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Vezetékes atviteli kozegek

« Sodrott érparas rezkabelek
« Koaxialis kabelek
* Fenyvezeto kabelek
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A tovabbi
Infrastruktdra
tartalék helye
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Kozeg jellemzOk

Atviteli tulajdonsagok (csillapitas,
késleltetes, reflexio, diszperzio, athallas,
zajok, zavaro hatasok)

Fektetési, kotesi kérdések

lllesztések, szerelvenyek, vegzodtetesek
Hibak, hibahely-behatarolas
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Wireline transmission media

Symmetrical twisted pair copper cable
Coaxial cable
Optical fibre cable

Constuction issues, connecting, error
detection, error localosation.
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Media and cable characteristics

Transmission parameters (attenuation,
delay, reflection, crosstalk, noises,
Interferences)

Laying, connecting technologies
Faults, fault localization
Matching, accessories, termination

Infocom 2. ea. szep. 17.



Symmetric or asymmetric?

* Related to the ground
* To protect from interferences

* The basic equations and characteristics of
wires are very similar
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Electromagnetic field around the symmetric
wire
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u(x,t)
1(X,1)
y (gamma)

R,G,C,L

Z0

Jeldlések

feszultség, a tavolsag és id6 fuggvénye
voltage as the function of time and distance
aram, a tavolsag és ido6 fuggvenye

current as the function of time and distance
komplex csillapitasi egydttthato

Attenuation coefficient

egysegnyi hosszu kabelszakasz ellenallasa,

atvezetése, kapacitasa, induktivitasa

resistance, conductivity, capacity, inductivity of the unit
length cable

a kabel komplex bemend impedanciaja
The complex input impedance of the cable.
A kabel hullamimpedanciaja
The characteristic immpedanceof the cable

infokbrfocend8zed. skudsr2010. 13
szept. 13. komea_2 2010



Equivalent circuit for a (dx) fragment of a wire

____________
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The basic equations for wires

ou 01
= R+ L —,
0x ot
)
0t = Gu+0C 2%
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The solution of basic equations
W= Upgelesv=,

y = o+]p.

y=+VEB+jol)(G+jwC).

’U/(x, t) = yt +u" —_ U(')*‘ e]'wt—'yx_}_ U6- ejwt—f-'yx,

’2:(3?3, t) — ’l.,++f£“ = Id*’ eiwt-—'yfr_l_IO— ejwt+'yx;
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Consequence No.1 waveform of voltage as a

function of distance along the wire
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Signal Cable Signal
Source > Reoaiver

* Lices

Figure 7-7. Attenuation of a Signal
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Consequence No.2 waveform of voltage as a

Aulx, t)

function of time

X, +dX

T=291/cv
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Transmission properties of wires:
attenuation, phase shift, characteristic

Impedance

1 . 2 =
x = + 1/3 (RG—w2L0)+%V(R2+a)2L2) (G%+ w2 C?).

e ‘/%( 2LO—RG)+%V(R2+o)2L2) (G2 + w? C?).

g R+joL
=V a+joC
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Phenomenon at the end of terminated wire

Reflection coefficient

@z r =_U5'/l_]6F

X O Z'—'ZO

%0 r = .
247,
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Phenomenon at the end of terminated wire
example Nol. : matched termination
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Phenomenon at the end of terminated wire
example No2. : shortcut at the end
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Phenomenon at the end of terminated wire
example No3. : open end
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Phenomenon at the end of terminated wire
example No4. : ohmic termination

7Y
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= P
(multiple twist)

Quad
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Far end crosstalk and near end crosstalk
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Rasuling MEXT =lgnd B traveks Tarther than A
HEXT

Sigral

— e - - -

FEXT sigrats C and D travel the same dstancs Resuling
(the length of the cable) FEXT

ap g
Figura 7-9. How FEXT Signals are All Equally Attenuated
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Characteristics of an UTP cabeling passing the CAT6 specifications

TESZT-KARDOS-KADA-1

summary | wire Map | Pair Data | Attenuation | NEXT | PSMEXT | ACR | PSACR | ELFEXT | PSELFEXT| RL |
| Brief  Detail

Cable ID: TESZTKARDOS KADA-]

Test Limit TIACat 6 Channel P ASS

Cable Type: UTP 100 Okm Cat &

DSP-4300

Tests | | 5/N: 8586029

Attenuation 28.2 dB Li& 013

HEXT £.3 dB DSP-43005R

PSNEXT 3.5 db S/N: BE2E029

ACE. 11.7 dE LIt 012

PEACE 11.2 4B

ELFEXT 15.2 4B

FARELFEXT 15.45 4B FLUF%%E‘VDIPKS

RL 1.4 dB o 3 AT

Pair Data PAZS

Wire Map PAGS
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Propagation delay parameters
The propagation speed is about 70% of light speed.

TESZT-KARDOS-KADA-1

Summary | Wire Map Pair Data | attenuation | NEXT | PSNEXT | ACR | PSACR | ELFEXT | PSELFEXT| RL |
Cable Tepe: UTF 100 Ohm Cat B

DSP-4300 Test Limit: TIA Cat B Channel
— Lenath —Propagation Delay———— — Delay Skew
Lirit 100.0 m Lirvit 555 ns Lirmit A0 rz
Fair | Reszult | Fair | Reszult | Fair | Reszult |
12 145 m 12 70 ns 12 0 hz
36 145 m 36 70z 36 0 hz
45 14.7 m 45 1 ng 45 1 hz
o 14.5m o 0 ne s 0 nz
— Resiztance — Impedance —HOTDR
Flat |
—HDT D& Analyzer—

Pliat |
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The reflected signal response at the cable input after
sending a nerrow pulse. The far end is terminated by open end!

B HDTDR X
File Pair Grid Plok Type Range
d =4 1 »
Save. . Frirt.... Shitt Left Shift Right
Client Mame TESZT-KARDOS- KADA-1 2004-12-02 06:30:44am

200

M1z
% HDTDR 736

a0 W 45
V73

30

-30

-50
i 15 30 45 60 7a a0 108 120
{rmy
Your Company Mame DEP-4300 S 368E029

TIA Cat& Channel- UTP 100 Ohm Cat 6
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Attenuation — as a function of frequency

M Attenuation
File Pair fdrid Flot Type Range

d & 1 >
Save... Frint... Shift Left. Shift Bight Zonm
Client Mame TESLT-KARDOS-HADA-1 2004-12-02 06:30:4dam

I¥ Limit

) V12

Attenuation ¥ 36

Iv 45

Iv73

1] a0 100 150 200 230 300 Fa0
Freguency (MHZ)

Your Company Name DSP-4300 S/M; 8686029
TIACatE Channel - UTP 100 Ohm Cat &
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Near end crosstalk as a function of frequency

M NEXT X]
File Pair Grid Plok Type Range
(] & 4 »
Save... Frint... Shift Left Shift Bight £oam
Client Mame TESZT-KARDDS-KADA-1 2004-12-02 06:30:44am
IV Lirnit
v 12-36
1';'% MEXT IV 12-45
v 12-78
110 ¥ 36-45
v 36-78
100 ¥ 45-78
30l

100

160 200 2450

Frequency (MHz)

300 350

Your Company Mame

TIA Cat & Channel - UTP 100 Ohin Cat &

D5P-4300 Sird: BEEE029
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Characteristics of an UTP cabeling failing the CAT6 specifications
What is the problem with this cable?

TESZT-KARDOS-KADA-2

Summary | wire Map | Pair Data | Attenuation | NEXT | PSNEXT | ACR | PSACR | ELFEXT | PSELFEXT| RL |
| Brief  Detail

Cable ID: TESZT-KARDOSKADA-2

Test Limit TIACat 6 Channel F AI L

Cable Type: TP 100 Ohm Cat &

~ DSP-4300

Tests 5/N: BREA023

Attenuation 2.6 db LIa 013

HEXT ~i2.2 dn - DSP-43005R

PSNEXT -25.6 db S/N: 8685029

ACE. -30.3 dE LI 072

P3ACE -27.48 db

ELFEXT -11.5 dB

PSELFEXT -8.5 dB FLUF?‘EE"*‘L#DFRS

RL -2.0 dE ek

Pair Data PA3S

Wire Map FATL




Propagation delay parameters
The propagation speed is about 70% of light speed

TESZT-KARDOS-KADA-2

Summary | Wire Map Pair Data | attenuation | NEXT | PSNEXT | ACR | PSACR | ELFEXT | PSELFEXT| RL |

Cable Type: UTP 100 Ohm Cat &

DS P-4300 Test Limit: TIA Cat B Channel
— Length — Propagation Delay——— — Delay Skew
Lirnit 100.0 m Lirnit 5585 ns Lirnit a0 nz
Fair | R ezult | Fair | R ezult | Fair | R ezult |
12 BE.5m 12 273 nz 12 1 nz
3k 571 m 3k 276 nz 3k 4 g
45 A7 A9m 45 280 nz 45 g8 nz
Fit RB.3 m Fit 272 nz Fit 0 rz
— Resiztance — Impedance —HOTDRA
Flat |
—HDTDE Analyzer—
Flat |
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The reflected signal response at the cable input after
sending a nerrow pulse. The far end is terminated by open end!
There are reflections from a mid position but only in pairs 36-78!

B HDTDR X
File Par Grid Plaok Type Range
d = | »
Save... Frint... Shift Left Shift Righ
Client Mame TESZT-KARDOS-KADA-2 2004-12-02 06:55:54am

Zaam

12
% HOTOR v 36
50 W a5
¥ 78

40

20

20

10

-10

-20

-30

-40

-0

a 15 30 45 B0 75 a0 105 120
{my

Your Company Mame DSP-4300 Sik: BRBE02Y
TIA Cat6 Channel - UTP 100 Ohm Cat 6
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B Attenuation

File Pair @Grid Plok Type Range

The attenuation is OK!

[ &
Save.. Print...
Client Mame

4
Shift Left

4
S bt Hight

£00m

TESIT-KARDOS-KADA-2

2004-12-02 06:55:54am

Attenuation

a0

100

150 200 250
Freguency (MHz)

300 340

Your Company Marme

TIACat6 Channel - TP 100 Ohm Cat &

DSP-4300 SiM: 8636029

v Lirnit
1z
¥ 36
¥ 45
¥ 78
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Near end crosstalk failed at pairs 36-78!

B NEXT

File Pair dGrid Plok Twvpe  Range

|. 'll

e =

Save... Print...

Client Marme

Shift Left Shift Right

2

Zoom
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The problem is in the cable a wire split at 22,9 m |

DSP Display

File Image

e = 52 i pd

Save. .. Print. .. Zoom Refresh Auto Update

Pairs 3J.b6-/-8 5S5plit

Checlk WHiring

Vieuw
HDT DX
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|m-'..-:- r-J-ul
[ |

Imzorrect Wi ng: Split Pair

Figure 7-11. Split Pair Wiring
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Catbe C(Catb

Catba Cat/a (Cat8

Class D
100MHz
1000Base-T
100m max run

Class E
250MHz
1000Base-T
100m

Class Ea Class For Fa Class Il Cat8.2
500 MHz 600 to 1000MHz 1600 to 2000MHz
10GBase-T 10GBase-T 25/40GBase-T
100m 100m 30m
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UTP = Unshielded Twisted Pair

Cat-6 twisted pair cabling

CAT-6 250 MHz UTP cable
supports 1 Gbps Ethernet 1-
100-m LAN applications.

CAT-6 250 MHz UTP cable
only supports 10 Gbps short
length applications from 35-
55 m depending on
crosstalk environment.

Infocom 2. ea. szep. 18. 43



Cat-7 twisted pair cabling

e

v

Category 7 Cable

Infocom 2. ea. szep. 17.

CAT-7 600MHz
individually
shielded pair
cabling with overall
cable shield was
Initiated by
European market
leaders and
standards bodies
for 10 Gbps 100-m
Ethernet LAN
applications
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Cat-8 twisted pair cabling

1 — Jacket

2 — Shield-braid

3 — Drain wire

4 — Shield-foil

5 — Solid twisted pair

Infocom 2. ea. szep. 17.

IEEE-802.3bq
committee, primarily
targeting 40GBaseT
applications. CAT-8
cabling types are
already in production

CAT-8 cabling is
larger in
diameter size

45



CAT-8 Cable 40 Gbps

Cat.8 UCFUTURE Vissza: Cat.6A, Cat.7 és (at.8 fali kabelek
COMPACT22 S/FTP 4P
2000MHz LSHF-FR

Cat.8 UCFUTURE COMPACT22 S/FTP 4P 2000MHz LSHF-FR

g

With shipment Futar for 1537 Ft

Webshop ar: 826 Ft
Netté webshop ar: 650 Ft

1 Kosarba tesz
(= |

Cat.8 UCFUTURE COMPACT22 S/FTP 4P 2000MHz
LSHF-FR
Leiras
Cat.8.2 UCFUTURE COMPACT22 S/FTP 4P 2000MHz LSHF-FR

2000Mhz savszélesség, mely mar a (at8.2 szabvanynak is megfelel



Figure 2: Applications for 40GBASE-T

% Next Gen BASE-T well suited to
. cover server to switch connections
within the row

Distance served by NGBASE-T
= Within the rack

= Neighboring racks, stranded ports
* End of row

Distance served by CR4
= Within the rack

= Neighboring racks
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Structure of a coaxial cable

Outer shield

Insulators
/ \ 1
/ N
—m T 0 . .
'\ \
( W~ Ay — A\
Il e i e —
1 A ERY/
S O ey < g R R i i e i g T
Inner
conductor

_ Outer conducter braided shield
_ Inner conducter solid metal
— Separated by insulating material

— Covered by padding
(b) Coaxial cable
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Figure A.4.14 Coaxial cable

Infocom 2. ea. szep. 17.
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Figure A.4.15 Coaxial tube with plastic washers

Infocom 2. ea. szep. 17.

50



SZIAMI KABEL
TELEDROP”

PVC KOPENY

ALUMINIUMOTVOZET FEMSZOVEDEK
_APA” LAMINALT SZALAG

ZART CELLAS HABOSITOTT PE

REZZEL GALVANIZALT ACEL

SZIGETELT ERPAROK

AWG 22 24, 26 VEZ. ATMéRB\

=

o o ——
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Twinax, Is a type of cable similar to coaxial cable, but with
two inner conductors instead of one. Due to cost efficiency
It is becoming common in modern very-short-range high-
speed differential signaling applications.

Infocom 2. ea. szep. 17. 52



100 Gbit Ethernet

« 40GBASE-CR4 and 100GBASE-CR10
physical layers using 7 m twin-axial cable
are being developed as part of the 100
Gbit Ethernet specifications by the IEEE
802.3bj workgroup; 100G QSFP28 DAC is
the main type for this application.

Infocom 2. ea. szep. 17. 53



Cisco SFP+ Copper Twinax direct-attach cables are suitable for very short
distances and offer a cost-effective way to connect within racks and across
adjacent racks. Cisco offers passive Twinax cables in lengths of 1, 1.5, 2, 2.5, 3
and 5 meters, and active Twinax cables in lengths of 7 and 10 meters.
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Principle of optical fibre

Cladding |
Electrical / Eloc

signal

signal
Ly ~ Light — — -7
: |

Light source

Core
_ Glass surrounded by cladding
_ Laser or light emitting diode

_ Specially designed jacked
— Small size and weight

(c) Optical fiber

Fibre diameter 125um 1!

Infocom 2. ea. szep. 17.
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Typical core and cladding
diameters -Sizes are In microns

125 YG\I 'Illiil
_ l T

Core I.':Iaddmg




Transport of light in an optical fibre

Glass core ‘ Rt

| Glass cladding

n refractive index

Infocom 2. ea. szep. 17. 58



Types of mode propagation in fiber

optic cable
A/’\

Refractive
Index
Profile

-
Ia‘

Multi-Mode S18p INdeX | ou.Order

L)

= }“’

Single-Mode Step Index

m—.‘

| o——

| | ="

Multi-Mode Graded Index
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Cisco SFP+ Wavelength Cable Type Core Size Modal Bandwidth Cable
(nm) (Microns) (MHZ km)™ Distance’

Cisco SFP-10G-5R-5 850 MMF 625 160 (FDDI) 26m

Cisco SFP-10G-5R 62.5 200 (OM1) 33m

Cisco SFP-10G-5R-X 50.0 400 BEMm
50.0 500 (OM2) 82m
50.0 2000 (OM3) 200m
50.0 4700 (OM4) 400m

Cisco SFP-10G-LEM 1310 MMF 62.5 500 220m

SMF 50.0 400 100m

50.0 500 220m
5.652 - 200m

Cisco SFP-10G-LR-5 1310 SMF 8 - 10km

Cisco 5FP10G-LR

Cisco SFP10G-LR-X

Cisco SFP-10G- 1550 SMF 8 - A0km™

ER.S™™

Cisco SFP-10G-ER™

Cisco SFP10G-ZR-5 1550 =MF 8 - alkm

Cisco SFP-10G-ZR




Attentiation
Altlenuation

dB/km
i)
! u. :
|III |II II|
.. !
oL 1) h !
I_III I.IIII II. -\-\._IIII II III|
il J
\ \ |'I.-‘|I || III-|' II.'
."-\. '\-__f/-\ / | | J . ||
3 N, 3 III |I | _.'ll : !
C |’ k "'\-._.-".I II|I a - I|I
“, E " III' r'll. . ||rl|| ﬁ'l
2 NG| e i
?{“‘“- 1 .'II . [ ,."Ill
1 - E --\-h"‘-\-_\_ -~ .-I,I'I II ; Illl I|III _.I'
. T—_ Lo
: T N
' — ' — - '
0,6 08 : 1 12 14 Hr: 1.8
[, ablak Il ablak I, ablak
Wavelengtk
0,85um 1.3um 1,35um hullamhoss
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The intermodal dispersion discussed above can be characterized by the
intermodal dispersion coefficient

D =% ns/km] (2.14.6)

=

where Ar is the group delay difference between the slowest and fastest mode and L
is the length of the cable. For Sl fibre

Infocom 2. ea. szep. 17.
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Chromatic dispersion

Infocom 2. ea. szep. 17.
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Principle of Wavelenght division multiplexing
(example with three wavelength)

Infocom 2. ea. szep. 17.
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Wavelenght division multiplexing by passive
optical devices

WDM = Wavelength Division Multiplexing

Refraction through a prism

White light

40 virtual high-speed channels per physical fiber
Expanding capacity of an OC-48 ning from 2.5 to 100 Gbps

..WD is used on fiber optics to increase the capacity of a single fiber (e &l

Infocom 2. ea. szep. 17. 65



Schematic setup of a simple erbium-doped fiber amplifier.
Two laser diodes (LDs) provide the pump power for the

erbium-doped fiber

Er”

WDM WDM
—

LD LD
Q980 nm 980 nm
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Specifications

Description Units | LLOA-C-14BM | LLOA-C-1TEM | LLOA-C-20BM | LLOA-C-22BM | LLOA-C-20BEM-GF
Moise Figure {Max.) dB 3.0 9.0 3.3 5.3 9.3
Wavelength Tt} 1528-1562 1528-1562 1528-1562 1528-1562 1528-1562
Polarization Dependent dB 402 4.2 +0.2 0.2 0.2
Gain (Max.)
Cptical Retum Loss dB a0 a0 S50 50 50
Optical Input Power' dBm
Saturation Mode 0-10 0-10 0-10 0-10 nia
Power Lock 0-10 0-10 0-10 0-10 nia
iZain Lock ~10to0 3 1010 3 ~10to 3 ~10to 3 Tio3
Minimum Output Power” | dBm
Saturation Mode 14 17 20 22 nia
Power Lock 14 17 20 22 nfa
Zain Lock 4 T 10 12 10
Gain” dB
Saturation Mode n/a n/a n'a n'a nfa
Power Lock n/a n/a n'a n'a nfa
Za3in Lack 11-14 1417 17-20 19-22 16.5-17.5
Static Gain Flainess® dB
(Max.)
Saturation Mode 2.0 2.0 2.0 20 2.0
e same | ande 2N 2N an an 2N
Infocom 2. ea. szep. 17. 67




Energy Level Diagram
of Er”in LiNbO,

A 9
11:2
10 A\
J, 0s8um |
t .4 vl
S 1 13i2
g
|
T 651 pump light ‘ 1.64 um
g / 1.53 pm
s A signal light
0.5+ 148um |
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~ Optical Cable Corporation's
GX-Series Subgrouping Cable

Infocom 2. ea. szep. 17.
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Outer Sheath -

- ____— Inner Sheath ———

o =

/Tracer-~ — o

e Wrapping —— _—
- __—Filling Compound ——__—__
— /

&3 -~ ———Slotted Core o~
_  ——Strength Member — 5

5 (Non-Metallic) =
- ————4-Fiber Ribbon—

Specifications:

Part Number R-1-45C R-1-95C R-1-192C R-1-258C
Fibre Count {(Max) 45 a5 192 248
Strength Member FRP
Filling Compound Jelly Compound
Wrapping Plastic Tape
Inner Sheath Black Paolyethylene
Armour Corrugated Steel Tape
Outer Sheath Black Polvethylene
Cable Diameter (approx.) 15.5mm 16.5mm Z2z.0mrm 23.0mm
Weight {approx.) 215k lm 250kg lkm 375kalkm 455kg
Maximum Tensile Strength 1g800mr 1900m 1900 Z000M
Minimum Bending |(Loaded: 350mm 200
Radius
Unloaded: >00mm 100

Infocom 2. ea. szep. 17.
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optical ground wire (OPGW)

Cable Components used in the construction of electric
power transmission
aluminum clad steel wire combines the functions of grounding

and communications.

aluminum alloy wire

aluminum pipe

stainless steel tube

optical fibers OPGW
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Passive optical splitter

Optical Splitter
inpst [
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' \0—< Outputs
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Passive optical splitter

Table 1: Conmmon optical splitter loss and wnifornity values

Operating Wavelength Range
1260-1360 and 1480-1580 nm (or 1650nm)
Max. Max.
B litt.ing Insertion I'niformityl PDL'" R{lur'n Directivity'
ratio | Lasd) (dB) | (dB) 0ss
1x4 <73 | <05
I8 | <105 | <08 <0.2 dB >55 dB >55 dB
Ixl6 | <138 | <1.0
- 1x32 | <171 | <13
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Simple production of glass fibre

| Infocom 2. ea. szep. 17.
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Physical layer 40 Gigabit Ethernet 100 Gigabit Ethernet

Backplane 40GBASE-KR4
Improved Backplane

7 m over twinax copper cable 40GBASE-CR4
30 m over "Cat 8" twisted pair 40GBASE-T
100 m over OM3 MMF

——— ADGBASE-SR4
125 m over OM4 MMFLT

10 km over SMF 410GBASE-LR4
40 km over SMF
2 km over SMF, senal 10GBASE-FR
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100GBASE-KP4
100GBASE-KR4
100GBASE-CE10

100GBASE-SH10

100GBASE-LR4
100GBASE-ER4
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What is cheaper?

* Cooling the servers in Europe Ir in US?

* Travel bits even to the Arctic or Antarctic
and operate servers (like Google,
Facebook, Twitter, Amazon, Apple,
Microsoft) in naturally cold areas?
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Behind every Google search, Facebook update, or Twitter tweet
lies a gigantic computing infrastructure, at the heart of which sit
massive server farms that collectively account for some 230
million tons of carbon dioxide emissions annually -- more than
emitted by the entire country of Argentina. Air-conditioning can
consume as much as half the total power that digital giants like
Google, Facebook, Twitter, Amazon, Apple, Microsoft, and IBM
need to run their huge server facilities, and these are growing
rapidly.

One solution is to move to a place that’s already cold. Naturally
cold air and, better yet, cold water, can result in significant energy
savings. Locations for server farms are being explored across the
far north, from Alaska to Iceland. Google is operating a site in the
Finnish town of Hamina. Facebook is building a server farm in
Luled, Sweden, just south of the Arctic Circle. Lefdal, which offers
an abundance of clean, renewable energy from nearby
hydroelectric dams and wind farms, as well as a unique cooling
system that will pump icy cold water from about 650 feet below
sea level, is expecting its first tenant to be IBM Norway.
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