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Ethernet- Network Interface Card

LS00 e PCMCIA 10/100Mbps

i Card, RJ45
i W
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Fiber Optic Fast
Ethernet Cards

IC NETWORK MIN| RACK & PATCH PANELS S

Desktop Wall Mountable Mini Rack

/
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Cable Tools - on'na amawy "n Modular Crimp Tool Modular RJ45 Crimp toll

« For RJ11, RJ12 and RJ45
« Made of hardened carbon steel
« Cuts, strips and crimps

Modular Crimping tool for
cutting, stripping and crimping

Crimp Tool for Shielded

RJ45 Plugs
This tool was designed for
professional crimping of
screened plugs RJ45 (8P8C)
Hirose type of Cat. 5

and for crimping the strain relief

Terminal Block Impact Tool

Metal Impact tool for 110/88
and 66 Terminal Blocks

and Keystone Jacks with
adjustable impact pressure
control.

Disposable Impact Tools

G
. N
Disposable Impact Tool for % . Disposable Impact Tool
110 Terminal Blocks incl. N, for 110 Terminal, Blocks
cable stripper (UTP
st lig er gmn n:‘ and Keystone Jacks (UTP)
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Twisted Pair
has 4 or 8 wires
arranged in a
spiral pattern

i
|\'

Fiber optic cable
is not susceptible
to electromagnetic
interference.

Various types of network media.
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| . BNC 1man
N O|7N||7 vin Coaxial Cable - “7x*opNIj VIN

Coaxial Cable Key Guide Channel Locking Key

- Syztamm A

Weh & Net Dasign

Braided copper shielding

=
é Ouler Jacket Flastic insulation
Copper Conductor
N
S8 5
™~ 2
: Solid Center Strand Hollow Center Channel

BHC connector

Speed and throughput: 10 -100Mbps
Average $ per node: Inexpensive m

Media and connector size: Medium
Maximum cable length: 500 m (medium)
Medfald 23
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Coaxial Cable - "7x8'0pNIj? UIN Coaxial Cable - "7X'OpNIj? UIN

Advantages - NRNINN!
Simple to install - N7 77
Higher bandwidths - n122 D' TN DINN
Resists interference better than UTP =120 771> Niy1on vyn
Cheaper than fibre optic - D"USIX DA'ON AT

Thinnet (RG-58U)
10Base2

Connector & terminators - BNC - niaxpi DN
Max nodes: 30 :D'NnY Din'oypn

W & Not Dasign - System Amal
B ety

Wei & Nt Design « Syster Anal
Computer Engngaring Teach A

o L)
- 8

§§ Disadvantages - MIINON %E Net Length: 550m :"78n'oj7n IR

Pt — (TP a10n Nd1N1) NN NN Pt Thicknet (RG-8)
5 Moderately high attenuation (lower than TP) e 10Base5
— More expensive than TP - n'on' ;7' — Vampire Tap
.ol niyna DN ANt waIrT Max nodes: 100 :D'NNY Dlnlopn
(75Q: CATV-1)- 50 Q :LAN-2 01TON'X Net Length: 1500m :*78n'0j7 IIN

10-100 Mbps :IT'W NIN'AN
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Coaxial Cable - "7X'OpXI VIN :
Coaxial Cable Types

Rigid or air coaxial line
Flexible or solid coaxial line
Electrical configuration of both is the same

Rigid Coaxial Cable

‘Wob & Nt Design « Systam A
Compurar Enginquring Ten

i
E TIT 121201 NYINIM TN N1 72 9w 71701 10 71am 2itkn a07m
£ PR IR 10079 NYMIR DAY 710 TITAN q10'0 Nl
;. Characteristics - ni"mwn nnnpn

Bandwidth of about 400 MHz

less susceptible to interference

lower attenuation than twisted pair

4L

74

Applications - p'win'w ég
CATV 55 Consists of a wire mounted inside of and coaxially with a
Long-distance telephone and Short distance computer links o rigid tubular outer conductor. (wire within a tube)
% L The inner conductor is insulated from the outer conductor
D Q by insulating spacers or beads, at regular intervals.
:c O The spacers are made of Pyrex or polystyrene, located at
regular intervals

Solid metal Plastic insulator  Foil shield Braided Plastic or vinyl
inner core - usually white shield/outer jacket

conductor
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Advantages - nninn:

Chief advantage of this line is its ability to minimize the
radiation losses

%} The electric and magnetic fields do not extend outward
from the outer conductor

M = The fields are confined to the space between the two

X conductors

Noise pick up is
also prevented

Wk & Nat Dasign - Systam Analyst .
Carepatar Engingoring Teach Advien =[]
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i Disadvantages - nninon

o

%i Expensive to construct

éﬁ Must be kept dry to prevent excessive leakage between
£’ the two conductors, although leakage can be reduced by
o backfilling the cable with inert gas

2006 0 25 'wn or

Excessive high frequency losses limit the length of line
used

Al Rights Reserved - ghawms 2z 210 IR

Flexible Coaxial Cable

iz
3y The inner conductor consists of flexible wire insulated from
£5 the outer conductor by a solid continuous insulating
%’5 material

Flexibility may be gained if the outer conductor is made of
:; braided wire
Eg Polyethylene plastic as well as Teflon, is used to separate
‘«g the two conductors.
B

1/

The use of the plastic for insulation results in greater
losses than for the air dielectric but cuts down on losses
due to moisture

These losses are much less than for other dielectrics.

|\

G

Nz
RAD Advis

@
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Characteristic Impedance of Coax
35
i . oz0= 138

2006 %0 25 1 o

Copper braid outer conductor
Polyethylene

Wire inner conductor
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I Twisted Cable - D'OIN AIT
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Unbalanced Line—Coaxial

‘Web & Nat Design « Systam Anast
Campurar Enging

74

4 L

The electrical signal is carried by the center conductor with
respect to the shield or grounded outer conductor

Balanced Line—two wire

The same current flows in each wire but 180° out of phase
with that flowing in the center conductor

Another way to look at it: the currents in the two wires of a
balanced line are equal, but flowing in opposite directions.

2006 %0 25 rni or Al Rights Reserved - grams Dauw 2210 YN




Common Mode Rejection (CMR) What is Twisted Pair?

Measures the ability of a balanced line to reject signals Two insulated wires twisted to form a flexible line

flowing in the same direction in both conductors. without the use of spacers.
Any noise or unwanted signal picked up by the balanced It is not used for high frequencies because of the high
line is picked up by both conductors, thus the noise is losses that occur in the insulation

NN 7a n' ww.n o e ﬁ'@
. R&D Advise Garpupar Engingering Tazch Advies

effectively canceled out L3 ) . )
. & E Wet lines increase losses dramatically

Practical CMMRs are from 40 to 70dB N ) .

= 3 It has 6 to 12 twists per inch.
Ba| uns :,g Tighter twisting provides better performance but is more

5= expensive. 3

Circuits that convert unbalanced to balanced lines

Typically center tapped transformers

Sections of transmission line may also be used

2006 xn 25 'wnn or All Rights Reserved - pamms Mavun 210 INg & 2006 %0 25 'wnn or All Rights Reserved - piamms Mavun 210 DN 25

RJ45 Tma'n
Twisted Cable - n'oin aIir

RJ-45 Connectors

Categories

Twisted Pair Cabls

CAT 3 Class C Telephone lines
CAT5 Class D Computer networks
CAT5e Computer networks
CAT6 Class E up to 250MHz
CAT7 Class F up to 600MHz

Gomputer Engnsaring Toach Advisa

Waa & Not Dasign - System Analyst

7R

Shilzer
RAD Advises

|\'

Locking Clip
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Twisted pair cable - n"ITY D'VIN 2AIT q1D'0 X77 DTV D'UIN AIT

Unshielded Twister Pair
Unshielded Twisted Pair (UTP)

‘Woh & Nt Design - Systom Analyst
Campuzar 5‘|‘ Tes

Weh & Nt Design

Compuar Enginguring T

= NI22 AN )'7In NI 'oin
I \ Copper wires good conductors
J12'0 X77 DNITY D'VIN AIT
UTP — Unshielded Twisted Pair

'0079N VIYD TITA DY D'VIN NIAIT 7Y D'VO
Sets of twisted pairs with simple plastic encasement as insulation
RJ45 Connector - RJ45 aion 1ann

STP — Shielded Twisted Pair -]12'0 DY DMITY D'VIN AIT
Insulated cable - TTIan vIn

74

q we

74

4 8

77

il
RAD Advise)
T
RAD Advisel

|\'/"rﬂ. -

Dnano \P'o nar? Speed and throughput: 10 - 100 Mbps
Bundled pairs wrapped in foil shielding - Average § per node: Least Expensive
Media and connector size:  Small
Maximum cable length: 100 m (short)
RJ-45 Connector '
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UTP

IEEE Standards:
10BaseT
100BaseT
1000BaseT
Advantages:
Thin, flexible, easy to install
Doesn’t crowd wiring ducts as much as coax
cheap

- Disadvantages:

More susceptible to interference than most other types
of cabling
Limited to segments of 100 meters.

2006 'xn 25 wnn on Al Rights Reserved - ghawms 2isaws 210 IR

UTP (Unshielded Twisted Pair)

il

iz

3% Pair? . (full-duplex) D'OIN NIAIT 4

25 . crosstalk -N NITAIN NNITY NIAIT

%} Pair 3 ( Pair 1} Pair 4 WY1 NITANN MNI' — 02120 NIk
.ANNIA NI - DRo NI

o .10BaseT or 100BaseT

Qi Max nodes: 1024 :0'nnx DIN'om

~ § Length: 100m :*7xn'opn N

5 :0'0INA0 7Y 7RN'OPN NIND

12345678

(s

5 for 10BaseT
3 for 100BaseT
.RJ45 Connector
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UTP (Unshielded Twisted Pair)

.UTP-n nimnop v 1an TIA/EIA 56871210090
.Nim yio1n nirn? 'wnn (Cat 5) 5 nnnwoyp

AN N7 XN 6 nnnop
Y AT
11X '9'Y

Wed & Not Dasign - §stem Anal
B Tty

\UN T21 Nl J10'o
.6 * ni>'7mn N Tan

o

J
N i @ >/ qann - 7 nNnopy
=2 /7 AWONNI NMIY
=& ) 1
;‘% D'oin .1Gbps
= D'"0079

D'MIyay

T IXY

(R &
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Unshielded Twisted Pair (UTP)

Waia & Nt Desig « System Anal
Computer Engngaring Teach A

-, T8

1
. RAD Advis:
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>
\

A

Cross-over Rollover

Straight-through

2006 'xn 25 'wnn o1 All Rights Reserved - ghawms pizaws 210 INp

Shielded Pair
What is Shielded Pair?

Consists of parallel conductors separated from each other and
surrounded by a solid dielectric.

Conductors are contained within a copper braid tubing that acts like a
shield

Assembly is covered by a rubber coating for protection from elements
and mechanical damage

Two wires <‘

\Braitlcd shield

2006 %0 25 " o
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Shielded Pair

Principal advantage is the the conductors are balanced to

Wob & Nt Design « Systam A
Campurar Enginquring Ten

i ground

E; The capacitance between the cables is uniform through out

5 the line

\,; Copper braid shield isolates the conductors from external
§i noise and prevents the signal on the shielded pair cable from
:; radiating to and interfering with other systems

ot 3

Twisted pairs of copper wire are sorrounded with metallic
braid or sheathing.
Characteristic impedance is 150 Ohms.

B3

2006 %0 25 " o

All Rights Reserved - ghawms pizaws 210 N




Shielded Twisted-Pair

Similar to UTP, but has shielding

Twisted Pair
Fail Shield

73

m Weh & Nat Dasign - Syscom Aralyst .
Qamputsr Engingering Tzsh Adviss

AV
RAD Advise

i
\

E3

Speed and throughput: 10 - 100 Mhps
Average § per node: Moderately Expensive
Media and connector size: Meduim to Large

Maximum cable length: 100 m (short)

STP Connector '

2006 'xn 25 wnn on Al Rights Reserved - ghawms 2isaws 210 IR

Shielded Twisted-Pair STP

Advantages:
Greater protection than UTP from interference.
due to sheathing
At lower data rates STP provides better performance than UTP.
It creates less electrical noise.

Carmputar Engingering Tasen Advic

Wek & Not Dasign « Syscorm Ar

g 8

Disadvantages:
More expensive than UTP
Heavier and less flexible than UTP
May not fit down narrow cabling ducts

G liler
RED Advisers
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(Shielded Twisted Pair) STP

P'o DY ITY AIT
AYONN ID'0N NOOoIN

Computer Engnsaring Tonsh Advicn

W & Net Dasign - §ystem Analyst

19'¥ {19120 || 430
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== D"0079
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= n'"Miyax
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= FTPoSCTP

(Foil Twisted Pair o Screened Twisted Pair)

Wa & Nt
Computar Eng;

ET

19'x q120

ixn | 770 WY el

| L / - n'oin
f‘@- D"voY7o
“ amway
NIX?
T

] - (=
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i 7 3038p Nay Yo win
b (STP: Shielded Twisted Pair)

STP, 4 pair, 100 Ohm Impedance,
typically 23 AWG (0.57 mm@) bare

4 8% L

i:  copper
[~ =
= = o
LE e
= N i oy )
> —_—
Jacket Tinned copper  Foll ;‘hield Core

braid with feamskin

2006 %0 25 " o
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10BaseT Pinout - ypw'? ninannn

TX NI DWW ——
nr'a?7 nrarn RX -1

§—
EL
g
& 1'Udn T¥2 0DI9N
A0R anR
\,: nmivpnn RJ45 Connector
S § .(Hub- Router)
=
s
=
5’:;% Note that TX and RX are going
to be reversed on the hub side,
Thus when connecting hub to hub,
the need for MDI/MDIX.
MDIX looks for a NIC, MDI 1 2 3 4 5 6 7 8
looks for a repeater port e TXe Rxt R

2006 xn 25 'wan o All Rights Reserved - ghawms pizaws 210 N




7200 7D NINT

Basic Cable Construction Steps i
b UTP Straight-through Cable

Acquire 3 pcs. Cat 3 or 5 cable approx. 6 ft. long.

Acquire 6 RJ45 connectors.

Follow the diagrams provided for each cable type.

Strip off approx. 3/4” of the outside insulation. (Be careful not to cut too deep)
Arrange the wires in their proper order.

Trim the ends of the wires to insure that they are even.

Wl & Not Dosign

. )
Hub or Switch Host or Router

W Wk & Nat Dasign - Systam Analyst .
Ganpar Engingoring Teseh Adviee -

-

g 2 Insert the ordered wires into the connector making sure there is one wire per slot and & 2
E ; that they are as deep into the connector as possible. B i
}:’ ; Place the connector with the wire in it into the crimping tool and crimp firmly. :: ;
g3 e
-

Repeat the process for the other end according to each wire’s diagram.
Test the wire with the Fluke Cable Tester.

If it passes, move on to the next cable.

When finished clean up your mess and put away the tools.
Label each cable with its type and your name.

Turn in for grading.

7

L
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RJ45 2ann 11a'n

720N 70 INT

UTP Straight-through Cable om>
E |3.|7 N 1 2 3 4 5 [ i 8 1 2 a4 5 13 7
s P Din
LH -~
%-; . Hub or Switc: 1 Host or Router % T Y
N scocssasasasaes FiN
Pin2
\ b gg P 48 Connector  End 1 R 45 Connectn  End 2
. Pind ti 15658 Swaghl Though TG0 Stasicht Thiough
Fins 17;5
Pin 6 é%‘
En s [ Straight Through Cable
Ping

7200 "D NN

The cable that connects from the switch port to the computer
NIC port is called a straight-through cable.

Connects unlike devices.

2006 *Xn 25 w'nn or AlLRights Reserved - 2hawms moaps 2212 PNy
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27%In vin
UTP Cross-over Cable

) ey D?E_ ] Crossover Cable ——
Hub or Switch 4 a8 g TR
z38 y y
38 4 4
An Ethernet (1DBASE-T and 100BASE-TX) cross-connect cabhe has only M " v _
four nd & -

‘Bctive wires 1, 2, 3, o .
Hub (MDI-X) Switch (MDI-X)

UTP Cross-over Cable
27¥In vIn

==
Pin 1 Pin3 1 2 sdudbiinlin 7 § 3 e 7 ﬁ
| | -, —
i' 1 (RX+) 1 (RX+)
’E; 2 (RX-) 2 (AX-)
bt 3
Sk = 3 (TX+) 3(TX+)
L2 6(TX) 6(TX-)
4 Not used . 4 Not used
The cable that connects from one switch port to another switch 5 Not used 5 Not used
port is called a crossover cable. 7 Not used 7 Not used
Connects like devices. 8 Not used 8 Not used
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RJ45 7ann 1ia'n b 1'vn vuin RJ45 7ann 1ia'n
(— ———— ~

a 7 B B

L | 1 2 B 5 4 3 7

1 2 3 4 5 6

i
£z
85—
i2
24
5

e

E
P 45 Conrectar End 1 B Connector End2 Q £
THEHE  Cross Connpct TE60B  Cross Connect 14 i
==z £ 45 Connecton End 1 T 45 Cornector  End 2
o E 15658 Hoboves Cable 1568 Hollovm Cabie

|\

27¥IN VIN %m
1-
Cross Connect Cable 2.6

CROSS OVER 31

Rollover Cable

For DCE connection to DCE 6-2 For CONSOLE connection to PC
RJ- RJ-45
2006 xn 25 'wrnn or All Rights Reserved - prawrme puomu 2w buew 55} 2006 'xn 25 'w'nn or All Rights Reserved - prawrme piomus 2w buew
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UTP - Category 4

Data-grade UTP, capable of supporting transmission rates of up to 16 Mbps.
Same Design at Cat 3
A 16 Mbps IBM Token Ring network requires such cable

UTP - Category 5

Data-grade UTP, capable of supporting transmission rates of up to 155 Mbps
(but officially only up to 100 Mbps at 90 meters).

UTP - Category 1

#—{n Voice-grade, UTP telephone cable. This describes the cable that has been
used for years in telephone communications. Officially, such cable is not
considered suitable for data-grade transmissions (in which every bit must get
across correctly)

UTP - Category 2

stem
Tonch

£%
&=
-} -
it
5
38

Vs & Net Dasign - 5

Gomputar Engn

d
4 B

7

&S . e & The CDDI (Copper Distributed Data Interface) networks and 100Base-X
&- i Data-grade UTP, r?apar?le of supporting transmission rates of up to 4 Mbps & £ T art(:hitecture require such cable. )

=3 22 or 24 AWG Solid Wire =2 22 or 24 AWG with RJ45 Connector

= = Characteristic impedance is 100 Ohms.

¥ UTP - Category 3 ;

V)

Cat5 is recommended, for data since it can support higher bandwidths.

Data-grade UTP, capable of supporting transmission rates of up to 10 Mbps

24 AWG Solid Wire UTP - Category 5e

Most Common UTP Wire Newer standard

A 10BaseT network requires such cable Used to support Gigabit Ethernet over UTP wire out to 100 meters, similar
impedance is 100 Ohms. to the limits on 100BaseTx

2006 %0 25 " o

All Rights Reserved - goawms moupn 212 Mg S0 2006 0 25 wn o
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D'oIin v NniMiavp
DITYN D'VINND 7¢ NIMIALY
3 éé— annop /mpano | Frec. Max. Din‘ojmn f——
5y 3% (MHz) DM
it 3f (Mb/s)
% Category 6 and 7 % 1 v _
Protocols are in the proposal stage 0 T Yo n
i‘: ,! 2 0 1 4 (2 niair)
& 2 & 3 3 10-16 16 100 (2 niair)
S 2 S 2
:,g Testing to higher levels of performance ;g 4 16-26 20 100 (2 niair)
g Must support 100 MHz for Cat5 e 5 2633 100 1000 @ )
— Cat 6 and 7, they are looking at 350 — 1500 MHz
5e 100 1000 (4 niair)
.... 7¥NN1 0'901 0MIAN W ® 20 oo
7 600 £10000?
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Category 6 Copper Cables
Last Stand

2006 wn 25 vwnn or

Al Righis Reserved - vawms Daows 2210 YN o4

§ FAQ Q: What is the difference between Cat3, Cat5, Cat5e, Cat6, etc.?

A: This is actually a somewhat complex question to answer as it involves a number of technical
details. The most basic answer is that each Category of cable is supposed to meet (or exceed) a
specific set of standards, the most significant of which, is the ability to pass all signals up to a

articular carrier frequency (or signaling rate). Additional standards have to be met include values
for attenuation, near end cross talk (NEXT), ACR, etc.

W Weh & Net Dasign « Syatom
S Carrpurer Engingering Tesen

ROz
RAR Adviser

wf

2Tl

Below is a table of the types of Category Cable we install. The table shows the Maximum
Carrier Frequencies required by the EIA/TIA 568 Standards for each category of cable and the
Maximum Frequencies the manufacturer actually tests the cable to.

Category Typical Applications e uired  Tested to EIA/TIA Ratified
Standard?
Cat3 Voice 16 MHz 16 MHz Yes
Cats Voice, Data (10/100 Mbps 100 MHz 100 MHz Yes
Ethemet)
Cat 5e Voice, Data (10/100 Mbps/ 100 MHz 200 MHz Yes
Gigabit Ethemet)
Cat 5 ENH' Voice, Data (10/100 Mbps/ U 350 MHz See note 1.
Gigabit Ethemet)
Cat6? Voice, Data (10/100 Mbps/ 200(250?) MHz Draft

Gigabit Ethernet)

1 Cat 5 ENH is another version of Cat 5e offered by the manufacturer we use that further exceeds the Cat 5e
EIA/TIA Standard.

he Cat 6 Standard has not yet been officially ratified by the EIA/TIA so the specs used by the

manufacturer to claim the cable is Cat 6 are based on the current draft of the Standard.

2006 %0 25 rm o Al Righis Reserved - Svawms Dauws 2210 NG

WARNING

Cabling installation is not for the untrained

Wa & Nat Dsi

-
:
3§

CAT6 cabling systems are CRAFT INTENSIVE

Extreme care must be used when
installing or servicing CAT6 cable systems

MARCS = Moves, Adds, Removals, &
= Changes demand the same level of care

.,_
e BT

R

¥

v/

Our surveys indicate this is a universal rule for all
(Vendors) CAT6 cabling systems

2006 %0 25 wnn o Al Rights Reserved - grams Dauws 2210 NG

3 Teach

£

Why do | need all the bandwidth of category 6?
As far as | know, there is no application today that
requires 200 MHz of bandwidth.

WWan & Nat Desly
Computar Engin

1)

&

S

Bz
. RAD Advis:

L)

Bandwidth precedes data rates just as highways come
before traffic.

Doubling the bandwidth is like adding twice the number of
lanes on a highway.

The trends of the past and the predictions for the future
indicate that data rates have been doubling every 18
months.

With additional throughput requirements right around the
corner, it makes sense to plan ahead.

Note: Bandwidth is defined as the highest frequency up to
which positive power sum ACR (attenuation-to-crosstalk
ratio) is greater than zero.
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Barrier of Obsolescence

2020

2010

2000

1990

1980

1970 /‘

s P E E D

§ i The barrier of obsolescence is the point where the functionality of
= & copper based communications cabling can no longer deliver the
““% required speeds of the network.

For many years the communications industry has "guessed" at the
maximum effective speed of copper (UTP) cabling. Today many
experts are in agreement that the need for speed is approaching
copper's max. We must begin to look at hybrid designs that
incorporate new technologies mixed with the traditional copper
UTP.

2006 %0 25 " o
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Network Cable

Category 5 Cable (UTP) (Unshielded Twisted Pair) A multipair (usually 4 pair)
high performance cable that consists of twisted pair conductors, used mainly for
data transmission. Note: The twisting of the pairs gives the cable a certain
amount of immunity from the infiltration of unwanted interference. category-5
UTP cabling systems are by far, the most common (compared to SCTP) in the
United States. Basic cat 5 cable was designed for characteristics of up to 100
MHz. Category 5 cable is typically used for Ethernet networks running at 10 or
100 Mbps.

Category 5 E Cable (enhanced) Same as Category 5, except that it is made to
somewhat more stringent standards (see comparison chart below). The
Category 5 E standard is now officially part of the 568A standard. Category 5 E
is recommended for all new installations, and was designed for transmission
speeds of up to 1 gigabit per second (Gigabit Ethernet).

Category 6 Cable Same as Category 5 E, except that it is made to a higher
standard (see comparison chart on next slide). The Category 6 standard is now
officially part of the 568A standard.

Category 7 Same as Category 6, except that it is made to a higher standard
(see comparison chart below). The Category 7 standard is still in the works (as
of this writing) and is not yet part of the 568A standard. One major difference
with category 7's construction (as compared with category 5, 5 E, and 6) is that
all 4 pairs are individually shielded, and an overall shield enwraps all four pairs.
Category 7 will use an entirely new connector (other than the familiar RJ-45).

2006 %0 25 wnn o Al Rights Reserved - grams Dauw 2210 YN
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If we use a Cat 5e RJ45 connector and connect it to a
Cat 6 UTP cable, will the installation be Cat5e or Cat 6?

By definition (of the standard), it will be a Cat 5e channel. The
actual performance will probably be somewhat better, but
nowhere near Cat 6 requirements. Of course, you can set up a
channel using any components and measure it using a Cat 6 (level
Ill) compliant tester, and if it passes, it is Cat 6 performance
compliant. It would not be standards compliant however, because the
components have requirements in and of themselves to assure
interoperability with other Cat 6 components.

Category 6 cabling recognizes advances in cabling technology and is
designed to be backward compatible with Categories 3, 5 and 5e.
This ensures that any applications that operate on lower category
cabling will be fully supported by Category 6 cabling. When different
category components are mixed with Category 6 components, the
resultant cabling will satisfy the category transmission requirements
of the lower performing component.

hitp://pulse tiaonline.org/article.cfm?id=849
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Is there a limitation on the size of bundles one can have with category 6?
Can you have 200-300 and still pass category 6?
MAYBE NOT!

There is no limit imposed by the standards on the maximum
number of Category 6 cables in a bundle. This is a matter for the
market and the industry to determine based on practical
considerations. It should be pointed out that after six or eight
cables, the performance in any cable will not change significantly
since the cables will be too far away to add any additional external
(or alien) NEXT.

Wek & Not Dasign « Syscomm Ar

Carmputar Engingering Tasen

T

What is the shortest link that the standard will allow?
There is no short length limit. The standard is intended to work for
all lengths up to 100 meters. There is a guideline in ANSI/TIA/EIA-
568-B.1 that says the consolidation point should be located at
least 15 meters away from the telecommunications room to
reduce the effect of connectors in close proximity. This
recommendation is based upon worst-case performance
calculations for short links with four mated connections in the
channel.

D lilitr
. RED Adviser:
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Are the connectors for category 5e and category 6 different?
Why are they more expensive?

Although Category 6 and Category 5e connectors may look alike, Category
6 connectors have much better transmission performance. For example, at
100 MHz, NEXT of a Category 5e connector is 43 decibels (dB), while
NEXT of a Category 6 connector is 54 dB. This means that a Category 6
connector couples about 1/12 of the power that a Category 5e connector
couples from one pair to another pair. Conversely, one can say that a
Category 6 connector is 12 times less "noisy" compared to a Category 5e
connector. This vast improvement in performance was achieved with new
technology, new processes, better materials and significant R&D resources,
leading to higher costs for manufacturers.

W & Nt Dasign - System Aml
Gomputer Engngaring Tonsh

.,_
e BT

¥
\
R

Will contractors be able to make their own patch cords?
Category 6 patch cords are precision products, just like the cables
and the connectors. They are best manufactured and tested in a
controlled environment to ensure consistent, reliable performance.
This will ensure interoperability and backward compatibility. All this
supports patch cords as a factory-assembled product rather than a
field-assembled product.

i/

¥
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Why wouldn’t I skip category 6
and go straight to optical fiber?

You can certainly do that, but you will find that a fiber system is still
very expensive.

%‘; Ultimately, economics drive customer decisions, and today optical fiber
together with optical transceivers is about twice as expensive as an

’: equivalent system built using Category 6 and associated copper

§ L electronics.

"Ei Installation of copper cabling is more craft-friendly and can be

s g accomplished with simple tools and techniques. Additionally, copper

cabling supports the data terminal equipment (DTE) power standard
developed by IEEE (802.3af).

PCs ship with copper network interfaces included, in fact, recent
announcements indicate that the major PC vendors are shipping
10/100/1000 with all new systems. Moving to fiber would mean
buying a fiber-based network card to replace equipment already
included in the PC.

2006 %0 25 1 o
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When should | recommend or install
category 6 vs. category 5e?

§ From a future proofing perspective, it is always better to

& install the best cabling available. This is because it is so
%} difficult to replace cabling inside walls, in ducts under floors
. and other difficult places to access.

& The rationale is that cabling will last at least 10 years and
= £ will support at least four to five generations of equipment
=% during that time.

If future equipment running at much higher data rates
requires better cabling, it will be very expensive to pull out
Category 5e cabling at a later time to install Category 6
cabling. So why not do it for a premium of about 20 percent
over Category 5e on an installed basis?

2006 %0 25 wnn o Al Rights Reserved - gvams Dzuw 2210 YN

Which standard addresses the combination of electrical
cable and Cat 6 regarding performance or sensitivity?

I'm an ICT Consultant for a university and in process of designing the
infrastructure for them. They are using Cat 6 cable as horizontal
cabling and fiber optic as backbone.

We are facing a problem with M & E consultant on the trunking design.

They are proposing the use of a 4-way service box which contains
cables for electrical and Cat 6. We cannot find in the standard about
the combination of electrical cable and Cat 6 cabling either of
performance or sensitivity.

TIA/EIA-569 "Commercial Building Standard for Telecommunications
Pathways and Spaces" includes all necessary provisions for service
boxes and enclosures.

There are no special considerations associated with Cat 6 cabling.

2006 %0 25 " o
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TESTING

Copper verification: it pays

For datacom installers, copper verification has become part of daily
testing for good reason: it pays to verify before you certify. For network
owners and installers who are constantly swapping cubes and stations
and making other infrastructure changes, Fluke Networks provides the
troubleshooting tools to master cabling installation and subsequent
adds, moves and changes. Our tools are ideal for verifying Cat 5, 5e, 6,
twisted pair, coaxial cabling and security wiring, covering a broad range
of physical media that is typically installed in commercial and residential
buildings.

Total integration. Total control. Total Network SuperVision™. That's
Fluke Networks' promise to you.

New! 2003 Network SuperVision Solutions Catalog for the Copper and
Fiber Cabling Infrastructure-- take a look at the most comprehensive line
of premises network testing solutions (1.6MB)

2006 % 25 'wmn o Al Righis Reserved - vawms Daows 2210 YN

£2  List of cables and street prices as of 3/9/2004
&%
§f Cat 5e Non Plenum $66.00
§§ Cat 6 Non Plenum $98.50
% 6 Strand Multi-Mode Fiber Non Plenum $460.00
6 strand Single-Mode Fiber Non Plenum $220.00
R | Cat 5e Plenum $194.00
SE Cat 6 Plenum $332.00
;; & | 6 Strand Multi-Mode Fiber Plenum $490.00
oz 6 Strand Single-Mode Fiber Plenum $240.00
— | Cat 5e Limited Combustible-CMP $ no price available*
Cat 6 Limited Combustible-CMP $445.00%
*Passes UL/NFPA 262 & 255 - all FEP construction
Limited Combustible Cable - NOT IN STOCK
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Current Flow
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Near end Crosstalk (NEXT)
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Far end crosstalk (FEXT)
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UTP Implementation

EIA/TIA specifies an RJ-45 connector for UTP cable.

The letters RJ stand for registered jack and the number 45 refers
to a specific wiring sequence.

Web & Nat Design - Systom Ar
Campuzar :.‘uT

The RJ-45 transparent end connector shows eight colored wires.
Four of the wires, T1 through T4, carry the voltage and are called
tip.

The other four wires, R1 through R4, are grounded and are called
ring.

4 8L

wr

XIE
AR Advize)

AR

4
S —e)

iy

The RJ-45 connector is the male component,
which is crimped on the end of the cable.

When a male connector is viewed from the -
front, the pin locations are numbered from 8
on the left to 1 on the right.

2006 %0 25 ' o
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UTP Implementation

ring Ten

£ The jack is the female component in a network device, wall outlet,
or patch panel.

‘Web & Nt Design « Systam A
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s
RAD Advisel

»

&

2006 %0 25 " o

All Rights Reserved - ghawms pizaws 210 N

14



R

£ -
@ UTP Implementation

o

f&— The punch-down connections at the back of the jack
23 are where the Ethernet UTP cable connects.

£

4 B

NOZZ
R Advise
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UTP Implementation

37 If the two RJ-45 connectors of a cable are held side by side in the
22 same orientation, the colored wires will be seen in each.
&

If the order of the colored wires is the same at each end, then the
cable is a straight-through.

{l! Pin Label
§§ 1 TD+ 1 1
= & TD-

¥ RD+

&
© IE—
- —
© ——
- T — 0

N R WN

NC wowbwgw wowbwgw
Ro. ° S'bE o ey
NC Wires on cable ends

8 NC are in same order.
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= For electricity to run between the connector and the jack, the

2006 0 25 'wn or

UTP Implementation

order of the wires must follow T568A or T568B color code found
in the EIA/TIA-568-B.1 standard

Pair 2 Pair 3
VR
Pair 2 Pair 1| Pair 4

Pair 3 |Pair 1 Pair 4

AN /

/| i ANy
12345678 12345678

TS68A T568B
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UTP Implementation

Wa & Not Design
Computer Engn

Straight-through :
Switch to router
Switch to PC or
server
Hub to PC or server

et JCT

e
-

Cross-over:
Switch to switch
Switch to hub
Hub to hub
Router to router
PCto PC
Router to PC

Roll-over:

. Use crossover cable when BOTH ports are designated with an
Terminal to console

“x"or neither port is designated with an "x".

port
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UL |n

The UL is primarily concerned with safety standards,
however, they also rate twisted pair networking media
for performance.
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Fiber-Optic Cable - D""09IX D'2'0
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"

Keular Reinforcing Material '
—

Plastic Shield

Glass Fiber and Cladding

100+ Mbps
Most Expensive

Speed and throughput:
Average $ per node:
Media and connector size:  Small
Mazimum cable length: upto2Km
Single mode:  One stream of laser-generated light
Multimode: Multiple streams of LED-generated light
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Optic Fiber - n"vSIX D'A'0
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Fiber Optic Cable

Fiber optic technology is a revolutionary departure
from the traditional message-carrying systems of
copper wires

It utilizes high speed streams of light pulses from
lasers or LEDs that carry information through hair-
thin strands of glass or plastic cables called
optical fibers or fiber optic cables

It can carry huge amount of data at extremely fast
data rates making it ideal for the simultaneous
transmission of voice data, and image signals

Al Rights Reserved - evswms mwn b 9%

Fiber Optic Cable

Characteristics
+ data rates of upto 2 Gbps over 10s of miles
+ small size and light weight over coax or a bundle of twisted
pair cables.
¢ lower attenuation
¢+ no electromagnetic interference
¢+ greater repeater spacing

» Theoretically 50Gbps are possible over fiber optic.

» Data rates of 4.8 Gbps over tens of kilometers have been demonstrated.

» Current data rates are limited by the electronics and the optical
transmitter/receivers.

Guided Media: Fiber Optic Cable

Glass core Glass cladding Plastic or vinyl jacket
50 microns 125 microns

62 microns Multimode| 125 microns

100 microns 140 microns

2-8 microns Singlemode

Note: A micron is a millionth of a meter

98

Fiber-Optic Cable

Uses light rather than electricity
No concerns with Electromagnetic Interference
(EMI) or Radio Frequency Interference (RFI)

Supports longer segments that UTP or Coax
More expensive and harder to work with than UPT
or Coax
Applications
long distance communications
high bandwidth communications
local area networks
cable TV

N ﬂ Wah & Not Design « Systam Analyst
Computar z.me‘m(n Adyics -
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Optical fiber communication system

Optical -Optical Optical
Transmitter Fiber l Receiver

— = A
L L

— S

Information Information

— —

ey o & Nox s - vy
" RaR Advise Careputar Engingoring Teach Advien =[]

Multiplexer Optical Optical Optical

Receiver Repeater Transmitter  Multiplexer

FIG. 1. Typical optical fiber communication system.
100

2006 'xn 25 'wnn or* AlLRights Reserved - oqmms mzews 5210 b

Optic Fiber - n"voIx D'a'o

il

o ninoni nianNn'

ik

11 e
5

% .M’ NPLI MYIDT 731 PoN

(@mwn I RY) 11 anman
5

Tl
RAD Advise

2006 0 25 'wn or

S22 MR

et - i
q]._‘ B ;DW- nmnon
_— / R

pnna R
PR AR 00N DN

All Rights Reserved - ghawms maayn %21 SN 1ot

- 2w 2% Optic Fiber
2520 BWw avian

Filies

Kivlon swemth
b
Glass
Cladding Secondary Buffer to 800 um
125 méoron cladding 1Y '
25 micron coen | Glass
Corg Primary Buffer

02'0 21 MaNNn =

__ 102

v - All Rights Reserved

Optic Fiber - a»uoix a2

Bl (e

'UOIN 2'0 T XD NIVYOND T
Data transmission via light medium

Al
Airisilica Total internal
boundary By T Bo T Bs reflection.
LA A AN NSNS
oy 73 oy /
Silica Light source

(a) (b)

Fig. 2-5. (a) Three examples of a light ray from inside a silica
fiber impinging on the air/silica boundary at different angles.
(b) Light trapped by total internal reflection.
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Optic Fiber - nm"voix n'a'o
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Fiber Optic Cable
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The earliest fiber optic systems were
multimode,meaning that light

could reflect inside the cable at many different angles.
Multimode cables are plagued by excessive signal
weakening and dispersion, limiting its effective length
to 500 meters

Graded multimode cable, attempts to increases the
effective length to 1000 meters by changing refractive
properties of glass fiber such that light signals that
travels through edges reaches at the same time as
those signals that travels in center

Single mode fiber optic cables transmit a single direct
beam of light through a cable that ensures the light
only reflects in one pattern

2006 %0 25 " o
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Multi-mode Fiber

Multi-mode fiber-optic cable has a wider core, so that a
beam of light has room to follow multiple paths
through the core. Multiple modes (light paths) in a
transmission produce signal distortion at the receiving
end.

Needs electronics to handle distortion

W Weh 8 Nat Dasign - Syscom Analyst .
Qamputsr Engingering Tzsh Adviss

(s
B Adviser

>
\

Core Diameter: 50, 62.5, or 100 microns
Cladding Diameter: 125 microns

All Rights Reserved - ghawms maayn %21 SN 106
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Single Mode Fiber

The cladding diameter should be about ten times the core

#— diameter. This ratio makes it possible to make the
cladding the same size as for popular multi-mode fiber-
optic cable.

This helps create a de facto size standard. Keeping the
cladding large also makes the fiber and cable easier to
handle and more resistant to damage.

g Toneh Adviea
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Core Diameter: 7.1 or 8.5 microns
Cladding Diameter: 125 microns

i Single Mode Fiber
5
%i In single-mode fiber-optic cable, the core is so narrow
$i (generally less than 10 microns) that the light can take only
%} a single path through it.

Single-mode fiber has the least signal attenuation, usually
?‘5 less than 2 decibels (dB) per kilometer.
\sg This type of cable is the most difficult to install, because it
=% requires the greatest precision, and it is the most
&= expensive of the major fiber-optic types.

Transmission speeds of 50 Gbps and higher are possible.

More Expensive

2006 %0 25 wwnn ar All Rights Reserved - grapms pianus baw bwp o

108

2006 'xn 25 'wnn oi* AlLRights Reserved - goawma mzeps 5210 bk

%

Fiber Example —Multiple Fiber
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Fiber Advances

To get a sense of this magnitude, note that a
10 Gbps line can carry 130,000 voice
channels.

N m Wah & Nat Design - Systom Anafyst 1%
Campusar Engingaring Teach Advice -

% s
%i Now seeing Dense Wave Division Multiplexing
{% (DWDM) of different light streams to increase

the capacity of fiber
Uses many light streams or channels into a
single mode fiber

|\I

110
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DWDM Fiber

With DWDM

i
v

: %‘ llilﬁllvll

|\

Normal Fiber Long Haul Lines-TDM
0C48-2.5 G/sec and OC192-10 G/sec

0OC48 x 16 ch = 40 G/sec up to 80km
0OC48 x 24 ch = 60 G/sec up to 80km
0OC48 x 40 ch = 100 G/sec up to 80km
0OC48 x 96¢ch = 240 G/sec up to 80km
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Optic Fibres Atenuation (dB/Km)

Type - a® ane an 12V. 22V, 3V.
%o npoAn 850 nm | 1310 nm | 1550 nm
Monomode 5,0 850 125 23
81 125 0,5 0,25
Multimode 50 125 2,4 0,6 0,5
62,5 125 3,0 0,7 03
100 140 35 15 0,9

aronn 8% MINT %2 Monomode-2 any p7 1onn e

2006 “x» 25 wonn or
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Learn This Table

Ty
L
sE
g‘f;‘ Media | Cost | Installation | Data Rate |Attenuation EMI
F4
% UTP Very Easy 1-100 High High
low Mbps (100m)
y, STP Low | Fairly Easy 1-100 High Little
S-E Mbps (100m) | less than
|~z UTP
s - ;
.= | Coax | Lowish | Fairly Easy 1 Mbps — Moderate Less
fi 1Gbps | (few 100m) | than
UTP
Fibre High Difficult 10Mbps — Low Immune
Optic 2 Gbps (few km)

2006 %0 25 " o

All Rights Reserved - ghawms pizaws 210 N
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NI'0IANNLFIX "2 7Y AXOD NINfN

N7 (Km/s) nintan
AR 300.000
nwinl 200.000 (aprox.)

109IN-2'0 180.000 (aprox.)
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Unbounded or Wireless Media:
becoming airbourne

» Three Types
¢ Microwave

¢ Light Transmission

+ Radio Waves

Each of the three types has it's own sub-categories with
different forms of transmission

Light Transmission:

walk towards the light

¢ Infrared Transmission System

¢ Infrared light used to transmit signals from node to
node

¢+ Restricted to line of sight in a single room
¢ Infrared transmitter-receiver installed
¢ Infrared beam similar to remote control
» Laser Transmission System
+ Narrow infrared beam divided into pulses in order to
carry data
¢ Beam received and translated into bits
¢+ Can replace microwave over very small distances
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Light Transmission (cont.):
I'll shoot you with my “laser”

Type of System

Advantages

Disadvantages

Infrared Transmission
System

«Cost effective

*Medium speeds

*Good where cables aren’t
sImmune to eaves-
dropping

*Short distances only
*Reflective sources
problematic
«Atmospheric conditions
and obstacles may cause
attenuation

Laser Transmission
System

*High speeds of data
transmission possible
sImmune to EMI and

eaves-dropping

*Short distances
«Atmospheric conditions
and alignment cause
attenuation

*Radiation

«Cannot reflect off
surfaces like infrared

Radio Waves

» Radio Wave Transmission System
+ Frequencies between 10KHz and 1 GHz
¢ Line of sight antennas
» Cellular Radio Transmission System
¢+ Users cell phone connected to cellular site
+ Connected via fibre optic to telephone network

¢+ From telephone network data is transmitted via
satellite, cable or microwave
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Radio Waves:
radio vs. cell

Type of System

Advantages

Disadvantages

Radio Wave Transmission System

+Directional Equipment
unnecessary

*Globally accessible
+Stations can be stationary
«Transceivers are cheap

+Only low to moderate speeds
possible

*Susceptible to eaves-dropping and
EMI

Cellular Radio Transmission
System

+High speeds of data transmission
possible

+Can be implemented over long
distances

~Susceptible to eaves-dropping and

«Atmospheric conditions may cause
attenuation
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Wireless Transmission Media:
comparison

Media Cost Installation Data Rate Attenuation EMI
Radio Medium Easy 1-10 Mbps High High
(25m)

Micro- Medium Fairly 1-10 Mbps Depends on High
wave Complex conditions

Satellite High Extremely 1-10 Mbps Depends on High
Difficult conditions

Infrared | Medium | Fairly Simple 100 Kbps — Depends on Fairly

16 Mbps quality of light | Immune
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» Short-range technology
¢ Connects devices within 10 meters, 100 meters with

e 720 Kbps

e Transmits in unlicensed 2.4 GHz band
» Connects devices in a PAN

* Relatively low cost

» Can transmit through physical barriers
* Line of sight not required

* Printers connecting to cell-phones

» Cell-phones connecting to fridges

» Cat connected to your hamster etc.

Bluetooth:
one bluetooth, many blueteeth?

power boost

[EEE Identifiers

“"ln—..__
S
—

* 10BASES (Thick Ethernet) —
¢+ 10 refers to 10 Mbps
¢+ Baseband: Dedicated to carrying one type of service

+ Broadband: (Cable television) Designed to deliver multiple
channels

¢+ 5 refers to 500 meter maximum distance

* 100BASE-TX (Most widely used variety of Fast Ethernet)
+ 100 refers to 100 Mbps
¢ TX Two pairs of Category 5 Twisted-pair cable

» Coax - .13/ft + 3.00 per connector
* UTP category 5 -

* Multi-mode Fiber - .35/ft + 15.00 per connector
» Single mode Fiber - .50/ft + 15.00 per connector

Cable Costs

¢ Plenum - .33/ft + 1.00 per connector
¢+ PVC - .13/ft + 1.00 per connector

All Rights Reserved - 2w 3p e 131
I f d _uv \ ; "’]4/ g Web& Net Design - System Analyst %
n rar e f R&D Advisers S5 Computer Engineering Teach Advice L4
w [

* In this method infrared light is modulated by
transmitter.

» Transceivers must be in line of sight either directly or
via reflection from a light colored surface such as a
ceiling of a room.

» Data rates of upto 20Mbps are possible.

» No security or interference problems, as infrared
transmission does not penetrate the walls.
 License is not required.

» Short range, point to point and potential eye damage
if exposed to IR rays are the main disadvantages of

infrared transmission.
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