
Tutorial: I/O Controllers

• In this tutorial, we’ll look at some example 
I/O components and discuss how they 
software can program them

• Topics covered:
– Intel 8253 PIT

– Port Numbers and CS (Chip Select)

– Linux 8253 Driver Excerpts

– Intel 8259 PIC

I/O Example (1)

8253 Programmable Interval 
Timer (PIT)

• Connected to 2 address lines
– Supports up to 4 registers

• In x86 PC’s, the base address 
of the PIT is 0x40 (port 
mapped address)

• Counter 0: 0 1 0 0  0 0 0 0 = 0x40

• Counter 1: 0 1 0 0  0 0 0 1 = 0x41

• Counter 2: 0 1 0 0  0 0 1 0 = 0x42

• CWR:        0 1 0 0  0 0 1 1 = 0x43

Example: out value, 0x40 ; resets the  
value of counter 0



Port Numbers and CS

• A0,A1: select on of 
the 4 I/O registers

• A4,A5,A6,A7: input to 
binary decoder to 
select and activate 
one CS line 
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• Suppose the CS signal for the above I/O controller goes on low (active low 
chip select) for A4=0, A5=1, A6=0, A7=0

• Then 0 0 1 0  0 0 0 0 = 0x20 is the “base address” of the above I/O controller; 
by “base address” we mean the address of the controller’s first I/O register

• 0 0 1 0  0 0 0 1 = 0x21 would be the address of I/O register 2, etc. 

Port Numbers and CS (Chip 
Select) Signals

• The Intel 8205 Binary Decoder 
is an example of a binary 
decoder that provides this 
functionality



Control Word Register

Example: When A0,A1 
are 11, then the 8253 
accepts information 
from the data bus and 
stores it in the Control 
Word Register

8253 System Interface

• 8253’s A0, A1 inputs 
connect to the A0, A1 
address bus signals of 
the CPU

• CS can be derived either 
directly from the address 
bus, or it can be 
connected to the output 
of a decoder (such as the 
8205)



Linux 8253 Driver Code Excerpts

Programming the 8253 (1)

Control Word: 0x34 = 0011 0100



Programming the 8253 (2)

I/O Example (2)
8259A Programmable Interrupt 

Controller (PIC)
• Connected to only 1 address line

– Supports up to 2 registers
• In x86 PC’s, the base address of 

the PIC is 0x20
– 0 0 1 0  0 0 0 0 = 0x20
– 0 0 1 0  0 0 0 1 = 0x21

• No real one-to-one mapping 
between addresses and PIC 
registers in this case

– Used to decipher and differentiate 
between various command words 

– One of the I/O registers (ISR, IRR, 
IMR) can be addressed by a 
sequence of command words (i.e., 
send register address in data 
command word, followed by another 
read/write command to read/write 
register)


