
ELE-2300 Sulautettujen prosessorisovellusten 
perusteet 

1. Vastaa seuraaviin kysymyksiin lyhyesti, mutta kysymyksen kattavasti. 

a) Mika on sulautetun laitteen maaritelma (1 p)? 
b) Mika on IDE ja mihin voit sita kayttaa (kurssin aihepiiriin liittyen) (1 p)? 
c) Mika on rekisteri (kurssin aihepiiriin liittyen) (1 p)? 
d) Miten superkondensaattoreita lyypillisesti voitaisiin kayttaa mikro- 

ohjaimen tehonsyotossa(1 p)? 
e) Mainitse 4 erilaista mikro-ohjainten jaottelutapaa (1 p)? 
f) Mainitse 2 syyta, miksi kannattaisi kayttaa assemblya koodin 

kirjoittamisessa C-koodin sijaan. Mia etuja voisi puolestaan olla C- 
kielen kByto11a (1 p)? 

2. Mikro-ohjaimen ohjelmointi. 
a) Kurssin assistentti on tuonut sinulle harjoitustestilevyn valmiiksi 
kalustettuna seka muistitikulla assembly-koodipatkan ladattavaksi 
mikro-ohjaimeen. Selvita miten ohjelmointiprosessi etenee, mita 
valineita/laitteita/liityntoja tarvitset ja mita sinun tulee ottaa huomioon 
ohjelmoinnissa. (4 p) 
b) Nyt kurssin luennoitsija paattikin, etta harjoituksen vuoksi 
kaytammekin ATmega8-ohjainta vastaavaa PIC-mikro-ohjainta. Kerro 
mita sinun tulee ottaa huomioon/selvittaa, jos tekisit kurssin 
harjoitustyon kayttaen Microchipin mikro-ohjainta Atmelin mikro- 
ohjaimen sijaan. Ota huomioon seka HW etta SW. (2 p). 

3. Esittele AVR-mikro-ohjaimen lohkot ja niiden tarkeimmat toiminnot. (6 
P) 

4. Kytke Atmelin mikro-ohjaimeen ATtiny2313 (datalehtikooste alkaen s. 
2) nappi ja 4 ledia. Piirra kytkennan kuva, merkitse myos mita muuta 
mikro-ohjaimeen tulee kytkea toiminnan varrnistamiseksi. 

Laitteesi toimii seuraavasti: Aluksi kaikki ledit palavat ja kun painat 
nappia yhden kerran sammuu yksi led. Kun painat nappia toisen kerran 
sammuu seuraava led jne. Kun kaikki ledit ovat sammuneet, 
seuraavalla painalluksella kaikki ledit syttyvat taas. Mita osioita 
koodissasi on, eli hahmottele koodin rakenne nhkyviin? Kirjoita 
tarvittavat alustukset kayttaen assemblya ja myos esimerkki napin 
lukemisesta ja ledin ohjaamisesta assemblylla. Muista perustella 
ratkaisusi hyvin ja kommentoida koodisi. 
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Pin Configurations Figure i, Pinout ATtiny2313 

MLF 

Overview 

NOTE Battom pad should besoldeed to graund. 

The ATtiny2313 is a low-power CMOS 8-bit microcontroller based on the AVR 
enhanced RlSC architecture. By executing powerful instructions in a single clock cyole, 
the ATUny2313 achieves throughputs approaohing 1 MIPS per MHz allowing the system 
designer to optimize power consumption versus processing s p d .  
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ATtiny2313N 

Default Clock Source 

Crystal Oscillator 

The device has the following dock souroe options, selectable by Flash Fuse bits as 
shown blow. The dock from the selected source is input to tRe AVR clock generator, 
and routed fa the appt-ogrlate maduls-s. 

Table 2. Deuim Clockina 5eladff) 

I Calibrated Internal liC Qsdllator4MHz I 001 0 I 
I Calibrated internal RC OsdRator 8MHz I 01 OD I 
I Watchdeg Oscillator t28kHz I 01 TO I 
I External CrystallCeramic Resonator 1 '1000-1111 1 

Reserved 1 0001/~111010110111 

Note: 1, For all fuses '1" means unpwgramrid while "0" means programmed. 

The various choices for eaoh clooking option is given in thefollowing sections. When the 
CPU wakes up from Pawer-down, the selected clock source is used to time the start-up, 
ensuring stable Oscillator operation before instruction execution starts. When the CPU 
starts from reset, there Is an additional delay allowing the power to reach a stable level 
before commencing normal operation. The Watchdog Oscillator is used for timing this 
real-time part of the start-up time. The number of WDT Oscillator oycles used far each 
time-out is shown In Table 3. The frequency of the Watchdog Oscillator is voltage 
dependent as shown in "ATtiny2313 Typfcal Characteristics" on page 185. 

Table 3. Number ofwatchdog Oscillator Cycles 

1 Tlme-qut (VGC = 5.OW I 'ILp Tlme.sut PJm = 3.OV) I Number sf Cycles 1 
I 4.1 ms I 4.3 rns I 51 2 I 

The device is shipped with CKSEL = "O1OOn, SUT = "ION, and CKDIV8 programmed. 
The default clock source setting is the Internal RC Oscillator with longest start-up time 
and an initial system clock prescaling of 8, resulting in I .O MHz system clock. This 
default setting ensures that all users can make their desired clock source setting using 
an In-System or Parallel pragrarnmer. 

XTALI and XTAL2 are input and output, respeotkely, of an inverting amplifier which can 
be configured for use as an On-chip Oscillator, as shown in Figure 12 on page 26. Either 
a quartz crystal or a ceramic resonator may be used. 

C1 and C2 should always he equal far both crystals and resonators. The optimal value 
of the oapacitors depends on the crystal or resonator in use, the amount of stray capac- 
itance, and the eleotromagnetic noise of the environment. Some initial guidelines for 
choosing capaoito~ for use with crystals are given in Table 4 on page 28. For ceramic 
resonators, the capacitor values given by the manufacturer should be used. 
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Figure 12, Cpstal Qscillator Connedions 

The Osdbtor can ,operate in three different modes, saoh optimized for a specifics fre- 
quency range. The operating made ts selected by the fuses CKSEL3..1 as. shown in 
Table 4. 

Table 4. Crvstal Oscillator O~eratina Modes 

I I I Recommended Ranae for Ca~aeltom C1 I I CKSEU.1 I Frequency Range(" (MHz) I and C2 for Use with ~ r y s k l r  (pF) 

Notes: 1. The frwuanoy rangtsare preliminary values. Actual values ate TED. 
2, Thls optfon shaukl rwt be used wlth wystalsi, only with wmmk resonators. 

The CKSELO Fuse together with the SUTI-0 Fuses select the start-up times as shown 
in Table 5. 
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110-Ports 

Introduction All AVR ports have true Read-Modify-Write funotionalitywhen used as general dlgital 
KO ports. This means that tha direation of o w  part pin a n  b hanged without uninten- 
tionally changing direafbrr of any other p h  with the EEBl and 081 insfnrdons. The 
same applies.when changing dri~evalae (if configured as output) or enabling/disabling 
of puH-up resistow (if canfigured as. inpu€). Each output buffer has symmetriml drive 
characbdattcs 4 t h  both high sink and same capabflity. The pjn driver is strong enough 
b dfive LED $Isplays di~ectly. All port pins have individuauy seleshble pull-up resistors 
with a supply-vcjltage ihvariant resistance. AIl 110 pins haw protedlon diudes to bath 
V, and Bmund as indicated in FLgu~e 21. Refer to "Electrical Characteristics" on page 
1.84 for a complete list ;of parameters. 

Figure 21, 110 Pin Equivalent Schematic 

1 I 

1 Logic 
I 
I See Figure 
I 'General Drgital I/O"for 
I Details 

All registers and bit references in this section are written in general form. A lower caw 
'k" represents the numbering letter for the port, and a lower case "nn represents the bit 
number. However, when using the regieter or bit defines in a program, the precise form 
must be used. For example, PORTB3 for tzit no. 3 in Port 6, here documented generally 
as PORTxn. The physical 110 Registersand bit locations are listed in "Register Descrip- 
tion for 110-Ports" on page 61. 

Three I10 memory address Locations are allocafed for each port, one each for the Data 
Register - PQRTx, Data Dlrer~tian Register - DDRx, and the Port lnput Pins - PINx. The 
Port lnput Pins 110 lacation is read only, while the Data Register an8the Data Direction 
Register are readhurite. However, writing a logic one to a bit in the PlNx Register, will 
result in a toggle In the corresponding bit in the Data Register. In addition, the Pull-up 
Disable - PUD bit in MCUCR disables the pull-up function for all pins in all ports when 
set. 

Using the VO portas General Digital I10 is described in "Ports as General Digital 110" on 
page 50. Most part pins are multiplexed with altemate functions for the peripheral fea- 
tures on the device. How each alternate function interferes with the port pin is described 
in "Alternate Port Functions" on page 54. Refer to the individual module sections for a 
full description of the alternate functions. 
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Note that enabling the alternate function of some d the port pins does not affect the use 
of the ather pins in the port as general digital VO. 

Ports as Oerierd Digital The parts are hi-direatbnal tO ports with optional InLrnal pull-up= Figure 22 show a 
I10 functimal tlwcrlpti~rr 8Tone UQ-port pin, h m  gondal ly mlled Pxn. 

Figure 22, General Digital VO(') 

BEEP RRx 

I/ b 
SYNCHRONIZER 

----A- R R  

b 

& w 

PUD: RJUUP DISABLE 
SLEEP! SLEEP CONTROL 
Yk,. LOCLOCK 

WRKEDDRx 
R r; READDDRx 
WRx: WRITE WRTx 
RRxr READ PORTx REQlSTER 
RP*: READ PORTx PIN 
WPx: WRITE PINx REGISTER 

Note: 1. WRx, WPx, WDx, RRx. RPx, and RDx are common to all pins wWln the same port 
dkW, SLEEP, and PUD are common to all ports, 

Configuring the Pin 
- - - - - - 

Each port pin consists of three register bits: DDxn, PORTxn, and PINxn. As shown in_ 
~ ~ ~ ~ f c i r I ~ I t a ~ a ~  K E DDxibitsaKaccessedatthe 
DDRx IIQ address, the PORTxn bits a1 the PORTx I10 address, and the PlNxn bits at 
the PlNx 110 address. 

The DDxn bit in the DDRx Register selects the direction of this pin. If DDxn is written 
logic one, Pxn is configured as an output pin. If DDxn is writfen logic zero, Pxn is config- 
ured as an input pin. 

If PORTxn is written logic one when the pin is configured as an input pin, the pull-up 
resistor is activated. To switch the pull-up resistor off, PORTxn has to be written logic 
zero or the pin has to be configured as an output pin. The port pins are tri-stated when 
reset condition becomes active, even if no olocks are running. 

If PORTxn is written logic one when the pin is configured as an output pin, the port pin is 
driven high (one). If PORTxn is written logic zero when the pin is configured as an out- 
put pin, the port pin is driven low (zero). 
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Register Description fcrr IiQ-Ports 

Port A Data Reglster - PORTA 

hltW Value 

Port: A Data Direction Register - DDRA BL 7 6 5 4 3 2 1 o 
) - ( - I - 1 - I - I DDM I DDAI ( DDAO I DDRA 

MdANrite R R R R R R M I R I W F W  

lnltisr Value 0 U 

Port A l n ~ u t  Pins Address - 
PlNA BI 7 6 5 4 3 2 1 o 

) - 1 - 1 - I - I - ( PIN&? I PINAI I PlNAO 1 PlNA 

WdlWrlte R R R R R R N V R M I W  
IniUal Value NIA NIA N/A WA NIA N/A NIA NIB 

Port B Data Register - PORTB 
~k 7 6 5 4 3 2 1 0 

FORTB7 I PORT66 ( PORTBS I PbR184 I PORTBS ( P(1RTB2 I PORTBI I PORTBO 

ReaWrlte RNV WW RIW RMI RMT WW RMI WW 
lnitlal Value 0 0 0 0 0 0 0 0 

Port B Data Direction Register - DDRB -.. - - - - - " 

D5B7 I DDM I DDBC I DDB4 I DD63 I DDB2 I DDE1 I DDBO 

ReadlWrlUe RMI RMT RIW RMT RMI RNV RMT FUW 

lnitlal Value 0 0 0 0. 0 0 0 0 

Port B Input Pins Address - 
PlNB ~ l t  7 6 5 4 3 7 2  1 0 

PIN67 ( PIN66 I PiNBS 1 PINE4 1 PIN63 I PlNBZ 1 PIN61 I PlNBO 

ReadMTrlte FUW RNV RMI RMI RNV RNV RMI R/W 

lnkial Valucl NIA NIA N/A NIA WA WA NIA N/A 

Port D Data Register - PORTD 
811 

InlUal Mlue 

Port D Data Direction Register - - DDRD B I  7 6 6 4 3 2 1 0 

) - I DD56 1 DDDS I DDa4 ( DDD3 I aDD2 I DDDl I DDDU 3 DDRD 

Reamrite R R / W R M I R N V R / W R M I R M , R 1 W  
lnltlal Value 0 0 0 0 0 0 0 0 

Port D Input Pins Address - 
PlND Bit 7 6 5 4 3 2 1 0 

- ( PlNW I PINDS I PIND4 1 PIND3 ( PlND2 ( PINDI I PlNW 

RBaWrlte R R i w W R N V R i W R M I F U W ~  

lnltlal Value NIA WA NIA NIA NIA N/A N/A NIA 
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ATti ny2313N 

Serial Programming Pin 
Mappim 

Table 76. Pin Mapping 5 k h l  Pqramming 
L . 

I SCK 1 PB7 1 I I S e r f a l ~ l ~ l  
- - -  

Symbol 

MD%l 

MISO 

Parallel Programming 

Enter Pmgrammlng Mode The followhg algorithm puts the device in Paralkl programming mode: 
1. Set Prounable pins listed in Table 72 on page 166 to "OOOOQ, RESET pin and 

v, to ov. 
2. Apply 4.5 - 6,SV between Vm and GND. 

Plna 

PB5 

PB6 

3. Ensure that Va reaches at least 1.8V within the next 20 ps. 
4. Wait 20 - ,60 ps, and apply 1 I .5 - 22.W to RESET. 
5. K e ~ p  tha Prxenable pins unchanged fix at least 1 0 p  after the High-voltage 

has been applM,to ensure h e  Pmg-enable Signature has been latched. 
6. Wait at least 300 ps before giving any parallel programming commands. 

UR 
I 

0 

7. Exit Programming mods by power the device down or by bringing RESET pin to 
ov. 

Descrlptlon 

Serial Data In 

Serial Data out 

If the rise time of the V, is unable to filtfill the requkements listed above, the Tollowing 
alternative algorithm can be used. 

I, Set Prmenable pins Ksted in Table 72 on page 166 to "0000°, RESET pin to OV 
and V, to OV. 

2. Apply 4.5 - 5.5V between V, and GND. 
3. Monitor V,,, and as soon as Vcc reaches 0.9 1 .iV, apply 11.5 - 12.5V to 

RESET. 
4. Keep the Prog-enable pins unohanged for at least 10ps after the High-voltage 

has been applied to ensure the Proaenable Signature has been latched. 
5, Wait until Vcc actually reaches 4.5 -5.5V before giving any parallel programming 

commands. 
6. Exit Programming mode by power the device down or by bringing RESET pin to 

ov. 

Considerations for Efficient The loaded command and address are retained in the device during programming. For 
Programming efficient pragrammirrg, the following should be considered. 

The aommand needs only be loaded once when writing or reading multiple memory 
locations. 

* Skip writing the data value OxfF, that is B e  contents of the entire EEPROM (unless 
the EESAVE Fuse is programmed) and Flash after a Chip Erase. 
Address high byte needs only be loaded before programming or reading a new 256 
word window in Flash or 256 byte EEPROM. This consideration ako applies to 
Signature bytes reading. 

Chlp Erase The Chip Erase will erase the Flash and EEPROM(') memories plus Lock bits. The Lock 
bits are not reset until the program memory has been completely erased. The Fuse bits 
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Table 76, Parallel Pragrammlng Characteristics,, VG, = 5V * 10% (Continued) 

Symbnl Parameter Min Typ Max Unib 

~ Y K I V  ES 1 Vdltd ta DATA *lid 0 250 ns 
- 

b w  OE LQW to: DATA Valid 250 ns - 
b ~ m  OE High to WTA Tri-shtd 260 W 

Notes: I. tWLW is valid far fhe Wrke Fhsh, 'Write EEPROM, Wf ite Fuss bits and Write Lock 
b i t  commands. 

2h f ~ ~ - ~  is valid for the Ghip Erase,mmmand. 

60th the Rash and EEPROM memory arrays can be programmed using the serial SP1 
bu6 While RESET is pulled to OND. The seriar interface consists of pins SCK, MOSI 
(input) and MISO [output). After RESET is set low, the Pragmmming Enable instrucf!on 
needs to be executed first before pragramLerase operations can be executed. NOTE, in 
Table 75 on page: 16.7, the pin mapping for SPI programming is listed. Not all parts use 
the SPI pins dedicated for the internal SPI interface. 

Figure 78. Serial Programming and verify(') 

GND 

I 

Notes: I. if the device is clocked by the internal Oscillator, it is no need to conned a clock 
source to the XTALI pln. 

2. Vcc - 0.3V < WCC c Vcc + 0.3V, however, AVCC should always be within 1.8 - 5.W 

When programming the EEPROM, an auto-erase cycle is built into the self-timed pro- 
gramming operation (in the Serial mode ONLY) and there is no need to flrst execute the 
Chip Erase instruction. The Chip Erase operation turns the content of every memory 
location in both the Program and EEPROM arrays into OxFF. 

Depending on CKSEL Fuses, a valid clock must be present. The minimum low and high 
periods for the serial ctook (SCK) input are defined as follows: 

Low:> 2 CPU clock cycles for f,, < 12 MHz, 3 CPU clock cycles for f, >= 12 MHz 

High:=* 2 CPU clock cycles for f,, < 12 MHz, 3 CPU dock cycles for f, >= 12 MHz 
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ATtiny2313N 

Instruction Set Summary 
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NOP 
SLEEP 
WDR 
BREAK 

No Operitbn 

$1-P 
\?Vatohdoe Reset 
Break 

(eei ripe* degor. fw Skep (undlon) 

(see spa& dstla. for WDqfiimer) 
FM On+hlp ~abw Onw 

None 
None 
None 
None 

1 
1 

1 

MIA 


