Encoding Information

As we have seen earlier:
Information: Digital <> Analog
In the same way:
Medium: Digital <> Analog
® Digital: Twisted pair, coax

® Analog: Fiber, wireless (and these days
also twisted pair and coax)
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Case |: Bipolar AMI
and Pseudo ternary

® Alternate Mark
Inversion

® Bipolar AMI | e

® Alternate on |

® Pseudo ternary

® Alternate on 0
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Case |: Differential
Manchester

® Differential Manchester
® 0: Transition at the start
® |: No transition

® Always transition in middle

0 1 0 0 1 1 0 0 0 1
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Fast Ethernet

® |0 Mbit/s Ethernet: Diff. Manchester.

® 100 Mbit/s Ethernet: Diff. Manchester not
usable.

® STP/UTP(CATS) < 108 Hz

® Nyquist max 2% 108 bps ~ 200 Mbit/s, but
twice as many transitions needed, so max
|00 Mbit/s. In practice lower!
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4b/5b encoded
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Gigabit Ethernet

Basically five standards available, including |000BASE-
X for optical fiber and |000BASE-T for twisted pair
and 1000BASE-CX for Coax. More precisely:

Name Medium Specified distance
I000BASE-CX  Twin axial cabling 25 meters
|000BASE-KX  Copper backplane | meter
|000BASE-SX  Multi-mode fiber 220 to 550 meters
I000BASE-LX  Multi-mode fiber 550 meters
IO00BASE-LX  Single-mode fiber 5 km
|000BASE-LX10 Single-mode fiber using 1,310 nm wavelength 10 km
|000BASE-EX  Single-mode fiber at 1,310 nm wavelength ~ 40 km
I000BASE-ZX  Single-mode fiber at 1,550 nm wavelength ~ 70 km
|000BASE-BX 10 Single-mode fiber, over single-strand fiber: 1,490/1,310 nm 10 km
|000BASE-T Twisted-pair cabling (Cat-5, Cat-5e, Cat-6, or Cat-7) 100 meters
|000BASE-TX  Twisted-pair cabling (Cat-6, Cat-7) 100 meters

|0 Gigabit (10GE, 10GbE, or 10GigE) Ethernet also
available but not for cat. 5e twisted pair 100m cabling
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|O00BASE-T

All four copper wires are used at the same time

Every 8 bits are split up in 4 groups of 3 bits ensuring enough transitions
Each group represents 2 bits giving 4 valid three bit combinations

Every three bits are mapped to a voltage level, for example:

000 0
00| +1
010 +2
Oll -1
100 0
101 +1
|10 -2
[11 -1

* These mappings change during transmission (preventing DC current)

PAM-5 technique (Pulse Amplitude Modulation)

Leiden University. The university to discover.



Case 2: Digital Data
over Analog Medium

® Most common way to transmit digital data.
Three primary techniques:

® Amplitude shift keying (ASK)
® Frequency shift keying (FSK)
® Phase shift keying (PSK)

® Used when transmitting data over fiber,
wireless and telephone lines.
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QAM (1)

QAM (quadratic amplitude modulation)
Higher bit rates possible

s(t) = I(t) cos(2 7T ft)+Q(t) sin(2 7T fct)
Sufficiently different in
phase so that I(t) and Q(t)
~ 4 can be isolated.

0.5 n 5t
sin
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Case 3: Analog Data
over Digital Medium

TWO reasons

|. Nothing else possible, available
medium is digital.

2. Preventing errors.
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Case 3: Analog Data

over Digital Medium
Analog NRZ-

Ny — UL

TN, — - UUe — — AMI

M — - U UL — — Analog
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Digital Transmission

Advantages:

® Repeaters instead of amplifiers (more exact)

® Time Division Multiplexing (TDM) instead of
Frequency Division Multiplexing (FDM) (less
inter modular noise)

Digital switching technology is more advanced.
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Case 4: Analog Data
Over Analog Medium

Using AM (Amplitude Modulation), FM
(Frequency Modulation) and PM (Phase
Modulation), comparable to ASK, FSK and

PSK
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Frequency and Phase
Modulation (FM & PM)

s(t)=A cos(2 Tt + @ (t))
@ (t): angle modulation
® PM: @ (t) = np X m(t)
® FM: @ '(t) = nf X m(t)
Thus with PM, the phase change in s(t) is proportional with

the change in m(t) (x(t)), for FM, m(t) is proportional with the
frequency change.
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