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Many types of wires/pins in the 
communication connectors
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Same in Pins and Assignments
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How digital data are coded

Signaling types:
Single-Ended
Differential
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Single –Ended Signaling
the simplest and most commonly used method of 
transmitting electrical signals over wires. 
One wire carries a varying voltage that represents the 
signal, while the other wire is connected to a reference 
voltage, usually ground.
Noise Problems caused by:

differences in ground voltage level between transmitting and 
receiving circuits
induction picked up on the signal wire

Used:
RS-232: +12 V and  –12V
PS/2 mouse and keyboard connectors
I2C Serial Bus
VGA

5



Differential Signaling
a method of transmitting information electrically with 
two complementary signals sent on two paired wires, 
called a differential pair. 
Since external interference tend to affect both wires 
together, and information is sent only by the difference 
between the wires, the technique improves resistance to 
electromagnetic noise compared with use of only one 
wire and an un-paired reference (ground).
Used in:

RS-422
RS-485
Ethernet
PCIe
HDMI
USB
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Single Ended Signaling
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Line Code
Amplitude and Time-Discrete Signal 
for 1’s and 0’s
Line Code = “Digital Baseband 
Modulation”=“Digital Baseband 
Transmission”
Used for digital data transport
Unipolar, Bipolar, and others
Common Line Codes

Non-Return-to-Zero (NRZ)
Non-Return-to-Zero, Inverted (“transition”)
(NRZI)
6b/8b
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Unipolar Encoding
1: Positive voltage
0: Zero voltage
Similar to “On-Off keying”
So called NRZ (Non-Return-Zero): 

1 for positive voltage
0 for zero voltage
Signal does not return to zero in the 
middle of the bit

RZ(Return to Zero): Signal drops 
(returns) to zero between each 
pulse.
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Bipolar Encoding

In encoding, 2 non-zero 
values are used, therefore, 3 
values are used (+,-, zero):  
“duo-binary signal”
Alternate Mark Inversion 
(AMI)

0 zero volt (space)
1 Pos or Neg voltage 
(mark)
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Differential Signaling
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LVDS (Low Voltage Differential Signaling)

Known as TIA/EIA-644
Differential serial communication protocol
Low power high speed using twisted-pair 
copper cables
Common-mode voltage (=“average of the 
voltages of the two wires”): 1.2V
“Low” Voltage: 1.0 V
“High” Voltage: 1.4 V
Serial ATA, PCIe, SCSI, etc
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PCIe
Peripheral Component Interconnect Express
High Speed Serial for shared address and data lines
“Interconnect” or “Link”: point-to-point communication 
channel between 2 PCIe ports for I/O, MEM, Interrupt 
R/W
A Link is composed of 1 or more lanes
“Lane”: 1 lane is composed of 4 wires 2 pairs of 
differential signaling. Each lane is used as a full-duplex 
byte stream for transporting data in 8-bit byte format.
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Synchronous vs Asynchronous
Two types: asynchronous and synchronous communications.

Synchronous communication requires more complex interface and 
clock is sent along with data with higher rate than asynchronous 
communication.  Synchronous communication requires that each end of 
an exchange of communication respond in turn without initiating a new 
communication.  
Asynchronous communication is usually for a situation where data can 
be transmitted intermittently rather than in a steady stream. The 
difficulty with asynchronous communications is that the receiver must 
have a way to find the end of talks of the other side so that one starts to 
speak.   In computer communications, this is usually accomplished 
through special bits to indicate the beginning and the end of each piece 
of data. Asynchronous communication, therefore, has simpler interface 
and does not send clock, but requires start and stop bits. 

Serial communication hardware component (Parallel Serial Parallel)
UART (Universal Asynchronous Transmitter/Receiver)
USART (Universal Synchronous/Asynchronous Transmitter/Receiver)
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Synchronous/Asynchronous
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Popular Serial Interfaces
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Serial RS-232
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RS-232
Recommended Standard -232 from Electronic Industries 
Association (EIA) for connecting serial devices
“RS-232 is the traditional name for a series of standards for serial 
binary single-ended data and control signals connecting between 
DTE (data terminal equipment) and DCE (data circuit-terminating 
equipment, originally defined as data communication equipment)”.
Single Ended Unipolar Signaling

“Space” (logic 0): Between +3 and + 25 Volts
“Mark: (logic 1): Between -3 and – 25 Volts

Other RS from EIA
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RS-232 Level Converter
RS232 Voltage Levels must be converted to 
0 or 5 (or 3.3) V system of TTL or CMOS

MAX232 “Multi-channel RS-232 Driver 
Chip”
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Connector Types and Pins
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RS232 in Galileo – 3.5mm Jack
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RS-232 in DE2i-150
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TX and RX  (Byte Serial Bits Byte)
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Protocol and Signal
Asynchronous
LSb is sent first
8N1 Format (Example): 8-data bits, No 
Parity, and 1 Stop bit

After MAX232 – Level Converter
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