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Specifications

80286 80386 80486
Date 1982 1985 1989
CPU speed 6 - 25 MHz 12- 40 MHz 16 - 100 MHz
Cores 1 1 1
Registers (Programmer) | 8, 15 total 16, ? 16, ?
RAM 16 MB 4 GB 4 GB
Functional Units 4 6 9
Pipeline stages 3 3 9
Cache off chip 0 Yes (support) Yes (support)
Cache on chip 0 0 8 KB
Transistors 134,000 275,000 > 1,000,000

Microprocessors and Microcontrollers
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INTRODUCTION TO 80x86 PROCESSORS

» The origin of 80x86 processors began in the year 1978 with
the introduction of 8086 processor.

» Similar to the 8086 processor, 8088 processor was invented
which had 16 bit registers similar to 8086 processor.

» The major difference between 8086 and 8088 is that 8086 had
a 16-bit external data bus and a 16-bit internal data bus
whereas the 8088 processor had an 8-bit external data bus and
a 16-bit internal data bus.

» Similarly 80186/80188 processors were invented which
consist of additional reserved interrupt vectors.
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» Then later 80286 processor was invented which has several new features
compared to 8086.

» This 80286 has got two different operating modes i.e. real address mode
and protected address mode.

> In real mode the 80286 uses 24 bits to address up to 16 megabytes of
memory. In the protected mode the 80286 uses 32 bits to address up to 1
gigabyte of memory.

» The 80386 added memory paging and introduced 32-bit processing. The
size of data registers were increased to 32 bits.

» The 80486 had an 8 KB on-chip SRAM cache stores the most commonly
used instructions and data (16 KB and/or write-back on some later models).
The 80386 had no such internal cache but supported a slower off-chip
cache.

» The 80486 has a 32-bit data bus and a 32-bit address bus. The 32-bit
address bus means that 4 GB of memory can be directly addressed.
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INTERNAL ARCHITECTURE OF 80386
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» To enhance the performance 80386 has six functional units
which are processed in parallel.
» The bus unit
» The prefetch unit
» The decode unit
» The execution unit
» The page unit
» The segment unit
Bus unit:
» Used to interface to the external devices.

» Provides a 32-bit data bus, 3-bit address bus, and various other
signals needed to control the transfers over the bus.

» 8-bit, 16-bit, 32-bit data transfers are supported.
» 80386 has separate pins for address and data bus lines.
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» The processing unit contains
» Latches and drivers for address bus
» Transceivers for data bus

» Control logic for signaling with respect to memory input/output or
interrupt related bus cycle is to be performed.

Prefetch Unit:
» Performs a mechanism known as instruction stream queue.

» This queue permits a prefetch up to 16 bytes of instruction
code.

» If the queue is not full and execution unit is not performing
any kind of read/write operations from the memory, the
prefetch unit will signal the bus interface unit to fetch the next
sequential instructions.

» Prefetch instructions are held in the FIFO queue.
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» The bytes loaded into the queue are automatically shifted up through the
queue to empty the location near the output.

Decode unit:

» Accesses the output end of prefetch unit.

» Reads the machine code instructions from the prefetch unit and decodes
them into microcode instruction format used by the execution unit.

» The decode unit use three fully decoded instructions to be used by the
execution unit.

» Performance of the CPU is increased.
Execution unit:

» Involves ALU operations, special multiply-divide, and shift hardware and a
control ROM.

» Control ROM contain the microcode sequences that define the operation
performed by each of the machine code instructions.

> Reads the decoded instructions from the instruction queue and perform the
operations that are specified.
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Page and Segment unit:

» Provide the memory management and protection services for 80386
processor.

» They offload the responsibility for address generation, address translation
and segment checking from the bus interface unit and thereby further
boosting the performance of the CPU.

» The segment unit contains the dedicated hardware for performing high
speed address calculations, logical to linear address translation, and
protection checks.

» Paging unit implements the protected mode paging model of the 80386
memory management.

» Page unit contains the buffer which stores recently used page directory, and
page table entries.

» When paging is enabled, the linear address produced by the segment unit is
used as the input to the paging unit.

» The linear address is translated into the physical address of the memory or
I/O location to be accessed.
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INTERNAL ARCHITECTURE OF 80486
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» The 80386 and 80486 microprocessor has the following units
common with respect to internal architecture.

» Code prefetch unit:
» Program look ahead function.
> 16-byte code queue.
» Instruction Decode Unit:
» Takes from prefetch queue
» Translates instructions into microcode.
» Stores in instruction queue for EU
» Segmentation Unit:
» Translates logical address into linear address.
» Checks for bus cycle segmentation violations.
» Paging Unit:

» Translates linear address to physical address.
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New units included in 80486:

Cache Unit:

» Cache Memory is a special very high-speed memory. It is used to
speed up and synchronizing with high-speed CPU.

» Cache memory is used to reduce the average time to access data from
the Main memory.

» If the processor finds that the memory location is in the cache, a cache
hit has occurred and data is read from cache If the processor does not
find the memory location in the cache, a cache miss has occurred.

Control Unit:
» Interpret instructions from IDU to controls Instruction Unit, Floating
Point Unit, and Segmentation Unit.
Integer Unit:
» ldentifies where the data is located.
» Perform arithmetic and logical instructions.
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SPECIAL PURPOSE REGISTERS

» The 80386 has eight 32 - bit general purpose registers
which may be used as either 8 bit or 16 bit registers.

» A 32 - bit register known as an extended register, is
represented by the register name with prefix E.

» Example : A 32 bit register corresponding to AX is EAX,
similarly BX is EBX etc.

» The 16 bit registers BP, SP, Sl and DI in 8086 are now
available with their extended size of 32 bhit and are
names as EBP,ESP,ESI and EDI.

» AX represents the lower 16 bit of the 32 bit register EAX.
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» BP, SP, SI, DI represents the lower 16 bit of their 32 bit
counterparts, and can be used as independent 16 bit registers.

» The six segment registers available in 80386 are CS, SS, DS,
ES, FS and GS.

» The CS and SS are the code and the stack segment registers
respectively, while DS, ES,FS, GS are 4 data segment
registers.

» FS Is used to point to the thread information block (TIB) on
windows processes . GS i1s commonly used as a pointer to a
thread local storage (TLS) .

» A 16 bit instruction pointer IP is available along with 32 bit
counterpart EIP.
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EAX  Ax ESI




Aditya Engineering College (A)

Special Registers of 80386:

Special
Registers

|

[ | |
Control Reg Debug Reg Test Reg
CRO-CR3 DRO-DR7 TR6-TR7
» Control Registers: The 80386 has three 32 bit control registers
CRO,CR1,CR2,and CR3 to hold global machine status

Independent of the executed task. Load and store instructions
are available to access these registers

Microprocessors and Microcontrollers
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» CRO is 32 bits long on 80386 processors. On X86-X64 processors it is 64

bits long. CRO has various control flags that modify the basic operation of
the processor.

» CR1 is reserved.

» CR2 contains a vaAlue called Page Fault Linear Address (PFLA). When a
page fault occurs, the address of that page is stored in CR2 register.

Debug registers:
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» Debug registers are accessed by variants of MOV instruction.
A debug register may be either source operand or destination
operand.

Breakpoint field recognition:

» The linear address field for each of the four breakpoint
conditions define a range of sequential byte addresses.

» LEN field permits a specification of one/two/four byte field.
Two byte fields must be aligned on word boundaries
(addresses that are multiple of two) and four byte fields must
be aligned on double word boundaries.

DRG:

» B0-B3 bits are set when the processor detects an enabled
debug exception.



%@?‘gﬁ%@% . . .
“i\_@ﬁ%bw\\_% Aditya Engineering College (A)

» BT bit is associated with the T bit (debug trap bit) and this BT
bit is set before entering the debug handler if a task switch has
occurred.

» BS bit Is associated with trap flag 1.e. will be set If debug
handler is entered due to occurrence of single step execution.

> BD bit is set if the next instruction will read or write one of the
eight debug registers.

» The processor will never clear the DR6 bits. The debug
handler should move zeroes to DR6 immediately before
returning.

DR7:
» Known as debug control register.

» Helps to define the debug conditions and selectively enables
and disables those conditions.
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» DRO0-DR3 has the corresponding fields R/WO through R/W3
and the processor interpret these bits as follows:
» 00 — break on instruction execution only
» 01 — break on data writes only
» 10 — undefined
» 11 — break on data reads or writes but not instruction fetch

» LENO-LENS specify the length of the data to be monitored. A
length of 1,2, or 4 bytes may be specified. The values are
Interpreted as follows:

» 00 — one byte length
» 01 — two byte length
» 10 — undefined

» 11 — four byte length

> If RWn is 00 then LENnN should also be 00.
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Test register (80486):
» This register is used to do a self test.
» Named as TR3 to TRY.

» TR6 was known as test command register and TR7 was known
as test data register.

» These registers were accessed by MOV instruction. A test
register may be either source operand or destination operand.

Flag register of 80386:
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Mate: O indicates Intel rescrved
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Virtual Mode Flag:

» If this flag is set then 80386 enters the virtual 8086 mode
within the protected mode.

» This bit is to be set only when the 80386 is in protected mode.

» This bit can be set by using IRET instruction or any task
switch operation only in the protected mode.

Resume Flag:

> It is checked at the starting of the each instruction cycle and if

It Is set then any debug fault is ignored during the instruction
cycle.

» The RF is automatically reset after successful execution of
every instruction except for IRET and POPF instructions.
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MEMORY ORGANIZATION

» The Physical memory of 80386 is organized as a sequence of
bytes. Each byte is assigned a unique address that ranges from
zero to a maximum of 2°(32) -1 (4 gigabytes).

» The two types of memory models in 80386 are

> A "flat" address space consisting of a single array of up to 4 gigabytes.
» A segmented address space consisting of a collection of segments.

Flat Model:

» In a flat model , memory is considered as a single array up to
4GB. The processor maps the 4 GB flat space onto the
physical address space by the address translation mechanisms.

» A pointer into this flat address space is a 32-bit ordinal number
that may range from 0 to 2°(32) -1.
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Segmented Model:

» In Segmented model, address space is viewed as collection of
segments. The segmented model can consist of 16,383
segments (214 - 1).

» Each segment is considered with a specified length. A segment
IS considered as a unit of contiguous address space.

» Segment sizes can range from one byte to a maximum of 232
bytes (4 GB).

» A pointer in this address space consist of two parts:

» A segment selector, which is a 16 bit field that identifies a segment.
» An offset of size 32 bits.

s
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INTRODUCTION TO MODES OF 80386

> After reset operation Is performed the 80386 processor will
enter into real address mode and will simply act as a 8086
MICroprocessor.

> The virtual mode also known as V86 mode allows the

programmer to execute 8086 applications without disturbing
the protection mechanism.

» The 80386 processor can switch from protected mode to

virtual mode to execute 8086 applications and then return to
protected mode.

» In real address mode the 80386 will act as 8086
microprocessor but will act as 32 bit registers.
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PROTECTED MODE OF 80386

» All the capabilities of 80386 can be utilized in protected mode
of operation.

» In this mode, 80386 can address up to 4GB of physical
memory and 64TB of virtual memory address space.

» The protected mode allows the use of additional instructions,
addressing modes of 80386.

Addressing in protected mode:

» The contents of segment registers are used as selectors to
address descriptors which contain the segment limit and base
address of the segment.

» The effective address (offset) is added with segment base
address to calculate linear address.
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» If the paging unit is enabled the linear address is converted
Into physical address. If the paging unit is disabled then the
linear address is used as physical address.

» The paging unit Is a memory management unit enabled iIn
protection mode.

» The paging unit allows to handle large segments of memory in
terms of pages of 4Kbyte size.

» The paging unit operates under the control of segmentation
unit.
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Protected mode addressing without paging unit:

Segment Limit

48/32-bit Pointer

Selector Offset
47131 31115 0

©
1

» Memory Operand

Access Rights
Lirmil

» Base Address

Segment Base

Segment
Cescriptor Address

Microprocessors and Microcontrollers



7
7248,

Aditya Engineering College (A)

Paging unit enabled in protected mode addressing:

Physical Addresses

= Memory Operand

48-bit Painter
/ \
Segment Offset
15 3 0
Y= 386 ™MDX CPU
kil Paging Physical
Limit | Mechanism Addrass
Base Address ‘;f ¥ @ * FHQ‘E Frame
32 - >
Segment Linear Address
Descriptor Address

Microprocessors and Microcontrollers
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4K Bytes
T

!

4K Bytes
f
L

4K Bytes
Y

! Physical Page
! 4K Bytes
i

4K Bytes
7
L

4K Bytes
Y

i
| 4K Bytes
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VIRTUAL MODE OF 80386

» In virtual mode, the 80386 can run all the 8086 applications in
virtual mode.

» Generally to enter into 8086 microprocessor the 80386 has to
be reset.

» To overcome this limitation the virtual 8086 mode has been
Introduced so that there is no need to do reset operation if the
programmer wants to do 8086 programs.

» The concept of paging enabled in 80386 microprocessor
enables it to organize the available physical memory into
pages of 4k bytes each.

» The processor can switch from protected mode to virtual mode
by setting VM bit in the flag register to logic 1.
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» The virtual mode permits the execution of 8086 applications
with all protection features of 80386.

» In virtual mode, paging can be enabled to run multiple virtual
mode tasks to provide protection mechanism.

» When paging is enabled the 20 bit linear address can be
divided into 256 pages and each page can be located anywhere
In the 4KB physical address space of 80386.
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PAGING MECHANISM OF 80386

» The below figure depicts the working of normal execution of
program in the processor physical memory.

Processor Physical
Memory

Main Program-2
(Complete

Segment of
Task 2)

Normal Execution Process

Microprocessors and Microcontrollers
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Paging mechanism:

Task 1 :
Processor Physical Memory

Task 1 -4 Pages

Task 2
Task 2 -4 Pages

Task 3
Task 3 — 4 Pages

Task 4

Microprocessors and Microcontrollers
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» All the tasks are shared In physical memory so that
multitasking is achieved in paging mechanism.

» The segmentation scheme divides the memory into variable
size segments but the paging divides the memory into fixed
Size pages.

» The limitation with variable size segments is that multitasking
cannot be done. In fixed size pages, the multitasking feature is
available.

» The advantage of the paging is that the complete segment of
the task need not be in the physical memory at any time.

» Only few pages which are currently required for execution will
be made available in the physical memory. This reduces the
memory requirement of the task which will be made available
for other tasks.
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» If the other pages are required for execution they may be
fetched from the secondary storage.

» The executed page need not be available in the memory and
the space occupied by them will be used for other tasks.

Page descriptor base register:

» The control register CR2 is used to store the 32 bit linear
address at which the previous page fault was detected.

» The page directory physical base address will be stored in CR3

register.
31 . 23 . 15 . 7 A
PAGE DIRECTORY BASE REGISTER <PDEBR> RESERUED |ER3
PAGE FAULT LIMEAR ADDRE:SS JCR2
RESERUED JCR1

S . RESERUVED ICRB
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» PE means protection enable which causes the processor to work in
protected mode.

» MP means math present controls the function of WAIT instruction used to
coordinate a processor.

» EM means emulation indicates whether coprocessor functions need to be
emulated.

» TS means task switch which is enabled the processor whenever there is
task switching.

» ET means extension type which indicates the type of the coprocessor Is
present in the system (80287/80387).

» PG means paging which indicates whether the processor uses page tables to
translate linear addresses into physical addresses.

» CR3 register is of 32 bits size, of which 20 bits are used for Page Directory
Base Register (PDBR). The bits from 8 to 11 are unused and bits from 0 to
7 are reserved.
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Paging unit:
» The paging unit of 80386 uses a two level table mechanism to
convert a linear address into physical address.

» The paging unit coverts the complete task into pages each of
size 4K. The task is handled in terms of its page rather than
segments.

» The paging unit handles the task in terms of three components
named: page directory, page tables, and page itself.

Page tables

» Each page table is of 4KB in size and contain a maximum of
1024 entries.

» The page table entries contain the starting address of the page
and statistical information about the page.
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31 121 9876543210

. P PlP|U|R
Page Base Address ~ Avail |(G|Alp|a|c|w|r|/|P

T DITIS |W

Available for system programmer’s use 41 |
Global Page

Page Table Attnibute Index
Dirty
Accessed
Cache Disabled
Write-Through
User/Supervisor
Read/Write
Present

= 1 then entry can be used in address translation.
1 then page is accessed. Otherwise it is unaccessed.

IT P
IT A
If D = 1 then write operation to the page is carried out.|

Microprocessors and Microcontrollers
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Page directory

» This Is 4KB In size. Each directory entry is of 4 bytes and thus
a total of 1024 entries are allowed In a directory.

» The 10 bits of the linear address are used as a index to the
corresponding page directory entry.

» The page directory entry frame format is shown below.

31 12 11 a
R
PAGE FRAME ADDRESS 31..12 AVUAIL |8 8|D|A|B B |/ 6 P
= — PRESENT
R/W — READAWRITE
uss -~ USER/SUPERUVISOR
D — DIRTY
AVUAIL - AUVAILABLE FOR SYSTEMS PROGRAMMER USE

NOTE: @ INDICATES INTEL RESERUED. DO NOT DEFINE.

A bit means access bit.

Microprocessors and Microcontrollers
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» The U/S (User/Supervisory) bit and the R/W (Read/Write) bit
are used to provide protection.

Aditya Engineering College (A)

S RW Permitted level 3 for Permitted for levels 2,1 or 0

( | None Read/Write
( l None Read/Write
] 0 Read only Read/Write
] l Read-Write Read/Write

» The level 0 has the highest privilege and level 3 has the least
privilege.

Microprocessors and Microcontrollers
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Paging mechanism:

3 vy, 12 0
| Dieory | Tabe | Offer
Oy Address
3 0 k)| 0 o (e | Pog. base
(RO |
4 O Page bl bos
(R2 Page table
RIf Directory base
Control registers Directory

Microprocessors and Microcontrollers
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» The offset address iIs of 12 bits size. The page table is of 10
bits size. The directory is also of 10 bits size.

» CR3 register will contain the directory base address which will
be added to the offset of directory bit which gives the address
of page table.

» The address obtained is the base address of that page table.
This will be added with the offset address of the table which
gives the address of the page base.

» The page base will be added with 12 bit offset which will give
the actual address of the page.
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'DIFFERENCES BETWEEN 80386 AND 80486

80386 Microprocessor 80486 Microprocessor
Intel introduced first microprocessor of 32 bit family It was developed by Intel in 1989 using CHMOS
- B0386 in 1985 using CHMOS I technology | IV technology .

80486 has operating frequency of 25MHz, 33MHz,

80386 has operating frequency of 20MHz to 33MHz  SOMHz and 100MHz
It has 32 bit address ling hence able to actess It has 32 bit address kne hence able to access
2 = 4GB of memory 2% = 4GB of memory
It has 32 bit data bus. It has 32 bit data bus.
It has 16 byte prefetch queve. [t has 32 byte prefetch queve.
No RISC feature RISC feature is incorporated
NO multiprocessing support capability It has multiprocessing support capability
NO on chip cache 8KB unified level 1 cache is available
4MIPS at 25MHz 15 MIPS ot 25MHz
Most instructions require 2 CLK lor execution Most of the instructions require | CLK for execution
It support numeric data processor Numeric data processor - floating point unit s

|_integrated with the processor
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RISC VS CISC

i cIsc 11 RISC '
%EWMMM :Emmonm
Mm‘ szes and formats. Instructions of same set with few
Less registers bux'm registers

More addressng modes Fewer addressing modes
,Eﬂiﬁﬁ"&i{&m microprogramming  Complexity in comprer

Muctmmnwymomoc Instructions take one cycle time

cycke
|Mm um “Piganing s easy
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