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Menu
• References: 

> Serial Communication
• Asynchronous Data Communication

> Communication Terminology
> ASCII Communication Codes
> Serial Communication Principles
> XMEGA SCI Serial I/O Hardware
> XMEGA SCI Programming Example

See docs/examples on 
web-site: doc8331, ATxmega128A1Udef.inc,

for GCPU++: sci_inchar_outchar.asm.
Demo video (NOT on website): 

SCI_Polling.asm, SCI_polling_Red.asm

Look into my ...

sci_polling.asm
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Serial Communication
• Serial Communication is the process of sending 

one bit at a time over a communication channel
>As opposed to parallel communication (sending 

several bits at the same time) 
• Some of the many types of serial communication 

and serial communication channels will be 
discussed
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Communication Terminology
• Simplex Communication (one way)

• Duplex Communication
> Half-duplex

> Full-duplex
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ASCII Communication Codes
• ASCII (American Standard Committee for 

Information Interchange) codes (see asciitable.com)

• Error Detection
>Parity bits [Example] A C

>Parity algorithms 7-bit ASCII 100 0001 100 0011

» Even parity 0100 0001 1100 0011

» Odd parity 1100 0001 0100 0011

» Mark parity 1100 0001 1100 0011

» Space parity 0100 0001 0100 0011
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ASCII Table (from 
Wikipedia)
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Serial Communication Principles
• Serial Signals

>20mA current loop
– Use solenoid.   (Ex: Teletype machine)
– It has greater immunity to interference from electrical noise than 

some voltage-level signal systems
– Logical 1 (20mA of current)
– Logical 0 (no current)

>RS-232 (EIA-232)
– Signal level: High (+3 ~ +25VDC) & Low (-3 ~ -25VDC)
– Using large nonzero voltages for each level provides better  

immunity to electrical interference 
– Logical 0 (positive voltage)
– Logical 1 (negative voltage)
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RS232C Interface

•DTE: Data Terminal Equipment
•DCE: Data Communication Equipment
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Serial Communication 
Principles

• Serial Signal Format
> Start bit: Space
> 8 data bits, LSB first
> Stop bit: Mark
> Idle: Mark

• Baud Rate: ~Hz = bits/sec = f
> Bit time, T = 1/f

– ex: 300Hz => 1/300 sec/bit

One character requires 10-bit timesTime

Mark, 1

Space, 0

idle

start bit stop bit

LSB MSB idle

Telegraph Key Player Piano

Player Piano:
• https://youtu.be/aseMAEctM1s
• https://youtu.be/hpOiSMX1ybw
• https://youtu.be/ZrNQlJZkKTg

Telegraph Key:
https://youtu.be/BbTo0na6NPw
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Serial Data Operation

Modem ModemP 1 P 2

Channel
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Serial Data 
Communication

P 1 USART

Modem

Serial 
Device

Modem P 2USART

Serial 
Device

Address
Data

Control

Address
Data

Control

EIA232 or RS323

P = Microprocessor
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Serial Communication Principles

• UART (Universal Asynchronous Receiver 
Transmitter) hardware
> USART = Universal Synchronous/Asynchronous Receiver Transmitter

• Serial Errors
>Timing errors
>Framing errors
>Overrun errors
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Synchronous Data Underflow 
[Doty: 300]

Rx clock sample time
Rx clock desired sample time
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Synchronous Data Overflow
[Doty: 301]

Rx clock sample time
Rx clock desired
sample time
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Serial Communication Principles

• Serial Transmission Rate
>Bit rate (or Baud rate) = rate in bits per second
>Waveform distortion

• Receiver Wake-up
>Messages
>Purpose of wake-up
>Wake-up triggering

Receiver #2

Transmitter Receiver #1
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SCI: (Asynchronous) 
Serial Communications 

Interface

• Most microprocessors have at least one SCI
>Full-duplex two-wire asynchronous serial port (UART)
>Receiver and transmitter are independent, i.e., can run 

simultaneously
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SCI Transmitter 
Block Diagram

Stop 7 6 5 4 3 2 1 0 Start

Shift Register
Clock 

Generator
Pin 

Buffer

Ctrl 
Register

Status 
Register

Tx
Pin

Interrupt 
System Tx Intr En

Tx Flag

Data 
Direction

BAUD Rate

Data Register
Data Bus
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SCI Receiver 
Block Diagram

Stop 7 6 5 4 3 2 1 0 Start

Shift Register Clock 
GeneratorPin 

Buffer

Ctrl 
Register

Status 
Register

Rx 
Pin

Interrupt 
System Rx Intr En

Rx Flag

Data Direction
16× BAUD Rate

Data Register
Data Bus
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Your XMEGA UARTs (SCI)
• Each of 4 ports (C-F) has two UARTs for a total of 

8 asynchronous serial ports
>Search for USART in the include file

– Synchronous serial communication (the “S” in USART) in most 
microcontrollers (including the XMEGA) is called SPI
(synchronous peripheral interface)
� We will talk about SPI later in the semester
� Our XMEGA has 4 SPI ports, one on each of Ports C-F
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XMEGA 
USART 
Block 

Diagram

See doc8331, 
Figure 23-1
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XMEGA Baud Rate Generation
• The clock generator includes a fractional baud 

rate generator that is able to generate a wide range 
of USART baud rates from any system clock 
frequencies

• Can use baud rate generator OR an external 
transfer clock pin 
>External transfer clock is ONLY used in synchronous 

mode
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XMEGA Baud Rate 
Generation

• Notice that the receiver clock is 16 times faster than the 
transmitter clock

• Baud rate is transfer rate in bits per second (bps)

See doc8331, 
Figure 23-2
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XMEGA Baud Rate 
Generation

• fBAUD is determined by the period setting (BSEL), a scale setting 
(BSCALE), and the peripheral clock frequency (fPER)
> By default, fPER = 2MHz for the uPAD’s XMEGA
> BSEL set between 0 and 4095
> BSCALE (optional scaling) set between -7 & +7

– BSCALE  or  baud rate slightly for fractional baud rate scaling

> Asynchronous normal speed mode (CLK2X = 0) below

See doc8331, 
Section 23.3.1

BSCALE ≥ 0
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Baud Rate Calculator:
https://mil.ufl.edu/4744/software/xmega_usart_baud_calc.xlsx

MHz2PERf
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XMEGA Baud Rate 
Calculations

See doc8331, 
Table 23-1
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XMEGA Frame Formats
• A serial frame consists of one character of data bits 

with synchronization bits (start and stop bits) and 
an optional parity bit for error checking
>1 start bit > 5, 6, 7, 8, or 9 data bits
>None, even, or odd parity bit > 1 or 2 stop bits

See doc8331, 
Figure 23-5
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XMEGA USART 
InitializationSee doc8331, 

Section 23.5

• For UART (SCI) initialization, you must do the following:
1. Set the TxD pin high (and optionally set the XCK pin low)
2. Set the TxD pin (and optionally the XCK pin) as output

� Set the appropriate port’s data direction register

3. Set the baud rate (BAUDCTRA & BAUDCTRB)
4. Set the frame format and mode of operation (CTRLC)

� Enables XCK pin output in synchronous mode

5. Enable the transmitter or the receiver, depending on the usage 
(CTRLB)

6. For interrupt-driven USART operation, enable the appropriate 
local interrupt bits (CTRLA)

7. For interrupt-driven USART operation, global interrupts should 
be disabled during the initialization and then enabled prior to use

EEL4744
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XMEGA DATA -
Data Register

• The USART transmit data buffer register (TXB) and 
USART receive data buffer register (RXB) share the same 
I/O address and is referred to as USART data register 
(DATA)

• The TXB register is the destination for data written to the 
DATA register location

• Reading the DATA register location returns the contents 
of the RXB register

See doc8331, 
Section 23.15.1

USARTp#_DATA (p=C-F, #=0-1)
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XMEGA SCI 
Double-buffering

• SCI Data Register, USARTp#_DATA (p=C-F, #=0-1)
>Double buffered SCI receiver and transmitter hardware

Receiver Shift Register

Receiver Data Register

Transmitter Data Register

Transmitter Shift Register

Transmitter 
Pin

Receiver 
Pin

EEL4744
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XMEGA STATUS -
Status Register

• The transmit buffer can be written only when DREIF
(Data Register Empty Flag) in the STATUS register is set

See doc8331, 
Section 23.15.1

USARTp#_STATUS register (p=C-F, #=0-1)

See doc8331, 
Section 23.15.2
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XMEGA STATUS –
Status Register - RXCIF

• Bit 7 – RXCIF: Receive Complete Interrupt Flag
> Set when there are unread data in the receive buffer
> Cleared when the receive buffer is empty 
> When the receiver is disabled, the receive buffer will be flushed, 

and consequently RXCIF will become zero
> When receiver interrupts are used, the receive complete interrupt 

service routine must read the received data from DATA in order 
to clear RXCIF
– If not, a new interrupt will occur directly after the return from the current 

interrupt
– This flag can also be cleared by writing one to it

See doc8331, 
Section 23.15.2

USARTp#_STATUS register (p=C-F, #=0-1)
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XMEGA STATUS –
Status Register - TXCIF

• Bit 6 – TXCIF: Transmit Complete Interrupt Flag
> This flag is set when the entire frame in the transmit shift register 

has been shifted out and there are no new data in the transmit 
buffer (DATA)

> TXCIF is automatically cleared when the transmit complete 
interrupt vector is executed
– This flag can also be cleared by writing one to it

See doc8331, 
Section 23.15.2

USARTp#_STATUS register (p=C-F, #=0-1)
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XMEGA STATUS –
Status Register - DREIF

• Bit 5 – DREIF: Data Register Empty Flag
> Indicates whether the transmit buffer (DATA) is ready to receive new data

– 1 when the transmit buffer is empty
– 0 when the transmit buffer contains data to be transmitted that has not yet 

been moved into the shift register
– DREIF is set after a reset to indicate that the transmitter is ready

> DREIF is cleared by writing to DATA
> When transmit interrupts are used, the data register empty interrupt service 

routine must either write new data to DATA to clear DREIF or disable the 
data register empty interrupt
– If not, a new interrupt will occur directly after the return from the current 

interrupt

See doc8331, 
Section 23.15.2

USARTp#_STATUS register (p=C-F, #=0-1)
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XMEGA STATUS –
Status Register - FERR

• Bit 4 – FERR: Frame Error
> The FERR flag indicates the state of the first stop bit of the next 

readable frame stored in the receive buffer
> Bit is set if the received character had a frame error, i.e., the first 

stop bit was zero
> Bit is cleared when the stop bit of the received data is one
> FERR is not affected by setting the number of stop bits used, as it 

always uses only the first stop bit
> This bit is valid until the receive buffer (DATA) is read

See doc8331, 
Section 23.15.2

USARTp#_STATUS register (p=C-F, #=0-1)
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XMEGA STATUS –
Status Register - FERR

• Bit 3 – BUFOVF: Buffer Overflow
> Indicates data loss due to a receiver buffer full condition
> Set if a buffer overflow condition is detected
> A buffer overflow occurs when the receive buffer is full (two 

characters) with a new character waiting in the receive shift 
register and a new start bit is detected

> Flag is valid until the receive buffer (DATA) is read

See doc8331, 
Section 23.15.2

USARTp#_STATUS register (p=C-F, #=0-1)
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XMEGA STATUS – Status 
Register – PERR & RXB8

• Bit 2 – PERR: Parity Error
> If parity checking is enabled and the next character in the receive 

buffer has a parity error, this flag is set
> If parity check is not enabled, this flag will always be read as zero
> This bit is valid until the receive buffer (DATA) is read

• Bit 0 – RXB8: Receive Bit 8
> RXB8 is the ninth data bit when operating with serial frames with nine data bits

> When used, this bit must be read before reading the low bits from DATA

See doc8331, 
Section 23.15.2

USARTp#_STATUS register (p=C-F, #=0-1)
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XMEGA CTRLA -
Control Register A

• RXCINTLVL[1:0]: Receive Complete Interrupt Level
> Enable the receive complete interrupt and select the interrupt 

level
– The enabled 

interrupt will be 
triggered when 
the RXCIF flag 
in the STATUS
register is set

See doc8331, 
Section 23.15.3

USARTp#_ CTRLA (p=C-F, #=0-1)

Description
Group

Configuration
Interrupt Level
Configuration 

Interrupt disabledOff00

Low-level interruptLo01

Mid-level interruptMed10

High-level interruptHi11

EEL4744
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XMEGA CTRLA -
Control Register A

• TXCINTLVL[1:0]: Transmit Complete Interrupt Level 
> Enable the transmit complete interrupt and select the interrupt 

level
– The enabled 

interrupt will be 
triggered when 
the TXCIF flag 
in the STATUS
register is set

See doc8331, 
Section 23.15.3

Description
Group

Configuration
Interrupt Level
Configuration 

Interrupt disabledOff00

Low-level interruptLo01

Mid-level interruptMed10

High-level interruptHi11

USARTp#_ CTRLA (p=C-F, #=0-1)

35
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XMEGA CTRLA -
Control Register A

• DREINTLVL[1:0]: Data Register Empty Interrupt Level
> Enable the data register empty interrupt and select the interrupt 

level
– The enabled 

interrupt will be 
triggered when 
the DREIF flag 
in the STATUS
register is set

See doc8331, 
Section 23.15.3

Description
Group

Configuration
Interrupt Level
Configuration 

Interrupt disabledOff00

Low-level interruptLo01

Mid-level interruptMed10

High-level interruptHi11

USARTp#_ CTRLA (p=C-F, #=0-1)

EEL4744
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XMEGA CTRLB -
Control Register B

• RXEN: Receiver Enable 
> Setting this bit enables the USART receiver

– When enabled, the receiver will override normal port operation for the RxD
pin

> Disabling the receiver will flush the receive buffer, invalidating 
the FERR, BUFOVF, and PERR flags

See doc8331, 
Section 23.15.4

USARTp#_ CTRLB (p=C-F, #=0-1)
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XMEGA CTRLB -
Control Register B

• TXEN: Transmitter Enable
>Setting this bit enables the USART transmitter

– The transmitter will override normal port operation for the TxD
pin, when enabled

– Disabling the transmitter (TXEN=0) will not become effective 
until ongoing and pending transmissions are completed, i.e., 
when the transmit shift register and transmit buffer register do 
not contain data to be transmitted

– When disabled, the transmitter will no longer override the TxD
port

See doc8331, 
Section 23.15.4

USARTp#_ CTRLB (p=C-F, #=0-1)

EEL4744
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XMEGA CTRLB -
Control Register B

• TXB8: Transmit Bit 8
>TXB8 is the ninth data bit in the character to be 

transmitted when operating with serial frames with nine 
data bits

>When used, this bit must be written before writing the 
low bits to DATA

See doc8331, 
Section 23.15.4

USARTp#_ CTRLB (p=C-F, #=0-1)
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XMEGA CTRLC -
Control Register C

• CMODE[1:0]: Communication Mode
>These bits select the mode of operation of the USART

See doc8331, 
Section 23.15.5

ModeGroup ConfigurationCMODE[1:0]

Asynchronous USARTAsynchronous00

Synchronous USARTSynchronous01

IRCOMIRCOM10

Master SPIMSPI11

USARTp#_ CTRLC (p=C-F, #=0-1)

EEL4744

42
University of Florida, EEL 4744 – File  12

© Drs. Schwartz & Arroyo

XMEGA CTRLC -
Control Register C

• PMODE[1:0]: Parity Mode
>These bits enable and set the type of parity generation
>When enabled, the transmitter will automatically 

generate and send the parity of the transmitted data bits 
>The receiver will generate a parity value for the  

incoming data and compare it to the PMODE setting,
– If a mismatch is detected, the PERR flag in STATUS will be set

See doc8331, 
Section 23.15.5

USARTp#_ CTRLC (p=C-F, #=0-1)

41
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XMEGA CTRLC -
Control Register C

• PMODE[1:0]: Parity Mode

See doc8331, 
Section 23.15.5

ModeGroup ConfigurationPMODE[1:0]

DisabledDisabled00

------01

Enabled, even parityEven10

Enabled, odd parityOdd11

USARTp#_ CTRLC (p=C-F, #=0-1)

EEL4744

44
University of Florida, EEL 4744 – File  12

© Drs. Schwartz & Arroyo

XMEGA CTRLC -
Control Register C

• SBMODE: Stop Bit Mode
>This bit selects the number of stop bits to be inserted by 

the transmitter
>The receiver ignores this setting

See doc8331, 
Section 23.15.5

Stop Bit(s)SBODE[1:0]

10

21

USARTp#_ CTRLC (p=C-F, #=0-1)
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XMEGA CTRLC -
Control Register C

• CHSIZE[2:0]: 
Character Size
> The CHSIZE[2:0] bits set 

the number of data bits in 
a frame

> The receiver and 
transmitter use the same 
setting

See doc8331, 
Section 23.15.5

Character 
size

Group
ConfigurationCHSIZE[2:0]

5-bit5BIT000

6-bit6BIT001

7-bit7BIT010

8-bit8BIT011

------100-110

9-bit9BIT111

USARTp#_ CTRLC (p=C-F, #=0-1)

EEL4744

46
University of Florida, EEL 4744 – File  12

© Drs. Schwartz & Arroyo

XMEGA BAUDCTRLA 
- Baud Rate register A

• BSEL[7:0]: Baud Rate bits
>These are the lower 8 bits of the 12-bit BSEL value used 

for USART baud rate setting
– BAUDCTRLB contains the four most-significant bits

>Ongoing transmissions by the transmitter and receiver 
will be corrupted if the baud rate is changed

>Writing BSEL will trigger an immediate update of the 
baud rate prescaler

See doc8331, 
Section 23.15.6

USARTp#_ BAUDCTRLA (p=C-F, #=0-1)
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XMEGA BAUDCTRLB 
- Baud Rate register B

• BSCALE[3:0]: Baud Rate Scale factor
> These bits select the baud rate generator scale factor
> The scale factor is in two's complement form -7 to +7

• BSEL[11:8]: Baud Rate bits
> These are the upper 4 bits of the 12-bit value used for baud rate

– BAUDCTRLA contains the eight least-significant bits

> Ongoing transmissions by the transmitter and receiver will be 
corrupted if the baud rate is changed

> Writing BAUDCTRLA will trigger an immediate update of the 
baud rate prescaler

See doc8331, 
Section 23.15.6

USARTp#_ BAUDCTRLB (p=C-F, #=0-1)
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XMEGA USART Register 
Summary & Interrupt VectorsSee doc8331, Section 

23.16, 23.17
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XMEGA: SCI (USART) 
Interrupt Vectors (Ports C-F)

; USARTC0 interrupt vectors
.equ USARTC0_RXC_vect = 50 ; Reception Complete Interrupt
.equ USARTC0_DRE_vect = 52 ; Data Register Empty Interrupt
.equ USARTC0_TXC_vect = 54 ; Transmission Complete Interrupt

; USARTC1 interrupt vectors
.equ USARTC1_RXC_vect = 56 ; Reception Complete Interrupt
.equ USARTC1_DRE_vect = 58 ; Data Register Empty Interrupt
.equ USARTC1_TXC_vect = 60 ; Transmission Complete Interrupt

; USARTF0 interrupt vectors
.equ USARTF0_RXC_vect = 238 ; Reception Complete Interrupt
.equ USARTF0_DRE_vect = 240 ; Data Register Empty Interrupt
.equ USARTF0_TXC_vect = 242 ; Transmission Complete Interrupt

; USARTF1 interrupt vectors
.equ USARTF1_RXC_vect = 244 ; Reception Complete Interrupt
.equ USARTF1_DRE_vect = 246 ; Data Register Empty Interrupt
.equ USARTF1_TXC_vect = 248 ; Transmission Complete Interrupt

Similar for 
ports D & E

ATxmega128A1Udef.inc
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XMEGA SCI Tx/Rx Pins
See doc8385, Table 33-3 

See also Tables 33-4 – 33-7
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XMEGA SCI Example
• Not on examples web page (but in provided video)

sci_polling.asm
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Universal Serial 
Bus (USB)

• USB is a serial bus standard 
to interface devices. 

USB Type A (left) and B 
(right) connectors

USB Series A plug Mini-A plug (left), 
Mini-B plug (right)

FunctionPin
VBUS (4.75-5.25V)1
D-2
D+3
GND4
ShieldShell

Type A plug and receptacle

USB Logo

• See Wikipedia for more info
> http://en.wikipedia.org/wiki/Usb

Micro-B plug
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USB 3.0

USB Series C plug

• USB 3.0
>The USB 3.0 plug also 

accepts old Micro-B 
plugs

• The USB-C is a 
connector shape, not a 
tech standard

>It 24 pins and can be connected in either 
orientation (unlike the prior standards)

>Used for transmitting both data and 
power on a single cable.

>Connector is flippable!

USB 3.0 Micro-B plug

USB-C used for 
Thunderbolt 3 and 4
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USB Info

• USB signals are transmitted on a twisted pair of 
data cables, labeled D+ and D−. 
>These collectively use half-duplex differential signaling 

to combat the effects of electromagnetic noise on longer 
lines. 

>D+ and D− usually operate 
together; they are not separate 
simplex connections. 

>Transmitted signal levels are 0 to 0.3V 
for low and 2.8V to 3.6V for high. 

>USB 1.0 speed is 12 Mb/s
>USB 2.0 speed is 480 Mb/s
>USB 3.0 speed is up to 4800 Mb/s

Thunderbolt 3 and 4 
up to 40 Gb/s
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USB to UART Bridge from 
FTDI (not on PAD)

• The FT232RL is a USB 2.0 to UART Bridge from 
FTDI (http://www.ftdichip.com/).  This chip is 
capable of taking full-speed data (12Mbps) from a 
USB cable and converting it into serial format 
using its internal UART.  
>The UART has an internal clock and can provide baud 

rates up to 1 Mbit/s.  
>The FTDI part’s data sheet can be found at

– http://mil.ufl.edu/4744/docs/DS_FT232R.pdf 
– Also see http://mil.ufl.edu/4744/docs/FTDI_USB-Serial_DS_FT230X.pdf

• Some old versions of PAD used this bridge chip
>Our PAD has the converter within the EDBG device, 

not shown on the schematics (proprietary)
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USB to UART Bridge: FTDI
FTDI USB/3.3V 

Serial

Serial LEDs

USB (type B) 
Connector

55

56



14-Jun-24—12:02 PM

29
University of Florida, EEL 4744 – File 12

© Drs. Schwartz & Arroyo

Serial Communication - Async

EEL4744

57
University of Florida, EEL 4744 – File  12

© Drs. Schwartz & Arroyo

UART to USB 
on our PAD

EBDG
Device (hidden)

EDBG_USART_CDC_TX

EDBG_USART_CDC_RX
UART_RX

UART_TX

USB_D-

USB_D+

USB (type B) 
Connector

HSUSB_D_N

HSUSBD_P

VBUS

GND

PortD_RxD0
PortD_TxD0

See doc8385, Table 33-3 
See also Tables 33-4 – 33-7

See uPAD_v2.0_schematic

EEL4744

58
University of Florida, EEL 4744 – File  12

© Drs. Schwartz & Arroyo

I2C (I2C)
• I2C: pronounced I-squared C
• I2C: pronounced I-two-C
• The name stands for Inter-Integrated Circuit

>I2C was originally made for intra-board and board to 
board communication with short wires

• I2C is a serial two-wire interface to connect low-
speed devices; examples include
>Microcontrollers, EEPROMs, ADCs, DACs
>Real-time clocks, NVRAM, LCDs

• Invented by Philips
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I2C (I2C)
• Can have more than one master
• Slaves all need unique addresses 

>Can have up to 127 slaves (or 1023)
• Master generates the clock and starts 

communication with slaves
• Slaves responds when addressed by the master
• I2C uses 8-bit data
• SCL = Serial Clock; SDA = Serial Data
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EIA-485 (RS-485)
• 2-wire serial connection (for half-duplex)

>Can use 4-wire serial for full-duplex
>Uses a differential balanced line over a twisted pair (like 

EIA-422)
>It can span 4000 feet @ 100 kbit/s;  30ft @ 5Mbit/s 
>Two pins

– A = '−' = TxD-/RxD- = inverting pin which is negative 
(compared to B) when the line is idle (i.e., data is 1). 

– B = '+' = TxD+/RxD+ = non-inverting pin which is positive 
(compared to A) when the line is idle (i.e., data is 1). 
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Bluetooth
• Serial wireless standard for sending data 

over short distances
>Originally made as an alternative to RS-232 cables
>79 Bluetooth RF channels
>Master/Slave, but can change to masters
>Every device has a 48-bit address

– Approximately 281 trillion = 281×1012

>Generally low power
>Packet-based
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Bluetooth
• Range typically less than 10 m
• Bluetooth 5.0 range up to 400 m
• Harold “Bluetooth” Gormsson was a king of 

Denmark and Norway over 1100 years ago
>He united Scandinavia, like 

Bluetooth unites devices

Get a little history about Harold at
https://youtu.be/VdmQp9M9jUo
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Ethernet (IEEE 802.3)

• 10BASE-T: 10 Mbit/s
>Uses RJ-45 connectors with twisted-pair cables 
>Maximum length 100m

• 100 BASE-T: 100 Mbit/s (IEEE 802.3u)
>100-BASE-TX: two pairs of CAT-5 twisted-pair wires
>100-BASE-T4: four pairs of normal 

twisted-pair wires (CAT-5)
>100-BASE-FX: fiber optic cables

• 100BASE-T (Gigabit Ethernet): 1Gbit/s
• 10GigE: 10Gbit/s (Cat 7); 100 GigaBit: 100Gbit/s

8P8C plug 
used with 

10BASE-T

Cat 5 cable used 
with 100 BASE-T

Cat 7 cable used 
with 10GigE
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Wi-Fi (IEEE 802.11)
• Wireless serial communication

>Uses in the 2.4GHz band (which is also used in cordless 
telephones) or 5GHz band

>802.11b (2.4GHz) [11 Mbit/s max data rate]
– 120 ft indoors 300 ft outdoors (with normal antenna)

>802.11g (2.4GHz) [54 Mbit/s max]
– 120 ft indoors, 300 ft outdoors (with normal antenna)

>802.11n (2.4GH, 5GHz band) [248 Mbit/s max]
– 230 ft indoors 820 ft outdoors (with normal antenna)

>802.11ac (2.4GH, 5GHz band) [depends on # antennas]

– Up to 1300 Mbit/s on 5GHz and 450 Mbit/s on 2.4GHz
– The effective range is best by far

>More have come in the last few years … getting better 
all the time!
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SPI: Synchronous Serial
• Lab 5: SCI in Assembly language
• Lab 6: C language going forward:

>Redo Lab 5 SCI in C 
>Use SPI to talk to an IMU (inertial measurement unit)
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The End!
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