Tutorial: 1/0O 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

/O Example (1)

8253 Programmable Interval P
Timer (PIT) 00 T s [T
Connected to 2 address lines

—  Supports up to 4 registers L

In x86 PC’s, the base address ~ w—— - ...

of the PIT is 0x40 (port py — | veaic W

mapped address) : 7 -

Counter0: 0100 000 0 =0x40 s —— |

Counter1: 0100 000 1 = 0x41

Counter2: 0100 0010 =0x42 controL ||
WORD

CWR: 0100 0011=0x43 REGISTER [\

Example: out value, 0x40 ;resets the ‘
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address lines

Port Numbers and CS

| IO reg1 || 1O reg4 | g%mm:

outputs ——| Binary
Vo e _p ,___ Decoder

CS )
/O reg3 | |Read/write —

logic
<_l

* AO0,A1: select on of
the 4 1/O registers

* A4,A5AG,A7: input to
binary decoder to
select and activate
one CS line

Suppose the CS signal for the above 1/O controller goes on low (active low

chip select) for A4=0, A5=1, A6=0, A7=0

Then 0010 0000 =0x20 is the “base address” of the above 1/O controller;
by “base address” we mean the address of the controller’s first I/0 register

0010 000 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
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Control Word Register

Example: When AO’A1 ? H1_D w1:1_“ ‘:J‘ ‘;0 Load Counter No. 0
are 11, thenthe 8253 [ 011 0 0|1 |Load Countero |
. . 1 0 | Load Counter No. 2
accepts information 0 | 1 [ 0 | 1] 1 | Write Mode Word
from the data bus and 15 o T Them e
stores it in the Control .21 01 1 [ 1|0 |ReadCountorNo.2
. 0 0 1 1 1 | No-Operation 3-State
Word Reg|ster 1 [ x | x | x| x [ Disable 3-State
[0 11 [ 1 [ x| X | No-Operation 3-State

8253 System Interface

« 8253’'s AO, 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 I
of a decoder (such as the
8205)




Linux 8253 Driver Code Excerpts

* arch/i38é/mach-generic/ic ports.h

Vi 4 * Machine specific IO port address definition

. . * Writt by Os. Tomita <tomit, inat. dp>
* Initialize the PIT timer. ratten Dy Osamu s Romitta Bl am oo
*
* This is alsc called after resume to bring the PIT intoc operation agai kdefir
il

LOCK EVT PERIODIC:
/* binary, mode 2, LSB/MSB, ch 0 */

34,

| /* iB259A FIC related value */
: /* LSB */ 5

HO) ; /* MSB */

/* ! _MACH IO PORTS H */

/* LATCH is used in the interval timer and ftape setup. */
f /* For divider */

Programming the 8253 (1)

Control Word Format RL—READ/LOAD:
) RL1 RLO
D; Dg Ds Dy D3 D2 D1 Do [0 [ o |Counter Latching operation (see
[sc1 [ sco AL [ RLo| m2] M1 | mojeco| READ/WRITE Frocedule Sedtion.
1 0 | Read/Load most significant byte only.
0 1 | Read/Load least significant byte only.
SC—SELECT COUNTER: 1 | 1 |Read/Load least significant byt first,
than most significant byte.
SC1 sCo
0 0 Select Counter 0 N—MODE
M2 M1 Mo
0 1 Select Counter 1 0 [ 0 Mode 0
1 0 Select Counter 2 0 0 ! Mode 1
. X 1 0 Mode 2
1 | Illegal X 1 1 Mode 3
1 o 0 Mode 4
1 0 1 Mode 5
Control Word: 0x34 = 0011 0100
BCD:
0 Binary Counter 16-Bits
1 Binary Coded Decimal (BCD) Counter
{4 Dacades)




Programming the 8253 (2)

MODE Control Word Al
Counter n
LSB Counter Register byte No.1 uooecomgww !
Counter n N MODE Control Word |
) Guunh(a;uﬂagistwbyte 0.2 Counter 1 !
ntarn
(I - No.3 MODEqunr;r?IZWord i 1
No.4 | Lsp CountPegiterByto | , |
No.5 [msp CoumRedsterByte | |
No.6 | LsB cw"é:':g::e; Bte | 4 | o
No.7 | MSB Countcg:r?::rtezr Byte | 4 | g
Noo|Lso Coutfemsesie | o | g
No.o | msg CourRegierBite |, | o
8259A Programmable Interrupt X | ‘
Controller (PIC) | :
» Connected to only 1 address line N B = S
— Supports up to 2 registers S e | ] |
* Inx86 PC’s, the base address of 0
the PIC is 0x20 l | 1}
-~ 0010 0000=0x20 5 —ed o
-~ 0010 0001=0x21 S [ s ’T:::;
* No real one-to-one mapping p—] 1 BTl e it Qe e
between addresses and PIC 7 =
registers in this case s l i i "
— Used to decipher and differentiate
between various command words T e - INTERRUPT MASK HEG
— One of the I/O registers (ISR, IRR, 7 7 Jeoleiifiod ™
IMR) can be addressed by a

sequence of command words (i.e., swm— 1
send register address in data

command word, followed by another

read/write command to read/write

register)

T IMTERNAL BUS




