TOPIC 5: TRANSMISSION OF DIGITAL DATA

Forms of Digital Data Transmission

Parallel transmission – transmission in which bits in a group are sent simultaneously, each using a separate link.

Serial transmission – transmission of data one bit at a time using only single link 


Since communication within devices is parallel, conversion devices are required at the interface between the sender and the line (parallel-to-serial) and between the line and receiver (serial-to-parallel)


Serial transmission occurs in one of two ways:
1. Asynchronous transmission – transfer of data with start and stop bit(s) and a variable time interval between data units. Information is received and translated by agreed-upon patterns; cheap and effective; attractive choice for situations like slow-speed communication

2. Synchronous transmission – a transmission method that requires a constant timing relationship between sender and receiver; used for high speed applications like transmission of data from one computer to another.

DTE-DCE Interface
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DTE (Data Terminal Equipment) - any device that is a source of or destination for binary data

DCE (Data Circuit-Terminating Equipment) – any device that transmits or receives data in the form of analog or digital signal through a network.

Standards


Of the organizations involved in the DTE-DCE interface standards, the most active are:


EIA: EIA-232, EIA-442, EIA-449


ITU-T: V-series and X-series

EIA-232 Interface – defines the electrical, mechanical and functional characteristics of the interface between a DTE and a DCE

A. Mechanical Specifications

· defines the interface as a 25-wire cable with a male and female  DB-25 pin connector attached to either end, length of cable may not exceed 15 m.

DB-25 connector – a plug with 25 pins or receptacles each of which is attached to a single wire with a specific function. The cable is terminated at one end by a male connector and a female connector at the other end. 

Male connector – plug with each wire in the cable connecting to a pin

Female connector – receptacle with each wire in the cable connecting to a metal tube or sheath.

For a DB-25 connector, pins and tubes arranged in two rows, 13 on top and 12 on bottom.

B. Electrical Specifications – defines the voltage level and the type of signal to be transmitted in either direction between the DTE and DCE.
Sending the Data: All data must be transmitted as 1s and 0s using NRZ-L encoding, where 0 is defined as a positive voltage and 1 defined as a negative voltage.


EIA defines 2 distinct ranges where the amplitude of a signal must fall between +3 V and +15 V or between –3 V and –15 V.

Control and Timing: 4 out the 25 wires are data functions. The remaining 21 are reserved for functions like control, timing, testing and grounding.


Any of the other functions is ON if it transmits a voltage of at least +3 V and OFF if it transmits a voltage with a value less than   –3 volts.

Bit rate: 20 kbps

Cable length: 50 ft (15 m)

C. Functional Specifications – implemented as DB-25 and DB-9

DB-25 functions

	1
	Sheild
	14
	Secondary transmitted data

	2
	Transmitted data
	15
	Transmitter signal element timing (DCE-DTE)

	3
	Received data
	16
	Secondary received data

	4
	Request to send
	17
	Received signal element timing (DCE-DTE)

	5
	Clear to send
	18
	Local loopback

	6
	DCE ready
	19
	Secondary request to send

	7
	Signal ground common return
	20
	DTE ready

	8
	Received line signal detector
	21
	Remote loopback and signal quality detector

	9
	Reserved (testing)
	22
	Ring indicator

	10
	Reserved (testing)
	23
	Data signal rate select

	11
	Unassigned
	24
	Transmitter signal element timing (DTE-DCE)

	12
	Secondary received line signal detector
	25
	Test mode

	13
	Secondary clear to send
	
	


· A female connector will be the mirror image of the male.

· Each communications function has a mirror function for traffic in the opposite direction to allow full-duplex operation.

· Not every pin is functional.

DB-9 implementation – a simpler version of EIA-232

Note: There is no pin-to-pin relationship in the two implementations.


EIA-232, DB-9 functions

	1
	Carrier detect
	6
	DCE ready

	2
	Transmit data
	7
	Request to send

	3
	Receive data
	8
	Clear to send

	4
	DTE ready
	9
	Ring indicator

	5
	Signal ground
	 
	 


Example:
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Step 1: Preparation of interfaces for transmission

Step 2: Readiness for transmission

Step 3: Set-up of physical connection between sending and receiving device (ON switch for transmission)

Step 4: Data transfer

Step 5: Clearing

Other Interface Standards


To meet the needs of users who require more speed and distance, other interface standards were introduced.

1. EIA-449

A. Mechanical Specifications – define a combination of two connectors; one with 37 pins (DB-37) and one with 9 pins (DB-9), for a combined 46 pins.

DB-37 Functions


To maintain compatibility with EIA-232, EIA-449 define two categories of pins used in exchanging data, control and timing information.

	Pin
	Function
	Category
	Pin
	Function 
	Category

	1
	Shield
	 
	20
	Receive common
	II

	2
	Signal rate indicator
	 
	21
	Unassigned
	I

	3
	Unassigned
	 
	22
	Send data
	I

	4
	Send data
	I
	23
	Send timing
	I

	5
	Send timing
	I
	24
	Receive data
	I

	6
	Receive data 
	I
	25
	Request to send
	I

	7
	Request to send
	I
	26
	Receive timing
	I

	8
	Receive timing
	I
	27
	Clear to send
	I

	9
	Clear to send
	I
	28
	Terminal in service
	II

	10
	Local loopback
	II
	29
	Data mode
	I

	11
	Data mode 
	I
	30
	Terminal ready
	I

	12
	Terminal ready
	I
	31
	Receive ready
	I

	13
	Receive ready
	I
	32
	Select standby
	II

	14
	Remote loopback
	II
	33
	Signal quality
	 

	15
	Incoming call
	 
	34
	New signal
	II

	16
	Select frequency
	II
	35
	Terminal timing
	I

	17
	Terminal timing
	I
	36
	Standby indicator
	II

	18
	Test mode
	II
	37
	Send common
	II

	19
	Signal ground
	 
	 
	 
	 


Category I pins – pins whose functions are compatible with those of EIA-232 (although most have been renamed)

Category II pins – pins with no equivalence in EIA-232 or have been redefined.

Local loopback. Pin 10 is used for local loopback testing.

Remote loopback. Pin 14 is used for remote loopback testing.

Select frequency. Pin 16 is used to choose between two different frequency rates.

Test mode. Pin 18 is used to do testing at different levels.

Receive common. pin 20 provides a common signal return line for unbalanced circuits from the DCE to the DTE.

Terminal in service. Pin 28 indicates to the DCE whether or not the DTE is operational.

Select standby. Pin 32 allows the DTE to request the use of standby equipment in the event of failure.

New signal. Pin 34 is available for multiple-point applications where a primary DTE controls several secondary DTEs. When activated, pin 34 indicates that one DTE has finished its data exchange and a new one is about to start.

Standby indicator. Pin 36 provides the confirmation signal from the DCE in response to select standby( pin 32).

Send common. Pin 37 provides a common signal return line for unbalanced circuits from the DTE to the DCE.

DB-9 pin functions

Note: The DB-9 connector here is different from the DB-9 in EIA-232.

DB-9 pins

	1
	Sheild

	2
	Secondary receive ready

	3
	Secondary send data

	4
	Secondary receive data

	5
	Signal ground

	6
	Receive common

	7
	Secondary request to send

	8
	Secondary clear to send

	9
	Send common


B. Electrical Specifications

1. RS-423 (unbalanced mode) – defines only one line for propagating a signal. All signals in this standard use a common ground to complete the circuit.

2. RS-422 (balanced mode) – defines two lines for the propagation of each signal; utilizes all pairs of pins in category I but does not use the category II pins.

2. EIA-530 – a version of EIA-449 that uses DB-25 pins.

· Functions are essentially those of EIA-449 Category I plus three pins from category II (loopback circuits)

· Of the EIA-232 pins, some pins have been omitted, like the ring indicator, signal quality detector and data signal rate selector.

3. X.21 – an interface standard designed by the ITU-T to address many of the problems existing in the EIA interfaces

· Eliminates many of the control pins of interfaces by sending control information over data pins

· Useful both as an interface to connect digital computers to analog devices like modems and as a connector between digital computers and digital interfaces such as the ISDN and X.25.

· Designed to work with balanced circuits at 64 kbps

DB-15 – connector specified by X.21

	Pin
	Function
	Pin
	Function

	1
	Sheild
	9
	Transmit data or control

	2
	Transmit data or control
	10
	Control

	3
	Control
	11
	Receive data or control

	4
	Receive data or control
	12
	Indication

	5
	Indication
	13
	Signal element timing

	6
	Signal element timing
	14
	Byte timing

	7
	Byte timing
	15
	Reserved

	8
	Signal ground
	 
	 


Byte timing – timing lines to control byte synchronization in addition to bit synchronization.

Control and initiation – Pins 3 and 5 are used for initiation. Pin 3 is the equivalent request to send; pin 5 is the equivalent of clear to send.

MODEMS

· A contraction of modulator/demodulator
· A modulator converts a digital signal into an analog signal using ASK, FSK, PSK or QAM. A demodulator converts an analog signal into a digital signal.
Bandwidth

· The data rate of a link depends on the type of encoding used and the bandwidth of the medium.

· The medium bandwidth is related to the inherent limitation of the physical medium; every line has a range of frequencies it can pass.
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