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Abstract

This project is a design and construction of a MP3 player by using SD card which is a
popular device at present. Since a SD card has small size and can store a lot of data, it is a good
idea to use this device with the player. We use an AVR Microcontroller to take data from the SD

card and pass to a decoder for transforming MP3 files to voice.
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Inssafaeendnn 19191989 SD CARD

Tuil9giunuI0A W DY SD Card (Secure Digital Memory Card) Tl Husii2en217u§1

oA Yar =9

4:{ 4 1 "
nladuamidunnms iz ugUnsadficmisownn [¥asain Semienam i sp Card
J = o o b4 ar ! © = - . 4
Twedirunisiundedumizenamiwida MMC (Mutd Media Card) #enielu

1 o = o o
MRV SD Card Tzl TuTnsneu Insames, ularwuluinoulnsa
R & =) 1 e
(erase, read, write and error control)  Fan13 Toudhedayalavndsznitanm sy Tae
c:' W P o e w v W P ¢ o
aouInsafiszloutotoyn 512 luddevdenlavsnluld  Suluiugamdouaiiaden
& o 4 Y ° ' & <
9 lthiue s lugaiisewsmitlihlszgndang 18 Taoia Tl IWdszumiveafunuy
¥ »
FAT 16£32 muudmiumsyvinisuueadiu 1ag FAT 32 UuanuuosHuen ey

N3 AEABINAIMINNII 2 Gbyte

sSDC vMMC
8. DATY —|
7. DATO/DO! 7. DATIDOC
G, Vss2 . Vss2
6. CLK — . CLK
4, Vec - Vee
3. Vss1 . Vss1
2. CMDIDI . CMDIDI
1. DAT3ICS -.RESICS
9. DATZ —|

U 2 AnvuzneuumAvsIrEILAMS 1MUY SD Card Hag MMC Card

vzt 2 SwdaunassesneuumadlflunrRededemsvestisaimduiy
SD Card #iag MMC Card $9miaeAMuFMwY MMC Card ilvaediaso 7 asuumaday
mi2wAIWE1 SD Card tuduitindn 2 Aouumn Tuns Teudhesynsudeyaszninleeiy
nﬁmfun:nizﬁﬂuﬁmumumuwﬁnw

manaaaser g laanumitenduiwuy SD Card 1'fu§1ﬁa;j 2 Mode MRufie

& o A a a1 ' 9
Mode SD MODE uag SPI MODE ‘b’wicluﬂ’l'iﬂﬂﬂ@uﬁlgﬂ'm"l‘iﬂﬂﬂaﬂu'.lﬂﬂ'J']i]il']l"ﬂulmﬂ SPI

Mode




2.1 SP1 MODE
= o - P> ) 1 & v a
SPI Mode siluminsgyimiadonniialunisdsdevinleaniousn Famiioninuie:
anIaAnne IABF9IN 1904 SP1 Port M3 GPIO Port fimululu InsseuInsameinly
0’} o lﬂ'ﬂw é =1 Ll ) o dy
(312021 SPI Mode stimmnzauiuns dszgnd 19w luiifl Fens@anemissaam il
° = o -1
12711M13:59N IMUANITYING Y89 SPT Mode 1T Tvua 0 (positive clock, front edge latch, back
¥ Ed
edge shift) A9UU SPI MODE 0 2WiNe@ud 113 UN15AmId M UaaRanyMu I8a 1§ wuy
SD Card 1142 SPI Mode 3 A9 1d@nudeadu
2.1.1 Command and Response
= ' &
Tu SPI Mode Wiamedoynezaguusignal line ¥n3loudweynsudoyaes
o [= o t o LR} ar o Ao
dmuaiihilud  daumsuves command  itunmsdesinnlea lufsmisagadianuenves
v oA t o ar q [ Q o
YUY 6 Tusae | TS command iBMIUUDS command 1T unsaasig lfmsandn
' a 4 . o o & &
f1 Response (R1,R2,R3)¥D4 command wﬁﬂﬂuqunﬁwauﬂaunwﬂaﬁ aalaatiy ﬂzs'fm
87UfResponse UINABAIUNIINTAIAT Response NHAADIYDY command AAULWWIIZAT
> [ +
dsrudeyavesmiaudalsaiuszdasgniunndygsnniniilsaduilauniues
¥ ¥
& ~ s =i Ed
command response time (NCR) Yu9ziiInssas1e 0 89 8 Tud dyapw cs twdeniuguld
1fht 0 Tusen3rensAaae Command , Response LAz Data transfer Gananszsitag dauludves
g [ & o -~ o ar
cre Tuwiuauibszneuvesyasuves Command Fulumudenlu SPI mode d iy

MIAsINABLANUQNABIveIdayatiadseasn Ty

) Command Frame . "Ncr . Riresp. .
I ] I ] ] ] l E
seu_ A SO O A T A A SO
| | I | | | |
DI _|2[1 Index Arguiment . _l_ CRC |1
| 5 hOp31 | i | hopo he |
faln] OI Flags

314 2.1 ANVWLYDI Command Frame




2.1.2 SPI Command Set
v o d| A 1

uAng Command (Junisumauunioamuslunistieyss GO_IDLE STATE
-] 1:; o’: o Qs ' q’
Y39 CMD<n>, 1agh <n> Vit 1avlagues command index UAZAMWOY n HILATUIIO
| b4 2 ] o = o \
1WA 0 fle 63 FegluuYeIA1e command 9205110 command A9 T luAs 814
WouuasMIMUARITNALTBINEA MY command Bunaw1T0RzqléN Data Sheet

vas MMCA and SDCA.

Command | Argument |Respomse [Data Bhreviation Description
Index _
(]t} None{0) Rl Yo |50 IDLE STATE Software reset.
CHDL Hone{0) Rl Bo |SEXD P COZD Initiate initialization process.
ACHDA1{*1) {None (D) Rl Ho |APP SEED OF COZD For only SDC. Initiate initialization process.
CHp9 None {0) 3] Yes {5END C5D Read C3D register.
CHD10 Fone (0} Rl Yeg |SEND CID Read CID register.
CRlz ¥one {0} Rlb Fo |5TOP TRANSNISSI0N Jtop to read data,
(HD17 Address( 31:0]|R1 Yes |READ STRGLE BLOCK Read a block.
(DL Address[31:0]|R1 Yes |READ MULTIPLE BLOCK Read multiple blocks.
(I3 Bmber of R Ho [SET BLOCR_COTNT For only MEC. Define maber of blocks to transfer
hlocks{L5:0] with next multi-block read/urite command.
ACHD23(*1) [Mumber of  |RL No |SET WR BLOCK ERASE COUNT|For enly SDC. Define mmber of blocks to pre-erase
blocks[22:0] with next multi-hlock write coapand.
(HD24 Address[31:0]|R1 Yes |WRITE BLOCK Urite a block.
CHD25 Agdress[31:0]|RL Yes |WRITE KULTIPLE BLOCK  {Write multiple blocks.
CMD55(%1} [Eoneif) | No |[APP CKD Application specific comnand,
(HD58 None [0) &} No {REd OCR Read OCR.
*1:ACHD<o>* neans a command sequense of CEDSS-CT<n>.

E ~q ¢ o 1 =1 o A oy o
A191% 2.1 uarAd Command “i‘l:m'lllﬂii‘lﬂ'li?J'I‘LIH.IUullﬁzﬂ1ﬂ‘llﬂﬂ'lﬁ1m1ﬁm\1ﬂ'l'iﬂ




2.3  SPI Response
1] n‘z’ = r r-1 c!? J t o
3U1UYD3 Response Huwzding 3 jUnvy Ao R1, R2 uaz R3 Fevzduogiy
' 1 yq'; ] 1 or L]
uAag command Ml41uq TaglunvesResponse R1 921Tun13a 96 nAUNIYD9 command A

[}

Tnay

R1 Response R3 Response
IOHIHHJ [R1] , OCR |
gt L ocn sy
‘ Same as R1

igal Command
Command CRC Error
Erase Sequense Error
Address Error
Parameter Ervor

31 2.2 1uAive R1 Response 14a¢ R3 Response

& ' A e ar i k4 1 1

Feluusaziind miu R1 Response Nuaaniudia1voa1ud R1 = 0x00 szvanefieh
(2] 1 ar r o d’ - 1) 1 =y =] (=Y J =]
AaaanLUMIIeA MW UY SD Card td 131 We TusAimunadeianarmnaiuiinves Rl
2 2 oo . : P . C 2 e oA
uuﬂ:wmuﬂwaaﬂﬂﬁmﬂngﬂ A1UD4 R3 Response UUIE@MTYU CMD 58 MU Ul

o - o Vg =
1‘]JﬂLL'iﬂL'HIJB'Llﬂ‘]J R1 g $FIEITI1U£1]U111J’JN“VI‘]J5'J"I]‘1]BQ OCR

UM Command wel¥aiuiuninniigiuiuues  NCR - Amwmusdaiulsa

¥
nauInIaa I IuIADITORY response NALNIAIE lAsMIdIA1 Ox  @AaBAIUNI1NZTY

o ¥ 3
response AALN1 1ALA?




22 Yuseumaenm S uduE Iy SPI Mode
V39990 Power on reset M 26AMMINIVY SD Card 111 921979 Tnuan13M a1y native
mode éﬂﬁgﬂuuwaﬁfuﬂauﬁqf‘:
221 Power On
waIINuMaIs iR s asuR 22 Taar 519zdeawns1ves DI uaz CS
Wiy 1 uazdouwadi¥unnd 74 wadlus scLK Fevgslimiatuamnsniezsy
command #1918
2.2.2 Software Reset
de cMDO it cs o etz liRwmmiadenidaiineznidre

1

Fyg e €S tiscMDO gRasImDIziINIAT9TeY CS Inih 0 wialuduiiu 0 miaazdh
g SPI Mode A41iU CMDO 998014 native command A0uag IuaIuyee CRC utzdedin
¥94 CRC NQnABIAI WuiinmImdng SPI Mode n1smsvaauA1was CRC og'higniinn
Aasednme 1 dafulunisds cMDo szdmuanves cRC Ty oxos fdime  die
¥ ¥
cMpo  tiugnasaeuisudemdamiatuszdioniugine  (dle state) taskavos
& a4 < P 4 ' ¥
response R1 1L 1zlin vy 0x01 1TuAoinvad idle state 9$NIYATUFILAAITI SD Card T
agluaniuzag
2.2.3  Inmitialization
¥
Tuaniugine SD Card UuszEOUIUIAWIZ CMDO , CMDI unag CMDS58
1 3 4 =3 v A evz o = A a
MNTU commanddunIzgnUias usdionimiunsimu CMD1 minszFunisunezdian
& n’;’ 9 t : é 1 a’y 1 3
Falamuaedosds CMD1 drliiFeeuazneens29aa A1 response TR0 ldaundinivas
o g b & g o o g &
response R1 zaaunduyuiu 0x00 Faiufie cMD1  vudlumanfsianwes R1 ued
. ) ¥
WO IN1509A1 command %9911 Tuvwrums initial mM3adiszldamaioniesiindy
) J XY & o o £ ' =g '
ApuRduBgiurIAvasnIimiug Anfusszdssinsanmdwmtiieanieldn data sheet
AY o gy ar a . d o ) = ¥ o - 1
Afnanlin »AINHINT initial ¥ eRezannsosuuandoudeyaia T 1Audy  Tugae

natszamsns A Immed OCR uag CID 1AMoNIZm I UUauIsIAUNNIZH IAZYUIA

o 4 ¥
yosmianTonuainoundinesnis 18




23 msleuthauasdeya
23.1 Data Packet and Data Response
a 14 o Y Y] 7 ' &
Tumsasasifeaiuns Teudrevasdaya 1 block 3auNA 1 block WU
9 o 1 - o W ar ] ¥ g &
ADIINT FINTBTVUBYANAIIMN command response F9A13 Toudedayatiueziliznay’y

Vv ' ¥ =l o o a o
A0NANVDIUOYARAD data Token 1 1UA Data Block 1-2048 lualiaz CRC 80 2 lus

Data Packet
IDala Tokenl Data Biock J CRC ]
1 byte 1-2048 bytes 2 bytes
Data Token Error Token
f1]1]1]1][1[1]1]0] Data token for cMD17/18/24  [0]o[0] Flags |
111(1(1(1]1!0] 0| Data token for CMD25 Error
——CC emior
1(1{1(1{1]1|0[1| Step Tran token for CMD25 Card ECC failed
Qut of range
Card is locked

Data Response
{x[x[x[o] status [1]
0 1 0—— Data accepted

101 Data rejected due to a CRC emor
110 Data rejected due to a write error

= L) = 2 3/
71 2.3 ueranguveayaiiizvinis loudiy

232 N1391HUUY Single Block
fhumsszydumisfestuimssulumizevedlod e cMD17 gn
pouiuudInsnszimssudayn data blockezeralifalan MAI9n data token QAATIIND
TauTlanrez 19T UAMNIAD data block uaz CRC 2 lud TesilnRvunavesuisnazmiiny 512

4 = = a o ' '
ludgusamsnifdoumnladidles  cMDI6  Fedufadoranataluszrniimiswmdeya

error token 3FQN TN MNU




ol | CMD17 l Cnud

Resp.
Do U] [ pDatapPacket |

3101 2.4 ERINIB ULV Single block

233  MI31%8UY Multiple Block
3 o . o) o @ ’ . d
M58 MUUBYAIUY Multiple Block Wuf1d9umsam multiple block 1ifu
1y anmsszyhng tiedimveanisloudne block 1z hitezesnou command 1 M3
] ] » [ l
ARARIITUAUNNIYALAZIUNTSE I muli block MssTutzABiossunszimyalag

sa Sas Qs o as nvw ar os ar 2 . W
cMp12 Tuanlasulasiuimiulsiuszanmas cMDI2 uszgadafianouldsy response

Yad CMD12
1-8iyte
¥ e
Dl CMD18 cnd f cMp12 cmd
/ Resp. /Resp.
Do [l | DataPacket | | DataPacket | A || |Busy
DataPacket

717 2.5 urmsnis 8 dayau U Multiple Block

=9 '
234  msoRomaes CSD uag CID
’ 1 ey oo id ar ' . 9/
AI3BIUATS INADINIA DN 9N LD UNUAITB IULUU single block gNLIUVUIA

V9INTWETIVBY block CID 1az CSD wxnaa11/fa Taanyiifiy 16 Tuduea data block




235  9180vRHAYITYS 191999 SD CARD
- T ar o 9 o -f'l ]
MSIF¥ONABNY SD CARD @ Nsafillanaduuy He NiseNaanyy SD
MODE 112 M3¥aNsai Ul SPI MODE 43 18218 891915 19R8 1151

- s waziBuAvIdyyIua 1 e l¥msidouds 1 Tnua SD MODE

PnHo. | Mame | Twe' | Description
SD Mode
1 COIDATS v’ PP Card detectData line [Bit 3)
2 CMD 'C, PP Cammand/Reacgonce
3 Vg S Supply valtage ground
4 Vio S Supplywoltage
s CLK | Clank
& Vss 5 Sapply voitege ground
T DATD Vo, PP Data ime (Bt 0]
B DAT1 1o, PP Dala Ine (Bt 1]
B DAT2 1o, PP Data line [Bi 2]

a13190 2.2 wazBurvndgnnusen deldnmFeusde luTvua sp MODE

- swazdvanidynnuae WeldnnFeude lulnua sPLMODE

SPI Mode
1 Cs | Chip Selec! (ackve low)
2 Dataln 1 Host-tocand Cammends and Data
3 Vs Y Supply voitage ground
4 Vo s Supplyvottage
5 CLK i Clodk
6 Vem 3 Sapply voltage ground
7 DataCud 0 Card-to-host Data and Status
8 _ RSV - Resered
9 RSV -~ Resened

A13NA 2.3 swazBosvdyguan e ldmsideumoluTvuua sPIMODE
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it 3
nquglulnnealnsiae § AVR aed ATMEGA 32 uasnquijninaades

AvR  iihilulaseeuInsamesMcU)i s uswguns afanfuayuatsvinuees
cPU Tiunmnes1iigu Analog to Digital , SPI, UART , Timer , Counter , PWM &4g/nsal
auayumsiamarinld Mcu aunsoiu dndauas W esadassmuen
meuentlernn uazasolssanadideldn il 1 dock Tuuniivzriuauedeyauted
Fflunsiraunishues AVR - Mcu wustinuauiRuazvme ¥ e uTasneunsa
w3 anrilnonssunieTuuagiimees 1ol dums 1o Tiawesmomzuazmsly
9 EEPROM missiauazmsdumedingd  nmisdemiseymu  msnfeufoudyaiu
sunasnuaznsulasdyyueuasniiudinea N3N UTBIND SABUNAAB VNAMS
¥9ILY89Timer / Counter & Watch dog Lingms 1¥ngusidasiig 4
3.1 pumudasazieslfnuveslulssnsulnsame s

1. antmenssuniwlugrasmuulilsaniimons suuuy RISE (Reduce Instruction

Set Computer) RISE #in ™ifimsiszananaiinamuds 1 f1ds / 1 Clock 130 CPU

ansadszuaadideld 1 MIPS / MHz

2. fisadelums mauaumsvhnuvestu TnasaeuTnsameiinau 118 frdfe

3. wiea Wi 3 miheawdiuin PROGRAM MEMORY Yu1 32 Kbyte

4. ¥ 299148V EEPROMAMIUIUHN DATA MEMORY YU1A 1024 Byte

5. MU2UATIUS UV RAM YU 2K Byte

6. svuumsAsudynyn ANALOG TO DIGITAL wia 10 im §1wou §

CHANNEL

7. nauidSames 1 lvua 8 n dum 324

8. MasaduYALAZIEMAYLIA 8 Tin §1uIu anpia

o_szuunIdeasYeyaAtneauULezFlnstin (UART) | CHANEL

10. szuLms Ao msdoyaateoauyLF Insia (SPI) | CHANEL

11, A2 A dyIa11@A1 0 - 16 MHz (ATMEGA 32)

12 5zvumssganuusa Tudaiosuiwnszur Ifdlulnseeu Insanes

{Power on reset)

s

13, S5UUMIHUIAAUB AR YIBUILL PWM §1494 4 CHANNEL (ATMEGA 32)

[

14. STUUNIATIIUTEAUTY Y IUDUI8BN (Analog Comparator)
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15. 6 SLEEP MOD: IDEL, POWER SAVE, POWER DOWN, ADC Noise, Reduction,
Standby and Extended standby

16. szuumstlesiums cory Jeyanislumitsaimu$t (LOCK FOR SOLFWARE
SECURITY)

17. $¥UUN5I99UMINIOUAARAIAYES CPU (WATCHDOG TIMER WITH ON-
CHIP OSCILATOR)

18. szuuMsdumaiiwiuinnsuan (EXTERNAL INTERRUPT)

19. TIMER/COUNTER 4479 16 Un | CHANNEL

20. TIMER/COUNTER 9114 8 1M 2 CHANNEL

21. Vee: 4.5 - 5.5 for ATMEGA 32

N
NuazBen
AT MEGA 32 thlulmsseulnsaaeieuia 10 Dnitlanilaonssuuuy RISE

A . =l d o &
(reduce instruction set computer) B9 1¥n1sszananaiinauda 1 AW 1 clock n39 CPU

annsndizuiafideld 1 MIPS / MHz

Tnssadennuenumzd ey

P @ = ° o A t ar
meludszneudleTiame T 1% 1dvua 8 9w $ 1wy 32 ABweazan

3.21

r a ° r e o a o ' e o
ﬂzﬂﬂl%1ﬂUALU Iﬁﬂﬂiq ﬂ11ﬁﬂ1iﬂ’zu3ﬁﬂa f89 I NAIUAIIUEINI CPU “Uﬂ'ﬂ'lﬂﬂﬂﬂ'i'iu

UUUCISC

Pin Configusations  Figure 1. Prouls ATmegaly
FOIP
(XCRITOr FBO T 1 O peo ADCH
{T1) Bt E e BT X FEY 11 1Y
{WT2Ar0; PEZ O] B O P42 tA0Ch)
LOCALAN 1Y PBY 4 [ A3 (ADC3Y
TG A ] 6 D pes (adea)
ey RS 8 0 Pes {ADES;
M) FEECD T [ PR (ADGS)
(SCHy FET CI 0 83 [O PAT (ADCTH
RESET (1 @ 32 D AREF
wee 10 M P ano
ono o 1 30 O ATC
XTAL2 12 28 7 BCT TOSLT)
wIAA 13 28 O rTa (TOGH)
|RED) PO 23 44 27 [ Pea (Tt
{TFDY PO1 16 2 [ PS4 TDO)
(NTh PO 18 28 O PCa (TS]
(NTW PDOY £ VT 2 D PCa OO
(CC1BY PDA 1.° 28 {1 PC1 (GDA
(OC1A) FIO 16 22 O Pco (ECL
(1cP) PDO O] 2Q 210 Po7 (0T
| N

31 3.1 uamsIasaadentsusnuazA MU
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322 oas@anvevidyansmesnslinm
vee A 9w IWl¥iy cPU uaz GND fa s
Port A (PA7..PAQ)
o -4 =3 =% - » ’ o
1unoin 2 Namevuia 8 Un lasaansafimuafudazawasnesa aw1sa PULL
o A ad ot =Y N ar
UP mvlunsnnniudaaunsniunssue SINK 20mA Taeweds A daldithivndunmiesy
daarseuaentudiuvsinsuiasdyno ANALOG TO DIGITAL
Port B (PB7..PB0)
= o =3 o a & o
Wuneda 2 Niemevuia 8 1w lasansodmualVusazywasweasa au1sn PULL
oy o & L qs as [ :
UP e ludaszuonninfudau@asy iansniunssud SINK20mA uazdagmiilldemdug
an
Port C (PC7..PC0)
o o = - o 9 [ a
Wuwesa 2 Hameruia 8 Un lasmwsodmualvudazuiusmeie s
(=9 ar & 1 Qs L3 a
PULL UP moludaszuonainiusausiazy amsnsunsaue SINK20mA uagdagaiir Tl
UDU9EN
Port D (PD7..PDO)
d o =Y = e ¥ ot o
Wuwesn 2 Yiemuvwia 8 v Tasemnsafmualvudazvivemess musa
=y o & 1 o o (-]
PULL UP misludaszuensindudamazyiamisniunszua SINK20mA uazdegniit1dis
udugsn
= A d
Reset AD U5 189
XTAL t 1iluv13unaves OSE
XTAL 2 ifluste ninaues OSE
Avee 19910 WA D2995 Analog to Digital
AREF 1Huvnyadudrad en 16 ludauvea3993 Analog to Digital
AGND 1{uv1n3 114842995 Analog to Digital
dar
33 Haitu ADC
o o & iy as =N 3 = e O ' a
mslasdyanaesuiaen Imidygruatreatulanuintlumnnmiizaluda
TuTnsmauInsaaas Wemsndszuranannusuiden latuszilszuiamnanuudine am

& o 3 = o d ¥ =] ar -] ¥ o ar Lan
mudniusasdniusesinsudasdyyrasuinenniludyyiuaseea
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1Un@Tu CPU 499 AVR - ATMEGA32 Wuszfiflesy ADC agnoludaled datulin
Hhudeal¥led ADC donwuen dmuildsu Abc ﬁpmmm?uﬁngayamuﬁan'lé’qqqﬂ
8 Channel lavSudygnudumis wosa A annsaidenlfefsuiiviinmsinlasduno
owidonding Channel pd1serias wia s inmsulasdyanuunniz channel fits1doents
AAsudu Tavdyyudsaeainadldzinimazden 10 fa Taents Sudyy iz
voawain Alagaziinees SAMPLE AND HOLD et lfdygaeutaeniifuduie
whatludyanudieenfifissdudyaundii TaoUndnis amifladsuiliminiudeata
U54¥1 AVCC AREF Lz AGND Mifuiefigudae
ARITNIRA

1. 10bit resolution

2. 0.5LSB integral norr-linearity

3. 42 LSB Absolute Accuracy

4, 65-260 pO Conversion Time

5, Up to 15KSPS at Maximum Resolution

6. 8 Multiplexed Single Ended Input Channels

7. 7 Differential Input Channels

8. 2 Differential Input Channels with Gain of |0xand 200x (1)

9. Optional left adjustment for ADC result readout

10. 0-Vee ADC Input Voltage Range

11. Selectable 2.56V ADC Reference Voltage

12. Free Running or Single conversion Complete

13. Sleep mode noise Canceller
ALY (RERLY!

Mumuveanisutasdyn e ouraen (udiaea a1 1A 2 mode An

1. Single Conversion Mode

2. Free Running Mode
o 3 J L ¥
M3 Single Conversion Mode & 1dmpaiudimuanis lFnuiuwes usludu

| o ar T k3 o
494 Free Running Mode 24937 Analog to digital sz1fludaianiseudeyauazinulu ADC Data
=% ~ A v
Register #9191 ADFR 1 Register ADCSR oziilu danldiden Mode msldauyasises

»
as o . . o o o @
Analog to digital @M5unsAmualieg Analog to digital ¥19wtIu annsni 1@ Taens
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iadn ADEN Tu3Smmes ADCHRANWS Y 1 Taufatiezifiu 1 Tunanasuaszws Conversion
vesdnozSondoodifoiiiaiith olavsaTuii widufhunisn/dou Channel voq
msulasdanumef Channel @uda Conversion 82497 Analog to digital 9% Conversion
dyane Channel 1@ 1S ano1UAIR Conversion ArygaiChannel fiald Tasdoyadi 189n
nutasdyyiusuidenihalaeasufiu1ihsimnes ADCH uazaDCL
34 vt PwMm

msueganwnevesiad PwM) thimadad el uns vl jaussoue
vessuedmed AntunsiniiAnfy PwM  Sdinamiuiiusddedmiusueiines
WeTBunefinediz 1dTaussnuzuastrzAnEnmliumsvandady  iiseniniiewmiiy
Aaddunisienmitelylnue PWM w94 Timer/Counter ognislu AVR — ATMEGA32
auiutintadesie I sz nfeadumeinamyea Timer/Counter Y84 AVR — ATMEGA32

Timer /Counter

melu AVR - ATMEGA32 $al¥li Timer/Counter 3 %nlaodailu Timer/Counter
MNA §LN 2 AL Timer/Counter YUR 16 in 1 ﬁﬂﬁ&ﬁyﬁﬂ Timer/Counter2 LD
Timer/Counter0 1102 Timer/Counter! =N Timer/Counter2 M50 UANYIU Clock 1INAWUBA
duflu Option R9211 Timer/Counterz wiuihy RTC Taold XTAL #flrmimtuvindy
32.768KHz uuihigmunanag Timer/Counterd 1A% Timer/Counter] 1912993 Rescaling ¥11A
10 N3 AU @ Timer/Counter21412993 Rescaling LOABBNA1NIN
uuzan 1515919 Timer/Counter tslazy)szinm

Timer/Counter0

Tn39a319v89 Timer/Counter 0 Y11 8 Tm Feermsaifondayny 1 Clock 14910 CLK
(Clock 48432 U1) N30Ty Clock Y9ITZULTGANTS (Rescaling) M3 daygyIuaInA1ELDN
Taons 1amszeBureluiiames TCCRO wag TIFR diudyqiuaiunuawisonsiy
swaz@oal@nnidamed TCCRO FsnsnaugumsdumeiTuszaiugufan 3
Tamo$ TIMSK iiie Timer/Counterd 185 udnyanuninnisuen Sadyniadnd g a4
Taslu (Synchronized) AudyyimuidninielucPulay Timer/Counter 0 szifhineesiiuud
awsadounnzsudoyaldnaoanm  TanievhnadoudsyaasTIMER/ICOUNTER 0

3

TuvameAldyy 1w Clock 9971119 TIMER/COUNTER 0 i wein g 1na mgni@euns
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Timer/Counter 1

wilvum 16 iin Tasrwniaidendyiuu@m 180 cLK wieduyyiud 185ums
W39 CLK (Rescaling) #9013MyA TimerCounter 1 vofuie3hi3imaad TCCRIA
(Timer/CounterIControlRegiste)asTCCR 1B Iatunnfiuaasanmzdig
(Overflow,Comparemath,Captureeven) aaudygunluguzedue3luiiamed TCCRIA
uazTCCRIBMsAILANdy g udumes inasraiunu lann3iame S TIMSK
{TIMER/COUNTER INTERRUPT MASK REGISTER)

ii® TIMERI/COUNTERI 1zlszneudisa oINS sufomeua  (Output
CompearFunction) 2 Wﬂﬁ%ﬂlﬂﬂﬂﬂ‘ﬁ?}mﬂﬂg OCR1A (Output Compare Register. 1 A) up
OCRIB (Output Compare Register 1B) 1fhiauvesmisfuadoyavosmanfoudion
TIMER1/COUNTER1 axarmisoidanliterian pwM 18v 8.9 waz 10 Tn

The Timer/Counter Control Register

Bits 7, 6-COMIA1, COM1AQ: Compare Output Mode 1 A, bit 1 and 0 1M COMI1A]1
uazCOMlAoﬁ‘Juﬁwﬁ‘lé’ﬂum'sﬁmuﬂﬁ'nymzuaaﬁmuﬂg1mﬁsﬁﬁi'fuﬁm1ocIALf'ua
Timer/Counterl (i Compare Match %ﬁlﬁﬂi%’ﬂﬂfﬁfu Output Compare Match U84
Timer/Counter! 3zApamILgy v 0C1A Hamuzitfueing

Bit 5, 4COMI1B1, COMI1B0: Compare Qutput Mode 1 B, bit { and 0 1% ComliAl 1ag
coM1aohiini1dluns fvuadnuusyesdyy i fiAaduTivl OC1A e TimerCounter|
1A Compare Match ‘?dlﬁﬂ%ﬁﬁ‘f?ﬂ Output Compare Match 989 Timer/Counter! %tﬂy@dﬂ’mﬂ‘u
W oc1A Tanuzihienivg

Bit 3...2-Res: Reserved bits 1TUa2Uv29 AT mega32 mzﬁmuﬁniumjuﬁ‘l%’

Bit 1...0 - PWMI1, PWMI0: Pulse Width Modulator Select Bit L?Juﬁwm%"lum's
AUAMINNIUYBI PWM

The Timer/Counterl Control Register B-TCCRIIB

Bit 7-ICN1: Input Capture 1 Noise Canceller (4 CKs) S imiid el Input
Capture 1 Noise Canceller 1191u30 T Taudotmiiih 1 wifumsdmualsy nput
Capture 1 Noise Canceller %1911 wdlo Tty o sxdluntsdmunlaily Input Capture 1
Noise Canceller ¥1474%a Noise Canceller 92gnfimuali g Tasnts Sampling ﬁ'tuungwmﬁ
1$731% 4@ Input Capture 1 TardayayInt Sampling uamm’?uﬁwmsnmmﬁ'tuuiuummﬁun%

J s o [=3 . . 1 b as
ﬂJ‘]ﬁ&ﬂ!Hﬂgﬂﬂﬂ'lSﬂ'lHUﬂllmﬂ ICES] Tﬂﬂ‘i{ﬂ Noise Canceller 9% Sampling Aun UMY
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4 4 L 2 a d o a
ANDYDI XTAL 4998 Sampling NaMuA 4 A543 Tavaoni 1401nA13 Sampling seaseliasin
ReanuAvasInnmvualuiv ICES]

Bit 6-ICES!: Input Capture | Edge Sefect tiuin#ildivuna1viyn input Capture 1 98

Q

¥ o d o a o o
fodDetect MM ICEST 13a 11y 1 szfumsdmualdyn Input Capuret M Detect

Fyanuivevnidu uafiiiv ices 1 grundediiu o sxfluntsdmualiym Input Caprure 1
AN Deteet Fynaifivovviag

Bit 5, 4-RES: Rescrved bits imijgnaean'l’

Bit 3: CTC1: Clear Timerl/Counterl on Compare Match ﬁﬂﬁlﬂuﬁié’ﬂunnﬁmuﬂ'j
nifoifia Output Compare urez Wiiamatude lnTe s 1ifinmsSidaa i 00000 udaFa
dmstiusely Taodufhiindidh 1 sfhumsdmuatiinsidaa i o defans
Output Compare uathimimasiiu o sudunsdmualifimaivavediedia Output
Compare

Bit 2, 1, 0-CS12, CSI11, CS10:; Clock Selectl bit 2, 1 and 0 ﬁh«lﬁﬂﬁ“!‘l’ﬁuﬂ'lﬂﬂdﬂﬂ
oy clock

The Timer/Counter In Capture Register —- ICR1H AND ICRI1L

Fhiftmmesrun 16 A1AFUM TimerCounerl MogluITaumed TCNTI il Input
Capture @MN30 Detect 1§ 1ij8 Input Capture @130 Detect dayanaslanufitmualuiin
ICEs! i l¥cPU TnaamluTiames TONTI asluFiawed uazlunandeanuim ICFI
sedaiiu 1 Tasmsswmanismead ICR1 vas cpu 92 1d59mwed TEMP (HuFiamed
vindeya Fam3195mand TEMP Frolunusndoyaie Wirfiagluiimmed ICRIH uag
ICRIL railpugnausenumisuiu mystua1einidames ICRI wAesgumINIvames
ICRIL foulamile CPU swmun ICRIL senldeiihiItamed 1criH galwasacly
$eemes TEMPile CPU 81uA1010 ICRIH sz s uiSameSTEMP gnasld cPu
3.5 7151997% Timer/Counterl Tulnaua PWM

msvhanluTnus PWM v¥84 Timer/Counterl 92amnsnidenidam’a 8, 9 uie 10
finlaviwadi I8zonniiur PD5 (OCIA) uazyt PD (OCIB) Tun139eM Timer/Counterl
wifutunaziuasdeiufunn 0000 femgegauasszunnsigegaaaI@ 0000udTs

o £ a4

HUIUBNATY
A ] . (.Y} ] Fo7- ' 4 =1 o @
Slon1ly Timer/Counterl 1w ua1luIdamad OCRIA W3e OCRIB 2H1Mv1 PD5

(OC1A)/PDI (OC1B) tlasuutan wAnmualulin COMI1A/CoM1A0 H3CoMIB/COM1BO
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dninneayanan nzvaundaansety

s OCRI HAuMAY 0000 niemgegaseyi e winawr octA/OCAIB fassnihu Low
“ o o = M
nie HIGH awnimusluin COMIAICOMIAO w50 COMIBI/COMIBOLASI®

Timer/Counter 1@ Overflow uazamaTuithu 0000 sz 1M Tovi daidhs 1

Timer2& Counter

o . ) t 1 =y

1y Timer / Counter w110 8 Gwein ldoznadeswazBoavediamesidulu
Timer/Counter 2

The Timer/Counter 2 Control Register - TCCR2

Bit 7 - Res:Reserved Bit i AT90S4434/8535 intlaaau'ld

Bit 6 - PWM?2: Pulse Width Modulator Enable tJh1{im#i14f Enable 1% Trua PwM Tu

»
N o = o o
Timer/Counter2 1 Taufinfiyadiu 1 szdlumsdwualiTuus PWM gn Enable 19
k4

manuuadiiniigmndefith 0 wiffluns Disable 1WA PWM 14 TimerCounter2
AR

Bit 5, 4 - Com2l, Com20: Compare Output Mode, bit | and 0 Lﬂuﬁﬂﬁﬂl%’mﬁuﬂ
dnbus fyy1uv1 PD7 (OC2) 138 Timer/Counter2 ¥1191uTuTHun CompareTaeniio Compare
Output Match %1141 PD7 (0C2) (T Mo mfidwmualuiin Com2 1 g Com20

Bit 3-CTC2: Clear Timer/Counter on Compare Match (Hudnildfimuald

[ + M
Timer2/Counter2 ¥11017 RESET Anihi 00 ndsnniicluiiawed TONT2NA uifnange1s
»

TuFames OCR 138 Compare Output Match Srdnindmihs 1 azvinld
Timer/Counter2 ?L"ct‘fﬂ

Bits 2, 1, 0-CS22, CS21, CS20: Clock Select bit 2, 1 and 0 1HuiimléIunisdmua f
Rescaling

= e Y -
36  msuudavpyauvueuiln (MPEG)
o - . . & g A 4 =

19 UN(MPEG) 1u8911910 Moving Picture Expert Group mnﬂmfammnquﬂu‘n
1 - S . E:] 1J o  gf
Fauilofiuad uIms § UaInNA(Intemational Standard) ez ¥ lumshsva deyanmuas
= q' 1 o aa ] q‘: 51 T w_a L]
wosieglugduvvessdyyiuataen aenimiulalinguiindsansuagTsdldiingg
War1n s fuda IWdlugduvvvesdudnas sunatouniunis iude IWduvy «dniis”

dawe : o 4

(MP3 : MPEG-1 Audio Layer 3) #1419 ustnaumsnaisluileniunelduing g1u ISOnEC ¥4
d a e 3 ¥ a A o W @ " a
thaesgumivnldlumsdisianiensasiadeynvsauio 18 las lideswaeyy d

-~ + =] d’ o ar o o -
niodoanvans Iiiudle Tasuasgruvendui 3 Re ISO/EC 11172-3

72863
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A ar o o wv [] ' o E
wias grumsiivda lWduvusuiimiuiseenldiflungug aweiadoyaiign
kg as r ko = ] 1 e ql’
wisHauezn s T s ddenn 1diiiu s nqudadl
4 = ot e =
1. MPEG-1 doyanmuandos 1¥luszuuialedd uazi@oanaq
k4 @ 9 = ar oy ey
2. MPEG-2 Wisradeyanmuandos 19 uszuuInsimidtneauazasa
3. MPEG-4 1fudruvesves MPEG-1 WoSugluuuiaaiifon a9 19y 3D uis
b o mna a o & [ . o 1
Ms s el s edmEnmannvu MPEG4 utise e niiluvaeaua mmiifius
agdIu unzn e MPEG sslapolidndavaviiundudisnnTusunsuildase
to o o o ' =] o
1 lusuiludna i MPEG-4 18y 18 wannTéifhyundmfne uudeidy
d = A a [ o M
1B 3 Antuuad upanlalihi)
g o a o I =] o d' 1 o Hg @
4. MPEG-7 TWlsuwsgnifeatunmuazideaniipudusuq uadhnasgunld
< ¥ a v @ oA ' @ et P @ -
AUTBYINYITUAIMIAY (metadata) 19U MiTduwuitfoazls niatdiminduunis
ﬂy 1 ﬂv J a =y l:ly
aoudl Tidumasil wFoutudy Tnida AT dhudu inudoyaiiu xmL
FU P4 e
5. MPEG-21 fhianasgwidmuadiuidins safoad Multimedia Framework
nl; 1 ::rw = 1 - P=) ¥ e W3 ¥ a LY |
uenIna s nauiifstinguuu uduaBnua 1A 19U luilvptiude
MPEG-3 iThinas g a3 ould iy HDTV (High Definition Television 38 1n3 et
muazdeage) uagamoli'ldld msizwududimalulad MPEG-2 Rllagidufoane
A& m3U HDTV uda
3.6.1  WANMIIMAZILG UMY B3N 3
= = o " r al A a0 e o 9
B 3 Ang iy lWai lgtusdraumsuarnluilgiulasliztuuun s iuda Wdeg
4 . o
Tugtiuuinas gy MPEG-1 Sadugduvvvesmsidisiadeoyanvudoyon muaziFes
¥
a = ' LT
TAeAav29 MPEG-1 ilazuiisoa mily 3 iawwed (layer) # wanwawisauaz i mwsudouly
madavadoyalavmeesi 1 wiinnwdudoulumadiadesilaunsnivdadeoya
o o = [y ar ! a T g -
18es uazlumenduMuawss® 3 AlinrmdudeulunshsWadeyauniigmivfiodud

= ¥ o Ad Y A A w9 & -
3 ﬂ“’iJﬁ'lJl!‘].l‘].lﬂ'lil'iJ'I‘iHﬂ'ﬂlJﬂ’J'liJ‘]i ‘]J‘Ii@'l—lq‘ﬂuﬂgﬁ'lll']iﬂ'ﬂi)z'u‘lJﬂﬁ‘ll@lvlﬂllﬁU'lﬂﬁNﬁ'llﬂiﬂ

Y
u

o o ' T a o ool
Sathudeyaldi thiduiuinn uatseonslsgluuylunniivdavess 3mwe iflgduuy

L u’tr = e o P 1 ar e‘: o
mﬂsgmmﬁaunumwnﬂ 'Imlmmﬁﬂumi‘uuamzaxaﬂumzmmnﬂNnmjmm ENGILH

uaad 1aaeA1I g
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WIATYIUNTSTUSRA BAFIAIUY A lunisdsdoya
MPEG-1 Layer 1:4 384 dlatanan
MPEG-1 Layer 2 1:604 1:8 256-192 flatinAui
MPEG-1 Layer 3 1: 10619 1:12 128-115 N ladiaAui

2135197 3.1 warmadms s Dudadoyauazau§ lumsdedeyanmniassnwesdoyadign
JUdRR TN INTFIU MPEG-1
WIWIFIUNITUDA sasdIumsbiuen na® 1% lunsoensiia
MPEG-1 Layer 1 4:1 19 ns
MPEG-1 Layer 2 6:1 35ns
MPEG-1 Layer 3 12:1 59 ns

A13199 3.2 warmana 1§ lumsudasdoya

362  msdhsWauuy MPEG
L o & o ¥ o a P Ae d +
A1st IR ALY MPEG vy lasna ldudogyinmisdrdayadosn dain vunea muaen
] ¥ L ]
Ui TR wandsare w i 1dou Mividy Metide asnmsaayumdeyan

» +
WW3g U MPEG 1 ldmnfnssuns 18udusvesnyufindhuniadielumsaauunadoya
¥ ;::ycu rL 1 o‘n‘a’ aa o a 9 @ o a’d’. o
penfiiiulaeiallimuewyuiiuiiva hifaludunsiods Tasanudnuywdamisa

& d v =) ] o 1 b o 1
SuileldBenamits sn i 20-20,000 iF3nd Fategifugeli hihyuasmyudes liamnso1d
P R W P B PR a ' cicinlah 1w
suFeninld undeetnaliyvennpiflshssiinnuhrepnapmdilasumiunnau
Awd 2-4 Aladsng yueauyudiina hdeafeanniigauaziedunainiudaeg e
+ A = A 4 e o g A % 3 ar A A Y s
wuhdarmdgannmied minfianwinihifeeda s dnrmAnnnqmenagsi Ty wilaou

» + ¥
nnquantanisfufaienuafind 1auniwSensouiuidr “lelnagadnluiaa”

. 4 ' de o . o ;
(Psychoacoustic Model) Fitia1thunie silohidwuunnlunmmimuihainsssnesanvualy

o 9 = & o @ A e oo 4
MivyaAtayalauauuIag i MPEG ‘H»?flﬂ'lﬂ‘UﬂS&’U’Juﬂ'l‘i lumsivdaasu
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o 9 =) Ay o . : a 1 En
1. vineyadusasnsailoud Wamesd (Fitter) inononifrisoniug nanunoee
A = r o 1 d'Q a 1 l:; =
(Sub-bands) FelAWA N W DOIUAIWEINGD $1udL 32 YeR RSN
¥ E 4
VUADUUIT Sub-band Filtering
2. WlalnegadanTumaidunsesiolumsimseidoyadni lifinadans 1oy
o = t ' a ' da  w ) 1
vosuyndoon i TaeWe13a113ena99R00 2 ¥eRRAdULATRIRIsaYAS
T ueazsrsnanddan
Y a o« W =1 [} 9 1 T LSy Yo 9 1 c:
3. anmsii s 1A hilinansznuaenis 1y Indadeyadiuiu

ganTiuaz T lidswaludusa'ly

o o ' - sean A 4 Vo '
4. ideyafimBeonnins Hardeer i nuand i uiuegiummaziawey

- Strang Tone Signal

Region where
Weaker Signals
" are Masked

Amplitude ——p

Frequency ——p

11U 3.2 voumevessranutignivlums 14 4 Tnagafn (Psychoacoustic)

3.63  Inssaieusadeya 151 3
9 = - ar g o 3 T s 9r T
Joyafgnivdamuinas g 19u# 3 uszegludnvuzvearindoyn Tavlueaz

1 1

lsudoyasziidiulszneunielueg 4 diufe
o = s t;a o n‘l’
- ¥atoyn (Header) Tudoyasua 32 fiauaasdnuauziii lilve Mdiug

] =Y d o ¥
Auns1TA0 UAWAANAIA (CRC) 1iludoyavuia 16 1n IFasieaeudaya

melumsuigndemde Tuesiivse T 18
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9 W = . . =1 o [
- UDYAUINALA (Side Information) Tvua 17 3o 32 Tud (17 Tuddmiuszuy
o o 4 d| t = - ar
TuTu 32 luddmiuszuudug) (Dudruiidue s dszne ui 18lumsnsnsvia
¥ ar . = c!‘ [ o 1 o
- Uayanan (Main Data) Un1meriuegiudnsinisdsoya (Baud rate) iazdns

L= ar oy o
nmsguveyalumsudasnauiudyguezuiasn (Sampling Frequency)

Wiloya | asedsuaIwdianain Yoyadrafio Joyandn

(Header) (CRC) (Side Information) (Main Data)

519 33 uassgiuuudeyadudnawes 3

a7 FAT: File Allocation Table

=1 = oY el

WusguyIMaf 1 lussvudfianis lunszaa Microsoft uazifluszuulWdni
o ' 1 A o At o - a Vo
wansuiegneiiies szuyInaluasygafifisnuuzfe iuns dmuamnaayl¥sumn
q AAEADST (Cluster) TUUAAY W13 ATU(Partition) HAIVIINIT A5 19915 19RN $MIUTD 991
o o s e A A A . & Al g o4 W ¢ 1
fuau aaemmad T wadluns syyaniuinie admmes mihmsinudeyaves iddudas

o =) = & aa 1 d = . o ar d 4 =

W8 unzlinis 198 nmsreniefis ondt “laif ane3 (Directory) dmimA vdoyaToazidoa
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**%*  Main Program ****

JRA ARk o O A AR o o o o ko ok R R KKK A K K ko ek ok

This program was produced by the

CodeWizardAVR V1.24.8d Professional

Automatic Program Generator

© Copyright 1998-2006 Pavel Haiduc, HP InfoTechs.r.l.

http:/Awenw hpinfotech.com

Chip type : ATmepa32
Program type : Application
Clock frequency : 4.000000 MHz
Memory model - Smali
External SRAM size : 0

Data Stack size : 512

*11*-"**&**-"***-"*****-"tt*tt*t!tt*-"**#!t#*#t#tttt*t*tt*/

Hinclude <atmega32.h>
#include <global h>
#include <string.h>
#include <delay.h>
#include <stdio.h>
f#include <vart9600.c>
#include <spi_io.c>
#include <SDC_media.c>
#include <fat_process.c>
#include <vs1011b.c>
#include <playerc>

#include <keypad.c>
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void main{void)

{

FILEOBJ fo;

word index;

byte fat_buf[512];
byte resp;

dword sector;

signed char  result;
UARTS600 _init();

printf{ "\n\n\rMP3-Player\n\r");

keypad_init();

spi_init(};

SDC_hw_init(};

VS1011B_init();
while(1Detect SDC())M };

SDC_media_init();

SD _get volume info();

priﬂtf("\n\r************‘* Main Prograﬂ] ‘***********l*\n\rﬂ);

VS1011B_volume(volume{3],volume[3]);
FAT_init(fat_buf);
FAT cache_file(fat_buf);

while(KEY_PLAY = 1){};

UART _printbyte(num_of_ﬁleé);
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while(1)

{
fplay{first_cluster[track],fat_buf);

track++;
ifltrack > num_of files) track = 0;

}

pri_ntf(u\n\r*tl"**‘li**“i*ti**!i END *********‘***tt*t*\n\r“).
]

*adk fincludes <uart9600.c> **+**

#define UART_newline() printf("\n\r");
void UART9600 _init{void)
{
UCSRA=0x00;
UCSRB=0x08;
" UCSRC=0x86;
UBRRH=0x00;
UBRRL=0x19;
}
void UART SendByte{unsigned char data)
{
while( {UCSRA & (1 << UDRE)))

UDR = data;
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void UART _printbyte(byte data)
{
printf(” %X",data);
}
void UART_printword(word data)
{
byte tmp;
tmp = (data & Oxff00)>>8;
printf(" {% X" tmp);
tmp = (data & 0x00ft);
printf(” %X }* tmp};
}
void UART_printdword({dword data)
{
byte tmp;
tmp = (data & 0xfIDO0DOD) >>24;
printf{(" {%X" tmp);
tmp = (data & 0x00ff0000) >> 16;
printf{" %X" tmp);
tmp = {(data & 0x0000ffG0) >>8§;
printf{* %X" tmp);
tmp = (data & 0x000000f%);

printf(" %X }"tmp);
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4% Hinclude <spi_io.c>****

#include<ATMEGA32.h>

// For Master Mode

/*

PB7-->SCK As OUTPUT
PB6 —>MISO As INPUT
PB5-->MOSL As OUTPUT
PB4 -->/88 As QUTPUT
*

#define SCK  PB7

fidefine MISO PB6

#define MOSI PB5

fidefine S5 PB4

#define MSTR 4
#define SPE 6
#define SPIF 7

void spi_init{void)
{
DDRB {= (1<<PB35) | (1<<PB4) | (1<<PB7);
PORTB &= ~{(1<<PB7);
SPCR = {{1<<MSTR)|(1<<SPE) );
}
unsigned char spi_io(unsigned char data)
{
SPDR = data;
while({SPSR&{1<<SPIF)) == 0x00){};
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return SPDR;

raxx® finclude <SDC_media.c>*****

i SDC_media
#define SDC_select SD_PORT.PIN_SD_CS =0;

#idefine SDC_deselect SD_PORT.PIN_SD _CS = I;

#define Send8Clk() spi_io{0xff);

#define ReadCRC() spi_1o{0xff);spi_io(0xfD);

#define SDC_FLOATING_BUS OxFF

#decfine SDC_BAD_RESPONSE SDC_FLOATING _BUS
#define SDC_SECTOR_SIZE 512

#define DATA_START TOKEN  OxFE

static unsigned int current_blocklen =0;

/,I*l*****t****\ll‘*******iltt*t Command & Response S"-ucturc***ll*******l*tl*tt**

//RESPONSE 1

typedef union

{
byte byte;
/fstruct
"
unsigned IN_IDLE_STATE:1;
unsigned ERASE_RESET:[;
unsigned ILLEGAL_CMD:1;
unsigned CRC_ERR:1;
unsigned ERASE_SEQ_ERR:1;
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unsigned ADDRESS ERR:1;
unsigned PARAM_ERR:1;
unsigned B7:1;

"

YRESPONSE_I;

//RESPONSE,_2

typedef union

{

word _word,

/fstruct

A

byte _byte0;

byte _bytel;

iy

[fstract

I

unsigned IN_IDLE_STATE:I;
unsigned ERASE_RESET:1;
unsigned ILLEGAL_CMD:i;
unsigned CRC_ERR:1;

unsigned ERASE SEQ ERR:1;
unsigned ADDRESS_ERR:1;
unsigned PARAM_ERR:1;
unsigned B7:1;

unsigned CARD IS_LOCKED:1;
unsigned WP_ERASE SKIP_LK_FAIL:1;
unsigned ERROR:1;

unsigned CC_ERROR:1;
unsigned CARD_ECC FAIL:1;
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unsigned WP_VIOLATION:1;
unsigned ERASE PARAM:I;
unsigned OUTRANGE_CSD_OVERWRITE:1;
i}
}RESPONSE _2;

//SDC_RESPONSE
typedef union
{
RESPONSE_Irl;
RESPONSE_2r2;
}SDC_RESPONSE;

//******t***ttl*l*l********* El'ror Codesﬁ****_*t*#*****t*l‘l‘l**#**#l****

typedef enum

{
sdcValid =0, /MNo error
sdeCardInitCommFailure, //Communication hasn't been established with the card.
sdeCardNotInitFailure, /Card did not initialize.
sdcCardInitTimeout, //Card initialization timed out.
sdeCardTypelnvalid,  //Card type was not able to be defined.
sdcCardBadCmd, //Card did not recognize the command.
sdcCardTimeout, //Card timed out during a read, write or erase sequence.
sdcCardCRCError, /A CRC error occurred during a read.
sdcCardDataReject,  //CRC did not match.
sdcCardEraseTimeQut  //Erase timed out.

}SDC_Error;

void Check_errorn(SDC_Error error)
{
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switch(error)

{
case sdcValid: pontf("sdcValidin\r"); break;
case sdcCardInitCommPFailure: printf(*sdcCardInitCommPFailure\n\r"); break;
case sdcCardNotlnitFailure: printf{”"sdcCardNotInitFailure\n\r™); break;
case schardinitTimeout: printf{"sdcCardInitTimeoutin\r"); break;
case sdcCardTypeinvalid: printf("sdcCardTypelnvalidin\r"); break;
case sdcCardBadCmd: printf{("sdcCardBadCmd\n\t"); break;
case sdcCardTimeout: printf{"sdcCardTimeout\n\r"); break;
case sdcCardCRCError: printf{(*sdcCardCRCError'n\r"); break;
case sdcCardDataReject: printf{"sdcCardDataReject\n\r"}; break;

case sdcCardEraseTimeOut: printf{("sdcCardErase TimeQut\n\r"); break;

}

/**tt!*********'*t***#l***‘sD init***lSHl‘*#l********l‘l‘*********ﬂl‘***lt/

/finit pin which used for SD_Card Interface

void SDC_hw _init(void)

{

SD_PORT |=(1<<PIN_SD_CS)|(1 << PIN_SD_CD);
//SD_CS PBO --> Output

//SD_CD PB1 --> INPUT with R pull up
SD_DDR |= (1<<PIN_SD_CS);

SD_DDR [= (1<<PIN_SD_ALLOW_SCI);
ALLOW_SCI;

H

unsigned char Detect_SDC(void)

{
if[SD_PIN.PIN_SD_CD) return 0; //Card not presented

else {printf{"4Card Detected\n'r");return 1;} //Card presented
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/*tt*t************t**t*t&l&*spi io Sd****t‘********************"***********/

void spi_io_sd(unsigned char* data, unsigned int length)
{
/ transmi-t ‘length’ bytes via spi
while{length)
{

spi_io{*data);

data++;

length--;

R
}
void SDC_cleanup({void)
{

SDC_deselect;

//pulse the SCK & tmes
Send8Clk();

H

[[exereeseskrkrexkt st A Bunction for Sending Command***¥ ¥t £xxexsnnss

[EERBRARA AR EES RAEE SRR RN ARG sond I FFEFFFEEFEERREKER SRS KRR SR EAA K]
void SD_send_cmd(unsigned cmd, unsigned {ong data)

{

unsigned char buffer{6];//array 6 block for stores command sequence

buffer[0] = 0x40 + cmd;

buffer{1] = (data>>24)&O0x fT;

buffer{2} = (data>>16)&0xT;

buffer[3] = (data>>8)&0xIT;

buffer{4] = (data&0xff);
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buffer[5] = 0x95,//CRC Value
spi_io_sd(buffer,6);//send_data
'

/****t************tttttt****tSD—-getmR1*t******#t**#t!*tt#t*t**t*t***t/
unsigned char SD_get R 1(void)
{
unsigned char retval;
unsigned char max_errors = 255;

/fwait for first valid response byte

do

{

retval = spi_io(Oxft);

max_errors—-; -

}while( {retval & 0x80) & & (max_errors>0) };
return retval;

;

/*****l‘***i*******t*****l**SD gct Rlbll***ll****************t***l‘*l*/

//get a byte long Rib and then waits for the card to be available again
unsigned char SD_get_R 1b{unsigned char max_busy)
{
unsigned char retval;
unsigned char max_errors = 64;
/twait for first valid response byte
do
{
retval = spi_io(0xff);
max_errors--;

} while( (retval == 0xff) && max_errors );
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Hloop while card sends the busy byte

do

{

retval = spi_10{0xff);

max_busy--;

ywhile( (retval = SD_RI1B_BUSY_BYTE) && max_busy );
returmn retval;

}

/t*!!!tt***‘#t#**#1*#**&**t*SD_gct_th*“‘111!******‘*1‘**1#t#tt#t/
unsigned int SD_get R2{void)
{
unsigned int retval;
unsigned char max_errors = 64;
/hwait for first valid response byte
do
{
retval = spi_io{0xfT);
max_errors--;
}while{ {retval & 0x80) && (max_errors>Q) );
/fmove data to upper byte
retval = (retval <<8);
//get second byte
max_errors = spi_io(0xff);
retval +=max_errors;
return retval;

}

/**i*****##***##***‘l‘t**SD Send start data [Oken**ttt**tttt****tl

//Send the start data block token to the SD

//Start Block is 7[11111110]0 = 0xfe
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void SD_send_stant_data_token(void)

{
spi_io{SD_START_TOKEN_SINGLE);
!

JRERERER KRR Rk R ERERERRS]) wait for start token®*FFEFERERREEEEEE]

ffwaits for the card to send the start data block token
void SD_wait_for start_token{unsigned char max_errors)
{
unsigned char retval;
do
{
f/get a byte from the SPI Bus
retval = spi_io(0xff);
//keep track of the trys
max_errors--;
/MUART _printbyte(retval);
ywhile( (retval !=SD_START_TOKEN_SINGLE) );

h

JEEERRE R Rk kR kR Rk Q) GET DATARHHEE* st ckreihthhs o rhrts,

/lgets nn bytes + crc from spi bus
void SD _get_data{unsigned char *ptr_data, unsigned int length)
{
SD_wait_for_start_token(128);
while(length)
{
*pir_data = spi_io{0xfT);
length--;
ptr_data++;
IR
/fget the 2 CRC bytes
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ReadCRC();
}
JrERRERER s araRRRatx SD) set_blocklength* ¥ # e xexsxxsnsnhssas
//set the blocklength for ransmission
void SD_set_blocklen(unsigned int blocklen)
{
fimake sure this block length is not already set
if{lcurrent_blocklen != blocklen)
{
current_blocklen = blocklen;
SDC_select;
/ftell the SD card that we want to know its status
SD_send_cmd(SD_CMD_16_BLOCKLEN, blocklen);
//get the response
SD_get RI();
SDC_cleanup(};
IR
}

/!“t***t*t*#*********! Reading CSD Registor *lttt**l**‘t**t****l*/
void SD_get CSD{unsigned char *ptr_data)

{

//select card

SDC_select;

/tell the SD card that we want to know its status
SD_send_ecmd(SD_CMD_9_SEND_CSD,0x0);
figet the response

SD_get_RI1();

/fget the register data

SD_get_data(ptr_data, 16);

/freturn CS to | and send 8 clk



35

SDC_cleanup();
H

/t*t******ttt**tt*ttttt*!***SD get CID******&****#**IF***t***‘k****t/

/iread the CID register from the card

void SD_get CID(unsigned char *ptr_data)

{

fiselect card

SDC_select;

Hell the SD card that we want to know its status
SD_send_cmd(SD_CMD_10_SEND_CID,0x0);
//get the response

SD_get RI();

{fget the register data

SD_get_data(ptr_data, 16);

fcleanup

SDC_cleanup(};

H

JEEE ARk BE R E ARk R RE RO get volume info****Ertrrtrtnscnxkn/

void SD_get volume_info(void)

{

/*

Memory capacity = BLOCKNR*BLOCK_LEN
BLOCDNR =(C_SIZE + [}*MULT
MULT =2~C_SIZE_MULT+2)
BLOCK_LEN =2"READ BL_LEN)
*f

unsigned char data[ 16];

unsigned char name[6];

unsigned char i;

unsigned char mem_cap;
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unsigned char C_size_mult;
unsigned int C_size;
unsigned char MULT =1;
printf{" Volume Info:\n\r\tyt");
//read the CSD register
SD_get_CSD(data),
Hprintf("Get CSD Already!™);

HGet C_Size(12 bits) from the CSD register{width 128 bit) that located in bit [73:62] of data
C_size = data[6] & 03; // data[6]>>>>{80:72]

C_size <<= 8§,

C_size +=data[7]; //data{7]>>>>[71:64]

C_size <<= 2;

C_size +={(data[8] & 0xCO0) >> 6; /idata[8]>>>>[63:56]

Hprintf("C_size =%1 ",C_size),

//Get C_Size_Mult(3 bits) from the CSD register that located in bit [49:47]
C_size_mult = data[9] & 03; //data[9]>>>>[55:48]

C_size_mul <<=1;

C_size_mult +=(data[10] & 80) >> 7; //data[ 10]>>>>{47:40]

Hprintfl{"C_size_mult = %u ",C_size_mulr);
/MULT = 249-C_size_mult)
for (i = 0; i <(9-C_size_mult); i++)

MULT #*= 2; //2N9-C_size_mult)

Hcompute MEMORY CAPACITY
mem_cap = (C_size+1 MULT;

printf{*Memory Capacity = %u MB\n\r\tt”,mem _cap};
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SD_get_CID(data);
name[0] = data[3];
name] 1] = data[4];
name[2] = data[5];
name[3]} = data[6];
name[4] = data[7];

name[5] = "\0";

printf{*Card name: %s\n\r",name);

}

[k K KA QT get_sec e babadt b AL LEEESLEES EELLLLLLLEY

/fstarts the read process of a secior
byte SD_get sec_start(unsigned long sector)
{
bylte response;
SD_set blocklen{512);
/fprintf{"set blocklenght");
/fturn sectors into byte addr
//sector = sector <<9;
/* printf"\n\rOffset>>");
UART _printdword(sector);
UART _newline();*/
/fselect card
SDC_select;
/ftell the SD card that we want to know its status
SD_send_cmd(SD_CMD_17_READ_SINGLE, sector); //printf{"send cmd17");
//get the response

response = SD_get_R1();
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/wait untill Card starts sending data
SD_wait_for_start_token{255);
Hprintf"wait start token");

return response;

¥

/**************‘*‘**!*t**t****SD_get sec Stop“****“***".**‘*.*‘***.**/

/fstop read process of a sector
void SD_get_sec_stop{void)
{

/fget 2 CRC bytes
spi_io(0xfD);

spi_io(0xfT);

SDC_cleanup();

}

JEEFRRRR KRR R R AR R ERR KR ERARAC]) pof e anai i AL LI ELLELELLLELEE L]

/iget a whole sector and put it in the data buffer
void SD_get_sector{unsigned long sector, unsigned char* data)
{
byte response;
SD_set_blocklen(512);
/*printf{"\nrOffset>>");
UART _printdword(sector};
UART _newline();*/
//select card

SDC_select;
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/fteli the SD card that we want to know its status
SD_send_cmd(SD_CMD_17_READ_SINGLE, sector);
//get the response
response = SD_get RI1();
/twait untill Card starts sending data
SD_wait_for_start_token{255);
global_tmp =0;
while (global tmp++< 512)
{
*data = spi_io(Oxf7);
data++;
g
/fcleanup behind us
SD_get_sec_stop();
;

j****‘****#***********t****check rcsp**l********t**#**#**************t/ i
— 1

void Check_resp(RESPONSE_1 resp)

{
delay_ms(100);
if{resp.IN_IDLE_STATE == 1) printf{"SD Card is in Idle State\n\r");
else if(resp.ERASE RESET == 1) printf{"Erase Reset\n\r");
else if{resp ILLEGAL_CMD == 1) printf{"Illegal Command\n\r");
else iftresp.CRC_ERR == 1} printf{"CRC_ERRn\r"};
else if{resp. ERASE_SEQ ERR == 1} printf{" ERASE_SEQ_ERR'nur");
else iffresp. ADDRESS_ERR == 1) printfl"ADDRESS_ERR\n\r"):
else if{resp. PARAM_ERR == 1) printf("PARAM_ERR\n\r");

else if(resp.B7 == 1) printf("B7n\r");
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/iﬂkll***l*******t*****t**ll*SD rcset***********tt**t***************lt/

//Reset card and used SPI Interface
void SDC_media_init(void)
{

unsigned char i;

RESPONSE_! resp;

/fmake sure card is ready to comm.
for(i=0;1<10; i-l_-+)
{
spi_io(0xff);
IR

printf{">> lnitialization\n\r");

//select card by pull down CS_PIN

SDC_select;

/iput SD to Idle
SD_send_cmd(SD_CMD_0_GO_IDLE,0x0);
printf("\tSend CMD 0 for SDC go to IDLE State\n\r");
/fget the response

resp._byte = SD_get R1();

Send8CIk();

if (resp.IN_IDLE_STATE =1)

{
{Ned_clear();
Ned_putsf{'"Now, SD Card is\n in IDLE STATE!");

/fdelay_ms(2000);
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printf("\tNow, SD Card is in IDLE STATE!\n\r");
}

SDC_cleanup{);
//SD_SEND_OP_COND
while(resp.IN_IDLE_STATE =+ 1)
{
SDC _select;
#/Tell Card that next command is APP_CMD
SD_send_cmd(SD_CMD_55_APP_CMD,0x0);
Send8Clk();
resp._byte =SD_get R1();
Send8CIk(),;

SDC_cleanup();

}Send APP_CMD to active card

SDC_select;
SD_send_emd(SD_ACMD_41_SEND_OP_COND,0x0);
Send8Clk();

resp._byte = SD_get RI(),

Send8Clk();

Check_resp(resp);

HCleanup

SDC_cleanup();

I8

printf{"\tSD Card is Activated\n\r™);
!
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[RRREESSAXLLSSLREEEERRAEERAEEA O] Wrife SECLOrF*FHFF BN EREKE SRS RhbkL XS AR R/
unsigned char SD_write_sector(unsigned long sector, unsigned char *data)
{
unsigned int tmp = 512;
SD_set_blocklen(512);
/fturn sectors into byte addr
sector =sector << 9;
/fselect card
SDC_select;
/ftell the SD card that we want to write a sector
SD send emd(SD_CMD 24 WRITE SINGLE, sector);
//get the response
SD_get R1();
//send the start token
spi_io(SD_START TOKEN SINGLE);
while(tmp--)
{
spi_io(*data);
data++;
b
/fsend2crcs
spi_io(0xFf);
spi_io(0xff);
//get the data response token
/‘*
can be one of the following:
SD_DATA_ACCEPT
SD_DATA_CRC
SD_DATA_WRITE_ERROR

*
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tmp = (spi_io(Oxif) & Oxf) >>1;
if{tmp 1= SD_DATA_ACCEPT)
{
printf"ERROR!!1"};
b

#fail ok, wait while busy

while(spi_io(Oxff) = SD_RIB_BUSY_BYTEM}};

return tmp;

¥

*xxnkdinclude <fat_pr0cess.c>*****
/Volume Information
#define FAT16 2

#define FAT32 3

dword Iba_first_sector; //LBA of the volume's first sector
dword lba_fat; HLBA of the volume's FAT

dword lba_root; //LBA of the volume's root directory
dword 1ba_data; /L.BA of the volume's data area

word rsv_sector;

word maxroot; fmaximum pumber of entries in the root directory
dword maxcls; /maximum number of data clusters in the volume
word fatsize; //number of sectors in the FAT

byte fatcopy; //mumber of copies of the FAT

dword sec_per clus; /Iuinber of sectors per cluster

//File Information

#define FILE_ NAME_SIZE 11
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typedef struct
{
DISK. *dsk; /fa DISK structure for the volume containing the file
/fword  cluster; /fnumber of the first file's cluster
word ccls; /{cumrent cluster
word sec; /fcurrent sector in the current cluster
word pos; /fcurrent byte location in the current sector
dword seek; /feurrent byte location in the file
dword size; /file size

word time;

word date;

char name[FILE_NAME SIZE]; //file name

word entry; //Position of the file's entry in its directory
word chk; //FILE structure checksum = ~{entry+name[0]}
word attributes; //file’s attributes
word  dirclus; Hhrst cluster of the file's directory
word dirccis; /feurrent cluster of the file's directory

}FILE;

typedef FILE *FILEOBY,  //FILEOBJ is a pointer to a FILE structure

/fUsing Directories

/{Storing an Entry

#define DIR_NAMESIZE 8
#define DIR_EXTENSION 3
#define NULL 0
#define FALSE 0
Hdefine TRUE ~ IFALSE
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typedef struct
{
char DIR_Name[DIR_NAMESIZE]; //name
char DIR_Extension[DJR_EXTENSION]; /extension
byte DIR_Aur; /{Attributes
byte DIR_NTRes; ffreserved by NT
byte DIR_CrtTimeTenth;
word DIR CrtTime;
word DIR_CrtDate;
word DIR_LstAccDate;
word DIR_FstClusHI;
word DIR_WnTime;
word DIR_WrDate;
word DIR_FstClusLO;
dword DIR_FileSize; Hfilesize
}_DIRENTRY;

typedef DIRENTRY* DIRENTRY;

#define FAT SecPerClus 13
#define FAT_RSV_SECTOR 14
#define FAT_COPY 16
#define FAT MAX ENT 17
#define FAT SIZE 22
void FAT init{unsigned char *data)
{

word index;

word tmp;

printf("\n\l—****t**** FAT lﬂ_lt *********'*\n\r").
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SD_get_sector{0x00,data);

/UART _printbyte(*(data+14));
rsv_sector = *(data + 14);

rsv_sector += {word)*(data+15)<<8;
Iba_fat = 0x0Q0 + rsv_sector;

lIba_fat <<=9;

printf("LBA_fat="); UART_printdword(lba_fat);UART newline();
fatcopy = *(data + 16);

fatsize = *{(data + 22);

fatsize += *(data +23)<<8§,

lba_root = rsv_sector + (fatcopy*fatsize);
Iba_root <<=9,

printf"LBA_root = "); UART _printdword(lba_root);UART_newline();

sec_per_clus = *(data + 13);

printf"dsk->SecPerClus = "); UART_printdword(sec_per_clus);UART _newline();

iba_data = (Iba_root + (0x20<<9));
printf"LBA_data="); UART_printdword(lba_data);UART_newline();

#define LFN_ENTRY Ox0F

void FAT cache_file(unsigned char *data)
{

word index,temp,temp?2;

unsigned char *backup;

DIRENTRY dir

backup = data;
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SD_get_sector(lba_root,data);
num_of files =0;
while(1)
{
LART printbyte(*data), UART_newline();
tl{*data == Q) break;
else

{

data +=11;

j

iR *data == 0x20)
{

data +=15;
. temp = *data;
printf"temp ="); UART printword(temp); UART newline(};
data++;
temp?2 = *data;
temp?2 <<= §;
printf{"temp2 ="}; UART_printword(temp2}; UART_newline();
temp |= temp2;

first_clusterfnum_of_files] = temp;

UART_printword(first_cluster[num_of files]);UART newline();
num_of_files++;
data +=35;
}

else data +=21;
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b
printf{"\n\rNumber of files in SDC = %u\n\r",num_of_files);

for(index = 0; index <num_of files; index++)

{
UART _printword(first_clusterfindex]);UART newline();
H
}
#define CLUSTER_FAIL Oxfrff
#define LAST_CLUSTER 0xf3

#define LAST_CLUSTER_FAT16  Oxfff8

//Obtaining a Clus-ter's Logical Block Adress
dword Cluster2Sector{ word cluster)
{

dword sector;

/MUART _printword{cluster);

/Mata clusters 0 and 1 don't exist.

if{cluster == 0 || cluster ==1) sector = Iba_root + cluster;

else

/fsec_per_clus <<= 9,;//0x0800
//UART_printdword(sec_per_clus);UART_newline();
sector = ({(dword)(cluster - 2) * sec_per_clus}<<9;
sector += Iba_data;

/MUART_printdword(sector);UART_newline();
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return{sector);

/Reading From FAT

fidefine RAMreadW(a,f) *(word *Xa+f)

word FAT read(word cluster, byte *data)

{

word next_cluster;
dword sector;
dword offset.ent = 0;

word index;

c;ffsct = 0x04 + (2*(cluster-2));

while(offset >=512)

{

cnt-+;

oftset -= 0x200;

}
/UART_printdword(offset),; UART _newline();
sector =1lba_fat + (cnt << 9),
HUART_printdword(sector); UART _newline();

SD pget sector(sector,data);

next_cluster = *(data + offset);
next_cluster += (word}*(data+ 1 +offset)<<8§;
/MUART_printword(next_cluster);UART _newline()

return next_cluster;
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J*
void FAT clear_sector(unsigned long sector){
// make surre the fatbuffer is invalidated
fat_buf_sec = OxfF(fffT;
for(fat ul6=0; far_ul6 <512; far_ul6+H){
fat_bl..lf[fat_u 16] =0;
3

SD_write_sector{sector, fat_buf);

*/

*xakddinclude <vs1011lb.c>*****
void VS1011B_send SCI(unsigned char reg, unsigned int data)
{

unsigned int temp;
// pull the CS line low
VS_XCS_LO;
delay ms(1);
// do the pseudo i2c start
VS1011B_WRITE;
spi_io(reg);
// send the data
temp = (data & 0xff00)>>8§;
spi_io(temp);
temp = {data & 0x00ff);
spi_io{temp};
// pull the cs line back up
VS_XCS_HEL

unsigned int VS1011B_read_SCHunsigned char reg)
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unsigned int data;

// pull the CS line low
VS _XCS LOy;

// do the pseudo i2c start
VSI011B_READ:
spi_io(reg);

// get the reg data
data=0;

data = spi_io{0x00);
data <<=8§;

data +=spi_io(0x00);

// pull the cs line back up
VS_XCS_HI;

return data;

void VS1011B_send_SDI{unsigned char data)

{

VS_XDCS_LO;
spi_io{data);

VS_XDCS_HI;

void VS1011B_send_zeros{unsigned char count)

{

do{
VS51011B_send SDI(0x0);
count--;

}while(count);
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void VS1011B_SW_reset(void)
{
| unsigned int regval;
regval j= {1 <<SM_RESET),
/f set bit 2 of mode reg to 1 for reset
VS101IB_send_SCI(REG_MODE, regval);
while(VS1011B_NOT_ALLOW_DATAM};
// for sanity
delay ms(50);
regval = 0x00;
regval |= (1 <<SM_SDINEWY); // set bit }1 of mode reg to 1 for work in native
mode(new mode)
VS1011B _send SCI{(REG MODE, regval);
delay_ms(1);
VS1011B_send_zeros(32);

void VS1011B_HW _reset(void)
{
delay_ms(500);
// pull down the reset pin for 1 second
VS_XRESET_LO;
// delay
//DELAY _1SEC;
delay_ms(500);
/f puil up again
VS XRESET_HJ
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void VS1011B_init{void}

{
// set XRESET output high;
VS1011B_PORT |=(1 <<PIN_VSI1011B_XRESET);
VSI1011B_DDR {=(1 <<PIN_VS$1011B_XRESET);
/f set XCS output HIGH
VS1011B_PORT |=(1 <<PIN_VSI011B_XCS8);
VS1011B_DDR |= (1 <<PIN_VS1011B_XCS);
/f set XDCS output HIGH
VS1011B_PORT |=(1 <<PIN_VS1011B_XDCS);
VSI011B_DDR |=(1 <<PIN_VS$1011B_XDCS);
/f set DREQ input with puli up
VS1011B_PORT |= (1 <<PIN_VS1011B_DREQ);
VS1011B_DDR &=~{l <<PIN_VS1011B_DREQ);
//printf{"Init porl to interface VS101 1B\n\r");
/freset
VSI01IB_HW_reset(});
Hprintf{"Hardware Reset Already\n\r"};
VS1011B_SW_reset();
Hprintf{"Software Reset Already\n\r");

'

void VS1011B_sine(unsigned char state, unsigned char freq) // state is START or STOP, freq is
1-255
{

unsigned int regval;

regval {= (1 << SM_RESET),
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// set bit 2 of mode reg to 1 for reset
V5101 1B_send_SCH{REG_MODE, regval);
while(VS1011B_NOT_ALLOW_DATA){},
/! for sanity
delay ms(50);
regval = 0x00;
regval |= (1 << SM_SDINEW)|(1 <<SM_TESTS); // sei bit 11 of mode reg to | for work
in native mode(new mode)
VS1011B_send_SCI(REG_MODE, regval);
delay_ms(1);
VS1011B_send_zeros(32);

if(state == 0x01){
VS1011B_send_SDI(0x53);
VS1011B_send_SDI(OxEF);
V§1011B_send_SDI{0x6E);
VS1011B_send_SDI(freq);
VS1011B_send_zeros(0x04);

} else {
VS1011B_send SDI(0x43);
VS1011B_send_SDI(0x78);
VS1011B_send_SDI(0x69);
VS1011B_send_ SDI(0x74);

VSI1011B_send_zeros(0x04),

VS1011B_SW _reset();
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// sets the Volume register for VS1001

void V51011B_volume({unsigned char left, unsigned char right)

{
unsigned int regval;
regval = left;
regval <<= §;
regval += right;
VS1011B_send_SCI(REG_VOL, regval);
b
/*

/{ read the decode time in seconds from the VS1001
ul6 V51001 get decode_time(void){
return V81001 _readSCHREG_DECODETIMEY);

5

/*
// used to decode the bitrate val read from the AUDATA register

const unsigned int sample_rate_values[ 1 5] PROGMEM = {0, 44100, 48000, 32000, 22050,

24000, 16000, 11025, 12000, 8000};

// read the AUDATA register from VS1011B and fill structure

void VS1011B_get_audio_data(AUDIO_DATA* audio){
unsigned int audata = VS1011B_read SCI{REG_AUDATA);
audio->sample_rate = pgm_read_word(sample_rate valuvesH(audata& Ox 1 E00)>>9)};
audio->bitrate =audata&Q0x 1FF;

audio->is_stereo = (audata& 0x8000)>>15;
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*ikkd Hinclude <player.¢> ¥****

char scan_key(void);

void volume_up{void)

{

vol_left--;

vol_right--;

if{(vol _left <=0} {f (vol_right <=0))

{

vol_left =0;

vol_right =(;

H

VS1011B_volume(volume{vol_lefi],volume[vol right]);
H

void volume_down{void)
{
vol left++;
vol_right++;
if((vol_left > 19) || (vol_right > 19))
{
vol_left = 0;
vol_right =0;
t

VS1011B volume(volume[vo! left],volume[vol right]);
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byte play_sector{dword sector, byte *data)

{

word index;

SD _get_sector(sector,data);

NO_ALLOW_SCI,

for(index = 0; index < 512; index++)

{
if((512%32) ==0) WAIT_VSIOIIB_ALLOW_DATA;

VS_XDCS_LO;

spi_io(*data);

delay_us(3);
VS _XDCS HIL
/UART _printbyte(*data);

datat++;

/l irigger the 74hc08 so that the MMC can receive data
ALLOW_SCI;

/ get the 2nd CRC bytes

ReadCRC();

/! give enough time



}
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SDC_cleanup(};

void fplay{word cluster, byte *data)

{

FILEOBIJ fo;

dword sector;

word index,next_cluster.ccls;
byte *backup;

/foyte backup_cluster;
backup = data;

//parameter cluster is The first cluster of file

ccls = cluster;
UART_printword{ccls);UART_newline();
do

{

delay_us(10),

scan_key(};

if{(key_press = '"n'")|{(key_press =="b"))
{

ccls = first_clusterftrack];
/Mbackup_cluster = ccls;

key press ='p";

%

iflkey_press ="s")

{

ccls = first_cluster[track];

¥



}
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UART_SendByte(key_press);

sector = Cluster2Sector{ccls);

for{index = Q; index <sec_per clus; index++)

{

play sector{sector,data);

sector += 0x200;
'

next_cluster = FAT _read(ccls,data);

HUART _printword(next_cluster);UART newline();
iflnext_cluster == Oxf¥ff) break;

else ccls++;

ywhile(i);

void fplay2(dword addr, byte *data)

{

FILEQBI fo;

dword sector;

word index,next_cluster;
byte *backup;

backup = data;

sector = addr<<9,
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UART printdword(sector);UART newline();
do

{
/fkey_press =scan_key(});

for(index = 0; index <sec_per_clus; index++)

{

play_sector(sector,data);

sector += 0x200;
}
twhile(1),
'
*xxkk finchude <keypad.c> *****
#include <ATMEGA32.h>

void keypad_inii(void)
{

DDRD = 0x00;
PORTD = 0x00;

#idefine KEY PLAY  PIND2
#define KEY_STOP  PIND.3
#define KEY NEXT  PIND.4
#define KEY PREV ~ PIND.5
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#define Vol _up PIND.&
#define Vol_down PIND.7

unsigned char Detect_play(void)

{
if{KEY PLAY == 1) retumn Q; //Card not presented
else {printf{"\iStart Play songs\o\r"};retun |;} //Card presented
t
char scan_key{(void)
{

delay_ms(10);

iflKEY _PLAY =0)

{

delay_ms(10);
H#while(KEY_PLAY = 0){};
/delay ms(1);

/Mwhile(KEY PLAY == 1}{};
key_press = ‘p;
/UART_SendByte(press);

}

delay ms(1);

itKEY _STOP ==0)

{ .

delay ms(10);
while(KEY_STOP = 0){};
key press ='s',

/MUJART _SendByte(press);
}




delay_ms(1);

iIf(KEY NEXT ==0)

{

delay ms(10);

while(KEY NEXT ==0){};

key press ='"n";

track-++;

if{track > num_of files) track = 0;
/MUART SendByte(press);

}

delay ms(1);

iflKEY PREV ==0)

{

delay ms(10);

while(KEY PREV =—0)}{};

key press="b";

track--;

iftrack < 0) track = num_of files - 1;
//UART_SendByte(press);

}

delay _ms(1);

if{ivVol up==0)

{

/fwhile(ROW!L == 0){};
delay ms{(10);

/fkey press ='u';

/MUART SendByte(press);

82
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volume_up(};

H

delay ms(1};
ifiVol_down == 0)

{

//while(ROW2 == 0){};
delay _ms(10);

/fkey press ='d';
//UART_SendByte(press);
volume_down(};

}




Features
- High-performance, Low-power AVR® 8-bit Microcontroller
= Advanced RISC Architecture
- 131 Powerful Instructions — Most Single-clock Cycle Execution
- 32 x 8 General Purpose Working Registers
—~ Fully Static Operation
—~ Up to 16 MIPS Throughput at 16 MHz
-~ On-chip 2-cycle Multiplier
« Nonvolatile Program and Data Memories

Y

—~ 32K Bytes of In-System Self-Programmable Flash ®
Endurance: 10,000 Write/Erase Cycles 8_bit AVR

- Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program M icroc (o) ntrOI Ie r

True Read-While-Write Operation

~ 1024 Bytes EEPROM with 32K Bytes

Endurance: 100,000 Write/Erase Cycles

— 2K Byte Internal SRAM
- Programming Lock for Software Security In'SVStem
* JTAG (IEEE std. 1149.1 Compliant) Interface
— Boundary-scan Capabilities According to the JTAG Standard Prog rammable
— Extensive On-chip Debug Support
- Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface F laSh

« Peripheral Features
— Two 8-bit Timer/Counters with Separate Prescalers and Compare Mades

— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode ATmega32
— Real Time Counter with Separate Oscillator
— Four PWM Channels
— B-channel, 10-bit ADC ATmegaSZL
8 Single-ended Channels
7 Differential Channels in TQFP Package Only
2 Differentiat Channels with Programmable Gain at 1x, 10x, or 200x = .
— Byte-oriented Two-wire Serial Interface Prel imia ry
— Programmable Serial USART
— Master/Slave SP1 Serial Interface
— Programmable Watchdog Timer with Separate On-chip Oscillator
— On-chip Analog Comparator
« Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
— Internal Calibrated RC Oscillator
— External and Intemal Interrupt Sources
— Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby
and Extended Standby
+ [fO and Packages
~ 32 Programmable IO Lines
— 40-pin PDIP, 44-lead TQFP, and 44-pad MLF
« Operating Voltages
— 2.7 - 5.5V for ATmega32L
— 4.5 - 5,5V for ATmega32
« Speed Grades
— 0 - 8 MHz for ATmegal2L
— 0 - 16 MHz for ATmega32
* Power Consumption at 1 MHz, 3V, 25°C for ATmega32L
— Active: 1.1 mA
— Idle Mode: 0.35 mA
- Power-down Mode: < 1 gA
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Pin Configurations

Disclaimer
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Figure 1. Pinouts ATmega32
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Typical values contained in this datasheet are based on simutations and characteriza-
tion of other AVR microcontrollers manufactured on the same process technology. Min
and Max values will be available after the device is characterized.

2 ATMEGa32(1L.)
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s A TMega32(L)

The ATmega32 is a low-power CMOS 8-bit microcontroller based on the AVR enhancec
RISC architecture. By executing powerful instructions in a single clock cycle, the
ATmegal?2 achieves throughputs approaching 1 MIPS per MHz allowing the systernr
designer to optimize power consumption versus processing speed.

Overview

Block Diagram

Figure 2. Block Diagram
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Pin Descriptions
vCC
GND

Port A (PA7..PA0)

ATmEL

The AVR core combines a rich instruction set with 32 general purpose working registers
All the 32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing
two independent registers to be accessed in one single instruction executed in one clock
cycle. The resulting architecture is more code efficient while achieving throughputs up tc
ten times faster than conventional CISC microcontrollers.

The ATmega32 provides the following features; 32K bytes of In-System Programmable
Flash Program memory with Read-While-Write capabilities, 1024 bytes EEPROM, 2K
byte SRAM, 32 general purpose /O lines, 32 general purpose working registers, a
JTAG interface for Boundary-scan, On-chip Debugging support and programming, three
flexible Timer/Counters with comparé modes, Internal and External interrupts, a senal
programmable USART, a byte oriented Two-wire Serial Interface, an 8-channel, 10-bil
ADC with optional differential input stage with programmable gain (TQFP package only),
a programmable Watchdog Timer with intemal Oscillator, an SPi serial port, and six
software selectable power saving modes. The Idle mode stops the CPU while allowing
the USART, Two-wire interface, A/D Converter, SRAM, Timer/Counters, SP] port, and
interrupt system to continue functioning. The Power-down mode saves the register con-
tents but freezes the Oscillator, disabling all other chip functions until the next External
Interrupt or Hardware Reset. In Power-save mode, the Asynchronous Timer continues
to run, allowing the user to maintain a timer base while the rest of the device is sleeping.
The ADC Noise Reduction mode stops the CPU and all /O modules except Asynchro-
nous Timer and ADC, to minimize switching noise during ADC conversions. In Standby
mode, the crystal/resonator Oscillator is running while the rest of the device is sleeping.
This allows very fast start-up combined with low-power consumption. In Extended
Standby mode, both the main Oscillator and the Asynchronous Timer continue to run.

The device is manufactured using Atmel’s high density nonvolatile memory technology.
The On-chip ISP Flash allows the program memory to be reprogrammed in-system
through an SPJ serial interface, by a conventional nonvolatile memory programmer, or
by an On-chip Boot program running on the AVR core. The boot program can use any
interface to download the application program in the Application Flash memory. Soft-
ware in the Boot Flash section will continue to run while the Application Flash section is
updated, providing true Read-While-Write operation. By combining an 8-bit RISC CPU
with In-System Self-Programmabie Flash on a mondalithic chip, the Atmel ATmega32 is
a powerful microcontroller that provides a highly-flexible and cost-effective solution to
many embedded control applications.

The ATmega32 AVR is supported with a fuil suite of program and system development
tools including: C compilers, macro assemblers, program debugger/simulators, in-circuit
emulators, and evaluation kits.

Digital supply voitage.
Ground.

Port A serves as the analog inputs to the A/D Converter.

Port A also serves as an 8-bit bi-directional I/O port, if the A/D Converter is not used.
Port pins can provide internal puli-up resistors (selected for each bit). The Port A output
buffers have symmetrical drive characteristics with both high sink and source capability.
When pins PAQ to PA7 are used as inputs and are externally pulled low, they will source
current if the internal pull-up resistors are activated. The Port A pins are tri-stated when
a reset condition becomes active, even if the clock is not running.

4 ATmega32(L) s —————
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Port B (PB7..PB0)

Port C (PC7..PCO)

Port D (PD7..PDO)

RESET

XTAL1

XTAL2

AVCC

AREF

2503F-AVR-12/03

Port B is an 8-bit bi-directional IO port with intemal pull-up resistors (selected for eact
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 fow will source
current if the pull-up resistors are activated. The Port B pins are tri-stated when a rese
condition becomes active, even if the clock is not running.

Port B also serves the functions of various special features of the ATmega32 as listec
on page 55.

Port C is an 8-bit bi-directional /O port with internal pull-up resistors (selected for eack
bit). The Port C 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. If the JTAG interface is
enabled, the pull-up resistors on pins PC5(TDI), PC3(TMS) and PC2(T CK) will be acti-
vated even if a reset occurs.

The TDO pin is tri-stated unless TAP states that shift out data are entered.

Port C also serves the functions of the JTAG interface and other special features of the
ATmega32 as listed on page 58.

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

Port D also serves the functions of various special features of the ATmega32 as listed
on page 60.

Reset input. A low level on this pin for longer than the minimum pulse {ength will gener-
ate a reset, even if the clock is not running. The minimum pulse length is given in Table
15 on page 35. Shorter pulses are not guaranteed to generate a reset.

Input to the inverting Oscillator amplifier and input to the internal clock operating circuit.

Output from the inverting Osciltator amplifier.

AVCC is the supply voltage pin for Port A and the A/D Converter. it should be externally
connected to V¢, even if the ADC is not used. If the ADC is used, it should be con-
nected to V. through a low-pass filter.

AREF is the analog reference pin for the A/D Converter.

AIMEL 5



Register Summary

— - =
Address Name Bit7 Bit 6 BitS Bit 4 Bit 3 Bit 2 Bit 1 Bit0 Page
$3F ($5F) SREG | T H ] v N 2 [+ 8
$3E (35E) SPH - - - - SP11 SF10 sPa 5P8 16
$30 ($50) SPL SP7 SP& SP5 S5P4 SP3 $p2 SP1 SP0 10
33C {35C) OCRO TimerfCounterd Quiput Compare Register 80
$38 ($58} GICR INT1 INTG INT2 - - -~ IVEEL WCE 45, 65
$3IA ($54) GIFR INTF1 INTFQ INTF2 ) - = - - - 68
$29 {359} TIMSK OCIE2 TOIE2 TICIE1 OCIE1A OCIE1B TOHE QCIED TOED 80. 110, 128
$38 ($59) TIFR QCF2 TOV2 ICF1 OCF1A OCF1iB TOW1 OCFu TOVO 81,111,128
$37 ($57) SPMCR SPMIE RWWSB - RWWSRE BLBSET PGWRT PGERS SPMEN 248
$36 ($56) TWCR TWINT TWEA TWSTA TWSTD TWWC TWEN - TWIE 175
$35 (§55) MCUCR SE SM2 SM1 SMO 15C11 1SC10 1ISCO1 1SCO0 30, 64
$34 (§54) MCUCSR JTD 1SC2 — JTRF WORF BORF EXTRF PORF 38, 68, 226
$33(353) TCCRO FOCQ WGEMOO COMOT COMOG WGEMOt C8g2 €S04 C500 78
$32 (352} TGNTO Timer/Counter0 (8 Bits) 80
$3T 551N QSCCAL Oscillator Ca!ibration. Register 28
OCDR On-Chip Debug Register 222
3%50] SFIOR ADTS2 ADTS1 ADTS0 - ACME PUD PSR2 PSR1G 54,83,129,196,216
$2F ($4F) TCCR1A COMiA1 COM1AD COM181 COM1B0 FQC1A FOC1B WGM11 WGM10 105
$2E ($4E) TCCR18 ICNC1 ICES1 - WGEM13 W{EM12 512 CS11 CS10 108
$20 ($4D) TONTIH Timer/Counter1 — Counter Register High Byte 109
$2C ($4C) TONTIL Tiemer/Counter1 - Counter Register Low Byte 109
$2B (348) OCR1AH Timer/Countar1 — Qutput Campare Register A High Byte 109
324 ($4A) OCR1AL Tenes/Countert — Oulput Compare Register A Low 8yte i0g
$29 ($49) OCR1BH TimerfCountert — Quiput Campare Register B High Byls 109
$28 (548) OCR1BL Timer/Counter! — Output Compare Register B Low Byte 109
327 ($47) ICR1H Timer/Counter1 - input Capiure Register High Byte 110
%$26 (§46) ICRIL Timer/Counter1 - Input Capiure Regisler Low Byte 110
$25 ($45) TCCR2 Foc2 | weM2o | com21 | come0 | wom21 |  cszz | csa €520 123
$24 (344} TCNT2 Timer!Counter2 (8 Bits) 125
$23 (343) QOCR2 Timer/Counter2 Qutput Compare Register 125
$22 {342} ASSR - - — - AS2 TCN2uB QCR2UB TCR2UB 126
5271341 WDTCR - = = WDTOE WDE WOPR2 WDP1 WOPO 40
$20% (5409 UBRRH URSEL - - - UBRR{11:8] 162
UCSRC URSEL UMSEL UPM1 UPMO usBes LUCszi1 ucsZo LUCPOL 160
$1F (§3F) EEARH - - — - - — EEARB EEARS 17
$1E ($3E) EEARL EEPROM Address Register Low Byle 17
$1D ($30) EEDR EEPROM Data Register 17
$1C ($3C) EECR - — = - EERIE EEMWE EEWE EERE 17
$1B ($38} PORTA PORTAT PORTAB PORTAS PORTA4 PORTAJ PORTA2 PORTA1 PORTAD 62
$1A ($3A) DORA DDAT ODAG DDAS DOA4 DDA3 DOAZ DDA DDAD 62
$19(§39) PINA PINA7 PINAG PINAS PINA4 PINAJZ PINAZ PINAT PINAD 52
$16 ($38) PORTB PORTA7? PFCRTEG PORTBS PORTB4 PORTB3 PORTB2 PORTEN PORTBO 62
$17 ($37) DDRB DDB7 DDBé& DDBS DOB4 DDB3 DDE2 DOB1 DDBG 62
$16 ($36) PINB PINB7? PINBS PINBS PINB4 PiNB3 PiINS2 PINB1 PINBD 63
$15 ($35) PORTC PORTCY PORTCS PORTCS PORTC4 PORTC3 PORTCZ2 PORTCY PORTCD 63
$14 (834) DDRC ooer DDC6 pocs DOC4 DDC3 DDC2 DDC1 [a]ale] 63
$13 ($33) PING PINC7 PINCE PINCS PINC4 PINC3 PINCZ PINC 1 PINCD 53 B
$12 (532) PORTD PORTD7? PORTDE PORTDS PORTD4 PORTD3 PORTD2 PORTD1 PORTDO 63
$i1 (831} OORD oDo? DDDE DDPS DDD4 DOD3 DbD2 DDD1 £DD0 63
$10(330) PIND PIND? PINDB PiNDS PIND4 PIND3 PIND2 PIND1 PINDO 63
SOF ($2F) SPDR 5P| Data Register 136
$OE ($2€) SPSR SPIF WCOL = - -~ — - SPIZX 136
$00 ($20}) SPCR SPIE SPE ODORD MSTR CPOL CPHA SPR1 SPRO 134
$0C {32C) UDR USART ({0 Data Register 157
$0B ($2B) UCSRA RXC TXC UDRE FE OOR PE UZX MPCM 158
$0A ($2A) UCSRB RXCIE TXCIE UDRIE RXEN TXEN UCsZ2 RXB8 TXBS 159
$09 ($29) UBRRL USART Baud Rate Register Low Byte 162
508 (§28) ACSR ACD ACBG ACO ACI ACIE ACIC ACIST ACIST 197
307 ($27) ADMUX REFS1 REFS0 ADLAR MUX4 MUX3 MUX2 MUXA1 MUXG 212
D6 ($26) ADCSRA ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPSD 214
i $05 ($25) ADCH ADC Dala Register High Byte 215
[ $04{524) ADCL ADG Dala Register Low Byte 215
! $03 (523} TWOR Two-wirg Serial Inlerface Dala Regisler 177
302 (522) TWAR Twae ] TwAs 1 Twas L Twaz [ Twaz | twar [ Twap TWGCE 177

6
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Address Name Bit7 8it 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit0 Page
$01(321) TWSR TWS7 TWS6 TWSS TWSs4 TWS3 - TWPS1 TWPSO 176
iga E@J mﬁﬁ ‘Twa-wira Serial Interface Bjt eqgist 175
Notes: 1. When the OCDEN Fuse is unprogrammed, the OSCCAL Register is always accessed on this address. Refer to the debug
ger specific documentation for details on how to use the OCDR Register.
2. Refer to the USART description for details on how to access UBRRH and UCSRC.
3. For compatibility with future devices, reserved bits should be written to zero if accessed. Reserved /O memory addresses
should never be written.
4. Some of the Status Flags are cleared by writing a logical one to them. Note that the CBI and SBi instructions will operate ori

2503F-AVR~12/03

all bits in the I/O Register, writing a one back into any flag read as set, thus clearing the flag. The CBI and SBI instructions
work with registers $00 to $1F only.
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instruction Set Summary

R
Mnemonics | Operands Description Operation Fiags #Clocks
ARITHMETIC AND LOGIC INSTRUCTIONS
ADD Rd, Rr Add two Registers Rd +Rd +Rr ZCNV.H 1
ADC Rd, Rr Add with Carry two Registers Rd < Rd+Rr+C ZCNVH 1
ADIW Rdl,K Add Immediate to Word Rdh:Rdi « Rdh:Rdl + K ZCNV.S 2
SUB Rd, Rr Subtract two Registers Rd « Rd - Rr 2Z.CNVH 1
SUBt Rd, K Subtract Constant fram Register Rd + Rd -K Z.C.NV.H i
SBC Rd, Rr Subtract with Carry two Registers Rd «Rd-Rr-C Z,C.NV.H 1
SBCH Rd, K Subiract with Carry Constant from Reg. Rd«<Rd-K-C Z.C.NV,H 1
SBIwW RdlK Subtract immediate from Word Rdh:Rdl « Rdh:Rdi- K ZCNVS 2
AND Rd, Rr Logical AND Registers Rd « Rd »Rr LNV 1
ANDA Rd, K Logical AND Register and Constanl Rde Rd <K ZNV 1
OR Rd, Rr Logical OR Registers Rd « Rd v Rr 2NV 1
ORI Rd, K Logical OR Register and Constant R« RdvK ZNV 1
EOR Rd, Rr Exclusive OR Registers Rd < Rd & Rr 2NV 1
COM Rd One's Complement Rd « $FF -Rd ZC NV 1
NEG Rd Two's Compiemnent Rd «- 300 - Rd 2 CNV H 1
SBR Rd.K Set Bit{s) in Register Rd «— Rd v K ZNV 1
CBR Rd.K Clear Bit{s} in Register Rd « Rd « (§FF - X} ZNV 1
ING Rd Increment Rd - Rd +1 ZNV 1
DEC Rd Decrement Rd e« Rd-1 ZNV 1
TST Rd Test for Zero or Minus Rd «~Rd «Rd ZNV 1
CLR Rd Ctear Register Rd < Rd & Rd ZNV 1 ‘
SER Rd Set Register Rd « $FF Nona 1 |
MUL Rd, Rr Multiply Unsigned R1:R0 « Rd x Rr 2C 2
MULS Rd, Rt Mulliply Signed R1:R0 « Rd x Rr 2,C 2
MULSU Rd, Rr Multiply Signed with Unsigned R1:R0 «— Rdx Rr ZC 2
FMUL Rd, Rr Fractiona! Multiply Unsigned R1:R0 « (Rd x Rr) << 1 2.c 2
FMULS Rd, Rr Fractional Multiply Signad &+:R0 « (Rd x Rr) << 1 ZC 2
FMULSU Rd, Rr Fractional Muﬂiek Siﬂed wilh Unsls_nod R1:R0 « (Rd x Rr} €< 1 EC 2
BRANCH INSTRUCTIONS
RJIMP k Relative Jump PC+—PC+k +1 None 2
MP Indirect Jump to (Z) PC 2 None 2
JMP k Direct Jump PC ek Nong k]
RCALL k Relative Subroutine Call PCePC+k+1 None 3
1CALL Indirect Call to (Z} PCeZ Nane 3
CALL k Direct Subroutine Call PC —k None 4
RET Subroutine Retum PC « Siack MNone 4
RETI Intermupt Return PG « Stack 1 4
CPSE Rd,Rr Compare, Skip if Equal f{(Ré=Rr)PC - PC+ 20r3 MNone 11213
cP Rd,Rr Compare Rd -Rr Z.NV.CH 1
CPC Rd.Rr Compare with Carry Rd-Rr-C Z.NV.CH 1
CPi Rd.K Compare Register with [mmediate Rd - K Z, NV.CH 1
SBRC Rr, b Skip if Bit in Register Cleared it {Re(b)=0) PC « PC + 2003 None 11272
SBRS Rr, b Skip if Bit in Register is Set if {Rr(b)=1)PC — PC + 2013 None 11213
SBIC P b Skip if Bit in O Register Cleared #(Pb)0}PC —PC+20x3 Nona 1/213
SBIS P b Skip if Bit in O Register is Set if {(Pb)1}PC «~ PC+Z20or3 None 1/213
BRBS 8, k Sranch if Status Flag Set if (SREG{s}= 1) then PC—PC+k + 1 None 172
8BRBC 3, K Branch if Status Flag Cleared i (SREG({s} = 0) then PC—PC#+k + 1 Nong 112
BREQ k Branch if Equal H#(Z=1)then PC - PC +k+1 None 172
BRNE k Branch if Not Equal f(Z=0)then PC « PC +k+1 None 1/2
BRCS k Branch if Camy Set f{C=1)thenPC e PC+k+1 None 1/2
BRCC k Branch if Canry Cleared if (C=0)thenPC «— PC+k+1 None 1/2
BRSH 3 Branch if Same or Higher if (C=0}then PC «— PC+k+1 None 142
BRLO 3 Branch if Lower fC=1thenPC « PC+k+1 None 172
BRMI .3 Branch if Minus H{N=1}then PC + PC + k+1 MNane 1/2
BRPL k Branch if Plus if {N =0)then PC « PC +k +1 None 172
BRGE k Branch if Greater ar Equal, Signed if (N @& V=0)then PC «- PC+k +1 None 1/2
BRLT k Branch if Less Than Zerp, Slgned f{N@V=1)then PC « PC + k + 1 None 1/2
BRHS * Branch if Half Canry Flag Set if{H=1)then PC « PC + k +1 Nona 1/2
BRHC k Branch if Half Camy Flag Cleared if {H=0) then PC e~ PC+k +1 None i 112
BRTS K Branch if T Flag Set f{T=1)thenPC < PC+k +1 None 172
BRTC k Branch if T Flag Cleared #{T=0)thenPC « PC4+k +1 MNone 172
BRVS k Branch if Overflow Flag is Set d{(V=1)thenPC e PC+k+1 None 172
BRVC 3 Branch if Overlow Flag is Clearad i (v =0ithen PC e PC+k+ 1 None 1/2

8 ATmega32(L) m—————
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Mnentonics Operands Description Operation Flags #Clocks
BRIE k Branch if Interrupt Enabled d#{t=1}then PC «~PC +k+1 None 1/2
BRID k Branch if Interrupt Disabled H{l=0)thenPC <~ PC +k+1 None 1/2
DATA TRANSFER INSTRUCTIONS
MOV Rd, Rr Move Between Registers Rd ¢- Rr None 1
MOVW Rd, Rr LCapy Register Word Rd+1:Rd & Rr+1:Rr MNone 3
LDI Rd, K Load Immediate Rd + K Nona 1
LD Rd, X Load Indirect Rd &« {X} None 2
LD Rd, X+ Load Indirect and Post-Inc. Rd & (X}, Xe= X + 1 Nong 2
LD Rd, - X Load Indirect and Pre-Dec. X X-1,Rd e (X) None 2
LD Rd, Y Losd indirect Rd (Y] None 2
LD Rd, ¥+ Load Indirect and Past-Inc. Rd (Y)Y e~ Y+ 1 Nang 2
LD Rd, -Y Load Indirect and Pre-Dec. Y e« Y-1,Rd (Y} None 2
LOD Rd.Y+g Load Indirect with Displacement Rd « (Y +q} None 2
LD Rd, Z Load indirect Rd « (Z} None 2
LD Rd, Z+ Load Indirect and Post-inc. Rd « {Z), Z +- Z+1 None 2
LD Rd, -Z Load Indrect and Pre-Dec. Z 4+ 2-1,Rd +— (Z}) None 2
LDD Rd, Z+q Load Indwrect with Displacement Rd « (Z +q) None 2
LDS Fd, k Load Direct rom SRAM Rd « (k) None 2
ST X, Re Store Indirect (X3 & Rr None 2
8T X+, Rr Slore Indirect and Past-Inc. X)e—Rr, X=X +1 None 2
5T -X, Rr Store Indirect and Pra-lec. Xe—X-1,{X})e—Rr None 2
ST Y, Rr Store Indirect {¥}Rr None 2
ST ¥+, Rr Store Indirect and Post-Inc. {Y}e-Rr, Y e-¥ +1 None 2
ST -Y, Rr Store indirect and Pre-Dec. YeY-1,(Y)e—Rr None 2
STD Y+q,Rr Store Indirect with Displacemeant ¥ +q)«Rr None 2
ST Z, Rr. Store Indirect {Z) « Rr None 2
ST Z+ Rr Slore Indirect and Post-Inc. (Z) R, Z+-Z+1 Naona 2
5T -Z Ry Store Indirect and Pre-Dec. 2«Z-1{Z)e«Rr None 2
57D Z+g,Rr Store Indirect with Dispiacement {(Z+q)«Rr MNaonge 2
sTS k, Rr Stare Direct to SRAM (k) — Rr None 2
LPM Load Program Memary RO {Z) None 3
LPM Rd. Z Load Program Memory Rd « (Z) None 2
LPM Rd, Z+ Load Program Memory and Post-In¢ Rd —{Z), 2 « Z+1 None K|
SPM Store Program Memoary {Z) « R1:RO None
N Rd, P In Port Rd - P None 1
ouT P, Rr Oul Parl P e Rr None 1
PUSH Rr Push Register on Stack Stack « Rr None 2
POP Rd Pop Register from Stack Rd ¢ Stack None 2
BIT AND BIT-TEST INSTRUCTIONS
S8l Pb Set Bit in YO Register O{P.b} 1 None 2
Cal Pb Clear Bit in /O Reglster YO[P,b) O Nona 2
LSL Rd Lagical Shift Left Rd(n+1} « Rd(n}, Rd(Q) « C ZCNV 1
LSR Rd Laogical Shift Right Rd(n) « Rd{n+1}. Rd{¥) + & ZCNV 1
ROL Rd Rotate Left Through Cany R&{0)C,Rd[n+1)— Rd(n),C—Rd(7) ZCNV 1
ROR Rd Rotate Right Through Carry Rd{7)}—C.Rd{n}— Rd{n+1),Ce~Rd(0) ZC NV 1
ASR Rd Arthmeatic Shift Right Rd{n} « Rd(n+1), n=0..6 ZC NV 1
SWAP Rd Swap Nibbles Rd(3..0)Rd{7..4},Rd(7..4)<Rd(3..0] None 1
B8SET s Ftag Sel SREG(s) « 1 SREG(s) 1
BCLR 3 Flag Clear SREG{s} + 0 SREG(s) 1
B5T Rr. b Bit Store from Register to T T ¢+~ Refb) T 1
BLD Rd. b Bit lbad from T to Register Rd(b) « T None 1
SEC Set Camry Ce1 C 1
CLC Clear Carry Ce0 C 1
SEN Set Negative Flag Ne1 N 1
CLN Clear Negative Flag N« D N 1
SEZ Set Zero Flag Ze1 F4 1
[olird Ciear Zero Fiag 210 F4 1
SEI Global Interrupt Enable i1 f 1
CLi Global Interrupt Disable le 0 | 1
SES Set Signed Test Flag S 1 8 1
CLS Claar Signed Test Flag S0 S 1
SEV Set Twos Complement Qvarflaw. Vi1 v 1
CLvV Clear Twos Complement Overflow V0O ) 1
SET Set Tin SREG Te1 T 1
CLT Clear T in SREG T«0 T 1
SEH Set Half Carry Flag in SREG He 1 H 1

2503F-AVR~12/03
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Mnemonics Operands Description Operation Flags #Clocks
[ CiH Clear Half Carry Flag in SREG He D H 1
MCU CONTROL INSTRUCTIONS
NOP No Operation MNone 1
SLEEP Sleep {see specific descr, for Sleep function) None 1
WDR Watchdog Reset {see specific descr. for WDR/timer) None 1
BREAK Breg_k For On-ChiB Debug Only None N/A
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Ordering Information
Speed (MHz) Power Supply Ordering Code Package Operation Range
8 27-55v ATmega32L-8AC 444 Commercial
ATmega32L-8PC 40P6 (0°C to 70°C)
ATmegald2L-8MC 44 M1
ATmega3Z2L-8Al 44A Industrial
ATmega32L-8PI 40P6 {-40°C 1o 85°C)
ATmega32L-8MI 44M1
16 45-558V ATmega32-16AC 44 A Commercial
ATmegal2-16PC 40P6 {0°C to 70°C)
ATmega32-16M| 44M1
ATmega32-16Al 44A Industriaf
ATmega32-16P| 40P6 {-40°C to 85°C)
ATmegal2-16MC 44M1
Package Type
44A 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad Flat Package (TQFP)
40P6 40-pin, 0.600" Wide, Piastic Dual Inline Package (PDIP)
44NM1 44-pad, 7 x 7 x 1.0 mm body, tead pitch 0.50 mm, Micro Lead Frame Package (MLF)
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Packaging Information

44A

PIN 1 i
N
B
PIN 1 IDENTIFIER 1
i
e Et E
!
i
!
1
- D -
c . o7 T
l' ! o
|
M AOAZ A

COMMON DIMENSIONS
(Unit of Measure = mm)

SYMBOL| MIN | NOM | MAX | NOTE

A - - 12
AP 005 | - oS
Az | 095 | 100 | 105
LoD | 175! 1200 1225

D1 | 990 | 1000 100 ! Note2
E 1175 | 1200  12.25

Notes: 1. This package confarms lo JEDEC reference MS-026, Vanation ACB,
2. Dimensions D and E1 do not include mold protrusion. Allowable Ef 990 | 1000 10.10 | Note2
protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum B 0.30 - 045
plastic body size dmensions including mold mismatch. ¢ 0.08 . om

3

|

3. Lead coptanarity is £.10 mm maximum. . i
L 0.45 ~« . 075
!

g

e 0.80 TYP
10/5/2001
TITLE DRAWING NO. |REV.
AIMEL 220 Xt Py | 44n, a4-ead, 10 x 10 mm Body Size, 1.0 mm Body Tricknes, " 5
_— ’ 0.8 mm Lead Pitch, Thin Profile Plastic Ciad Flat Package (TQFP)
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40P6
i e -
D PIN
1
Oon.oancoo. \VI: i
I *
,r"// e y
(/ (A
\ \
T g QoUouUo T I
A—
i
1
3
SEAFING PLANE ]_LEIFI FE]'
Lt | L
i
|""Jé -
e
R 5 COMMON DIMENSIONS
/—l o J ) 0°~15° REF {Unit of Measure = mm}
R
SYMBOL| MIN | NOM | MAX | NOTE
|___ P— Al - | 482
Al [ 0381 | - -
D |52070{ - |52578|Note2
15240 | - | 15875
Et [13462 | - | 13970 | Note?2
B (0386 | - | 0559
Notes: 1. This package conforms 1o JEDEC reference MS-011, Variation AC. Bl [1048 | - | 1651
2. Dimensions D and E1{ do not include mold Flash or Protrusion. L 3.048 - 3.556
Mold Ftash or Protrusion shall not exceed 0.25 mm (0.010"). c 0.203 _ 0.381
B [154%4 | - | 175%
e 2540 TYP
09/28/01
TITLE DRAWING NO. |REV.
ATMEL 2320 Orcnard Parkosay | 4906, 401020 (0.600'115.24 mm Wide) Piastc Dual wrs | B
San Jose, CA 95131 | |ntine Package (PDIP)

-
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44M1
- —@ >
'y T
0
\—Marked Pinft 1 1D
(E] !
]
b—-SEATING PLANE
_t
TOP VIEW
-
L
@ Pin #1 Comer SIDE VIEW
JUUUUUUUL”U%{& N
-
= [ (-
[ e COMMON DIMENSIONS
- i {Unit of Measure = mm})
- e
-’ = SYMBOL| MIN | NOM | MAX | NOTE
) P A {080 | 0% | 100 [
g g A1 - 0.02 | 005 ‘
il o A3 0.25 REF
- = b | 018 | 02 | 030
ANNANAanann 0 7.00 BSC

Sy e bz 5o | 520 [ sa0

E 7.00 BSC
BOTTOMVIEW E2 | 500 | 520 | 540 i
e 0.50 BSC _

_ ‘ L 035 | 085 | 075
Noles: 1. JEDEC Standard MO-220, Fig. 1 (SAW Singulation) VKKD-1. aai—

. 01/15/03
1_ 2395 Orchard Parkow TITLE DRAWING NO, |REV.
MEL ronara arvay [ a4m, 44-pad, 7 x7 x 1.0 mm Body, Lead Pitch 0.50 mm
MIEL . joce cn o131 | oMt Lo v Package MALES 441 c
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Errata

ATmega32 Rev. A

'503F-AVR-12/03

There are no errata for this revision of ATmega32.However, a proposal for solving prob-
lems regarding the JTAG instruction IDCODE is presented below.

IDCODE masks data from TDI input

The public but optional JTAG instruction IDCODE is not implemented correctly
according to IEEE1149.1; a logic one is scanned into the shift register instead of the
TDI input while shifting the Device ID Register. Hence, captured data from the pre-
ceding devices in the boundary scan chain are lost and replaced by all-ones, and
data to succeeding devices are replaced by all-ones during Update-DR.

If ATmega32 is the only device in the scan chain, the problem is not visible.
Problem Fix / Workaround

Select the Device |D Register of the ATmega32 (Either by issuing the IDCODE
instruction or by entering the Test-Logic-Reset state of the TAP controller) to read
out the contents of its Device ID Register and possibly data from succeeding
devices of the scan chain, Note that data to succeeding devices cannot be entered
during this scan, but data to preceding devices can. Issue the BYPASS instruction
to the ATmega32 to select its Bypass Register while reading the Device {D Regis-
ters of preceding devices of the boundary scan chain. Never read data from
succeeding devices in the boundary scan chain or upload data to the succeeding
devices while the Device |D Register is selected for the ATmega32. Note that the
iDCODE instruction is the defadlt instruction selected by the Test-Logic-Reset state
of the TAP-controller.

Alternative Problem Fix / Workaround

If the Device |Ds of all devices in the boundary scan chain must be captured simul-
taneously (for instance if blind interrogation is used), the boundary scan chain can
be connected in such way that the ATmega32 is the fist device in the chain. Update-
DR will still not work for the succeeding devices in the boundary scan chain as long
as IDCODE is present in the JTAG Instruction Register, but the Device 1D registered
cannot be uploaded in any case.
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Datasheet Change
Log for ATmega32

Changes from Rev.
2503E-09/03 to Rev.
2503F-12/03

Changes from Rev.
2503D-02/03 to Rev.
2503E-09/03

Changes from Rev.
2503C-10/02 to Rev.
2503D-02/03

Changes from Rew.
2503B-10/02 to Rev.
2503C-10/02

AIMEL

Please note that the referring page numbers in this section are referred to this docu-
ment. The referring revision in this section are referring to the document revision.

1.

9.

Updated “Calibrated Internal RC Oscillator” on page 27.

Updated and changed “On-chip Debug System” to “JTAG Interface and On-
chip Debug System” on page 33.

Updated Table 15 on page 35.

Updated “Test Access Port — TAP” on page 217 regarding the JTAGEN fuse.
Updated description for Bit 7 — JTD: JTAG interface Disable on page 226.
Added a note regarding JTAGEN fuse to Table 105 on page 255.

Updated Absolute Maximum Ratings* , DC Characteristics and ADC Charac-
teristics in “Electrical Characteristics” on page 285.

Added a proposal for solving problems regarding the JTAG instruction
IDCODE in “Errata” on page 15.

Added EEARY in EEARH in “Register Summary"” on page 6.

Added Chip Erase as a first step in“Programming the Flash” on page 282 and
“programming the EEPROM” on page 283.

Removed reference to “Multi-purpose Oscillator” application note and
“32 kHz Crystal Oscillator” application note, which do not exist.

Added information about PWM symmetry for Timer® and Timer2.

Added note in “Filling the Temporary Buffer {(Page Loading)” on page 249
about writing to the EEPROM during an SPM Page Load.

Added “Power Consumption” data in “Features” on page 1.
Added section “EEPROM Write During Power-down Sleep Mode” on page 20.

Added note about Differential Mode with Auto Triggering in “Prescaling and
Conversion Timing” on page 202.

Updated Tabie 90 on page 230.

10.Added updated “Packaging Information™ on page 12.

1.

Updated the “DC Characteristics” on page 285.
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2503F-AVR-12/03




—————————————————————sssssssssn A TMega32(L)

Changes from Rev.
2503A-03/02 to Rev.
2503B-10/02

2503F-AVR-12/03

10.

11.

12.

13.

Canged the endurance on the Flash to 10,000 Write/Erase Cycles.
Bit nr.4 — ADHSM - in SFIOR Register removed.
Added the section “Default Clock Source” on page 23.

When using External Clock there are some limitations regards to change of
frequency. This is described in “External Clock™ on page 29 and Table 118 on

page 287.

Added a sub section regarding OCD-system and power consumption in the
section “Minimizing Power Consumption” on page 32.

Corrected typo (WGM-bit setting) for:

— *Fast PWM Mode” on page 73 (Timer/Counter0)

— "Phase Correct PWM Mode" on page 74 (Timer/Counter0)
— “Fast PWM Mode" on page 118 (Timer/Counter2)

— “Phase Correct PWM Mode" on page 119 (Timer/Counter2)

Corrected Table 67 on page 162 (USART).
Updated V,, I,,, and |, parameter in “DC Characteristics” on page 285.

Updated Description of OSCCAL Calibration Byte.,

In the datashest, it was not explained how to take advantage of the calibration bytes
for 2, 4, and 8 MHz Oscillator selections. This is now added in the following
sections:

improved description of “Oscillator Calibration Register — OSCCAL” on page 28 and
“Calibration Byte" on page 256.

Corrected typo in Table 42.
Corrected description in Table 45 and Table 46.
tpdated Table 119, Table 121, and Table 122.

Added “Errata” on page 15.
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