
 AVRهیکزٍ کٌسزلزّای 

 داًشکذُ تزق ٍ رتازیک
 داًشگاُ صٌعسی شاّزٍد

 
 حسین خسروی

91-1390 

 

 



 مقدمٍ

ساخسار سادُ یک کاهدیَزز 
 ّای ِ ، اتشارّای ٍرٍدی خزٍجی، RAM  ٍROMخزداسًذُ هزکشی، حافظ

 گذرگاّْای آدرس ٍ دادُ
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 (ROM)اوًاع حافظٍ کد 

  PROM  یاOTP  :زٌْا یک تار قاتلیر ًَشسِ شذى دارد. 
EPROM  یاUV-EPROM 

 دقیقِ در هجاٍرذ  20قاتلیر خاک شذى دارد؛UV 
 ًُیاس تِ دٍ دسسگاprogrammer ُخاک کٌٌذ ٍ 
تار ّشار: زعذاد دفعاذ ًَشسي ٍ خاک کزدى 
(کیلَتیر 64ظزفیر ) 2764: هثال 

 

EEPROM 
قاتلیر خاک شذى الکسزیکی 
ُخاک کزدى تایسْای دلخَا 
 (ًیاس تِ هذار تزًاهِ ریش)قاتلیر تزًاهِ ریشی رٍی تزد 
تارّشار  100: زعذاد دفعاذ ًَشسي ٍ خاک کزدى 
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 ادامٍ -(ROM)کد اوًاع حافظٍ 

Flash 
EEPROM سزیع 
 ثاًیِشذى کل حافظِ در کوسز اس یک خاک 
تارّشار  100: زعذاد دفعاذ ًَشسي ٍ خاک کزدى 

 هَرد اسسفادُ در تایاس کاهدیَزز ٍ حافظِ تزًاهِ هیکزٍّایAVR 
در آیٌذُ جایگشیي دیسکْای سخر خَاّذ شذ 

 

Mask ROM 
 ُزَسط زَلیذ کٌٌذIC تزًاهِ ریشی هی شَد 
َُهٌاسة تزای زَلیذ اًث 

 ُخس اس ًْایی شذى کذ، آى را تِ ساسًذIC دادُ زا زَلیذ کٌذ. 
 

ِّای : ًکس ِ  .خایِ تزای دادُ دارًذ ROM ،8زوام حافظ
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 (RAM)اوًاع حافظٍ دادٌ 

 حافظِ ایسسا یاSRAM 

اس فلیح فلاج ساخسِ شذُ ٍ ًیاسی تِ زاسُ ساسی ًذارد  . 
 (ززاًشیسسَر 6زا  4ّز سلَل ) حجن تیشسزی رٍی ززاشِ اشغال هی کٌذ 

 

 حافظِ خَیا یاDRAM 

ًیاس تِ زاسُ ساسی دارد. اس خاسى تزای سلَلْای حافظِ اسسفادُ هی کٌذ. 
کوسزظزفیر تالا، ّشیٌِ کوسز ٍ هصزف تزق : هشایا 

 

 حافظِ غیزفزّارNV-RAM 

 هشایایRAM  ٍROM را شاهل هی شَد 
 سلَلْایSRAM  تا زکٌَلَصیCMOS (کن هصزف) 
 (سال 10قاتلیر ًگْذاری اطلاعاذ زا )تاززی لیسیَم داخلی 

 کٌسزل َّشوٌذ جزیاى خیيVCC جْر سَئیچ کزدى تیي هٌثع داخلی ٍ خارجی 
 

ِخَاًذى در دفعاذ ًَشسي ٍ زعذاد : ًکسRAM  اسرتیٌْایر. 
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 SRAMومًوٍ ای از 

6116: هثالی اس حافظِ ایسسا 
 خیٌْایA0-A10  2اهکاى آدرس دّیk خاًِ را فزاّن هی کٌٌذ. 
 خیٌْایD0-D7  تیسی تَدى خاًِ ّای حافظِ اسر 8تیاًگز. 
ِ2: ساخسار حافظkx8 
WE (Write Enable  ) 

ِتزای ًَشسي رٍی حافظ 

OE (Output Enable) 
ِتزای خَاًذى اس حافظ 

 خیٌْای کٌسزلیWE  ٍOE فعال ّسسٌذ-صفز. 
CS (Chip Select) 

ِتزای اًسخاب ززاش 
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 SRAMومًدار زماوبىدی وًشته در 

ًَشسي 
 خایِ ّایA0-A10 را فزاّن کٌیذ 
 ِخایCS را فعال کٌیذ 
WE را فعال کٌیذ 
 دادُ ّا را درD0-D7 قزار دّیذ 

ًسخِ کاهلسز 
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Ref: Embedded Controller Hardware Design (by Ken Arnold) 



 زمان بىدی خًاودن
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Ref: Embedded Controller Hardware Design (by Ken Arnold) 
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Typical SRAM Timing 

Write Timing: 

D 

Read Timing: 

WE_L 

A 

Write 
Hold Time 

Write Setup Time 

A 

D OE_L 

2 N words 
x  M bit 
SRAM 

N 

M 

WE_L 

Data In 

Write Address 

OE_L 

High Z 

Read Address 

Junk 

Read Access 
Time 

Data Out 

Read Access 
Time 

Data Out 

Read Address 

OE determines direction 
     Hi = Write, Lo = Read 
Writes are dangerous! Be careful! 
     Double signaling: OE Hi, WE Lo 



 DRAMبستٍ بىدی 

  زعذاد سیاد خیٌْای آدرس 
 اسسفادُ اس زکٌیک چیذهاى

 هاززیسی
 دسسزسی تِ خاًِ ّای حافظِ تا

 RAS  ٍCASاسسفادُ اس 
  زعذاد خیٌْای لاسم تزاتز اسر تا

 RAS  ٍCASخیي تزای  2+ ًصف 
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 کد گشایی آدرس حافظٍ

 ّای خارجی تایذ هحذٍدُ ی آدرس خاص  جاًثی هاًٌذ ّز اتشار ِ حافظ
 .خَد را داشسِ تاشٌذ

 

 ِهثلا اگز دٍ حافظROM  2خارجی تا ساخسارkx8  دارین هی زَاًین
ٍ دیگزی را در   0X0000-0X07FFیکی را در هحذٍدُ ی آدرس 

 .جاگذاری کٌین 0X5000-0X57FFهحذٍدُ ی آدرس 
 

 ِتِ ایي عول ًگاشر حافظ(memory mapping )گَیٌذ. 
 

  تزای ایي کار خیٌْای کن ارسش گذرگاُ آدرس را تِ خطَط آدرس
کزدُ ٍ خیٌْای تاقیواًذُ را تا اسسفادُ اس گیسْای  هسصل  ROMحافظِ 

 .هٌطقی یا هالسی خلکسز تِ آدرس هَرد علاقِ ًگاشر هی دّین
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National Cheng Kung University 25 
HANEL 

  MEMORY 
 ADDRESS 
DECODING 

The CPU provides the address of the 
data desired, but it is the job of the 
decoding circuitry to locate the selected 
memory block 
 Memory chips have one or more pins called 

 CS (chip select), which must be activated 
 for the memory’s contents to be accessed 

 Sometimes the chip select is also referred 

 to as chip enable (CE) 
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  MEMORY 
 ADDRESS 
DECODING 
   (cont’) 

In connecting a memory chip to the 
CPU, note the following points 
 The data bus of the CPU is connected 

 directly to the data pins of the memory chip 

 Control signals RD (read) and WR (memory 

 write) from the CPU are connected to the 
 OE (output enable) and WE (write enable) 
 pins of the memory chip 

 In the case of the address buses, while the 

 lower bits of the address from the CPU go 
 directly to the memory chip address pins, 
 the upper ones are used to activate the CS 
 pin of the memory chip 
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  MEMORY 
 ADDRESS 
DECODING 
   (cont’) 

Normally memories are divided into 
blocks and the output of the decoder 
selects a given memory block 
 Using simple logic gates 

 Using the 74LS138 

 Using programmable logics 
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    MEMORY 
   ADDRESS 
  DECODING 
  

 Simple Logic 

Gate Address 
     Decoder 

The simplest way of decoding circuitry 
is the use of NAND or other gates 
 The fact that the output of a NAND gate is 

 active low, and that the CS pin is also 
 active low makes them a perfect match 

A15-A12 must be 0011 in 

order to select the chip 

This result in the assignment 

of address 3000H to 3FFFH to 

this memory chip 

CS 

RD WR 

MEMR 

MEMW 

A0 

A11 
4K*8 

D7 D0 

D0 

 

D7 

A12 

A13 

A14 

A15 

A0 

A11 
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    MEMORY 
   ADDRESS 
  DECODING 
  

Using 74LS138 

 3-8 Decoder 

This is one of the most widely used 
address decoders 
 The 3 inputs A, B, and C generate 8 active- 
 low outputs Y0 – Y7 
  Each Y output is connected to CS of a memory 
  chip, allowing control of 8 memory blocks by a 
  single 74LS138 

 In the 74LS138, where A, B, and C select 

 which output is activated, there are three 
 additional inputs, G2A, G2B, and G1 
  G2A and G2B are both active low, and G1 is 
  active high 
  If any one of the inputs G1, G2A, or G2B is not 
  connected to an address signal, they must be 
  activated permanently either by Vcc or ground, 
  depending on the activation level 
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  MEMORY 
 ADDRESS 
DECODING 

Using 74LS138 
 3-8 Decoder 
  (cont’) 

74LS138 Decoder 

Vcc GND 

A 

B 

C 

G1 G2A G2B 

Y0 
Y1 

Y2 

Y4 
Y3 

Y5 

Y6 

Y7 

 Enable 

Function Table 

CE 

OE Vpp 

MEMR 

Vcc 

A0 

A11 
4K*8 

D7 D0 

D0 

 

D7 

A0 

A11 

Y4 
Y3 
Y5 

Y6 

Y7 

Y0 
Y1 

Y2 

A 

B 

C 

G2A 

G2B 

 G1 

A12 

A13 

A14 

 A15 

GND 

  Vcc 
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    MEMORY 
   ADDRESS 
  DECODING 
  

Using 74LS138 

 3-8 Decoder 
     (cont’) 

Looking at the design in Figure 14-6, find the address range for the 
Following. (a) Y4, (b) Y2, and (c) Y7. 
 
 
Solution : 

(a) The address range for Y4 is calculated as follows. 

A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 
 0     1     0     0    0     0    0   0   0   0   0   0   0   0   0   0 
 0     1     0     0    1     1    1   1   1   1   1   1   1   1   1   1 
The above shows that the range for Y4 is 4000H to 4FFFH. In Figure 
14-6, notice that A15 must be 0 for the decoder to be activated. Y4 will 
be selected when A14 A13 A12 = 100 (4 in binary). The remaining 
A11-A0 will be 0 for the lowest address and 1 for the highest address. 
(b) The address range for Y2 is 2000H to 2FFFH. 
A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 

0     0     1     0 
0     0     1     0 

0     0    0   0   0   0   0   0   0   0   0   0 
1     1    1   1   1   1   1   1   1   1   1   1 

(c) The address range for Y7 is 7000H to 7FFFH. 
A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 

0     1     1     1 
0     1     1     1 

0     0    0   0   0   0   0   0   0   0   0   0 
1     1    1   1   1   1   1   1   1   1   1   1 
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   MEMORY 
  ADDRESS 
 DECODING 
  

    Using 

Programmable 
     Logic 

Other widely used decoders are 
programmable logic chips such as PAL 
and GAL chips 
 One disadvantage of these chips is that 

 one must have access to a PAL/GAL 
 software and burner, whereas the 74LS138 
 needs neither of these 

 The advantage of these chips is that they 

 are much more versatile since they can be 
 programmed for any combination of 
 address ranges 



 CPUطرز کار 
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 INSIDE THE 
  COMPUTER 
  

    Internal 

Organization of 
   Computers 
     (cont’) 

CPU 

Read/ 

Write 

RAM 

The CPU is connected to memory and 
I/O through strips of wire called a bus 
 Carries information from place to place 
  Address bus 
  Data bus 

  Control bus 
 
 
 
   Address bus 

ROM Printer Disk Monitor Keyboard 

Data bus 
 
 
Control bus 
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 INSIDE THE 
  COMPUTER 
  

    Internal 

Organization of 
   Computers 
     (cont’) 

Address bus 
 For a device (memory or I/O) to be 
 recognized by the CPU, it must be 
 assigned an address 
  The address assigned to a given device must 
  be unique 
  The CPU puts the address on the address bus, 
  and the decoding circuitry finds the device 

Data bus 

 The CPU either gets data from the device 
 or sends data to it 

Control bus 

 Provides read or write signals to the 
 device to indicate if the CPU is asking for 
 information or sending it information 
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INSIDE THE 
 COMPUTER 
  

 More about 

  Data Bus 

The more data buses available, the 
better the CPU 
 Think of data buses as highway lanes 

More data buses mean a more 

expensive CPU and computer 
 The average size of data buses in CPUs 

 varies between 8 and 64 

Data buses are bidirectional 

 To receive or send data 

The processing power of a computer is 

related to the size of its buses 
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INSIDE THE 
 COMPUTER 
  

 More about 

Address Bus 

The more address buses available, the 
larger the number of devices that can 
be addressed 
The number of locations with which a 
CPU can communicate is always equal 
to 2x, where x is the address lines, 
regardless of the size of the data bus 
 ex. a CPU with 24 address lines and 16 
 data lines can provide a total of 224 or 16M 
 bytes of addressable memory 
 Each location can have a maximum of 1 

 byte of data, since all general-purpose 
 CPUs are byte addressable 

The address bus is unidirectional 
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 INSIDE THE 
   COMPUTER 
  

CPU’s Relation 

  to RAM and 
    ROM 

For the CPU to process information, 
the data must be stored in RAM or 
ROM, which are referred to as primary 
memory 
ROM provides information that is fixed 
and permanent 
 Tables or initialization program 

RAM stores information that is not 
permanent and can change with time 
 Various versions of OS and application 
 packages 
 CPU gets information to be processed 
  first form RAM (or ROM) 
  if it is not there, then seeks it from a mass 
  storage device, called secondary memory, and 
  transfers the information to RAM 
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INSIDE THE 
 COMPUTER 
  

Inside CPUs 

Registers 
 The CPU uses registers to store 

 information temporarily 
  Values to be processed 

  Address of value to be fetched from memory 

 In general, the more and bigger the 

 registers, the better the CPU 
  Registers can be 8-, 16-, 32-, or 64-bit 

  The disadvantage of more and bigger registers 

  is the increased cost of such a CPU 
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INSIDE THE 
 COMPUTER 
  

Inside CPUs 
  (cont’) 

Flags ALU 

Program Counter 
 
 
 
 
 
 
Instruction Register 
 
 
 
Instruction decoder, 

timing, and control 

Register A 
 
Register B 
 
Register C 
 
Register D 

Internal 

buses 
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INSIDE THE 
 COMPUTER 
  

Inside CPUs 
  (cont’) 

ALU (arithmetic/logic unit) 
 Performs arithmetic functions such as add, 
 subtract, multiply, and divide, and logic 
 functions such as AND, OR, and NOT 

Program counter 

 Points to the address of the next 
 instruction to be executed 
  As each instruction is executed, the program 
  counter is incremented to point to the address 
  of the next instruction to be executed 

Instruction decoder 

 Interprets the instruction fetched into the 
 CPU 
  A CPU capable of understanding more 
  instructions requires more transistors to design 
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INSIDE THE 
 COMPUTER 
  

    Internal 

  Working of 
   Computers 

Ex. A CPU has registers A, B, C, and D and it has an 8-bit 
data bus and a 16-bit address bus. The CPU can access 
memory from addresses 0000 to FFFFH 

Assume that the code for the CPU to move a value to 

register A is B0H and the code for adding a value to 
register A is 04H 

The action to be performed by the CPU is to put 21H into 

register A, and then add to register A values 42H and 12H 
 
 
 
... 
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INSIDE THE 
 COMPUTER 

 Internal 
Working of 
Computers 
  (cont’) 

Ex. (cont’) 
Action 

Move value 21H into reg. A 
Code 

B0H 
Data 

21H 

Add value 42H to reg. A          04H                42H 
Add value 12H to reg. A          04H                12H 
 
 
Mem. addr.   Contents of memory address 
1400            (B0) code for moving a value to register A 
1401            (21) value to be moved 
1402            (04) code for adding a value to register A 
1403            (42) value to be added 
1404            (04) code for adding a value to register A 
1405            (12) value to be added 
1406            (F4) code for halt 
 
 

... 



 معماری ين ویًمه ي َاريارد
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هعواری ٍى ًیَهي 
گذرگاُ دادُ ٍ آدرس هشسزک تزای دادُ ّا ٍ کذ 
هَرد اسسفادُ در اکثز کاهدیَززّای اهزٍسی 

 

 

     Data) 

 CPU 
 
  Address 

  Data 
  Control 

   Bus system 

 
 
 

    Von Neumann architecture 
 

Outside world 

Clock 



 معماری َاريارد

  دٍ گذرگاُ دادُ ٍ دٍ گذرگاُ آدرس 
یکی تزای دادُ ّا ٍ اتشارّای جاًثی 

دیگزی تزای کذ 
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Clock 

CPU 

Peripheral 

Outside world 

Data Program 

Memory 
 
 
 
 
 
  Address 

  Data 
  Control 
 

 Data Bus System 

  Memory 
 
 
 
 
 
 Address 

 Data 
 Control 
 
 
Program Bus System 

 Harvard architecture 



 تمریىُای فصل صفر

 سٍج تِ دلخَاُزوام زوزیٌْای فزد یا زوام زوزیٌْای! 
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