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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

Details

Product Status Obsolete

Core Processor AVR

Core Size 8-Bit

Speed 20MHz

Connectivity I²C, SPI, UART/USART

Peripherals Brown-out Detect/Reset, POR, PWM, WDT

Number of I/O 23

Program Memory Size 4KB (2K x 16)

Program Memory Type FLASH

EEPROM Size 256 x 8

RAM Size 512 x 8

Voltage - Supply (Vcc/Vdd) 2.7V ~ 5.5V

Data Converters A/D 8x10b

Oscillator Type Internal

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

Mounting Type Surface Mount

Package / Case 32-TQFP

Supplier Device Package 32-TQFP (7x7)
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ATmega48/88/168
In ATmega48, there is no Read-While-Write support and no separate Boot Loader Section. The
SPM instruction can execute from the entire Flash.

2.3 Pin Descriptions

2.3.1 VCC
Digital supply voltage.

2.3.2 GND
Ground.

2.3.3 Port B (PB7..0) XTAL1/XTAL2/TOSC1/TOSC2
Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
Port B output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port B pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port B pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

Depending on the clock selection fuse settings, PB6 can be used as input to the inverting Oscil-
lator amplifier and input to the internal clock operating circuit.

Depending on the clock selection fuse settings, PB7 can be used as output from the inverting
Oscillator amplifier.

If the Internal Calibrated RC Oscillator is used as chip clock source, PB7..6 is used as TOSC2..1
input for the Asynchronous Timer/Counter2 if the AS2 bit in ASSR is set.

The various special features of Port B are elaborated in ”Alternate Functions of Port B” on page
71 and ”System Clock and Clock Options” on page 25.

2.3.4 Port C (PC5..0)
Port C is a 7-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
PC5..0 output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port C pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port C pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

2.3.5 PC6/RESET
If the RSTDISBL Fuse is programmed, PC6 is used as an I/O pin. Note that the electrical char-
acteristics of PC6 differ from those of the other pins of Port C.

If the RSTDISBL Fuse is unprogrammed, PC6 is used as a Reset input. A low level on this pin
for longer than the minimum pulse length will generate a Reset, even if the clock is not running.
The minimum pulse length is given in Table 8-1 on page 44. Shorter pulses are not guaranteed
to generate a Reset.

The various special features of Port C are elaborated in ”Alternate Functions of Port C” on page
75.

2.3.6 Port D (PD7..0)
5
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A s s em b l y  C od e E x a mp l e

EEPROM_write:

; Wait for completion of previous write

sbic EECR,EEPE

rjmp EEPROM_write    

; Set up address (r18:r17) in address register

out  EEARH, r18

out  EEARL, r17

; Write data (r16) to Data Register

out  EEDR,r16

; Write logical one to EEMPE

sbi  EECR,EEMPE

; Start eeprom write by setting EEPE

sbi  EECR,EEPE

ret

C  C od e  E x a m pl e

void EEPROM_write(unsigned int uiAddress, unsigned char ucData)

{

/* Wait for completion of previous write */

while(EECR & (1<<EEPE))

;

/* Set up address and Data Registers */

EEAR = uiAddress;

EEDR = ucData;

/* Write logical one to EEMPE */

EECR |= (1<<EEMPE);

/* Start eeprom write by setting EEPE */

EECR |= (1<<EEPE);

}

22
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Notes: 1. These  optio ns shou ld o nly b e use d whe n no t operating  close to  th e maximum fre que ncy of the 
device, a nd onl y if fre quen cy stabil ity at sta r t- up  is no t impor tan t for th e app lication . Th ese 
optio ns a r e not su ita ble  fo r cr ystals.

2. These  o pti ons are inten ded for use with cera mi c reso nators a nd wil l e nsure fre que ncy stabi lity 
at star t-up. They  can al so  b e used with cr ystal s when  n ot o perati ng close  to th e ma ximum fre -
que ncy o f the device, a nd if frequ ency sta bili ty at  star t-up is not i m por tant for the  a ppli cati on.

6.4 Full Swing Crystal Oscillator
P i n s  X TA L 1  a nd  X TA L2  a re  i np ut  a nd  ou tp ut , r e s pe c t i v e l y ,  o f  a n  i n v er t i n g  a m p l i f i e r  w h i c h  c a n  b e
c o n f i g u r e d  f o r  u s e  a s  a n  O n - c h i p  O s c i l l a t o r ,  a s  s h o w n  i n  F i gu re  6 -2 . Eith e r a  qu ar tz c rys ta l or  a
c e ra m i c  r es on a to r m a y  b e  us ed .

T h i s  C ry s t a l  O s c i l l a t o r  i s  a  f u l l  s w i n g  o s c i l l a t o r ,  w i t h  r a i l - t o - r a i l  s w i n g  o n  t h e  X T A L 2  o u t p u t .  T h i s  i s
u s e f u l  f o r  d r i v i n g  o t h e r  c l o c k  i n p u t s  a n d  i n  n o i s y  e n v i r o n m e n t s .  T h e  c u r r e n t  c o n s u m p t i o n  i s
h i g h e r  t h a n  t h e  ” L o w  P o w e r  C r y s t a l  O s c i l l a t o r ”  o n  p a g e  2 7 .  N o t e  t h a t  t h e  F u l l  S w i n g  C r y s t a l
O s c i l l a t o r  w i l l  o n l y  o p e r a t e  f o r  V C C  =  2 .7 - 5.5  v olt s.

C 1  a n d  C 2  s h o u l d  a l w a y s  b e  e q u a l  f o r  b o t h  c r y s t a l s  a n d  r e s o n a t o r s .  T h e  o p t i m a l  v a l u e  o f  t h e
c a p ac i t or s  de pe n ds  o n th e c ry s ta l  o r re s o na to r i n us e,  th e  a mo u nt  o f s tra y  c a pa c i t an c e , a n d th e
e l e c t r o m a g n e t i c  n o i s e  o f  t h e  e n v i r o n m e n t .  S o m e  i n i t i a l  g u i d e l i n e s  f o r  c h o o s i n g  c a p a c i t o r s  f o r
u s e  w i t h  c r y s t a l s  a r e  g i v e n  i n  T a b l e  6 - 6 .  F o r  c e r a m i c  r e s o n a t o r s ,  t h e  c a p a ci t o r  va l u e s  g i v e n  b y
th e  m an uf ac tu re r s ho u l d be  u s e d.

T he  o p er at i ng  m od e  i s  s e l ec t ed  b y  t he  f us es  C K S E L 3 ..1  a s  s ho w n  i n  T ab l e  6 -5 .

Notes: 1. The freque ncy rang es are preli mi nar y va lues. Actual  va lue s are  TBD.
2. If 8  MHz fre quen cy exceed s the speci fica ti on of the  device  (de pen ds o n V CC ), the CKDIV8 

Fu se ca n be progra mme d i n order to divide  the  i nte r n al fre que ncy by 8. It must b e ensured  
th at the  resu lti ng divi ded clo ck meets th e  frequ ency specifica tio n of the device.

Cr ystal  Osci lla tor,  BOD 
en able d 1 6K C K 14CK 1 01

Cr yst al  O sci lla tor,  fa st  
r isi ng power 1 6K  C K 1 4CK + 4. 1 ms 1 10

Cr ystal  Osci lla tor,  slowl y 
r isi ng power 1 6K  C K 1 4CK + 65 m s 1 11

Table 6-4. S t a r t - u p  T i m e s  f o r  t h e  L o w  P o w e r  C ry s t a l  O s c i l l a t o r  C l o c k  S e l e c t i o n  ( C o n t i n u e d )

Oscillator Source / 
Power Conditions

Start-up Time from 
Power-down and 

Power-save

Additional Delay 
from Reset 
(VCC = 5.0V) CKSEL0 SUT1..0

Table 6-5. F u l l  S w i n g  C r y st a l  O s c i l l a t o r  o p e r a t i n g  m o d e s ( 2 )

Frequency Range (1)  
(MHz)

Recommended Range for 
Capacitors C1 and C2 (pF) CKSEL3..1

0.4 - 20 12 - 22 011
29
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fr eq u en c y  of th e u nd i v i d e d c l ock , w h i c h  m ay  be  fa s t er  th an  th e  C P U ' s  c l o c k  f re qu e nc y . H e n c e , i t
i s  n o t  p o s s i b l e  t o  d e t e r m i n e  t h e  s t a t e  o f  t h e  p r e s c a l e r  -  e v e n  i f  i t  w e r e  r e a d a b l e ,  a n d  t h e  e x a c t
ti m e  i t t ak e s  t o s w i tc h f ro m  on e  c l o c k  d i v i s i o n  to  th e oth e r c an no t b e  ex ac tl y  p re d i c te d . F ro m  th e
t i m e  t h e  C L K P S  v a l u e s  a r e  w r i t t e n ,  i t  t a k e s  b e t w e e n  T 1  +  T 2  a n d  T 1  +  2  *  T 2  b e f o r e  t h e  n e w
c l o c k  f re qu e nc y  i s  a c ti v e. I n t hi s  i n te rv al ,  2 a c ti v e c lo c k  ed g es  a re  p ro du c e d . H e re , T 1 i s  th e p re -
v i o us  c l o c k  p er i od , a n d T2  i s  th e pe ri o d  c o rr es po n di n g to  th e  ne w  pr es c a l er  s e tt in g .

T o a v oi d  un i nt en ti o na l  c ha n ge s  of  c l o c k  fr e qu en c y , a  s pe c i a l  w ri te  pr oc ed ur e  m us t be fo l l ow ed  t o
c h a ng e th e C LK P S  b i ts:

1 . W r i t e t he  C l ock  P re s c al e r C ha n ge  E n a bl e (C L K P C E ) b i t to  o ne  a nd  a l l  o th er  b i tsi n  
C L K P R  t o  zer o.

2 . W i t h i n  fo u r  c y c l e s,  w r i t e  t h e  d e s i r e d  va l u e  t o  C L K P S  w h i l e  w r i t in g  a  zer o  t o  C L K P C E .
In te rr up ts  m us t b e  di s ab l e d w he n  c h an g i ng  p re s c al e r s et ti n g to  m ak e s ur e  th e w ri t e pr oc ed u re  i s
n ot  i nt er ru p ted .

6.11.1 Clock Prescale Register – CLKPR

• Bit 7 – CLKPCE: Clock Prescaler Change Enable
T h e  C L K P C E  b i t  m u s t  b e  w ri t t e n  t o  l o g i c  o n e  t o  e n a b l e  c h a n g e  o f  t h e  C LK P S  b i t s .  T h e  C L K P C E
b i t i s  on l y  u pd at ed  w h en  th e o the r  b i ts  i n  C L K P R  ar e  s i mu l ta ne o us l y  w r it te n to  ze ro . CL KPCE is
c l e a r e d  b y  h a r d w a r e  f o u r  c y c l e s  a f t e r  i t  i s  w r i t t e n  o r  w h e n  C L K P S  b i t s  a r e  w ri t t e n .  R ew ri t i n g  t h e
C L K P C E  b i t  w i t h i n  t h i s  t i m e - o u t  p e r i o d  d o e s  n e i t h e r  e x t e n d  t h e  t i m e - o u t  p e r i o d ,  n o r  c l e a r  t h e
C L K P C E  b i t .

• Bits 3..0 – CLKPS3..0: Clock Prescaler Select Bits 3 - 0
T h es e  bi ts de f i ne  t h e d i v i s i o n  fa c to r be t w e en  t h e s e l ec te d  c l oc k  s ou r c e  a n d t h e i nt e rn a l  s y s t e m
c l o c k .  T h e s e  b i t s  c a n  b e  w r i t t e n  r u n - t i m e  t o  v a r y  t h e  c l o c k  f r e q u e n c y  t o  s u i t  t h e  a p p l i c a t i o n
re q ui r em e nt s . A s  th e  di v i de r d i v i d es  th e ma s t er  c l o c k  i n p ut  to  th e M C U , t he  s p ee d  of  al l  s y n c h ro -
n o u s  p e r i p h e r a l s  i s  r e d u c e d  w h e n  a  d i v i s i o n  f a c t o r  i s  u s e d .  T h e  d i v i s i o n  f a c t o r s  a r e  g i v e n  i n
T ab l e  6 -1 4 .

T h e  C K D I V 8  F u s e  d e te r m i n e s  th e  i n i t i a l  v a l u e  o f  t h e  C L K P S  b i ts .  I f C K D I V 8  i s  u n p r o g r a m m e d ,
t h e  C L K P S  b i t s  w i l l  b e  r e s e t  t o  “ 0 0 0 0 ” .  I f  C K D I V 8  i s  p r o g r a m m e d ,  C L K P S  b i t s  a r e  r e s e t  t o
“0 0 11 ”,  g i v i n g a  d i v i s i on  f ac to r of  8  at s t ar t up . T hi s  f ea tu re  s ho u l d b e us ed  i f th e s e l ec te d c l o c k
so u rce  h as  a  h i gh e r f re qu e nc y th a n th e ma xim u m fr eq ue n cy of th e de vic e a t th e pr es en t op er at -
i n g  c o n d i t i o n s .  N o t e  th a t  a n y  v a l u e  c a n  b e  w r i t t e n  to  t h e  C L K P S  b i t s  r e g a r d l e s s  o f  t h e  C K D I V 8
F u s e  s e t t i n g .  T h e  A p p l i c a t i o n  s o f t w a r e  m u s t  e n s u r e  t h a t  a  s u f f i c i e n t  d i v i s i o n  f a c t o r  i s  c h o s e n  i f
th e  s el e c t ed  c l o c k  s o u rc e  h as  a  hi g h er  fr eq ue n c y  th a n th e  ma x i m u m f re qu e nc y  of  the  d ev i c e a t
th e  pr e s en t op e ra ti n g c on d i ti o ns .  T he  d e v i c e  i s  s h i pp ed  w i th  th e C K D I V 8 F us e  p ro g ra m me d .

B i t 7 6 5 4 3 2 1 0

CLKPCE – – – CLKPS3 CLKPS2 CLKPS1 CLKPS0 CLKPR

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

I n i t i a l  V a l ue 0 0 0 0 Se e  B i t  D e s c r i pt i on
35
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0 x 0 00 3) , an d  th e  m a x i m um  r e s ol u ti o n  i s  1 6- bi t  ( IC R 1  or  O C R 1 A  s et  t o MA X ). T he  P W M  r es ol u -
ti o n  i n bi t s  c an  b e c a l c ul a te d  b y  u s i n g the  f ol l o w i n g eq u at io n :

I n  p h a s e  c o r r e c 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  e i th e r
o n e  o f  t h e  f i x e d  v a l u e s  0 x 0 0 F F ,  0 x 0 1 F F , o r  0 x 0 3 F F  ( W G M 1 3 : 0  =  1 ,  2 ,  o r  3 ) ,  t h e  v a l u e  i n  I C R 1
( W G M 1 3 : 0  =  1 0 ) ,  o r  t h e  v a l u e  i n  O C R 1 A  ( W G M 1 3 : 0  =  1 1 ) .  T h e  c o u n t e r  h a s  t h e n  r e a c h e d  t h e
T O P  a n d  c h a n g e s  t h e  c o u n t  d i r e c t i o n .  T h e  T C N T 1  v a l u e  w i l l  b e  e q u a l  t o  T O P  f o r  o n e  t i m e r  c l o c k
c y c l e.  T he  ti m i n g d i ag ra m  fo r t he  p ha s e  c o rr ec t P W M  m od e  i s  s h o w n o n  F i gu re  1 3- 8 .  Th e  fi g ur e
s h o w s  p h a s e  c o r r e c t  P W M  m o d e  w h e n  O C R 1 A  o r  I C R 1  i s  u s e d  t o  d e f i n e  T O P .  T h e  T C N T 1
v a l u e  i s  i n  t h e  t i m i n g  d i a g r a m  s h o w n  a s  a  h i s t o g r a m  f o r  i l l u s t r a t i n g  t h e  d u a l - s l o p e  o p e r a t i o n .  T h e
d i a g r a m  i n c l u d e s  n o n - i n v e r t e d  a n d  i n v e r t e d  P W M  o u t p u t s .  T h e  s m a l l  h o r i z o n t a l  l i n e  m a r k s  o n
t h e  T C N T 1  s l o p e s  r e p r e s e n t  c o m p a r e  m a t c h e s  b e t w e e n  O C R 1 x  a n d  T C N T 1 .  T h e  O C 1 x  I n t e r -
r u p t  F l a g  w i l l  b e  s e t  w he n  a  c o m p a r e  m a t c h  o c c u r s .

Figure 13-8. Ph as e Cor re ct  PWM  M o de , Tim i n g Dia gr am

T he  Ti m e r/ C ou n te r Ov er fl o w  F l a g (T O V 1 ) i s  s et  e ac h ti m e  t he  c ou n ter  re ac he s  B OT T O M.  W h e n
e i th er  O C R 1 A  or  I C R 1  i s  u s e d fo r d efi n i n g th e T OP  v a l u e,  th e  O C 1 A  o r  IC F1  Fl a g  i s  s e t a c c o rd -
i n g l y  a t  t h e  s a m e  t i m e r  c l o c k  c y c l e  a s  t h e  O C R 1 x  R e g i s te r s  a r e  u p d a t e d w i th  th e  d o u b l e  b u ff e r
v a l u e  ( at  T OP ).  T h e I n te rr u p t F l a g s  c an  b e  u s e d  to  g en e r at e  an  i n t er r up t  ea c h t i m e  th e  c o u n te r
re a c h es  th e TO P  o r  B O TT O M  v a l ue .

W h e n  c h a n g i n g  t h e  T O P  v a l u e  t h e  p r o g r a m  m u s t  e n s u r e  t h a t  t h e  n e w  T O P  v a l u e  i s  h i g h e r  o r
e q u a l  t o  t h e  v a l u e  o f  a l l  o f  t h e  C o m p a r e  R e g i s t e r s .  I f  t h e  T O P  v a l u e  i s  l o w e r  t h a n  a n y  o f  t h e
C o m p a r e  R e g i s t e r s ,  a  c o m p a r e  m a t c h  w i l l  n e v e r  o c c u r  b e t w e e n  t h e  T C N T 1  a n d  t h e  O C R 1 x .
N o t e  t h a t  w h e n  u s i n g  f i x e d  T O P  v a l u e s ,  t h e  u n u s e d  b i t s  a r e  m a s k e d  t o  z e r o  w h e n  a n y  o f  t h e
O C R 1 x  R e g i s t e rs  a r e  w r i t te n .  A s  th e  t h i r d p er i o d  s h ow n  i n  F i g u r e  1 3 -8  i l l u s t r a te s ,  c h an g i n g  t h e
T O P  a c t i v e l y  w h i l e  t h e  T i m e r / C o u n t e r  i s  r u n n i n g  i n  t h e  p h a s e  c o r r e c t  m o d e  c a n  r e s u l t  i n  a n
u ns y m me tr i c a l  o u tp ut . Th e  re as on  fo r th i s  c a n b e f ou nd  i n  t he  ti m e o f u pd at e o f th e  O C R 1x  R eg -
i s t e r .  S i n c e  t h e  O C R 1 x  u p d a t e  o c c u r s  a t  T O P ,  t h e  P W M  p e r i o d  s t a r t s  a n d  e n d s  a t  T O P .  T h i s

RPCPWM
TOP 1+( )l o g

2( )l o g
-----------------------------------=

OCRnx/TOP Update and
OCnA Interr upt Flag Set
or ICFn Interr upt Flag Set
(Interr upt on TOP)

1 2 3 4

TOVn Interr upt Flag Set
(Interr upt on Bottom)

TCNTn

Per iod

OCnx

OCnx

(COMnx1:0 = 2)

(COMnx1:0 = 3)
122
2 54 5 E –A V R – 02 / 05

ATmega48/88/168



Figure 13-11. T i m er /Co un te r T i min g  Dia gr am ,  Se ttin g of  O C F 1x , wit h Pre sca le r ( f c l k _I /O /8 )

F i gu re  13 - 12  s ho w s  t he  c o un t s e qu e nc e  c l o s e  t o T OP  i n  v a ri o us  m o de s . W h e n u s i n g p ha s e  a n d
fr eq u en c y  c o rr ec t P W M  m od e  th e  O C R 1 x  R eg i s t er  i s  up d at ed  a t B OT T O M.  T h e ti m i ng  d i a gr am s
w i l l  b e  t h e  s a m e ,  b u t  T O P  s h o u l d  b e  r e p l a c e d  b y  B O T T O M ,  T O P - 1  b y  B O T T O M + 1  a n d  s o  o n .
T he  s am e  re n am i n g ap pl i e s  fo r m o de s  tha t s e t t he  T OV 1 F l a g at  B O T TO M .

Figure 13-12. T i m er /Co un te r T i min g  Dia gr am ,  no  Pr e sca ling

F i gu re  1 3 -1 3  s h ow s  th e  s a m e ti m i ng  d at a,  b ut w i th  t he  p re s c a l e r e n ab l ed . 

OCFnx

OCRnx

TCNTn

OCRnx Value

OCRnx - 1 OCRnx OCRnx + 1 OCRnx + 2

clk I/O

clk Tn
(clk I/O /8)

TOVn (FPWM)
and ICF n (if used

as TOP)

OCRnx
(Update at TOP)

TCNTn
(CTC and FPWM)

TCNTn
(PC and PFC PWM)

TOP - 1 TOP TOP - 1 TOP - 2

Old OCRnx Value New OCRnx Value

TOP - 1 TOP BOTTOM BOTTOM + 1

clk Tn
(clk I/O /1)

clk I/O
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13.10 16-bit Timer/Counter  Register Description

13.10.1 Timer/Counter1 Control Register A – TCCR1A

• Bit 7:6 – COM1A1:0: Compare Output Mode for Channel A

• Bit 5:4 – COM1B1:0: Compare Output Mode for Channel B
T h e  C O M 1 A 1 : 0  a n d  C O M 1 B 1 : 0  c o n t r o l  t h e  O u t p u t  C o m p a r e  p i n s  ( O C 1 A  a n d  O C 1 B  r e s p e c -
t i v e l y )  b e h a v i o r .  I f  o n e  o r  b o t h  o f  t h e  C O M 1 A 1 : 0  b i t s  a r e  w r i t t e n  t o  o n e ,  t h e  O C 1 A  o u t p u t
o v e r r i d e s  t h e  n o r m a l  p o r t  f u n c t i o n a l i t y  o f  t h e  I / O  p i n  i t  i s  c o n n e c t e d  t o .  I f  o n e  o r  b o t h  o f  t h e
C O M 1B 1 :0  bi t a re  w ri t te n to  o n e,  t he  O C 1 B  ou tp u t ove r ri d es  t he  n o rm a l  p or t fu nc ti o na l i ty  o f th e
I/ O p i n i t i s  c o nn e c te d t o. H o w e v e r,  n o te  t ha t th e Data Direction Register  ( D D R ) b i t c or re s p o nd -
in g to th e OC1 A  or  O C 1B  pin  m u st be  s et in or de r to  e na ble  t he  o ut pu t dr ive r.

W h e n  t h e  O C 1 A  o r  O C 1 B  i s  c o n n e c t e d  t o  t h e  p i n ,  t h e  fu n c t i o n  o f  t h e  C O M 1 x 1 : 0  b i ts  i s  d e p e n -
d e n t  o f  t h e  W G M 1 3 : 0  b i t s  s e t t i n g .  T a b l e  1 3 - 1  s h o w s  t h e  C O M 1 x 1 : 0  b i t  f u n c t i o n a l i t y  w h e n  t h e
W G M 13 :0  b i ts ar e s e t to  a  N or ma l  o r a C T C  m o de  ( no n -P W M ) .

T a b l e  1 3 - 2  s h o w s  t h e  C O M 1 x 1 : 0  b i t  f u n c t i o n a l i t y  w h e n  t h e  W G M 1 3 : 0  b i t s  a r e  s e t  t o  t h e  f a s t
P W M  m o de .

Note: 1. A speci al case occurs when  OCR1A/OC R1B equa ls TO P an d COM1A1 /COM1B1 is set. In  
th is ca se the  co mp are match  i s ig nored , bu t th e set or clea r is do ne at TOP.  See Section 
“13.8.3” on pag e 119 .  for  m o r e  d e t a i l s.

B i t 7 6 5 4 3 2 1 0

COM1A1 COM1A0 COM1B1 COM1B0 – – WGM11 WGM10 TCCR1A

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

In i ti a l  V a l ue 0 0 0 0 0 0 0 0

Table 13-1. C o m pa re  O u tpu t Mo d e,  n on -P W M

COM1A1/COM1B1 COM1A0/COM1B0 Description

0 0 Nor m al por t ope ration , OC 1A/OC1B di sco nne cted .

0 1 To ggl e OC1A/OC1B on Compa re  Match.

1 0 Cle ar OC1A/OC 1B o n Compare  Match (Set ou tp ut to 
low level ) .

1 1 Set OC1A/OC 1B o n Compare  Match (Set ou tp ut to 
hig h level).

Table 13-2. C o m pa re  O u tpu t Mo d e,  F as t P W M ( 1 )

COM1A1/COM1B1 COM1A0/COM1B0 Description

0 0 Nor m al po r t  ope ration , OC1A/OC1B di sco nne cted .

0 1

WGM13:0 = 14 or 15 : To ggle  OC1A on  Co mp are 
Match, OC1B discon nected (nor mal po r t  ope ration ). 
For all  othe r W GM1 setti ngs, no r m al  p or t op era tio n, 
OC 1A/OC1B di sco nnected .

1 0 Cle ar OC1A/OC1B on Compa re  Match, se t 
OC 1A/O C1B at  TO P

1 1 Set OC1A/OC 1B o n Compare  Match, cl ear 
OC 1A/O C1B at  TO P
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Note: 1. T he CTC1 and  PW M1 1:0 bit d efi nitio n names are obso lete. Use the W G M 12:0 defini ti ons. However, th e fu ncti ona lity a nd 
locatio n of these  bi ts are compa tible  with previou s ve rsi ons of the  timer.

13.10.2 Timer/Counter1 Control Register B – TCCR1B

• Bit 7 – ICNC1: Input Capture Noise Canceler
S e tti n g  t hi s  bi t  ( to  on e ) a c ti v a te s  t he  In pu t C a p t u re  N oi s e C an c e l er . W h e n th e  no i s e  c an c e l e r i s
a c ti v a te d,  th e  i np u t f ro m  th e  In p ut  C a pt u re  p i n ( IC P 1 ) i s  fi l t er e d.  T he  fi l te r f un c t i o n r e qu i r es  fo u r
s u c c e s s i v e  e q u a l  v a l u e d  s a m p l e s  o f  t h e  I C P 1  p i n  f o r  c h a n g i n g  i t s  o u t p u t .  T h e  I n p u t  C a p t u r e  i s
t h e r e f o r e  d e l a y e d  b y  f o u r  O s c i l l a t o r  c y c le s  w h e n  t h e  n o i s e  c an c e l e r  i s  e n a b l e d .

• Bit 6 – ICES1: Input Capture Edge Select
T h i s  b i t  s e l e c t s  w h i c h  e d g e  o n  t h e  I n p u t  C a p t u r e  p i n  ( I C P 1 )  t h a t  i s  u s e d  t o  t r i g g e r  a  c a p t u r e
e v e n t .  W h e n  t h e  I C E S 1  b i t  i s  w r i t t e n  t o  z e r o ,  a  f a l l i n g  ( n e g a t i v e )  e d g e  i s  u s e d  a s  t r i g g e r ,  a n d
w h e n  t h e  I C E S 1  b i t  i s  w r i t t e n  t o  o n e ,  a  r i s i n g  ( p o s i t i v e )  e d g e  w i l l  t r i g g e r  t h e  c a p t u r e .

W h en  a  c ap tu re  i s  tr i gg e re d a c c o r di n g t o th e  I C E S 1  s e tti n g , th e c o u nt er  v al u e  i s  c o pi e d i n to  th e
I n p u t  C a p t u r e  R e g i s t e r  ( I C R 1 ) .  T h e  e v e n t  w i l l  a l s o  s e t  t h e  I n p u t  C a p t u r e  F l a g  ( I C F 1 ) ,  a n d  t h i s
c a n  be  u s e d  to  c a u s e  an  I np u t C a p tu re  In te rr up t,  i f th is  i n te rr up t i s  e na bl e d .

Table 13-4. W a v e fo rm  G en e ra ti o n Mo d e B i t D es c ri p ti o n ( 1 )

Mode WGM13
WGM12
(CTC1)

WGM11
(PWM11)

WGM10
(PWM10)

Timer/Counter Mode of 
Operation TOP

Update of 
OCR1x at

TOV1 Flag 
Set on

0 0 0 0 0 Nor mal 0 xFFFF I mmediate MAX

1 0 0 0 1 PWM, Pha se C orrect, 8-bit 0 x0 0FF TOP BOTTOM

2 0 0 1 0 PWM, Pha se C orrect, 9-bit 0 x0 1FF TOP BOTTOM

3 0 0 1 1 PWM, Pha se C orrect, 10-b it 0 x0 3FF TOP BOTTOM

4 0 1 0 0 CTC OCR1A I mme diate MAX

5 0 1 0 1 Fast PW M, 8-bit 0 x0 0FF TOP TO P

6 0 1 1 0 Fast PW M, 9-bit 0 x0 1FF TOP TO P

7 0 1 1 1 Fast PW M, 10-bi t 0 x0 3FF TOP TO P

8 1 0 0 0 PWM, Pha se a nd Fr eque ncy 
Correct ICR1 BOTTOM BOTTOM

9 1 0 0 1 PWM, Pha se a nd Fr eque ncy 
Correct OCR1A BOTTOM BOT TO M

10 1 0 1 0 PWM, Pha se C orrect ICR1 TOP BOT TO M

11 1 0 1 1 PWM, Pha se C orrect OCR1A TOP BOTTOM

12 1 1 0 0 CTC ICR1 Imme diate MAX

13 1 1 0 1 ( Reser ved) – – –

14 1 1 1 0 Fast PW M I CR1 TOP TOP

15 1 1 1 1 Fast PW M O CR1A TOP TO P

B i t 7 6 5 4 3 2 1 0

ICNC1 ICES1 – WGM13 WGM12 CS12 CS11 CS10 TCCR1B

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

I n i t i a l  V a l ue 0 0 0 0 0 0 0 0
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T ab l e  15 -4  s h o w s  t he  C O M 2A 1 :0  b it  fu nc ti o na l i ty  w he n  th e W GM 2 2:0  b i ts a r e s et to ph as e c or -
re c t  P W M  m o de .

Note: 1. A speci al case occurs when  OCR2A equ als TO P a nd COM2 A1 is se t. In this case, the Co m-
pare  Match i s ign ored, but the set or clear is d one at TOP.  Se e ”Phase Correct PWM Mode” on 
pag e 146  fo r more details.

• Bits 5:4 – COM2B1:0: Compare Match Output B Mode
T h e s e  b i t s  c o n t r o l  t h e  O u t p u t  C o m p a r e  p i n  ( O C 2 B )  b e h a v i o r .  I f  o n e  o r  b o t h  o f  t h e  C O M 2 B 1 : 0
b i ts ar e s e t, the  O C 2 B  o u tp ut  o v er ri d e s  t he  n or m al  po rt  fu n c ti o na l i ty  o f t he  I/ O pi n  i t  i s  c o nn ec te d
t o .  H o w e v e r ,  n o t e  t h a t  t h e  D a t a  D i r e c t i o n  R e g i s t e r  ( D D R )  b i t  c o r r e s p o n d i n g  t o  t h e  O C 2 B  p i n
m us t b e  s e t i n  o rd e r t o en ab l e  th e  ou tp u t d ri v er .

W h e n  O C 2 B  i s  c o n n e c t e d  t o  t h e  p i n ,  t h e  f u n c t i o n  o f  t h e  C O M 2 B 1 : 0  b i t s  d e p e n d s  o n  t h e
W G M 22 :0  b i t s et ti n g. T ab l e 15 - 5  s ho w s  th e  C O M 2B 1 :0  b i t fun c t i on a l it y  w he n  th e  W G M 22 :0  b i ts
a re  s e t to a no rm a l  o r C T C  m o de  ( no n- P W M ).

T a b l e  1 5 - 6  s h o w s  t h e  C O M 2 B 1 : 0  b i t  f u n c ti o n a l i ty  w h e n  t h e  W G M 2 2 : 0  b i t s  a r e  s e t  t o  f a s t  P W M
m od e .

Note: 1. A speci al case occurs when  OCR2B equ als TO P a nd COM2 B1 is se t. In this case, the Co m-
pare  Match i s ign ored, but the set or clear is d one at TOP.  Se e ”Phase Correct PWM Mode” on 
pag e 146  fo r more details.

Table 15-4. C o m pa re  O u tpu t Mo d e,  P h as e C or re c t  P W M  M o de ( 1)

COM2A1 COM2A0 Description

0 0 Nor m al por t operation , OC 2A d isconn ecte d.

0 1 WGM22 = 0: N or ma l Por t  O peration , OC 2A D isconne cte d.
WGM22 = 1: Tog gle OC2A on Compa re  Match.

1 0 Clea r  OC2A on Comp are Ma tch  wh en up-cou nting . Set OC2A on 
Compa re  Match whe n down-cou nting.

1 1 Set OC2A on Comp are Ma tch  wh en up-cou nting . Cle ar OC2A on 
Compa re  Match whe n down-cou nting.

Table 15-5. C o m pa re  O u tpu t Mo d e,  n on -P W M Mo d e

COM2B1 COM2B0 Description

0 0 Nor m al po r t  ope ration , OC2B disconn ected.

0 1 Toggl e OC2 B on  Co mpare Match

1 0 Cle ar OC2B on  Co mp are Match

1 1 Set OC2B on  Co mp are Match

Table 15-6. C o m pa re  O u tpu t Mo d e,  F as t P W M Mo d e ( 1 )

COM2B1 COM2B0 Description

0 0 No r m al  p or t op era ti on, OC2B disco nnected .

0 1 Re ser ve d

1 0 Cl ear OC 2B o n Compare  Match, se t OC 2B a t TOP

1 1 Se t OC 2B o n Compare  Match, cl ear OC2 B at TO P
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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  h o w  t o  i n i t i a l i z e  t h e  S P I  a s  a  S l a v e  a n d  h o w  t o  p e r f o r m  a
s i m p l e  r e c e p t i o n .

Note: 1. Se e ”Ab out C ode Exampl es” o n p age  6 .

A s s em b l y  C od e E x a mp l e (1 )

SPI_SlaveInit:

; Set MISO output, all others input

ldi r17,(1<<DD_MISO)

out DDR_SPI,r17

; Enable SPI

ldi r17,(1<<SPE)

out SPCR,r17

ret

SPI_SlaveReceive:

; Wait for reception complete

sbis SPSR,SPIF

rjmp SPI_SlaveReceive

; Read received data and return

in r16,SPDR

ret

C  C od e  E x a m pl e ( 1 )

void SPI_SlaveInit(void)

{

/* Set MISO output, all others input */

DDR_SPI = (1<<DD_MISO);

/* Enable SPI */

SPCR = (1<<SPE);

}

char SPI_SlaveReceive(void)

{

/* Wait for reception complete */

while(!(SPSR & (1<<SPIF)))

;

/* Return Data Register */

return SPDR;

}
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Figure 19-13. F or m at s a nd  St at es  in  th e Ma st er  T ra n sm i tte r Mo d e 

19.8.2 Master Receiver Mode
I n  t h e  M a s t e r  R e c e i v e r  m o d e ,  a  n u m b e r  o f  d a t a  b y t e s  a r e  r e c e i v e d  f r o m  a  S l a v e  T r a n s m i t t e r
( S l a v e  s e e  F i gu r e 19 - 14 ).  I n o rd er  t o e nt er  a  M as ter  mo d e,  a  S T A R T  c on d i ti on  m us t  b e  t ra ns mi t -
t e d .  T h e  f o r m a t  o f  t h e  f o l l o w i n g  a d d r e s s  p a c k e t  d e t e r m i n e s  w h e t h e r  M a s t e r  T r a n s m i t t e r  o r
M as te r R ec e i v e r mo d e i s  to  b e e n te re d.  If S LA + W  i s  tra n s m i tte d , M T  m od e i s  e nt er ed , i f  S L A + R
i s  t ra n s m i t te d ,  M R  m o d e  i s  e n t e re d .  A l l  t h e  s t a t us  c o d e s  m en t i o n e d  i n  th i s  s e c t i o n  a s s u m e  th a t
th e  pr e s c a l er  b i ts ar e z e ro  o r a re  m a s k e d  to  z e r o.

S SLA W A DATA A P

$08 $18 $28

R SLA W

$10

A P

$20

P

$30

A or A

$38

A

Other master
continues A or A

$38

Other master
continues

R

A

$68

Other master
continues

$78 $B0 To corresponding
states in slave mode

MT

M R

Successfull
transmission
to a slave
receiver

Next transfer
star ted with a
repeated star t
condition

Not acknowledge
received after the
slave address

Not acknowledge
received after a data
byt e

Arbitration lost in slave
address or data byte

Arbitration lost and
addressed as slave

DATA A

n

From master to slave

From slave to master

Any number of data bytes
and their associated acknowledge bits

This number (contained in TWSR) corresponds
to a defined state of the 2-Wire Ser ial Bus. The
p rescaler bits are zero or masked to zero

S
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• Bit 5 – ADATE: ADC Auto Trigger Enable
W h e n  t h i s  b i t  i s  w r i t t e n  t o  o n e ,  A u t o  T r i g g e r i n g  o f  t h e  A D C  i s  e n a b l e d .  T h e  A D C  w i l l  s t a r t  a  c on -
v e rs i on  o n a  p os i ti v e  ed g e o f t he  s e l e c te d tri g g er  s i g na l . T h e t ri g ge r  s o ur c e  i s  s e l e c te d b y  s et ti n g
t h e  A D C  T r i g g e r  S e l e c t  b i t s ,  A D T S  i n  A D C S R B .

• Bit 4 – ADIF: ADC Interrupt Flag
T h i s  b i t  i s  s e t  w h e n  a n  A D C  c o n v e r s i o n  c o m p l e t e s  a n d  t h e  D a t a  R e g i s t e r s  a r e  u p d a t e d .  T h e
A D C  C o n v e r s i o n  C o m p l e t e  I n t e r r u p t  i s  e x e c u t e d  i f  t h e  A D I E  b i t  a n d  t h e  I - b i t  i n  S R E G  a r e  s e t .
A D I F i s  c l ea re d  b y  h ar dw ar e w h e n e x e c ut i ng  th e c o rr e s po n di n g  i n te rr up t h an d l i ng  v e c to r.  A l t er -
n at i v el y , A D I F  i s  c l e ar ed  b y  w r i ti n g a  l o gi c al  o ne  to  th e  fl a g. B ew a r e t ha t i f d o i ng  a  R e ad -M o di f y -
W r i t e  o n  A D C S R A ,  a  p e n d i n g  i n t e r r u p t  c a n  b e  d i s a b l e d .  T h i s  a l s o  a p p l i e s  i f  t h e  S B I  a n d  C B I
in str uc tion s ar e us ed .

• Bit 3 – ADIE: ADC Interrupt Enable
Wh en  th is b i t is  wr itte n to on e a n d t he  I- bit  in S R E G  i s se t,  th e A D C  C o n ver si o n C om p l et e I nt er -
ru p t i s  a c ti v a te d .

• Bits 2:0 – ADPS2:0: ADC Prescaler Select Bits
T he s e  b i ts de te rm i n e th e d i v i s i on  fa c t or  b et w e e n  th e  s y s te m c l o c k  fre q ue nc y  a n d t he  i n p ut c l o c k
to  t he  ADC .

Table 21-4. A D C  P r e s c a l e r  S e le c t i o n s  

ADPS2 ADPS1 ADPS0 Division Factor

0 0 0 2

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 1 28
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T h e  d e v i c e  p r o v i d e s  a  S e l f - P r o g r a m m i n g  m e c h a n i s m  f o r  d o w n l o a d i n g  a n d  u p l o a d i n g  p r o g r a m
c o d e by  t he  MC U  i t s e l f. T he  S el f -P r og ra m m i ng  c a n  use  an y  a v ai l a b l e d ata  i nt er fa c e  a nd  as s o c i -
a te d p r oto c o l  t o re ad  c o d e an d  w r i te (p ro g ra m)  t ha t c od e  i nt o th e P ro gr am  me m or y .

T h e  P r o g r a m  m e m o r y  i s  u p d a t e d  i n  a  p a g e  b y  p a g e  f a s h i o n .  B e f o r e  p r o g r a m m i n g  a  p a g e  w i t h
t h e  d a t a  s t o r e d  i n  t h e  t e m p o r a r y  p a g e  b u f f e r ,  t h e  p a g e  m u s t  b e  e r a s e d .  T h e  t e m p o r a r y  p a g e
b u f f e r  i s f i l l e d  o n e  w or d  a t  a  t i m e  u s i n g  S P M  a n d  t h e  b u f f e r  c a n  b e  f i l l e d  e i t h e r  b e f o r e  t h e  P a g e
E r ase  c om m an d  o r b e tw e en  a  P a g e E ra s e  a nd  a  P a ge  W ri te  o p er at i on :

A l t e r n a t i v e  1 ,  f i l l  t h e  b u f f e r  b e f o r e  a  P a g e  E r a s e

• F i l l  t e m p o ra r y  p a g e  buf fe r

• Per fo r m  a Pag e  E ra s e

• Per fo r m  a Pag e  Wr it e
A l t e r n a t i v e  2 ,  f i l l  t h e  b u f f e r  a f t e r  P a g e  E r a s e

• Per fo r m  a Pag e  E ra s e

• F i l l  t e m p o ra r y  p a g e  buf fe r
• Per fo r m  a Pag e  Wr it e

If  o nl y  a  p ar t of  th e  p ag e  n ee d s  t o be  c ha n ge d,  t he  r es t o f th e pa g e m us t  b e  s t or ed  ( fo r ex am p l e
i n  th e  te m po r ar y  p a ge  b u ffe r)  b e for e  th e  e ra s e , a n d th en  be  r e- w r i tte n.  W h e n us i ng  a l te rn a ti v e  1 ,
th e  B oo t Lo ad e r p ro v i d es  a n e ff ec t i v e  R e ad -M o di f y -W ri t e f ea tu re  w h i c h  a l l ow s  th e us er  s o ftw ar e
to  fi r s t r e ad  th e p a ge , d o  th e n e c es s a ry c ha n ge s , an d t he n  w ri t e b a c k  t he  m od i fi e d da ta . If  al t er -
n a t i v e  2  i s  u s e d ,  i t  i s  n o t  p o s s i b l e  t o  r e a d  t h e  o l d  d a t a  w h i l e  l o a d i n g  s i n c e  t h e  p a g e  i s  a l r e a d y
e r a s e d . T h e  t e m p o r a r y  p a g e  b u f f e r  c a n  b e  a c c e s s e d  i n  a  r a n d o m  s e q u e n c e . It  i s  e s s e n t i a l  t h a t
th e  pa g e a d dr es s  u s e d i n b o th  th e Pa ge  E ra s e  an d  Pa g e W r i te op e ra ti o n  i s  a dd r ess i ng  t he  s a m e
p ag e .

23.0.1 Performing Page Erase by SPM
T o e x e c u te  P ag e  E ra s e , s e t u p th e  ad dr es s  i n  t he  Z -p oi n te r,  w ri t e “ 00 0 00 01 1 ” to  S P M C S R  a n d
e x e c ut e S P M  w i th i n fo u r c l o c k  c y c l es  a ft er  w ri ti n g  S P MC S R . T he  da ta  i n R 1  a n d R 0  i s  i g n or ed .
T h e  p a g e  a d d r e s s  m u s t  b e  w r i t t e n  t o  P C P A G E  i n  t h e  Z - r e g i s t e r .  O t h e r  b i t s  i n  t h e  Z - p o i n t e r  w i l l
b e i gn or ed  d u ri n g th i s  o pe ra ti o n .

• T he  C P U  i s  ha l te d  d ur i n g th e Pa ge  E ra s e  o pe rat io n .

23.0.2 Filling the Temporary Buffer (Page Loading)
T o  w r i t e  a n  i n s t r u c t i o n  w o r d ,  s e t  u p  t h e  a d d r e s s  i n  t h e  Z - p o i n t e r  a n d  d a t a  i n  R 1 : R 0 ,  w r i t e
“ 0 0 0 0 0 0 0 1 ”  t o  S P M C S R  a n d  e x e c u t e  S P M  w i t h i n  f o u r  cl o c k  c y c l e s a f t e r  w r i t i n g  S P M C S R .  T h e
c o n t e n t  o f  P C W O R D  i n  t h e  Z - r e g i s t e r  i s  u s e d  t o  a d d r e s s  t h e  d a t a  i n  t h e  t e m p o r a r y  b u f f e r .  T h e
t e m p o r a r y  b u f f e r  w i l l  a u t o - e r a s e  a f t e r  a  P a g e  W r i t e  o p e r a t i o n  o r  b y  w r i t i n g  t h e  R W W S R E  b i t  i n
S P M C S R .  I t  i s  a l s o  e r a s e d  a f t e r  a  s y s t e m  r e s e t .  N o t e  t h a t  i t  i s  n o t  p o s s i b l e  t o  w r i t e  m o r e  t h a n
o ne  ti m e  to  e a c h  ad d re s s  w i th ou t er as i ng  t he  te m po r ar y  b uf fe r.

I f th e  E E P R O M  i s  w ri tt e n  i n  t h e  m i d d l e o f  a n  S P M  P a g e  L o a d  o p e r a ti o n , a l l  d a t a  l o a d e d w i l l  b e
l o s t .
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Note: 1. “ 1 ” mean s u nprogra mme d, “0” means programmed

Note: 1. “ 1 ” mean s u nprogra mme d, “0” means programmed

24.5 Entering the B oot Loader Program
E n te r i n g  t h e  B o o t  L o a d e r  t a k e s  p l a ce  b y  a  j u m p  o r  c a l l  f r o m  t h e  a p p l i c a ti o n  p r o g r a m . T h i s  m a y
b e i n i ti a te d b y  a  tr i gg er  s u c h  as  a c om m an d  re c e i v e d v i a  U S A R T , o r S P I  i nte r fa c e.  A l te rn at i v e l y ,
th e  B o o t R e s e t F us e  c a n b e p ro g ra mm e d s o th a t th e R e s e t V e c to r i s  p oi n ti n g  t o th e  B oo t F l as h
s t ar t a d dr es s  a ft er  a  r es et.  In  thi s  c a s e , th e B oo t Lo a de r i s  s ta rte d  a fte r a re s e t. A ft er  th e  a pp l i c a -
t i o n  c o d e  i s  l o a d e d ,  t h e  p r o g r a m  c a n  s t a r t  e x e c u t i n g  t h e  a p p l i c a t i o n  c o d e .  N o t e  t h a t  t h e  f u s e s
c a n n o t  b e  c h a n g e d  b y  t h e  M C U  i t s e l f .  T h i s  m e a n s  t h a t  o n c e  t h e  B o o t  R e s e t  F u s e  i s  p r o -
g ra mm e d,  th e R es et  V ec to r w il l  al w a y s  po i n t to  th e  B oo t L o ad er  R e s e t a nd  t he  fu s e  c a n o n l y  b e
c h a ng ed  t hr ou g h t he  s er i al  or  p ar al l e l  p ro g ra mm i n g i nt er fa c e .

Table 24-2. B o ot  L oc k  B i t 0 P ro te c ti o n Mo d es  (A pp l i c a ti o n S ec t i on ) ( 1 )

BLB0 Mode BLB02 BLB01 Protection

1 1 1 No re str i ctio ns for SPM or LPM a cce ssi ng the Appli cation 
se ctio n.

2 1 0 SPM is not a llowed to wr ite to  the  App licatio n se cti on.

3 0 0

SPM is not a llowed to wr ite to  the  App licatio n se cti on, a nd LPM 
executing  from the  Bo ot Lo ade r section  i s no t al lowe d to  rea d 
from th e Appli cati on section. If  In te rr upt Ve ctors are pl aced in 
the  Boot Loa der sectio n, i nterr up ts are  disabled w hile  executin g 
from th e Appli cati on section.

4 0 1

LPM exe cuti ng fro m  the Boo t Loa der secti on is not allowed  to 
re ad fro m  the App licatio n se cti on. If Interr u pt Vectors are pla ced 
in th e Bo ot L oade r sectio n, in te rr upts a r e d isabl ed whi le 
executing  from the  Ap plica tio n secti on.

Table 24-3. B o ot  L oc k  B i t 1 P ro te c ti o n Mo d es  (B oo t L o ad er  S e c t i on ) ( 1 )

BLB1 Mode BLB12 BLB11 Protection

1 1 1 No re str i ctio ns for SPM or LPM a cce ssi ng the Boot Load er 
se ctio n.

2 1 0 SPM is not a llowed to wr ite to  the  Boo t Lo ader section .

3 0 0

SPM is no t all owed  to wr ite to th e Bo ot Loa der secti on, a nd LPM 
executing  from the  Ap plica tio n secti on is not allowed  to read  
from th e Boot L oad er se ctio n. If  Interr up t Vectors a re  p laced  i n 
the  Ap plica tio n secti on, interr up ts are disa bled  wh ile  exe cuting 
from th e Boot L oad er se ctio n.

4 0 1

LPM exe cuti ng fro m  the App lication  se ctio n is n ot al lowed to 
re ad fro m the Boot Loa der secti on. If Interr u pt Vectors are 
place d i n th e Ap pli ca ti on section, interr up ts are di sa ble d w hile  
executing  from the  Bo ot Lo ade r section .

Table 24-4. B o o t  R e s e t  F u s e ( 1)

BOOTRST Reset Address

1 Re set Vector = Appl ication  Re set (ad dress 0x000 0)

0 Re set Vector = Boot Loa der Reset (se e Tab le 24- 6  o n p age  2 76 )
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ATmega48/88/168
Note: 1. Z 15:Z14: a lways ig nored
Z0 : shou ld be zero for all  SPM co mma nds, byte sele ct for th e LPM in str u ctio n.
See ”Add ressing  th e Fl ash Du ring Se lf-Pro gramming” o n pa ge 2 70  fo r detail s abou t the  use o f 
Z-pointer dur ing Self-Programming.

Table 24-11. E x p l a na ti o n of  D i f fer e nt V a ri a bl e s  u s e d  i n F i gu re  2 4- 3  an d  th e  M ap pi n g  to  t he  Z -
p oi n te r,  A T m eg a1 6 8

Variable
Corresponding

Z-value (1) Description

PCMSB 12 Mo st signi fi cant b it in  the  Program Co unter. (Th e 
Pro gram C ounter is 12 bits PC[1 1:0])

PAG EM SB 5
M o s t  s i g n i f i c a n t  b i t  w h i c h  i s  u s e d  t o  a d d r e s s
t he  w o r ds  w i th i n on e pa g e ( 64  w o r ds  i n a  p ag e
r e qu ire s 6  b i ts  PC [5 :0] )

Z PC MS B Z 1 3 Bi t i n Z-reg iste r  th at i s ma pped  to  PCMSB.  Becau se  
Z0 is not used, th e ZPCMSB e qual s PCMSB + 1.

Z PAGE M S B Z 6
Bi t in Z-re gister th at is mapp ed to  PAGEMSB. 
Be cause Z0 i s n ot use d, the ZPAGEMSB equa ls 
PAGEMSB + 1.

PCPAGE PC[12:6] Z13:Z7 Pro gram co unter pag e a ddress: Pa ge sele ct, for 
p age  e rase an d page  w r ite

PCWO RD PC[5:0] Z6:Z1
Pro gram co unter wo rd  a ddress: Wo rd se lect, fo r 
fil ling  tempo rar y buffer (must be  zero du r ing  pa ge 
w r ite operation )
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25.7 Parallel Programming

25.7.1 Enter Programming Mode
T he  f ol l o w i n g al g or i th m  p uts  th e  d ev i c e i n P ar al l e l  ( H i g h- v o l ta ge ) P ro gr am m i n g mo d e:

1 . S e t P ro g_ en a bl e  p i ns l i s te d  i n  T ab l e  2 5- 11  o n pa g e 28 5  t o  “ 0 0 0 0 ” ,  R E S E T  p i n  t o  0 V  a n d  
V C C  to  0V. 

2 . Ap ply  4 .5 - 5.5 V  be twee n  V C C  a n d GN D.
E n s u re  th a t V C C  re a c he s  at  l ea s t  1 .8 V  w i t hi n  th e  n ex t  2 0 µs .

3 . Wai t  2 0  -  6 0  µ s,  a n d  a p p l y  1 1 . 5  -  1 2 . 5 V  t o  R E S E T.
4 . Ke e p th e P ro g_ e na bl e  p i ns un c h a ng ed  for  a t l e a s t 1 0 µs  a fte r the  H i gh -vo l ta g e ha s  b e en  

a pp lied  t o en su re  th e  Pr og _e n abl e Sign at ur e ha s be en  la tc he d.  
5 . Wai t at  l e as t 3 00  µ s  be fo re  g i v i n g any  p ara l l el  p r ogra mm i n g c om m a nd s. 
6 . E x i t  P r o gra m m i n g  m o d e  by p ower  t h e  d ev i c e  d ow n  o r  by  b r i n g i n g  R E S E T  p i n  t o  0 V.
If  t he  ris e tim e  of t he  V C C  i s  u n a b l e  t o  f u lf i l l  t h e  r e q u i r e m e n t s  l i s t e d  a b o v e,  t h e  f o l l o w in g  a l t e r n a -
ti v e a l g or i th m c a n be  u s e d.

1 . S e t P ro g_ en a bl e  p i ns l i s te d  i n  T ab l e  2 5- 11  o n pa g e 28 5  t o  “ 0 0 0 0 ” ,  R E S E T  p i n  t o  0 V  a n d  
V C C  to  0V.

2 . Ap ply  4 .5 - 5.5 V  be twee n  V C C  a n d GN D.
3 . M on i to r V C C , an d as  so o n a s V C C  r e a c h e s  0 . 9  -  1 . 1 V,  a p p l y  1 1 . 5  -  1 2 . 5 V  t o  R E S E T.

Table 25-12. X A 1  a nd  X A 0 C od i n g

XA1 XA0 Action when XTAL1 is Pulsed

0 0 Loa d Flash o r  EEPROM Addre ss (H igh or low a ddress byte deter mi ned  by BS1).

0 1 Loa d Data (H igh or Low da ta byte for Fl ash deter mined  by BS1).

1 0 Loa d Command

1 1 No Acti on, Idl e

Table 25-13. C o m ma n d B y te  B i t  C o di n g

Command Byte Command Executed

100 0 0000 Chip  Erase

010 0 0000 Wr ite Fuse bits

001 0 0000 Wr ite Lo ck bi ts

000 1 0000 Wr ite Flash

000 1 0001 Wr ite EEPROM

000 0 1000 Read  Sig nature Bytes a nd Cal ibra ti on byte

000 0 0100 Read  Fuse an d L ock b its

000 0 0010 Read  Flash

000 0 0011 Read  EEPROM
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26.8 ADC Characteristics  – Preliminary Data

Note: 1. AV CC  ab solute min/max: 1.8V/5.5V

Table 26-4. A D C  C h a r a c t e r i s t i c s

Symbol Parameter Condi tion Min Typ Max Units

Resol ution 10 Bits

Absolute accu racy (In cl udi ng 
IN L, DNL , qu antization  e r ro r,  
gai n and offset error)

V R E F  =  4V,  V C C  =  4 V,
A D C  c l o ck =  2 0 0  k H z 2 2. 5 L SB

V R E F  =  4V,  V C C  =  4 V,
A D C  c l o ck =  1  M H z 4.5 L SB

V R E F  =  4V,  V C C  =  4 V,
A D C  c l o ck =  2 0 0  k H z
No ise Red ucti on Mode

2 L SB

V R E F  =  4V,  V C C  =  4 V,
A D C  c l o ck =  1  M H z
No ise Red ucti on Mode

4.5 L SB

In te gral Non - Line ar ity (INL ) V R E F  =  4V,  V C C  =  4 V,
A D C  c l o ck =  2 0 0  k H z 0.5 L SB

Differen ti al Non -L ine ar ity 
(DNL)

V R E F  =  4V,  V C C  =  4 V,
A D C  c l o ck =  2 0 0  k H z 0 .2 5 L SB

Ga in Erro r V R E F  =  4V,  V C C  =  4 V,
A D C  c l o ck =  2 0 0  k H z 2 L SB

Offset Error V R E F  =  4V,  V C C  =  4 V,
A D C  c l o ck =  2 0 0  k H z 2 L SB

Conversion  Time Fr ee  Ru nnin g Conversion 13 26 0 µs

Clock Fr eque ncy 50 1 000 kHz

AV C C
( 1 ) Anal og Supp ly Vo lta ge V CC  -  0 . 3 V CC  + 0. 3 V

V R E F Refe rence Voltag e 1.0 AV C C V

V I N In put Vo ltage GND V R E F V

In put Ba ndwi dth 3 8.5 kHz

V I NT In te r n al Voltage  R eferen ce 1.0 1.1 1.2 V

R R EF Refe rence Input Resistance 32 k Ω

R A IN Anal og In put Resistance 10 0 M Ω
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Figure 27-23. I/ O Pin Sou rc e Cu rre n t v s. Ou tp ut  Vo lta ge  ( V C C  = 2. 7V)

Figure 27-24. I/ O Pin Sou rc e Cu rre n t v s. Ou tp ut  Vo lta ge  ( V C C  = 1. 8V)
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