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ATmegal284P architecture
AVR assembly language
Elementary example program
AVR Assembler

Using the simulator
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ATmegal284P diagram

+ RISC Architecture
+ 131 Instructions

&+ 32 x 8 Registers
+» 20 MIPS @ 20 MHz

& 128 Kbytes In-System
Prog. Flash Memory

& 16K Kbytes SRAM

& 4 Kbytes In-System
EEPROM
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ATmegal284P Peripherals |

- 41/0PORTS:A,B,C,D

« XTAL provides the 20 MHz
clock

PORT D (8)

TOSC2/PC7 TOSC1/PCE
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8-Channel 10 Bit ADC
with interrupt

On Chip analog
Comparator with
Interrupt.

* Prog. Watchdog Timer
 Real Time Counters
 SPIl Interface

« UART
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Flash
Program
Memory

Control Lines

10/31/2019

Direct Addressing

« Your Program resides in this 128
Kbytes memory in .hex Intel
format (hex numbers )

Interrupt
32x8 Unit

The Program Counter
Keeps track which

instruction is to be

executed next

The PC value at a subroutine call is
stored in SRAM and after the subroutine
execution (return) itis increased by 1
and loaded back.

I/O Lines
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Data Bus 8-bit

- 32 General Purpose
e Registers

Sf(g%?; ° M H
Registrers ® The Ar'thmet'c Log 'c

s Unit operates on the
32 registers

[
- 8-bit Data Bus

Control Lines

Direct Addressing
Indirect Addressing

EEPROM
I/O Lines
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Program Memory
. . 0x0000
This is the flash memory where the

program is storred and can be written and
erased reliable for at least 10000 times.
The program memory is 128 Kbytes deep. Application Flash Section
The AVR instructions are 16 or 32 but wide
and it is organized in 64 K locations each
with 16 bits.

The program counter has 16 bits.

The user code (your programs) are written
starting from the top of the program
memory (0x0000)

The bottom of the program memory
contains the Boot Flash Section.
OxFFFF
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The ATmegal284P SRAM

« 16 Kbyte SRAM. Data Memory
* The first 32 locations of the_SRAM $0000 - $001F
are reserved for the 32 Registers. $0020 - $005F
* The next 64 locations are the $0060 - $00FF
register used for 1/O. $0100
« The subsequent 160 Iocat_lons can T AT
be accessed only by certain (16K x 8)
commands [ST, STS, STD, LD,
LDS, LDD].
«  Will discuss later how does one
access the SRAM......
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AVR Assembly LLanguage

Why Assembly ?
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Registers AVR Assembly

e There are 32 registers on
ATmegal284P. You may name them

In a way that you can remember:

Example: .def VoltageRegister = rl6

e You can zero (clear) them by:
Example: clr r16 ; This would load $00 on r16
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Setting Registers |

e You can set them to ones by:

Example: ser r16 ; This would load $FF on r16
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Setting Registers I

e Both CLR and SER are
because:

REGISTER FILE
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Costas Foudas, |
Rm: 508, x4759

Using the ATmegal284P Data Sheet Summary

Arithmetic and Logic Instructions

_Mnemonics | Operands |  Descripton | Operation | Flags | #Clocks
ARITHMETIC AND LOGIC INSTRUCTIONS
(a0 TReR [ AddwoRegistes 0 [RdeRdvRe 0 Tzemve [ 1 |
ADC R, Rr
Add Immediate to Word 2
sus Rd, Rr | SubvacttwoRegistes | RdeRd-Re JzoNvA | 1|
suBl R, K | Sublract ConstantfomRegister | RdeRd-k  Jzomve | 1|
sBC R, Rr | Subiractwith Carry twoRegisters | RdeRd-R-G Jzemve [ 1|
sl
s RalK
AND | Logical ANDRegistes | RdeRderr  Tznv ] 1|
| anoi [ Rek | LogcalANDRegisterandConstat [ RdeRaek 0 Jznv ] 1]
| RaRr [ logicalORRegistes | RdecRdvRr 0 [zNv [ 1]
Rd, K
Rd, Rr Rd ¢ RA®Rr
| OnesGomplement | Rdeo®F-Re  Jzonv | 1 |

m
Q)

[ Jlrocraers 000000000 Wznv [ 1|
| frecoer N[ None ] 1]
“MutplyUnsigned —————————————  [RIR0OeRdxRr ¢ 5
| Multiply Signed withUnsigned | RR0OcRaxRe 0 lze | 2 |
| Fractonal MuiplyUnsigned | RRoc@dxmg<<t  Jze | 2 |

o]
A

m
(9]

[or ]
lorR |
[ EoR |
COM
INC

s (R ]
[(RoRr

Q
[
[

=
c

MULS
MULSU
FMUL
FMULS
FMULSU

Fractional Multiply Signed R1:R0 « (RdxRr) << 1 E T
Fractional Multiply Signed with Unsigned R1:R0 « (RdxRr) << 1 lze | 2 ]
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[_Loading a reqgister

® YOUu can set the contents of r16
by: Idi \oltageRegister, $AA

The  command will load with the HEX value $AA
to register which is just
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Two register commands

e Introduce one more register ri15:
.def RegisterTwo = ri5

e The following command:

mov RegisterTwo, VoltageRegister

will transfer the contents of
r16 ($AA) to r15

10/31/2019 Costas Foudas, Physics Dept. F3.303, Univ. of loannina 17



Direct two register

MOV Rd, Rr Note: that the direction goes

<:: Against intuition:

REGISTER FILE
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Using the ATmegal284P Data Sheet Summary

I DATA TRANSFER INSTRUCTIONS |
[[mov | R4Rr | MoveBetweenRegstes |  [[RdeRr Onore | 1 ]
| Movw [ RoRr [ CopyRegsterWord | RdBRdeRefRr [N | 1|
(o [Rok [ roagwmmedate 0000000 JRiek 0 [Nee ] 1
o |rex [ loadindwet 000000000000 JRdey 00000000000 [N ] 2 |
(1o [Rox+ [ toagindrectandPostnc. 0 |RIcp)XeXst 0 [Nee ] 2 |
|10 [Reu-X | loadindiectandPreDes. | XeX-tRIe@® [ Nee | 2 |
LD R, Y Rd « () None
Rd, Y+ | Load indirectandPostine. | Rdemyevsr [ Nee | 2 |
R, - Y [ YeY-tRdem  [Newe [ 2 |
RdY+q | Load Indirect with Displacement | Rde(veq [ Nee | 2 |
Rd, Z | loagmndiet 00 |Rew 0 [Ne | 2 |
R, Z+ | Load Indiretand Postane. | Rde@zezet  [Nee | 2 |
Rd. Zcz-1,Ric@) [ Nove [ 2 |
Rd, Z+q | LoadindrectwithDisplacement | Rie@+q [ Nme | 2 |
| LoadDirectfomsRAM | Ree® 0 [Nme | 2 |
X, Rr | soremngrest 00000 Jeer 00000000000 [ Nme | 2 |
ST
ST | xR | StreindrectandPreDec. [ XeX-teRe 0 [ Nee | 2 |
st [we [ soemdwes 0000000 Jmer 0000000000 [Nee ] 2 |
(V) RLY Y+ 1 [ Nove [ 2 |
@< Rr
@ RnZez+1 [ None |
(st | zR | SoendrectandPredec. 0 [zezt@er  IMNee | 2 |
s [zwRr | StorendiectwihDispacement | @+qeR [ Nee | 2 |
LPM | LoadProgamMemoy | rRe@® 000000000000 [Nme | 3 |
[ tPm  [Raz [ toadProgamMemoy 00000000000 JRie@ 0 [N ] 3 |
| LoadProgram MemoryandPostine | Rde@zezt [ Nee | 53 |
RO « (RAMPZZ) [ None | 3 |
Rd <
Rd  (RAMPZ:Z), RAMPZZ  RAMPZ:Z+1
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l/O Direct Addressing

To read or write to the ATmegal28P ports
use the commands:

IN Rd, PINX <:

OUT PORTX, Rr; XisA-D

/O MEMORY
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[/O and other Commands

[sem | | StoreProgram Memory (Z) < R1RO | None [ - ]
N [R4P | InPort Rd <P [None | 1|

Out Port PR |Nee | 1 |
PUSH Push Register on Stack STACK < Rr

pPop L Rd | Pop Register from Stack Rd ¢ STACK

MCU CONTROL INSTRUCTIONS

NP | [MNoopeatn | . [Ne [ 1 |
| steer | 0000000 [seep 0000000000000 | (seespeciicdescrforSleepfuncton) [ None | 1 |
worR | [ wathdogReset | (seespeciicdescr.forWDRMimer) [ MNone [ 1 |
eeac | e | Foronchpebugony [ Nore [ N |

« SPM: It allows one to write in the program memory — Dangerous
but useful

« |IN: transfers data from the PORT PINS to Registers

 OUT: transfers data from a register to PORT PINS
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