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(57) ABSTRACT 

Optical fiber interconnection devices, which can take the 
form of a module, are disclosed that include an array of 
optical fibers and multi-fiber optical-fiber connectors, for 
example, a twenty-four-port connector or multiples thereof, 
and three eight-port connectors or multiples thereof. The 
array of optical fibers is color-coded and is configured to 
optically interconnect the ports of the twenty-four-port con 
nector to the three eight-port connectors in a manner that 
preserves transmit and receive polarization. In one embodi 
ment, the interconnection devices provide optical intercon 
nections between twenty-four-fiber optical connector con 
figurations to eight-fiber optical connector configurations, 
such as from twenty-four-fiber line cards to eight-fiber line 
cards, without having to make structural changes to cabling 
infrastructure. In one aspect, the optical fiberinterconnection 
devices provide a migration path from duplex optics to par 
allel optics. 
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OPTICAL FIBER INTERCONNECTION 
DEVICES AND SYSTEMIS USING SAME 

FIELD 

0001. The disclosure relates to optical fiber interconnec 
tion devices configured to and methods for interconnecting 
multi-fiber optical fiber connectors. One exemplary embodi 
ment connects one 24-fiber connector, or multiples thereof, 
with three 8-fiber connectors, of multiples thereof. 

TECHNICAL BACKGROUND 

0002 Conventional fiber optic cables comprise optical 
fibers that conduct light used to transmit Voice, video, and 
data information. An optical ribbon includes a group of opti 
cal fibers that are coated with a ribbon common layer, which 
is typically referred to as a ribbon matrix material. Typically, 
Such a ribbon matrix material is extruded about a group of 
individually colored optical fibers that have been arranged in 
a planar array, and is then irradiated with a UV light Source 
that cures the ribbon matrix material. The cured ribbon matrix 
material protects the optical fibers and generally aligns the 
respective positions of optical fibers in the planar array. Opti 
cal fiber ribbons can be connected to multi-fiber connectors, 
for example, MTP connectors. MTP connectors can be used 
in local-area network (LAN) applications, for example, data 
centers and parallel optics interconnects between servers. 
0003 Conventional networking solutions, which utilize a 
12-fiber MTP connector assembly for example, are often 
configured in a point to point system. Fiber polarity (i.e., the 
transmit and receive functions of a given fiber) is addressed 
by flipping fibers in one end of the assembly just before 
entering the MTP connector in an epoxy plug, or by providing 
'A' and “B” type break-out modules where the fiberis flipped 
in the “B” module and straight in the “A” module. Optical 
polarity modules that provide fiber optic interconnection 
solutions for MTP connectors in a network environment are 
discussed in U.S. Pat. Nos. 6,758,600 and 6,869,227, which 
patents are assigned to the present Assignee and which pat 
ents are incorporated by reference herein. 
0004. In a traditional network environment that includes a 
data center, floor space (e.g. the 24"x24" raised floor tile 
within a data center) comes at a very expensive premium. 
Further, the vertical space (identified as a 1.75" rack space) 
within the floor space also comes at a premium. Therefore, 
each time passive and active fiber-optic equipment com 
pletely fills this space, new space is required for the system to 
grow. In addition, the space being used is already stuffed with 
a high-density of components. 
0005 Consequently, it is difficult to effectively manage 
the cabling in data centers for Such networks. This is particu 
larly true for Storage Area Networks (SANs) that utilize SAN 
directors having high-density input/output (“I/O”) interfaces 
called “line cards.” Line cards hold multiple optical transceiv 
ers that convert optical signals to electrical signals and vice 
versa. The line cards have connectorports into which network 
cabling is plugged. The number of ports perline card can vary, 
e.g., 16, 32 and 48 port line cards are available. Complicating 
matters is the use of line cards with non-matching port counts 
(e.g., port counts not having even increments of 12-fibers) so 
that some fibers in the ribbon cable assembly end up not 
connected to a connector port. For example, it is sometimes 
desirable to use line cards with 16 and 32 port counts, but 
these are not directly suitable for use with 12-fiber-based 
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cabling systems. What is needed is a universal conversion 
module that efficiently converts one 24-fiber connector con 
figuration (or multiples thereof) to three 8-fiber connector 
configurations (or multiples thereof), in a manner that takes 
into account the polarity of the fibers. 

SUMMARY 

0006. One exemplary aspect is a 3x8fe >24f optical inter 
connection device (“3x8f >24f device’) that can be in the 
form of a module. The 3x8f >24f device includes a twenty 
four-port connector (24-port connector') having ports P2 (i) 
for i=1 to 24. The 3x8fe >24f device also includes first, sec 
ond and third eight-port connectors respectively having ports 
1P (), ports 2P(), and ports 3PG), for j=1 to 8. An array of 
optical fibers called a “harness” is configured to connect the 
ports as follows (where a1, b1 ... } { } {a2, b2... } denotes 
connecting a1 to a2, b1 to b2, etc), for j=1 to 8: 
0007 i. 1Ps (j)} { } {P.(1), P. (23), P.(3), P (21), P. 
(5), P(19), P(7), P(17)}: 
0008 ii. 2P(j)} e >{P(9), P(15), P(11), P(13), 
P.(2), P.,(24), P.(4), P.,(22)}; and 
0009 iii. 3PG) ( >{P.(6), P. (20), P. (8), P. (18), P. 
(10), P. (16), P. (12), P (14). 
0010. A second exemplary aspect is a method of optically 
interconnecting a first 24-port connector having ports P2 (i) 
for i=1 to 24, to first, second and third eight-port connectors 
having respective ports 1Ps (), ports 2Ps (), and ports 3Ps (), 
the method comprising configuring an array of optical fibers 
to connect the ports as follows, for j=1 to 8: 
O011 i. {1P (9p24(1), P(23), P(3), P(21), P(5), 
P. (19), P., (7). P. (17)}: 
0012 ii. 2P(i)} ( >{P, (9), P(15), P(11), P(13), 
P24(2), P2 (24), P24 (4), P(22)}: and 
I0013 iii. 3PG) ( >{P.(6), P. (20), P. (8), P. (18), P. 
(10), P. (16), P. (12), P (14). 
0014. A third exemplary aspect is an optical fiber inter 
connection device in the form of a module. The modular 
device includes an enclosure defining an interior region. At 
least one 24-port connector is operably connected to the 
enclosure and has ports P.(1) for i=1 to 24. At least one set of 
first, second and third eight-port connectors are operably 
connected to the enclosure and respectively have ports 1Ps (j), 
ports 2Ps () and ports 3Ps(). At least first and second sets of 
twelve optical fibers having a color-code are contained within 
the interior region and are optically connected to ports P. (1) 
through P(24). The first and second sets of color-coded 
optical fibers are configured to connect the ports as follows, 
for j=1 to 8: 
I0015 i. 1Ps (j)} { } {P.(1), P. (23), P.(3), P (21), P. 
(5), P(19), P(7), P(17)}: 
0016 ii. 2P(i)} ( >{P(9), P(15), P(11), P(13), 
P.(2), P.,(24), Pa (4), P.,(22)}; and 
I0017 iii. 3PG) ( >{P.(6), P. (20), P. (8), P. (18), P. 
(10), P. (16), P. (12), P (14). 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 FIG. 1 is a schematic diagram of an example 
embodiment of an 3x8f >12f optical fiber interconnection 
device (“3x8f >12f device') illustrating a modular form of 
the device, wherein optical fiber (“harness') wiring connects 
two 12-fiber connectors with three 8-fiber connectors in a 
configuration that maintains fiber polarization; 
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0019 FIG. 2A is a schematic diagram of an example 
embodiment of the 3x8fe >12f device that does not includean 
enclosure; 
0020 FIG. 2B is a schematic diagram illustrating the 3x8f 
€ >12f device of FIG. 2A as used to connect to external 
devices in the form of 8-fiber and 12-fiber fiber optic cables: 
0021 FIG. 3 is a schematic diagram of an optical inter 
connection system that utilizes the 3x8fe >12f device: 
0022 FIG. 4 is a close-up detailed schematic diagram of a 
prior art first optical fiber interconnection module used the 
system of FIG. 3 and that connects six dual-fiber ports to 
respective fibers in a 12-fiber optical fiber “trunk' cable: 
0023 FIG. 5 is a schematic diagram of an example 
embodiment of the 3x8fe >12f device that includes an enclo 
Sure comprising a jacketed cable; 
0024 FIG. 6 is a perspective view of an example embodi 
ment of the 3x8fe) 12f device in the modular form of FIG. 1 
having an enclosure and four 12-fiber connectors on one side 
of the enclosure and six 8-fiber connectors on the opposite 
side of the enclosure; 
0025 FIG. 7 is a schematic diagram similar to FIG. 1 and 
shows an example embodiment of an 3x8fe >24f optical fiber 
interconnection device (“3x8f >24f device'), wherein opti 
cal fiber (“harness') wiring connects one 24-fiber connector 
with three 8-fiberconnectors in a configuration that maintains 
fiber polarization; 
0026 FIG. 8A and FIG. 8B illustrate example embodi 
ments of the 3x8fe >24f device that includes two 1x24f con 
nectors and two sets of 3x8f connectors. 
0027 FIG. 9 is a schematic diagram that shows how the 
3x8fe >24f device shown in FIG. 8A connects to 8f and 24f 
trunk cables; 
0028 FIG.10 is a schematic diagram similar to FIG.3 and 
shows an example embodiment of an optical interconnection 
system that utilizes the 3x8fe >24f device; 
0029 FIG. 11 is a schematic diagram of an example 
embodiment of the 3x8fe)24f device that includes an enclo 
Sure comprising a jacketed cable; 
0030 FIG. 12 is a perspective view of an example embodi 
ment of the 3x8fe >12f device in the modular form of FIG. 6 
but with two 24-fiber connectors on one side of the enclosure 
and six 8f connectors on the opposite side of the enclosure; 
0031 FIG. 13 is a schematic diagram of an arrangement 
that includes the 3x8fe >24fdevice of FIG. 8A connected via 
two 24f trunk cables to respective 24f universal modules 350 
each having 24 single-fiber ports SF(i); 
0032 FIG. 14 is a close-up schematic view of an example 
24f universal module of FIG. 13 and shows the optical fiber 
“wiring configuration of the harness fibers that connects the 
trunk cable to the single-fiber ports SF(i); 
0033 FIG. 15 is a more detailed view of an example 
embodiment of the arrangement shown in FIG. 13, wherein 
connector arrays of the 3x8f >24f device are shown in an 
alternate schematic configuration to better illustrate the end 
to-end port connections with single-fiber ports SF(i); and 
0034 FIG. 16 is a perspective view of an example 24f 
MTF-type connector at one end of a 24f ribbon-type fiber 
optic cable. 
0035. It is to be understood that both the foregoing general 
description and the following detailed description present 
embodiments of the disclosure, and are intended to provide an 
overview or framework for understanding the nature and 
character of the same. The accompanying drawings are 
included to provide a further understanding, and are incorpo 
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rated into and constitute a part of this specification. The 
drawings illustrate the various exemplary embodiments, and 
together with the description serve to explain the principals 
and operations of the same. 

DETAILED DESCRIPTION 

0036 Reference is now made in detail to the present pre 
ferred embodiments, examples of which are illustrated in the 
accompanying drawings. Whenever possible, like or similar 
reference numerals are used throughout the drawings to refer 
to like or similar parts. It should be understood that the 
embodiments disclosed herein are merely examples, each 
incorporating certain benefits discussed herein. Various 
modifications and alterations may be made to the following 
examples, and aspects of the different examples may be 
mixed in different ways to achieve yet further examples. 
Accordingly, the true scope is to be understood from the 
entirety of the present disclosure, in view of but not limited to 
the embodiments described herein. 
0037. A first aspect is directed to an optical fiber intercon 
nection (or “conversion') device configured to convert or 
otherwise interconnect two connectors (or n multiples 
thereof) each having twelve fibers (and thus twelve ports and 
referred to as “12f connectors) to three connectors (or n 
multiples thereof) each having an eight fibers (and thus eight 
ports and referred to as “8f connectors). This conversion 
device is referred to below as the “3x8fe 12f optical fiber 
interconnection device' or “the 3x8fe) 12f device for short. 

0038 Another aspect is directed to an optical fiber inter 
connection device configured to convert or otherwise inter 
connect one connectors (or n multiples thereof) each having 
twenty-four fibers (and thus twenty-four ports and referred to 
as a “24f connector) to three 8f connectors (or n multiples 
thereof). This conversion device is referred to below as the 
“3x8fe >24f optical fiber interconnection device' or “the 
3x8f)24f device' for short. 
0039. In the discussion below and in the claims, the nota 
tion a1, b1, c1...}{->{a2, b2, c2 ... } denotes connecting 
a1 to a2, b1 to b2, c1 to c2, etc. The conversion device works 
with either universal routing or classic routing. It also works 
with n multiples of this configuration (n=1, 2, 3,...), i.e., in 
sets of three 8f connectors and eithern sets of two 12f con 
nectors or n sets of 24f connectors. 

0040. The 3x8f)12f device and the 3x8f)24f device 
can include arrays of optical fiberconnectors, and can take the 
form of an individually formed enclosure with one or more 
walls in module form, a flexible substrate with optical fibers 
associated therewith, and an optical fiber harness or bundles 
of arrayed optical fibers and connectors, and on the other 
hand, the devices can include combinations of the foregoing. 
0041. The term “harness” means a collection of optical 
fibers, including being bound in groups or Sub-groups as by a 
wrapping, adhesive, tying elements, or other Suitable collect 
ing fixtures or devices, or the harness may comprise optical 
fibers that are unbound, for example, loose optical fibers 
without tying elements. Most preferably, the optical fibers are 
arranged in the form of optical fiber ribbons, and the optical 
fiber ribbons are collected together by one or more tying 
elements. In exemplary embodiments, the 24f, 12f and 8f 
connectors are referred to below as either “twenty-four-fiber' 
or “twenty-four port, connectors, “twelve-fiber or “twelve 
port' connectors, or “eight-fiber or “eight-port connectors, 
respectively. 
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The 3x8fe > 12f Device 
0042 FIG. 1 is a schematic diagram of an example 
embodiment of an example 3x8fe 12f device 100. The 
example 3x8fe 12f device 100 of FIG. 1 includes an inter 
connection unit 110 in the form of a module and that provides 
the device with a modular function. Interconnection unit 110 
is thus also referred to below as an “interconnection module' 
or just “module. In an example embodiment, interconnec 
tion unit 110 is formed by at least one wall 112 that in an 
example embodiment defines an enclosure having an interior 
cavity 114 for receiving and Supporting optical fibers and 
connectors as discussed below. In example embodiments dis 
cussed in greater detail below, interconnection unit 110 
includes a single “wall 112 in the form of a cylindrical 
jacketed cable. In another example embodiment, intercon 
nection unit 110 is a polygonal- (e.g., rectangular-) cross 
section jacketed cable. In other example embodiments dis 
closed below, device 100 does not include a modular 
enclosure 112. 
0043. In the example embodiment shown in FIG. 1, inter 
connection unit 110 has a number of walls 112 that form a 
rectangular-cross-section enclosure. Interconnection unit 
110 includes a side 120 that includes two 12f connectors 130 
(namely 130-1 and 130-2) and an opposite side 140 that 
includes three 8f connectors 150 (namely, 150-1, 150-2 and 
150-3). In an example embodiment, 8f connectors 150 and 
12f connectors 130 are or include MTP-type or MTO-type 
connectors. In an example embodiment, connectors 130 and 
150 are 12-port connectors, wherein for the 8f connectors 150 
only 8 of the 12 ports are used. 
0044) The 12f connectors 130 each have ports P(i), 
where the subscript “12 denotes the total number of ports 
and i=1,2,3 ... 12, and indicates thei" port. Connectorports 
for 12f connector 130-1 are denoted 1P (i) while connector 
ports for 12f connector 130-2 are denoted 2P(i). Likewise, 
the 8f connectors 150 each have ports Ps(), where the sub 
script “8” denotes the total number of (active) ports andj=1, 
2,3 ... 8, and indicates the j" port. Connector ports for 8f 
connector 150-1, 150-2 and 150-3 are respectively denoted as 
1Ps (j), 2P(j) and 3PG). The connector ports P of 12f 
connectors 130 are optically connected to select connector 
ports P of 8f connectors 150 using an array of optical fiber 
sections F called a "harness” with the fiber sections F called 
the “harness fibers. 

0045 Harness fibers F are “wired according to a color 
coding scheme, e.g., the standard color-coding scheme used 
in telecommunications systems wherein B-blue, Oorange, 
G=Green, Br–Brown, S=Slate, W=White, R=Red, 
Bk=Black, Y=Yellow, V-Violet, Ro-Rose, and A=Aqua. 
Harness fibers F associated with connector 130-1 are shown 
as solid lines while the harness fibers associated with connec 
tor 130-2 are shown as dashed-dotted lines for ease of illus 
tration. Also, the color codes associated with 12f connector 
130-2 use primes (e.g., B, O", etc.) to distinguish from the 
colored fibers associated with 12fconnector 130-1. The select 
harness wiring configuration between the ports P of 12f 
connectors 130-1, 130-2 and ports P of 8f connectors 150-1, 
150-2, and 150-3 to establish the optical interconnection ther 
ebetween are discussed in detail below. The harness fibers can 
be arranged as such and may optionally be attached to a 
substrate, for example, a flexible substrate. 
0046) Note that in an example embodiment, harnesses 
fibers F are connected to connectors 130 and 150 via corre 
sponding connectors 130I and 150I internal to interconnec 
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tion unit 110. These are shown in phantom lines in FIG. 1 for 
the ease of illustration. In an example embodiment, connec 
tors 130, 150, 130I and 150I are MTP connectors. 
0047. In an example embodiment, 12f connectors 130 and 
8f connectors 150 are preferably epoxy and polish compatible 
multi-fiber connectors, for example, part of Corning Cable 
Systems LANScape R connector solution set. The epoxy and 
polish connector is a 12f connector achieving very high den 
sity in a small space. It contains multiple optical paths, the 
optical paths being arranged in a generally planar array. The 
optical paths are immediately adjacent at least one other 
optical path for optical alignment with the optical fibers in an 
optical fiber ribbon. The MTP connector is designed for 
multi-mode or single-mode applications, and uses a push/pull 
design for easy mating and removal. The MTP connector can 
be the same size as a conventional SC connector, but provides 
twelvetimes the fiberdensity, advantageously saving costand 
space. The MTP connector includes a key for proper orienta 
tion for registration with any required optical adapters. An 
optical connector adapter (not shown) can be disposed 
between the connector outside the module and a connector 
inside the module. However, other connection schemes can 
be used. Preferably, in an example embodiment, a ribbon 
fan-out kit is used to manage the optical fibers from between 
the connector inside the module and the connector stations. 

3x8fe >12f Wiring Configuration 
0048. With continuing reference to FIG. 1, in 3x8fe 12f 
device 100, two sets of twelve harness fibers F denoted by the 
above-mentioned colors (and differentiated by unprimed and 
primed notation) interconnect select ports 1P (i) and 2P(i) 
to select ports 1P (), 2P() and 3PG) as shown. The port 
interconnections are Summarized in the following Tables 1 
through 3, where m=1 or 2 and is used to denote 12f connector 
130-1 or 130-2 (i.e., connector 130-m and ports mP(j)). 

TABLE 1 

Wiring () Connector 150-l 

Port 1 PC) Port 1P2(i) Color 

1Ps (1) 1P12(1) B 
1Ps (2) 1P12 (12) A. 
1Ps (3) 1P2(2) O 
1Ps (4) 1P2 (11) Ro 
1Ps (5) 1P2(3) G 
1Ps (6) 1P2(10) V 
1Ps (7) 1P2(4) Br 
1Ps (8) 1P2(9) Y 

TABLE 2 

Wiring (a) Connector 150-2 

Port 2Ps(i) Port mP2(i) Color 

2Ps (1) 1P2 (5) S 
2P(2) 1P2(8) Bk 
2P(3) 1P12(6) W 
2Ps (4) 1P2(7) R 
2P(5) 2P(1) B' 
2P(6) 2P12 (12) A. 
2Ps (7) 2P12(2) O' 
2Ps (8) 2P12 (11) Ro' 
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TABLE 3 

Wiring (a) Connector 150-3 

Port 3PG) Port 2P2(i) Color 

3Ps (1) 2P(3) G 
3Ps.(2) 2P(10) V 
3Ps(3) 2P12(4) Br' 

3Ps(5) 2P(5) S' 
3Ps (6) 2P(8) Bk 
3Ps (7) 2P12(6) W 
3Ps (8) 2P(7) R 

0049. The interconnections between ports P and P. of 
connectors 130 and 150 can be described as follows: 
0050 For connector 1Ps (): The odd ports ODD{1Ps(i) 
}=1Ps (1), 1Ps (3), 1Ps (5) and 1Ps (7) are connected to respec 
tive ports 1P (1), 1P (2), 1P (3) and 1P (4), while the 
even ports EVEN{2P(i)}=1Ps(2), 1Ps (4), 1Ps (6) and 1Ps (8) 
are connected to respective ports 1P (12), 1P (11), 1P 
(10) and 1P (9). 
0051. For connector 2P(j): The odd ports ODD{1Ps(i) 
}=2Ps (1), 2Ps (3), 2Ps(5) and 2Ps (7) are connected to respec 
tive ports 1P (5), 1P (6), 2P(1) and 2P(2), while the 
even ports EVEN{2P(i)}=2Ps(2), 2P(4), 2P(6) and 2Ps (8) 
are connected to respective ports 1P (8), 1P (7), 2P(12) 
and 2P(11). 
0052 For connector 3PG): The odd ports ODD{1Ps (i) 
}=3P(1), 3P(3), 3Ps(5) and 3Ps (7) are connected to respec 
tive ports 2P(3), 2P(4), 2P(5) and 2P(6), while the 
even ports EVEN3PG)=3Ps(2), 3P(4), 3P(6) and 3Ps (8) 
are connected to respective ports 2P(10), 2P(9), 2P(8) 
and 2P(7). 
0053. The above connections can be written in more com 
pact form as: 
0054 i) {1Ps (1), 1Ps (3), 1Ps (5), 1Ps (7) ( >{1P(1), 1P, 
(2), 1P (3), 1P2(4): 
0055 ii) {1Ps (2), 1Ps (4), 1Ps (6), 1Ps (8) ( >{1P (12), 
1P (11), 1P (10), 1P (9)}: 
0056 iii) {2P(1), 2P(3), 2P(5), 2P(7)} {1P, (5), 
1Pa (6), 2P(1), 2P(2)}: 
0057 iv) {2P(2), 2P(4), 2P(6), 2P(8) ( >{1P (8), 
1P(7), 2P(12), 2P(11): 
0058 v) {3P(1), 3P(3), 3P.(5), 3P(7)} {2P(3), 
2P(4), 2P(5), 2P(6): and 
0059 vi) {3P, (2), 3P(4), 3P(6), 3Ps(8)} {2P(10), 
2P(9), 2P(8), 2P(7)}. 
0060. The mapping of harness fibers F between ports P. 
and Ps of respective connectors 130 and 150 can also be 
described in terms of the aforementioned color-coding 
scheme where 1P (i) and 2P(i) (for i=1 through 12) cor 
responds to the set S of colored fibers for each of connectors 
130-1 and 130-2, namely 1S={B, O, G, Br, S. W. R. Bk, Y. 
V. Ro,A} and 2S-B', O', G', Br', S', W, R', Bk',Y, V", Ro', 
A}. The corresponding sets Ss for ports 1Ps (j) and 2P8(j)and 
3PG) (for j=1 through 8) of respective connectors 150-1, 
150-2 and 150-3 are as follows: 1S-B, A, O, Ro, G. V. Br. 
Y}; 2S-S, Bk, W. R. B', A', O', Ro'}, and 3S-G', V', Br', 
Y', S', Bk', W, R}. Thus, 3x8fe >24f device 100 can be said 
to “map' the colored fiber sets 1S and 2S, associated with 
ports 1P and 2P of 12f connectors 130-1 and 130-2 to the 
colored fiber sets 1S,2Ss and 3Ss associated with ports 1Ps, 
2Ps and 3Ps of 8f connectors 150-1, 150-2 and 150-3. 
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0061. The 3x8fe 12f device 100 also preserves polarity 
between connectors 130-1, 130-2 and 150-1, 150-2 and 150 
3. Thus, if connectors 130-1 and 130-2 each have a polarity 
configuration for ports P(i) of POLG)={T, R.T. R.T. R.T. 
R. T. R. T. R}, where T-transmit and R=receive, then the 
connectors 150-1, 150-2 and 150-3 each have a polarization 
configuration for ports Ps(j) of POLG)={T, R. R. T. T. R. R. 
T}. Thus, each connector 130 and 150 has the same number of 
transmit T ports as receive R ports. The 3x8fe 12f device 
100 thus provides polarization-preserving parallel optics 
solutions for performing the interconnection {(2n)x12f} 
(){(3n)x8f). 
0062. A module or enclosure and associated wall or box 
structure is not required. For example, FIG. 2A illustrates an 
example embodiment of 3x8fe 12fdevice 100 in the form of 
the optical fiber harness F and connectors 130 and 150. In this 
case, the harness, or the harness and the connectors can be 
attached or Supported with an optional Substrate, for example, 
a flexible substrate made of thermoplastic. 
0063 FIG. 2B shows how 3x8f >12f device 100 of FIG. 
2A connects to devices in the form of 12f trunk cables 220 
each having the exemplary 12f connector 230 and 8f trunk 
cables 221 each having an 8f connector 231. Harness fibers F 
are shown as divided into four groupings or cablings F1 
through F4, where F1={B, A, O, Ro, G. V. Br.Y., F2={S, Bk. 
W. R}, F3={B', A', O', Ro'}, and F4={G', V, Br', Y', S', Bk', 
W, R}. 
3x8fe >12fOptical Interconnection System 
0064 FIG. 3 is a schematic diagram of an optical inter 
connection system 200 that utilizes the 3x8fe >12f device 
100. System 200 may be used, for example, as part of an 
optical network, such as a LAN or a SAN at an optical 
telecommunications data center. 
0065 System 200 includes a first optical fiber intercon 
nection module 210 shown in more detail in FIG. 4 and 
discussed in greater detail below. The first interconnection 
module 210 is of the type discussed in the aforementioned 
U.S. Pat. Nos. 6,869,227 and 6,758,600. First interconnection 
module 210 is optically connected to a fiber optic cable 220 
that carries optical fibers 222 referred to herein as “cable 
fibers. Fiber optic cable 220 as used in the present embodi 
ment is also called a “universal trunk and in an example 
embodiment is a ribbon array cable terminated at both ends 
with one or more connectors 230. In an example embodiment, 
connectors 230 are MTP connectors. In one example embodi 
ment, cable 220 has 72 fibers 222 and six MTP connectors 
230 at each end, while in another example embodiment, the 
cable has 12 fibers and a single MTP connector at each end. 
Other arrangements with suitable multiples of connectors are 
also envisioned. The inset in FIG. 3 shows an example 
embodiment of a twelve-fiber trunk cable 220 along with 
example color designations for cable fibers 222. Trunk cable 
220 includes a single connector 230 at each of its ends. 
0066 Trunk cable 220 is connected to 3x8fe 12f device 
100 via trunk cable connector 230 mating with one of con 
nectors 130-1 or 130-2. System 200 includes a fiber harness 
250 having a fiber optic cable 260 that includes at one end an 
8f connector 266 and at the other end eight separate single 
fiber connectors C1 through C8' respectively connected to a 
the eight fiber optical fibers 270 carried in cable 260. The 
eight fibers 270 in cable 260 are connected via connector 266 
to 3x8f)12f device 100 at connector 150-1 and thus corre 
spond to ports 1Ps (1) through 1Ps (8) having associated there 
with the respective colors {B, A, O, Ro, G. V. Br, Y}. 
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0067. With reference to FIG.4, first interconnection mod 
ule 210 includes a number of harness fibers F having a dif 
ferent configuration than that of 3x8fe >12f device 100. In an 
example embodiment, connectors C1 through C6 each have 
two ports associated with two harness fibers F and have a 
respective color configuration of {B, A, O, Ro, G. V. 
{Br, Y}, {S, Bk and W. R. First interconnect module 210 
serves to interconnect connectors C1 through C6 to the cor 
responding (i.e., same-colored) fibers 222 in trunk cable 220. 
Connectors C1 through C6 may be, for example, connectors 
that connect to a six-port electronics device 216 (e.g., a line 
card) having dual-fiber connectors CA through CF (e.g., on a 
patch panel or adapter panel), where each connector C1-C6 is 
connected to two fibers, one for transmitting (T) and one for 
receiving (R). Likewise, connectors C1' through C8 at the 
other end of system 200 may be, for example, connectors that 
connect to an eight-port electronics device 280 having single 
fiber connectors CA through CH' (e.g., on a patch panel or 
adapter panel) with each connector being connected to a 
single fiber 270. Connectors C1 through C6 and connectors 
C1' through C8' typically provide connections to electronic 
devices such as line cards, servers, storage devices, etc. 
0068. Note that in the example embodiment, the color 
configuration at ports 1Ps (j) of {B, A, O, Ro, G. V. Br, Y} is 
similar to first four fiber color pairings at connectors C1-C6, 
namely: {B,A}, {O, Ro, G. V., Br, Y}. Note also that for 
a polarity of T. R}, {TR} ... T. R} for connectors C1-C6, 
the polarity at connectors C1'-C8' has the sequence {T}, {R}, 
{T}, {R}... {T}, {R} i.e., the polarity between the ends of 
system 200 is preserved. 
0069. The 3x8fe 12f devices 100, and systems 200 that 
utilize one or more 3x8fe)12f devices 100 are thus suitable 
for use for optically interconnecting assemblies in a network, 
for example, a LAN or a SAN. Multiple spans of assemblies 
can also be interconnected. Fiber flips in the trunk assembly 
just prior to one end of the MTP connector, for polarity 
correction, is not necessary, resulting in a complexity/cost 
reduction. 
0070 FIG. 5 illustrates an example embodiment of 3x8f 
€ >12f device 100 wherein interconnection unit 110 is in the 
form of or is otherwise defined by a jacketed cable 310 that 
contains harness fibers F. In an example embodiment, the at 
least one wall 112 of interconnection unit 110 can be a single 
wall formed by circular-cross-section jacketed cable 310. 
This allows 3x8fe 12f device 100 to be used more like a 
cable. Such as a jumper cable, as opposed to a rectangular, 
box-like module that could easily slide into an electronics 
shelf, connector housing, or like structure. In other example 
embodiments, jacketed cable 310 has a polygonal (e.g., rect 
angular) cross-section. 
0071 FIG. 6 is a perspective view of an example embodi 
ment of 3x8fe >12f device 100 that is configured to handle 
four 12ffiber optic cables 220 as shown at respective four 12f 
connectors 130-1, 130-2, 130-3 and 130-4 at side 120. Note 
that there are now six 8f connectors 150-1 through 150-6 on 
side 140. The 3x8fe 12f device 100 of FIG.5 accommodates 
a total of 48 fibers, i.e., has (4x12=) 48 total ports P(i) and 
(6x8-) 48 total ports Ps(j) for j=1 to 12. In 3x8 ( >12f device 
100 of FIG. 6, the number (i.e., the multiple) of sets of 
connectors is n=2. 

0072. As discussed above, in an example embodiment, 
connectors 130 and 150 can all be 12f connectors, with con 
nectors 130 have dummy fibers placed in the unused ports 
Ps(i)—for example, the two ports at either end of the connec 
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tor, i.e., Ps(1), Ps(2) and Ps(11) and P(12). The embodiment 
of 3x8fe >12f device 100 of FIG. 6 has a rectangular cross 
section enclosure (module) 110 that allows the module to be 
easily installed into an electronics shelf, connector housing, 
or like structure. 

0073. As set out above. 3x8f >12f device 100 includes 
optical fiber connector arrays, and n multiples thereof, for 
example, 150-1, 150-2, 150-3, 130-1, and 130-2, and optical 
fibers optically interconnecting at least Some of the optical 
fiber connectors. More specifically, optical fiber connector 
arrays 130-1 and 130-2 respectively can include at least six 
ports each with arrays of optical fibers respectively extending 
therefrom. In addition, the first, second and third optical fiber 
connector arrays 150-1, 150-2, and 150-3 can respectively 
have at least four ports each. In an exemplary embodiment, 
connector array 150-1 receives at least two optical fibers from 
the first at least six-port optical fiber connector array 130-1, 
and the second at least four-port connector array 150-2 
receives at least two optical fibers from the first at least six 
port optical fiber connector array 130-1 and receives at least 
two optical fibers from the second at least six-port optical 
fiber connector array 130-2, and the third at least four-port 
optical fiber connector array 150-3 receiving at least two 
optical fibers from the second at least six-port optical fiber 
connector array 130-2. The first and second at least six-port 
optical fiber connector arrays 130-1 and 130-2 respectively 
can include more connectorports, for example, at least twelve 
ports each as shown in FIGS. 1 and 2A and described herein. 
The first, second, and third at least four-port optical fiber 
connector arrays 150-1, 150-2, and 150-3 can include more 
connector ports, for example, at least eight ports each as 
shown in FIGS. 1 and 2A as described herein. In addition, not 
all ports need be used. For example, one of the connector 
arrays 130 and 150 can include unused connectors. 
The 3x8fee24f Device 

(0074 The description of the 3x8f)24f device parallels 
that of the 3x8fe >12f device 100, and so the same reference 
numbers and symbols are used for the sake of convenience 
and consistency. In certain cases, primes are used to denote 
the difference between a 12f component and a 24f compo 
nent. Because of the similarities between the 3x8fe >12f and 
3x8f€ 24f devices, only the essential differences are empha 
sized in the discussion below. 

0075 FIG. 7 is a schematic diagram similar to FIG. 1 and 
shows an example embodiment of a 3x8fe >24f device 100' 
according to the present invention. FIG.7 illustrates the polar 
ization-maintaining wiring configuration for the 3x8fe >24f 
device 100'. The 3x8fe)24f device 100' of FIG.7 optionally 
includes walls 112 that define an interior 114 and, in an 
example embodiment, a modular unit. 
(0076. The 24f connector 130' has ports P.(i), where the 
subscript “24' denotes the total number of ports and i=1,2,3 
... 24, where i indicates the i' port. The connector ports P. 
of 24f connector 130' are optically connected to select con 
nectorports P of8fconnectors 150 using the aforementioned 
color-coded array of harness fibers F, the particular “wiring 
configuration of which is discussed below. For convenience, 
harness fibers F are broken down into three groups F1, F2 and 
F3 respectively associated with fibers connected to connector 
ports 1P8, 2P8 and 3P8 of 8f connectors 150-1, 150-2 and 
150-3. 
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3x8fe >24f Wiring Configuration 
0077. With continuing reference to FIG. 7, two sets of 
twelve harness fibers F denoted by the above-mentioned col 
ors (and differentiated by unprimed and primed notation as 
per above) interconnect select ports P(i) to select ports 
1Ps (), 2Ps () and 3PG) as shown. The configuration of port 
interconnections is Summarized in the following Tables 4 
through 6: 

TABLE 4 

Wiring () Connector 150-l 

Port 1 Ps(i) Port P(i) Color 

1Ps (1) P24(1) B 
1Ps (2) P2 (23) A. 
1Ps (3) P24(3) O 
1Ps (4) P2 (21) Ro 
1Ps (5) P2 (5) G 
1Ps (6) P2 (19) V 
1Ps (7) P24(7) Br 
1Ps (8) P2 (17) Y 

TABLE 5 

Wiring (a) Connector 150-2 

Port 2Ps(i) Port P2 (i) Color 

2Ps (1) P2(9) S 
2P(2) P2 (15) Bk 
2Ps(3) P2 (11) W 
2Ps (4) P2 (13) R 
2P(5) P2(2) B' 
2P(6) P2 (24) A. 
2Ps (7) P2(4) O' 
2Ps (8) P2 (22) Ro' 

TABLE 6 

Wiring (a) Connector 150-3 

Port 3PG) Port P2 (i) Color 

3Ps (1) P2(6) G 
3Ps (2) P2 (20) V 
3Ps(3) P24(8) Br' 
3Ps(4) P24(18) Y 
3Ps(5) P2 (10) S' 
3Ps (6) P(16) Bk 
3Ps (7) P2 (12) W 
3Ps (8) P2 (14) R 

0078. The interconnection configuration between ports 
P and Ps of connectors 130' and 150 can be described as 
follows, for j=1 to 8: 
0079 i. 1Ps (j)} { } {P.(1), P(23), P.(3), P (21), P. 
(5), P(19), P(7), P. (17)}: 
0080) ii. 2P(i)} ( >{P(9), P(15), P(11), P(13), 
P24(2), P2 (24). P2 (4), P(22)}: and 
I0081) iii. 3PG) ( >{P.(6), P. (20), P. (8), P(18), P. 
(10), P. (16), P. (12), P (14). 
I0082. The mapping of harness fibers F between ports P. 
and Ps of respective connectors 130' and 150 can also be 
described in terms of the aforementioned color-coding 
scheme, where P(i) (for i=1 through 23, odd) corresponds to 
a first (unprimed) set S of colored fibers 1S2={B, O, G, Br, 
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S. W. R. Bk.Y. V. Ro, A and P.(i) (for i=2 through 24, even) 
corresponds to a second (primed) set 2S-B', O', G', Br', S', 
W, R', Bk',Y, V', Ro', A}. 
I0083. The corresponding colored-fiber sets Ss for ports 
1Ps () and 2P() and 3Ps () (for j=1 through 8) of respective 
connectors 150-1, 150-2 and 150-3 areas follows: 1SFB, A, 
O, Ro, G. V. Br, Y}; 2Ss={S, Bk. W. R. B', A', O', Ro', and 
3S-G', V', Br',Y', S', Bk, W, R}. Thus, 3x8fe 24fdevice 
100" can be said to “map' the colored fiber sets 1S and 2S 
associated with ports P of 24f connector 130' to the colored 
fiber sets 1S,2S and 3Ss associated with ports 1Ps, 2Ps and 
3Ps of 8f connectors 150-1, 150-2 and 150-3. The 3x8fe)24f 
device 100" also preserves polarity between connectors 130 
and 150-1, 150-2 and 150-3 in a similar manner as described 
above in connection with the 3x8fe)12f device, wherein 
each connector 130 and 150 has the same number of transmit 
T ports as receive R ports. The 3x8fe 24f device 100' thus 
provides polarization-preserving parallel optics Solutions for 
performing the interconnections {nx24f (){(3n)x8f). Like 
the 3x8fe 12f device 100, the 3x8fe 12f device 100' does 
not require a module or housing (e.g., such as formed by walls 
112). 
I0084 FIG. 8A and FIG. 8B illustrate example embodi 
ments of 3x8fe »24f device 100' that include two 1x24f con 
nectors 130' (i.e., connectors 130'-1 and 130'-2) and two sets 
of 3x8f connectors 150. In an example embodiment of 3x8f 
€ 24f device 100' as shown in FIG. 7 and FIG. 8A, a section 
of 24f fiber optic cable (e.g., a ribbon) 440 with fibers 441, 
and a fiber-arranging unit 442 at one end are used to connect 
harness fibers F to 24f connector 130'. Fiber-arranging unit 
442 is configured to connect harness fibers F to fibers 441 of 
24ffiber cable 440. In an example embodiment, fiber arrang 
ing unit 442 includes a splice tray where the various fibers are 
spliced and supported in a protected manner. FIG. 8B illus 
trates an example embodiment of 3x8f >24f device 100' 
where harness fibers F are connected directly to 24f connector 
130. 

I0085 FIG. 9 is a schematic diagram that shows how 3x8f 
€ >24f device 100' shown in FIG. 8A connects to devices in 
the form of two 24f trunk cables 220' each having the exem 
plary 24f connector 230', and six 8f trunk cables 221" each 
having an 8f connector 231'. 
3x8f >24f Optical Interconnection System 
I0086 FIG. 10 is a schematic diagram similar to FIG.3 and 
shows an example embodiment of an optical interconnection 
system 200' that utilizes 3x8fe >24fdevice 100'. System 200' 
may be used, for example, as part of an optical network, Such 
as a LAN or a SAN at an optical telecommunications data 
Center. 

I0087 System 200' includes a first optical fiber intercon 
nection module 210 shown in more detail in FIG. 4 and as 
discussed above. First interconnection module 210 is opti 
cally connected to “universal trunk” fiber optic cable 220" that 
carries cable fibers 222. Cable 220" is terminated at both ends 
with one or more 24f connectors 230'. In an example embodi 
ment, connectors 230' are MTP connectors. In one example 
embodiment, cable 220" has 72 fibers 222' and three 24fMTP 
connectors 230' at each end, while in another example 
embodiment, the cable has 24 fibers and a single 24f MTP 
connector 230' at each end, as shown. Other arrangements 
with suitable multiples of connectors are also envisioned. The 
inset in FIG. 10 shows an example embodiment of a 24-ftrunk 
cable 220" along with example color designations for cable 
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fibers 222'. Trunk cable 220" is connected to 3x8f)24f 
device 100" via trunk cable connector 230' mating with mod 
ule connector 130'. 

I0088 System 200' includes a fiber harness 250 having a 
fiber optic cable 260 that includes at one end an 8f connector 
266 and at the other end eight separate single-fiberconnectors 
C1' through C8' respectively connected to the eight fiber 
optical fibers 270 carried in cable 260. The eight fibers 270 in 
cable 260 are connected via connector 266 to device 100' at 
connector 150-1 and thus correspond to ports 1Ps (1) through 
1Ps (8) having associated therewith the respective colors {B, 
A, O, Ro, G. V. Br, Y}. 
0089 First interconnection module 210 is similar to that 
shown in FIG. 4 and includes a number of harness fibers F 
having a different configuration than that of 3x8f 24f 
device 100'. In an example embodiment, connectors C1 
through C12 each have two ports associated with two harness 
fibers F and have a respective color configuration of{B, B', 
{O, O'}, {G'G}, {Br, Br, etc. First interconnect module 210 
serves to interconnect connectors C1 through C12 to the 
corresponding (i.e., same-colored) fibers 222' in trunk cable 
220'. Connectors C1 through C12 may be, for example, con 
nectors that connect to a twelve-port electronics device 216 
(e.g., a line card) having dual-fiber connectors CA through 
CL (e.g., on a patch panel or adapter panel), where each 
connector C1-C12 is connected to two fibers, one for trans 
mitting (T) and one for receiving (R). Likewise, connectors 
C1' through C8 at the other end of system 200 may be, for 
example, connectors that connect to an eight-port electronics 
device 280 having single-fiber connectors CA through CH' 
(e.g., on a patch panel or adapter panel) with each connector 
being connected to a single fiber 270. Connectors C1 through 
C12 and connectors C1 through C8' typically provide con 
nections to electronic devices such as line cards, servers, 
storage devices, etc. 
0090. The 3x8fe >24f devices 100' and systems 200' that 
utilize one or more devices 100' are thus suitable for use for 
optically interconnecting assemblies in a network, for 
example, a LAN or a SAN. Multiple spans of assemblies can 
also be interconnected. Fiber flips in the trunk assembly just 
prior to one end of the MTP connector, for polarity correction, 
is not necessary, resulting in a complexity/cost reduction. 
0091 FIG. 11 illustrates an example embodiment of 3x8f 
€ >24fdevice 100', wherein interconnection unit 110' is in the 
form of or is otherwise defined by a jacketed cable 310 that 
contains harness fibers F. In an example embodiment, the at 
least one wall 112 of interconnection unit 110' can be a single 
wall formed by circular-cross-section jacketed cable 310. 
This allows 3x8fe >24f device 100' to be used more like a 
cable. Such as a jumper cable, as opposed to a rectangular, 
box-like module that could easily slide into an electronics 
shelf, connector housing, or like structure. In other example 
embodiments, jacketed cable 310 has a polygonal (e.g., rect 
angular) cross-section. 
0092 FIG. 12 is similar to FIG. 6 and is a perspective view 
of an example embodiment of 3x8fe >24f device 100' con 
figured to handle two 24ffiber optic cables 220" at respective 
two 24f connectors 130'-1 and 130'-2 at Side 120. Note that 
there are six 8f connectors 150-1 through 150-6 on side 140. 
The 3x8fe 24f device 100' of FIG. 12 accommodates a total 
of 48 fibers, i.e., has (2x24-) 48 total ports P(i) and (6x8-) 
48 total ports Ps(). In 3x8fe)24f device 100' of FIG. 12, the 
number n (i.e., the multiple) of sets of connectors is n=2. It is 
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noted that an example embodiment of 3x8fe >24f device 
100'of FIG. 12 has the same form factor (i.e., same footprint) 
as the 3x8f)24f of FIG. 6. 
0093. As discussed above, in an example embodiment, 
connectors 150 can all be 12f connectors, with 8f connectors 
150 having dummy fibers placed in the unused ports Ps()— 
for example, the two ports at either end of the connector, i.e., 
P(1), Ps(2) and P(11) and Ps(12). The embodiment of 3x8f 
( >24f device 100' of FIG. 12 has a rectangular cross-section 
that allows the device to be easily installed into an electronics 
shelf, connector housing, or like structure. 
0094. As set out above, 3x8f 24f device 100' includes 
optical fiber connector arrays, and n multiples thereof, for 
example, 150-1, 150-2, 150-3, and 130', and optical fibers 
optically interconnecting at least Some of the optical fiber 
connectors. More specifically, optical fiber connector 130 
includes 24 ports with optical fibers respectively extending 
therefrom. In addition, the first, second and third optical fiber 
connector arrays 150-1, 150-2, and 150-3 can respectively 
have at least four ports each that respectively receive two 
optical fibers from 24f connector 130'. The first, second, and 
third at least four-port optical fiber connector arrays 150-1, 
150-2, and 150-3 can include more connector ports, for 
example, at least eight ports each. In addition, not all ports 
need be used. For example, one of the connector arrays 130 
and 150 can include unused connectors. In addition, 24-port 
connector 130' can be formed form two 12-port connectors 
130. 
I0095 FIG. 13 is a schematic diagram of an arrangement 
where the 3x8f €24f device 100' of FIG. 8A is connected via 
two 24f trunk cables 220' to respective 24 funiversal modules 
350 each having 24 single-fiber ports SF(i) (for i=1 through 
24). Modules 350 each include a 24f connector 360, such as 
an MTP-type connector, that connects the module to the 
corresponding 24f trunk cable 220". FIG. 14 is a close-up 
schematic view of an example 24f universal module of FIG. 
13 and shows the optical fiber “wiring configuration of the 
harness fibers F that connects the trunk cable to the single 
fiber ports SF(i). 
(0096 FIG. 15 is a more detailed view of an example 
embodiment of the arrangement shown in FIG. 13, wherein 
connector arrays 150-1, 150-2 and 150-3 of 3x8fe)24f 
device 100" are shown in an alternate schematic configuration 
where ports 1Ps (), 2PC) and 3PG) (=1 through 8) are 
re-labeled as ports Ps(i) for i=1 through 24 to better illustrate 
the polarity-preserving end-to-end port connections with 
single-fiber ports SF(i). With reference to FIG. 15, the 3x8f 
( >24f device 100' connects single ports Ps(i) to single ports 
SF(i) via the following configuration: 
0097 i) {Ps(i)} ( >{SF(i+1))} for i=1 to 23 ODD 
0098 ii) Ps(i)} ( >{SF (i-1)} for i=2 to 24 EVEN 
This configuration establishes a polarization-preserving con 
nection between the ports Ps of the three eight-port connec 
tors 150 and the ports SF of the single-fiber connectors. 
(0099 FIG. 16 is a perspective view of an example 24f 
MTF-type connector 230' at one end of a ribbon-type 24f 
trunk cable 220'. 
0100. The specification invention has been described with 
reference to the foregoing embodiments, which embodiments 
are intended to be illustrative of the present inventive con 
cepts rather than limiting. Persons of ordinary skill in the art 
will appreciate that variations and modifications of the fore 
going embodiments may be made without departing from the 
Scope of the appended claims. 
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1. An optical fiber interconnection device, comprising: 
a twenty-four-port connector having ports P(i) for i=1 to 

24, wherein ports i=1 to i=12 are located in a first row of 
the twenty-four-port connector and ports i=13 to i=24 
are located in second row of the twenty-four-port con 
nector, 

first, second and third eight-port connectors respectively 
having ports 1Ps (), ports 2P() and ports 3PG) for j=1 
to 8; and 

an array of optical fibers configured to connect the ports as 
follows for j=1 to 8 (where a1, b1 ... } { } {a2, b2... } 
denotes connecting a1 to a2, b1 to b2, etc): 
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12. The optical fiber interconnection system of claim 1, 
wherein the array of optical fibers comprises 

at least a first set of twelve first optical fibers having color 
code and optically connected to ports P() forj-1 to 23 
for odd numbered ports; 

at least a second set of twelve second optical fibers having 
said color code and optically connected to ports P. () 
for j=2 to 24 for even numbered ports. 

13. A method of optically interconnecting a twenty-four 
port connector having ports P(i) for i=1 to 24, to first, 
second and third eight-port connectors having respective 
ports 1Ps (), 2P() and 3PG) for j=1 to 8, the method com 

i) {1P,G)} ->{P.(1), P.,(23), P. (3), P.,(21), P.(5), P. prising: 
(19), P., (7), P(17)}: 

ii) {2P(j)} e >{P(9), P(15), P. (11), P(13), P.(2), 
P24 (24), P24 (4), P2 (22)}: and and 

iii) {3Ps(j)} ->{P.(6), P. (20), P. (8), P(18), P (10), 
P(16), P (12), P (14). configuring an array of optical fibers to connect the ports as 

2. The optical fiber interconnection device of claim 1, lity tal, b1 ... } { } {a2, b2... } denotes a1 
wherein at least one of the eight-port connectors has twelve tO a to b2: etc): 
ports, and wherein four of the twelve ports are not used. i) {1Ps (j)} { } {P.(1), P. (23), P.(3), P. (21), P.(5), P. 

(19), P., (7), P. (17)}: 
ii) {2P(j)} {->{P(9), P. (15), P(11), P., (13), P(2), 

P2 (24), Pa (4), P (22); and 
iii) {3PG) ( >{P.(6), P. (20), P. (8), P(18), P(10), 
P(16), P(12), P(14). 

wherein ports i=1 to i=12 are located in a first row of the 
twenty-four-port connector and ports i=13 to i=24 are 
located in second row of the twenty-four-port connector; 

3. The optical fiber interconnection device of claim 1, 
wherein the optical fibers include first and second sets of 
twelve color-coded fibers. 

4. The optical fiber interconnection device of claim 1, 
further including a twenty-four-fiber fiber optic cable section 
having first and second ends respectively optically connected 14. The method of claim 13, further comprising enclosing 
to the array of optical fibers and the twenty-four-port connec- the array of optical fibers in an enclosure. 
tOr. 15. The method of claim 13, further comprising: 

5. The optical fiber interconnection device of claim 4, optically connecting the array of optical fibers and the 
wherein the fiber optic cable comprises an optical fiber rib- twenty-four-port connector via a section of a twenty 
bon. four-fiber fiber optic cable. 

6. The optical fiber interconnection device of claim 4, 
further comprising a fiber-arranging unit at the first end of the 
fiber optic cable section that connects the array of optical 
fibers to the twenty-four-port connector. 

16. The method of claim 13, further comprising for n 
integer and n22, providing in twenty-four-port connectors 
and n sets of the three eight-port connectors So as to repeat 
said port configuration in times. 

17. The method of claim 13, further including: 
optically connecting at least one twenty-four-fiber module 

having twenty-four single ports SF4 (1) through SF 
(24) to ports 1Ps (), 2P(j) and 3PG) in a polarization 
preserving configuration. 

7. The optical fiber interconnection device of claim 1, 
wherein for n integer and n22, the device includes n sets of 
twenty-four port connectors and n sets of the three eight-port 
COnnectOrS. 

8. The optical fiber interconnection device of claim 1, 
wherein the device includes: 18. An optical fiber interconnection device, comprising: 

an enclosure that defines an interior region and that con 
tains the array of optical fibers, and wherein the eight 
port connectors and twenty-four port connector are con 
nected to the enclosure. 

an enclosure defining an interior region; 
at least one twenty-four-port connector operably con 

nected to the enclosure and respectively having ports 
P(i) for i=1 to 24, wherein ports i=1 to i=12 are located 
in a first row of the twenty-four-port connector and ports 
i=13 to i=24 are located in second row of the twenty 
four-port connector, 

9. The optical fiber interconnection device of claim 8. 
wherein the enclosure comprises a fiber cable jacket. 

10. An optical fiber interconnection system, comprising: 
the optical fiber interconnection device of claim 1; and at least one set of first, second and third eight-port connec 

tors operably connected to the enclosure and respec 
tively having ports 1Ps (), 2PC) and 3PG) for j=1 to 8: 

at least a first set of twelve first optical fibers having a 
color-code and contained within the interior region and 
optically connected to ports P(i) for i=1 to 23 for odd 
numbered ports; 

at least one twenty-four-fiber fiber optic cable connected to 
the device at the twenty-four-port connector. 

11. The optical fiber interconnection system of claim 10, 
further comprising: 

at least one twenty-four-fiber module having twenty-four 
single ports SF(1) through SF (24) and optically con 
nected to the at least one twenty-four-fiber fiber optic 
cable so as to be optically connected to ports 1Ps (), 
2Ps () and 3PG) in a polarization-preserving configu 
ration. 

at least a second set of twelve second optical fibers having 
said color code and contained within the interior region 
and optically connected to ports P(i) for i=2 to 24 for 
even numbered ports; 
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wherein the at least first and second sets of color-coded 
optical fibers are configured to connect the ports as fol 
lows, for j=1 to 8 (where a1, b1 ... } { } {a2, b2... } 
denotes connecting a1 to a2, b1 to b2, etc): 

i) {1Ps (j)} >{P.(1), P. (23), P.(3), P (21), P.(5), P. 
(19), P., (7), P(17)}: 

ii) {2P(j)} ( >{P(9), P. (15), P(11), P(13), P(2), 
P24 (24), P24 (4), P2 (22)}: and 

iii) {3Ps(j)} ( >{P.(6), P. (20), P. (8), P(18), P (10), 
P2 (16), P (12), P (14). 
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19. The optical fiber interconnection device of claim 18, 
further comprising: 

at least one twenty-four-fiber module having twenty-four 
single ports SF(1) through SF (24) and optically con 
nected to ports 1Ps (j), 2P(j)and 3PG) in a polarization 
preserving configuration. 

20. The optical fiber interconnection device of claim 18, 
further comprising a fiber-arranging unit configured to opti 
cally connect the first and second sets of color-coded fibers 
from ports 1Ps (), 2P(j) and 3PG) to ports P24 (i). 

c c c c c 


