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. -

, . 

. : 
 (Data Memory)  (Program Memory). -
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 – , . 

, -
. 

/ -
. 

: , 
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- , -
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-
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HC05 H 08,  Intel  MCS-51  MCS-96, 
 Microchip  PIC12, PIC16, PIC17, PIC18, 

Atmel  AVR.  
, 
-

.  « » 
, 

: . -
, -

.  
: 

-  – -
. 

 ( , ). -
, ,  HC05 08  Moto-

rola,  8-
, . 

-  – -
. -

, , . , -
 PIC12, PIC16  Microchip  8-

, : PIC12 
12- ,  PIC16 – 14 . 

: 
- ISC- (Complicated Instruction Set Computer) – -

. 
: , , -

. 
. 

- RISC- (Reduced Instruction Set Computer) – 
. , , -

, -
. 

 RISC- -
-

. 
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-
. 

. 

1.2.  AVR-

 AVR- -
 ATMEL  90- -

.  AVR  1997 .  
AVR-  RISC- -

-
 16- . 

-
,  1 -

. 
AVR  130 . 

 AVR  FLASH- -
 4-

. 
 AVR : - , -

- , , -
, 8-10- , , -

 UART  SPI, -
. 

 AVR- -
 (  1.1), , 

, , -
.  

 1.1 
 AVR-

- -

( ) 
( )  ( ) (MIPS/M ) 

tinyAVR 8 0,5–8 6–32  20 1
megaAVR 8 4–256 28–100 20 1

AVR XMEGA 8 16–384 44–100 32 1
AVR UC3 32 16–512 48–144 66 1,5
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AVR- -
. 

, , - , -
. -

, -
, , 

.  

 tiny AVR 
 tiny AVR , 

, , 
. , 

 EEPROM , -
. -

, , -
. 

 AVR; 
 0,7 , -

. 

mega AVR 
 mega AVR 

 20 -
, 

.  mega AVR -
, , 

. 
, . 

-
,  USB 

- ,  CAN  LIN .  

AVR XMEGA 
 AVR XMEGA -

. -
. -

, -
, , -
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. 

-
.  

 AVR UC3 
 AVR UC3 -

. -
-
-

. 
, -

, -
.  

- ? 
- ? 
- ? 
- ? 
- ? 
- , -

? 
-

 1 ? 
-

? 
- -

? 
-

? 
-  AVR- ? 
-

tiny AVR? 
-

mega AVR? 
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-

AVRXMEGA? 
-   

UC3 AVR? 

-
.  AVR - 

:  (Program Memory) 
(Data Memory). 

2.1. 

. . 
 (Program Memory). 

-
,  ( ).  (

) . 
, : 0 0, 0 1, 0 2 …0xa, 

0xb…..  0 -
. -

 $, , $5, $a1. 
, , 

-  (ROM – Read Only Memory). 
, 

. -
. 

 ROM : OT-
PROM, EPROM, EEPROM  flash-memory.  

 (OTPROM – One Time Program-
mable ROM) -

, . -
, ,  $FF. -

 ( ) 
, . 
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. -
. -

 OTPROM  – -
, 

.  
 OTPROM . -

. 

 (EPROM - ErasablePROM)
OTPROM, -

. -
. -

, , -
.  EPROM -

 (20….100).  
 EPROM , -

. 

 (EEPROM - Electrically EPROM) 
. 

 EEPROM -
 ( ), -

. , -
 EEPROM,  10000. -

10…20 , 
 ( ). 

 EEPROM  (
EPROM), - . -

, 

.  
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-
- (Flash-memory)  EEPROM, -

. 
EEPRO , , 

. -
. - -

-
 « » - 

. 
. 

 Flash-memory -
/  1000….10000, -

 10 .  
- -

. 
, -

. 
,  ATmega16  8K 16-

Flash- .  16 . -
-  (0x0000…0x1FFF) 

 ( . 2.1): (Boot Program Sec-
tion),  256  2048 -

 (Application Program Section).  
Program Memory 

15 
0 

0x0000 
Application  

Program Section 
0x0001 

0x0002 

Boot Program 
Section 

0x1FFF 

. 2.1. 

ATmega16 
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. 
, -

 SPM (Store Program Memory), -
 Application Program Section. -
 Boot Program Section . 

 Boot Program Section , -
-

.  
 8  flash-memory  ATmega16 -

 128  64 . 
 fuse  BOOTSZ, -

 2.1. 
 2.1 

  (Boot Section) 

BOOTSZ1 BOOTSZ0  ( ) -
1 1  128 2 $1F80 - $1FFF 
1  0  256 4 $1F00 - $1FFF 
0  1  512 8 $1E00 - $1FFF 
0  0 1024 16 $1C00 - $1FFF 

2.2. 

(Data Memory) 
. , 

, , -
. -

 ( ) .  
: SRAM 

EEPROM. 

(SRAM – Static Random Access Memory) -
. -

 (  1….3 ). 
, 

. -
 ( ), -
. 
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-
. . 

,  ATmega16  1024 -
 SRAM. 

 1 . -
 0 60…..0 45F (  2.2). -

 32  0 0…0 1F -
 (General Purpose Registers), 

64  0 2F…0 5F – /  (Input/Output 
Registers). 

Data Memory 
7  0
General Purpose 

Registers 
0x000 

0x01F 
Input/Output 

Registers 
0x020 

0x05F 
0x060 

SRAM 

0x45F 

. 2.2. 
 ATmega16 

/
. 

 EEPROM -
-

.  SRAM 
 (  100000) -

.  EEPROM , 
. 

 EEPROM -
.  EEPROM 
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. - , , -
, -

. - , -
. 

 EEPROM -
, .  

, EEPROM  ATmega16  512 
.  100000 / . 

EEPROM / . 
, , 

 1,9  3,8 . , -

(EEPROM Write Complete). EEPROM -
.  

2.3. -

 flash- -
, 

. 
, -

.  flash-
 ATmega16. : 

-  (lock-bits) LB1  LB2 (  2.2), 
, EEPROM . 

-
 flash- . . 

 2.2 
AVR 

LB1 LB2 
1 1 
0 1  Flash   EEPROM 
0 0  Flash  EEPROM 

- (fuse-bits) 
.  fuse-

-
  , .  
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ATmega16, -
 fuse- : 

- SPIEN (SPI Enable), -
, 

- CKSEL[0..3] (Clock Select), 
, 

- SUT1:0 (Start-up Times), -
, 

- BODEN BODLEVEL, 
, 

- BOOTSZ, 
, 

- CKOPT (Oscillator Option), -
. 

 (signature-byte) -
, . 

- -
 AVR? 

-  ATmega16? 
- -

? 
- ? 
- -

 AVR- ? 
-

 EEPROM? 
-  EEPROM -

? 
-

ATmega16? 
- -

 ATmega16? 
- -

 ATmega16? 
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- -
 0x0÷0x1f? 

- -
 0x20÷0x5f? 

-

? 
- - 

? 
-

? 

3.1. 

(MCU – Microprocessor Core Unit). -
:  

- ,  
- , 
- ,
- / ,  
- .  

(PC – Program Counter) – , -
, -

. -
. 

. 
. -

. -
, 

. 
,  AVR 

 16 .  64
.  ATmega16  AVR  8
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,  13 
 AVR (213 = 8 ). 

 (GPR – General purpose registers) -
. -

, , 
. 

. , -
- , 

.  
,  AVR  32 . 

 ( . 3.1) , -
 32 . -

 SRAM, -
. 

General purpose
 registers SRAM 

R0 0x00 
R1 0x01 

R26 0x1A X-register low byte 
R27 0x1B X-register high byte 
R28 0x1C Y - register low byte 
R27 0x1D Y - register high byte 
R30 0x1E Z - register low byte 
R31 0x1F Z - register high byte 

. 3.1.  AVR 

. 
 32  (R26 …. R31), -

,  16- -
. -

 X, Y  Z. -
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 16- ,  – -
 ( . 3.2). 

15 0
 X 7  0 7  0

R27 R26 
15 0

 Y 7  0 7  0
R29 R28 

15 0
 Z 7  0 7  0

R31 R30 
. 3.2.  AVR 

/
/ -

, 
. 

. 
(flag). -

. 
, 

/ . 
,  ATmega16  64 

/  (Input/Output registers). -
/  0x00  0x3F (  1). 

(IN)  (OUT). 
. 

: . -
-

. .  
 ( ) -

. 

(Status register) -
, -

- . -
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 ( ), 
- -

.  
, 8-  AVR (SREG – Status 

register) /  (  1) 
 0x3F  3.3: 
- 7 – I (Global Interrupt Enable) - 

; 
- 6 – T (Bit Copy Storage) - ; 
- 5 – H (Half Carry Flag) – ; 
- 4 – S (Sign Bit) – .  S , 

,  (exclusive OR) -
 N  V; 

- 3 – V (Two’s Complement Overflow Flag) – 
( ); 
- 2 – N (Negative Flag) - ; 
- 1 – Z (Zero Flag) - ; 
- 0 – C (Carry Flag) - .  

. 3.3.  AVR 

 – , :  – 
 (LIFO – Last In First Out). , 

, 
. -

. -
, . 

, .  
 SRAM. 

 –  (Stack Pointer). 



. 

SRAM 

16-
Pointer High)  SPL (Stack

 0x3E  0x3D ( . 3.
 SRAM 
 11 

. 3.4. 

 (SP) 

. 

3.2. 

-

. 
, 

, 

22

, 
, 

. ATmeg
, 

k Pointer Low) /
4). 

0x000  0x045F ( . 2.2), 
SP0….SP10.  

ATm

. 
. 

, 

, 

. 

– , 
. 

. 

. 

-

, 
ga16   

 SPH  (Stack 
-

mega16

, 
-
-

, 
. 
, 
-
-

-
. 
-

-

, -
-
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. -
. 

, -
 – . -

. 
. 

, 
, 
. , -

, /
.  , , -

, -
. -

. 

. 
,  AVR 

.  16- -
, 

. , -
 32 .  16-

 16 . 

-
 ( ). -

. 
.  

,  Rd  R (Load Immediate) 
 AVR-  : 

ldi Rd,K 
 Rd. 

: Rd<- K.  
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 8- , 
, -

/ , -
. . 

-
 - Rd ( -  ; 0 ≤ d ≤  31).   -

. 
, 

inc Rd increment register Rd <- Rd + 1 
dec Rd decrement register Rd <- Rd - 1 
clr Rd clear register Rd <- 0x00 
ser Rd set register Rd <- 0xFF 

: 
- Rd - -  ( 0 ≤ d ≤  31) 
- Rr - - . 

,  
add Rd, Rr addition two registers Rd <- Rd + Rr 
sub Rd, Rr subtract two registers Rd <- Rd - Rr 
and Rd, Rr logical and two registers Rd <- Rd ⋅Rr 
or Rd, Rr logical or two registers Rd <- Rd v Rr 

-
-  Rd. 

. -
 (b)  (d  r) . 

, 
bld Rd, b bit load from T to register Rd(b) <- T
bst Rr, b bit store from register to T T <- Rr(b)

(Copy Storage)   SREG. 
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/
-

 Rd /  (  P).  
, 

in Rd, P input port Rd <-  P 
out P, Rr output port P <-  Rr 

/
/ . -

-
 0x00….0x1F.  

, 
sbi P,b set bit in I/O register I/O(P,b) <-  1 
cbi P,b clear bit in I/O register I/O(P,b) <-  0 

-
 Rd  Rr  (  0x ). 

, 
lds Rd, k load direct from SRAM Rd <-  (k) 
sts k, Rr store direct to SRAM (k) <-  Rr 

. -

. 
, 

jmp k jump PC <- k 
call k call subroutine PC<- k 

, -

-
.  
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. 
 X, Y  Z.  

, 
ld Rd, X load indirect Rd <-  (X) 
ld Rd, Y load indirect Rd <-  (Y) 
ld Rd, Z load indirect Rd <-  (Z) 

. 
 X, Y  Z. 

 (X, Y  Z) . 
: 

ld Rd, X+ load indirect and post-increment Rd <- (X), X <- X + 1 
ld Rd, Y+ load indirect and post-increment Rd <- (Y), Y <- Y + 1 

. 
 X, Y  Z. 

 (X, Y  Z) . 
: 

ld Rd, - X load indirect and pre-decrement X <-  X - 1, Rd <-  (X)

. -
 Y  Z  6 , -

. 
, 

ldd Rd,Y+q load indirect with displacement Rd <-  (Y + q) 
ldd Rd, Z+q Load indirect with displacement Rd <-  (Z + q) 

-
 Z , -

 Z (  Z). 
, , : 

lpm load program memory R1:R0 <- (Z) 
spm store program memory (Z) <- R1:R0 
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spm, , -
Boot Program Section  ( . 2.1). 

ijmp Indirect jump to (z) PC <-  Z 

  
-

. -
. 

, 
rjmp k relative jump PC <-  PC + k + 1 
rcall k relative subroutine call PC <-  PC + k + 1 

 PC + k + 1. 
 -2048  2047. 

. 
, , -

. 
, , 

, , 
. 

.  
-

: , -
, . 

ATmega16. 
 130 , -

: 
-  (data transfer instructions), 
-  (arithmetic and logic  

instructions), 
- (bit and bit-test instructions), 
-  (branch instructions). 

: 
- Rd - -  (0 ≤d≤  31), 
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- Rd* - -  16 (16 ≤d≤ 31), 
- Rr - -  (0 ≤r≤ 31), 
- Rdl:  R24, R26, R28, R30 (  ADIW   SBIW), 
- P- / , 
- P*- /  (0x00-0x1F) 
- K -  (8 ) 
- k -   
- b -  (3 ) 
- s -  (3 ) 
- X, Y, Z -  (X=R27:R26, Y=R29:R28; 

Z=R31:R30 

. , -
, ,  – -

. 
. , -

. 
-

. -
.  

, , -
.  

 AVR  34 -
, . , 

, ; 
.  ldi (load 

immediate), , -

(R16….R31), . 
 spm (store program memory), 

,  Boot Program Section 
. 

, ,  1 -
. , ,  2 

,  –  3 . 
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. 3.1 
 AVR-

mov Rd, Rr move between registers Rd <-  Rr 1 
movw Rd, Rr copy register word Rd+1:Rd <-  Rr+1:Rr 1 

ldi Rd*, K load immediate Rd <-  K 1 
ld Rd, X load indirect Rd <-  (X) 2 
ld Rd, X+ load indirect and post-inc. Rd <-  (X), X <-  X + 1 2 
ld Rd, - X load indirect and pre-dec. X <- X - 1, Rd <-  (X) 2 
ld Rd, Y load indirect Rd <-  (Y) 2 
ld Rd, Y+ load indirect and post-inc. Rd <-  (Y), Y <- Y + 1 2 
ld Rd, - Y load indirect and pre-dec. Y <- Y - 1, Rd <-  (Y) 2 

ldd Rd, Y+q load indirect with displacement Rd <-  (Y + q) 2 
ld Rd, Z load indirect Rd <-  (Z) 2 
ld Rd, Z+ load indirect and post-inc. Rd <-  (Z), Z <-  Z+1 2 
ld Rd, -Z load indirect and pre-dec Z <-  Z - 1, Rd <-  (Z) 2 

ldd Rd, Z+q loadin direct with displacement Rd <-  (Z + q) 2 
lds Rd, k load direct from SRAM Rd <-  (k) 2 
st X, Rr store indirect (X) <-  Rr 2 
st X+, Rr store indirect and post-inc. (X) <-  Rr, X <-  X + 1 2 
st - X, Rr store indirect and pre-dec. X <-  X - 1, (X) <-  Rr 2 
st Y, Rr store indirect (Y) <-  Rr 2 
st Y+, Rr store indirect and post-inc. (Y) <-  Rr, Y <-  Y + 1 2 
st - Y, Rr store indirect and pre-dec. Y <-  Y - 1, (Y) <-  Rr 2 

std Y+q,Rr store indirect with displacement (Y + q) <-  Rr 2 
st Z, Rr store indirect (Z) <-  Rr 2 
st Z+, Rr store indirect and post-inc. (Z) <-  Rr, Z <-  Z + 1 2 
st -Z, Rr store indirect and pre-dec Z <-  Z - 1, (Z) <-  Rr 2 

std Z+q,Rr store indirect with displacement (Z + q) <-  Rr 2 
sts k, Rr store direct to SRAM (k) <-  Rr 2 

lpm load program memory R0 <-  (Z) 3 
lpm Rd, Z load program memory Rd <- Z) 3 
lpm Rd, Z+ load program memory and post-inc. Rd <- Z), Z=Z+1 3 
spm store program memory (Z) <-  R1:R0 3 
in Rd, P in port  Rd <-  P 1 

out P, Rr  out port P <-  Rr 1
push Rr push register on stack STACK <-  Rr; SP<-  SP-

1
2

pop Rd pop register from stack SP<-  SP+1, Rd <-  
STACK 

2
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, 
, , , -

, , , -
. -

.  ATmega16 -
, . 

, , -
-

. 
 AVR 

 (31) , -
. -

. -
,  ( - ) -

. 
 SREG 

(Status Register),  (Carry), , -
. 

-
- .  adc (add with 

carry two registers)  sbc (subtract with carry two registers) -
. 

 (and)  (or) , 
 (eor) .  

 com (one’s complement),
,  neg (two’s 

complement ) – . 
 (set) , 

, 
(clear) – . 

 inc(increment) 
dec (decrement) . 

 tst (test for zero or minus) 
, -

. 
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 (compare) -
, 

. 
 (multiply) 

. 16- -
 R0:R1. 

. 
, : adiw (add immediate to 

word)  sbiw (subtract immediate from word), , -
. 

 3.2 

-

add Rd, Rr add without carry two registers Rd <-  Rd + Rr Z,C,N,V,H 1
adc Rd, Rr add with carry two registers Rd <-  Rd + Rr + C Z,C,N,V,H 1

adiw Rdl, K add immediate from word Rdh:Rdl  <- 
Rdh:Rdl+K 

Z,C,N,V,S 2

sub Rd, Rr subtract  without carry two  
registers 

Rd <-  Rd – Rr Z,C,N,V,H 1

subi Rd*, K subtract constant from register Rd <-  Rd – K Z,C,N,V,H 1
sbc Rd, Rr subtract with carry two registers Rd <-  Rd – Rr – C Z,C,N,V,H 1
sbci Rd*, K subtract with carry constant 

from register 
Rd <-  Rd – K – C Z,C,N,V,H 1

sbiw Rdl, K subtract immediate from word Rdh:Rd <- Rdh:Rdl–K Z,C,N,V,S 2
and Rd, Rr logical and registers Rd <-  Rd Rr Z,N,V 1 
andi Rd*, K logical and register and constant Rd <-  Rd K Z,N,V 1 
or Rd, Rr logical or registers Rd <-  Rd v Rr Z,N,V 1 
ori Rd*, K logical or register and constant Rd <-  Rd v K Z,N,V 1 
eor Rd, Rr exclusive or registers Rd <-  Rd Rr Z,N,V 1 
com Rd one’s complement Rd <-  0xFF – Rd Z,C,N,V 1 
neg Rd two’s complement  Rd <-  0x00 – Rd Z,C,N,V,H 1
sbr Rd*, K set bit(s) in register Rd <-  Rd v K Z,N,V 1 
ser Rd set register Rd <-  0xFF None 1 
cbr Rd*, K clear bit(s) in register Rd <-  Rd (0xFF – K) Z,N,V 1 
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-

clr Rd clear register Rd <-  0x00 Z,N,V 1 
inc Rd increment Rd <-  Rd + 1 Z,N,V 1 
dec Rd decrement Rd <-  Rd –1 Z,N,V 1 
tst Rd test for zero or minus Rd <-  Rd Rd Z,N,V 1 
cp Rd, Rr compare Rd – Rr Z, N,V,C,H 1
cpc Rd, Rr compare with carry Rd – Rr – C Z, N,V,C,H 1
cpi Rd*, K compare register with immediate Rd – K Z, N,V,C,H 1
mul Rd, Rr multiply unsigned R1:R0 <- Rd x Rr Z,C 2 
muls Rd, Rr multiply signed R1:R0 <- Rd x Rr Z,C 2 

mulsu Rd, Rr multiply signed with unsigned R1:R0 <- Rd x Rr Z,C 2 
fmul Rd, Rr fractional multiply unsigned R1:R0<-(Rd x Rr)<<1 Z,C 2 
fmuls Rd, Rr fractional multiply signed R1:R0<-(Rd x Rr)<<1 Z,C 2 

fmulsu Rd, Rr fractional multiply signed with 
unsigned 

R1:R0<-(Rd x Rr)<<1 Z,C 2 

(Bit And Bit-Test Instructions)
-

: , 
.  -

, / . 
. 

 AVR -
/ . 

/ . 
, 

 ( ),  ( -
). , , 

. 
.  swap 

 ( ) . 
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3.3 
 ATmega16 

- -

sbi P*,b set bit in I/O register I/O(P,b) <- 1 None 2 
cbi P*,b clear bit in I/O register I/O(P,b) <- 0 None 2 
lsl Rd logical shift left Rd(n+1) <- Rd(n), Rd(0) <- 0 Z,C,N,V 1
lsr Rd logical shift right Rd(n) <- Rd(n+1), Rd(7) <- 0 Z,C,N,V 1
rol Rd rotate left through carry Rd(0) <- C, Rd(n+1) <- Rd(n), 

C <- Rd(7) 
Z,C,N,V 1

ror Rd rotate right through 
carry 

Rd(7) <- C,Rd(n)<- Rd(n+1),C 
<- Rd(0) 

Z,C,N,V 1

asr Rd arithmetic shift right Rd(n) <- Rd(n+1), n=0..6 Z,C,N,V 1
swap Rd swap nibbles Rd(3..0) <- Rd(7..4), Rd(7..4) 

<- Rd(3..0) 
None 1 

bset s flag set SREG(s) <- 1 SREG(s) 1
bclr s flag clear SREG(s) <- 0 SREG(s) 1
bld Rd, b bit load from t to register Rd(b) <- T None 1 
bst Rr, b bit store from register  

to t 
T <- Rr(b) T 1 

sec set carry C <- 1 C 1 
clc clear carry C <- 0 C 1 
sen set negative flag N <- 1 N 1 
cln clear negative flag N <- 0 N 1 
sez set zero flag Z <- 1 Z 1 
clz clear zero flag Z <- 0 Z 1 
sei global interrupt enable I <- 1 I 1 
cli global interrupt disable I <- 0 I 1 
ses set signed test flag S <- 1 S 1 
cls clear signed test flag S <- 0 S 1 
sev set twos complement 

overflow 
V <- 1 V 1 

clv clear twos complement 
overflow 

V <- 0 V 1 

set set T in SREG T <- 1 T 1 
clt clear T in SREG T <- 0 T 1 
she set half carry flag in SREG H <- 1 H 1 
clh clear half carry flag in 

SREG 
H<- 0 H 1 
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. 
. 

-
. -

, . -
, -

, -
/ , ,  cpse (compare, skip if 

equal) ,  sbrc Rr, b (skip if 
bit in register cleared) -

 b  Rr,  brim k (branch if minus) -
 (N)  SREG.  

. 
, , , 

. 
 3.4 

ATmega16
- -

rjmp k relative jump PC <- PC + k + 1 2 
ijmp  indirect jump to (z) PC <- Z 2
jmp k jump PC <- k 3 
rcall k relative subroutine call PC <- PC + k + 1 3 
call k call subroutine PC <- k 4 
icall  indirect call to (z) PC <- Z 3
ret  subroutine return PC <- STACK 4 
reti  interrupt return PC <- STACK 4 
cpse Rd,Rr compare, skip if equal if (Rd = Rr) PC <- PC + 2 or 3 1/ 2 / 3
sbrc Rr, b skip if bit in register cleared  if (Rr(b)=0)  PC <- PC + 2 or 3 1 / 2 
sbrs Rr, b skip if bit in register is set  if (Rr(b)=1) PC <- PC + 2 or 3 1 / 2 
sbic P*, b skip if bit in i/o register cleared if (P(b)=0) PC <- PC + 2 or 3 1 / 2 
sbis P*, b skip if bit in i/o register is set  if (P(b)=1) PC <- PC + 2 or 3 1 / 2 
brbs s, k branch if status flag set  if (SREG(s) = 1) then PC <- 

PC+k + 1 
1 / 2 

brbc s, k branch if status flag cleared  if(SREG(s) = 0) then PC <- 
PC+k + 1 

1 / 2 

breq k branch if equal  if (Z = 1) then PC <- PC + k + 1 1 / 2 
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- -

brcs k branch if carry set if (C = 1) then PC <- PC + k + 1 1 / 2 
brne k branch if not equal if (Z = 0) then PC <- PC + k + 1 1 / 2 
brcc k branch if carry cleared if (C = 0) then PC <- PC + k + 1 1 / 2 
brsh k branch if same or higher if (C = 0) then PC <- PC + k + 1 1 / 2 
brlo k branch if lower  if (C = 1) then PC <- PC + k + 1 1 / 2 
brmi k branch if minus  if (N = 1) then PC <- PC + k + 1 1 / 2 
brpl k branch if plus if (N = 0) then PC <- PC + k + 1 1 / 2 
brge k branch if greater or equal, 

signed  
if (N ⊕ V= 0) then PC <- PC + k 

+ 1 
1 / 2 

brlt k branch if less than zero, signed if (N ⊕ V= 1) then PC <- PC + 
k + 1 

1 / 2 

brhs k branch if half carry flag set  if (H = 1) then PC <- PC + k + 1 1 / 2 
brhc k branch if half carry flag cleared if (H = 0) then PC <- PC + k + 1
brts k branch if T flag set if (T = 1) then PC <- PC + k + 1 1 / 2 
brtc k branch if T flag cleared  if (T = 0) then PC <- PC + k + 1 1 / 2 
brvs k branch if overflow flag is set if (V = 1) then PC <- PC + k + 1 1 / 2 
brvc k branch if overflow flag is 

cleared 
if (V = 0) then PC <- PC + k + 1 1 / 2 

brie k branch if interrupt enabled if ( I = 1) then PC <- PC + k + 1 1 / 2 
brid k branch if interrupt disabled if ( I = 0) then PC <- PC + k + 1 1 / 2 

.  nop -
-

.  sleep -
.  wdr . 

 3.5 
 ATmega16 

nop no operation none 1
sleep sleep none 3
wdr watchdog reset none 1
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3.3. 

(assembler language) – -
, -

. , , 
.  

-
, , 

, , -
. . -

. -
. -

 Atmel AVR Assembler. 
-

. -
 AVR.  

. -
 120 .  Atmel AVR -

. 
, -

, . 
, , 

. 
:  

[ :]  [ ] [ ] 
[ :]  [ ] [ ] 

:  
; [ ] 

. -
 (;) . , 

.  
: 

label: .equ var1=100 ;  var1  100 ( ) 
.equ var2=200  ;  var2  200  
test: rjmp test  ;  ( ) 
; 
; 
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, , , -
. 

-
. :  (operands), -

 (operators)  (functions).  

: 
- .  

/
. 

 ( ) 
, : ( ). -

, 
.  

, 
Lab23: mov r5,r7 ;  Lab23 

, 
. 

, 
.set pina = 0x19  ;  pina   .set 

 0x19 
-  set . 

 .set . -
. , -
 set, 

. 
,  

.set pina = 0x19  ;  pina  0x19 

.set porta = pina + 2  ;  porta 
 0x19+2=0x1B 

…… 
out porta,r2  r2  porta (

0x1B) 
-  equ . 

 equ . -
. , -

 set, . 
,  

.equ pina = 0x19   ;  pina  0x19 
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.equ porta = pina + 2  ;  porta 
0x19+2=0x1B 

…… 
out porta,r2   ;  r2  porta (  ;

0x1B) 
- ; : 
-  (decimal), , 255; 
-  (hexadecimal)  0x  $, -

, 0x0a   $0a; 
-  (binary) –  0b, , 0b00001010. 

 3.6. -
. 

. , -
. 

. 
  3.6 

 Atmel AVR Assembler 

! Logical Not 14
~ Bitwise Not 14
  - Unary Minus 14
* Multiplication 13
/ Division 13
+ Addition 12
- Subtraction 12

<< Shift left 11
>> Shift right 11
< Less than 10

<= Less than or equal 10
> Greater than 10

>= Greater than or equal 10
== Equal 9
!= Not equal 9
& Bitwise And 8
^ Bitwise Xor  7 
| Bitwise Or 6

&& Logical And 5
|| Logical Or 4
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 |  1,  0, 
 0. :  

 ldi r16,!0xf0  ;  r16  0x00 

 ~  . : 
ldi r16,~0xf0 ;  r16  0x0f  

 - . : 
ldi r16,-2 ;  –2 (0xfe)  r16  

 * . :  
ldi r30,label*2 ;  r30  label*2 

 / 
. :  

ldi r30,label/2 ;  r30  label/2 

 + . : 
ldi r30,c1+c2  ;  r30  c1+c2  

 - . : 
ldi r17,c1-c2  ;  r17  c1-c2  

 << , -
, . :  

ldi r17,1<<bitmask ;  r17  1, 
 bitmask . 

 >> , 
, . :  

ldi r17,c1>>c2  ;  r17  c1, 
 c2 .  
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 <  1, , 
; 0 – . :  

ori r18,bitmask*(c1<c2)+1  ;  r18 
 bitmask*(c1<c2)+1  

 <=  1, 
, ; 0 – . :      

ori r18,bitmask*(c1<=c2)+1 ;  r18 -
. 

  >  1, , 
; 0 – . :  

ori r18,bitmask*(c1>c2)+1 ;  r18 

 >=  1, 
; 0 -  . :  

ori r18,bitmask*(c1>=c2)+1 ;  r18 

 ==  1, -
; 0 -  . :  

andi r19,bitmask*(c1==c2)+1  ;  r19 

 |=  1, -
; 0 -  . :  

.set flag=(c1|=c2)  ;  flag 

 & -
. :  

ldi r18,High(c1&c2)  ;  r18 

 ^ 
.  :   

ldi r18,Low(c1^c2)   ;  r18 
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 | . 
:  

ldi r18,Low(c1|c2) ;  r18 

 &&  1, ; 0 – 
. :   

ldi r18,Low(c1&&c2)  ;  r18 

 ||  1, 
, 0 – . :  
ldi r18,Low(c1||c2)  ;  r18 

, 
- low(expression)  ; 
- high(expression)  ; 
- byte2(expression) , high; 
- byte3(expression) ; 
- byte4(expression)  ; 
- lwrd (expression)   0-15 ; 
- hwrd (expression)   16-31 ; 
- page (expression)   16-21 ; 
- exp2 (expression)   2 ,   -

; 
- log2(expression)   log2 

. 

, -
, , 

, . -
 AVR  3.7. 
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 3.7 
 Atmel AVR Assembler 

byte Reserve byte to a variable 
cseg Code Segment 
db Define constant byte(s) 

def Define a symbolic name on a register 

device Define which device to assemble for 
dseg Data Segment 
dw Define Constant word(s) 

endmacro End macro 
equ Set a symbol equal to an expression 
eseg EEPROM Segment  EEPROM 
exit Exit from file 

include Read source from another file 
list Turn list file generation on 

listmac Turn Macro expansion in list file on 
nolist Turn list file generation off 
org Set program origin 
set Set a symbol to an expression 

: .

device 
 device (Define which device to assemble for) -

. -
, 

. 
EEPROM , , -

. , -
, 
 EEPROM . ,  

.device atmega16  ;  atmega16 
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-
. , , -

,  – , -
 –  EEPROM. 

 CSEG,  –  DSEG,  EEPROM 
– ESEG.

cseg 
 cseg (Code segment) . 

, 
.  cseg 

byte.  org. 
 cseg . ,  

.cseg  ; 
const: .dw 2  ;  0x0002 
mov r1,r0  ;   

dseg 
 dseg (Data segment) . 

. 
 byte. -

 SRAM  org. -
. ,  

.dseg   ; 
var1:  .byte 1  ;  1   var1 
table:  .byte tab_size ;  tab_size .  
.cseg  
ldi r30,low(var1)  ;  z 
ldi r31,high(var1) ;  z  
ld r1,z   ;   var1  r1  

eseg 
 eseg (EEPROM Segment) 

EEPROM.  EEPROM. 
 EEPROM  db  dw. -

 EEPROM  org. 
 eseg . ,  

.dseg   ; 
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var1:   .byte 1           ;  1  var1 
table:  .byte tab_size   ;  tab_size 
.eseg  
eevar1: .dw 0xffff   ;  1  eeprom  

byte 
 byte (Reserve bytes to variable) 

 (SRAM). .. 
, . 

. ,  
.dseg  
var1:    .byte 1   ;  1  var1 
table:   .byte tab_size ;  tab_size 
.cseg  
ldir30,low(var1)   ;  z 
ldir31,high(var1)   ;  z 
ld r1,z    ;  var1  1  

. , -
 EEPROM , 

( ), -
, 

. 

db
 db (Define constant byte(s)in program memory and EEPROM) 

 EEPROM.  db -
.  db , -

, , .  db 
   EEPROM.  

 –128….255. 
, -

.  - , 
. 

 db  cseg 
, -
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. 
, 

, -
 db . ,  

.cseg 
consts: .db 0, 255, 0b01010101, -128, 0xaa 
.eseg 
const2: .db 1,2,3 

dw 
 dw (Define constant word(s) in program memory and EEPROM) 

 2  EEPROM.  
. , 

.  dw 
 EEPROM. -

 -32768  65535. 
. 

. , 
.cseg 
varlist:  .dw 0, 0xffff, 0b1001110001010101, -32768, 65535 
.eseg 
eevarlst: .dw 0,0xffff,10  

def 
 def (Set a symbolic name on a register) -

. 
. -

. ,  
.deftemp=r16  
.defior=r0  
.cseg 
ldi temp,0xf0   ;  0xf0  temp   
in ior,0x3f    ;  sreg  ior 
eor temp,ior   ;  temp  ior  

equ 
 equ (Set a symbol equal to an expression) 

. . , -
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 set, -
. 

 .equ 
, 

. 

set 
 set (Set a symbol equal to an expression) -

. . , -
 set, 

. ,  
.set pina = 0x19  ;  pina  0x19 
.set porta = pina + 2  ;  porta 

0x19+2=0x1b 
…… 
out porta,r2   ;  r2  porta (

0x1B) 

include 

 include (Include another file) -
.  include. 

,  
.include “m16def.inc “ ;

ATmega16 

, 
, 

.  macro -
 endmacro. 

macro 
 macro (begin macro) . 

. 
 10 .  @0 - @9 -

. -
.  
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-
. , 

 LISTMAC. 
 «+». , 

.macrosubi16   ; 
subi @1,low(@0)  ; 
sbci @2,high(@0)   ; 
.endmacro    ;   
.cseg       ;   
subi16 0x1234,r16,r17 ;  0x1234  r17:r16 

endmacro 
 endmacro (End macro) . 

. , 
.macrosubi16  ; 
subir16,low(@0)     ;  low byte 
sbci r17,high(@0)    ;  high byte 
.endmacro  

list 
 list (Turn the list file generation on) -

.  – , -
, . 

.  NOLIST 
. -

,  
.nolist    ; 
.include "macro.inc"  ;   
.include "const.def  ;   
.list      ; 

listmac 
 listmac (Turn macro expansion on) -

. 
. ,  

.macromacx    ; 
add r0,@0   
eor r1,@1  
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.endmacro   ;   

.listmac   ; 
macxr2,r1    ;   

nolist 
 nolist (Turn list file generation off) -

. . 
 LIST -

. 
, 

.nolist      ;   

.include "macro.inc  ;   

.include "const.def"  ;   

.list   ;   

org 
 org (Set program origin) -

. . 
 org , -

 SRAM,  – , -
 EEPROM –  EEPROM. 

, 
. 

EEPROM ,  - 32 ( , -
 0-31).  

, 
.dseg                ;   
.org 0x37           ;  0x37 
variable: .byte 1    ;   
.cseg   ; 
.org 0x10           ;  0x10  
movr0,r1   ;  

exit 
 exit (Exit this file) . -

.  exit -



49

, , -
 include. , 

.exit  ; 

- . 
- ? 
- -

? 
-

? 
- ? 
-

? 
- / ? 
- -

/ ? 
-  ( )? 
-  C (Car-

ry Flag)? 
-  Z (Zero 

Flag)? 
-  V 

(Overflow Flag)? 
-  H (Half 

Carry Flag)? 
-  N 

(Negative Flag)? 
- ? 
- -

? 
- -

? 
- ? 
- ? 
- ? 
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-

? 
- ? 
- -

? 
- ? 
- -

 ATmega16? 
-

ATmega16? 
-

ATmega16? 
- ? 
- -

? 
- -

? 
-

? 
- -

? 

-
(System Clock), -

/ .  

. 
, -

. -
fuse-  CKSEL3:0, . 

,  fuse-  SUT1:0 
(Start-upTimes), ,  CKOPT 
(CK Options), . 
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 fuse- , 
CKSEL3:0 = 0001,SUT1:0 =10. Fuse- -

 ( ) , 
 1 . 

, 
.  

 XTAL1  XTAL2 
-

. 4.1.  

. 4.1. 

, 1 2 -
, , 

. -
 fuse-  CKOPT  CKSEL3:1 -

 4.1. 
 4.1 

 fuse-   

CKOPT  CKSEL3:1  (M )  ( ) 
1 101 0.4 - 0.9 - 
1 110 0.9 - 3.0 12 – 22 
1 111 3.0 - 8.0 12 – 22 
0 101, 110, 111 1.0 12 - 22 

RC-
RC- , -

.  RC-
. 4.2. 

 R  3 
 100 ,  22 . -

: )3/(1 RCf ≅ .  fuse-
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CKOPT, -
=36 . 

. 4.2.  RC-

 4- , 
.  fuse-

CKSEL3:0 (  4.2). 
 4.2 

 RC-

CKSEL3:0   ( ) 
0101 0.1 0.9
0110 0.9 - 3.0 
0111 3.0 - 8.0 
1000 8.0 - 12.0 

 RC-
 RC-

 1.0, 2.0, 4.0,  8.0 .  -
 5  25 °C. -

 CKSEL3:0 fuse-  ( . 4.3). 
 4.3 

 RC-

CKSEL3:0   ( ) 
0001(1)  1.0 

0010  2.0 
0011  4.0 
0100  8.0 

 OSCCAL (Oscillator Calibration 
Register) , -

 ± 3% .  
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 XTAL1 -
 ( . 4.3).  

. 4.3. 

-
- . , , -

. 

- -
? 

- ? 
-  RC- ? 
- -

? 
-

? 
- -

? 
- -

 ATmega16? 
- -  AVR-

? 
- -  AVR -

? 
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. 

, -
.  

 ( ) -
: , , -

, -
. ,  0x0 

.  
 ATmega16: 

-  (Power-on Reset). , 
 (VPOT). 

- (External Reset). -
 500 ns 

 RESET . 
-  (Brown- 

out Reset). , 
 (V BOT). 

-  (Watchdog Reset). 
. 

-  JTAG (Joint 
Test Action Group). 

 0x0.  jmp 
. 

. 
-  (Power-On Reset Circuit) -

 Vcc  Vcc>VPOT. -
 Vcc=5B, 

 VPOT= 1,4 .  
-

(Brown-Out Reset Circuit)  Vcc 
VBOT.  VBOT c 

 BODLEVEL. 
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fuse- , -
. Fuse-

.  (Brown-Out Reset Circuit)
fuse-  BODEN   BODLEVEL.  BODLEVEL = 1 -

 VBOT 2,7 ,  BODLEVEL = 0 – 4B.  
-  (External Reset Circuit) -

 RESET. 
 (Watchdog Timer)

 MCUSR (MCU Status 
Register) , ,  RS- . -

 (Internal Reset)
 (Delay Counter). -

. -

(Clock), -
fuse-  BODLEVEL fuse-

CKSEL[3…0]  CKSEL 
 5.1. 

 5.1 

CKSEL [3…0] BODLEVEL=0 BODLEVEL=1 
0000 4,2  + 6 CK 5,8  + 6 CK ,
0001 30 μ  + 6  10 μ  + 6 , BOD 
0010 67  + 6  92  + 6  RC , 
0011 4,2  + 6  5,8  + 6  RC ,
0100 30 μ  + 6  10 μ  + 6  RC , BOD 
0101 67  + 6  92  + 6  RC ,
0110 4,2  + 6  5,8  + 6  RC ,
0111 30 μ  + 6  10 μ  + 6  RC , BOD 
1000 67 + 32  92  + 32
1001 67  + 1  92  +  1
1010 67  + 16  92  +  16 , 
1011 4,2  + 16 5,8  + 16 , 
1100 30 μ  +16  10 μ  +16 , BOD 
1101 67  + 1  92  +  1 , 
1110 4,2  + 1  5,8  + 1 , 
1111 30 μ  +1  10 μ  +1 , BOD 
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 MCUSR (MCU Status Register) 
. -

/  0x34 ( . 5.1). 

. 5.1.  MCU SR 

: 
- 3 – WDRF (Watchdog Reset Flag) – . 

-
, 
. 

- 2 – BORF (Brown-out Reset Flag) – -
. -

, -
. 

- 1 – EXTRF (External Reset Flag) – . 
, 

. 
- 0 – PORF (Power-on Reset Flag) – 

. , 
. 

. 
, 

. 

(Watchdog) -
,  1 .  

.
 WDP0….WDP2 

 WDTCR (WDT Control Register). 
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.  
. 5.2 

WDP2 WDP1 WDP0 
0 0 0 16K 15 ms 
0 0 1 32K 30 ms 
0 1 0 64K 60 ms 
0 1 1 128K 0.12 s 
1 0 0 256K 0.24 s 
1 0 1 512K 0.49 s 
1 1 0 1,024K 0.97 s 
1 1 1 2,048K 1.9 s 

 wdr (Watchdog Reset). 
 WDE (Watchdog Enable)  WDTCR ( . 5.2) 

. -
, 

,  wdr. -
,  wdr, 

. -
-

.  

. 5.2.  WDTCR 

-  4 – WDTOE (Watchdog Turn-off Enable) - -
.  1 

 WDE. . 
-

.  
- 3 – WDE (Watchdog Enable): . 

 WDE  1 ( ) 
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 WDE , -
.  WDE , 

 WDTOE. -
: 

-  1  WDTOE  WDE. 
1  WDE, 

. 
-  0 

WDE.  
- 2..0 - WDP2, WDP1, WDP0 (Watchdog Timer Prescaler 2, 1 and 

0) - -
.  WDP2, WDP1  WDP0 -

-
. -

 5.2. 

-

? 
-  ATmega16? 
-  RESET -

 ATmega16? 
- -

 ATmega16? 
- -

? 
-  ATmega16 -

? 
-

? 
- -

 ATmega16? 
- -

? 
- ? 
- ? 
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-
. 

.  
-

. -
. 

: 
-

; 
-

;  
- ; 
- -

; 
- -

-
; 

- . 

( ) . -
, -

. 
-

. 
-

. , 
. 

. 
-

, .  

. -
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 ( ) 

. 
,  ATmega16  20 -

:  17 . -
. 

. -
.  

-
 0x0  0x22.  (  0x0) -

. -
 2.  0x2  0x4 

 (  6.1). 
 6.1 

 ATmega16 

2 0x02 INT0  0 (External Interrupt Request0)
3 0x04 INT1  1 (External Interrupt Request1) 

19 0x24 INT2  2 (External Interrupt Request 2) 

 3. -
. 

 ( ) 
/ . 

: 
.cseg 
.org0x0 
jmpmain ;  
jmpext_int0 ;   IRQ0 
jmpext_int1 ;   IRQ1 
.org0x24 
jmpext_int2;   IRQ2 

main: ; 
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 ATmega16 
reti (Interrupt Return , -

. -
-

. 

-
 I (Interrupt)  SREG 

( . 3.3).  I  SREG . 
,  I 

 SREG , . 
, -

. -
 reti  I  SREG, -

. 
 INT0, INT11  INT2. 

 ( . 6.1):  
-  GICR (General  Interrupt Con-

trol Register); 
-  GIFR (General Interrupt Flags Register); 
-  MCUCR (MCU Control 

Register);
-  MCUCSR 

(MCU Control and Status Register).

. 6.1.  ATmega16 
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 MCUCR 
 INT0  INT1: 

- 3, 2 - ISC11, ISC10 (Interrupt Sense Control 1 bit 1 and bit 0): 
 INT1.  INT1, -

,  6.2. -
.  

 6.2 
 INT1 (INT0) 

ISC11 
(ISC01) 

ISC10 
(ISC00) 

0 0  INT1 (INT0) 
.

0 1  INT1 (INT0) -
.

1 0  INT1 (INT0) 
.

1 1  INT1 (INT0) 
.

- 1, 0 – ISC01, ISC00 (Interrupt Sense Control 1 bit 1 and bit 0): 
 INT0.  ISC11, ISC10. 

- ISC2 (Interrupt Sense Control 2)  MCUCSR 
 INT2, . 

,   , -
 – . 

 GICR . 
, 

INT0<INT1, INT2 . 
 GIFR . 

, 

,  GICR -
. , -

.  
- 7 - INTF1:  INT1 .  INT1 

 I  SREG  1, 
 INT1 ; 
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- 6 - INTF0:  INT0 .  INT0 
 I  SREG  1, 

 INT0 ; 
- 5 – INTF2:  INT2 . 

INT2  I  SREG  1, 
 INT0 .  

- ? 
- ? 
- ? 
- ? 
- ? 
- ? 
- ? 
- ? 
- ? 
- , 

? 
- , 

? 
- -

 ATmega16? 
- -

 ATmega16? 
-

? 
-

 ATmega16? 
-

 ATmega16? 
- -

 ATmega16? 
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/
-

. -  8- . 
-

. 
. , ,  « » 

. -
. 

. 
 ATmega16  32 - -

,  4 : 
, ,  D. 

  . 
 12 , 

 ( . 7.1): 
-  (Data Register): PORTA , PORTB, PORTC 

PORTD; 
-  (Data Direction Register): DDRA, DDRB, 

DDRC  DDRD; 
- (Port A Input Pins): PINA; PINB, PINC 

 PIND. 

. 7.1. /

(pull-up resistors). 
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/  SFIOR(Special Function Input Output Register) -
 PUD(Pull-up Disabled) ( . 7.2). 

. 7.2. /

 PUD=0, 
. 

  
 DDR  ( ∈A, B, C, D).  

 PIN -
. -

.  PORT
,  PIN  – . -

  PIN ,  PORT
DDR   - . 

 20mA -
. , -

 4  ,  - 
 80 . 

/

. , 
:  – 

,  – 
.  

,  ATmega16 
: 

ldir16,0xFF  ;  0xFF  r16 
out ddra, r16  ;
out porta, r0   ;  r0  A.  

. 
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: 
ldir16,0x0 ;  0  r16 
out ddra, r16 
in r0, pina  ; PINA  r0. 

-  DDRx 
(x∈A,B,C,D)? 
-  PINx 

(x∈A,B,C,D)? 
- ? 
- / -

? 
- -

? 
-

/ ? 
- -

? 
-

 1 ? 

. 
-

. : 
- ; 
- ; 
- ; 
- - ; 
- ; 
- . 

, -
, 

. 

, /  (Timer/Counter). -
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/ -
-

. , , 
 – .  

, -
, /

: 
-  (Capture);
- (Compare); 
- -  PWM (Pulse-Width Modulation); 
-  RTC (Real Times Clock). 

/ , -
- , 

. ,  -
. 

/ -
, -

. -
. 

- /
-

, -
. 

/
, , , . 

/ , -
, . ,  ATmega16 

/ :  8-  (Timer/Counter0 
Timer/Counter2)  16-  (Timer/Counter1).  

. /  0 /  1 -
, 

 1/8  1/1024 (Clock).
/  2 -

K. 
. -

 (TOSC1  TOSC2) . -



/  2 

/  0 

8- /

. 

. 8.1. 

/

, 
0. 

0): CS02, CS01,CS00 

CS02 CS01 CS
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

68

 32768 . 
 RTC (Real T

 0 (Timer/Counter0) 
 (Clock) 

0 ( . 8.1),  4 

/  0 ATmega1

(Clock) 
 1/8  1/1

CS
TCCR0 

/  0

S00
0
1 CK 
0 CK / 8 
1 CK / 64 
0 CK / 256 
1 CK / 1024 
0  T0, 
1  T0, 

-
Time Clock).

, 

6

, -
1024 CK. 

S0_(Clock Select 
 8.1.

 8.1 
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 5  ( . 8.2): 
-  TCCR0 (Timer/Counter0 Control Register),
-  TCNT0 (Timer/Counter0),
-  OCR0 (Output Compare Register 0),
-  TIMSK (Timer/Counter Interrupt Mask 

Register), 
-  TIFR (Timer/Counter Interrupt Flag  

Register). 
 TCNT0 . 

 BOTTOM = 0  TOP = 255. -
 TOV0 

(Timer/Counter 0 Overflow)  TIFR ,  TIMSK  -
 TOIE0 (Timer/Counter 0 Interrupt Enable), 
.  0x10. 

. 8.2. , /  0

TCNT0 , -
 TCNT0 

. -
.  TOV0 -

, 
. 
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 OC0 (Output Compare0) -

OCR0.  TCNT0 -
 OCR0.  OCF0 (Output 

Compare Flag 0)  TIFR. 
OCIE0 (Output Compare Interrupt Enable 0)  TIMSK 

 I  SREG, 
TIMER2 COMP  0x06.  OCF0 

. 
 TIFR. 

 OCF0  OC0 -
.  COM01  COM00 (Compare Match 

Output Mode 0)  TCCR0 . 
 FOC0 (Force Output Compare 0)  TCCR0 -

 OC0 
COM01  COM00. . -

.  
 WGM01 WGM00 (Waveform Generation Mode)  4 

 (  8.2). 
 8.2 

/ TCNT0 

WGM01 WGM00 
0 0 0 normal 
1 0 1 PWM, PhaseCorrect 
2 1 0 CTC 
3 1 1 Fast PWM 

 (Normal Mode) 
 WGM00:1 = 0 . -

 TCNT0 . -
 = 255. -

 OV0 , . 
. 

 OC0 -
. 
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 (CTC Mode) 
 WGM00:1 = 2 

(Clear Timer on Compare Match Mode).  TCNT0 -
, 

OCR0.  
 8.3. -

 TCNT0  TCNT0  OCR0, 
 TCNT0 . 

. 8.3. /  0  CTC 

,  TCNT0  OCR0, -
 OCF0 . , 

 OCR0. 
 CTC 

OC0 
 8.3  OCIE0. 

 8.3 
 OC0 

COM01 COM00 
0 0
0 1  OC0 
1 0  OC0 
1 1  OC0 

 OC0 : 

)01(20 OCRN
CK

OCf += , 

 N –  (1, 8, 64, 256  1024). 
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 (Fast PWM Mode) 
-  (Fast PWM Mode) 

 WGM01:0 = 3.  TCNT0 -
.  OCF0 -

 -  TOV0 ( . 8.4).  

. 8.4. /  0

 Fast PWM 

, -
 OCR0.  

 Fast PWM 
OC0.  COM01  COM00  TCCR0 

 8.4 
- ,  8.4. 

 8.4 
 OC0  FastPWM 

COM01 COM00 
0 0 
0 1 
1 0  OC0 ,  OC0 ,  

(non-inverting mode) 
1 1  OC0 ,  OC0 ,  

(inverting mode) 

N
CK

OCf 2560 = , 
 N –  (1, 8, 64, 256  1024). 
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(Phase Correct PWM Mode)
Phase Correct PWM  WGM01:0 = 1.  -

 0  = 255, -
 0 ( . 8.5). 

. 8.5. /  0 

 Phase Correct PWM 

 COM01  COM00  8.4 -

 OC0. 
 OC0 : 

N
CK

OCf 5100 = , 
N –  (1, 8, 64, 256  1024). 

/ 1 

16- /  Timer/Counter1  ATmega16 
, 

 CK, -
1,  ICP -

 OC1A  OC1B,  6 . 
/  1  8.6. 



. 8.6. 

/ TCNT
, 

CS10….CS12, 

 16-

OCR1B. 

OCF1B 
 OC1A  OC1B. 

, 

( . 8.7). 

. 8

74

/  1 ATmega1

T1  T1 
. 

. 
TOV1. 

ICP
 ICR1. 

ICF1. 

 OCR1A 

OCF1A 
-

 8-

/

8.7.
/  1

6

, -

-

-
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 TIMSK 

 TIMSK (Timer Interrupt Mask Register) -
/ / 1: 

- 5 - TICIE1 (Timer/Counter1 Input Capture Interrupt Enable) – 
; 

- 4 - OCIE1A (Timer/Counter1 Output Compare A Match Interrupt 
Enable) – -

 OCR1A. 
- 3 - OCIE1B(Timer/Counter1 Output Compare B Match Interrupt 

Enable)– -
 OCR1 . 

- 2 - TOIE1 (Timer/Counter1 Over flow Interrupt Enable) – -
/  1. 

 TIFR 

 T1FR(Timer/Counter Interrupt Flag  
Register) , : 

- 5 - ICF1 (Input Capture Flag 1) – ; 
- 4 - OCF1A(Output Compare Flag 1A) – -

OCR1A; 
- 3 - OCF1B(Output Compare Flag 1B) - -

OCR1 ; 
- 2 - TOV1 (Timer/Counter1 Over flow Flag) – 

/  1. 
TCCR1A

 TCCR1A (Timer/Counter 1 Control Register A) -
/  1: 

- 7,6,5,4 - COM1A1:0 (Compare Output Mode1A, bits 1 and 0) – 
COM1B1:0 (Compare Output Mode1B, bits 1 and 0) 

 OC1A OC1B. 
/  1  OCR1A 

OCR1B.  8.5. 
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 8.5 
 OC1A  OC1B 

COM1X1 COM1X0

0 0 / 1  OC1X 

0 1  OC1X 

1 0  OC1X ( ) 

1 1  OC1X ( ) 

: X = A  B. 

-  3,2 - FOC1A (Force Output Compare1A)  FOC1B(Force Output 
Compare 1B)  OC1A  OC1B. -

OC1A  OC1B , 
COM1A1  COM1A0; , -

, -
. 

-  1, 0 – WGM 11:0 –  WGM13:2, -
 TCCR1B,  /

 ( ) .  
 8.6 

/  TCNT1 

WGM13 WGM12 WGM11  WGM10  
0 0 0 0 0 Normal 
1 0 0 0 1 PWM, Phase Correct, 8-bit 
2 0 0 1 0 PWM,Phase Correct, 9-bit 
3 0 0 1 1 PWM, Phase Correct, 10-bit 
4 0 1 0 0 CTC 
5 0 1 0 1 Fast PWM, 8-bit 
6 0 1 1 0 Fast PWM, 9-bit 
7 0 1 1 1 Fast PWM, 10-bit 
8 1 0 0 0 PWM, Phase and Frequency Correct 
9 1 0 0 1 PWM, Phase and Frequency Correct 

10 1 0 1 0 PWM, Phase Correct 
11 1 0 1 1 PWM, Phase Correct 
12 1 1 0 0 CTC 
13 1 1 0 1 
14 1 1 1 0 Fast PWM 
15 1 1 1 1 Fast PWM 
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 TCCR1B 

CCR1B (Timer/Counter1 Control Register B) -
/  1.  

- 7 - ICNC1 (Input Capture1 Noise Canceler) - 
 1.  0 

ICNC1 . 
, -

 IC1.  1 
ICNC1 ,  IC1, -

 -  IC1 -
.  ( -

/ ),  ICES1, . -
.  

- 6 - ICES1 (Input Capture1 Edge Select) - -
 1.  0  ICES1 -

/  1  ICR1 
 IC1.  1 

ICES1 / 1 
 ICR1  IC1.  

- 5  - . 
- 4,3 – WGM13:2: (Waveform Generation Mode) 

 WGM11:0  TCCR1B. 
- 2..0 - CS12:0 (Clock Select1, Bit 2,1, and 0) -

/  1 1 
 8.7. 

 8.7 
/ 1 

CS12  CS11  CS10  
0  0  0  /  1. 
0  0 1 CK 
0  1 0 CK / 8 
0  1 1 CK / 64 
1 0 0 CK / 256 
1 0 1  CK / 1024 
1 1 0  T1, 
1 1 1   T1, 
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TCNT1H  TCNT1L
 TCNT1H TCNT1L (Timer/Counter1 High and Low Register) 

 16- ,  16-
/  1.  

 16-
(TCNT1H) . / -

 1  8- -
.  

 16- -
 (TCNT1L). /

1  8-
.  

 ICR1H  ICR1L (Timer/Counter1 Input Capture Register High 
and Low Register)  16-  ICR1, -

. 
 IC

 (  ICES1) 
/  1  ICR1. -

 1  ICF1 (Input Capture Flag 1)
 TIFR. 

 16-
 ICR1L.  

 OCR1AH, OCR1AL (Output Compare Register 1 A High and Low 
Register), OCR1BH  OCR1BL (Output Compare Register B High and Low Reg-
ister)  16-  OCR1A 
OCR1B. 

 OCR1A  OCR1B , 
/  1. , 

, -
/  1. , /  1 

 OCR1A  OCR1B.  
-

 OCF1A  OCF1A.  16- -
 OCR1A  OCR1B . 
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 (Normal Mode) 
 WGM13:0 = 0 ( . 8.6). 

 16-
(MAX = 0xFFFF)  0. -

 (TOV1). 
 TIMER1 OVF (Timer/Counter1 Overflow)

 0x10.  TOIE1 
TIMSK.  TOV1 -

. 
-

 TCNT1H  TCNT1L.  16- -
 (TCNT1H) 

. /  1  8-
.  

 ICP -
 ICR1H  ICR1L. 

 ICP -
 ICES1 (Input Capture1 Edge Select) -

 TCCR1B.  TIFR 
ICF1  TIMER1 CAPT (Timer/Counter1 
Capture Event)  0 0 . 
TICIE1  TIMSK. 

 ICF1 .  

 (CTC Mode) 
 (Clear Timer on Compare Match 

(CTC) Mode)  WGM13: 0 = 4  12. -
,  TCNT1 -

 OCR1A (WGM13: 0 = 4)  ICR1 (WGM13: 0 = 12) ( . 8.8). 

. 8.8. /  1 
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 OCR1A  ICR1 . 

OCF1A  ICF1. , -
. 

 CTC,  OC1A -
 COM1A1: 0 = 1 (  8.5) -

. 
 OC0 : 

)11(20 AOCRN
CK

OCf += , 

N –  (1, 8, 64, 256  1024). 

 (Fast PWM Mode) 

 WGM13: 0 = 5,6,7,14  15. 
 (TOP) , 

 0 ( . 8.9). 

. 8.9. /  1  Fast PWM 

 Fast PWM 
OC1A  OC1A 0.  COM1A1:0  COM1B1:0 
TCCR1  8.5 -

- ,  8.9. 

 (Phase Correct PWM Mode) 
  (Phase Correct PWM) -

 0  TOP , , -
 ( . 8.10).  
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. 8.10. /  1  Phase Correct PWM 

 8-, 9-,  10 , -
 ICR1  OCR1A 

(  8.8).  
 8.8 

 PWM, Phase Correct 

TOP 
1 PWM, Phase Correct, 8-bit 0x00FF 
2 PWM, Phase Correct, 9-bit 0x01FF 
3 PWM, Phase Correct, 10-bit 0x03FF 

10 PWM, Phase Correct ICR1 
11 PWM, Phase Correct OCR1A 

 2  (ICR1  OCR1A), -
 - 16  (ICR1  OCR1A). 

 COM1x1:0 = 2 -
,  COM1x1:0 = 3 

( . 8.5). 

OC1x  TCNT1  OCR1x, 
- .  OCR1x 

,  OCR1x 
 TCNT1 TOP . 
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 2 , 
 FASTPWM, -

. 
 OC1x  TCNT1 

OCR1x. 
 TOV1 , 

.  OCR1A  ICR1 -
,  OC1A  ICF1 

. 

(Phase and Frequency Correct PWM Mode) 

Phase and Frequency Correct PWM  (WGM13: 0 = 8 
 9). , , 

0  TOP , ,   
( . 8.11).  

 ICR1 (WGM13: 0 = 8) 
 OCR1A (WGM13: 0 = 9). 

 OC1A  ICF1 , 
TCNT1  TOP. , -

.  

. 8.11. /  1  

 Phase and Frequency Correct PWM 



 TOP 
, 

, 

COM1x1:0 = 2, 

/  2 
8-

T

8-
ATmega16

 CK. 
. 

TOSC2) 
32768215 =  ( . 8.12)

Clock).  

, 
/  2 

83

, 

Phase and Frequency Co

OC1x
–  COM1x1:0 = 3 (

/  2 (Timer/Counter2) 
 (Clock) 

TOSC1,  4 

/  2 (Timer/Counter 2) 

).  

. 8.12. /  2 

,  1 

/
. 

. 

-
. -

Correct PWM Mode, 
.

 8.5).  

, 
.

-
 (TOSC1 

, -
(RTC – Real Time 

-

-
. -

OCF2 -
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 OC2. 
- . 

 TOV2 -
/  2. 

/  2 
( . 8.13): 

-  TIMSK (Timer/Counter Interrupt Mask 
Register),
-  TIFR (Timer/Counter Interrupt Flags Reg-

ister);
- TCCR2 (Timer/Counter Control Register 2); 
-  TCNT2 (Timer/Counter 2);
-  OCR2 (Output Compare Register 2);
-  ASSR (Asynchronous Status Register);
- /  SFIOR (Special Func-

tion Input /Output Register). 

. 8.13. /  2 

 TIMSK (Timer/ Counter Interrupt Mask 
Register) : 

-  7 - OCIE2 (Output Compare Match Interrupt Enable 2) – -
. 

- 6 - TOIE2 (Timer/Counter2 Overflow Interrupt Enable) – -
/  2. 
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 TIFR (Timer/Counter Interrupt Flags 
Register) : 

-  7 - OCF2 (Output Compare Flag 2) – 
. 

-  6 - TOV2 (Timer/Counter2 Overflow Flag) – 
/  2. 

8-  TCNT2 (Timer/Counter 2) -
, . 

, 
. 

-
 ASSR, : 

- 3 - AS2 (Asynchronous Timer/Counter 2) – 
/  2.  AS2 , /

.  AS2 , /
2  TOSC1.  
-  2 - TCN2UB (Timer/Counter 2 Update Busy) – 

/  2. /  2 -
 TCNT2 , . 

TCNT2 , -
.  0 , 

TCNT2 . 
- 1 - OCR2UB(Output Compare Register 2 Update Busy) – -

. /  2 
 OCR2 , . -

 OCR2 , 
.  0 ,  OCR2 

.  
-  0 - TCR2UB (Timer/Counter Control Register2 Update Busy) – 

/ . -
/  2  TCCR2 , 

.  TCCR2 
, .  0 -

,  TCCR2 .  
/  2, 

, -
. 
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 TCNT2 . 
OCR2 - . 

-
/  2  TCNT2, OCR2  TCCR2 

. -
: 

- /  2,  OCIE2 
TOIE2; 
- ,  AS2; 
-  TCNT2, OCR2,  TCCR2; 
-

 TCN2UB, OCR2UB  TCR2UB; 
- , . 

 OCR2 , 
.  

 TCCR2 (Timer/Counter2 Control Register) 
: 

- 7 - FOC2 (Force Output Compare) –  2. -
 1 

OC2 ,  COM21  COM20. 
 COM21  COM20  FOC2, 

. 
,  OC2. 

. FOC2 
.  

- 6,3–WGM21:0(Waveform Generation Mode) – 
 8.9.  

 8.9 
/  2 

Mode WGM21 WGM20 Timer/Counter Mode of Operation TOP 
0 0 0 Normal 0xFF 
1 0 1 PWM, Phase Correct 0xFF 
2 1 0 CTC OCR2 
3 1 1 Fast PWM 0xFF 

- 5,4 - COM21:0 (Compare Output Mode, bits 1 and 0) – -
. -
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2 . -
/ . 

- 2,1,0 - CS22, CS21, CS20 (Clock Select Bits 2,1, and 0) – 
. / -

 8.10. 
 8.10 

/  2 

CS22 CS21 CS20 
0 0 0 Timer/Counter2 
0 0 1 CKT2 
0 1 0 CKT2/8 
0 1 1 CKT2/32 
1 0 0 CKT2/64 
1 0 1 CKT2/128 
1 1 0 CK 2 / 256 
1 1 1 CK 2 / 1024 

 (Normal Mode) 

WGM21:0 = 0 ( . 8.9) . 
 TCNT2 . 

 = 255. 
 TOV2 , . 

-
.  OCF2

. 
2 -

21:0  TCCR2 ( . 8.11).  
 8.11 

 OC2  Normal  CTC 

COM21 COM20 
0 0 /  2  OC2 
0 1  OC2 
1 0  OC2  
1 1  OC2 
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 (CTCMode) 
 WGM211:0 = 2 

(Clear Timer on Compare Match Mode).  TCNT2 
   TCNT2  OCR0,  TCNT2 

 ( . 8.14). 

. 8.14. /  2 

 OCF2 
 0 06. 

2 
21 20  TCCR2 ( . 8.10). 

 (Fast PWM Mode) 
- (Fast PWM Mode) 

 WGM21:0 = 3.  TCNT2 -
.  OCF2 -

 -  TOV2 ( . 8.15).  

. 8.15. /  2  Fast PWM 
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21:0  TCCR2 ( . 
8.12) 2 -

- . 

 8.12 
 OC2  Fast PWM 

COM21 COM20 
0 0 / 1  OC2 
0 1 
1 0  OC2   

( ) 
1 1  OC2   

( ) 

 (Phase Correct PWM Mode) 
Phase Correct PWM WGM21:0 = 1.  -

 0  = 255, -
 0 ( . 8.16). 

. 8.16. /  2

 Phase Correct PWM 

21:0  TCCR2 ( . 
8.13) 2 -

- . 
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 8.13 
 OC2  PWM, Phase Correct 

COM21 COM20 
0 0 / 1  OC2 
0 1 
1 0  OC2 2

1 1  OC2 2

- ? 
- / -

? 
-  16- / ? 
-  16~ /   

8- ? 
- / -

? 
-  TOV -
/ ? 
-  TOVx -
/ ? 
- -
/ ? 
- / ? 
- / ? 
- / ? 
- /  Fast PWM? 
- ? 
-  Phase Correct PWM  Fast PWM? 
-  TIMSK? 
-  TIFR? 
- -
/ ? 
- ? 



-

 A

A

. 9.1. 

-
 1
. 

AGND 

91

 ADC (Analog D
.

. 

ATmega16  10-  

ADC0…ADC7  AGND(Analog Gro
 1,22  ( . 9.1).  

-

10-

 AGND, 
 AREF. 

-

Digital Converter)
 

ADC.  ADC 

ound) -

-
-

-

ADC0 – ADC7, 
 1,22  ( . 9.1). 
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-
, 

, -
, . 

 10-  D 
:  

102⋅=
REF

IN
V
VD , 

  REFIN VV <≤0  – ,  

REFV  – . 
 0 000, 0=INV ,  – 

FF301210 =− . 
-

 AREF,  2,56 , 

AVCC.  AVCC 

ccV , ±0,3 .  

92)( ⋅⋅−=
REF

NEGPOS
V

KVVD , 

  POSV - , 

NEGV - , 
,  ADC 

U =1,22B, -
U0 =2,56 , : 

111101000081048856,2/102422,1 bD ===∗= . 

- -
 ( . 9.2): 

- -  ADCSR 
(ADC Control and Status Register); 
-  ADMUX (ADC Multiplexer  

Selection Register); 
-  ADCL  ADCH (ADC Low   ADC High); 



-

Function IO Register)

. 9.2. 

Selection Register) 
 ADMUX (A

-  7 6 - R

. 

REFS1 REFS0 
0  0 
0  1 
1  0 
1 1 

-  5 – ADLA

93

/
).

-

 ADMUX (ADC

ADC Multiplexer Selection Register) 
ADC

REFS1..0 (Reference Selection Bits) – 
 AREF -

. 9.
, 

.

-

AREF,  Vref 
AVCC 

 2.56

AR (ADC Left Adjust Result) – 
ADCL  ADCH. ADL

 8- . 

SFIOR (Special 

C Multiplexer 

C. 
-
-

1. -
 AREF 

 9.1 

AREF 

 AREF

LAR=0 -
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- 4..0 - MUX4..MUX0 (Multiplexer bits) – 
, . 

 9.2.  
 9.2 

 ADC 

MUX4:0 
 «POS» «NEG» 

-
-

00000  ADC0 
00001  ADC1 
00010 ADC2 
00011 ADC3 
00100 ADC4 
00101 ADC5 
00110 ADC6 
00111 ADC7 
01000 ADC0 ADC0 10x
01001 ADC1 ADC0 10x
01010 ADC0 ADC0 200x
01011 ADC1 ADC0 200x
01100 ADC2 ADC2 10x
01101 ADC3 ADC2 10x
01110 ADC2 ADC2 200x
01111 ADC3 ADC2 200x
10000 ADC0 ADC1 1x
10001 ADC1 ADC1 1x
10010 ADC2 ADC1 1x
10011 ADC3 ADC1 1x
10100 ADC4 ADC1 1x
10101 ADC5 ADC1 1x
10110 ADC6 ADC1 1x
10111 ADC7 ADC1 1x
11000 ADC0 ADC2 1x
11001 ADC1 ADC2 1x
11010 ADC2 ADC2 1x
11011 ADC3 ADC2 1x

111100 ADC4 ADC2 1x
111101 ADC5 ADC2 1x
11110 1,22B 
11111 0 (GND) 
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 ADCSRA (ADC Control and Status 
Register) 

 - ADCSR (ADC Control and Status Register) 
- . 

- 7 – ADEN (ADC Enable) – -
. 

- 6 – ADSC(ADC Start Conversion) - 
. 

 1. 
,  ADC , 

. 
- 5 – ADATE (ADC Auto Trigger Enable). -

 ADC.  ADC. ADC 

.  ADTS 
(ADC Trigger Select)  SFIOR. 
- 4 – ADIF(ADC Interrupt Flag). . 

 ADC 
. - -

 ADC (  0x1C). -
, , ADIE 

 I-  SREG.  ADIF 
.  

- 3 – ADIE (ADC Interrupt Enable) – . 
- 2:0 – ADPS2:0 (ADC Prescaler Select Bits) - -

. 
-

 ADC ( . 9.3).  
 9.3 

ADPS2 ADPS1 ADPS0 
0 0 0
0 0 1 2
0 1 0 4
0 1 1 8
1 0 0 16
1 0 1 32
1 1 0 64
1 1 1 128
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 ADCL  ADCH (ADC Data Register) 
-  10-

 ADCH  ADCL (ADC Low   ADC High). -
-

. -
:  ADCL. 

 ADCL , -
. , -

 ADCL,  ADCH, -
, -

. -
 ADCH  ADCL -

 ADCH. 
 ADLAR  ADMUX -

.  ADLAR , -
 ( . 9.3 ).  8- -

,  ADCH.  ADLAR -
,  ( . 9.3 ). 

) 

) 
. 9.3. 

/  SFIOR  
(Special Function IO Register) 

 7:5 – ADTS2:0 (ADC Auto Trigger Source) – 
 ADC  ADEN  ADATE -

 ADCSRA. 
 ( . 9.4). 
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9.4 
 ADC 

ADTS2 ADTS1 ADTS0 
0 0 0
0 0 1
0 1 0  0 
0 1 1 /  0 
1 0 0 /  0 
1 0 1 /  1 
1 1 0 /  1 
1 1 1 /  1 

- - -
? 

- -
? 

- -
? 

- - ? 
-  8- - -

,  1 ,  2,56 ? 
-  10- - -

,  1,5 , 
2,56 ? 
-  8- , 

 1,22 , -
 2,56 ? 

-

? 
- - -

? 
-

? 
- -

 2,56 ? 



-

? 
-

? 

 10.1. 

.10.1.

 (AC-) 
 (AC-

 1. 

98

, 
. 

. 

.

ATme

.  (AC+
-),  A

-

-

. 

-
, -

ega16

 (AC+) 
+) , 
ACO -
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ACI, -
.  

 ( . 10.2): 
-  ACSR (Analog Com-

parator Control And Status Register); 
- /  SFIOR (Special Func-

tion Input Output Register.

. 10.2. 

ACSR
(Analog Comparator Control And Status Register) 

 ACSR . 
-  7 – ACD (Analog Comparator Disable) - 

. , -
. . -

-
 ACIE. 

- 6 – ACBG (Analog Comparator Bandgap) - -
.  BOD  (fuse-

 BODEN ),  1,22V -
. 

,  AIN0. 
-  5 – ACO (Analog Comparator Output) - -

. 
-  4 – ACI (Analog Comparator Interrupt Flag) - 

.  1 
,  ACIS1 

 ACIS0. -
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 ACIE 
 SREG.  ACI -

-
,  ACI  1. 

 ACSR  SBI  CBI 
ACI , .  
- 3 – ACIE (Analog Comparator Interrupt Enable) - 

.  ACIE 
 SREG -

 ANA_COM  0x20. 
ACIE .  
- 2 – ACIC (Analog Comparator Input Capture Enable) - -

. 
1  ACIC -

/  1 . , 

, 

/  1.  ACIC . 
/  1  TICIE1 

 TIMSK -
 1.  
- 1,0 - ACIS1, ACIS0 (Analog Comparator Interrupt Mode Select) - 

. -
, -

. -
 10.1.  

 10.1 
 ACIS1/ACIS0 

ACIS1 ACIS0

0 0 

0 1 

1 0 

1 1 
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 ACIS1/ACIS0 -
-

 ACSR. , 
. 

 PORTA (PA7 .. 0). 
- .  

/  SFIOR  
(Special Function Input Output Register) 
- ACME (Analog Comparator Multiplexer Enable) -

/  SFIOR 
ADC . 

 ADEN (ADC Enable)  ADCSR ( -
- ). 

- MUX2..0  ADMUX 
 ( . 10.2).  ACME  0  ADEN 

1,  AIN1. 
 10.2 

ACME ADEN MUX2..0 
0 x xxx AIN1 
1 1 xxx AIN1 
1 0 000 PA0 
1 0 001 PA1 
1 0 010 PA2 
1 0 011 PA3 
1 0 100 PA4 
1 0 101 PA5 
1 0 110 PA6 
1 0 111 PA7 

-

? 
- ? 
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-

? 
- -

? 
- -

? 
- -

? 
- -

? 

 EEPROM 
 SRAM . 

. 
 EEPROM -

/ . -
, 

 EEPROM -
.  EEPROM 

 EEPROM 
(EEPROM Write Complete).  EEPROM 

.  

 EEPROM -
, , , -

. -
 ATmega16  ( . 11.1): 

-  EEARH  EEARL (EEPROM Address  
Registers), 
-  EEDR (EEPROM Data Register), 
-  EECR (EEPROM Control Register).  
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. 11.1. EEPROM 

 EEPROM (EEPROM Address Registers) 
 EEARH  EEARL  512 -

 EEPROM.  0  EEARH  7….0  - 
EEARL - EEAR8…EEAR0 (EEPROM address)  9- -

. 

 EEDR (EEPROM Data Register) 
 EEDR (EEPROM Data Register) -

 EEPROM , 
EEPROM, . 

 EECR (EEPROM Control Register) 
 EECR (EEPROM Control Register) 

 EEPROM. 
- 3 – EERIE (EEPROM Ready Interrupt Enable) - -

 EEPROM.  1 
EERIE  I-  SREG 
EEPROM.  EERIE . 

 EEPROM  EEWE -
.  EE_RDY  0x1E. 

- – EEMWE (EEPROM Master Write Enable) - -
 EEPROM.  EEMWE , -

 1  EEWE  EEPROM. -
 1  EEMWE  EEWE -

 EEPROM .  EEMWE -
 0,  EEWE -

.  EEMWE -
.  
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- 1 – EEWE (EEPROM Write Enable) –  EE-
PROM.  EEPROM EEWE -

 EEPROM. -
 EEPROM  EEWE. 

EEMWE  1, -
.  EEPROM : 

o  EEWE  0.  
o  EEAR ( ).  
o  ( ).  
o  1  EEMWE  EECR.  
o  EEMWE -

 1  EEWE.  
 (  2,5 -

 Vcc = 5 )  EEWE . 
-

 0, . 
 EEWE , -

, .  
- 0 – EERE (EEPROM Read Enable) –  EE-

PROM.  EERE  EEAR 
.  EERE 

 EEDR. 
 EERE. -

 EERE -
, . 

 EEWE -
. -

/  EEPROM , -
, -

.  

-

EEPROM? 
-  EEPROM 

flash- ? 
-  EEPROM? 



-

? 
-

-

-

 2
-

12.1.  USA
Receiver and Transmit

 USART (Unive
Transmitter) 

- TxD (Transmit D
- RxD (Receive D

XCK

( . 12.1). 

. 12.1. 

, 
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EEPROM 

E
E

 EEPROM 
2 ?

ART (Universal Synchronous and Asy
tter)

-
ersal Synchronous and Asynchronous s

. 
, – 

Data)- , 
Data) – 
K (Transfer Clock) 

-
(

XCK 

USA

. 12.2. 

. 12.2. 

EEPROM? 
EEPROM? 

-

EEPROM? 

ynchronous serial  

-
serial Receiver and 

, 
.

:

. 

GND) 
.

ART

-
. 
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 ( ) . 
5  8 . 
( )  ( ) -

. 
.  

, -
,  ( ). -

. -
.  

: 
- -

, -
, ; 

- , - , 
, -

 ( ); 
-

, . 

- . 
: 50, 75, 

110,150, 300, 600, 1200, 2400, 4800, 9600, 19200, 38400, 57600, 115200 / . 
, -

 XCK.  

USART 
 USART / . 

 ATmega16  5  ( . 12.3): 
- UBRRH1  UBRR(UART Baud Rate registers) – 

; 
- U SR (UART Control and Status Register A) –

 UART; 
- UCSRB (UART Control and Status Register B) – 

 UART; 
- UCSRC (UART Control and Status Register C) – 

 UART; 
- UDR (UART Data Register) –  UART. 
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 UDR (USART I/O Data Register) 

/  UDR 
(Universal Data Register).  8 -

. 
,  — -

.  USART  (FIFO 
), 

 UDR.  

.12.3. USART 

 UCSRA 
(USART Control and Status Register A) 

 UART: 
-  7 RXC (USART Receive Complete) – ; 

-
 (  UDR). -

 (  UART — -
).  RXCIE  UCSRB , 

 USART, RXC 
(USART, Rx Complete)  0x15. 
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- 6 TXC (USART Transmit Complete) – -
; -

, ,  UDR 
.  TXCIE  UCSRB -

,  USART, TXC 
(USART, Tx Complete)  0x1A. 

, -
. 

- 5 UDRE (USART Data Register Empty) - -
;  (

 UDR -
). , -

.  UDRIE  UCSRB , 
 USART, UDRE (USART Data Register 

Empty)  0x18. , -
. 

- 4 FE (Frame Error) - ; -
,  0. -

,  1. 
- 3 DOR (Data Over Run) - ; -
, -

.  UART , -
, 

. -
-

. 
- 2 PE(Parity Error) - ; -

, -
.  (  UPM1  UCSRC 

) . 
- 1 U2X (Double the USART Transmission Speed) – 

. , -
 16  8, 

. 
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, 
. 

- 0 MPCM (Multi-processor Communication Mode) – 
. , -

, . , -
, . 

 UCSRB  
(USART Control and Status Register B) 

: 
- 7 RXCIE (RX Complete Interrupt Enable) - -

.  1 
RXCIE 

 RXC  UCSRA 
USART, RXC .  
- 6 TXCIE (TX Complete Interrupt Enable) - -

.  1 
TXCIE 

 TXC  UCSRA -
.  

- 5 UDRIE (USART Data Register Empty Interrupt Enable) - -
. -

 UDRIE -
 UDRE  USR -

 UART.  
- 4 RXEN (Receiver Enable) - . -

 RXEN  USART. , 
 TXC, DOR  FE . 

,  RXEN .  
- 3 TXEN (Transmitter Enable) - . -

 TXEN  USART. 
, 

, -
. 

- 2 UCSZ2 (USART Character Size) – ; -
 UCSZ1:0  UCSRC 

, .  
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-  1 RXB8 (Receive Data Bit 8) -  8- . 
 9- -

. 
 UDR. 

-  0 TXB8 (Transmit Data Bit 8) -  8- . 
 9-

. 

UDR. 

 UCSRC 
(USART Control and Status Register C) 

 UCSRC /
 (0x20),  UBRRH. : 
-  7 URSEL (USART Register Select) – . 

, . 
,  UCSRC; -

,  UBRRH. 
-  6 UMSEL (USART Mode Select) –  USART. 

,  USART  (
UART); ,  USART 

. 
- 5:4  UPM1:0 (Parity Mode) - 

. -
 12.1. 

 12.1 

UPM1 UPM0 
0 0
0 1
1 0
1 1

-  3 USBS (USART Stop Bit Select) – - , -
. ,  1 

- , ,  2 . 
. 
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- 2:1 UCSZ1:0 (USART Character Size) – . -
 UCSZ2  UCSRB -

 ( . 12.2): 
 12.2 

UCSZ2 UCSZ1 UCSZ0 
0 0 0 5
0 0 1 6
0 1 0 7
0 1 1 8
1 0 0
1 0 1
1 1 0
1 1 1 9

- 0 UCPOL (USART Clock Polarity) - -
. 

. 
. 

. 
 12.3 

UCPOL  TxD  RxD 
0  XCK  XCK 
1  XCK  XCK 

 UBRRL and UBRRH  
(USART Baud Rate Registers) 

, -
, 

, 
. -

 UBRR. -
,  — -

,  (2, 8  16) 
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 USART.  UBRR  12- -
/  UBRRH  UBRRL. 

 UBRR,  U2X 
UCSRA . , 

, . 
. 

 BAUD -
CKf  UBRR : 

-  ( , U2X = 0) 

)1(16 +
=

UBRR
fBAUD CK

; 
-  ( , U2X = 1) 

)1(8 +
=

UBRR
fBAUD CK

; 
-

)1(2 +
=

UBRR
fBAUD CK

. 

12.2.  SPI 

 SPI (Serial Peripheral Inter-
face) -

.  (master),  - 
 (slave). -

 (SCK) ( . 12.4).  

. 12.4.  SPI 

: 
- MISO (Master In Slave Out) –  – , 
- MOSI(Master Out Slave In) –  – , 
- SCK (Serial Clock) – . 
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SS (Slave Select) – -
.  SS = 0. 

 (Shift Register) 
 MOSI  MOSO . -

 (Clock Generator) 
, -

. 
 8 . -

.  (  SPIE 
 SPCR ), . 

SPI 
 SPI / . -

 ATmega16  ( . 12.5):  
- SPCR(SPI Control Register) –  SPI, 
- SPSR (SPI Status Register) –  SPI, 
- SPDR (SPI Data Register) –  SPI 

 SPDR (SPI Data Register) 
 SPDR . 

. -
. 

. 12.5.  SPI 

 SPCR(SPI Control Register) 

 SPI : 
- 7 – SPIE (SPI Interrupt Enable) -  SPI. -

 SPIE  I -
 SREG, . 
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- 6 – SPE (SPI Enable) -  SPI.  SPE 
,  SPI . 

- 5 – DORD (Data Order) - . 
DORD ,  (LSB) . 

 DORD  –  (MSB). 
- 4 – MSTR (Master/Slave Select) - / . 

/ . -
, ,  – -

.  #SS  0,  MSTR -
,  MSTR ,  (

SPIF  SPSR). 
MSTR . 
- 3 – CPOL (Clock Polarity) - . 

 CPOL ,  SCK = 1 . 
,  SCK = 0. 

- 2 – CPHA (Clock Phase) - . 
,  CPHA -

,  –  CPHA . 
- 1,0 - SPR1, SPR0 (SPI Clock Rate Select 1 and 0). -

. SPI -
. 

 SPI2X  SPSR  SPR1  SPR0  SPCR 
 12.4. -

.
 12.4 

 SPI 

SPI2X  SPR1  SPR0  SPI2X SPR1 SPR0 
0  0 0 / 4 1  0 0 CK / 2 
0  0 1 CK/ 16 1  0 1 CK / 8 
0  1 0 CK/ 64 1  1 0 CK/ 32 
0  1 1 CK/ 128 1  1 1 CK/ 64 

 SPSR  (SPI Status Register) 

 SPSR  SPI: 
- 7 - SPIF (SPI Interrupt Flag) –  SPI. -

 SPI. 



, 

-  6 – WCOL
, 

. 

-  0 - SPI2X
. 

. 12.4. 

12.3.  I2
2-

(Inter-Integrated Circuit) 

, 
- SDA (Serial Da
- SCA (Serial Clo

 2-
 12.6. 

. 12.6.

. 
, 

 100 

SDA 
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 SPIE 
.  SPIF 
. 

L (Write Collision Flag) –
SPDR 

WCOL,  SPIF, 
SPSR

(Double SPI Speed Bit) - 

2C
 (2-Wire Seria

. 
, 

ata)  - , 
ock) - . 

.  I2

. 
 «

. 
 400 - 

 12.7. 
 (Start) 

 S

 SPCR -
-

.  WCOL -
-

SPDR.
-

, -

l Interface)  I2C 

-
:

 I2C -

2C 

-
-

» -
-

. -

SCL. 



 SCL (Stop). 

. 12.7. 

 SCL. 
 SCL. 

, 

, 
Ack (Acknowledge).  

R/W
- R/W =0 – ,
- R/W =1 – .

,  EEPROM – 1
. 

. 

 TWI 
TWSI

- TW
-

Bit Rate Register);
-

- T
- T

116

 SDA 

I2C

 SDA 

, 
. 

 7- . 
 [7-1] 

W (Read/Write): 

.

1010), – 

I (  1
WAR (2-wire Serial Interface Address

 TWBR (Two wire

 TWCR (2-wire Serial Interface Co
TWSR (2-wire Serial Interface Status R
TWDR (2-wire Serial Interface Data R

-

. 

,  0 -

 ( -

-

2.8): 
 Register);

e Serial Interface 

ontrol Register);
Register);
Register);
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. 12.8.  TWI 

 TWAR (2-wire Serial Interface (Slave) Address Register) 
 – TWAR  7-

. 
- 0 – TWGCE (2-wire Serial Interface General Call Recognition En-

able bit) – . 
,  – ; 

- 1:7 – TWA (2-wireSerialInterfaceAddress) – . 
 TWBR (2-wire Serial Interface Bit Rate Register) 

 TWBR . 
Bit Rate ( / )  TWBR 

: 

)(216 TWBR
f

BitRate ck
+

= , 

ckf  -  (
,  TWSR). 

 TWCR (2-wire Serial Interface Control Register) 
 TWCR . 

- 7 – TWINT (2-wire Serial Interface Interrupt Flag) - -
 2- . ,  2-

.  I 
SREG   TWIE  TWCR,   

 TWSI  0x022. -
 TWINT .
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-  6 – TWEA (2-wire Serial Interface Enable Acknowledge Flag) –
. , -

 ACK : 
- , 
- ,  TWGCE 

TWAR , 
- -

. 
 TWEA ,  2-

. 
TWEA . 
- 5 – TWSTA (2-wire Serial Bus START Condition Flag) – -

.  TWSTA  , -
 ( ) . -

, 
. , .  

-  4 – TWSTO (2-wire Serial Bus STOP Condition Flag) – -
. ,  TWSTO -

. , 
TWSTO . 
-  3 – TWWC (2-wire Serial Bus Write Collision Flag) –

.  TWWC 
 TWINT. -

 TWINT.
- 2 – TWEN (2-wire Serial Interface Enable Bit). - 

.  TWEN -
. ,  SDA  SCL -

.
-  0 – TWIE (2-wire Serial Interface Interrupt Enable) –

.  I 
SREG,  TWINT . 

TWDR (2-Wire Serial Interface Data Register) 
   TWDR -

,  2- . 
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TWSR (2-wire Serial Interface Status Register) 
 TWSR . 

- 7:3 – TWS (2-wire Serial Interface Status).  5 -
 2- -

.  TWSR -
. -

-
. 

- 2 – . 
- 1:0 – TWPS (TWI Prescaler Bits). -

 (  12.5). 
 12.5 

 TWI 

TWPS1 TWPS0 
0 0 1
0 0 4
0 1 16
0 1 64

-  USART/SPI/I2C? 
-

USART/SPI/I2C? 
-

USART/SPI/I2C? 
-  USART/SPI/I2C? 
-  USART/SPI/I2C? 
-

USART/SPI/I2C? 
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-
. -

. 

: 
-  5,0 ±10%. -

, 
. , 

. 
- -

.  2-  7 -
. , 

ATmega16  4  5,5 , 
 ATmega16L –  2,7  5,5 . -

, -
.  

- . -
 3 . 

. 
, , -

. 
. 

-
, . 

: 
- (Run Mode). , 

. 
-  (Sleep Mode). , 

.  
 Atmel AVR , 

. 
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-
.  

13.1.  Idle 
 Idle , 

 SPI, USART, TWI, , ADC, -
/ , . 

 IDLE 
, 

UART. Idle -
.  

13.2.  ADC Noise Reduction 
 ADC Noise Reduction , 

- , -
,  TWI, /  2 . 

-
ADC Noise Reduction ADC,  ADC -

,  (External 
Reset, Watchdog Reset, Brown-out Reset),  TWI, 

/  2,EEPROM,  INT2  INT0, 
INT1. 

13.3.  Power-down 
. -

. -
, -

.  

13.4.  Power-save 
Power Down, /  2 

, . .  AS0  ASSR , 
/  2 , -

-
/  0. 
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13.5.  Standby 
 Power-down , 

.  Standby 
.  

13.6. Extended Standby Mode 
 Power-save , 

.  Extended Standby 
.  

13.7.  MCUCR (MCU Control Register) 

,  – 
. ,  AVR-  Atmel 

 Sleep, 
 MCUCR (MCU Control Regis-

ter) ( . 13.1).  

. 13.1.  ATmega16 

- 7, 5, 4 – SM2:0 (Sleep Mode Select Bits 2, 1, and 0) 
 13.1. 

 13.1 

SM2 SM1 SM0 
0 0 0 Idle 
0 0 1 ADC Noise Reduction 
0 1 0 Power-down 
0 1 1 Power-save 
1 1 0 Standby 
1 1 1 Extended Standby 

- 6 – SE (Sleep Enable). -
 SLEEP. 
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- ? 
- -

? 
- , ? 
- ? 
- ? 
- -

? 
- ? 
- -

? 

14.1. 
-

. -
, 

. : 
-  “Chip Erase” ( ); 
- / FLASH- ; 
- / EEPROM ; 
- /  FUSE- ; 
- / LOCK- ; 
-  SYGNATURE- ; 

FLASH  EEPROM  (  = 0xFF), -
. -

: 
-  – -

/ . 
 – . 

-  – 
. 
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, , -
 (In System Programming). 

- -
,  Boot Program Sec-

tion - .  

-
. -

.  14.1 
ATmega16 . 

. 14.1. 
 ATmega16 

-
: 

-  4,5 – 5,5V  Vcc. 
-  RESET, BS0  BS1 

 100 .. 
- 11,5 – 12,5V  RESET. 

-
 500  XTAL1. 

, -
. 

-
, . 

 14.1 -
 ATmega16, . 
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14.1 

0 80 (Chip Erase)
0 40 Fuse
0 20 Lock
0 10 Flash
0 11  EEPROM 
0 08 Signature
0 04 Fuse Lock
0 02 Flash
0 03  EEPROM 

FLASH  EEPROM .  
 (Chip Erase) -

 FLASH  EEPROM ,  LOCK- .  LOCK-
, . 

 FUSE- Chip Erase . 
 ATmega16  FUSE  EESAVE, -

,  Chip Erase -
 EEPROM . 

 (ISP – In System Programing) 

.  14.2 -
. 

. 14.2. 
 ATmega16 
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 SPI -
 Vcc  5 , -

 GND  RESET – . -
 SCK ( ), MOSI ( )  MISO ( ). 

 SCK. 

SCK.  
 ATMEGA16 -

 [14]. 

14.2. -
-

: 
- ; 
-

; 
- , ; 
- . 

. 
, . 

. 
-

, -
. 

, , 
 (c  .asm). 

- , , -
, , -

. :  
- -  (  .lst),  
-  (  .obj),  
- -  FLASH-  (  .hex),  
- -  EEPROM-  (  .eep). 



127

-  - . 
, 

. , -
. 

, , 
-

. 
 FLASH  EEPROM 

  
.  

, -
  

. 
, , 

, 

.  
-

: -
. 

.  
-

. -
, -

, 
. -

-
. -

, . 
, 

, , 
- 

. -
  -

. -
-
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,  - -
. 

-
. -

. -
,  AVR-

 Atmel  STK500.  

14.3. 

, 
.  

,  AVR Studio  Atmel 
AVR Assembler, 

IAR Systems' Assembler  C IAR Systems' 
ICCA90 C Compiler. 

-
, , , -

. -
, .  

 AVR Studio 
 AVR (AVR Simulator) -

 AVR (In-Circuit Emulator). 
AVR Studio, -

. , -
. , 

 AVR.  

-
.  AVRStudio  4 -

 WindowsXP/7/8. -
 14.3. 

. 14.3.  AVR Studio 
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 AVRStudio 
( . 14.4). 

. 14.4.  AVR Studio 

Project 
New Project. 

 ( . 14.5), 
(Project name)  (Location). 

. 14.5. 

:  
- Atmel AVR Assembler–   .  
- AVR GCC– . 

AVR Assembler Next
 ( . 14.6), -

. 
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. 14.6. 

-
-

 ( . 14.7). 

. 14.7. 

. Build Build. Build 
.  (  14.8) -
, . 

. 14.8. 

Build and Run Build.  
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Debug. AVR 
Simulator Options : -

, , , Boot-
 flash  ( . 14.9).  

.14.9.

-
, 

 ( .14.10).  

.14.10.

AVR Studio , 
Debug (  14.11). 

Reset (Shift+F5) . -
, . 

. 
I/O View

/ .  
Step Into (F11) . 

, . 
Step Into . 
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. 14.11.

Step Over (F10) . -
, . 

, 
. -

. 
Run (F5) . 

,   (Break-
points). 
Toggle Breakpoint (F9). , -

 (  14.12). 

. 14.12. 

.  
Break (CTRL-F5) . 

, . -
. 
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Run To 
Cursor (Ctrl+F10). -

, . 
, . 

, , , 
. 

. Run To Cursor
,  Source. 

/ (I/O View)(  14.13). 

. 14.13. /

-
. . 

, -
, . 
, -

/ .  

Toggle Watch Windows. , 
.def,

. 
,  Watch 

( . 14.14).  
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. 14.14. 

, , 
 SREG  X,E  Z 

 Processor ( . 14.15).  

. 14.15. 

, 
.  

, , EEPROM 
/ -

 Memory. -
-

: Data, IO, EEPROM, ProgramMemory. 
-

Memory . -
-

 ( . 14.16). 

. 14.16.  Memory 
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14.4.  STK 500 
STK500 – 

AVR - Atmel. 
, 

, -
. 

 STK500 Development Board, 
 COM- . 

Development Board  STK500 ( . 14.17)  -
: 

- ;  
-  DIP-

;  
- ;
-  RS-232; 
-  8 , 

; 
-  8 , 

; 
- , -

. , -
- . 

. 14.17.  Development Board  STK500 
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, 
STK500, AVR Studio  3.2. 

 Program AVR  Tools 
AVR Studio  STK 500 -

 STK500 , . 14.18. 

. 14.18.  STK500 

 STK500 
 STK500.  6 , -

. 

. . 
 5 . 

Device  -
. -

Erase Device. 
Programming Mode ( . 14.18) -

. , 
,  ISP- -

. Erase Device Before Programming -
, 

Verify Device After Programming STK500 -
. 
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 STK500 AVR Studio
- , Use Current Simulator/Emulator 

FLASH Memory - Flash 
. , 

- Flash Memory view AVR Studio. -
hex- , 

Input HEX File .  
 STK500 

AVR Studio, Use Current Simulator/Emulator 
EEPROM Memory EEPROM . -

, EEPROM -
EEPROM Memory view. -

 hex- , Input HEX 
File .  

Fuses ( . 14.19) 
. 

.  

. 14.19. 

 ISP- , -
. Read -

, Write
. 

, -
,  0.  
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 Lock Bits ( . 14.20) , -
. -

 ISP- , -
. -

. , 
. -

Erase Device Program, -
-

EEPROM. -
EESAVE, 

 EEPROM -
. 

. 14.20. 

Advanced ( . 14.21) -
, . 

Read Signature
-

. 

. -

-
. -

. 

. 14.21. 

Oscillator Calibration Byte -
, , . 

 OSCCAL 
 RC- . 
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Read Cal. Byte
Value.  

Board ( . 14.22) 
STK500. : VTARGET, AREF

. 

. 14.22. 

VTARGET  ( -
).  0…6  0,1 

-
. 

Read Voltages, -
Write Voltages. 

AREF , -
- . 

, 
 ADC.  0..6 

 0,1 
.  VTARGET,  AREF -
 Read Voltages, 

Write Voltages. 
 AREF 

VTARGET, . . . 
Oscillator

 32,7 ; 1,23 ; 1,84 ; 3,69  ( . 
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) . /
Read Osc./Write Osc. 
Auto ( . 14.23) -

. -
. , Program 

FLASH , Start -

Program. 

STK500. 
 14.23 -

, -
, -

. 

. 14.23. 

, 
-

. -
Start. , 

. 

-

? 
- ? 
- -

? 
- - -

? 
- -

? 
-

? 
-  AVRStudio? 



-

 AVR Stud
-

 STK 500? 
-

-
-
-

-
-
-
-

, 

 1 - 
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dio? 

STK 500? 

: 
. 

;
;

;
;

.

, 
, .

 ( . 15.2). 
. 

. 15.1. 

-

-

-

:

;
;

, 

-

 15.1. 

-
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U , 

: 

L
UU o ⋅=

, 
  X - , 

  L -  ( ). 
 ( -

) , , 
-

.  – 1 . 
 15.1 

   
 ( ) ( ) ( )  ( )

10 10 1 1 50
30 30 10 2 100

CLP13 50 15 3 128
CLP21 100 20 4 256

SPI 25 12 5 64
SPR18 150 16 6 512

LP 55 500 7 32
CI18 25 2 8 64
CD18 50 4 9 128
CR18 10 5 10 256
RC13 40 5 11 64
RC20 200 10 12 128

MMS33 900 10 13 256
RC35 750 5 14 512

. 15.2.   
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2 - 

. -
 15.3. 

.15.3.   

. -
k , , 

. -
 X1  X2,  90 

 ( . 15.4). 

. 15.4. 

f T -
:  

knTf ⋅== /1 , 

n   –  ( / ). 
:  

- 1 2, ,  
- 1 2 , . 

, 
.  – 1 / . 
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 15.2 

( / ) ( / ) 
 ( )

15 PR24 24 500 50
16 MSP20S\L 20 600 100
17 MRT25 25 700 128
18 MRX20 20 800 256
19 M101 50 900 64
20 SP 100 1000 512
21 SPB 512 1200 32
22 OP 1024 1500 64
23 M350 2500 2000 128
24 MOM20 500 2500 256
25 MBL 60 3000 64
26 MOZ30 300 2000 128
27 MBD 1000 1500 200
28 MOB 2048 1000 400
29 MOL200 5000 500 800
30 MH350 1200 200 1000

 3 - 

-
 ( ) . 

 15.5. 

. 15.5. 

, -
. 

-
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−ib , 
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-
( )   

( ) 

-

( / )

  
( ) 

  
  

( ) 

31 MRP10S/L 4 100 3000 100 50 
32 MAM-5 5 50 1500 200 100 
33 MAM-8 8 60 1000 500 128 
34 MRP10S/L 4 200 750 256 256 
35 MAM-5 5 150 375 50 64 
36 MAM-8 8 120 200 20 512 

 4 - 
-

,  15.6. 

. 15.6.   

, . 
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.  
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 ( . 15.7).  
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. 15.7. 

-
. -

. ,  s2b 
 b. 
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: ,  – -

. ,  b  2 -
 0b00101011,  0010 – -

 0 2, 1011 –  0 . 
 15.4 

  

 ( )  ( ) 
37 04 50 2
38 06 100 5
39 07 128 10
40 09 256 15
41 10 64 20
42 11 512 25
43 12 1024 30

 5 - 
-

 ( . 15.8).  

. 15.8. 
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)                                                         ) 
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 15.5 
  

 ( ) 
44 56 50
45 56 100
46 25 128
47 25 256
48 07 20
49 07 10
50 15-11 64
51 15-11 25
52 12-11 75
53 12-11 50
54 ITS-E0803 100
55 ITS-E0233 20

6 - - -

- -
.  15.12.  

. 15.12. -   

-
 ( . 15.13) -

. 

. 15.13. -

- Z . -
1…. 4 

 ( . 15.14). 
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. 15.14. 

T/f 1=  ( . 15.6), 
T/t , 

, , . -
 – 8 . 

.  
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-

 ( ) 
56 100 12
57 200 11
58 250 10
59 50 9
60 100 8
61 120 8
62 70 9
63 90 10
64 160 11

 7 - 
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. 

. 15.15.   



150

1… 4 ( . 15.16).  

T/f 1= t
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 15.7 
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 ( ) 
65 30
66 40
67 50
68 60
69 70
70 80
71 90
72 100
73 110

 8 - 

-
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. 15.18. 
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, -
. 
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.  

 15.8 
  

-

 ( )  ( ) 
74 120 50
75 125 55
76 130 60
77 135 65
78 140 70
79 150 75
80 160 80
81 170 85
82 175 90
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. , , 
 15.10.  

 15.10 

 ( ) ( )  ( )
90 DC 250 2 8 100
91 AC 10 3 8 1
92 DC 10 4 8 200
93 AC 25 5 8 2
94 DC 25 6 8 12
95 AC 50 7 10 3
96 DC 50 8 10 25
97 AC 100 6 10 1,5
98 DC 100 4 10 2
99 AC 250 3 10 1
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 1 
/  ATmega16 

I/O 
0x3F SREG Status Register 
0x3E SPH Stack Pointer High 
0x3D SPL Stack Pointer Low 
0 3C OCR0 Output Compare Register Timer/Counter 0 
0x3B GICR General Interrupt Control Register 
0x3A GIFR General Interrupt Flag Register 
0x39 TIMSK Timer/Counter Interrupt Mask Register 
0x38 TIFR Timer/Counter Interrupt Flag Register 
0x37 SPMCR Store Program Memory Control Register 
0x36 TWCR 2-wire Serial Interface Control Register 
0x35 MCUCR MCU Control Register 
0x34 MCUCSR MCU Control and Status Register 
0x33 TCCR0 Timer/Counter0 Control Register 
0x32 TCNT0 Timer/Counter0 (8-bit) 
0x31 OSCCAL Oscillator Calibration Register 
0x30 SFIOR Special Function I/O Register 
0x2F TCCR1A Timer/Counter1 Control Register A 
0x2E TCCR1B Timer/Counter1 Control Register B 
0x2D TCNT1H Timer/Counter1 High-byte 
0x2C TCNT1L Timer/Counter1 Low-byte 
0x2B OCR1AH Timer/Counter1 Output Compare Register A 

High-byte 
0x2A OCR1AL Timer/Counter1 Output Compare Register A 

Low-byte 
0x29 OCR1BH Timer/Counter1 Output Compare Register B 

High-byte 
0x28 OCR1BL Timer/Counter1 Output Compare Register B 

Low-byte 
0x27 ICR1H Input Capture Register High-byte 
0x26 ICR1L Input Capture Register Low-byte 
0x25 TCCR2 Timer/Counter2 Control Register 
0x24 TCNT2 Timer/Counter2 (8-bit) 
0x23 OCR2 Timer/Counter2 Output Compare Register 
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I/O   
0x22  ASSR Asynchronous Mode Status Register 
0x21  WDTCR Watchdog Timer Control Register 
0x20  UBRRHI UART Baud Rate Register High-byte 
0x1F  EEARH EEPROM Address Register High-byte 
0x1E  EEARL EEPROM Address Register Low-byte 
0x1D  EEDR EEPROM Data Register 
0x1C  EECR EEPROM Control Register 
0x1B  PORTA Data Register, Port A 
0x1A  DDRA Data Direction Register, Port A 
0x19  PINA Input Pins, Port A 
0x18 PORTB Data Register, Port B 
0x17  DDRB Data Direction Register, Port B 
0x16  PINB Input Pins, Port B 
0x15  PORTC Data Register, Port C 
0x14  DDRC Data Direction Register, Port C 
0x13  PINC Input Pins, Port C 
0x12  PORTD Data Register, Port D 
0x11  DDRD Data Direction Register, Port D 
0x10  PIND Input Pins, Port D 
0x0F  SPDR SPI I/O Data Register 
0x0E  SPSR SPI Status Register 
0x0D  SPCR SPI Control Register 
0x0C  UDR UART I/O Data Register 
0x0B  UCSRA UART Control and Status Register A 
0x0A  UCSRB UART Control and Status Register B 
0x09  UBRR UART Baud Rate Register 
0x08  ACSR Analog Comparator Control and Status Register 
0x07  ADMUX ADC Multiplexer Select Register 
0x06 ADCSR ADC Control and Status Register 
0x05  ADCH ADC Data Register High 
0x04 ADCL ADC Data Register Low 
0x03 TWDR Two-wire Serial Interface Data Register 
0x02 TWAR Two-wire Serial Interface Address Register  
0x01 TWSR Two-wire Serial Interface Status Register  
0x00 TWBR Two-wire Serial Interface Bit Rate Register  
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 2 
 ATmega16 
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3
 ATmega16 

1 0x000 RESET Reset 
2 0x002 INT0 Interrupt 0  0 
3 0x004 INT1 Interrupt 1  1 
4 0x006 TIMER2 

COMP 
Output Compare2 /  2, 

  
5 0x008 TIMER2 OVF Overflow 2 /  2, 

6 0x00A TIMER1 CAPT Input Capture1 /  1, 
7 0x00C TIMER1 

COMPA 
Timer/Counter 1 
Compare Matc A 

/  1, 

8 0x00E TIMER1 
COMPB 

Timer/Counter 1 
Compare Matc B 

/  1, 

9 0x010 TIMER1 OVF Overflow 1 /  1, 

10 0x012 TIMER0 OVF Overflow 0 /  0, 

11 0x014 SPI STC SPI Serial Transfer 
Complete 

SPI, 

12 0x016 USART RXC USART Receive 
Complete 

UART, 

13 0x018 USART DRE USART Data 
Register Empty 

UART, 

14 0x01A USART TXC UART Transmit 
Complete 

UART, 

15 0x01C ADC ADC -

16 0x01E EE_RDY EEPROM  EEPROM 
17 0x020 ANA_COMP Analog Comparator
18 0x022 TWI TWI   

 Interface) 
19 0x24 INT2 External Interrupt 

Request 2 
 2 

20 0x26 TIMER0 
COMP 

Timer/Counter 0 
Compare Matc 

/  0 

21 0x28 SPM_RDY Store Program 
Memory Ready 
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ACSR Analog Comparator Control and 
Status Register 

ADCH ADC Data Register High -

ADCSR ADC Control and Status Register -

ADD Addition 
ADMUX ADC Multiplexer Select  

Register 
-

ALU Arithmetic Logic Unit -
AND AND 
APS Application Program Section 

ASSR Asynchronous Mode Status Register  2 
BOR Brown-out Reset -

BPS Boot Program Section  
CISC Complicated Instruction Set  

Computer 
CLR Clear 

DDRA Data Direction Register, Port A 
DDRB Data Direction Register, Port B  B 
DDRC Data Direction Register, Port C  C 
DDRD Data Direction Register, Port D  D 
DEC Decrement  1 

EEARH EEPROM Address Register  
High-byte 

 EEPROM, 

EEARL EEPROM Address Register  
Low-byte 

 EEPROM, 

EECR EEPROM Control Register  EEPROM 
EEDR EEPROM Data Register  EEPROM 

EEPROM Electrically EPROM 
EPROM Erasable Programmable ROM 

FB Fusebit -
Flash Flash memory -
GIFR General Interrupt Flag Register 

GIMSK General Interrupt Mask Register 
GPR General Purpose Registers 
I2C 2-Wire Serial Interface 2-
IC Input Capture 

ICR1HT/
C 1 

Input Capture Register High-byte ,

ICR1L T/
C 1 

Input Capture Register Low-byte ,

IN Input 
INC Increment  1 
IOR Input Output Registers /
IR Instruction register 

JMP Jump 
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LB Lockbit 
MCU Microprocessor Core Unit 

MCUCR MCU general Control Register 

MCUSR MCU general Status Register 
MISO Master In Slave Out  – -

 SPI 
MOSI Master Out Slave In  - 

SPI 
MUL Multiply 
OC Output Compare 

OCR1A Timer/Counter1 Output Compare 
Register A High-byte 

-
/  1, 

OCR1B Timer/Counter1 Output Compare 
Register B High-byte 

-
/  1, 

OCR2 Timer/Counter2 Output Compare 
Register 

/ 
 2 

OR OR 
OSCCAL Oscillator Calibration Register 
OTPROM One Time Programmable ROM 

PC Program counter 
PINA Input Pins, Port A 
PINB Input Pins, Port B 
PINC Input Pins, Port C 
PIND Input Pins, Port D  D 
POR Power-on Reset 

PORTA Data Register, Port A 
PORTB Data Register, Port B  B 
PORTC Data Register, Port C  C 
PORTD Data Register, Port D  D 

PUR Pull-up resistors 
PWM Pulse-Width Modulation -
RET Return 
RISC Reduced Instruction Set  

Computer 
-

ROM Read Only Memory 
RTC Real Time Clock 
SCA Serial Clock  I2C 
SDA Serial Data  I2C 

SFIOR Special Function I/O Register /
SP StackPointer 

SPCR SPI Control Register  SPI 
SPDR SPI I/O Data Register  SPI 
SPH Stack Pointer High ,
SPI Serial Peripheral Interface -

SPL Stack Pointer Low ,
SPSR SPI Status Register  SPI 
SRAM Static Random Access Memory 
SREG Status register 
SREG Status Register 
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SUB Subtract 
TCCR0 Timer/Counter0 Control Register /  0 

TCCR1A Timer/Counter1 Control Register A /  1 
TCCR1B Timer/Counter1 Control Register B /  1 
TCCR2 Timer/Counter2 Control Register /  2 
TCNT0 Timer/Counter0  /  0 

TCNT1H Timer/Counter1 High-byte /  1 
TCNT1L Timer/Counter1 Low-byte /  1 
TCNT2 Timer/Counter2 /  2 
TIFR Timer/Counter Interrupt Flag  

Register 
-

/
TIMSK Timer/Counter Interrupt Mask 

Register 
-

/
TWCR 2-wire Serial Interface Control 

Register 
-

UART Universal Asynchronous Receiver 
Transmitter 

-

UBRR UART Baud Rate Register 
UBRRHI UART Baud Rate Register High-

byte 
UCSRA UART Control and Status  

Register A 
 A  UART 

UCSRB UART Control and Status  
Register B 

 UART 

UDR UART I/O Data Register  UART 
WDT Watchdog Timer 

WDTCR Watchdog Timer Control Register 

 – . .

 
 

 
500

 
 

 




