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unsigned char LOOKUPTB[]l = { 0b00111111, 0b00000110,

.......................................................................... o '50‘1'01'1'0'1'1",""0'50'1'00'1'11'1",'"""""""""""""'"'"""""'

OlelQOll0,0bOllOLlOl, ..........................................
0b01111101, 0bO0O0OO11l1,

......................................................................... O'bO'l'i"l'].'l"l'l",'"’ObO'].'ﬂZO'].'I'l'l",'""""""""""""""""""""'
0b01110111, 0b01111100,
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3. sadoulusunsuliidig AVR mnudh 12 MHz Aesiefuieies PC lumaneineynsy Tnedily AVR
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#include <avr/io.h>
#include <avr/interrupt.h>

Lunsigned. char. LOOKURTBLL..=.{....000021111%,... 0000000810 e
0b01011011, 0b01001111,
......................................................................... e.be.l.i.o.o.i..1.0;....0b0.1.10.1.i:0.1..,..........................................

0b01111101, 0b00000111,

0b01111111, 0b01101111,
......................................................................... 0101110212, 0B0LLLLEDD yorveeerereessiiiictiieneeerenaes
0b00111001, 0b01011110,
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EICRA-External Interrupt Control Register A

EIMSK — External Interrupt Mask Register

The Externat interrupt Control Register A contains control bits for interrupt sense control.

Bit 7 & & 4 3 2 1 o
toxet) R N N I 5T ST T T
FreadArite ) B 3 3 7 T A
Enitial Value ] o & ] ¢ G Y [

+» Bit 7:4 — Reserved
These bits are unused bits in the ATmega48A/48PA/B8A/B8PA/ 68A/168PA/328/328P. and will

always read as zero,

. Bit 3, 2 - ISC11, ISC10: Interrupt Sense Control 1 Bit 1 and Bit0

The External Interrupt 1 is activated by the external pin INT1 if the SREG I-flag and the corre-
sponding interrupt mask are set. The fevel and edges on the external INT1 pin that activate the
interrupt are defined in Table 12-1. The value on the INT1 pin is sampled before detecting
edges. If edge or toggle interrupt is selected, pulses that last longer than one clock period will
generate an interrupt. Shorter pulses are not guaranteed to generate an interrupt. If low level
interrupt is selected, the fow level must be held until the completion of the currently executing
instruction to generate an interrupt.

Bit 7 £l 5 4 3 2 1 o]
sabosy [ 1 - | - 1 - [ - [ - LD _ﬁ EMISK
ReadWriti ] [ ] R 3 ] W ™
Initial Value: ¢ ¢ 0 [*] o a9 0 4]

s Bit 7:2 — Reserved
These bits are unused bits in the ATmegad8A/48PA/B8A/88PA/168A/ 68PA/328/328P, and will
always read as zero.

. Bit 1 - INT1: External Interrupt Request 1 Enable

\When the INT1 bit is set (one) and the I-bit in the Status Register (SREG) is set {one}. the exter-
nal pin interrupt is enabled. The Interrupt Sense Control1 bits 1/0 {ISC11 and ISC10} in the
External Interrupt Control Register A (EICRA) define whather the external interrupt is activated
on rising and/or falling edge of the INT1 pin or leve! sensed. Activity on the pin will cause an
interrupt request even if INT1 is configured as an output. The corresponding interrupt of External]
Interrupt Request 1 is executed from the INT1 Interrupt Vector.

« Bit 0 - INTO: External Interrupt Request 0 Enable

When the INTO bit is set (one) and the I-bit in the Status Register {SREG;} is set (one}. the exter-
nal pin interrupt is enabled. The Interrupt Sense Controi0 bits 1/0 {1ISC01 and ISCO0} in the
External Interrupt Control Register A (EICRA) define whether the external interrupt is activated
on rising and/or falling edge of the INTO pin or level sensed. Activity on the pin will cause an

interrupt request even if INTQ is configured as an output. The corresponding interrupt of External
Interrupt Request 0 is executed from the INTO Interrupt Vector.

Table 12-1.  Interrupt 1 Sense Control
1SC11 ISC10 Description
0 0 The low lovel of INT1 generates an interrupt request.
1] 1 Any legical change on INT1 generates an intertupt request.
1 Q The falling adge of INT{ generates an interrupt request.
1 1 The rising edge of INT1 generates an interrupt request.

« 8it 1, 0~ ISCO1, ISCO0: Interrupt Sense Control 0 Bit 1 and Bit 0

The Extemnal Interrupt 0 is activated by the external pin INTO if the SREG I-flag and the corre-
sponding interrupt mask are set. The level and edges on the external INTO pin that activate the
interrupt are defined in Table 12-2. The value on the INTO pin is sampled before detecting
edges. If edge or toggle interrupt is selected, pulses that last longer than one clock period will
generate an interrupl. Shorter pulses are not guaranteed to generate an interrupt. If low level
interrupt is selected, the fow jevel must be held until the completion of the currently executing
instruction to generate an interrupt.

Table 12-2.  Interrupt 0 Sense Control
1SCO1 ISCO0 Description
0 0 The low level of INTO generates an interrupt request.
0 1 Any logical change on INTO generates an interrupt request.
1 Q The falling edge of INTO generates an interrupt request.
1 1 The rising edge of INTC generates an interrupt reguest.

1 Interrupt Vector ¥01 ATMEGA328P

Vectors */

Vector O is ths reset vector
_VECTOR{1) FAd
_VECTOR (2} i
VECTOR(3) /* Pin Change In

/* Interrupt
/* Interzup
4define INTO_vect
(define INT1 vect
$define FCINTO _vect

Exterazxl Interrupt Reguest o
E erzupt Reguest 1 */

errupt Reguest O 7/

7
-
i
e

4define PCINTI vect _VECTOR{4) /* Pin Change Interrupt Reguest & 7/
#define PCINT2 vect _VECTOR(S} /* Pin Change Interrupt Regueat 1 */
$define WDT vect _YECTOR ({4} /% Watechdog Time-out Interrupt */

fdefine TIMER2 COMPA_vect VECTOR({T) /+ Timer/Counterl Compare Mateh A */
sdefine TIMERZ COMPB_wect _VECTOR(E) mer/Counter? Compare Match A %/

”

-/Tounter? Overflow */
-/Counterl Capture Event */
Counterl Compare Match A %/
cunterl Compare Match /
sunterl Overflow */
anter( Compare Match A */
o Compare Metch B */

$define TIMERZ OVF_vect _YECTOR(9])

¥define TID CRFT_vect _VECTOR{1U)
sgefine TIN COMPE_vect _VECTOR{11)
$define T _COMPB_vect iﬁMOﬂomAHmv
$define TIMERL OVF_vect _VECTOR{13)
$define TIMERC COMFA vect _VECTOR{14)

fdefine TIMERG _COMPEB_vect H&mmﬂommﬁmv unter
$define TIMERC_CVF_vect _VECTOR(18) ounerf Overflow */
$define SPI_STC_vect _VECTOR{17) rial Transfer Complete */

]

ldmnmomﬁwmv /* USBART Rx Complets */
_VECTOR{1%) /% USART, Data Register Empty */
$define USART TX vect VECTOR{2G) /* USART Tx Complete *f

$define ADC_vect _VE /* 2DT Conversion Complete */
$define EE_READY vect _VECTOR(Z2) /* EEPRCH Ready */

$define RNALOG COMP_vect _VECUTOR{23 /* Bnalog Comparator */
$define TWI_vect _VECTOR({24) /* Two-wire Serial Intexface */
$define SPM READY vect CTOR{2S f* 3tore Program Memory Rea

#gdefine USART RX vect
$define USART_UDRE_vect

c e
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PCICR - Pin Change Interrupt Control Register

Bit 7 L] 5 4 3
{0x68) -1 - [ - | -
Read/Write R 3] R 4] R
Initial Value ] ¢ 0 ] 0 o] o] [}

« Bit 7:3 - Reserved
These bits are unused bits in the ATmegadsA/48PA/BBA/SEPA/68A/1 68PA/328/328P, and will
always read as zero.

« Bit 2 — PCIE2: Pin Change Interrupt Enable 2

When the PCIE2 bit is set {one) and the I-bit in the Status Register (SREG) is set (one), pin
change interrupt 2 is enabled. Any change on any enabled PCINT][23:16] pin will cause an inter-
rupt. The corresponding interrupt of Pin Change Interrupt Request is axecuted from the PCI2
Interrupt Vector. PCINT[23:16] pins are enabled individually by the PCMSK2 Register.

« Bit 1 - PCIE1: Pin Change Interrupt Enable 1

When the PCIE1 bit is set {one) and the |-bit in the Status Register (SREG) is set (one), pin
change interrupt 1 is enabled. Any change on any enabled PCINT[14:8] pin will cause an inter-
rupt. The corresponding interrupt of Pin Change Interrupt Request is execuled from the PCI1
interrupt Vector. PCINT[14:8] pins are enabled individually by the PCMSK1 Register.

« Bit 0 — PCIEO: Pin Change Interrupt Enable 0

When the PCIEO bit is set (cne) and the |-bit in the Status Registet (SREG) is set (one). pin
change interrupt 0 is enabled. Any change on any enabled PCINT[7:0] pin will cause an inter-
rupt. The corresponding interrupt of Pin Change Interrupt Request is executed from the PCIO
Interrupt Vector. PCINT[7:0] pins are enabled individually by the PCMSKO Register.

PCMSKO — Pin Change Mask Register 0

Timer/Counter Block Diagram
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« Bit 7:0 — PCINT[7:0]: Pin Change Enable Mask 7...0

Each PCINT[7:0] bit selects whether pin change interrupt is enabled on the corresponding o
pin. If PCINT[7:0] is set and the PCIEG bitin PCICR is set, pin change interrupt is enabled on the
corresponding /O pin. If PCINT{7:0] is cleared, pin change interrupt on the corresponding 1O
pin is disabled.

ATmega328P Pin Configuration
-/

{PCINT14/RESET) PC6 [
(PCINT16/RXD; PDO [
{PCINT17/TXD) PD1 [
(PCINT184NTO) PD2

(PCINT19/0C2B/ANT1) PD3 [
{PCINT20/XCK/T0) PD4 [}
vee O

GND [
{PCINT6/XTAL1/TOSC1) PB6 [
(PCINT7:XTAL2/TOSC2) PB7 [
{PCINT21/0C08/T1) PDS [
{PCINT22/OCOA/AINO} PDS6 [
{PCINT23/AIN1) PD7 [
{PCINTO/CLKOACP1) PBO [

1
2
3
4
5
[
7
B

g

10
11
12
13
14

28 [ PCS (ADC5/SCL/PCINT13)
27 [1PC4 (ADC4/SDA/PCINT 12}
26 [ PC3 (ADC3PCINT11)
251 PC2 (ADC2/PCINT10)

24 [ PC1 (ADCI/PCINTY)

231 PCO (ADCO/PCINTS)

22
21
20
19
18
17
16
15

[ GND

] AREF

M AVCC

] PB5 (SCK/PCINTS)

[ PB4 (MISO/PCINT4}

) PB3 (MOSI/OC2A/PCINT3)
[ PR2 {S5/OC1B/PCINT2)
[ PB1 (OC1APCINTY)
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TCCROA — Timer/Counter Control Register A

TCNTO

8it b 8 3 4 3 2 1 Q Bit 7 ] s 4 3 2 1 Q
axad foxaay | COMoAt | CObioAo | COMBI {comoBo | - 4 - [ WGMe1 | WGMoo § FCCRoA oxzeoxasy I FoNTo[7:0] | TCNTe
ReadWrite YT ma—T - - =] —_— e ReadWrits g AN AW oW oW v AW B
inftial Value 0 0 0 0 o o o o Inftial Value o o 0 ° o 0 0 9
. The Timer/Counter Register gives direct access, both for read and write operations, to the
+ Bits N.nm - COMOA1:0: Compare gm“om Output A zoam. imer/Counter unit 8-bit counter. Writing to the TCNTO Register blocks (removes) the Ooa_umaﬁ
These bits control the Output Compare pin (OC0A) behavior. If one o both of the COMOA1:0 | |Match on the following timer clock. Modifying the counter (TCNTO} while the counter is running,
bits are set, the OCOA output overrides the normal port functionality of the O pin itis connected | lintroduces a risk of missing a Compare Match between TCNTO and the OCROX Registers.
to. However, note that the Data Direction Register (DDR) bit corresponding to the OCOA pin
must be set in order to enable the output driver. TCCROB — Timet/C C | Reei B
. — Timer/Counter Control Register
When OCOA is connected to the pin, the function of the COMOA1:0 bits depends on the . £
WGMO2:0 bit setting. Table 14-2 shows the COMOAT:0 bit functionality when the WGM02:0 bits Bit 7 s 5 4 3 2 ! °
are set to a normal or CTC made {non-PWM). oxas sy [FOCoA_| FocoB [ - - | wawoz | cooz | Csor | ©sw0 | Snnamﬁ
ReadMiite W ] R R RV 7 TR 5T B
Table 14-2. Compare Output Mode, non-PWM Mode fritial Value 0 s 0 0 0 0 0 9
COMOA1 COMOAD | Description Table 14-9. Clock Select Bit Description
{ 1] Normal port operation, OCOA disconnected. cso2 cS01 CS00 Description
0 ! Toggle OCOA on Compare Match 0 0 0 No clock source (Timer/Counter stopped)
1 1y Clear OCOA on Compare Match 0 0 1 cliyg/(No pres caling)
1 1 Set OCOA on © Match
° on Compars W% | 0 1 ¢ clki/8 (From prescaler)
Table 14-8. Waveform Generation Mode Bit Description ] 0 1 1 Clk, /64 (From prescaler)
Timer/Counter
Modes of Update of TOV m.iw 1 0 0 ¢lkyo/256 (From prescaler)
Mode | WGMO2 | WGMO1 | WGMOO | Operation ToP | OCRxat | Seton’® 1 0 1 clkyo/1024 (From prescaler)
0 0 g 0 Normal OxFF | Immediate MAX 1 1 0 | Extemal dock source on TO pin. Clock on falling edge.
1 0 0 1 m%:,“%j»mm OxFF TOP BOTTOM 1 1 1 External clock source on TO pin. Clock on rising edge.
2 0 i 0 c1c OCRA | immediate MAX Table 14-5. Compare Output Mode, non-PWM Mode
3 0 1 1 Fast PWM OxFF | BOTTOM MAX COMOB1 | COMOBO | Description
4 ! 0 0 Reserved ” - . 0 0 Normal port operation, OCOB disconnected.
PWM, Phase
5 1 o 1 Correct OCRA TOP BOTTOM 0 1 Toggle OCOB on Compare Match
5 1 1 0 Reserved _ _ _ 1 0 Clear OCOB on Compare Match
7 1 1 1 Fast PWM OCRA | BOTTOM TOP 1 ! Set OCOB on Compare Match
| A T S SRR SE———




TIMSKO — Timer/Counter Interrupt Mask Register

The Output Compare Register A contains an 8-bit value that is continuously compared with the
counter value (TCNTO). A match can be used to generate an Output Compare interrupt, or to
generate a waveform output on the OCOA pin.

OCROA — Output Compare Register A Bit 7 6 5 4 3 2 1 0
(OXBE} 1 - [ - | - | - | - | ocCieo 1 0 TIMSKo
Bit 7 8 5 4 a 2 1 o
O (OK4TH o 2 =1 ocroa Read/Wiite R 3] R R R W W W
ReadWrits ﬁa’ W W I A a) v Iniial Valuo ° o o 0 0 0 0 o
Initial Value ) a 9 0 0 0 0 0

« Bit 2 — OCIE0B: Timer/Counter Output Compate Match B Interrupt Enable

When the OCIEOB bit is written to one, and the I-bit in the Status Register is set, the
Timer/Counter Compare Match B interrupt is enabled. The corresponding interrupt is executed if
a Compare Match in Timer/Counter occurs, i.e.. when the OCFOB bit is set in the Timer/Counter
Interrupt Flag Register — TIFRO.

1 | 0CROB - Output Compare Register B
50..5 o {ox48 - - - L_en.g.w:..._w = _ 2 oCROB «+ Bit1 - OCIEOA: Timer/Counter0 Output Compare Match A Interrupt Enable
o MMWH%V _“nﬂz‘ e — p— o — — p— J When the OCIEOA bit is written to one, and the |-bit in the Status Register is set. the
Oy | nitiatvaive 0 0 0 o o o o o .ﬁ.SmaOozima OOBBE z._mwos Ainterrupt is m:mzm.a. The corresponding S@.EE is mx.mos,o\a
| The Output Compare Register B contains an 8-bit value that is contituously compared with the __m.m Omanﬂqm %s _m”n: S~.__”.“Bm_m\omuﬂimq%_mmm:-m, i.e.. when the OCFOA bitis set in the
Mc» counter value (TCNTO). A maich can be used to generate an Output Compare interrupt, or to imer/Counter 0 Interrupt Flag Hegister — '
awe t on the OCOB pin.
_.m generate a waveform output on the OCOB pin « Bit 0 - TOIEO: Timer/Counter0 Overflow Interrupt Enable
0 R 3 When the TOIEO bit is written to one. and the I-bit in the Status Register is set, the
nﬂ < ) ¥ L 5
o MIAIIuINITNAYYES Timer( Timer/Counterd Overflow interrupt is enabled. The corresponding interrupt is executed if an
] ol : overflow in Timer/Counter0d oceurs. i.e., when the TOVO bit is set in the Timer/Counter O Inter-
.- B@gﬁ Normal Mode rupt Flag Register - TIFRO.
o . e erm— —— T .
‘waiﬁﬁwﬁ o ol 9 : . unsigned char TB7segment com cathode{] =
o e MIMUIMKIAUINAUYOI Timer0 | | ¢ 000111111, 770
S TCNTO = aftezdo udimiluau3udul iy Timero ‘ . - . 0500000110,  //1
%o
e e . . @M@mﬁu.‘gw_ﬁ CTC Mode O0b010110%1, /72
&N = Prescale factor (1, 8, 64,256, 1024) i ‘ . .- 0b01001111, /73
| i fmuald | . 0501100110,  //4
@1P = Interrupt Period munaazliaiging. e . g 0501101101,  //5
= g g a ‘ b @\ = Prescale factor (1, 8, 64, 256, 1024) 0b01111101, /76
DA s sna (ideihium) s . . 0b00000111, ““4
‘ : , ¢ o g . 5p 0b01111111 8
& CPUGlk = rnnididygenmAmAiFAginw S G N opoionL, /79
i CPUclk* IP * @Felk io = ANUAYRINHITNISBIYBA Timer 0b01111100,  //b
m TCNTO = 256 — —— Felk i . f 0b00111001, 7/C
L N Fo = ok 10 0b01011110, /74
S 2 N1+ OCROA) 0b01111001,  //E
) 0b01110001,  //F
COCROA = Felk _io | 0b01000000, //-
_ EETREY - 0b00000000 //all segments off
- 4y LA vn
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TCCRI1A — Timer/Counter Control Register A

TCCR1B-Timer/Counter Control Register B

Bit 7 [ 3 4 3 2 1 0 Bit 7 8
i0x8U} _ COMIAT | COMiAU | COM1B1 | comBo | - | - _fﬂn.:: _ WG _ TeeR1Al | (OxB1) ICNC1 _ ICEST TCCR1B
PaadWrite RiwW RAWY RW RW R [ RAY RW PeadWrite RV #ﬁ
Initial Value 0 & ¢ bl 0 0 [} n "
Initial Valus 0 [
« Bit 7:6 - COM1A1:0: Compare Output Mode for Channel A - —
Table 15-5. Clock Select Bit Description
+ Bit 5:4 - COM1B1:0: Compare OQutput Mode for Channel B cs12 cS11 cS10 Description
Table 15-1. Compare Output Mode, non-PWM 0 o 0 No clock source (Timer/Counter stopped).
COM1A1/COM1B1 COM1AO0/COM1BO | Description 0 0 1 clkyo/1 {No prescaling}
0 0 Normal port operation, OC1A/OC1B disconnected. 0 1 0 clkyo/8 (From prescaler)
0 1 Toggle OC1A/OC1B on Compare Match. 0 1 1 clkyo/64 (From prescaler)
4 0 Clear OC1A/OC1B on Compare Maich (Set output to 1 0 0 cliyo/256 (From prescaler)
low level). 1 0 1 clk,o/1024 (From prescaler)
1 1 M.E:nwo._w\ooa B on Compare Match (Set output to 1 1 0 External clock source on T1 pin. Clock on falling edge.
igh level).
9 1 1 1 External clock source on T1 pin. Clock on rising edge.
Table 15-4. Waveform Generation Mode Bit Description'"
waMmi2 WGM11 WGM10 | Timer/Counter Mode of Update of | TOV1 Flag
Mode | WGM13 (CTC1) | (PWM11) | (PWM10) Operation TOP OCR1x at | Seton : \H‘U—EQH N G‘H.n acaﬁ
0 [«} 0 0 ] Normal OXFFFF Immediate | MAX ﬁ ‘ 3.~$ﬁﬁa~$
1 0 0 0 1 PWM. Phase Corect, 8-bit | 0x00FF | TOP BOTTOM
2 0 0 1 o | PWM.Phase Correct, 9-bit | O0TFF | TOP BOTTOM - #n16 iia Saem@gas&ﬁB_mzm\:ﬁmcmmn_sﬁ OOE.»
3 0 0 1 1 PWM, Phase Correct, 10-bit | 0x03FF | TOP BOTTOM
a 0 1 0 0 cTC OGR1A | Immediate | MAX * A Prescale ?QE. (1, 8,64, Nmm Su&
44 ‘
. f anuanau
TCNTI1H and TCNTIL — Timer/Counterl ‘ OCIA wuanal JQQQWAQéﬁﬁJQQJM .Homm_o é_:@._sb.mm_ OOH.P
Bit l s : 4 2 2 ! o 3, - amudsnansnnwmiangmay
{ox85} TCNT1[15:8) TONTIH _ elk, ro~ &Q 4
iox84} TCNT1[7:0] TONTIL \. Ik 1O
ReadWrits — T W W W e W focia = 2
Initial Value 0 o o o o 0 0 o . 2.N.(1+0CR1A)
OCRI1AH and OCR1AL — Output Compare Register 1 A OCRI1BH and OCRIBL — Output Compare Register 1 B
Bit 7 6 5 4 3 z 1 o Bit 7 8 5 4 3 2 1
oxas) OCRIAIS) OCR1AH {0x8B} OCRIB(15:8] OCR1BH
(0xB8) OCR1A[7:0) OCR1AL (Ox8A} GCRIBITH) OCR1BL
ReadWrite R e ww W W T A ) ReadWrite A A A T
tnitial Value 0 ¢ 5 0 ¢ o 6 o Initial Valua ¢ o o 0 ¢ 9 0
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TIMSK1 — Timer/Counter1 Interrupt Mask Register

Bit 7 6 3 4 3
{OxeF) S I L R
Read/Wiita R R T B B
fnitial Value [ G ¢} Q ]

« Bit 2~ OCIE1B: Timer/Counter1, Output Compare B Match Interrupt Enable

When this bit is written to one, and the I-flag in the Status Register is set (interrupts globally
enabled). the Timer/Counter1 Qutput Compare B Match interrupt is enabled. The corresponding
Interrupt Vector {(see “Interrupts” on page 58} is executed when the OCF1B Flag, located in

TiFR1, is set,

« Bit 1 - OCIE1A: Timer/Counter1, Output Compare A Match Interrupt Enable

When this bit is writlen to one, and the I-flag in the Status Register is sel {interrupts globally
enabled), the Timer/Countert Output Compare A Match interrupt is enabled. The corresponding
Interrupt Vector (see “Interrupts” on page 58} is executed when the OCF1A Flag, located in
TIFRT, is set.

. Bit 0 — TOIET: Timer/Counter1, Overflow Interrupt Enable

When this bit is written to one, and the I-flag in the Status Register is set {interrupts giobally
enabled), the Timer/Countert Overflow interrupt is enabled. The corresponding Interrupt Vector
{See "Interrupts” on page 58) is executed when the TOV1 Flag, jocated in TIFR1, is set.

SREG — AVR Status Register
The AVR Status Register — SREG — is defined as:

Bit 7 & 5 4 ] 2 1 0

OxXaF (Ox5F) ﬂ ] i T | H | S | v N | Zz [ [+ — SREG
ReadWrite RAN AAY W RAW W W RW RW

tnitial Value ] [ Q v} 0 Q 0 ]

« Bit 7 - |: Global Interrupt Enable

The Global Interrupt Enable bit must be set for the interrupts to be enabled. The individual inter-
rupt enable control is then performed in separate control registers. If the Global Interrupt Enable
Register is cleared, none of the interrupts are enabled independent of the individual interrupt
enable settings. The I-bit is cleared by hardware after an interrupt has occurred, and is set by
the RETI instruction to enable subsequent interrupts. The I-bit can also be set and cleared by

the application with the SEI and CLI instructions, as described in the instruction set reference.
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USART Block Diagram

Table 19-1.  Equations for Calculating Baud Rate Register Setting

1
I
1
|
|
1
{
|
i
L

- ————

—— - - " -

Equation for Calculating Baud

Equation for Calculating

Clock Generator |
UBRHAN it i
e 08C i
¥ i
BAUD RATE GENERSTOR “
i
SYNC LOGIC rea BLIR
1 o controL FETRPC
i
ppp—— YL LY S |
Transmitter i
UDRA{Tansk) conmro. 11
T PARITY 1
GENERATOR H
TRANSHIT SHIFT REGISTER oomﬁar TxOn
‘l‘ll!il"“""‘i‘l‘ll"l“i"L
eceiver |
w  CLOCK RX I
RECOVERY controt | 1
L. | _
|
. DaTA | PIN -
ﬁMuulll, RECEWE SHIFT REGISTER RECOVERY cotroL Fer{Ron
» T "
_ P OUURIIRY RARITY —
CHECKER |
""llll!li“l‘llil-

1, = 8.0000 MHz

Baud U2Xn =0 u2xn =1
Rate

(bps) UBRRn | Etror | UBRRn | Error
2400 207 0.2% 416 -0.1%
4800 103 0.2% 207 0.2%
9600 51 0.2% 103 0.2%
14.4K 34 -0.8% 68 0.6%
19.2k 25 0.2% 51 0.2%

Operating Mode Rate™ UBRRn Value
wwaﬁwfwmﬁoﬁmmcgm spese BAUD = g N\mew T UBRRn = mmwmmm -1
Frame Format

1 SRAE .

P 1

St Start bit. always low.

{n) Data bits {0 to 8},

P Parity bit. Can be odd or aven.
Sp Stop bit, always high.

high.

HLLES /w* \a x 1 x b4 x 2 x 4 x_m_ XEXSXE Emu_ Spa\ SUIDLE

IDLE  No transters on the communication line (RxDn or TxDin). An IDLE line must be

UCSRnA — USART Control and Status Registern A

Bit 7 L] 5 4 3 2 1

Tn Wen—T UDREn | FCn | DORn | UPEn | Uz2in | MW

fitial Valug o Q 1 4] Q ] 0

« Bit7 - RXCn: USART Receive Complete

« Bit 6 - TXCn: USART Transmit Complete

description of the TXCIEn bit).
« Bit 5 - UDREn: USART Data Register Empty

indicate that the Transmitter is ready.

ReadWrite R RiW R R R R T 2%

This fiag bitis set when there are unread data in the receive buffer and cleared when the receive
buffer is empty (i.e.. does not contain any unread data). If the Receiver i
buffer will be flushed and consequently the RXCn bit will become zero. The RXCn Flag can be

used to generate a Receive Complete interrupt (see description of the RXCIEn bit).

This fiag bit is set when the entire frame in the Transmit Shift Register has been shifted out and
there are no new data currently presentin the transmit buffer (UDRN}). The TXCn Flag bit is auto-
matically cleared when a transmit complete interrupt is executed. or it can be cleared by writing
a one 1o its bit location. The TXCn Flag can generate a Transmit Complete interrupt (see

The UDREN Flag indicates if the transmit buffer (UDRn) is ready to receive new data. It UDRED
is ona, the buffer is empty, and therefore ready to be written. The UDRE
Data Register Empty interrupt (see description of the UDRIEN bit). UDRERn is set after a reset fo

s disabled. the receive

n Flag can generate a
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UCSRnB — USART Control and Status Register n B

Bit

UCSRnB
Reud/Write RAWY RW HW RAW AW RAY R R
Initial Value 9 [ 0 4 0 o [+ [+]

« Bit 7 - RXCIEn: RX Complete Interrupt Enable n

Wiriting this bit to one enables interrupt on the RXCn Flag. A USART Receive Complete interrupt
will be generated only if the RXCIEn bit is written o one, the Global Interrupt Flag in SREG is
written to one and the RXCn bit in UCSRnA is set.

« Bit 6 — TXCIEn: TX Complete Interrupt Enable n

Writing this bit to one enables interrupt on the TXCn Flag. A USART Transmit Complete interrupt
will be generated only if the TXCIEn bit is written to one, the Global Interrupt Flag in SREG is
written to one and the TXCn bitin UCSRnA is set.

« Bit 5 — UDRIEn: USART Data Register Empty Interrupt Enable n

Writing this bit to one enables interrupt on the UDREn Flag. A Data Register Empty interrupt will
be generated only if the UDRIEn bit is written to one. the Global Interrupt Flag in SREG is written
to one and the UDRER bit in UCSRnA is set.

« Bit 4 - RXENn: Receiver Enable n

Writing this bit to one enables the USART Receiver. The Receiver will override normal port oper-
ation for the RxDn pin when enabled. Disabling the Receiver will flush the receive butfer
invalidating the FEn, DORn, and UPEn Flags.

» Bit 3 - TXENn: Transmitter Enable n

Writing his bit to one enables the USART Transmitter. The Transmitter will override normal port
operation for the TxDn pin when enabled. The disabling of the Transmitter (writing TXENnN to
zero} will not become effective until ongoing and pending transmissions are completed, i.e..
when the Transmit Shift Register and Transmit Buffer Register do not contain data to be trans-
mitted. When disabled, the Transmitter will no longer override the TxDn port.

+ Bit 2 - UCSZn2: Character Size n
The UCSZn2 bits combined with the UCSZn1:0 bit in UCSRNC sets the number of data bits
{Character SiZe) in a frame the Receiver and Transmitter use.

UCSRNRGC — USART Control and Status Register n C

Read'Write W

UCSRRC

tnitial Value 4 Q [}
Table 19-7. UMSELn Bits Settings
UMSELn1 UMSELNOG Mode
] 0 Asynchronous USART
0 1 Synchronous USART
1 0 {Reserved)
1 1 Master SPI (MSPIM)™)
Table 19-8. UPMn Bits Settings
UPMnt UPMNO Parity Mode
o] 0 Disabled
0 1 Reserved
1 0 Enabled, Even Parity
1 1 Enabled. Odd Parity
Table 19-9. USBS Bit Setlings
UsBSn Stop Bit(s)
0 1-bit
1 2:-bit
Table 19-10. UCSZn Bits Settings
UCcsZn2 ucsInt ucszne Character Size
o 0 0 S.bit
0 0 1 6-bit
4] 1 4] 7-bit
0 1 1 8-bit
1 o] o Raserved
1 ¢ 1 Reserved
1 1 0 Reserved
1 1 1 O-bit

UBRRNL and UBRRnH — USART Baud Rate Registers
Bit 15 14 13 12 11 10 9 8
S T N “ UBRRN{11:8] UBRRnH
cl.mll‘% w7:0] UBRRNL
7 [ & 4 3 2 1 [5]
ReadWirite R ! R R aw W aw RW
W AW RW W RW RW W RW
Initial Valug ¢ 0 ¢ [¢] g g 0 a
0 o 0 0 g 0 o 0




ADCSRB - ADC Control and Status Register B Table 23-3. Voltage Reference Selections for ADC
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Bit 7 8 5 4 a 2 1 0
ox78 - %NJ —T T ] TS ] g REFS1 REFSO | Voltage Reference Selection
Read/Write R W R L PW W RW 0 0 AREF, Internal V 4 turned off
Initial Val [V (] v 0 0 ¢ 4} 4]
ikl Vaua 0 1 AV ¢ with external capacitor at AREF pin
Table 23-6. ADC Auto Trigger Source Selections 1 0 Reserved
ADTS2 |ADTS1 ADTSO0 Trigger Source 1 1 Internal 1.1V Voltage Reference with external capacitor at AREF pin
¢ 0 0 Fres Running mode .
Table 23-4. Input Channel Selections
0 0 1 Analog Comparator m
MUX3...0 Single End
0 1 0 External Interrupt Requast 0 ngle Ended input .
Table 23-5. ADC Prescaler Sglections
0 1 1 Timer/Counter0 Compare Match A 0000 ADCO
P 5001 ADo1 ADPS2 | ADPS1|ADPSO | Division Factor
1 0 0 Timer/Counter0 Overflow 0 ) o >
1 0 1 Timer/Counter1 Compare Match B o010 ADC2 0 0 1 >
1 1 0 Timer/Counter1 Overflow oot ADC3 o ’ 5 a
1 1 1 TimerCounterl Capture Event 0100 ADC4 0 P ] s
0101 ADC5 ] o | o 16
0110 ADCE 1 0 1 32
0111 ADC7 1 1 0 64
1000 ADC8" 1 1 1 128
ADMUX — ADC Multiplexer Selection Register =
it 7 5 5 4 3 2 1 0
{9x7C) [ Rersi [ ReFso | ADLAR | - [ MUX3 | MUX2 [ MUX1 | MUXe ]| ADMUX
Readiwrite RAW RIVY RV R RV RV RV RW ADLAR =0
nital Value a i 0 0 2 0 o 0 8it 15 14 13 12 i1 10 9 8
(0K} = - " m - m ADCH | ADCS ADCH
Table 23-3.  Voltage Reference Selections for ADC (Ox78) RDCT | ADCE | ADCs | ADC4 | ADC3 | ADCz [ ADC1 | ADCa ApcL
7 8 5 4 3 2 1 [¥]
REFSt REFSO | Voltage Reference Selection
ADLAR = 1
0 0 AREF, Internal V ¢ turned off ait s “ 1 " » " 0 .
0 1 AV ¢ with external capacitor at AREF pin {OK78) ADGe T RDCE | ADCT | ADCo | ADCs | ADC4 | ADC3 | ADC2 ] ADCH
(ex78) T ADCT | ADCO s - - - = - ADCL
1 o Reserved - - - - - - . -
1 1 Internal 1.1V Voltage Reference with external capacitor at AREF pin L
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ADCSRA — ADC Control and Status Register A

Bit 2 1 0
OXTA) T-ADPSZ | ADPS1 | ADPSO | ADCSRA
FeadWrite W Riw RW
fnitiol Value 0 0 o 0 ) o 0 0

« 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.

» Bit6 - 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.

« Bit5- ADATE: ADC Auto Trigger Enable

Whan this bit is written to one, Auto Triggering of the ADC is enabled. The ADC will start a con-
version on a positive edge of the selected trigger signal. The trigger source is selected by setting
the ADC Trigger Select bits, ADTS in ADCSRB.

« Bit 4 - ADIF: ADC Interrupt Flag

This bit is set when an ADC conversion completes and the Data Registers are updated. The
ADC Conversion Complete Interrupt is executed if the ADIE bit and the |-bit in SREG are set.
ADIF is cleared by hardware when executing the corresponding interrupt handling vector. Alter-
natively, ADIF is cleared by writing a logical one to the flag. Beware that if doing a Read-Modify-
Write on ADCSRA., a pending interrupt can be disabled. This also applies if the SBl and CBl
instructions are used.

+ Bit 3- ADIE: ADC Interrupt Enable
When this bit is written to one and the I-bit in SREG is set, the ADC Conversion Complete Inter-
rupt is activated.
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