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Transmission of Digital Data

e interfaces

e modems
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Digital Data Transmission

Data transmission

Parallel I Serial I

‘ Synchronous | ‘Asynchronous I
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(The eight bits are sent togetherj
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Serial

one after another.

Sender
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[The eight bits are sent]
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Parallel/serial Serial/parallel
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[ converter
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Asynchronous

Direction of flow

Receiver

B Stop b1t Data ngrt bit
1111110110
Sender
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Sender

Asynchronous

idle or stop bits in between

synchronized in byte

terminal-computer

hv@cs.mcgill.ca

byte + start bit + one or more stop bits

slow, but no control (synch info) needed
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Synchronous
(synch at Data Link layer)

Direction of flow
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Data Terminal Equipment
Data Circuit-Terminating Equipment

Network

DCE DCE
DTE DTE
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DTE-DCE Interface

electrical, and functional characteristics of

DTE-DCE standards try to define the mechanical,
connection between the DTE andDCE

Network

DCE DCE
DTE DTE
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Electrical Specifications EIA-232
(Electronic Industries Association)

Volt
A
bl 0 v o
Allowable area :
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Control Signals
Volt
4 O
n Allowable area
+3 p—————— e
Undefined area :
_g ____________ Undefined area » Time
Off Allowable area
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DB25

McGill, 15/17 January, 2001 hv@cs.mcgill.ca CS 308-435B Basics of Computer Networks 13/38

EIA-232 (formerly RS-232), DB25

Transmitted
data
Received
data

|
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Secondary Secondary
transmitted  received
data data
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Received line Secondary
Request signal received line

to send detector signal detector
Clear to Secondary
send DCE clear to
| | ready send
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DTE
ready

Secondary
request
to send
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Transmitter
Transmitter ' signal
. Receiver element
signal . e
element timing signal element timing
(DCE-DTE) timing (DTE-DCE)

(DCE-DTE)
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Reserved

Signal (testing)
Shield ground perved

(testing) Unassigned

return

HO00000O0BOBOO
ofelefelclolel.I-YoTot:!

Local ~ Ring Test mode
loopback indicator
Data signal
Remote loopback r:tél Ssé%glci
&

signal quality detector
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Synchronous Full Duplex

1 Shield 4 Request to send
5 Clear to send 6 DCE ready
7 Signal ground 20 DTE ready

8 Received line signal detector

TE

4 Carrier g
5 ¢ °5 Carrier
Seq——3 l S5e——Ppo5
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2 Transmitted data 3 Received data
17 Receiver signal element timing
24 Transmitter signal element timing

4 .___O_ff e 4 Carrier off Off

Off o5 " p Se———-Ppe 3

5 o&----
Off
Off Carrier off 4e&----94

eg----o8 €-—----- 5e.Of 1 s
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No DCEs

DTE DCE Network DCE DTE

Transmit |2 2 A T s 2 2 | Transmit
Receive |E “T T E| Receive

a. DTEs connected through DCEs
DTE DTE

Transmit | 2 > 2 | Transmit
Receive |3 gd-—————-—————— -~ £13 | Receive

b. DTEs connected directly
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Null Modem cable for Direct Connection

Null modem

) )
Signal ground | 7 ® * 7 | Signal ground
20 e— —e 20
Readiness 6 odt »e 6 Readiness
4 o— —o 4
Setup| 5 «—}{—» 5 | Setup
8 ed—] b 8
Data transfer 2 >< 2 Data transfer
ata transfe 3 3
Timin % >< 24 Timin
£117 ot e 17 g
—_/ —/

DTE DTE
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RS423: Unbalanced Mode

Distance: 40 ft ———p 4000 ft

Data rate: 100 Kbps €4——— 1 Kbps

NRZ-L . 6‘

S ml_,l_lul_‘_,'_‘u > R LOgiC 0

+2

0

Common return _2

————————

Logic 1

—1 1 -6
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RS423: Balanced Mode

Distance: 40 ft ———p 4000 ft

Data rate: 10 Mbps €¢——— 1 Kbps

NRZ-L A
+6 -
S I_ll_ll_ll_ll_Lll_ll_l P 4 Logic 0
NRZ-L 0 >
------------------------ -4 -
p— Common ground — -6 Logic 1
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Noise Cancellation (signal x2)

>

(a) Original signal

¥

> . > | >
» M >
(c) Noise
(b) Original and complement (d) Signals and noise
>
2 g g
>
(f) After adding (g) After rescaling

(e) After negation of second signal
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MoDem

Modulator
| Demodulator
Modem
Modulator
Demodulator
Modem
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Telephone Line Bandwidth

( Used for voice J ( Used for data )

300 600 3000 3300
2400 Hz for data
3000 Hz for voice
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Baud rate in Half Duplex ASK

A
Max baud rate = Max bit rate = 2400
ié i1 .
“ % §=§ g i
T HUIIT
R R R
T ? T
T HHnmuinn
Hnniin i
600 3000
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Baud rate in Full Duplex ASK
Max baud rate = Max baud rate =
Max bit rate = Max bit rate =
A 1200 1200

B
|

600
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A Max baud rate = Max bit rate = 2400 — (fcl — fc0)
600 -0 fel 3000
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Baud rate in Half Duplex FSK

Bell Modems

N O

N =N

FSK
44 44
300 baud l ]
920

1420 1875 2375
goo‘bps 600 1070 1270 2025 2225 3000
-WwIire
0 1 0 1
ASK FSK
HDX
1200 baud f f f
1200 bps 307 500 1200 2400 3000
2-wire 0 1
4-PSK 01
FDX
600 baud l f f I 10 00
1200 bpS 900 1500 2100 2700
2-wire 600 1200 2400 3000

11
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Bell Modems

4-PSK o1 0
2| HDX/FDX
()| 1200 baud | f I
1| 2400 bps 600 1200 1800 2400 3000
2/4-wire
00 10
8-PSK 011
2|FDX 010 001
(/1600 baua | - | Y »
S fv‘:?rgps 600 1000 1800 2600 3000
111 100
101
16-QAM 0111 o 0110 0010 g 0001
2 |FDX (
()(2400 baud f 0100 0000
9| 2600 bps 600 1800 3000 1190 1000
4-wire
1101% 4110 1010 ° 101
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ITU-T Modems

V.22bis

FDX
600 baud
1200/2400

4-DPSK, 16-QAM

Two speeds: 1200 bps using
4—DP£( or 2400 bps using
I 16-QAM

bps 2-wire

900 1500
600 1200

2100
2400

2700

3000

V.32

32-QAM (trellis)

32-QAM allows five bits per
gﬂfé baud * baud: four data bits plus one
9600 bps redundant bit
owire! 600 1800 3000
V.32bis

64-QAM
FDX The first modem standard
ﬁl% (lﬁ)ud & with a data rate of 14,400 bps
s s

dvire P 600 1800 3000
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ITU-T Modems

V.32terbo
256-
FDX 56-QAM
2400 baud *
19,200 bps
4-wire 600 1800 3000
V.33
FDX 128-QAM (trellis) 128-QAM allows 7 bits per
2400 baud * baud: 6 data bits plus one
14,400 bps redundant bit
4-wire 600 1800 3000
V.34
Q 4096-QAM Standard speed: 28,800 bps,
FDX but with data compression can
%gOé)OR%ud * achieve speeds up to three
4-v’vire ps 600 1800 3000 times that rate
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V.22bis 16-QAM Constellation
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V.32 Constellation
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V.33 Constellation
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56K Modems
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