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A Rich Heritage
- Founded by Joseph Belden

in 1902 in Chicago

- Along history of innovation for
communications technologies

- Early customers

included Thomas Edison

Radio in the TV in the
1920s 1950s

T
e

Computer Networking
in the 1980s and 1990s

Joseph Belden Thomas Edison
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Belden Today

John Stroup, CEO
Headquartered in St. Louis, MO
10,000 employees

NYSE: BDC

Operations in North and South America,
Europe, Middle East, Africa and Asia Pacific

Revenue $2.39B
20+ Sales Offices; 25+ Manufacturing Facilities

Delivering highly engineered signal transmission
solutions for mission-critical applications in a

diverse set of global markets

Key Markets Applications Solutions

Enterprise

Smart Buildings
Final Mile Broadband

Video Cable

Live Media Production _ ConneCtiVity
_ Audio

Industrial )

Discrete Manufacturing Networki ng

Process Facilities

Transportation Data

=neroy Software




Two Business Platforms Delivering
Innovative Connectivity Solutions

Broadcast
Solutions

* Broadcast Cameras

¢ Live Production Systems
* Routers and Interfaces

* Broadcast Connectors

¢ Broadband Connectivity
« Playout Systems

@ grassvalley

ovate. Connect

WEST PENN
o

MTITE
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Enterprise

Connectivity Solutions

* Racks and Enclosures

e Copper and Fiber Connectivity

« Ethernet, Fiber Optic and
Coaxial Cabling

¢ Custom Infrastructure
Solutions

@beldeninc

Industrial
Connectivity Solutions

* Connectors

¢ Industrial Cable

e Patch Cords

« Distribution Boxes

e Customized Connectivity
Solutions

B lumberg

A BELDEN BRAND

(R HIRSCHMANN

A BELDEN BRAND

POLIRON

Industrial IT
Solutions

Ethernet Switches
and Routers

Security Devices

Network Management
Software

(h) HIRSCHMANN
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< GarrettCom
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@ TOFINO SECURITY
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SMPTE 2110 — What is it?

Standard developed to support/exploit the next
generation of transport technologies designed for
Ethernet, Internet Protocol (IP) and Real time protocol
(RTP)

SMPTE 2110 offers all the advantages of a
heavily multiplexed SDI coaxial signal
transport; with all the flexibility of each
media format, or essence being,
independently accessible in a common
physical layer and switch fabric.

SMPTE 2110 includes reference to
SMPTE 2059 -1/2 in order to provide
accurate PTP timing distribution

throughout the facility. Chuck Mever
u y

Grass Valley
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Why IP

Routing? ‘

« Cost — The cost of high-bandwidth IP equipment and
circuits has been dropping steadily for several decades

» Ubiquity — IP networks have been deployed everywhere that
humans go today - $10B+ invested each year compared
with 10’s of millions in baseband SDI

e« Common Timing — With bidirectional links throughout an IP-
based facility, broadcasters will no longer need to construct
separate signal paths to distribute sync signals to devices.

o Simplified Infrastructure — UTP / Fiber

* Reduced Bandwidths - a SMPTE ST 2110-20 signal with 1080p
video occupies less than 2.67 Gbps

* Improved Versatility: SMPTE ST 2110-23 includes a robust A
mechanism for defining a wide range of video formats, including ‘
multiple bit depths, multiple colorimetry schemes, any
conceivable frame rate, and other associated parameters.
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ICT SMART Facility

Convergence  yoeic

Audio
Video

Security

Any Time

Internet of
Building ThlngS T
Lighting Automation
Controls Systems Any Place Any Business
Fire and Communications
Life Safety & Information Any Network
Technology Broadcast
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Presenter
Presentation Notes
HDBaseT incorporates the « 5 Play » to represent the Full HD Video, the Audio, the Ethernet, the Control and finally, the Power (similar impletentation of the PoE: Power over Ethernet);
Note that 3.5 of them are already included in the HDMI: the Full HD Video, the Audio, the Ethernet, and a portion of the Control (for Consumer product). The extra control built in the HDBaseT is an RS-232 port for Professional equipment use.

If you are searching for its definition, this is exactly what you will find on the internet.
you are searching for its definition, this is exactly what you will find on the internet.

Put emphasis on "Now only need to use one cable not several to plug in“ (Similar to HDMI)



TI’ ad |t| O n al Broadcast & Media

routing

Video + Audio + Data
U

SDI Video + Embedded Audio (x16)
+ User data (270Mb/s, 1.5/3Gb/s)

Video

SDIVideo
(270Mb/s, 1.5/3Gb/s)

o 2 N A
\AYAY),

Traditional
SDI & AES Router

Audio

Audio

AES Digital Audio

(BMb/s — 48kHz sampling)
Balanced - Differential
Unbalanced - Single Ended

Fiber sv/mmy
SFP*

g
ht ”’ >
=
o

'
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RearView

Data

A

3G/HD/SD-SDI

RS485 Serial - Older systems!
(Separate or integrated)
Currently more likely separate
100MbE or GbE IP Switch

Dual Transmitters (2x Tx)
Dual Receiver (2x Rx)
Transceiver (Tx/Rx)

AES MADI 100Mb/s (Tx/Rx)

brLuenN

SENDIMBMIATHERIGHTSIGNAIN SFP* — “‘Small Form-factor Pluggable’
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I P WO I'| d of Broadcast & Media

— Video + Audio + Data

routing
Connectivity SMPTE 2022-6/-7 IP wrapper for SDI
Cobper Video + Embedded Audio + Data

Video

A

VSF* TR-04 SDI but video only
VSF TR-03 Video to RTP
Payload format (2110-20)
Map VANC separately

Audio

rRI45

COTS*
IP Router

AES67 Digital Audio
High-performance

IP streaming for Production
Supported in (2110-30)

Data

10GbE SFP+ %j{

25GbE SFP28 FrontView

QSFP+ Y \\} — X
Qsrr2s gl S\ ‘] e A

lETF

TCP-IP Ancillary
Data (2110-40)

*COTS - Commercial Off The Shelf

SCE i '
*GbE - GigabitEthernet VSF - Video ServicesForum

/
b:Lw):N *SFP — Small Form-factor Pluggable eHE—lniemetRRginesingFasihoice
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TIA Standards

Most Common Cabling Standards;
Copper & Fiber - Performance
Based
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B
What are Standards?

Protect life limb and property, but nothing has to work.

Ensure a minimum level of performance with minimum standards with no
value/cost/comparisons allowed. Typically ISO, ANSI, TIA and some BICSI
documents.

Give recommendations based on perceived ‘value’ to maximize ‘value’.
Subjective. Typically BICSI or other association documents.

Typically a set of practices tied to a specific product line (may explain
deviation from standards and/or best practices).

A description of the vendors capabilities from a product and service
standpoint ... not necessarily tied to any of the above

BELDEN

SENDING ALL THE RIGHT SIGNALS
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Presenter
Presentation Notes
The first step is understanding the differences between …


Industry Trends: A fall out of the push/pull of supply/demand and often provides unwanted (undesirable) compromises from any one (or combination) of business, application, technical or cost requirements




B
The Standard Committees

T

‘SM

TIA/EIA North American Standard —
Cabling

« |ISO/IEC International Standard —
Cabling

- Cenelec European Standard —
Cabling

« |[EEE International Standard -
Networking
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Presenter
Presentation Notes
These are the different standard organization related to SCS.
These standard organizations are not only working in the development of networking and SCS standard, but for example, the TIA cabling standard is by far the best seller within the TIA standard documents.
Most of the SCS standard development is driven by the higher data rates and new more demanding applications developed by the IEEE 802.3 Ethernet standard committee (100Base-T, Power over Ethernet, 10G-BaseT and the under development of 40G and 100G)
And within the SCS standard development, most of the work is under taken by the TIA group in North America, and then adopted by the other Standard bodies.



Standards Evolution

2015 40GBASE-T Cat 8
2010 AVB
HDBaseT
2005 10GBASE.T  CatbA
2000 Blu-Ray
1000BASE-T Cat 6 oM
1995 Cat 5e
100BASE-TX N DVD
1990
10BASE-T Cat5s ATl
(Coax)
Cat 3
1985 OM1

Proprietary
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Presenter
Presentation Notes
Should say that the standards on structure cabling are well set in a very mature industry and exist since many years as compare to Digital A/V

Define why standards exist:

To ensure common infrastructure, interoperability, compatibility and performance level


Revised Organization & Document Structure

Common Premises cceﬁ“"ii &t
. TR42 — Plenary . =T S
« TR42.1 — Premises Telecommunications BT B AT simnsesz
Infrastructure pai
- Now includes Residential, and OSP as well as o b it s

spaces)

Healthcare , data centers and sustainability

« TR42.3 — Telecommunications Administration,
Pathways, Spaces, Bonding and Grounding

ANSITIA-606
(Administratfon)

ANSUTIA-942
(Data canters)

ANSITIA-568.4
{Broadband
coaxial)

- TR42.5 Terms Boning nd N cistia)
graunding

- TR42.7 Copper Cabling Systems i
ANSITIA-T58 ANSITIA-11T9

(Outside plant) (Healthcare)

- TR42.9 Industrial
- TR42.11 Optical Systems
- TR42.12 Optical Fibers and Cables

- TR42.13 Passive Optical Devices and Fiber
Metrology

ANSITIA-862
{Intelligent
building
systems)

ANSITIA-4566
(Educational)

ANSUTIA-5017
(Security)
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TR42.1 Commercial Building Standards (What's New)

- 568.1-D.1 (Commercial) — Published

- 570-D (Residential) — Comments resolved, will go out for default
ballot and conditional publication

- Updated documents for Residential* (in progress), OSP* (in
progress), Intelligent Building Systems/BAS, Data Centers,
Healthcare, Education and DAS (TSB)

- Near term projects Places of Assembly, single Pair Ethernet
(addenda to 568.0 and 862)

15 | © 2018 Belden Inc. belden.co



Structured Cabling — Copper or Fiber

- Standards specify:
- Cable to be used
- Connectors
- Topology of the network
- Distance
- Number of connections allowed
- Performance
- Installation guidelines
- Labelling of the system
- Testing requirements

16 | © 2018 Belden Inc. belden.com @beldeninc



Cabling Infrastructure Areas

@ Work area cabling

@ Horizontal Cabling
(HC)

Telecom Room -Cross
connections (IDF:

@ Intermediate
Distribution Frame)

@ Backbone cabling

Main cross connect
@ (MC) & Main
Distribution Frame
Public I&MDF)

etwork
Campu

etwork -
ntrance facility
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S
Horizontal Cabling - Star Topology

|< >
100 meters maximum

Backbone
Cable

TR

HC

TR: Telecommunications Room

HC: Horizontal Cross-Connect

CP: Consolidation Point

TO: Telecommunications Outlet
MUTOA: Multi-user telecommunications

outlet assembly
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Presenter
Presentation Notes
This drawing explain the connection between the workstations (WA) and the Networking equipment (EQ). This same topology/infrastructure can support HDBaseT applications.
The maximum allow cabling length is 100m, this includes maximum 90m of Horizontal cable and maximum 10mt of cord (patch-cord and pigtails)
When we talk about Link (or permanent Link) and Channel, we referent to testing mode of the cabling system. The difference is that the Channel includes the patch-cords, while in the permanent Link the patch-cords are excluded. Testing of cabling system is much easier in permanent Link since the patch-cords are installed at the end of the installation (including the networking equipment).

*************





Direct Attach vs Channel vs Direct Connect

Receiver

Transmitter

Channel

Direct Connect (MPTL)

Direct Attach

330 feet / 100 meter total
distance
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Presenter
Presentation Notes
There are three methods you can use to link the Transmitter / Receiver or Switch together. 

The first is the traditional network approach  with channel configuration.  The white factory terminate patch cord plug into transmitter and the green jack,  which represent the patch panel location,  the other green jack is located in the work area face plate or surface mount which is  plug into the receiver again by a white factory terminate patch cord.
 
Something fairly new to the TIA standard is the second option. some call it Direct Connect or Modify plug teremated link  (MPTL) for short.   Just like before In the equipment room end you have a white factory terminate patch cord plug into green jack in the patch panel.   On the other end however, you have a field terminated RJ45 Style plug.   We are seeing this method use for wireless access points and CCTV cameras.  

The last method is the traditional method, by the AV companies.  The Direct attach method is where both ends of the cable are directly terminated in the field and plug into the equipment.  Which offers less points of failure, but a system that is harder to test, which we talk more about later. 


Category Cabling

U/UTP (Unshielded Twisted Pair)

Footage Mix %

100% .o-l----
80%
100 MHz £E Legac
5e (2.5G%) gacy 60% ;
1G

Category

L 40%
Category 6 250 MHz (5G*) Minimum
20%
gztegory 500 MHz 10G Recommended
0% T T 1
Data Center 2010 2015 2020
Category 8* 2 GHz 25/40G Switch to Server Category 5e = Category 6
m Category 6A
F/UTP (Foil, Unshielded Twisted Pair) ——
‘ 4@@,
Al
= \ S/FTP (Shielded, Foiled Twisted Pair)
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Presenter
Presentation Notes
This table summarizes TIA recommendations for the various category cabling standards.

Category 5e is still mentioned but for legacy references only.
Category 6 is the minimum required in most standards.
Category 6A is the recommended standard.

The bar graph illustrates the footage mix of category cabling..
As we can see Category 5e deployment is forecasted to quickly go down as Category 6A will be picking up – up to 36% of all footage shipped by 2020.

This is not a surprise to me. To prepare for IoT and the New Convergence in the Enterprise, Category 6A is part of the answer.



B
Copper Field-Term Systems Components

Patch Panels

A -

Jacks / Plugs

Patch Cords

[}

‘it -
i !

wy i Workstation
' ' Outlets =

i W

i i
-
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Presenter
Presentation Notes
KeyConnect jacks which go on both ends of the permanent link

Horizontal Cable, Cross-Connect

Tools are a key part of the field Installation

All of these components exceed their individual standards requirements, but also are designed to compliment each other to provide a superior performing system.


National Electric Code Rating (US)

PLENUM
COA
_I NONCONDUCTVE  COMDUCTIVE

4 t?-:{ghaai]
8 BB

MFPA 282
(UL-810
Steiner Tunnel)

UL-1666
(Vertical Shaft)

= B0

GEMERAL
PURPOSE
2

UL-1685
Vertical Tray
or CSA FT4
(UL 1581)

RESIDENTIAL
1 (Lowest)

Al cables other Tan
VWL “Werhwark-Powered Brosdiand Cabls™
. (BMR, BN, BLF, BLX)
tIUIErtEﬂ.l FlHﬂ'IE:l B shiall be cozed cable.
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PoE Evolution

| 2003 2009 2018

IEEE IEEE
Standard 802 3af 802 3at IEEE 802.3bt
4pPoE
Type
Acronym PoE PoE+ Type 1 Type2 3
2 pairs 4 pairs .
P P pairs
Source 300 600
Current 350 mA 600 MA 350 mA
(max. per pair mA mA
set)
Source
Voltage 44 \/ 50V 44 \/ 50V 50V
(min.)
Source
Power 15.4 W 30 W 15.4 W 30 W 60 W

(max.)

23 | ©2018 Belden Inc. belden.com @beldeninc

Type

pairs

960
mA

52V

100



Presenter
Presentation Notes
PoE has evolved through several iterations of Standards.

First generation PoE: IEEE 802.3af was released in 2003 and defined PoE delivering power up to 15.4 Watts at the source.
Second generation PoE, commonly know as PoE+: IEEE 802.3at was released in 2009 and defined PoE delivering power up to 30 Watts at the source.
Both of these Standards make use of two pairs to deliver the power, one pair to carry the current from the source to the load and a second pair to carry the return current from the load back to the source.

A new PoE Standard, the third one, IEEE 802.3bt, is under development, it is known as 4-pair PoE and covers 4 types of PoE power levels.
It makes use of all 4 pairs in the cable to carry the power more efficiently. 
For example for Type 3 power at 600 mA of current, the source power is effectively doubled (2 x 30Watts per pair set) or 60 Watts in total compared to 30 Watts for PoE+ over 2 pairs.

The new standard is also developing the conditions for delivering even higher power levels, up to 100 Watts , called Type 4, with a much higher source current of up to 960 mA.

For those who to do a little bit of math …
According to Ohms law, the power supplied is equal to the source voltage times the source current times the number of circuits.  In the case of 4-pair power, there are two 2-pair circuits.


Bundling restrictions and an LP (Limited Power) rating
has been added to the NFPA70 2017

The addition of an ampacity vs bundle size table and the LP rating
Is the NFPA's answer to cable bundles heating-up due to PoE

The intent is to regulate the PoOE amperage/wattage while
considering the cable’s:

AWG size
Temperature rating
Number of cables installed together or bundled.

LP ratings represent the maximum current per conductor.
Valid ratings include: 0.5A, 0.6A, 0.7A, 0.8A, 0.9A or 1.0A

Example Surface Marking:
“MFG Part Number CMP-LP (0.6A) (UL) 23 AWG 90C”

LP Ratings are required for:
Power sources delivering > 60W

24 | © 2018 Belden Inc. belden.com @beldeninc




Power Delivery Distance Comparison

Digital Electricity

Constant Voltage

DC Power Source Power Source

r_ | Max Reach (meters)
Single Pair : : Max Reach (meters)
Analysis 14A Single Pair
WG 18AWG|20AWG Analysis
14AWG|18AWG]| 20AWG
2| 50 |310| 122 | 77 P
c;ts :‘g 50 | 2000 | 2000 1382
<| 100 |155| 61 | nia g
g — | 100 | 2000 | 1095 689
(]
£11000 | n/a| n/a n/a =
R @ [1000] 259 | 103 ] 65

Extended Reach possible with
mutual capacitance that is both

uniform and <50p Fft

BELDEN
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S
Installation Considerations

- When installing horizontal cabling these key points need to be
addressed:

- Pathways (40% initial fill rate)

- Pulling Tensions

- EMI Sources

- Bend Radius

- Unjacketing and Untwisting of Pairs
- 568A and 568B pinouts
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Presenter
Presentation Notes
Failing to adhere to the following points can significantly impact performance.  Each point is addressed on its own slide.


- Cable/Basket Tray

« Conduits

. Celling

- J-Hook (every 4-5 ft.)
- Arlington Strap
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Presenter
Presentation Notes
Common installation mistakes that can impact system performance are:
Cable Trays:  1) Not routing tray parallel and perpendicular to the building lines  2) Varying installed height  3) switching from one side of the wall to another in a hallway
Conduits:  1) More than 180 degrees of bends without a pull point  2) More than 100 ft section of conduit between pull points  3) Use of elbows  4) bent too tight
Ceiling:  1) Mounting suspension hardware farther apart than 5 ft  2) Using suspension hardware that fails to maintain bend radii of cables located on the bottom of a bundle  3) Overloading suspension points (crushing cables on bottom, changes pair geometry, causes crosstalk)


Horizontal Pathways

- Raised access floor

« Surface mounted
raceway

- Power pole
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Presenter
Presentation Notes
Common installation mistakes that can impact system performance are:
Cable Trays:  1) Not routing tray parallel and perpendicular to the building lines  2) Varying installed height  3) switching from one side of the wall to another in a hallway
Conduits:  1) More than 180 degrees of bends without a pull point  2) More than 100 ft section of conduit between pull points  3) Use of elbows  4) bent too tight
Ceiling:  1) Mounting suspension hardware farther apart than 5 ft  2) Using suspension hardware that fails to maintain bend radii of cables located on the bottom of a bundle  3) Overloading suspension points (crushing cables on bottom, changes pair geometry, causes crosstalk)


Fiber Raceways &>
NS

v" Fiber Ducts = LZSH

n2Xx2
wdx4
=4x8
"4x12 |
g
T
v Cable Routing .
»Elbows, Trumpets, Downspouts, etc. A
| ' (® ’%
v' Cable Routing - \
=Lids, Tool-less & Mechanical joiners - = @ . '
| /.__,: g %
. : s e .
v" Mounting Kits
YR . )
lj§f{ . v g
Y w
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Cable Calculations For Tray or Conduit Fill

The area occupied by the cable vs. the total area inside

Per the Standard (not code), remember these are NEC Chapter
8 products

No more than 25% fill initially
- 1 cable 52% fill
- 2 cables 31% fill

- 3 or more 40% fill

Basket | Vert/Horiz

Tray Manager J-Hook | Bundle

Product

| ¢ | enxiz] ot | 3|
10GXSCMP| 4 | 6 [ 24 [107| 431 27 82 46 2.16"
10GXSCMR| 3 | 6 |23 [101| 406 26 77 44 2.22"
10GX 315 (19(8 | 347 22 66 37 2.40"
Competitor "
Average 314 (188 | 329 21 62 35 247

Pathway fill used: Conduit 40%, Basket Tray and Vert/Horiz Manager 50%, J-Hook 70%
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Bend Radius - Conduits

« Minimum conduit bend radius shall not be less than:
- 6 times the internal diameter for conduit < 2” (5¢cm)

- 10 times the internal diameter for conduit > 2” (5¢cm) or conduit
containing fiber
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Presenter
Presentation Notes
Exceeding the bend radius on conduit increases pull tension for the cable inside the conduit.

This can result in decreased performance by stretching the cable (causes crosstalk for UTP, insertion loss for fiber)



Cable Bend Radius

Copper

« Minimum bend radius shall not be less than:
- 4 times the cable diameter for copper horizontal cable (UTP)
- 4 times the cable diameter for shielded UTP cables

- 1 times the cable diameter for patch cords. i
- 15 times the cable diameter e

for multi-pair cable. i

! |

Bend Radius i

1' |

Fiber I

Minimum Bend Radii While Subject to

Maximum Tensile Load (During Installation) -
20 times of Outside Diameter (O.D.)

No Tensile Load (After Installation) - 10 times of Outside Diameter (O.D.)
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Cable Ties - Cables

33 | © 2018 Belden Inc. belden.com @beldeninc

Hook and loop shall be
used on all category
cables, coaxial, and fiber
cables. Spacing between
cable ties shall be
unevenly spaced.

BELDEN
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Presenter
Presentation Notes
Exceeding the bend radius on 4pr cable results in increased crosstalk due to excessive squeezing and displacing of the pairs.  This most commonly occurs in outlet boxes and modular furniture.
Due to their size and sheathing, exceeding the bend radius on a multi pair cable results in obvious distortion of the cable sheath.
Exceeding the bend radius on fiber optic cable can result in micro bends or outright fractures.  This will show up as excessive attenuation (light loss) when tested.

Note:  The plural of radius is radii 

Note: this slide is animated for better audience clarification


Pulling Tensions

- Copper - Maximum pulling tension for 4-pair
horizontal UTP should not exceed 25 Ib (110 N)
per cable.

- Avoid kinking of cables
- Avoid stretching of conductors during installation

- Avoid doing anything that changes the geometry of
the twisted pairs

- Some manufacturers offer cable that is less
susceptible to damage/degradation from excessive
pulling tension

. Fiber — Per MFG spec

N
=
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Presenter
Presentation Notes
Bonded pair has nearly double the pulling tension of unbonded UTP (45 ft/lbs).


Slack Storage

- When storing slack cables in the equipment room keep
in mind the following points to avoid the resistor effect:

- Slack of about 6 feet

- If slack is stored in loops, randomly place Velcro straps to
avoid phasing issues

- Ensure that loops are not tightly or symmetrically coiled

- Store slack preferably in a “lazy-S” or figure 8 design or run
back/forth on tray

- At the station end, slack of about 12 inches
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Cabling Installation Practices

Avoid heat, water, condensation and power

Cables should be supported at least every 48-60"

Cables should be free from stress

Bundles kept to 24 cables or less, consider 12 cables - ¥4" - 12" spacing between bundles
Label all cables/outlets/ports per Infocomm F501.01:2015

Minimum separation from

power
Fluorescent Lighting >5in. We >12in.
Power Conduits 3in. to 12in.
Electric Motors 48 in.
Transformers 48 in.
Temporary Lighting 6 in to 24 in.
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Dressing Cables

« To dress or not to dress cables?

- Dressing, combing and bundling of cables are terms often

used in describing the quest for a neat or clean
- Bundles of 12 or 24 cables or less are preferred
- Major issue: Alien Crosstalk for 10 Gig apps

= Alien = crosstalk noise coming from cables sharing the same pathway, and connectors
in close proximity

Bundling restrictions and an LP (Limited
Power) rating has been added to the
NFPA70 2017

The intent is to regulate the PoE
amperage/wattage while considering the cable’s:
AWG size
Temperature rating
Number of cables installed together or
bundled.

installation

LP ratings represent the
maximum current per
conductor.

Valid ratings include: 0.5A,

0.6A, 0.7A, 0.8A, 0.9A or
1.0A

BELDEN
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>
Unjacketing of Cables

- Only as much jacket as necessary should be
removed when terminating cables

- Requirement imposed to:
- Maintain twist and lay of pairs
- Minimize separation of conductors in a pair
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Presenter
Presentation Notes
Since the only “defense” against signal distortion in an UTP cable is in the twist and lay of the pairs, it is of vital importance that the unjacketing be kept to minimum.  Excessive unjacketing can allow the pairs to gap thus increasing NEXT.

Reminder: ANYTHING that changes the geometry of the twisted pairs inside the cable jacket causes crosstalk.


.

Untwisting the Cable Pairs
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While standards allow for v2”
(13mm) of untwisting
regardless of Category,
preserve wire twists as
closely as possible to the
point of mechanical
termination to ensure
maximum performance.

Follow manufacturer
guidelines

- In many cases %2” (13mm) is
too much!

- Start untwisting only before
inserting the wires in the IDC

In the event that too much
untwisted pair is observed,
never re-twist!

- Cut off all four pairs at the
point of last twist, and re-
terminate.



Presenter
Presentation Notes
As was stated on the previous slide’s speaker notes, the twist is of vital importance in reducing NEXT.  Remove only as much twist as needed for termination.  Pair twists should not be maintained so close to the point of termination that the termination tool impacts pairs on the “no-cut” side.  



What Does a Fiber Portfolio Look Like?

1.  Field-Termination O —

» Field-installable Connectors & Accessories

2. Patch Panel Systems — Data Center & LAN
= Patch Panels, Frames, Cassettes, Adapter strips & Accessories

3. Pre-Term Assemblies
= Patch Cords & Trunk Assemblies —
4. Workstation Outlets {
» Faceplates & Inserts \
5.  Workstation Connectivity \
= Floor Boxes & Wall boxes

6. Optical Fiber Cable
» |ndoor, Indoor/Outdoor & Outdoor Cable
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Fiber
Cable

Bulk Interconnect Furcation Drop
Fiber Tube

Breakout Distribution Mini-Distribution Multi
Loose-Tube

Composite Ribbon Central
Loose Tube

BELDEN
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Interconnect Cables b/

N\ _
Easy to Manipulate for Day-to-Day Patching

Small OD (2 mm-3 mm) < O\ &
« Flexible Jacket (10x/15x) ” Simplex Duplex Duplex
. Simplex & Duplex (LC, SC, ST) -/—/ A Zip Round
. 12f & 24f (MPO-12, MPO-24) \__/ 900 um Fiber

W ,..;_,/

Easy Routing within Cabinets

Lightweight — » £y ..,.:.0:...'

Low Crush, Low Tensile \o

Ribbon
! Duplex  12-Fiber  24-Fiber

fj\ Mini-Round  Mini-Round ~ Mini-Round
b
(\‘k 4 ‘ 250 um Fiber

\"h
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Fusion — Benefits & Applications

KEY APPLICATIONS
BENEFITS - Enterprise Networks

. Future proofing for high- » Hospitality Networks

bandwidth and high-speed - Passive Optical LAN
transmission networks LC Splice-On Connector
« Reduced hardware costs versus
traditional pigtails Femule stub assembly
- - - \ f"/
« Robust, reliable installations for
indoor and outdoor ,
. Ferrule stub’s
environments dust cap |
- Improve first pass yield by +3% & \

-,' ._ " Rear housing
N with boot

e
LT, .
d JJ-;/ 7 /J:'.-}'

B

Splice protection
sleeve with spring

BELDEN
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Connector Colors

- Beige — OM1

« Black — OM2

- Aqua — OM3/OM4 — Erica Violet

- Blue — OS1/0S2

- Green — OS1/0S2/APC
- Angled Polish
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MPO Assemblies: Polarity Options
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Type-A Polarity
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Type-C Polarity

MPO-12

MPO-12

<
L
a
r
o
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(MPQO Trunks): Plan For The Future

Reuse the Trunk
» Upgrade just the Cassette / Fanout & Patch Cord

FC3U12LDMF FC3U12LDMF1A
FX Ultra Cassette, 12-Port (24f), FM3MMB1025M (QTY 2) FX Ultra Cassette, 12-Port (24),
LC Duplex, OM3, Type-A, MPO-12(F) MPO Trunk Assembly, MPO-12(M-M), OM3, Type B, 25m  C Duplex, OM3, Type-A-ALT, MPO-12(F)

FP3LDLD003M
FP3LDLDO03M Patch Cord, LC Duplex, OM3, 3m
Patch Cord, LC Duplex, OM3, 3m
I=——<=F
I=——<=F
FF3U12MP FF3U12MP
FX Ultra Frame, 12-Port, FM3MMB1025M (Reuse) FX Ultra Frame, 12-Port,
FP3MFMF003M MPO, OM3, Key-Up/Key-Down MPOQ Trunk Assembly, MPO-12(M-M), OM3, Type B, 25m MPO, OM3, Key-Up/Key-Down FP3MFMFO003M
Patch Cord, MPO-12(F), OM3, < Patch Cord, MPO-12(F), OM3,
Type-B, 3m Type-B, 3m
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OM4 - INTERCONNECT: 10G Installation and Migration to 40G solution
2 Points of Connections — Type B

FP—PATCHCORD  FC~- CASSETTE TYPE A FC - CASSETTE TYPE A FP — PATCH CORD
A-TO-B (Left view) FM - MPO MALE TRUNK ALTERNATE (Right view) A-TO-B

-~

FIBER 1 TYPEB

FIBER 12

}
i
H
i

fi

' 1 !
MPO-12(MALE)  FIBER 12 FIBER1 MPO-12(MALE)

KEY UP KEY UP o Re————
[FPalDlD***M | |FCA*0BLOMF 06 ports (12 fibers)~1MPO | :F_M:N_lM_B;*:*;I ______________ ] FCA*06LDMFIE 06 ports (12fibers)~1MPO | [FPalDLD***M
*** Lengthin meters  (FC4*12LDMF 12 ports (24 fibers) - 2 MPO | |# Number of MPO connectors: 1, 2, 3, 4, 6, 8, D (12). | FC4*12LDMF1E 12 ports (24 fibers) - 2 MPO | |”"‘ Length in meters
| lrcanisiomr 1 parts (36 fibers) - 3 MPO 1***Length in meters : FCAHIBLOMFIE 18 ports (36 fibers) - 3 MPO
| _ 3 [**canbeU(ULTRA), R (Angled Right) L (Angled Left) | R I [ fecan be U (ULTRA), R (Angled Right), L (Angled Left) | |
FP-MPO TYPEB FP-MPO TYPE B
PATCH CORD FM - MPO MALE TRUNK PATCH CORD

FIBER 12 TYPEB FIBER 1

FIBER 1 TYPEB FIBER 12
] | |

I i .
FIBER 12 FIBER1 MPO-12(MALE)

FIBER 12 TYPEB FIBER 1
i =]

{

1
i
i
i

MPO-12(FEMALE) FIBER 1 FIBER 12 MPO-12(FEMALE) MPO-12(MALE) b MPO-12(FEMALE)  FIBER 1 FIBER 12 MPO-12(FEN
KEY DOWN KEY DOWN KEY UP KEY UP [ KEY DOWN KEY DOW
o TT T T oo oo s smm—— o | g — T — T T et R et I
FFAUOSMP 06 MPO PORTS FMAMMB#***M I FF4UOSMP 06 MPO PORTS
[FPAMFMF***M | (FFAUIZMP 12 MPOPORTS | {# Number of MPO connectors: 1,2, 3, 4,6, 8, D (12).| FFAUIMR 12 MPOIPORTS | IFPAMFMF***M ;
***Length in meters(From 0.3 m to 15 m) | |FF4H18MP 18MPOPORTS | |***Length in meters | FE4H18MP 18 MPO PORTS | 1***Length in meters(From 0.3 m to 15 m) |
I I
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So Many Bases!

Avoid Density Loss

Base 12
. Mix and Match Base-8 & Base-12 & Base-16 Base 8 ase

Base 16 Base 24

Base 8 Base 12 Base 16
Frame Cassette Splice
Cassette
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Presenter
Presentation Notes
Refer to Corning EDGE… change the whole shelf to migrate to Base8
Disturb the least amount of ports if something goes wrong – plug adapter shutters


Pre-Term Cassettes

ki

LC Base 12 SC Base 8




Field Terminated Cassettes

9. L

2

mmm

LC Pigtails (left) & LC Splice-on (right) SC Pigtails (left) & SC Splice-on (right)
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General Specifications

T ow | owz | ows | ows | sw

62.5/125 pm 50/125 pum 50/125 pum 50/125 pum 9 /12‘22 m
TIA/EIA-569- TIA/EIA-569-  TIA/EIA-569- TIA/EIA-569- 1
Standard c3 c3 ca ca ITU G.652
ISO 11801 ISO 11801 ISO 11801 ISO 11801 ITU((NBSV?/;'AI
Bend. .. Non-BI Bl Bl Bl Bl
Sensitivity
1G: Up to 550
m 10G: Up to 10G: Up to 40
Legac Not 10G: Up to 300 400 m km
Ethernet -gacy m 40G: Upto  40G: Up to 40
Applications 1G: Upto Recommended 40G: Up to 100 150 m Kkm
PP 275 m for New Design ' _ _
m 100G: Upto 100G: Upto 100
100G: Up to 150 m km
100 m
4G: Up to 380
Fibre Legacy Not i
Channel 1G- Up to Recommended 8G: Up to 300 16G: Up to 4/8/16G: Up to
- P for New Design m 125 m 10 km

IAppIications EB0) fi 16G: Up to 100
m



Getting Light in to the Fiber

- LED Source (MM)
Light Emitting Diode (LED)

Z > Most cost effective
— —_—— Overfills core

“Overfilled” Launch

— -
B —— 7 ordD - Lower bitrate

\ Modes . . .
g Graded Index MM Fiber - Wide spectral linewidth (TDM)
= - VCSEL
I: “Underfilled” Launch ) ) o
S - Vertical Cavity Surface Emitting Laser (VCSEL)
= - Underfills core

Higher bitrate

===
. Narrow spectral linewidth (FDM)

Graded Index MM Fiber ° I—ASER

Most expensive

Highest bitrate

Very narrow spectral linewidth
Highest power

VCSEL
SOURCE

Y

LASER
SOURCE

SINGLEMODE

SM Fiber
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TR42.11(&12/13) Optical Fiber Cabling (What’s New)

- Colour theory is a current hot topic
- OM5 (Munsel lime)

« Om5 (lime), OS1la

- Reference grade connectors

- New CS connector type (4 lane) under
consideration for Base8 applications

Total Bandwidth Comparison

Bandwidth Eguivalent

Wivelength (nm)

Proposed cable optical fibre attenuation dB/km
1310nm 1383nm 1550nm
0Sla 1.0 1.0 1.0

0s2 0.4 0.4 0.4

53 | © 2018 Belden Inc. belden.com @beldeninc &E!HEH



Why Select One Field-Term Trunk Cable vs. Another?

| Mini-Distributio
Cable Size Smallest Medium Largest
Fiber Type 250 pm 900 pum 900 pum
Subunits (fibers) 2 mm/3mm (12) 4.5/5.5mm (6/12) 2 mm/3 mm (1)

Termination Cost $3$$ (LC/SC/ST) $ $$
$ (MPO)

Patch Panel Cost $$ (LC/SC/ST) $$ $
$ (MPO)

40G/100G Yes No No

Upgrade
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Indoor/Outdoor Distribution Cables

Environmental Protection

« UV Resistance _
Rip Cord

- Moisture & Fungus Resistance Numbered Sub-Unit

Water Swellable

- Extended Temperature Range _
Aramid Yarn

- Suitable for Dual use (1/0)
- Outdoor
- Indoor (Riser, Plenum, LSZH/Riser)

Central Strength
Member

900 pm Tight
Buffered Fiber

« Outdoor Installation Water Blocking Tape

- Lashed Ariel

- In-Duct

Outer Jacket

Available for ALL Distribution
Cables
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Armored Distribution Cables

Rip Cord
Numbered Sub-Unit
Aramid Yam

900 um Fiber for Rapid Field Termination
- Small OD Non-Unitized
- Single Pull with High Fiber Count

Central Strength
Member

900 pm Tight
Buffered Fiber

Inner Jacket
Interlocking Armor
Outer Jacket

Rugged Cable for Tough Installs

« Eliminate Conduit with Aluminum Interlocked Armor Rip Cord

Numbered Sub-Unit

Water Swellable
Aramid Yarn

« Rodent Resistant
- High Crush & Tensile

Central Strength
Member

900 pm Tight
Buffered Fiber

Water Blocking Tape
Inner Jacket

Interlocking Armor

Outer Jacket

Available on ALL Distribution
Cables (Indoor & 1/0)
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Hybrid Cable Options

Multiple Fibre Types in a Single Unitized Cable
- Breakout, Distribution, (u)Mini-Distribution

- Indoor, Indoor/Outdoor

- Armored

0s2/0M3  OM4/0M3
o°og.o°og % 0%
% 0% % 0%

0s2/om1 OM3/OoM1 OMm4/OM1

Aqua OM4 Optionally Available
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Who is Erika Violet?

OMS3 . pn
OM4 w_.

- AKA. Heather Violet

- European Origins SM/APC ﬂ“'

. Growing Ecosystem SM ”
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