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Serial vs. Parallel
Communication
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Serial vs. Parallel Data Transfer

• Fewer connections
• Cheaper

• Great for far distances
• Slower

• Many connections
• Expensive

• More points of failure
• Faster

(One Bit at a time) (Whole Byte at a time)
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Serial Data Transfer Methods

• Synchronous
– Sender and Receiver share a clock signal
– High data transfer rate
– “Blocks” of data at a time

• Asynchronous
– Sender provides a sync signal to the Receiver 

before starting each transmission
• No shared clock but must agree upon a data-rate

– Single bytes at a time
– Slower data transfer rate but more flexible 5



Serial Data Transfer Types

• Simplex
– one-way

• Half-Duplex
– one line

• Full-Duplex
– two lines

Transmitter Receiver

Transmitter Receiver

Receiver Transmitter

Transmitter Receiver

Receiver Transmitter
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PIC Communication 
Peripherals (4 Modes)

• MSSP: Master Synchronous Serial Port Module
– SPI: Serial Peripheral Interface
– I2C: Inter-Integrated Circuit

• Full Master Mode
• Multi-Master Mode
• Slave Mode

• USART: Universal Synchronous/Asynchronous 
Receiver/Transmitter Module
– ART: Asynchronous (full-duplex)
– SRT: Synchronous (half-duplex)

• Master
• Slave 7



MSSP
SPI Mode
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MSSP
SPI Mode

Generic Example:
Clock’s Idle State = HIGH

Clock Data Out/In on RISING EDGE
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MSSP
SPI Mode

• SPI is a sync. Data Exchange protocol
• As data is clocked out, new data is clocked in

– A FULL duplex data transmission occurs for 
each SPI clock cycle (if desired)
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MSSP
SPI Mode
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MSSP
SPI Mode

MOSI

MISO
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MSSP
SPI Mode
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MSSP
SPI Mode
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MSSP
I2C Mode
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MSSP
I2C Mode

• I2C is a sync. bi-directional protocol (2 lines) 
– “Acknowledge” System
– Master-Slave relationships
– Multi-Slave & Multi-Master
– Shared Bus   
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MSSP
I2C Mode

• I2C has two signal levels (open drain)
– Float HIGH (Logic 1)
– Drive LOW (Logic 0)

17



MSSP
I2C Mode

Master writing to a Slave
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MSSP
I2C Mode

Master reading from a Slave
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MSSP
I2C Mode

Master reading from a Slave (special cond.)
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USART
Async. Full-Duplex

RX: Receive Data Pin

TX: Transmit Data Pin

Crisscross the RX/TX Pins!!

No shared clock
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USART: Async.

• TXSTA: Transmit Status and Control 
– TXREG: data to be sent out

• RCSTA: Receive Status and Control
– RCREG: where received data is put

• SPBRG: Serial Port Baud Rate Generator
– define the data rate

• Instead of a shared clock, now the data itself 
is sent out at a settable rate, BAUD Rate
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USART: Transmission
TX Output Pin

Data OUT
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USART: Reception
RX Input Pin

Data IN
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BAUD Rate in bps
(bits per second)
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BAUD Rate Ex: FOSC = 16 MHz
Want 9,600 bps (Low Speed)
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BAUD Rate Mismatch
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Common BAUD Rates
(Low Speed)
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Common BAUD Rates
(High Speed)
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USART Async. Example

• Fosc = 40 MHz
• find X = SPBRG (0-255)
• Desired BAUD Rate = 9600 bps

– High Speed:BAUD =  𝐹𝐹𝑜𝑜𝑜𝑜𝑜𝑜
4∗4(𝑋𝑋+1)

=  𝐹𝐹𝑜𝑜𝑜𝑜𝑜𝑜
16(𝑋𝑋+1)

– Low Speed: BAUD =  𝐹𝐹𝑜𝑜𝑜𝑜𝑜𝑜
4∗16(𝑋𝑋+1)

=  𝐹𝐹𝑜𝑜𝑜𝑜𝑜𝑜
64(𝑋𝑋+1)

40 MHz

10 MHz

2,500,000 Hz

625,000 Hz
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USART Async. Example

• Fosc = 40 MHz
• find X = SPBRG (0-255)
• Desired BAUD Rate = 9600 bps

– High Speed:BAUD =  𝐹𝐹𝑜𝑜𝑜𝑜𝑜𝑜
4∗4(𝑋𝑋+1)

=  𝐹𝐹𝑜𝑜𝑜𝑜𝑜𝑜
16(𝑋𝑋+1)

– Low Speed: BAUD =  𝐹𝐹𝑜𝑜𝑜𝑜𝑜𝑜
4∗16(𝑋𝑋+1)

=  𝐹𝐹𝑜𝑜𝑜𝑜𝑜𝑜
64(𝑋𝑋+1)

40 MHz

10 MHz

2,500,000 Hz

625,000 Hz

Want to slow 
down to 9600
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USART Async. Example

• Fosc = 40 MHz, find X = SPBRG (0-255)
• Desired BAUD Rate = 9600 bps

– High Speed: 9600 =  𝐹𝐹𝑜𝑜𝑜𝑜𝑜𝑜
16(𝑋𝑋+1)

 X = 40𝑀𝑀𝑀𝑀𝑀𝑀
16 ∗9600

- 1 = 259.417

– Low Speed: 9600 =  𝐹𝐹𝑜𝑜𝑜𝑜𝑜𝑜
64(𝑋𝑋+1)

 X = 40𝑀𝑀𝑀𝑀𝑀𝑀
64 ∗9600

- 1 = 64.104
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USART Async. Example

• Fosc = 40 MHz, find X = SPBRG (0-255)
• Desired BAUD Rate = 9600 bps

– High Speed: 9600 =  𝐹𝐹𝑜𝑜𝑜𝑜𝑜𝑜
16(𝑋𝑋+1)

 X = 40𝑀𝑀𝑀𝑀𝑀𝑀
16 ∗9600

- 1 = 259.417

– Low Speed: 9600 =  𝐹𝐹𝑜𝑜𝑜𝑜𝑜𝑜
64(𝑋𝑋+1)

 X = 40𝑀𝑀𝑀𝑀𝑀𝑀
64 ∗9600

- 1 = 64.104

• Select Low Speed and SPBRG = 64

> 255

<= 255
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USART: Async. Steps 
(Polling Ex.)

Reception RX: Receive Data Pin

TX: Transmit Data Pin
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USART: Async. Steps 
(Polling Ex.)

Reception

not full (not every bit has arrived yet)
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USART: Reception

Data IN

not full (not every bit has arrived yet)
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USART: Async. Steps 
(Polling Ex.)

Transmission RX: Receive Data Pin

TX: Transmit Data Pin

Typo
TXSTAbits.TX9 = 0;
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USART: Async. Steps 
(Polling Ex.)

Transmission

not empty (still has something in it)

Typo
TXSTAbits.TX9 = 0;
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USART: Transmission

not empty (still has something in it)

Data OUT
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Additional Information

• SPI
– https://www.youtube.com/watch?v=9hMsNOwY5AQ 
– https://learn.sparkfun.com/tutorials/serial-peripheral-interface-spi
– http://ww1.microchip.com/downloads/en/devicedoc/spi.pdf
– https://en.wikipedia.org/wiki/Serial_Peripheral_Interface_Bus

• I2C
– https://www.youtube.com/watch?v=fm13tIe5wSc 
– https://learn.sparkfun.com/tutorials/i2c
– http://ww1.microchip.com/downloads/en/DeviceDoc/i2c.pdf
– https://en.wikipedia.org/wiki/I%C2%B2C

• USART – Async.
– http://ww1.microchip.com/downloads/en/DeviceDoc/USART.pdf
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