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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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Peripherals Brown-out Detect/Reset, POR, PWM, WDT

Number of I/O 23

Program Memory Size 16KB (8K x 16)

Program Memory Type FLASH

EEPROM Size 512 x 8

RAM Size 1K x 8

Voltage - Supply (Vcc/Vdd) 1.8V ~ 5.5V

Data Converters A/D 8x10b

Oscillator Type Internal

Operating Temperature -40°C ~ 85°C (TA)

Mounting Type Surface Mount

Package / Case 32-VFQFN Exposed Pad

Supplier Device Package 32-VQFN (5x5)
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When applying an external clock, it is required to avoid sudden changes in the applied clock fre-
quency to ensure stable operation of the MCU. A variation in frequency of more than 2% from
one clock cycle to the next can lead to unpredictable behavior. If changes of more than 2% is
required, ensure that the MCU is kept in Reset during the changes.

Note that the System Clock Prescaler can be used to implement run-time changes of the internal
clock frequency while still ensuring stable operation. Refer to ”System Clock Prescaler” on page
34 for details.

6.9 Clock Output Buffer
The device can output the system clock on the CLKO pin. To enable the output, the CKOUT
Fuse has to be programmed. This mode is suitable when the chip clock is used to drive other cir-
cuits on the system. The clock also will be output during reset, and the normal operation of I/O
pin will be overridden when the fuse is programmed. Any clock source, including the internal RC
Oscillator, can be selected when the clock is output on CLKO. If the System Clock Prescaler is
used, it is the divided system clock that is output. 

6.10 Timer/Counter Oscillator
The device can operate its Timer/Counter2 from an external 32.768 kHz watch crystal or a exter-
nal clock source. The Timer/Counter Oscillator Pins (TOSC1 and TOSC2) are shared with
XTAL1 and XTAL2. This means that the Timer/Counter Oscillator can only be used when an
internal RC Oscillator is selected as system clock source. See Figure 6-2 on page 28 for crystal
connection.

Applying an external clock source to TOSC1 requires EXTCLK in the ASSR Register written to
logic one. See ”Asynchronous operation of the Timer/Counter” on page 155 for further descrip-
tion on selecting external clock as input instead of a 32 kHz crystal.

6.11 System Clock Prescaler
The ATmega48/88/168 has a system clock prescaler, and the system clock can be divided by
setting the ”Clock Prescale Register – CLKPR” on page 357. This feature can be used to
decrease the system clock frequency and the power consumption when the requirement for pro-
cessing power is low. This can be used with all clock source options, and it will affect the clock
frequency of the CPU and all synchronous peripherals. clkI/O, clkADC, clkCPU, and clkFLASH are
divided by a factor as shown in Table 8-1 on page 44. 

When switching between prescaler settings, the System Clock Prescaler ensures that no
glitches occurs in the clock system. It also ensures that no intermediate frequency is higher than
neither the clock frequency corresponding to the previous setting, nor the clock frequency corre-
sponding to the new setting. The ripple counter that implements the prescaler runs at the

Table 6-13. Start-up Times for the External Clock Selection

Power Conditions
Start-up Time from Power-

down and Power-save
Additional Delay from 

Reset (VCC = 5.0V) SUT1..0

BOD enabled 6 CK 14CK 00

Fast rising power 6 CK 14CK + 4.1 ms 01
34
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ATmega48/88/168
p ri o r i ty l ev el . R E S E T  h as  th e  hi g h e s t p r i or i ty , a n d  n e x t  i s  I N T 0  – t h e E x te r na l  In t er ru p t R eq u e s t
0 . T he  In te rr up t V e c to rs  c a n b e m o v e d to  th e s ta rt o f th e  B oo t F l a s h s ec ti o n b y  s e tti n g  the  IV S E L
b i t  i n  t h e  M C U  C o n t r o l  R e g i s t e r  ( M C U C R ) .  R e f e r  t o  ” Int er ru p ts ”  o n p ag e  5 4  fo r m or e in fo rm at ion .
T he  R es et V e c to r c a n al s o  b e  m ov ed  t o th e s ta rt  o f t he  B o ot  F l a s h s e c ti o n  b y  p ro g ra mm i n g th e
B O O T R S T  F u s e ,  s e e ” B o ot L o ad e r S u pp o rt –  R e ad - W hi l e -W ri te  S e l f- P ro gr am m i n g,  A Tm e ga 8 8
a nd  A T m eg a 16 8 ” o n  pa g e 26 4 .

W h e n  a n  i n t e r r u p t  o c c u r s ,  t h e  G l o b a l  I n t e r r u p t  E n a b l e  I - b i t  i s  c l e a r e d  a n d  a l l  i n t e r r u p t s  a r e  d i s -
a bl e d.  T h e u s e r s o ftw a r e c a n w r i te  l o gi c  o ne  to  t he  I -b i t to  e n ab l e n es t ed  i nt er ru pt s . A l l  en ab l e d
i n t e r r u p t s  c a n  t h e n  i n t e r r u p t  t h e  c u r r e n t  i n t e r r u p t  r o u t i n e .  T h e  I - b i t  i s  a u t o m a t i c a l l y  s e t  w h e n  a
Re tu rn  f ro m In te rru p t in st ru ctio n – RETI –  is  e xe cut ed . 

T h e r e  a r e  b a s i c a l l y  t w o  t y p e s  o f  i n t e r r u p t s .  T h e  f i r s t  t y p e  i s  t r i g g e r e d  b y  a n  e v e n t  t h a t  s e t s  t h e
In te rr up t Fl a g . F o r t he s e  i n te rr up ts,  th e  P ro g ra m  C o un te r i s  v ec t or ed  t o the  a c t ua l  In te rr u pt V ec -
t o r  i n  o r d e r  t o  e x e c u t e  t h e  i n t e r r u p t  h a n d l i n g  r o u t i n e ,  a n d  h a r d w a r e  c l e a r s  t h e  c o r r e s p o n d i n g
In te rr up t F l ag . In ter ru p t F l a gs  c a n  a l s o  b e c l e ar e d by  w r i ti n g a l og i c  on e  to  the  fl ag  bi t  p os it i on (s )
t o  b e  c l e a r e d .  I f  a n  i n t e r r u p t  c o n d i t i o n  o c c u r s  w h i l e  t h e  c o r r e s p o n d i n g  i n t e r r u p t  e n a b l e  b i t  i s
c l e a r e d ,  t h e  I n t e r r u p t  F l a g  w i l l  b e  s e t  a n d  r e m e m b e r e d  u n t i l  t h e  i n t e r r u p t  i s  e n a b l e d ,  o r  t h e  f l a g  i s
cle ar e d by so ftw ar e.  Sim ilar l y,  if on e or  m o re  in te rr up t c on d i tion s oc cu r w hile  t he  G l ob a l  In te rr up t
E n a b l e  b i t  i s  c l e a r e d ,  t h e  c o r r e s p o n d i n g  I n t e r r u p t  F l a g ( s )  w i l l  b e  s e t  a n d  r e m e m b e r e d  u n t i l  t h e
G l o b a l  I n t e r r u p t  E n a b l e  b i t  i s  s e t ,  a n d  w i l l  t h e n  b e  e x e c u t e d  b y  o r d e r  o f  p r i o r i t y .  

T h e  s e c o n d  t y p e  o f  i n t e r r u p t s  w i l l  t r i g g e r  a s  l o n g  a s  t h e  i n t e r r u p t  c o n d i t i o n  i s  p r e s e n t .  T h e s e
i n te rru p ts  do  n ot  n ec es s ar i l y  ha v e  In te rr u pt F l ag s . If th e i nt er ru pt  c o n di ti o n  d i s a pp ea rs  b ef or e th e
i n t e r r u p t  i s  e n a b l e d ,  t h e  i n t e r r u p t  w i l l  n o t  b e  t r i g g e r e d .

W h e n  t h e  A V R  e x i t s  f r o m  a n  i n t e r r u p t ,  i t  w i l l  a l w a y s  r e t u r n  t o  t h e  m a i n  p r o g r a m  a n d  e x e c u t e  o n e
m or e i ns tru c t i on  b ef or e an y  pe nd in g int er ru pt  is ser ve d.

N o te  th a t th e  S ta tu s  R e g i s t er  i s  n ot  au to m at i c a l l y  s to re d w he n  en te r i ng  a n i n te rr u pt  ro ut i ne , n o r
re s t or ed  w he n re tu rn i ng  f ro m  an  i n te rr u pt ro ut i ne . Th i s  mu s t  b e h a nd l e d b y  s o ftw a r e.

W h e n  u s i n g  t h e  C L I  i n s tr u c t i o n  t o  d i s ab l e  i n t e r r u p t s ,  t h e  i n t e r r u p t s  w i l l  b e  i m m e d i a t e l y  d i s a b l e d .
N o  i n t e r r u p t  w i l l  b e  exe c u t e d  a f t e r  t h e  C L I  i n s t r u c t i o n ,  eve n  i f  i t  o c c u r s  s i mu l t a n e o u s l y  w i t h  t h e
C L I i n s tr u c t i on . T h e fol l ow i ng  exam p l e s how s  h ow  t hi s  c an  b e u s e d  to  avo i d i n te rr u p ts  d ur i n g  th e
t i m e d  E E P RO M  w r i t e  s e q u e n c e .
13
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ATmega48/88/168
5. AVR ATmega48/88/168  Memories
T h i s  s e c t i o n  d e s c r i b e s  t h e  d i f f e r e n t  m e m o r i e s  i n  t h e  A T m e g a 4 8 / 8 8 / 1 6 8 .  T h e  A V R  a r c h i t e c t u r e
h a s  t w o  m a i n  m e m o r y  s p a c e s ,  t h e  D a t a  M e m o r y  a n d  t h e  P r o g r a m  M e m o r y  s p a c e .  I n  a d d i t i o n ,
t h e  A T m e g a 4 8 / 8 8 / 1 6 8  f e a t u r e s  a n  E E P R O M  M e m o r y  f o r  d a t a  s t o r a g e .  A l l  t h r e e  m e m o r y  s p a c e s
a re  lin ea r an d re gu la r.

5.1 In-System Reprogrammable Flash Program Memory 
T h e  A T m e g a 4 8 / 8 8 / 1 6 8  c o n t a i n s  4 / 8 / 1 6 K  b y t e s  O n - c h i p  I n - S y s t e m  R e p r o g r a m m a b l e  F l a s h
m em o ry  f or  p ro g ra m  s tor a ge . S i nc e a l l  A V R  i ns t ru c ti o n s  ar e 1 6 o r 32  bi t s  w i d e,  t he  F l a s h  i s  o r ga -
n i z ed  as  2 /4 /8 K  x  1 6.  F o r s o ftw ar e s e c u ri ty , the  Fl a s h  P ro gr am  m em o ry s p ac e i s  di v i de d i n to  tw o
s e c ti o n s , B o ot  L o ad er  S ec ti o n an d  A p p l i c a ti on  P ro g ra m S e c ti o n  i n  A T me g a8 8 a nd  A Tm e ga 1 68 .
A T m e g a 4 8  d o e s  n o t  h a v e  s e p a r a t e  B o o t  L o a d e r  a n d  A p p l i c a t i o n  P r o g r a m  s e c t i o n s ,  a n d  t h e
S P M  i n s tr uc ti on  c a n  b e  ex ecu te d  fro m  th e e nt i re  F l ash . S e e  S E L FP R GE N  de s c r i pt i on  i n  s ec ti o n
”S tor e  P ro g ra m  M em o ry C o nt ro l  a nd  S t atu s  R e gi s t er  –  S P M C S R ” on  p ag e  25 9  a nd  p ag e  2 69 fo r
m or e de ta i l s .

T h e  F l a s h  m e m o r y  h a s  a n  e n d u r a n c e  o f  a t  l e a s t  1 0 , 0 0 0  w r i t e / e r a s e  c y c l e s .  T h e
A T m eg a4 8 /8 8/ 16 8 P r o gr am  C o un te r ( P C )  i s  11 /1 2 /13  b i ts w i d e , th us  ad dr es s i n g th e  2/ 4/8 K  p ro -
g r a m  m e m o r y  l o c a ti o n s .  T h e  o p e r a t i o n  o f  B o o t  P r o g ra m  s e c t i o n  a n d  a s s o c i a t e d  B o o t  L o c k  b i t s
f o r  s o f t w a r e  p r o t e c t i o n  a r e  d e s c r i b e d  i n  d e t a i l  i n  ” S e l f - P r o g r a m m i n g  t h e  F l a s h ,  A T m e g a 4 8 ”  o n
p a g e  2 5 6  a n d  ” B o o t  L o a d e r  S u p p o r t  –  R e a d - W h i l e - W r i t e  S e l f - P r o g r a m m i n g ,  A T m e g a 8 8  a n d
A T m eg a1 6 8”  on  p a ge  26 4 .  ” M em o ry  P r og ra m m in g ” o n pa g e 2 80  c on ta i n s a de ta ile d de sc rip tio n
o n Fl a s h  P r og ra m m i ng  i n  S P I - o r P ar a l l el  P ro gr am m i ng  m o de .

Co ns ta nt  ta ble s ca n  be  allo ca te d  with i n t he  e ntir e  pr og ra m  me m or y a dd r ess  sp ac e ( se e t he  LP M
–  L oa d P ro g ra m Me m or y  i ns t ru c ti o n  d es c ri p ti o n) .

T i m in g  d i a gr am s  fo r  i n s tr u c ti o n fe tc h a nd  exe c u ti o n  a re  pr es en te d i n  ” In s tr u c ti o n E x e c u ti o n  T i m -
in g”  o n pa ge  1 2 .
15
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ATmega48/88/168
W h e n  t h e  w r i t e  a c c e s s  t i m e  h a s  e l a p s e d ,  t h e  E E P E  b i t  i s  c l e a r e d  b y  h a r d w a r e .  T h e  u s e r  s o f t -
w a re  c a n  po l l  th i s  b i t an d  w a i t fo r a  z e ro  b ef or e w ri ti n g  the  n ex t b y te . W h e n E E P E  ha s  b ee n  s e t,
th e  C P U  i s  h a l te d f or  tw o c y c l es  be fo re  t he  n ex t i n s t ru c ti o n i s  e x e c u te d.

• Bit 0 – EERE: EEPROM Read Enable
T h e  E E P R O M  R ea d  E n a b l e  S i g n a l  E E R E  i s  t h e  r e a d  s t r o b e  t o  t h e  E E P R O M .  W h e n  t h e  c o r r e c t
a dd re s s  i s  s et  u p  i n th e  E E A R  R e gi s ter , th e  E E R E  bi t  mu s t  b e  w ri tt en  to  a l o gi c  o n e to  tr i gg er  th e
E E P R O M  r e a d .  T h e  E E P R O M  r e a d  a c c e s s  t a k e s  o n e  i n s t r u c t i o n ,  a n d  t h e  r e q u e s t e d  d a t a  i s
a v a i la b l e  i m m e d i a t e l y .  W h e n  t h e  E E P R O M  i s  r e a d ,  t h e  C P U  is  h a l t e d  f o r  f o u r  c y c l e s  b e f o r e  t h e
n ex t i n s tr uc ti o n i s  e x e c u te d.

T h e  u s e r  s h o u l d  p o l l  t h e  E E P E  b i t  b e f o r e  s t a r t i n g  t h e  r e a d  o p e r a t i o n .  I f  a  w r i t e  o p e r a t i o n  i s  i n
p r o g r e s s ,  i t  i s  n e i t h e r  p o s s i b l e  t o  r e a d  t h e  E E P R O M ,  n o r  t o  c h a n g e  t h e  E E A R  R e g i s t e r .

T h e  c al i b r a t e d  O s c i l l a t o r  i s  u s e d  t o  t i m e  t h e  E E P R O M  a c c e s s e s .  T a b l e 5 - 2  lists  th e  ty pic a l pr o -
g ra mm i n g ti m e fo r E E P R O M ac c e s s  f ro m  th e C P U .

T h e  f o l l o w i n g  c o d e  e x a m p l e s  s h o w  o n e  a s s e m b l y  a n d  o n e  C  f u n c t i o n  f o r  w r i t i n g  t o  t h e
E E P R O M . T h e  e x a m p l e s  a s s u m e t h at  i n te r ru p ts  a r e  c on t ro l l e d  ( e. g . b y  d i s a bl i ng  i n t er r up t s  g l o -
b a l l y )  s o  t h a t  n o  i n t e r r u p t s  w i l l  o c c u r  d u r i n g  e x e c u t i o n  o f  t h e s e  f u n c t i o n s .  T h e  e x a m p l e s  a l s o
a s s u m e  t h a t  n o  F l a s h  B o o t  L o a d e r  i s  p r e s e n t  i n  t h e  s o f t w a r e .  I f  s u c h  c o d e  i s  p r e s e n t ,  t h e
E E P R O M  w ri t e  f u n c t i o n  m u s t  a l s o  w a i t  f o r  a n y  o n g o i n g  S P M  c o m m a n d  t o  f in i s h .

Table 5-2. E E P R O M  P r o g r a m m i n g  T i m e

Symbol Number of Calibrated RC Osc illator Cycles Typ Programming Time

EEPROM wr ite 
( f ro m CPU) 26 ,3 68 3 .3  ms
21
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ATmega48/88/168
T he  n e x t c od e  ex am p l es  s h o w  a s s e m bl y  an d  C  fu n c t i on s  f or  re a di n g  th e E E P R O M . T h e e x a m -
p l e s  a s s u m e  t h a t  i n t e r r u p t s  a r e  c o n t r o l l e d  s o  t h a t  n o  i n t e r r u p t s  w i l l  o c c u r  d u r i n g  e x e c u t i o n  o f
th e se fu nc tio ns.

5.3.5 Preventing EEPROM Corruption
D u r i n g  p e r i o d s  o f  l o w  V C C,  t h e  E E P R O M  d a t a  c a n  b e  c o r r u p t e d  b e c a u s e  t h e  s u p p l y  v o l t a g e  i s
t o o  l o w  f o r  t h e  C P U  a n d  t h e  E E P R O M  t o  o p e r a t e  p r o p e r l y .  T h e s e  i s s u e s  a r e  t h e  s a m e  a s  f o r
b o a r d  l e v e l  s y s t e m s  u s i n g  E E P R O M ,  a n d  t h e  s a m e  d e s i g n  s o l u t i o n s  s h o u l d  b e  a p p l i e d .

A n  E E P R O M da ta  c o rru p ti o n c a n b e c a us ed  b y  tw o  s i tu at i on s  w h en  th e v o l ta ge  i s  t oo  l o w .  F i rs t,
a  re gu l a r w r i te  s e qu en c e  to  th e E E P R O M r e qu i re s  a  m in i m um  v ol ta g e t o o pe r ate  c o rr e c tl y .  S e c -
o nd l y , th e C P U  i ts e l f c an  e x e c u te  i ns tr uc t i on s  inco r re ctly , if th e su pp l y  v ol t a g e  i s  t o o  l o w .

E E P R O M  d a t a  c o r r u p t i o n  c a n  e a s i l y  b e  a v o i d e d  b y  f o l l o w i n g  t h i s  d e s i g n  r e c o m m e n d a t i o n :

K e e p  t h e  A V R  R E S E T  a c t i v e  ( l o w )  d u r i n g  p e r i o d s  o f  i n s u f f i c i e n t  p o w e r  s u p p l y  v o l t a g e .  T h is  c a n
b e d on e b y  en ab l i n g th e  i n te rn al  B r ow n- ou t D e te c to r (B OD ) . If  t he  d e te c ti o n l e v e l  o f th e i n te rn al
B O D  d oe s  n ot  ma tc h t he  n ee de d  de te c ti o n  l ev el , a n  ex te rn al  l o w  V C C  r e s e t  P r o t e c t i o n  c i r c u i t  c a n
b e  u s e d .  I f  a  r e s e t  o c c u r s  w h i l e  a  w r i t e  o p e r a t i o n  i s  i n  p r o g r e s s ,  t h e  w r i t e  o p e r a t i o n  w i l l  b e  c o m -
p l et ed  p ro v i d ed  t ha t t he  p ow er  s u p pl y  v o l ta ge  i s  s u ffi c i en t.

A s s em b l y  C od e E x a mp l e

EEPROM_read:
; Wait for completion of previous write
sbic  EECR,EEPE
rjmp  EEPROM_read
; Set up address (r18:r17) in address register
out  EEARH, r18
out  EEARL, r17
; Start eeprom read by writing EERE
sbi  EECR,EERE
; Read data from Data Register
in  r16,EEDR
ret

C  C od e  E x a m pl e

unsigned char  EEPROM_read( unsigned int  uiAddress)
{

/* Wait for completion of previous write */
while(EECR & (1<<EEPE))

;
/* Set up address register */
EEAR = uiAddress;
/* Start eeprom read by writing EERE */
EECR |= (1<<EERE);
/* Return data from Data Register */
return EEDR;

}
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6.1.4 Asynchronous Timer Clock – clk ASY

T h e  A s y n c h r o n o u s  T i m e r  c l o c k  a l l o w s  t h e  A s y n c h r o n o u s  T i m e r / C o u n t e r  t o  b e  c l o c k e d  d i r e c t l y
f r o m  a n  e x t e r n a l  c l o c k  o r  a n  e x t e r n a l  3 2  k H z  c l o c k  c r y s t a l .  T h e  d e d i c a t e d  c l o c k  d o m a i n  a l l o w s
u s i ng  t hi s  T i me r /C o un te r as  a  re a l -ti m e  c o u nte r  ev en  w he n th e de v i c e  i s  i n  s l e ep  m o de .

6.1.5 ADC Clock – clk ADC

T he  A D C  i s  pr ov i de d w i th  a  de d i c a ted  c l ock  d om a i n. Th i s  al l o w s  h a l ti n g t he  C P U  a nd  I/ O c l oc k s
i n  o rd e r to  r ed u c e  n o i s e g en e ra te d b y  d i g i ta l  c i rcu i tr y . T hi s  g i v e s  m or e a c c u ra te  A D C  c o nv er s i o n
re su lts .

6.2 Clock Sources
T h e  d e v i c e  h a s  t h e  f o l l o w i n g  c l o c k  s o u r c e  o p t i o n s ,  s e l e c t a b l e  b y  F l a s h  F u s e  b i t s  a s  s h o w n
b el o w . T h e c l ock  fro m  th e s el e c te d  s ou rc e i s  in p ut  to  t he  A V R  c l ock  ge n er at or , a nd  ro ut ed  to  th e
a pp ro p ri a te  m od ul e s .

Note: 1. Fo r  al l fu se s “1” mean s un progra mme d w hile  “0 ” mean s pro grammed.

6.2.1 Default Clock Source
T h e  d e v i c e  i s  s h i p p e d  w i t h  i n t e r n a l  R C  o s c i l l a t o r  a t  8 . 0 M H z  a n d  w i t h  t h e  f u s e  C K D I V 8  p r o -
g r a m m e d ,  r e s u l t i n g  i n  1 . 0 M H z  s y s t e m  c l o c k .  T h e  s t a r t u p  t i m e  i s  s e t  t o  m a x i m u m  a n d  t i m e - o u t
p e r i o d  e n a b l e d .  ( C K S E L  =  " 0 0 1 0 " ,  S U T  =  " 1 0 " ,  C K D I V 8  =  " 0 " ) .  T h e  d e f a u l t  s e t t i n g  e n s u r e s  t h a t
a l l  u s e rs  c an  m ak e th e i r d es i r ed  c l o c k  s ou rc e s e tt i ng  us in g  an y  a v ai l a b l e p ro gr a mm i n g i n te rfa c e .

6.2.2 Clock Startup Sequence
A n y  c l o c k  s ou r c e n e e d s  a  s u f f i c i e n t  V C C  t o  s ta r t  o s c i l l a t i n g  a n d  a  m i n i m u m  n u m b e r  o f  o s c i l l a t i n g
c y c l es  b ef or e i t c an  b e c o nsi d e re d s ta b l e. 

T o  e n s u r e  s u f f i c i e n t  V C C ,  t h e  d e v i c e  i s s u e s  a n  i n t e r n a l  r e s e t  w i t h  a  t i m e - o u t  d e l a y  ( t TO U T )  a f t e r
th e  d e v i c e r e s e t i s  r e l ea s ed  b y  al l  ot h er  r e s e t s ou r c e s . ” S y s te m  C o n tr o l  a n d R e s e t”  o n pa g e  43
d es c ri b es  th e s ta rt c on d i ti o ns  fo r th e  i nt er na l  re s e t.  Th e  de l a y  (t TO U T )  is tim e d f ro m  th e W atc hd o g
O s c i l l at o r  a n d th e  n u m b e r of  c y c l e s  i n  th e  d e l a y  i s  s e t  b y  th e  S U T x  a nd  C K S E L x  fu s e  b i ts .  T h e
s e l e c t a b l e  d e l a y s  a r e  s h o w n  i n  T a b l e  6 - 2 .  T h e  f r e q u e n c y  o f  t h e  W a t c h d o g  O s c i l l a t o r  i s  v o l t a g e

Table 6-1. D e v i c e  C l o c k i n g  O p t i o n s  S e l e c t (1 )

Device Clocking Option  CKSEL3..0

Low Powe r Cr ystal  Oscilla to r 11 11 - 1000

Full Swin g C r ysta l Oscill ator 01 11 - 0110

Low Fr equ ency Cr ystal Oscil lator 01 01 - 0100

Inter n al 128 kHz RC Oscillator 0 011

Cal ibrated In te r n al RC Oscil lator 0 010

Exte r n al Clo ck 0 000

Rese r ved 0 001
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W h e n  t h i s  O s c i l l a t o r  i s  s e l e c t e d ,  s t a r t - u p  t i m e s  a r e  d e t e r m i n e d  b y  t h e  S U T  F u s e s  a s  s h o w n  i n
T ab l e  6 -9  o n p a ge  3 2 .

N o t e : 1. I f  t h e  R S T D I SB L  f u s e  i s  p r o gra m me d , this sta r t-up  time wil l be increa sed to  
14C K +  4 .1 ms to en su re programmin g mo de can be en te red.

2. T h e de vice  is  sh ip pe d wit h  th i s  op ti o n s e l ec te d.

6.6.1 Oscillator Calibra tion Register – OSCCAL

• Bits 7..0 – CAL7..0: Oscillator Calibration Value
T h e  O s c i l l a t o r  C a l i b r a t i o n  R e g i s t e r  i s  u s e d  t o  t r i m  t h e  C a l i b r a t e d  I n t e r n a l  R C  O s c i l l a t o r  t o
r e m o v e p r o c e s s  v a r i a t i o n s  f r o m  t h e  o s c i l l a t o r  f r e q u e n c y .  T h e  f a c t o r y -c al i b r a t e d  v a l u e  i s  a u t o m a t -
i c a l l y  w ri t t e n  t o  t h i s  r e g is te r  d u r i n g  c h i p  r e s et ,  g i v i n g  a n  o s c i l l a t o r  f r e q u e n c y o f  8 . 0  M H z  a t  2 5 ° C .
T h e  a p p l ic a t i o n  s o f t w a r e  c a n  w r i t e  t h i s  r e g i s t e r  t o  c h a n g e  t h e  o s c i l l a t o r  f r e q u e n c y .  T h e  o s c i l l a t o r
c a n  b e  c a li b r ate d  to  an y  fr eq u en c y  i n  th e r an g e 7 .3  - 8 .1  MH z  w i th i n  ± 1%  a c c ur ac y . C a l i b ra ti o n
o ut s i de  t ha t ra ng e i s  n o t g ua r an te ed .

N o t e  t h a t  t h i s  o s c i l l a t o r  i s  u s e d  t o  t i m e  E E P R O M  a n d  F l a s h  w r i t e  a c c e s s e s ,  a n d  t h e s e  w r i t e
t i m e s  w i l l  b e  a f f e c t e d  a c c o r d i n g l y .  I f  t h e  E E P R O M  o r  F l a s h  a r e  w ri t t e n ,  d o  n o t  c a l i b r a t e  t o  m o r e
t h a n  8 . 8  M H z .  O t h e r w i s e ,  t h e  E E P R O M  o r  F l a s h  w r i t e  m a y  f a i l .

T h e  C A L 7  b i t  d e t e r m i n e s  t h e  r a n g e  o f  o p e r a t i o n  f o r  t h e  o s c i l l a to r .  S e t t i n g  t h i s  b i t  t o  0  g i v e s  th e
l o w e s t  f r e q u e n c y  r a n g e ,  s e t t i n g  t h i s  b i t  t o  1  g i v e s  t h e  h i g h e s t  f r e q u e n c y  r a n g e .  T h e  t w o  f r e -
q u e n c y  r a n g e s  a r e  o v e r l a p p i n g ,  i n  o t h e r  w o r d s  a  s e t t i n g  o f  O S C C A L  =  0 x 7 F  g i v e s  a  h i g h e r
fr eq u en c y  th an  O S C C A L =  0 x 8 0.

T h e  C A L 6 . . 0  b i t s  a r e  u s e d  t o  t u n e  t h e  f r e q u e n c y  w i t h i n  t h e  s e l e c t e d  r a n g e .  A  s e t t i n g  o f  0 x 0 0
g i v es  the  l ow es t fre q ue nc y  i n th a t ra ng e , an d a  s et ti n g o f 0x 7F  gi v es  th e  h i g he s t  f re qu en c y  i n  th e
r a n g e .  I n c r e m e n t i n g  C A L 6 . . 0  b y  1  w i l l  g i v e  a  f r e q u e n c y  i n c r e m e n t  o f  l e s s  t h a n  2 %  i n  t h e  f r e -
q ue nc y  r an g e 7. 3 -  8 .1  M H z .

Table 6-9. S t a r t - u p  t i m e s  f o r  t h e  i n t e r n a l  c al i b r a t e d  R C  O s c i l l a t o r  c l o c k  s e l e c ti o n

Power Conditions
Start-up Time from Power-

down and Power-save
Additional Delay from 

Reset (VCC = 5.0V) SUT1..0

B OD  e nabl ed 6 CK 1 4CK (1) 0 0

Fast r ising  p owe r 6 CK 14 CK +  4.1 ms 0 1

Slowl y r i si ng power 6 CK 14 CK +  6 5 ms (2) 1 0

Reser ved 1 1

B i t 7 6 5 4 3 2 1 0

CAL7 CAL6 CAL5 CAL4 CAL3 CAL2 CAL1 CAL0 OSCCAL

R e a d/ W r it e R / W R / W R / W R / W R / W R / W R / W R / W

I n i t i a l  V a l ue D e v i c e  S pe c i f i c  C a l i b ra t i o n  V a l ue
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2. When  the IVSEL b it i n MCU CR is set, Interr u pt Vectors will  be  move d to  the star t of th e Bo ot 
Fl ash Secti on. The  a ddress of e ach In te rr upt Ve cto r wil l th en be the add ress i n thi s tabl e 
add ed to the  star t a ddress of the  Boo t Flash Section.

T a b l e  9 - 5  s h o w s  r e s e t  a n d  I n t e r r u p t  V e c t o r s  p l a c e m e n t  f o r  t h e  v a r i o u s  c o m b i n a t i o n s  o f
B O O T R S T  a n d  I V S E L  s e t t i n g s .  I f  t h e  p r o g r a m  n e v e r  e n a b l e s  a n  i n t e r r u p t  s o u r c e ,  t h e  I n t e r r u p t
V e c t o r s  a r e  n o t  u s e d ,  a n d  r e g u l a r  p r o g r a m  c o d e  c a n  b e  p l a c e d  a t  t h e s e  l o c a t i o n s .  T h i s  i s  a l s o
t h e  c a s e  i f  t h e  R e s e t  V e c t o r  i s  i n  t h e  A p p l i c a t i o n  s e c t i o n  w h i l e  t h e  I n t e r r u p t  V e c t o r s  a r e  i n  t h e
B o o t  s e c t i o n  o r  v i c e  v e r s a .  

Note: 1. T he Boo t Rese t Address is shown in  Tabl e 2 4-6 on pa ge 276 . For the BOOTRST Fuse “1” 
means un programmed  wh ile  “0” means programmed.

T h e  m o s t  t y p i c a l  a n d  g e n e r a l  p r o g r a m  s e t u p  f o r  t h e  R e s e t  a n d  I n t e r r u p t  V e c t o r  A d d r e s s e s  i n
A T m eg a1 6 8 i s :

Address Labels Code Comments
0x0000 jmp RESET ; Reset Handler
0x0002 jmp EXT_INT0 ; IRQ0 Handler
0x0004 jmp EXT_INT1 ; IRQ1 Handler
0x0006 jmp PCINT0 ; PCINT0 Handler
0x0008 jmp PCINT1 ; PCINT1 Handler
0x000A jmp PCINT2 ; PCINT2 Handler
0x000C jmp WDT ; Watchdog Timer Handler
0x000E jmp TIM2_COMPA ; Timer2 Compare A Handler
0x0010 jmp TIM2_COMPB ; Timer2 Compare B Handler
0x0012 jmp TIM2_OVF ; Timer2 Overflow Handler
0x0014 jmp TIM1_CAPT ; Timer1 Capture Handler
0x0016 jmp TIM1_COMPA ; Timer1 Compare A Handler
0x0018 jmp TIM1_COMPB ; Timer1 Compare B Handler
0x001A jmp TIM1_OVF ; Timer1 Overflow Handler
0x001C jmp TIM0_COMPA ; Timer0 Compare A Handler
0x001E jmp TIM0_COMPB ; Timer0 Compare B Handler
0x0020 jmp TIM0_OVF ; Timer0 Overflow Handler
0x0022 jmp SPI_STC ; SPI Transfer Complete Handler
0x0024 jmp USART_RXC ; USART, RX Complete Handler
0x0026 jmp USART_UDRE ; USART, UDR Empty Handler
0x0028 jmp USART_TXC ; USART, TX Complete Handler
0x002A jmp ADC ; ADC Conversion Complete Handler
0x002C jmp EE_RDY ; EEPROM Ready Handler
0x002E jmp ANA_COMP ; Analog Comparator Handler
0x0030 jmp TWI ; 2-wire Serial Interface Handler
0x0032 jmp SPM_RDY ; Store Program Memory Ready Handler

Table 9-5. R e s e t a n d In ter r u pt Vec t or s  P l ace m en t i n AT me g a1 68 ( 1 )

BOOTRST IVSEL Reset Address Inter rupt Vectors Start Address

1 0 0x00 0 0x00 1

1 1 0x00 0 Boo t Reset Address + 0x00 02

0 0 Boot Reset Ad dress 0x00 1

0 1 Boot Reset Ad dress Boo t Reset Address + 0x00 02
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Figure 12-5. C T C  Mo d e,  T i mi n g  D i a gr a m

A n  i nt er ru pt  c a n b e  ge ne r ate d  ea c h  ti m e  th e c o u nt er  v a l ue  re a c he s  t he  T OP  v al u e  by  usi n g  th e
O C F 0 A  F l a g .  I f  t h e  i n t e r r u p t  i s  e n a b l e d ,  t h e  i n t e r r u p t  h a n d l e r  r o u t i n e  c a n  b e  u s e d  f o r  u p d a t i n g
t he  T OP  v al u e . H o w e v e r,  c h an g i n g  T OP  t o a  v a l u e  c l o s e  to  B O T T O M  w h e n  t h e  c o u n t e r i s  ru n -
n i n g  w i t h  n o n e  o r  a  l o w  p r e s c a l e r  v a l u e  m u s t  b e  d o n e  w i t h  c a r e  s i n c e  t h e  C T C  m o d e  d o e s  n o t
h a v e  t h e  d o u b l e  b u f f e r i n g  f e a t u r e .  I f  t h e  n e w  v a l u e  w r i t t e n  t o  O C R 0 A  i s  l o w e r  t h a n  t h e  c u r r e n t
v a l u e  o f  T C N T 0 ,  t h e  c o u n t e r  w i l l  m i s s t h e  c o m p a r e  m a t c h .  T h e  c o u n t e r  w i l l  t h e n  h a v e t o  c o u n t  t o
i t s  m a x i m u m  v a l u e  ( 0 x F F )  a n d  w r a p  a r o u n d  s t a r t i n g  a t  0 x 0 0  b e f o r e  t h e  c o m p a r e  m a t c h  c a n
o c c u r .  

F or  ge n er at i ng  a w a v e fo rm  ou tp u t i n C TC  m o de , th e  OC 0 A  o ut pu t c a n b e  s et  t o to g gl e  i ts  l o gi c al
l e v e l  o n  e a c h  c o m p a r e  m a t c h  b y  s e t t i n g  t h e  C o m p a r e  O u t p u t  m o d e  b i t s  t o  t o g g l e  m o d e
( C O M 0 A 1 : 0  =  1 ) .  T h e  O C 0 A  v a l u e  w i l l  n o t  b e  v i s i b l e  o n  t h e  p o r t  p i n  u n l e s s  t h e  d a t a  d i r e c ti o n  f o r
t h e  p i n  i s  s e t  t o  o u t p u t .  T h e  w a v e f o r m  g e n e r a t e d  w i l l  h a v e  a  m a x i m u m  f r e q u e n c y  o f  f O C 0  =
f c lk _I /O /2  w he n O C R 0 A  i s  s et  t o z e ro  ( 0 x 00 ) . T h e w a v e fo rm  fre q ue n c y  i s  de fi n ed  by th e  f ol l o w i n g
e qu at i on :

T he  N  v a ri a b le  r e pr es en ts th e pr es c al e  f ac tor  ( 1,  8 , 6 4,  2 56 , or  1 02 4) .

A s  f or  th e  N o rm al  m o de  o f o pe r ati o n , th e  TO V 0  F l ag  i s  s et  i n t he  s a m e t i me r  c l o c k  c y c l e  th at  th e
co u nte r  co un ts  fr om  M AX to  0 x00 .

12.6.3 Fast PWM Mode
T h e  f a s t  P u l s e  W i d t h  M o d u l a t i o n  o r  f a s t  P W M  m o d e  ( W G M 0 2 : 0  =  3  o r  7 )  p r o v i d e s  a  h i g h  f r e -
q ue nc y  P W M  w a v e fo rm  g en e ra ti o n o pt i on . T h e fa s t  P W M  di f fe rs  f ro m t he  o the r  P W M  op ti o n b y
i t s  s i n g l e - s l o p e  o p e r a t i o n .  T h e  c o u n t e r  c o u n t s  f r o m  B O T T O M  t o  T O P  t h e n  r e s t a r t s  f r o m  B O T -
T O M .  T O P  i s  d e f i n e d  a s  0 x F F  w h e n  W G M 2 : 0  =  3 ,  a n d  O C R 0 A  w h e n  W G M 2 : 0  =  7 .  I n  n o n -
i n v er ti n g C om p ar e O ut pu t m od e , th e O ut pu t C o m pa re  (O C 0 x )  i s  c l ea re d  o n  t he  c o m pa re  ma tc h
b et w ee n  T C N T0  an d O C R 0 x , a nd  s et  a t B O TT O M . In i n v e rti n g  C o m pa r e Ou tp u t mo d e, th e  o ut -
p u t  i s  s e t  o n  c o m p a r e  m a t c h  a n d  c l e a r e d  a t  B O T T O M .  D u e  t o  t h e  s i n g l e - s l o p e  o p e r a t i o n ,  t h e
o p e r a t i n g  f r e q u e n c y  o f  t h e  f a s t  P W M  m o d e  c a n  b e  t w i c e  a s  h i g h  a s  t h e  p h a s e  c o r r e c t  P W M
m od e  tha t u s e  du a l -sl o p e o pe r at io n . T hi s  hi g h f re qu e nc y  m ak es  t he  fa s t P W M m o de  w e l l  s u i te d
fo r po w e r re g ul a ti o n,  r ec ti fi c a ti o n , a n d D A C  ap p l i c at i on s .  H i g h  fr eq u en c y  a l l o w s  p h y si c a l l y  s m a l l
s i z ed  e x te rn a l  c o m po ne n ts  (co i l s ,  c a pa c i t or s ),  a nd  t he re fo re  r ed u c es  to ta l  s y s te m  c o s t .

I n  f a s t  P W M  m o d e ,  t h e  c o u n t e r  i s  i n c r e m e n t e d  u n t i l  t h e  c o u n t e r  v a l u e  m a t c h e s  t h e  T O P  v a l u e .
T h e  c o u n t e r  i s  t h e n  c l e a r e d  a t  t h e  f o l l o w i n g  t i m e r  c l o c k  c y c l e .  T h e  t i m i n g  d i a g r a m  f o r  t h e  f a s t

TCNTn

OCn
(Toggle)

OCnx Interr upt Flag Set

1 4Per iod 2 3

(COMnx1:0 = 1)

fOCnx
fclk_I/O

2 N 1 OCRnx+$ %& &
--------------------------------------------------=
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In fast PWM mode, the counter is incremented until the counter value matches the TOP value.
The counter is then cleared at the following timer clock cycle. The timing diagram for the fast
PWM mode is shown in Figure 15-6. The TCNT2 value is in the timing diagram shown as a his-
togram for illustrating the single-slope operation. The diagram includes non-inverted and
inverted PWM outputs. The small horizontal line marks on the TCNT2 slopes represent compare
matches between OCR2x and TCNT2.

Figure 15-6. Fast PWM Mode, Timing Diagram

The Timer/Counter Overflow Flag (TOV2) is set each time the counter reaches TOP. If the inter-
rupt is enabled, the interrupt handler routine can be used for updating the compare value.

In fast PWM mode, the compare unit allows generation of PWM waveforms on the OC2x pin.
Setting the COM2x1:0 bits to two will produce a non-inverted PWM and an inverted PWM output
can be generated by setting the COM2x1:0 to three. TOP is defined as 0xFF when WGM2:0 = 3,
and OCR2A when MGM2:0 = 7. (See Table 15-3 on page 149). The actual OC2x value will only
be visible on the port pin if the data direction for the port pin is set as output. The PWM wave-
form is generated by setting (or clearing) the OC2x Register at the compare match between
OCR2x and TCNT2, and clearing (or setting) the OC2x Register at the timer clock cycle the
counter is cleared (changes from TOP to BOTTOM).

The PWM frequency for the output can be calculated by the following equation:

The N variable represents the prescale factor (1, 8, 32, 64, 128, 256, or 1024).

The extreme values for the OCR2A Register represent special cases when generating a PWM
waveform output in the fast PWM mode. If the OCR2A is set equal to BOTTOM, the output will
be a narrow spike for each MAX+1 timer clock cycle. Setting the OCR2A equal to MAX will result
in a constantly high or low output (depending on the polarity of the output set by the COM2A1:0
bits.)

A frequency (with 50% duty cycle) waveform output in fast PWM mode can be achieved by set-
ting OC2x to toggle its logical level on each compare match (COM2x1:0 = 1). The waveform

TCNTn

OCRnx Update and
TOVn Interrupt Flag Set

1Period 2 3

OCnx

OCnx

(COMnx1:0 = 2)

(COMnx1:0 = 3)

OCRnx Interrupt Flag Set

4 5 6 7

f OCn xPWM
f clk_I/O
N 256⋅
------------------=
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The value of these bits selects which analog inputs are connected to the ADC. See Table 21-3
for details. If these bits are changed during a conversion, the change will not go in effect until this
conversion is complete (ADIF in ADCSRA is set).

21.6.2 ADC Control and Status Register A � ADCSRA

� Bit 7 � ADEN: ADC Enable
Writing this bit to one enables the ADC. By writing it to zero, the ADC is turned off. Turning the
ADC off while a conversion is in progress, will terminate this conversion.

� Bit 6 � ADSC: ADC Start Conversion
In Single Conversion mode, write this bit to one to start each conversion. In Free Running mode,
write this bit to one to start the first conversion. The first conversion after ADSC has been written
after the ADC has been enabled, or if ADSC is written at the same time as the ADC is enabled,
will take 25 ADC clock cycles instead of the normal 13. This first conversion performs initializa-
tion of the ADC.

ADSC will read as one as long as a conversion is in progress. When the conversion is complete,
it returns to zero. Writing zero to this bit has no effect.

Table 21-3. Input Channel Selections

MUX3..0 Single Ended Input

0000 ADC0

0001 ADC1

0010 ADC2

0011 ADC3

0100 ADC4

0101 ADC5

0110 ADC6

0111 ADC7

1000 (reserved)

1001 (reserved)

1010 (reserved)

1011 (reserved)

1100 (reserved)

1101 (reserved)

1110 1.1V (VBG)

1111 0V (GND)

Bit 7 6 5 4 3 2 1 0

ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPS0 ADCSRA

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Initial Value 0 0 0 0 0 0 0 0
251
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; return to RWW section
; verify that RWW section is safe to read

Return:
in temp1, SPMCSR
sbrs temp1, RWWSB ; If RWWSB is set, the RWW section is not ready yet
ret
; re-enable the RWW section
ldi spmcrval, (1<<RWWSRE) | (1<<SELFPRGEN)
rcallDo_spm
rjmp Return

Do_spm:
; check for previous SPM complete

Wait_spm:
in temp1, SPMCSR
sbrc temp1, SELFPRGEN
rjmp Wait_spm
; input: spmcrval determines SPM action
; disable interrupts if enabled, store status
in temp2, SREG
cli
; check that no EEPROM write access is present

Wait_ee:
sbic EECR, EEPE
rjmp Wait_ee
; SPM timed sequence
out SPMCSR, spmcrval
spm
; restore SREG (to enable interrupts if originally enabled)
out SREG, temp2
ret
263
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Note: 1. Fo r compa ti bili ty with fu tu re d evi ces, reser ved bits s houl d be wr itten to  zero  if accessed. Reser ved I/O me mo r y addre sse s 
shoul d never be wr itten.

2. I/O Regi ste rs withi n the  a ddress ra nge 0x00  - 0x1F are directly  bit-accessible using  the  SBI a nd CBI in str u ctio ns. In th ese 
registers, the val ue of si ngle  b its can  be  ch ecked by using  the  SBIS a nd SBIC in str u ctio ns.

3. Some  of th e Status Fl ags are clea red by wr iting  a  lo gical  o ne to  the m. Note th at, unl ike most othe r AVR s, the  C BI and  SBI 
instr uction s wi ll onl y op era te  on  the  spe cif ied bi t, a nd can therefore be used  o n re gi sters co ntaini ng such Statu s Flag s.  The  
CBI an d SBI instr uction s wor k wit h registers 0x00 to 0x1F o nly.

4. W hen  usi ng th e I/O spe cifi c comman ds IN and  OUT, the I/O ad dresses 0x00  - 0x3F must be  u sed. W hen  a ddressin g I/O 
Regi ste rs as data space  u si ng LD an d ST instr uction s, 0 x 20 must be add ed to th ese add re sse s. Th e AT mega 48/88/16 8 is a  
complex microco ntro lle r with mo re p er iph era l u nits than  can  be  supp or ted within th e 6 4 l ocation  reser ved  in Op code for th e 
IN  an d OUT instr uctions. Fo r the Ext ende d I/O spa ce  from 0x60 - 0xFF i n SR AM, only the ST/STS/STD  an d LD/LDS/LDD 
ins t r uc t ion s  c an  b e u s ed.

5. Only val id for ATmeg a88/16 8

0x1 B  ( 0x3 B ) PC IFR – – – – – PC IF2 PCIF1 P CIF0
0x1 A  ( 0x 3 A ) R e s er v e d – – – – – – – –
0 x19  ( 0x3 9) Re serve d – – – – – – – –
0 x18  ( 0x3 8) Re serve d – – – – – – – –
0 x17  ( 0x3 7) TI FR2 – – – – – O C F 2B O C F 2 A TO V 2 1 54
0 x16  ( 0x3 6) TI FR1 – – I CF1 – – O C F 1B O C F 1 A TO V 1 1 34
0 x15  ( 0x3 5) TI FR0 – – – – – O C F 0B O C F 0 A TO V 0
0 x14  ( 0x3 4) Re serve d – – – – – – – –
0 x13  ( 0x3 3) Re serve d – – – – – – – –
0 x12  ( 0x3 2) Re serve d – – – – – – – –
0 x11  ( 0x3 1) Re serve d – – – – – – – –
0 x10  ( 0x3 0) Re serve d – – – – – – – –
0 x 0 F  ( 0x 2 F ) Re s erve d – – – – – – – –
0x0 E  ( 0x 2 E ) R e s er v e d – – – – – – – –
0 x 0 D ( 0x 2 D) Re s erve d – – – – – – – –
0 x 0 C ( 0x 2 C) Re s erve d – – – – – – – –
0x0 B  ( 0x 2 B ) PO R T D P O R T D 7 P ORT D6 P O R T D 5 PORTD4 PORTD3 PORTD 2 P ORTD1 P ORTD0 81
0x0 A  ( 0x2 A) DD RD DDD7 DDD6 DDD 5 DD D4 D DD3 D DD2 DDD1 DDD0 81
0 x09  ( 0x2 9) PIND PIND7 PIND6 PI N D5 P IND4 PIND3 PIND2 PIND1 PIND0 82
0 x08  ( 0x2 8) PO RTC – P ORT C6 P ORTC5 PORTC4 PORTC3 PORTC 2 P ORTC1 P ORTC0 81
0 x07  ( 0x2 7) DD RC – DDC6 DDC 5 DD C4 D DC3 D DC2 DDC1 DDC0 81
0 x06  ( 0x2 6) P I NC – P INC6 PIN C5 P INC4 PINC3 PINC2 PINC1 PINC0 81
0 x05  ( 0x2 5) P O RTB P ORT B7 PO RTB 6 P O RTB 5 P O R T B 4 P O R T B 3 P O R T B 2 P OR T B1 P ORT B0 81
0 x04  ( 0x2 4) DDR B DDB7 DD B6 DDB 5 DDB4 DDB3 DDB2 DDB1 DDB0 81
0 x 03  ( 0x 2 3) P IN B P I N B 7 P I N B6 PI N B 5 P IN B4 P IN B3 P IN B2 P I N B 1 P I N B 0 81
0 x02  ( 0x2 2) Re serve d – – – – – – – –
0 x01  ( 0x2 1) Re serve d – – – – – – – –
0x0  (0 x 20 ) Re s erve d – – – – – – – –

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page
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29. Instruction Set Summary
Mnemonics Operands Description Operation Flags #Clocks

ARITHMETIC AND LOGIC INSTRUCTIONS
A DD Rd , Rr Ad d  t wo  Reg is t e rs Rd  3  Rd  +  Rr Z,C,N,V,H 1
A DC Rd , Rr Ad d  w it h Ca rry t wo Re g is t ers Rd  3  R d  +  R r  + C Z, C , N , V , H 1
ADIW Rd l,K Ad d  Imm ed ia te  to Wo rd Rd h:Rd l 3  R d h :R d l  + K Z, C , N , V , S 2
S UB Rd , Rr Su b tr ac t  t wo Re gi s te rs Rd  3  Rd  -  Rr Z,C,N,V,H 1
S UBI Rd , K Su b tr ac t  Co nst an t  fr om Re g is t er Rd  3  R d  -  K Z, C , N , V , H 1
S BC Rd , Rr Su b tr ac t  wit h  Ca rr y  t wo  Reg is t er s Rd  3  R d  -  R r  -  C Z, C , N , V , H 1
SBCI Rd , K Su b tr act with  Ca rr y C on sta n t fro m Re g. Rd  3  R d  -  K -  C Z, C , N , V , H 1
SBIW Rd l,K Su b tr act Imme dia t e fro m Wo rd Rd h:Rd l 3  R d h :R d l  -  K Z, C , N , V , S 2
AND Rd , Rr Lo g ical AND Re gi st e rs Rd  3" Rd  -  R r Z, N, V 1
ANDI Rd , K Lo g ical AND Re gi st e r an d  C on sta n t Rd  3  Rd  -" K Z, N , V 1
OR Rd , Rr Lo g ical OR Re giste rs Rd  3  Rd  v Rr Z,N,V 1
O RI Rd , K Lo g ic al O R Re gis t e r an d  Co n s ta n t Rd  3" R d  v  K Z, N , V 1
E OR Rd , Rr Ex c l usive  OR  R eg is t ers Rd  3  Rd  #  Rr Z,N,V 1
COM Rd O ne ’s Com ple me nt Rd  3  0 xF F  4 Rd Z,C,N,V 1
NEG Rd Two ’s Com ple me nt Rd  3  0 x0 0  4 R d Z , C , N , V , H 1
S BR Rd ,K Se t  Bit ( s ) in Re gi s te r Rd  3  R d  v  K Z, N , V 1
CBR Rd ,K Cle ar  Bit(s)  i n Re giste r Rd  3  Rd  -  ( 0xFF - K) Z,N,V 1
INC Rd I ncre me nt Rd  3  R d  +  1 Z, N , V 1
DE C Rd De c rem en t Rd  3  Rd  4 1  Z , N, V 1
TS T Rd Test  f or  Ze ro  or  M inu s Rd  3  Rd  -  Rd  Z,N,V 1
CL R Rd Cle ar  R eg ister Rd   3  Rd #  Rd Z,N,V 1
S ER Rd Se t  Reg is t er Rd  3  0 xF F N on e 1
MUL Rd , Rr Mu ltipl y Un sig ne d R1 :R0 3  R d x Rr Z, C 2
MUL S Rd , Rr Mu ltipl y Sig ne d R1 :R0 3  R d x Rr Z, C 2
MUL S U Rd , Rr Mu ltipl y Sig ne d wi th  Unsi gn ed R1 :R0 3  R d x Rr Z, C 2
FMUL Rd , Rr Fra cti on al  M ultip ly Un sign ed R1 :R0 3  ( Rd x Rr)  <<  1 Z , C 2
FMUL S Rd , Rr Fra cti on al  M ultip ly Sign ed R1 :R0 3  ( Rd x Rr)  <<  1 Z , C 2
FMUL SU Rd , Rr Fra cti on al  M ultip ly Sign ed  with  Un sig ne d R1 :R0 3  ( Rd x Rr)  <<  1 Z , C 2
BRANCH INSTRUCTIONS
RJMP k Re lative  Jump PC "3  P C + k  + 1 N on e 2
IJMP Ind ire ct Ju mp  to  (Z) P C 3  Z  N on e 2
JMP (1 ) k Dire ct Jump PC "3  k N on e 3
RCA LL k Re lat ive  Su br ou t ine  Cal l P C 3  P C + k + 1 N on e 3
ICALL I nd ire ct Ca ll to  ( Z) P C 3  Z N on e 3
CALL (1 ) k Dire ct  Su br ou t ine  Cal l P C 3  k N on e 4
RE T Su b rou t in e Re tu rn P C 3  S T AC K N on e 4
R E T I I nt e r r u pt  R e tu r n P C  3  S T AC K I 4
CPSE Rd ,R r Co mpa re , Skip  if Eq ua l if (Rd  = Rr) PC "3  P C  + 2  or 3 N on e 1/ 2 / 3
CP Rd ,R r Co mpa re Rd  4 R r Z ,  N , V ,C ,H 1  
CPC Rd ,R r Co mpa re  with Ca rry Rd  4 Rr  4 C Z,  N , V ,C ,H 1
CP I Rd ,K Co mpa re  Reg ist er  w it h I mme di at e Rd  4 K Z,  N , V ,C ,H 1
SBRC Rr, b Ski p if Bi t in  Reg iste r Cle are d if (Rr( b) =0 ) PC 3  PC  +  2  or  3  N on e 1/ 2 / 3
SBRS Rr, b Ski p if Bi t in  Reg iste r is Se t if (Rr( b) =1 ) PC 3  PC  +  2  or  3 N on e 1/ 2 / 3
S BI C P , b Sk i p i f  Bi t i n  I /O  R e gis t e r  C l e ar ed i f  ( P ( b ) =0 )  P C  3  P C + 2 o r 3 N on e 1/ 2 / 3
S BI S P , b Sk i p i f  Bi t i n  I /O  R e gis t e r  i s  Se t if  ( P ( b ) =1 )  P C  3  P C  + 2 o r  3 N on e 1/ 2 / 3
B RBS s,  k Br an ch if  S ta t us Fla g  S e t if  (S RE G( s) = 1)  t h en  PC 3 P C +k +  1 N on e 1 / 2
B RBC s,  k Br an ch if  S ta t us Fla g  Cl ea re d if  (S RE G( s) = 0)  t h en  PC 3 P C +k +  1 N on e 1 / 2
B REQ  k Br an c h if  E qu al  if  (Z = 1 ) th e n P C 3  P C + k + 1 N on e 1 / 2
B R N E  k Br an c h i f  N o t  E q ua l if  ( Z  = 0 )  th e n P C  3  P C + k + 1 N on e 1 / 2
B R C S  k Br an c h i f  C a r r y  S et if  ( C  = 1 )  t he n P C  3  P C + k + 1 N on e 1 / 2
BRCC  k Br an ch if Ca rry Cle a red if (C = 0 ) the n PC 3  P C + k + 1 N on e 1 / 2
B RSH  k Br an c h if  S ame  or  H igh e r if  (C = 0 ) t he n P C 3  P C + k + 1 N on e 1 / 2
B R LO  k Br an c h i f  L ow e r if  ( C  = 1 )  t he n P C  3  P C + k + 1 N on e 1 / 2
B RMI  k Br an c h if  Min u s if  (N = 1 ) t he n P C 3  P C + k + 1 N on e 1 / 2
B R PL  k Br an c h i f  P l us i f  ( N  = 0 )  t he n P C  3  P C + k + 1 N on e 1 / 2
B RGE  k Br an c h if  G re at e r or E qu a l,  S ig ne d if  (N #  V=  0 )  t he n P C  3  P C + k + 1 N on e 1 / 2
B RLT  k Br an c h if  L es s  T h an  Z ero ,  Sig n ed if  (N #  V=  1 )  t he n P C  3  P C + k + 1 N on e 1 / 2
B R H S  k Br an c h i f  H a l f  C ar r y  F l ag  Se t if  ( H  = 1 )  t he n P C  3  P C + k + 1 N on e 1 / 2
BRHC  k Br an ch if Ha lf C ar ry Flag  Cle ar ed if (H = 0 ) the n PC 3  P C + k + 1 N on e 1 / 2
B RT S  k Br an c h if  T  F la g S et if  (T = 1 ) th e n P C 3  P C  + k   +  1 N on e 1 / 2
B RT C  k Br an c h if  T  F la g Cle a red if  (T = 0 ) th e n P C 3  P C + k + 1 N on e 1 / 2
B R VS  k Br an c h i f  O v er fl ow F l a g i s  S et if  ( V  =  1) t h en  PC 3  PC +  k +  1 N on e 1 / 2
B R VC  k Br an c h i f  O v er fl ow F l a g i s  C l ea r e d if  ( V  =  0) t h en  PC 3  PC +  k +  1 N on e 1 / 2
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