer supply 54, loW life of battery 58, replace 
battery 58, or battery 58 is missing. 

[0047] Importantly, ONT 28 permits the use of any voltage 
in the range accommodated by poWer conversion circuitry 
36. Normally, a UPS unit provides either a 12 VDC or a 48 
VDC. Consequently, poWer conversion circuitry 36 permits 
the use of any voltage in the range produced by a normal 
UPS unit to poWer ONT 28. Accordingly, ONT 28 may be 
used With a UPS unit 50 having a 12 VDC output, a 48 VDC 
output, or any other output Within the Wide input voltage 
range of poWer conversion circuitry 36. PoWer conversion 
circuitry 36 converts any input voltage in the Wide input 
voltage range to a supply voltage appropriate to poWer ONT 
28, such as 12 VDC. By including circuitry to provide 
backup poWer in UPS unit, only the providers that choose to 
include a battery are required to pay for additional circuitry. 

[0048] FIG. 4 is a block diagram illustrating ONT 28 that 
receives a DC input voltage from o?line converter 48 and 
includes a UPS unit 60 to provide backup poWer during a 
poWer outage. Speci?cally, of?ine converter 48 converts 
standard AC poWer Within the subscriber’s premises from 
AC poWer supply 49 to a DC input voltage that poWers ONT 
28 and UPS unit 60. The embodiment illustrated in FIG. 4 
may be particularly advantageous When a service provider 
Wants to place a battery outside the subscriber’s premises, 
but does not readily have access to AC poWer outside the 
premises. 

[0049] Similar to the embodiments illustrated in FIG. 2 
and FIG. 3, ONT 28 includes poWer conversion circuitry 36 
that converts a Wide range of DC input voltages, such as 
approximately 10.5-56.5 VDC, to a DC supply voltage that 
poWers ONT 28. PoWer conversion circuitry 36 outputs the 
supply voltage, e.g., 12 VDC, to poWer optical receiver 30, 
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optical transmitter 32, and ONT processing circuitry 34 to 
support communication of information over PON 10 and 
provide voice, video, and data services. In some embodi 
ments, poWer conversion circuitry 36 may be con?gured to 
output a supply voltage of 48 VDC. 

[0050] As in the example of FIG. 2, of?ine converter 48 
may be a Wall Wart or other suitable AC-to-DC converter as 

previously described. For example, of?ine converter may be 
an inexpensive Wall Wart plugged into a standard AC outlet 
Within the subscriber’s premises that outputs a DC voltage 
Within the input range of poWer conversion circuitry 36. 
O?line converter 48 may deliver the DC voltage to UPS unit 
60 and ONT 28 via one or more poWer cords. As previously 
described, it may be desirable to output poWer at a high 
voltage and loW current to minimiZe poWer losses and the 
voltage drop at UPS unit 60 and ONT 28. 

[0051] O?line converter 48 provides DC poWer to a bat 
tery module in the form of UPS unit 60. UPS unit 60 may 
include battery charger 56 and one or more batteries that 
function as a UPS unit. UPS unit 60 can be located remotely 
anyWhere betWeen the o?line converter 48 and ONT 28. For 
example, UPS unit 60 may be located Within or outside the 
installation premises and is poWered by the DC voltage 
output by o?line converter 48. 

[0052] Because of?ine converter 48 converts the poWer 
provided by AC poWer supply 49 into a DC voltage, UPS 
unit 60 does not include AC-to-DC conversion circuitry. 
Rather, UPS unit 60 includes battery charger 56, battery 58, 
and UPS processing circuitry 59. Again, battery 58 provides 
backup poWer to ONT 28 during a poWer outage, battery 
charger charges battery 58, and UPS processing circuitry 
monitors the status of battery 58. 

[0053] While UPS unit 60 may be mounted Within or 
outside the subscriber’s premises, the embodiment illus 
trated in FIG. 4 is particularly advantageous When AC 
poWer is not readily available outside the premises and the 
service provider desires an external UPS unit. This scenario 
may be common as most installation sites do not readily 
have access to AC poWer and external UPS units are less 
expensive and easier to maintain than UPS units mounted 
inside the installation premises. In particular, of?ine con 
verter 48 may plug into a standard AC outlet Within the 
premises While UPS unit 60 and ONT 28 are mounted 
outside the premises. Importantly, UPS unit 60 may be 
located anyWhere betWeen o?line converter 48 and ONT 28, 
Within or outside the premises. 

[0054] By accommodating a Wide voltage input range at 
ONT 28, the FTTP service provider may select different 
poWer options depending on several factors such as cost, 
complexity, reliability, and distance from the ONT. Thus, 
ONT 28 provides a ?exible solution for various poWer 
options. ONT 28 With poWer conversion circuitry 36 may be 
poWered by various poWer options unlike ONTs that may be 
poWered by only one particular poWer option. 

[0055] Various embodiments of the invention have been 
described. HoWever, one skilled in the art Will appreciate 
that various modi?cations or additions may be made to the 
described embodiments Without departing from the scope of 
the claimed inventions. 
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1. An optical netWork termination (ONT) for use in a 
passive optical netWork (PON), the ONT comprising: 

ONT circuitry to support communication of information 
via the PON; and 

poWer conversion circuitry to provide operating poWer to 
the ONT circuitry, Wherein the poWer conversion cir 
cuitry is capable of converting a range of input voltages 
to a supply voltage that poWers the ONT circuitry. 

2. The ONT of claim 1, Wherein the range of input 
voltages is in a range of approximately 10.5 volts DC (VDC) 
to approximately 56.5 VDC. 

3. The ONT of claim 1, Wherein the range of input 
voltages includes one of an input voltage of approximately 
12 volts direct current (V DC) and an input voltage of 
approximately 48 volts direct current (V DC). 

4. The ONT of claim 1, Wherein the supply voltage is in 
a range of approximately 8 volts direct current (VDC) to 15 

5. The ONT of claim 1, Wherein the supply voltage is 
approximately 12 volts direct current (V DC). 

6. The ONT of claim 1, Wherein the poWer conversion 
circuitry includes a Wide input voltage range integrated 
circuit that converts a voltage in a Wide range of input 
voltages to the supply voltage. 

7. The ONT of claim 6, Wherein the range of input 
voltages is in a range of approximately 10.5 volts DC (VDC) 
to approximately 56.5 VDC. 

8. The ONT of claim 1, Wherein the poWer conversion 
circuitry is coupled to an uninterruptible poWer supply 
(UPS) unit to receive the input voltage. 

9. The ONT of claim 1, Wherein the poWer conversion 
circuitry is coupled to a battery to receive the input voltage. 

10. The ONT of claim 1, Wherein the poWer conversion 
circuitry is coupled to an of?ine converter to receive the 
input voltage, Wherein the o?line converter converts poWer 
from an alternating current (AC) poWer supply to a direct 
current (DC) input voltage. 

11. The ONT of claim 1, Wherein the poWer conversion 
circuitry is capable of converting both an input voltage of 12 
volts direct current (V DC) and an input voltage of 48 VDC 
to the supply voltage. 

12. Amethod for poWering an optical netWork termination 
(ONT) for use in a passive optical netWork (PON), the 
method comprising: 

generating an input voltage; and 

converting the input voltage to a supply voltage to poWer 
circuitry Within the ONT using poWer conversion cir 
cuitry that is capable of converting a range of input 
voltages to the supply voltage. 

13. The method of claim 12, Wherein the range of input 
voltages is in a range of approximately 10.5 volts DC (VDC) 
to approximately 56.5 VDC. 

14. The method of claim 12, Wherein the range of input 
voltages includes an input voltage of approximately 12 volts 
direct current (V DC). 

15. The method of claim 12, Wherein the range of input 
voltages includes an input voltage of approximately 48 volts 
direct current (V DC). 

16. The method of claim 12, Wherein the supply voltage 
is in a range of approximately 8 volts direct current (VDC) 
to 15 VDC. 
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17. The method of claim 12, wherein the supply voltage 
is approximately 12 volts direct current (VDC). 

18. The method of claim 12, Wherein the power conver 
sion circuitry includes a Wide input voltage range integrated 
circuit that converts a voltage in a Wide range of input 
voltages to the supply voltage. 

19. The method of claim 18, Wherein the range of input 
voltages is in a range of approximately 10.5 volts DC (VDC) 
to approximately 56.5 VDC. 

20. The method of claim 12, Wherein the poWer conver 
sion circuitry is coupled to an uninterruptible poWer supply 
(UPS) unit to receive the input voltage. 

21. The method of claim 12, Wherein the poWer conver 
sion circuitry is coupled to a battery to receive the input 
voltage. 

22. The method of claim 12, Wherein the poWer conver 
sion circuitry is coupled to an o?line converter to receive the 
input voltage, the method further comprising converting 
poWer from an alternating current (AC) poWer supply to a 
direct current (DC) input voltage using the o?line converter. 

23. The method of claim 12, Wherein the poWer conver 
sion circuitry is capable of converting both an input voltage 
of 12 volts direct current (V DC) and an input voltage of 48 
VDC to the supply voltage. 

24. An optical netWork termination (ONT) for use in a 
passive optical netWork (PON), the ONT comprising: 

ONT circuitry to support communication of information 
via the PON; and 

poWer conversion means for providing operating poWer to 
the ONT circuitry, Wherein the poWer conversion 
means is capable of converting a range of input volt 
ages to a supply voltage that poWers the ONT circuitry. 

25. The ONT of claim 24, Wherein the range of input 
voltages is in a range of approximately 10.5 volts DC (VDC) 
to approximately 56.5 VDC. 

Aug. 24, 2006 

26. The ONT of claim 24, Wherein the range of input 
voltages includes an input voltage of approximately 12 volts 
direct current (V DC). 

27. The ONT of claim 24, Wherein the range of input 
voltages includes an input voltage of approximately 48 volts 
direct current (V DC). 

28. The ONT of claim 24, Wherein the supply voltage is 
in a range of approximately 8 volts direct current (V DC) to 
15 VDC. 

29. The ONT of claim 24, Wherein the supply voltage is 
approximately 12 volts direct current (V DC). 

30. The ONT of claim 24, Wherein the poWer conversion 
means includes a Wide input voltage range integrated circuit 
that converts a voltage in a Wide range of input voltages to 
the supply voltage. 

31. The ONT of claim 30, Wherein the range of input 
voltages is in a range of approximately 10.5 volts DC (VDC) 
to approximately 56.5 VDC. 

32. The ONT of claim 24, Wherein the poWer conversion 
means is coupled to an uninterruptible poWer supply (UPS) 
unit to receive the input voltage. 

33. The ONT of claim 24, Wherein the poWer conversion 
means is coupled to a battery to receive the input voltage. 

34. The ONT of 24, Wherein the poWer conversion means 
is coupled to an ol?ine converter to receive the input 
voltage, Wherein the o?line converter converts poWer from 
an alternating current (AC) poWer supply to a direct current 
(DC) input voltage. 

35. The ONT of claim 24, Wherein the poWer conversion 
means is capable of converting both an input voltage of 12 
volts direct current (V DC) and an input voltage of 48 VDC 
to the supply voltage. 


