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ÿ Layer1-

ÿ Layer1-

ÿ Layer1-

ÿ Layer2 - Switch

ÿ Layer3 ðRouter

ÿ
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Layer1

Copper-based
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: 8P8C 
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8 Position: 8

8 Contact: 8



vs.

5: https://shopee.tw/ 



Category

TIA/EIA-568.2-D
ÿ : 100m
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Category

Cat 5 100MHz 100 Mbit/s

Cat 5e 125MHz 1000 Mbit/s

Cat 6 250MHz 1000 Mbit/s

10 Gbit/s  (55m)

Cat 6a 500MHz 10 Gbit/s

Cat 7 600MHz 10 Gbit/s



Category ?
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UTP vs. STP

ÿ Unshielded Twisted Pair( UTP )

ÿ Shielded Twisted Pair(STP)

þ Preventing Electromagnetic Interference (EMI)
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UTP

STP

Cat.7
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ÿ òTó means Twisted-pair cable
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Type
( )

10BASE-T IEEE 802.3 10 Mbit/s 2 pairs Cat 3

100BASE-TX IEEE 802.3u 100 Mbit/s 2 pairs

(1 & 2, 3 & 6)

Cat 5

1000BASE-T IEEE 802.3ab 1000 Mbit/s 4 pairs Cat 5e

1000BASE-TX TIA/EIA 854 1000 Mbit/s 4 pairs Cat 6

10GBASE-T IEEE 802.3an 10 Gbit/s 4 pairs Cat 6 (55m)

Cat 6a/7 (100m)



1000BASE-T vs. 1000BASE-TX

ÿ 1000BASE-T (Popular)

þ 4-pair UTP cable 

þ full-duplex

ÿ 1000BASE-TX ( )

þ two pairs send

þ two pairs receives
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ÿ (Straight Cable) (90%)

þ T568Aor T568B(90%)

ÿ (Crossover Cable) (10/100M)

þ T568A T568B

ÿ

þ DCE (Data Circuit-terminating Equipment): Hub̡ Switch

þ DTE (Data Terminal Equipment): Router̡PC

þ Crossover : ̡ Straight: 
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Hub/Switch Router PC

Hub/Switch Crossover Straight Straight

Router Straight Crossover Crossover

PC Straight Crossover Crossover

1,3 

2,6 



Straight/Patch Cable 

vs Cossover Cable

ÿ Crossover

ÿ Straight
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https://community.fs.com/blog/patch-cable-vs-crossover-cable.html



10/100Mbps Crossover
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T568B T568A1,3 

2,6 



1000Mbps Crossover
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Hub 10/100 Mbps 

Crossover
ÿ UplinkPort ( Crossover) Straight 

Cable Switch/Hub
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(Rollover Cable)

ÿ 568A 568B

ÿ : ConsolePort
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Layer1 Copper-based

ÿ

þ

þ ̡ ( ̡ )

ÿ

þ ̡

þ 100
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Layer1

Optical-based 
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Optical Spectrum

ÿ Wavelength in the InfraRed( )
þ 850 nm over Multi mode fiber

þ 1310 nm over Single mode fiber

þ 1550 nm over Single mode fiber

þ 1625 nm over Single mode fiber

ÿ ̡ .

ÿ High Frequency̡ High Data Rate
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UltraViolet InfraRed

850 nm 1310 nm 1550 nm 1625 nm

l

Visible



Optical Bands

ÿ O-band: 1260 - 1360 nm

ÿ S-band: 1460 - 1530 nm

ÿ C-band: 1530 - 1565 nm

ÿ L-band: 1565 - 1625 nm
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Fiber Geometry and Dimensions

ÿ An optical fiber is comprised of three sections

þ The core carries the light signals

þ The refractive index( ) difference between core & 

cladding confines the light to the core

þ The coating protects the glass
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Coating

250 microns

Cladding

125 microns
Core

9 microns

Single Mode Fiber



Reflection

23



Multi Mode Fiber

Core/Cladding 100Mbps 1Gbps 10Gbps 

OM1( ) 62.5/125um 2km 275m 33m

OM2( ) 50/125um 2km 550m 82m

OM3 50/125um 550m 300m

OM4 50/125um 550m 400m

OM5 50/125um 550m 400m

24https://www.linkomm.com.tw/collections/fiberpatchcord

OM1

OM2



Single Mode Fiber (SMF)

ÿ

þ 5km ~ 80km

ÿ

þ ITU-T G.65x

þ IEC 60793-2-50
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Core/Cladding Attenuation

OS1 ( ) 9/125um 1 dB/km

OS2 9/125um 0.4 dB/km



24/48/96 
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24 62.5/125 um
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Type

100Base-FX 100Mbps 802.3u Multi Mode

(Single Mode)

850nm

(1310nm)

2km

(20km)

1000Base-SX 1000Mbps 802.3z Multi Mode 850nm 550m

1000Base-LX

(LH)

1000Mbps 802.3z Multi Mode

Single Mode

1310nm 550m

5km

1000Base-EX 1000Mbps N/A Single Mode 1310nm 40km

1000Base-ZX 1000Mbps N/A Single Mode 1550nm 70km

10GBase-SR 10 Gbps 802.3ae Multi Mode 850nm 300m

10GBase-LR 10 Gbps 802.3ae Single Mode 1310nm 10km

10GBase-ER 10 Gbps 802.3ae Single Mode 1550nm 40km

10GBase-ZR 10 Gbps N/A Single Mode 1550nm 80km

X : 100Mbps/1 Gbps   R : 10 Gbps



100Gbps
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Type

x Lanes

Connector Transceiver

100GBASE-SR10

1st Gen

10Gbps 

x 10

802.3ba-

2010

MPO/MTP

(MPO-24)

CFP OM3:100m

OM4:150m

100GBASE-SR4

2nd Gen

25Gbps 

x 4

802.3bm-

2015

MPO/MTP

(MPO-12)

QSFP28 OM3:70m

OM4:100m

100GBASE-SR2

3rd Gen

50Gbps 

x 2

802.3cd-

2018

MPO

(MPO-8)

QSFP28 OM3:70m

OM4:100m

100GBASE-SR1

4th Gen

100Gbps

x1

802.3db-

2022

LC QSFP28 OM3:60m

OM4:100m

https://en.wikipedia.org/wiki/100_Gigabit_Ethernet



Connector

ÿ FC(Ferrule Connector) 

ÿ ST(Straight Tip Connector) 

ÿ SC(Snap-in Connector) ( )

ÿ LC(Little Connector/Local Connector) 

ÿ MPO(Multi-Fiber Push On)/MTP(Multi-Fiber 

Pull Off)

þ MPO-8̡MPO-12̡MPO-24

þ MTP: Improved version of MPO
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https://en.wikipedia.org/wiki/Optical_fiber_connector



Connector
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ST Connector



Connector

MPO/MTP
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Connector

MPO/MTP
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ÿ

þ LC + LC

þ SC+ SC

ÿ

þ LC + SC

þ ST + LC

þ é
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Fiber Patch Panels

/

ÿ FC(Ferrule Connector) ÿ ST(Straight Tip 

Connector) 
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Fiber Patch Panels

/ /

ÿ SC(Snap-in Connector) ÿ LC (Little Connector)
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Optics Type/Transceiver Module
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Transceiver Module Connector

GBIC(Gigabit Interface Converter): 1Gbps SC̡ RJ-45

SFP(Small Form Pluggable) ): 1Gbps(MINI-GBIC)

SFP+: 10 Gbps

SFP28: 25 Gbps

LC̡ RJ-45

QSFP(Quad Small Form-factor Pluggable): 4Gbps 

(4xSFP)

QSFP+: 40 Gbps

QSFP28: 100 Gbps

LC

MPO/MTP

XFP: 10 Gbps ( ) LC

CFP(C Form-factor Pluggable)

CFP2/CFP4/CFP8

MPO/MTP



Optics Type/Transceiver
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SFP

XFP

SFP



XFP vs. SFP+

Optical Type XFP SFP+

Standard IEE802.3ae; XFP MSA
IEE802.3ae; SFF-

8431; SFF-8432

Publish Time 2002 2006

Size Bigger Smaller
38
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QSFP to 4 x SFP
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Connector of QSFP
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Optics Type/Transceiver

GBIC

ÿ 1000Base-LX

þ 1G/1310nm: 

ÿ 1000Base-SX

þ 1G/850nm: 
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Optics Type/Transceiver

SFP SFP+

ÿ 1000Base-SX (SFP)

þ 1G/850nm : 

ÿ 1000Base-LX (SFP)

þ 1G/1310nm: 

ÿ 10GBase-SR (SFP+)

þ 10G/850nm: 

ÿ 10GBase-LR (SFP+)

þ 10G/1310nm: 

ÿ 1000Base-T (SFP)

þ 1G/UTP
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Optics Type/Transceiver

SFPSFP+

ÿ 1000Base-SX (SFP)

þ 1G/850nm : 

ÿ 10GBase-LR (SFP+)

þ 10G/1310nm: 

ÿ ( )

ÿ 10GBase-(E)LR (SFP+)

þ 10G/1310nm (40km)
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100 Gbps

CFP/QSFP28
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10 x 10G lanes
(10Tx  10Rx)

4 x 25G  lanes
(4Tx  4Rx)



CFP Family
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Transceiver

/
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https://tw.store.ui.com/collections/unifi-accessories

1000BASE-LX1000BASE-SX

10GBASE-LR10GBASE-SR



/

ÿ Multi-Mode vs. Single-Mode 

þ : Single-Mode( )

þ : 

þ Transceiver : Multi-Mode( )

þ Single-Mode

ÿ Connector 

þ LC(Little Connector)

þ MPO/MTP
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ÿ to 

þ Tx Ą Rx

þ Rx Ą Tx

ÿ CrossoverCable
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Tx

Rx

Tx

Rx



Patch Cord
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Crossover (90%)

Straight



Patch Cord
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Straight

Crossover



ÿ ̡ : 

ÿ A<->A̡ B<->B̡A1<->A2̡ B1<->B2: 
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Patch Panel

ÿ Mapping the Same Number
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Fiber Polarity

ÿ Patch Panel 

þ Rx Ą Rx

þ Tx Ą Tx
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Device

A

Device

B

1
2

1
2

Crossover

Crossover

Rx

Tx

Rx

Tx

Port Down



Fiber Polarity

þ Rx Ą Tx

þ Tx Ą Rx
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1
2

1
2

Crossover

Straight

Device

A

Device

B

Rx

Tx

Rx

Tx

Port Up



56



Layer1

Wi-Fi 
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Wi-Fi 

Generation IEEE Mbps GHz

Wi-Fi 7 802.11be (2024) 1376 46120 2.4/5/6

Wi-Fi 6E
Wi-Fi 6

802.11ax
2020
2019

574 9608
6

2.4/5

Wi-Fi 5 802.11ac 2014 433 6933 5

Wi-Fi 4 802.11n 2008 72 600 2.4/5

Wi-Fi 3 802.11g 2003 6 54 2.4

Wi-Fi 2 802.11a 1999 6 54 5

Wi-Fi 1 802.11b 1999 1 11 2.4

Wi-Fi 0 802.11 1997 1 2 2.4

60
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(Orthogonal Frequency Division Multiple Access)

Wi -Fi 4   Wi-Fi 5   Wi-Fi6



Wi-Fi

New Features
ÿ 802.11n

þ MRC(Max Ratio Combine)

þ Beamforming

þ Spatial Multiplexing

ÿ 802.11ac

þ MU-MIMO (Downlink only)

ÿ 802.11ax

þ Uplink MU-MIMO

þ OFDMA(Orthogonal Frequency Division Multiple 
Access )
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802.11n

MRC(Max Ratio Combine)
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802.11ac

Beamforming
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802.11n

Spatial Multiplexing

ÿ ̡
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802.11ac

MU(Multiple User)-MIMO

66 For Download Only



802.11ax

ÿ Uplink MU-MIMO

þ 802.11ac Download

þ 802.11ax Upload/Download
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802.11ax

OFDMA(Orthogonal Frequency Division 

Multiple Access )
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OFDM

: https://www.tp-link.com/tw/blog/245/



802.11ax

OFDMA(Orthogonal Frequency Division 

Multiple Access )

69
https://www.wpgdadatong.com/tw/blog/detail/40617



2.4G 
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5G 

71

https://www.engeniustech.com/go-guide-channel-transmit-power-wi-fi-

networks-2/



THIN AP vs. FAT AP

FAT AP

(No Controller) THIN AP
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Roaming
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Mesh

ÿ RAP: Root AP (Wired )

ÿ MAP: Mesh AP (Non-wired)
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TANet 

ÿ TANetRoaming
̡

TANet ̡ ̡

̢
TANetRoaming ̢

ÿ eduroam

̢
EAP-802.1X ̢
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TANetRoaming ( )
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TANetRoaming

ÿ ̪ 96 ̫

ÿ

ÿ (TANet) eduroam
̢

ÿ

þ TANetRoaming
eduroam̢ eduroam (110)
̢

þ TANetRoaming eduroam
eduroam TANetRoaming ̢

þ ̡ eduroam
̡ eduroam ̢

þ eduroam
eduroam eduroam ̢

ISAC eduroam ̢
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TANetRoaming

111 100%

112 100%

eduroam TANetRoaming

eduroam TANetRoaming
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Linux 

server

Tunnel



Layer2

Switch 
Forwarding Packets

( ) 
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Switch vs. Hub

ÿ Switch

ÿ Hub 

ÿ Ref http://www.fiber-optic-solutions.com/buy-ethernet-switch-hub.html
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no MAC addr Table

MAC addr Table



vs. Switch

ÿ Switch

ÿ

ÿ Plug & Play

ÿ Switch

ÿ

þ CLI or Web 

ÿ

þ Spanning-tree

þ VLAN& Trunk

þ SNMP
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Spanning-Tree

Loop

ÿ Loop Case1

ÿ Loop Case2
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Switch 1

Switch 2

Switch 3

Switch 

Switch 1

Switch 2

Switch 3

Switch 

Switch 1

Switch 2

Switch 3

Switch 

Loop Block 



VLAN & Trunk

Switch Switch
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Switch 2F

Switch 1F

Switch 2F

Switch 1F

@2F

@1F

@2F

@1F

Switch 2F

Switch 1F

@2F

@1F@1F

@2F

Vlan 10

Vlan 10

Vlan 20

Vlan 20

Switch

Switch 2F

Switch 1F

@2F

@1F@1F

@2F

Trunk

Vlan 10

Vlan 10

Vlan 20

Vlan 20



SNMP Protocol

ÿ

̡

ÿ

þ v1: 32bit counters

þ v2c: 64bit counters, get-bulk, inform

þ v3: 

ÿ UDP port:

þ 161: .

þ 162: SNMPTrap . 
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SNMP 

ÿ MRTG

ÿ Cacti

ÿ The Dude
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CPU 



Layer3

Router 
Routing

( )
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Routing
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Router A Router B Router C

SrcIP Dest IP SrcMac DestMac Time to Live

X.X.X.X Y.Y.Y.Y RouterA G0/1 RouterB G0/1 125

0/1             0/1                  0/2           0/1

SrcIP Dest IP SrcMac DestMac Time to Live

X.X.X.X Y.Y.Y.Y RouterB G0/2 RouterC G0/1 124

Y.Y.Y.YX.X.X.X



Routing & Switching
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Router A Router B Router C

.126     .209           .210    .222           .221    .254

140.112.3.             140.112.0.            140.112.0             140.112.153.

.1
.2

.3 .1
.2

.3

SrcIP Dest IP SrcMac DestMac Time to Live

PC x PC y PC x RouterA.126 128

SrcIP Dest IP SrcMac DestMac Time to Live

PC x PC y RouterA.209 RouterB.210 127

SrcIP Dest IP SrcMac DestMac Time to Live

PC x PC y RouterB.222 RouterC.221 126

SrcIP Dest IP SrcMac DestMac Time to Live

PC x PC y RouterC.254 PC y 125

1  2 

3

4

5  6

2                            3                           4                            5
1 6PC x PC y
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10G

300Mbps

UTP Cat6



Vertical vs. Horizontal Slot

Vertical Slot Horizontal Slot
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