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Perkembangan pesat bidang komunikasi membuat komunikasi digital
semakin populer. Di dalam segi penvampaian informasi tersebut ada banyak cara
vang digunakan, contohnya pemanfaatan teknologi MMC ( Multi Media Card ).
Dengan memanfaatkan teknologi MMC sebagai suatu media komunikasi vang
berfungsi sebagai penyimpan data dengan kemampuan akses integrasi acak yang
sangat cepat untuk mengoptimatkan transmis data ( berupa file lagu ). kita dapat
mendengarkan mustk dengan praktis, ckonomis dan efisien serta kita dapat
mendengarkan mustk seberapa banyak musik yang mgin kits dengarkan dan
bermacam-macam jenis musiknya

Prinsip kerja alat ini adalah pada saat sistem pada kondisi ON,
mikrokontroler menginisialisasi LCD dan MMC. Kemudian mikrokontroler
menampilkan judul alat dan menu pada lavar LCD. Ketika tombol PLAY ditekan
maka mikrokontroler akan mulai membaca data MMC. Jata MMC akan diclah
terlebih dulu oleh mikrokontroler sebelum dikelvarkan menjadi bentuk data PWM
{Pulse Width Modulation). Pengelahan data yvang dimaksud disini berhubunpan
dengan volume dan kecepalan dala suara yang akan dikeluarkan Pengaturan
volume didapat dengan mengatur duty cvele pulsa PWM yang dikeluarkan,
sedangkan kecepatan diatur dengan mengatur waktu interval saat mengeluarkan
data menjadi PWM. Dengan ditambahkannya LPF (l.ow Pass Filter) maka sinval
frekuensi pembawa PWM akan dipangkas dan dihasilkan sinyal suara vang
dimodulasikannya. Smyal hasil keluaran sudah berupa sinval analog, jadi tinggal
menguatkan saja dengan amplifier analog dan kemudian diwmpankankan ke
Joudspeaker sehingga bisa didengar oleh telinga kita.

Dari hasil pengujian, suara vang dihasilkan mono, lagu vang di baca hanva
berformat WAV. Pada hasil pengujian sinval MMC dan sinyal PWM | apabila
diben sinval mput, maka sinyal PWM akan berubaly’ bergetar sesuai perubahan
sinval input, dan apabila hasil pengujian sinyal keluaran tidak diberi filter, suara
analog yvang dihasilkan tidak jelas.

Kata Kuaci : MM, Mikrokontroller Aimega 8, LOL, PWAL
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BABI

PENDANULUAN

1.1. Latar Belakang

Dalam era globalisasi dan modern seperti saat ini, kemajuan teknologi
sangat diperlukan manusia dalam menciptakan kemudahan hidup dalam segala
bidang. Kemajuan teknologi seiring bejalannyva waktu. manusia dituntut agar bisa
mengikuti perkembangan teknologi tersebut

Banyak sekali kita jumpai kemajuan teknologi di mang-mana bahkan di
sekitar kita sendiri. Dengan tcknologi , hidup manusia menjadi lebih muda.
Sebagai contoh media penyimpan musik. Dulu kita masih mengpunakan kaset
untuk mendengarkan music, dimana kasct tersebut hanya bisa memuat heberapa
lagu dan tidak bisa bertahan lama, begirtu juga CD, CD mungkin bisa mcmuat
banyak lagu, tapi kendalanya juga sama, tidak bisa bertahan lama.

Faktor inilah yang mendorong kami untuk mengembangkan suatu system
pelayanan yang lebih praktis, hemal dan efisien, Di sini akan dicoba
memperkenalkan sebuah alat pemutar musik digital yang disimpan pada media
kartu memori mme ( multi mediz card ) yang berbasis microcontroller
ATMEGAS. D1 mana dengan menggunakan sistem ini, kita dapat mendengarkan
musik dengan praktis, ekonomis dan cfisicn scrta kita dapat mendengarkan musik
seberapa banyak musik yang ingin kita dengarkan dan bermacam-macam jenis
musiknya,

1.2. Rumusan Masalah

Permasalahan vang di bahas dalam penyusuan skripsi ini adalah ;




I Bagaimana merancang dan membuat perangkat keras vang digunakan,

f-

Bagarmmana merancang dan membuat mikrokentroller yang digunakan
untuk mengendalikan selurub sistem,
3. Bagaimana merancang perangkat lunak vang digunakan
1.3, Batasan Masalah
[Dalam penyusunan skripsi ini pembahasan dibatasi meliputi hal berikut |
I. Audio yang disimpan harus berupa PCM data 8 bit ( file vang ber-

extention WAV )

13

Tidak membahas tentang FAT ( File Allocation Table )

Lk

I'idak membahas Power Supply
1.4, Tujuan
Tujuan dan penvusunan skripsi ini adalah untuk merancang dan membuat
alat pemutar musik vang lebih efisien, efektif dan ekonomis.
1.5.. Metodologi Penelitian
Metodologi yang digunakan dalam penyusunan skripsi ini adalah sebagai berikut :
. Studi literature tentang proses penghitungan, cara kerja mikorokontroller,
MMC. yang meliputi pengumpulan, dan analisa data,
2, Perancangan dan pembuatan alat |
* Pembuaran Hardware
¢ Sistem pengolahan data pada Mikrokontroller ATMEGA &
3. Pengujian alat vang meliputi
¢ Cara kerja MMC { MULTIMEDIA CARD )
e Mikrokontroller AMEGA 8, keypad dan LCD

s Sinval audio digital PWM (Pulse Width Modulation)




* LPF (Low Pass Filter) untuk mengubah smyal PWM menjadi
sinyal audio analog.
& Sistem alat keseluruhan.
1.6. Sistematika Tulisan
Sistematika dari penulisan Skripsi ini adalah

¢ BABI . Pendahuluan
Membahas tentang latar belakang permasalahan | tujuan
dan
Manfaat, batasan masalah. dan sistematika tulisan.

« BABTI . Teori Penunjang
Merupakan tcori penunjang dari alat dan program yang
dibuat.

« BABIII , Perancangan dan Pembuatan Program dan Alat
Membahas tentang perancangan alat dan program yang
digunakan | mulai dari pembuatan hardware, software,
dan cara kerja alat.

s BAB1V . Pengujian Program dan Alat
Membahas pengujian alat program yang telah selesal
dengan
menjalankan program tersebut dan mengamati hasilnya.

* BABYV : Kesimpulan
Membahas kesimpulan dan pengujian suatu alai dan

Program
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BAB 11

LANDASAN TEORI

Landasan teori sangat membantu untuk dapat memahami suatu sistem.
Landasan teori juga dapat digunakan sebagai acuan di dalam merencanakan suatu
sistem. Dengan pertimbangan hal-hal tersebut, maka landasan teori merupakan
bagian vang harus dipahami untuk pembahasan lebih lanjut Dalam landasan teori
ini akan dibahas teori dasar yang berhubungan dengan Mikrokontroller ATmega
8, MMC, Filter, PWM, Amplifier, Speaker dan LCD.

2.1, Mikrokontroller AVR ATMegaR
2.1.1. Arsitektur

AVR Atmega8 adalah mikrokontroler 8-bit CMOS, low-power vang
berdasarkan pada bentuk arsitektur AVR RISC ( Reduced Instruction Set
Komputer), yang hampir semua instruksinya selesai dikerjakan dalam satu siklus
clock. AVR ATmega8 menpgunakan instruksi tunggal (Single Clock Cyele), vaitu
sistem mikrokontroler vang frekuensi kerja dalam chip sama dengan trekuensi
kristal untuk osilator tanpa memerlukan rangkaian pembagi frekuensi setclah
ostlator vang diperlukan untuk memperoleh perbedaan fase dari elock, sehingga
AVR 12 kali lebih cepat dibanding MCS51.

Berbagai karakteristk yang tersedia dalam IC ATmega8 adalah sebagai
berikut:

e 8K hyres In-Sistem Programuble Flash
e 512 bytes EEPROM (Electrical Frasable FProgramable Read Only

Mdewmory)




512 hyres SRAM (Siatie Random Access Memory)

23 jalur 1O general-purpose

32 x 8 general-purpose working register

Timer: Counter vang fleksibel dengan mode pembanding

Intcrupsi internal dan eksternal

Pemrograman scrial UART (Universal Asynchromons Receiver and
Transmittey)

Seriedd Port SP1 (Serial Peripheral Interfice)
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Gambar 2.1 Arsitektur AVR ATmegag!'!
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Gambar 2.2 Blok Diagram AVR ATmega8'"’




2.1.2. Konfigurasi Pin-Pin Mikrokontroller ATmega8
Mikrokontroller ATmega8 mempunyai 28 pin seperti pada gambar di

bawah ini;

PDIP

IHESET; PCs : 28 [ PCS (ADCS 5L
1RXD; PDO 27 O PC4TADCHEDA)

1
2
ITXDN PEN O 3 o6& O FCAIADCS)
(INTo) PD2 O 4 25 [0 PC2 iADCD)
(MT1 PDEO S 24 O PCT1(ADCT )
(KCKTo PN & 23 [0 PCo (ADCo)
VG T £2 GND
GHDO 8 o1 O AREF
IKTAL L TOSCYH PBS ) 9 200 AVCL
IKTALETOSCL) PBT ] 10 19 [ PBS ISCK}
T PDs] 11 18 [T} PBg IS0
IAIND) PDS ] 12 17 [ PB3 (MOSOC2)
AN PDT L 13 16 [ PB2 (§S/0C1B)

(CPT PBOLC =4 15 O PB1 {DC1 M)

Gambar 2.3 Konfigurasi Pin ATmega8'"!
Fungsi tiap pin-nva adalah sebagai benkut

4. Vee: Tegangan Supply

b. Gnd: Ground

¢. Port A (PAD-PAT). Popt dua arah IO 8-bit, kaki porinva dapat
menyediakan rewstor pufl-up internal (dipiih untuk masing-masing bit).
Port A juga dapat mengendalikan tampilan LED secara langsung.

d. Port B {PBO-PB7: Fort dua arah IO 8-bit dengan resisior pull-up inmternal,
digunakan pada fungsi-fungsi khusus dari karakteristik ATmega8.

c. Port C (PCO-PCT) Port dua arah I'Q 7-bit dengan resistor pulf-up

PRl R,




f PCORESET: lika fuse RSTDISBL sudah diprogram, PC6 digunakan
schagar suatu pin /O, Jika fuse RSTDISBL. belum diprogram_ PCé
digunakan sebagai inputan reset dimana leve/ fow dari pin ini lebih
panjang dari pulsa minimum yang dihasilkan reser.

g FPort D (PDO-PD7). Port dua arah /O 7-bit dengan rasistor pull-up
miernal. Sebagai nput, port D menggunakan cksternal pull fow dengan
sumber arus jika pzdf wp resistor diaktifkan.

h. RESET: Tnput reser. Level fow-nya untuk lebih pamjang dari pulsa
minimum yang dihasilkan reser, meskipun cfock tidak bekerja,

1. AV sebagail supplay tegangan untuk A/D konverter porr C ( 3..0), dan
ADC (7.6). Pin m harus dihubungkan dengan V.. melalui low-pass filter.

1. AREF: Pin analog referensi umtuk A/D konverter.

k. ADC 7.6 (TQFT and MLF): Pada TQFP dan MLP, ADC 7.6 bekerja
sebagai input analog untuk A/D konverter, Pin-pinnya mendapat daya dari
power supplay erclog dan dapat melavani 10 bit saluran ADC,

2,1.3. Peta Memori

AVR ATmega8 memiliki ruang pengalamatan memori data dan memon
program vang terpisah, Memoti data terbagi menjadi 3 bagian, vaitu 32 register
umum, 64 buah register 'O, dan 1024 byre SRAM fnternal,

Register keprluan umum menempati spuce data pada alamat terbawah,
yaitu 300 sampai$1F. Sementara itu, register khusus unutk menangani 'O dan
kontrol terhadap mikrokontroller menempati 64 alamat berikutnya, vaitu mulai
dan 520 hingga $5F register tersebut merupakan register yang khusus digunakan

untuk mengatur fungsi terhadap peripheral mikrokontroller, seperti kontrol




register, fimer counter. fungsi-fungsi 1O, dan sebapainva. Alamat memori
berikutnya digunakan untuk SRAM 1024 Ayee, yaitu pada lokasi $60 sAmpai

dengan $45F, Konfigurasi memor data ditunjukkan pada gambar dibawah ini.

Hegaier Flie Lta Address Seace
5] T T | TR
'-'!I | | R0t
[P ! F0002
| |
R4 SAL 3
i [Ria FOE )
| EEY O ——— . SI0F
11D ReJistas B
g T _ [ ]
$i4 i GidEe }
L N | foize
|
30 ; : EsD
JHIE : LOIEE |
$5F o [ — igmeF =iy
el E_F'_'l._M —
bR FIEE ki
5008
+ PMSE
by oaa = PREE T T

Gambar 2.4 Konfigurasi Memori Data AVR ATmega8' '
Memori program yang terletak dalam [lash Sistem Reprogrammeable
Flash mempunyai 8K byre karena setiep insiruksi memiliki lebar 16-bit atau 32-
bit, AVR ATmega memiliki 4K hyre x 16-bit Flash dengan alamat mulai dari $00
sampai $FFF. AVR tersebut memiliki 12-bit Program Counter sehingga mampu
mengalamati ist Flash, Selain it AVR ATmega® jupa memiliki memori data
berupa EEPROM 8-bit sebanyak 512 Ayre. Alamt EEPROM dimulai dari $000

sampai 31FF.




2.1.4. Status Register (SREG)
Status register adalah register berisis siatus yang dihasilkan pada setiap
operast yang dilakukan ketika suatu instruksi dieksekusi SREG merupakan

bagian dari inti CPU mikrokontroller,

Bi 7 e 5 3
Read/ it RN W EY7s TR T ) .
Iital v akze 0 3 o 3 C v 0 2

Gambar 2.5 Status Register Atmega8'"
Keteranga dari bit SREG adalah;

g Bit7 - I: Global Interrupt Enable
Bit harus diset untuk meng-enable interupsi. Setelah itu, baru dapat
mengaktifkan interupsi mana yang akan digunakan dengan cara
meng-enahle bit kontrol register vang bersangkutan secara individu
Bit akan di-cfeqr apabila terjadi suatu interupsi, serta akan diget
kembali oleh intruksi RETL

h.  Bit6- T: Bir Copy Storage
Intruksi BLD dan BST menggunakan bit-T scbagai sumber atau
tujuan dalam operasi bit. Suatu bit dalam suatu register GPR dapat
disalin ke bit T menggunakan instrusi BST, dan sebaliknya bit T
dapat disalin  kembali ke suatu bit dengan register GPR
menggunakan instruksi BLD.

¢. Bit5 - H: Half Carry Flag

d.  Bit4—$: Sign Bit, S=N @

10




Bit-5 merupakan hasil operasi EOR antara flag-N (negative) dan flag
V (komplemen dua overflow),
e.  Bit3-Vilwoe's Complement Overflow Flag
Bit berguna untuk mendukung operasi aritmatika.
£ Bit 2—N: Negative Flag
Apabila suatu operasi menghasilkan bilangan negative, maka flag-N
akan diset.
g Bitl - Z: Zero Flag
Bit akan disct bila hasil operasi yang diperoleh adalah nol,
h.  Bit0 C: Carry Flag
Apabila suatu operasi menghasilkan carry, maka bit akan diset ]
2.1.5. Register 1/Q
Semua port pada AVR memiliki kebenaran fungsional read-modifi-write
keltka digunakan sebagai port I/0O umum. Ini berarti bahwa arah dari saty pin pors
dapat diubah tanpa bermaksud mengubah arah dani pin vang lain. Logika port 1O
dapat diubah-ubah dalam program secara hyte atau hanva bit tertentu, Mengubah
sebuah keluaran bit IO dapat dilakukan menggunakan perintah cbi (clear bit 1/
untuk menhasilkan output fow dan perintah shi (set bit 1/0) untuk mcnghasilkan
output figh. Pengubahan secara hyre dilakukan dengan perintah ix atau onf vang
menggunakan register bantu,
a. PortA
Tiga lokasi alamat memon /O dilokasikan pada port A, masing-masing
adalah register data-Forr A, $1B ($3B), regster data direction (register

pengarah data)-DDRA, $1A ($3A), dan pin input posr A-PIN A, §19
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($39). Pin-pin por¢ A memiliki fungsi alternatif yang terhubung pada
plihan data cksternal SRAM. Port A dapat dikonfigurasikan menjadi
multiplexed fow order alamat/data bus selama akses ke data memor
cksternal. (blok diagram dapat dilihat pada lampiran),

b, Port B
Tiga lokasi alamat memori IO yang dilokasikan pada port D, masing-
masing adalah register data-port B, $18 ($38). register pengarah data-
DDRB, $17 ($37), dan pin input port B-PINB, $16 ($36). (Blok diagram
port B dan fungsi Timer: Counter 2 pinnya dapat dilihat pada lampiran),

c. PartC
Tiga lokasi alamat memori /O vang dilokasikan pada port C, masing-
masing adalah register data-porr C, $15 (835), register pengarah data-
DDRC, 514 ($34), dan pin input port C-PINC, $13 ($33), (Blok diagram
skematik dapat dilihat pada lampiran),

d. Pori D
Tiga lokasi alamat memori 'O vang dilokasikan pada pos D, masing-
masing adalah register data-port D, $12 ($32), register pengarah data-
DDRD, $11 (531), dan pin imnput pert D-PIND, $10 ($30). (Blok diagram
skematik port D dan fungsi alternatif pinnya dapat dilihat pada lampiran).

2.1.6. Timer/ Counter 2
Timer/ Counter 2 adalah 8 bit Timer/ Counter yang multifungsi, Deskripsi
Ti.mv:r,-“ counter 2 pada ATmega8 adalah sebagai benkut:

a, Sebagai Counter 1 kanal,

b. Timer dinolkan saat musich compare (awto reload),




¢. Dapat menghasilkan gelombang PWM dengan glitoh-free,

d. Frekuensi gencrator,

e. Fresealer 10 bit untuk timer.

f. Interupsi timer yang discbabkan timer overflow dan maich Compare
(TOV2 dan OCF2),

g Dapat menggunakan clock dari keistal independent luar sebesar 32 kHz
pada I/O clock.

Pengaturan Timer/Cerrter2 diatur oleh TCCR2 (Timer' Counter Kontrol

Register 0) yang dapat dilihat pada pambar berikut;

R 7 ; 5 1 3 2 i D
| ™
Frocr T wowme f COMZT ] COMZD | WMl | (822 [Cs21 | Csa0 | recRz
ReadWrie W I R ER) P AR R R
frutial wais il [y q ] [ a il ]

Gambar 2.6 Register TCCR2'"!
Penjelasan untuk setiap bit adalah;

a. bit 7—FOC2: Force Qutput Compare

b. bit63 - WGM21: WGM2 1 WGM20: Waveform Generator Unitd
Bit tersebut mengontrol kenaikan counter, sumber dari nilai maksimum
coupter, dan tipe dan jems Yimer! Counter yang dihasilkan, vaitu mode
normad, clear limer, mode compare match, dan dua tipe dari PWM ( Prdse
Width Modulation), Berikut tabel setting pada bit untuk menghasilkan

miode tertani;

13




Tabel 2.1. Konfigurasi Bit WGM21 dan WGM20'"

| WoM21 | WGM20 | Timer/Counter Mode Update of | TOV2 Flag |
Made | (CTC2) | (PWM2} | of Operation ! TOP | OCR2 Set
0 0 0 | Normat OXFF | Immediate | MAX
1 o 1 PWM. Phase Correct OxFF | TOP BOTTOM
2 1 0 CTC OCR2 | Immediate | MAX i
| 7 1 Fast PWM OxFF | TOP MAX i

¢. Bit 54— COMOL:COMOD: Compare March Output Mode
Bir mengontrol pin OCO (Chaput Compare Pin), Apabila kedua bit
terscbut nol atau clear, maka pin COD berfungsi sebagai pin biasa. Namun,
Jika salah satu bit ser, maka fungsi bit tergantung pada setting bit pada
WGMOG dan WGMO1. Berikut daftar tabel serring bit pada WGMOO dan
WGOMO1:
Tabel 2.2. Konfigurasi Bit COM21 dan COM20 Compare Output

Mode non-PWM!!

COM21 | COM20 | Description ;
n ; 0 Wormail port operation, OC2 disconnectad. |
.__ﬂ 1 Tﬁgélﬁ OC2 on Compare Malch
1 o Clear DC2 on Compara Match
1 1 Sal OC2 on Compare Match

Tabel 2.3. Konfigurasi Bit COM21 dan COM20 Compare Output

Mode Fast PWM'"!
COMz1 comzt Description
#} | & torrmal port operation, CC2 disconnected. )
! a : 1 l F-l-e:sewe-d
f 1 ; 0 | Clear OC2 on Compare Match, set ©C2 at TOP
| 1|1 | 321002 on Gompare Match. clear OG2 af TOP

14




Tabel 2.4. Konfigurasi Rit COM21 dan COM20 Compare Output

Phase Correct PWMU!

COM21 | COM20 | Dezcription

0 D | Nomnal ot operation, 002 discon wectad
0 1 MNecerved
4 | a UCloar QL2 on Compare Mateh when up-counning, Sof OC2 on Compans

BAAICh WO COWMeo LIRTInGg.

i el DCE on Compans Match when up-counfing: Clear 202 on Comparo
I Mach when downcounting.

d Bit2, 1 0-C822, CS$21, 520

Ketiga bit tersebut memilih sumber ¢fock vang akan digunakan oleh

Timer/Counter, Berikut Jist tabelnya:

Tabel 2.5. Konfigurasi Bit Clock Sefecr Untuk Memilib Sumber Clock'"!

€s22 | csy €520 | Descriplion
Ly o 2 | No dlock source {Timer'Caunter stopped),
0 I 0 1 clpssfiNe prescaling)
B 0 | elkn,g/8 {From prescaler)
0 -3 [ 1 olkr; /32 {From prescaler)
1 ¢ ] Ol g /B8 {From prascalar)
1 o 1 | Clky;/128 (From prescalar)
1 1 L i dkﬁﬁf-‘?ﬁﬁ {Frorﬁ Er.f;e..s‘;:_é_rer}
1 1 1 | Clkny1024 {Fmrrn-i;rascamr] .

2.1.7. Interups

Interupsi adalah kondisi yang membuat CPU  berhenti dari rutinitas yang

sedang dikerjakan (rutin  utama) untuk mengerjakan rutin lam (rutin intrupsi).

AVR ATMegad memiliki 19 sumber interupsi.

4. Pada AVR terdapat 3 pin untuk interupsi cksternal, vaitu INTO, INT1,

INT2.

Interupsi eksternal dapat dibangkitkan apabila terdapat

perubahan logika atau logika O pada pin interupsi. pengaturan kondisi

15




keadaan yang menyebabkan terjadinya interupsi cksternal diatur olch

register MCLICR (MCU Kontrol Register). Yang terlihat pada gambar

dibawsah in1’
Bt T 4 i 4 4 2 i )
. BT S L
FeadiWroe B =h =
o PR T | 2 0 2 E L o 0

Gambar 2.7 Register MCUCR!"

b. Bit ISC11 dan TSC10 bersama-sama menentukan kendisi yang dapat
menyebabkan interupsi  cksternal pada pin  INT1.  Keadasn

sclengkapnya dapat dilihat pada tabel dibawah ini:

Tabel 2.6. Beberapa Serting Kondisi Yang Menychabkan Interupsi

Eksternal I'"
N L == =
ISC11 | ISCI0 | Descripticn
0 0 The: lews fevel of INTY generates an inteiiupt request,
0 | L A locn| change on IMTT penemtes an gerrupt reques |
¥ e The falfing edge of INTT 4enemies an mbe mupt request l
1 | 1 The rsing edge of INT 1 gensmtes an inteirup reguest.

d. Bit ISCOIL dan ISCO0 bersama-sama menentukan kondisi vang dapat
menyebabkan  interupsi  eksternal pada  pin INTD.  keadaan

selengkapnya dapat dilihat pada tabel dibawah ini:
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Tabel 2.7 Beberapa Seiting Kondisi Yang Menyebabkan Interupsi
Eksternal 0!

ISCot | 1SCoo | Description |

H ] The ko bewe| of T gernemtza on nlerpt request |
0 1 Any loatal chandges on INTD gensmtea ni interupt |sgquest

1 { The laléng edge o INT0 denemtsa an atemupd regusst

1 1 The naing edge of INTO generatss an mterupt request.

Pemilihan pengaktifan imterupsi eksternal diatur oleh regster GICR

(General Interupsi Kontrol Register) yang terlihal seperti gambar

berikut:
it i &
| IWSEL | INCE I GICR
Head e 1 =20 =
atal Vales ) . g a 1} Ll '

Gambar 2.8. General Interrupt Kontrol Registerm
Bit penvusun dapat dijclaskan schagai berikut:

a. Bit INT1 adalah bit untuk mengaktifkan intrupsi ekternal 1. apabila bit
tersebut diberi logika 1 dan bit-I pada SRIG (status register) juga satu,
maka interupsi eksternal 1 akan aktif,

b. Bit INTO adalah bit untuk mengaktifkan intrupsi eksternal . apabiala bit
tersebut diberi logika 1 dan bit-] pada SREG (status register ) juga satu,
maka interupsi eksternal 0 akan aktif,

¢. Bit INT2 adalah bit untuk mengaktifkan interupsi ekternal 2 apabila bil
tersebut diberi logika | dan bit-] pada SREG (status register } juga satu,

malka elkternal 2 akan aknf,




Program interupsi dari masing-masing jenis interupsi eksternal akan
dimulal dari vektor intcrupsi pada masing-masing jenis. Alamatnva dapat dilihat
pada tabel:

Tabel 2.8. Macam Sumber Interupsi pada AVR ﬂumegaﬂ[”

Progmm:

Vector Mo, | Addiess™ | Source Intersupt Definition

1 owpod't | HESET Exteinal Pin, Power-on Resst, Brown-out
Feset and Watchdog Heget

2 o301 INT# External interrupt Regeest 0
3 oxoo2 IMT1 Extaimal Interrupt Regumst 1
;  0x003 | TIMER2 COMP | Timer:Counter2 Compare Match
5 0004 TIMCR2 OVF Timer Counte 12 Duerflev
g OE00S TIMAER CAPT Tirmer Counte 1 Capture Eva
7 eres ) TERT COMPA | TimerGounter Compars Motch A
g Qx0T TIMERT COMPEB | TimerCourter1 Compars Match B
a 0x008 TIMER1 OVF Tirmer Counter ] Choarflaw
10 Ogos TIMERD OVF Tirmer:Couteld Cverflaw
119 Pl ) 5P STC Seral Transfer Complete
12 0008 USaRT, RXC USaAHT. Bu Complste

1| mooC | USART UDRE | USART Data Registe! Empry
14 o000 USAHT, TAC USAHT, Tx Complats
15 DDoE a0 ADC Corpergion Complet=
16 OwOOF EE_ROY EEFROM Ready
17 ol 0 Akla_COKMP analyg Comparator
18 11 Tt Teroare Senal Interface
12 Mg BPM_ROY Store Program kemory Remdy

Untuk inisialiasasi awal interupsi, perlu dituliskan terlebih dahulu vektor
interupsi dari interupsi vang terdapat pada sistem. Vektor interupsi adalah nilai
vang disimpan ke program counter pada saat tegadi interupsi schingga program
akan menuju ke alamat vang ditunjukkan olch program counter, alamat interupsi
eksternal O pada alamat 001 H dan internpsi terima serial pada alamat 0013 masing-
masing alamai vektor memililki jarak yang berdekatan sehingga akan timbul

masalgh jika diperlukan tutin Jayanan interupsi yang panjang oleh scbab ity
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layanan interupsi ekternal 0 skan meclompar ke alamat ex/ st dan inetrupsi
terima serial pada alamat USART RXC.

Pengaktifan interupsi eksternal dilakukan dengan memberikan lopika sam
pada register GICR. Dengan demikian, pada pengaktifan interupsi ekternal 0_ akan
diberikan logika satu pada it ke 6 register GICR. pengaktifan interupsi terima
serigl dilakukan dengan memberikan logika 1 pada bit ke 7 register UCSRA
Terakhir, bernikan perintah sei untuk menagaktitkan global interupt,

Interupsi dapat muncul kapan pun (kecuali jika bit enable imerupsi dalam
SREG clewr) dengan demikian, nterupsi juga dapat mencul ketika program
sedang melakukan kalkulasi. Kalkulasi tersebut merubah flags dalam status
register vang digunakan wntuk mext srep dan kalkulasi atau untuk beberapa
percabangan program, Jika ISR mengubah fags dalam SREG, maka kalkulasi
vang sedang ditempatkan dalam program vang berjalan normal dapat di-corpr.
Oleh sebab i, perlu pengamanan SREG pada setiap subrutin interupsi
2.1.8. Register TIMSK

Sclain register di atas terdapat pula register TIMSK (Timer Counter

Interrupt Mask Register},

Bl 7 & 5 4 3 2 1 o
[ ociex 7oz | TICEl | OCIEVA | OCIEIE | TOET | === TE?I TiMSK

Read/Wrie R Riw RA R R ) R RAY

frizl Walue ] h 0 o d ] Q )

Gambar 2.9 Register TIMSK''
Penjelasan Untuk setiap bit adalah;
a. Bit 0—TOIED: Tiners Conpter O COverflow Interrup Enable
Jika bit tersebur diberi logika satu dan bit i SREG juga ser, maka

difakukan enable interupsi Overtlow Timer Counter 0.
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b.

h.

Bit 1 — OCIEQ: Timer: Counter O, Output Compare Maich Interrupt
Lnable

Jika bit tersebut diberi logika satu dan it | SREG juga set, maka bias
dilakukan enable interupsi Output Compare Mateh Timer € ounter 0.
Bit2 - TOIEL: Timer Counter 1 Overflow Interrup Enable

Jika bit tersebut diberi fogika satu dan bit i SREG juge sct, maka
dilakukan enadle interupsi Overflow Fomer: Counter 1.

Bit 3 — QCIEI1B: ¥imers Counter 1, Cutput Compare B Mutch
fnierrupt Enable

Jika bt tersebut diberi logika satu dan bit | SREG juga set. maka
dilakukan enahle interupsi Ovetflow Compare Match B Fimer’
Ceramier 1.

Bit 4 — OCIETA: Yimer Cownter 1. Outpma Compare A Match
Tntereupt Enable

Jika bit tersebut diberi logika satu dan bit i SREG juga set, maka
dilakukan enable interupsi Overflow Compare Match A Fimer’
Counter 1.

Bit 5 — TICIEL: Fimer’ Counter 1 Input Capture herrupt Enable

Bit 6 - TOIE2: Timer: Counter 2, Overflow faterrupt Enable

lika hit tersebut diberi logika satu dan bit 1 SREG juga set, maka
dilakukan enabie interupsi Overflow Timer Connter 2,

Bit 7 — QCIE2: Timer: Counter 2, Chapur Compare Maich ITnterurpt

Erable
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Jika bit tersebut diberi logika satu dan bit i SREG juga set. maka bias
dilakukan enable interupsi Output Compare Match Timer Counicr 2.
2.1.9. Osilator

Sumber clock dapat diatur dengan dua cara vaitu osilator internal dan
osilator eksternal. Pengaturan osilator eksternal dilakukan dengan menambahan
kristal keramik sesual kebutuban, Untuk osilator internal Atmega8 memiliki 4
nilai yaitu 1. 2. 4, 8 MHz. Penggunaan osilator internal menggunakan repister
OSCCAL, untuk 1 Mllz alamat regiternya adalah (3X0000, untuk 2 MHz alamat
regiternya adalah 0X0001, untuk 4 MHz alamat regiternva adalah 0X0002, untuk
8 MHz alamat regiternya adalah 0X0003,

1.2. LCD (Liquid Crystal Display)

Ligald Crystal Displgy atau LCD merupakan kemponen optoelektranik
vaitu komponen yang bekerja atau dipengaruhi oleh sinar (optolisirik ), komponen
pembangkit cahaya (light emiting) dan komponen-komponen yang akan
mengubah sinar. LCD terbual dari bahan knstal cair yang merupakan suatu
komponen organik dan mempunvai sifat optik scperti benda padat meskipun
bahan tetap cair.

Sel kristal cair terdiri dari selapis bahan kristal cair vang diapit antara dua
kaca tipis vang fransparan. Antara dua lembar kaca tersebut diberi bahan kristal
cair (liguid crysial) yang tembus cahava, Permukaan luar dari masing-masing
keping kaca mempunyai lapisan penghantar tembus cahava seperti oxida timah
(rin oxide) atan oxida indium (indrum oxide}. Sel mempunyai ketebalan sekitar 1 x

10 7 meter dan diisi dehgan kristal cair.
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Karena  sel-sel  kristal cair  merefleksikan  cahaya  dan  bukan
membangkitkan cahava maka konsumsi daya vang dibutuhkan relatif rendah,
Energi vang dipergunakan hanya untuk mengaktifkan kristal cair. Pada dasarmya
LCD bekerja pada tegangan rendah (3 15 Vrmg), frekuensi rendah (25 60 Hz)
sinyal AC dan memakai arus listrik yang sangat kecil (25 - 300 4 A), LCD
seringkali ditata sebagai tampilan seven segment untuk menampilkan angka tetapi
Juga memiliki keistimewaan lain, yaitu kemampuan untuk menampilkan karakter
dan berbagai macam simbol.

Salah satu jenis LCD diantaranva adalah LCD M1632, suatu jenis piranti
dengan konsumsi daya yang rendah, disusun dari dot matrik dan dikontrol oleh
ROM atau RAM generator karakter dan RAM data displav. Pengontrolan
utamanya adalah pada ROM generator dan display data RAM yang menghasilkan
kode ASCII jika padanya diberikan input ASCII Untuk dapat difungsikan dengan
baik maka perlu diperhatikan proscs analisasi yang telah ditentukan oleh pabrk
pembuatnya. Timing penganalisasian sangat dipertimbangkan, karena jika meleset

sampai ordo milisecon maka dapat dipastikan LCD tidak dapat berfungsi.

DOT MATRIK LCD
2X 18 CHARACTEE TYFE M1632

Vot Wee Were RS WWEN DO DI T2 DY D4 DS DE D7 AW KT

Gambar 2.10 Konfigurasi Kaki LCD!"

Masukan vang diperlukan untuk mengendalikan modul berupa bus data

vang masih termutiplek dengan bus alamat serta 3 bit sinyal Kontrol. Sementara




pengendalian 1.CD dilakukan secara internal oleh kontroler yang sudah terpasang

dalam modul LCD, Diagram blok untuk LCD dapat dilihat dalam Gambar 2.11

o0, " Comirton =igral
— LD
: = |
=
Seanwnt siral |
Re Controller | ——————
ol | T 5 Sog_mnt
o N Driver
E =] Tinirg sigral _"I !‘

Gambar 2.11 Blok Diagram 1.cD'"

Adapun karakteristik dari LCD M1632 antara lain ¢
¢ Dengan 16 karakter - 2 bars dalam bentuk dotmatrik 5x7 dan cursor
o Duty ratio 1/16
e Memiliki ROM pembangkitan karakter untuk 192 jents karakier
» RAM untuk data display sebanvak 80x8 bit
* Dapat dirangkai dengan MPU & biv'4 bit
= RAM data display dan RAM pembangkit karakter dapat dibaca oleh MPU
e  Moemiliki fongsi instruksi antara lain display enofl. Cursor onoff, display
karakter blemk, ctrsor sfuft dan displiy shft
o Memiliki rangkaian osilator sendin
* (Catu tegangan tunggal yaitu =35V
« Memilila rangkaian reset otomats pada catu daya yvang dihidupkan

o Temperatur operasi 0° - 50"
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LCD memiliki 16 pm yang masing-masing mempunyai fungsi schagai

berikut :
Tabel 2.9, Fungsi Tiap Pin LCD'™
No. Pin |
Simbol | Level Fungs
_I—l—I a
- OV IGND)
| Power Supply B
= ij—vt 10%
- For LCD Drive T
4 RS H/L - Smyal seleksi register
f

| H: Data Input [register data (write/read)|
|
l L . Instruction Inpwt [remsier mstruksi |

{write), busy flag dan address counter (read)]
5 RW HL  |H;Read N
; "L : Write |
6 E I Lnable Signal [sinyal penanda mulai operasi, |

| I I - ) !
aktif saat operasi write atau read] I
I

I 1
—__ - I - ——
7 | DBG H/L

|

8 DB H/L | 4 bit bus data lower 2 arah, dapat dibaca atau
o DB2 H/L | ditulis terhadap mikrokontroler

| 10 DB3 |HL |

I tl L4 HiL 4 bit bus data upper 2 arah, dapat dibaca atau
1z 1B Rk ditulis terhadap mikrokontroler. DB7 juga
13 DB6 L sebagai busy flag
14 DR7 H/L
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15 : V-BL ‘ = Back  Light 4-42V
‘ | Supply 50 — 200 mA
L ! | .
16 'VBL - 0V (GND)

2.2.1. Instruksi Operasi

Tabel 2.1(. Tnstruksi Pada LCD™

Instruksi 'R [R ‘n D | Ds P4 ‘D3 D2 [DI (DO |
| is Wil | ‘ ' |
I.Diﬂpia}f{:h:ar ‘D Iﬂ 0 lu 0 !1} 0 !G 0
Cursor Home | 0 (0o [0 |0 o0 0 1 '-
IEmI}'Mﬂdt'Sc‘r Y o To ;n 0 'E'{] 0 !1 1D
!J_)Espla}' OnfOff | g .G |0 ; ¢ 0 | 0 I D C
Cursor Display Shift |0 |0 lf} 0 |0 I SC |RL *
Function Set o |0 (o |6 |1 DL |1 K | ® |
CG RAM Address Set ERCECRERE | | '
DD RAM AddressSet | 0 10 11 | App '
'BFiAddressRead |0 |1 B | AC

| |

| F

iDuta Wnte to CG |1 lCI Write Data
RAM |
Data Read from CG |1 |1 ;Re_azi Data ;
RAM : |

. | =

*Invalid Bit

Mg o CG RAM Address




App - DD RAM Address
Sumber. Liguid Crystal Iisplay Module M1632 User Manual

2.2.2. Operasi Dasar

2.2.2.1 Register
Kontrol dart LCD memiliki 2 buah register 8 bit vaitu register instruksi (IR)
dan register data {DR ). IR memiliki instruksi seperti display, clear, cursor shift
dan display data (DD RAM) serta karakter (CG RAM). DR menyimpan data
untuk ditulis ke DD RAM ataupun membaca date dari DD RAM dan CG
RAM, Ketika data ditulis ke DD RAM atay CG RAM maka DR secara
otomatis menulis data ke DD RAM atau CG RAM. Ketika data pada CG
REAM atau DD RAM akan dibaca maka alamat data ditulis pada TR.
Sedangkan data akan dimasukkan melalui DR schingga dapat dibaca oleh
mikrokontroler.

Tabel 2.11. Tabel Register Pada LCD'?

RS [RW [Operasi ]
0 0 | Seleksi IR, IR Write Display Clear .I
T Busy Flag (DB7), @ Counwr (DB0-DB7)
| Read |
I 0 | Seleksi DR, DR Write -

Seleksi DR, DR Read

geial.
—

2.2.2.2 Busy Flag
Busy Flag menunjukkan bahwa modul siap untuk mencrima instruksi

selanjutnya sebagaimana terlihat pada tabel diatas. Register seleksi sinyal akan




melalui DBT jika RS=0 dan R/'W=1. Jika bernilai 1 maka sedang melakukan
kerja internal dan instruksi tidak akan dapat diterima, oleh karena itu status
dar1 flag harus diperiksa sebelum melaksanakan instruksi selanjutnya,

2.2.2.3. Address Counter (AC)
AC menunjukkan lokasi memori dalam modul LCD. Pemilihan lokasi alamat
lewat Ac diberikan lewat register instruksi (IR) ketika data pada A, maka AC
secara otomalis menaikkan atau menurunkan alamat tergantung dari Entry
Mode Set.

2.2.2.4. Display Data RAM
Pada LCD. masing-masing line memiliki range alamat tersendiri. Alamat ity
dickspresikan dengan bilangan hexadesimal. Untuk line 1 range alamat
berkisar antara 40,-4F

2,2.2.5, Charaeter Generator ROM (CG ROM)
C(: ROM memiliki tipe dot matrik 3x7, dimana pada 1.CD telah tersedian
ROM sebagai pembangkit karakter dalam kode ASCIIT,

2.2.2.6. Character Generator RAM (CG RAM)
CG RAM dipakai untuk pembuatan karakter tersendiri melalui program.
CG RAM digunakan untuk pembuatan karakter tersendiri melalui program,

Tabel 2.12 Fungsi Terminal Pada LCD™

| Nama ' Jml | VO [Tujuan | Fungsi
l 1 |
Signal | Term
|
DB0-DB3 4 | VO | MPLI | Sebagai lal lintas data dan |

|
intruks: ke atau darn MPU

Low Byte




DB4-DB7 | 4 O | MPU | Sebagai lalu lintas data atau |
. Cintrukst 2 oarah wpper Aure |
DB7 sebagai husy flag
. E 1 [ MPU | Sinyal Start (read write) |
. RW [ I MPU | Seleks Sinyal
| = write |I
,I ! = read
RS 1 |; 1 MPLU | Seleksi Register . i
VLS T 'I PS | 0= intruks: reg (wr) !
|! Busy flag addr cownter (rd)

| — data reg (wr dan rd)

7 N [ = B8 Mengatur Tampilan LCD —

\ ] | I
]

! Vss 1 ‘ - ‘ PS | +5 volt

( Sunher : LOCD Manual Data Book )

Adapun bentuk fsik dari [.CT3 M1632 adalah pada gambar berikut :

Gambar 2.12 Liquid Crystal Display™
2.3. Iyigital To Analog Converter (DAC)
Keluaran-keluaran yang berbentuk sinval analog dan suatu system computer

dapat diperoleh dengan menggunakan converter digital ke analog, yvang luas




dikenal dengan 1stilah DAC (Digral to Analogue Comverter). DAC pkan

mengkonversi sebuah sinyal digital menjadi bentuk sinyal analog

Salah satu susunan rangkaian comverter digital ke analog adalah DAC

dengan pembobotan biner (R-2R). Dalam implementasi pembobotan biner kedna,

hanya dua nilai resistor vang berbeda vang digunakan untuk memperoleh arus-

arus pembobotan biner. Seperti tampak pads gambar 2.11 implementasi DAC

pembobotan biner dapat dilakukan dengan menggunakan rangkaian R-2R, arus-

arus pembobotan biner dapat mengalir ke resistor umpan balik atau ke terminal

ground. arus vang mengalir ke resistor umpan balik akan berkontribusi pada

tegangan keluaran rangkaian.

L - W oo

Gambar 2.13 Rangkaian R-2R

Keunmungan dari rangkaian R-2R adalah hanya memerlukan dua nilai resistor.

pencapaian kondisi matching di antara sejumlah resistor yvang memiliki nilai R

dan 2R akan lebih mudah,
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2.4. Filter RC { Resistor Capasitor )

Gambar 2.14 Rangkaian filter RC
Rangkaian filter RC ini mengacu pada sistem pengolahan data MMC yang berupa
sinyal digital menjadi sinyal analop melalui sistem PWM ( Pulse Width
Modulation ) dengan tegangan 5 volt
2,5. Pulse Width Modulation { PWM )

PWM (Pulse Width Modulation) adalah teknik mendapatkan efek sinyal
analog dan sebuah sinval digital yang terputus-putus. PWM dapat dibangkitkan
hanyva dengan menggunakan digital /o vang difungsikan sebagai output

o (e —=]

| L

Gambar 2.15 Gelombang PWM dengan duty cvele $0%

Pada contoh di atas, sinyal high (1) dan sinval low ( 0 ), waktunya sama dengan
duty ¢yele 50%. Jika amphitudo PWM 5 volt, maka tegangan rata-tata 2.5 volt.
Berilout di bawah ni juga ditampilkan gambar gelombang jika dutv cvclenyva 10%

L

JuJr T

Gambar 2.16 Gelombang PWM dengan duty evele 10%
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Pada ATMEGAS ada ? cara membangkitkan PWM, vang pertama PWM dapat
dibangkitkan dari port input/outputnya yang difungsikan sebagai outpul. Yang
kedus adalah dengan memanfaatkan fasilitas PWM dari fungs: imer/counter yang
relah disediakan. Dengan adanya fasilitas ini proses pengaturan waktu high/low
sinyal digital tidak akan mengganggu urutan program lain yang sedang dieksekusi
oleh processor. Selain i, dengan menggunakan fasilitas it kita tinggal
memasukkan berapa porsi periode waktu on dan off gelombang PWM pada
sebuah register. OCR1A, OCRIB dan OCR2 adalah register tempat mengatur
duty cvele PWKL
2.6, Amplifiecr TDA 2003

TDA 2003 merupakan pengembangan dari konfigurasi TDA 2002, yaitu
dengan penambahan fiture seperti pengurangan jumiah komponen eksternal |
biaya perawatan murah. Kapasitas arus keluran tinggi, 3.5 ampere sehingga tidak
terjadi distorsi cross over. Melindungi dari arus pendek DC maupun AC. Load-

dump voltage surge up 40 velt dan fortuitous open

PEMTAWATT

DROERMNG HUMBERS : TDA T00EH
TOA 33 r

Gambar 2.17 Amlpifier TDA 2003/
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Vilug Unit
Pk supay vo'ge  Simal 40 Y
Ja CC pipply vofiage |
Ny Dpsraing supply vallage 1d y
k2 Quiput peak current « ragstiive) 35 5
[ Ot peak curment cron teaeilie) it :
Pot Sowel distipaiion gt Tease = 50°C | W
T T, Sterage and prction temeperatre A1 =0 i

Tabel 2.13 Absolut Maximum Rating'”

2. 7. Multi Media Card ( MMC )

2.7.1. Arsitektur

MMC adalah sebuah suatu media komunikasi yang berfungsi scbagai
penyimpan data yang terintgrasi sangat cepat denpan kemamapuan akses acak dan
serial untuk menoptimalkan transmisi data. MMC dirancang untuk mencakup area
yang luas seperti telepon cerdas, kamera, organisator, PDAs, digital recorder,
MP3 players, pagers, mainan elktronik dan lain2, MMC terdin dart 7pin
penghubung dan dus  serial data, yaitu mode MMC dan mode SPI ( Serial
Peripherial Interface ), Frekuensi vang digunakan pada dua mode tersebut adalah
20khz, MMC bertegangan antara 2 volt hingga 3,6 volt. Memori aksesnya antara
2. 7volt hingga 3.6 volt. Kapasitasnya mulai 4MB hingga GB,
apesifikast MMC:

|. Frekuensi yang digunakan adalah 20 khz
2. Tegangan antara 2,7 volt - 3,6 volt

Kapasitas memori 4Mbit hingga Gbit

f...J

4. Pasword akses data terlindung
5. SPI sebagai pendukung dalam pembacaan dan penulisan pengoperagian

blok
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6. Kecepatan tinggi alat penghubung seral dengan akses acak
s Keccpatan membaca | 13,7 Mbit's { multi-blok read ) (for
[TR28E016/D032/D064/B128MM?2 ) dan 20 Mbit/s ( one blok}
» Kecepatan penulisan : 6,4 Mbit's ( multi-blok read ) ( for
HB281:016/D032MM2 ) dan 20 Mbit/s { one blok )
o Akses waktu : 300 ms (typ} (a1 20 MHz, VCC = 2.7 to 3.6V)

7. Daya yang dikeluarkan rendah

e Kecepatan tinggi : 216 mW {max) (at 20 MHz, VCC = 3.6 V).
HB28E016/D032MM2
o Kecepatan tinggi : 288 mW (max) (at 20 MHz, VCC = 3.6 V),

HB281:016/D032MM2
& Ukuran blok yang dibaca program antara 1 - 2043 bit

Berikut adalah gambar blok diagram dan table pin MMC

i ij i
\CC | T
YRR o I:h'ID CLWSCLE AT
| | Generaior _iweace driver
—— 4

lidenal Cliock I 1 _tl_

= =
e 1] 8lE] ||
_— ——— ¥ |&
|8, o - E

W CICf 270 1

5 = rrerace T
ﬂ 531 70l 'I 5
ThcA(Ea) | - ¥ g
1 - z
d. . — E

[_ _H.ull wxaloal 1 Gore santrol

T
v

S e e . M [P S ) PR . e, s i 1
O T ol St G
TS AR i U [
bi— = — = — - MBS AR - = 5 ——— +
e M fane sl i I B ol
B AT (PSR- S e ey I s s, oS S S v IR I
1 [ R T Pl e i B |

Gambar 2.18 Blok Diagram Multi Media Card"™
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Pin Name Trpe Function

1 {5E Inpu: Chip select
(azive low)

2, Din Topes Data input

3 VSSi Power GXD

4 VDD Power VeC

3 CLK Inpur Cleck mpu:

6 V552 Power |GND

7 Dawe Cupus Dara swiput

Tabel 2.14 Tabel Pin-Pin MMC'
2.7.2. Multi Media Card Mode
Pada Multi Media Card mode, semua data di transfer menjadi beberapa bagian

e CLK: yangmana masing-masing putaran pada sinyal ini, memenntahkan
suatu bit dan bentuk data dikerjakan. Frekuensi antar o dan [rekuucnsi clok
maksimum. Bus master Multi Media Card bebas untuk menghasitkan
siklus ini tanpa pembatasan dalam kisaran 0 — 20 Mhz.

e CMD : sebuah pengarahan pelaksnaan saluran yang digunakan untuk
menginisialisasikan kartu dan pelaksangan tranfer data. Smyal CMD
mempunyai 2 mode operasi | membuka saluran selama menginisialisaikan
mode dan  tarik mendorong selama pelaksanaan tranfor  cepal
Pelaksanaannya vaitu mengirimkan dari Bus master Multi Media Card ke
Multi Media Card mode dan hubungan sebaliknya.

« DAT : Pelaksnaaan saluran data dengan lebar dari 1 garis. Sinyal DAT
dari Multi Media Card dioperasikan pada mode tarik dorong

e RSV : pencabutant dengan resisitor { 2MW typ ) di Multi Media Card.

Pencabutan resitor cksternal dibolehkan jika sistemnya diperlukan.
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= ip g
b Roc [] Roar]] Pomo[]
S et | _ D
4 . QAT
2 = - o CLK
ik
£ |
P 734A67
ultAediaCa Host
Hutidedlacan. |
Gambar 2.19 Multi Media card Mode”!
Pin Ne. Name Type"' Description
I RSy KT Mo connection
2 chOl [CPROD Command:Hespanse
3 Veei s Ground
4 Weoe £ Pl sUpply
& CLE i Clock
E Wars | Ground
T CAT QPR Data

Mote | & powersupply |inaut O output; PP push-pull, OO0 open-drain; NG we connection or V.-

Tabel 2.15 MultiMediaCard Mode Pad Definition!”!

BN d s B el stz canan ber
Muinh g cone W iy

Coa¥P

e

et == - |
e S

Gambar 2.20 MultiMediaCard Mode 1/O-drivers




Powvey — EPIbus s

supply niasker

i 5PT b [CLE Datslo DaaOun I
SPI
Card

Gambar 2.21 Multi Media Card Bus'®
2.7.3. SPI ( Serial Peripheral Interface } Modc
SPIterdin dari suatu protokol komunikasi sekunder yang mana ditawarkan olch
kecepatan dasar Multi Media Card, Model imi merupakan bagian dari Multi Media
Card protokol, didesain untuk komunikasi dengan saluran SPL Interface disclcksi
pertama kali reset setelah daya dalam kondisi on ( CMIDO ) |
Standart SPI hanya menggambarkan bentuk mata rantai dan data tranfer protokol
tidak lengkap. Implikasi Multi Media Card SPI menggunakan set tambahan dari
Multi Media Card protokol, MMC SPI sangat dibutuhkna dalam schuah sistem
dimana menggunakan satu kartu dan mempunyai tafsiran tranfer data yang
rendah, dibandingkun MMC Protokol- sistem dasar. Dari aplikasi yang kita lihat,
keuntungan dari model SPI adalah kemampuan dalam mengeunakan an off-the-
shelf host, sehingga mengolah desain menjadi lebih simple. Kerugian SPI ; SPI

mode masih kalah dengan Multi Media Card mode ( kecepatan tarnfer data

rendah, perangkat keras CS ( dil )
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Power '
Sppy -~---~---——-+‘ SP1ous master | oo
l SPI bus (CLK. Datain. Dataout) I
SPI card 5P| carm
SPI Baus Systemn
Gambar 2.22 SPI Bus Sistem'”!
SPI [uterface Pin Configuiation
MurtiMed|aCard SPI
Pin No. Mame Type" Deseription Name Type Description
1 RSV  NC Reserved for future use CS | Chip sefect (neg true)
2 CMD  :OFPOD  Command'Response DI ! Data in
3 LTS 8 Groung Ve, 8 Ground
4 Vi g Power supgly Ve 8 Fower supply
B CLx | Clack SCLK | Clhock
& Vs s Ground Vs 5 Ground
DAT  LDFP Data Da QPP Diata out
Mok 1 &0 powersupphy || Input © output PP push-pull; OD: open-orain: NC. No connection or v

Tabel 2.16 SPI Interface Pin Configuration '
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: |
] | ] | BFOT e Covetamnd ol {0 | Maarn
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Tabel 2.17. MultiMediaCard Interface Pin Configuration'

Muld\ledial ad Mode
Ten e bus (clock, | Wit command, § bat dara bus)

SP1 Mode

e =i
Tlsee-wire semml dama bus {zlack, dataln dala[fm.rﬂ
~ cand speciig €5 ngnal

Card selecian 15 dooe throngh an a35imned vaique cud
addrers te pttan backmeids compatibilsty to price ver-
wan: of the specifieanon

Caed relection -1 2 hawdvware C5 wzual

- One caud per MulnMediaCard bus

Caid remuires 3 dedicated €5 2igmal,

Sy identification and assiemment of session addes:

ol yumlabie Card selestian o o hmdware £8
upal

Esror-protected data mronsfer

Opticnai. A neg-grotected dara rams fer mode 15
arlable

Sermennial and Single Multiple bleek Read Wirte com-
atandy

Sungle Multiple block Pead Ninte conunmids

Tabel 2.18 MMC Sistem Operational Modes'™

38




BABIII

PERANCANGAN ALAT

3.1 Pendahuluan

Dalam bab ini akan dibahas mengenai perencanaan dan pembuatan alat
mulai dari perencanaan perangkat keras ( Hardware ) hingga perencanaan
perangkat lunak ( Software ) Pembahasan dilakukan pada tiap blok tangkaian
penyusun sistem meliputi cara kegja masing-masing blok rangkaian, fungsi
masing-masing blok rangkaian, serta prinsip kerja sistem keseluruhan,

Pada perancangan perangkat keras akan meliputi seluruh peripheral vang
digunakan pada sistem ini, Pada perancangan perangkat lunak akan melipun
diagram alir dari software secara umum. Kedua perangkat ini dalam kerjanya akan
saling menunjang satu sama lain.

3.2. Perancangan Perangkat Keras
3.2.| Diagram Blok
Diagram blok sistem secara umum terdiri dari kartu memori |

MMC ), LCD ( Liquid Crystal Display ), keypad. filter, amplifier, speaker

ADC ] " e
ATMNE
GAS
SPEAKER
- o
KEY FILTER —
PAD -
WM AMPLIFIER
iEhgstaly {Analog)

Gambar 3.1 Blok Diagram Sistem
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Penjelasan Singkat Dan Blok Diagram

1.

b

b.

7.

MMC merupakan kartu penyimpan data, dalam hal ini data yanu dimaksud
adalah berupa musik

Mikrokontroller ATMEGA 8 merupakan single chip mikrokontroller vang
berfungsi untuk menjalankan dan menginstruksikan suaty sistem dan afat
ini.

LCD ( ukuran 16 x 2 character) sebagai penampil data agar kita sebagai
pemakai bisa melihat kejadian vang diinginkan misalnya saat menekan
tombol volume, tombol next, stop, play dll.

Filter merupakan sistem penyaringan gelombang frekuensi dasar PWM (
Pulse Width Modulation ) agar dihasilkan frekuensi suara analog yang di
modulasikan.

Amplificr merupakan penguat sinval audio analog agar bisa di umpankan
ke beban loud speaker,

Speaker merupakan alat pengeras suara.

Keypad mcrupakan tombol inputan

3.2.2. Perancangan Rangkaian Mikrokontroler ATmega8

J.2.2.1. Rangkaian ATMEGA 8

Pada rangkaian im komponen utamanyva adalah unit

Mikrokontroler ATmega8. Komponen i merupakan schuah c/rip tanggal sebaga

pengolah data dan pengontrolan alat Sebagai pengolah data dan pengontrolan

sistem, pin-pin mikrokontroler ATmega®8 dihubungkan pada rangkaian pendukung

membentuk suatu sistem, yang ditunjukkan pada gambar 3.2
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Gambar 3.2 Rangkaian Mikrokontroller ATMEGAS'!
3.2.2.2. Rangksaian Reset

Rangkaian reset dirancang agar mempunyai kemampuan power on resct
vaitu reset yang terjadi pada saat svstemn di nvalakan untuk pertama kalinva. Reset
Juga dapat dilakukan secara manual dengan menambahkan tombol tesct berupa
switch button

Untuk me-reser mikrokontroler atmeza8 maka pin Reset diberi logika
tinggi selama sekurangnya dua siklus mesin (24 periode osilator), Untuk
membangkitkan sinval reses kapasitor dihubungkan dengan Vi dan sebuah
resistor yang dihubungkan ke orowsd.

Karcna Kristal yang digunakan mempunyai frekuensi sebesar 4 MHz
maka satu periode dapat dihitung dari persamaan |

ot =1 § =025% 107

.J'r_'c:'.-L.'_ AMHz

Schingga waktu minimal logika tingg vang dibumbkan umtuk mesesers

mikrokontroller adalah :
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resefimin) = T = peniode vang dibutuhkan
=025 % 10 x 24 =6 us

Jadi mikrokontroller membutubkan waktu minimal & us untuk mereset. Waktu
minimal inflah vang dijadikan pedoman untuk menentukan nila R dan C. Dengan
menentukan nilal R = 10 kQ maka

T-2x314xRxC

C= T:2x314xR

C=025x [¢

2x 314 x 10x107

C —0.0039 107

C=390 pF

Jadi nilai kemponen R — 10 k€ dan € = 380 pf. namun C yany dipakai pada
alat sebesar 10 uF, karena dengan C vang lebih besar maka akan lebih baik unnik
menghi fangkan bouncing.

Rangkaran reset ditunjukkan dalam gambar di bawah ini -

| l = - mnilankondrolies

Gambar 3.3 Perancangan Rangkaian Reset!'/




3.2.2.3. Rangkaian Clock

hecepatan  proses vang  diperlukan oleh  mikrokontroller  atmega®
ditentukan pleh sumber cofock vang mengendalikan mikrokontroller tersebut
Untuk kristal efock dipasang Keistal dan resonator keramik vang berfungsi sebagai
pembangkit clock osilator vang ada pada mikrokontroller,

Rangkaian ini terdin dan dua buah kapasitor dan sebuah kristal. Untuk
mengendalikan frekuensi ostlatornya cukup dengan menghubungkan Kristal pada
pin 9 (P47/X ) dan pin 10 (P46:X;,) serta dua buah kapasitor ke groumd,

Dalam minimum kristal in, mengpunakan kristal 4 Mhz dan C =G, vt
sebesar 33 pF, Dengan rangkaian sebagai berikut

RN | | RO [ MIEPOKOKTEOLLEE )
| :T NTAL | MIERORONTROLLER
:I.

H S
l .

Gambar 3.4 Perancangan Rangkaian Clock

Dengan menggunakan nilai knistal dan kapasitor di atas maka dapat dihitung
wiaktu vang diperlukan untuk 1 siklus mesin yarnu ;

Diketahw : F=4 M1z

Maka T=14Mllz= - us
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Maka untuk T siklus mesin dari mikrokontroller atmega® adalah sebesar:
oo
-4 x% us = | ps

3.2.3. Perancangan Rangkaian MMC
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Gambar 3.5 Perancangan Rangkaian MMC

Mikrokontoller ATMEGAS memerintahkan SPI untuk memindahkan pin
data in dari MMC, Pin data in MMC dhubungkan ke mosi (SPI), Data tersebut
Juga dirulis dalam MMC melalw simyal data ' MMC, Berdasarkan received
command, MMC mengirimkan respon atau data melalw pin data out. Pin dat out
MMC dikoneksikan dengan miso dann port SPI mikrokontroller ATMEGAZR. Port

SP1 menggunakan salah satu pin programmable Flag untuk mengatur CS ( Chip




Select ) dari MMC Komunikasi diaktifkan olch perintah yang berbeda yang
dikinm dari mikrokontroller ATMEGAS ke MMC.
3.2.3.1. WAV File Format

Serning discbut juga sebagai WAVE file. yaitu bagian dari spesifikasi file RIFF
yang dikeluarkan olch microsoft RIFF sendiri adalah format file yvang ditujukan
untuk menyimpan macam-macam data khususnya multimedia data terutama audio
dan video.

Berikut ini adalah susunan dari file WAV -

The Caronical WAVE file fornul

3 St e = [ imlr 5w
BAE i L Al
oy . Ot s+ The RIFF" chunk deserlptor
it . | Conamib Bl ! v THE Fanmal glonrtcen heg i
g ; | Funnal & | U EVE winieh reouiree 1da
| 1 * suirshurks Tl " ere "ol
fig sl 10 . %
18 1
lte Subchwnki Sew | o |
1}
i : | Auried e L
litle | MumCrEmets i L
e = Sanphe Rty & f o descings et ar
& e waurd ol nEisn In
. | Dbt ' e dete STk
Fi
e Bl hign i
ad
il 1703 Par S sl !
ig! = Ssupchemic 4 3
4 R The “deta” siib-chund
Iir. Rushchisk2 Qo 4
Bl = . - Indicesan e se ofsae
e . _ . o teuns aie iy ard
i T E R R T
= dntn
\ E|
CGambar 3.6 Susunan Wave File
sumher!
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3.2.3.2. Analisa Data File Lagu

Gambar 3.6, menunjukkan file lagu vang nampak pada folder di

sedangkan Gambar 3.7 adalah propertics untuk lagu berjudul Kebyar-Kebyar

. 'JJ-:-"J.I.'::..I'.. ':'_i
9]:2 kemest

<anfeat ALLARTIST

RPatiz Rm_- Barcsld
S IMsniah Carey Anc L

Type: Wave Sound
Git Race: 1 76kbps

Size  Type
4,557 KB Wave Sound
7,076 KB Wave Sound
9,557KB  Wave Sound
5,559KB Wave Sound

S0z 4,44 MB

Gambar 3.7 List file lagu yang nampak pada folder di PC
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Gambar 3.8 Properties untuk lagu berjudul Kebyar-Ecbyar
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Berikut imi adalah header dari file bernama Kebyar-Kebyar WAV

il
_I-'
A,
=

4!'
-

i
oy
.
=3
i

'ﬂT ,u #f "'_- ~r.|| rI r"i J1|u :' Sl SR
|FiEEdtDerECumrrd5mUi~p5ntup?Hmh

|£h S&k 8@0 @'{"'ﬁﬁ’l@@' & (R <] e 3]
m@& %E‘Eﬁ fimrﬁ- HI|

e '-‘:."" caridina _* -
i{ﬁ"n‘ J‘r“ AWM L | hE RO S i y_””"’h“ e MF )

B e T e

1 LR TR ! i.f [T ‘5? 41 Ed h'llﬁﬁ ﬁh h H RIFFraG. IMUEFI'II:.
! ARANTAY il ._ N 27 Lh IR RR PRt oein | e
| peoezD) 00 P@AE 13 .,....Fact....®3

i - (63 [% G4 B
BRABIRY &) e |5h ﬁ1 ] 151 A8 30 - &7 BB G0 B0 G0 80 B0 00 G.dataR3b.......
BIOBLG) RO BO 80 BA BB ED 80 20 - BD B0 B0 S0 40 8@ 80 60 LA 8
DARRGD) BB HO B0 BO BO BD HE 34 - B0 A0 60 30 B0 80 80 80
4 DABOSO) B B0 80 BO AW B0 40 3 B A B0 90 G0 B0 BO G4

Ty =

Gambar 3.9 Header dari file “Kebyvar-kebyar.way™

Analisa file Kebvar-Kebyar WAV adalah shb;

chuns dzscnptor it dascripior
— ——

3249 4626 qu LTO0Y §7 4 8548
B I FF AN E

! N

¥ / J

paiaag deai file b dzngan panjelisan sbh; panjang sib chagk [/
atizks tsb adalah angka Hexadesmal vang 12H = 18 desimal ."I e channel
ditulis bagian ZSB dulw. jadi bila dijedikan : . | = Moue
anzke acalah sbh (0473372 Hex aran kalan Audic annm
dijacikan desimal acizlali - 4 656.226 Lyre, I =PCM

satple tate block zligm = ]\

ooogse2zH  Uyretate y panjag sub chk

23050 des  OUDDSeIZH Ditpesample=8 00473340 Hex

==11080kHz  =22080 das =1.666 176 das
==22050 bps =1.566.176 byte
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pasang s cluk
(147 3 340 How
=050 170 s

= gl La g, dat

anzka A4H artarea baau dalans keadiss diam Ko e s arty s

=1.886.1 70 bute atalab 11 Vmnx. karenabesar dara adalali 8 i ciaka hargs taax=
TPELakam 1,2 kasga mas = BJH

Denpan demikian menurut analisa file diatas, file lagu vang berupa PCM data

dimular dan urgtan file ke 3A H atau ke 58

3.2.3.3. Fungsi PWM

Data vang disimpan untuk aplikasi tugas akhir ini yaitu berupa file WAY
didalam kartu MMC dalam bentuk data digital, berupa data PCM (pulse code
modulation) dengan lebar data 8 bit . mone (1channel audio) . 22050 sampling
rate (lika keterangan dictas)Dengan demikian data tersebut harus diubah
menjadi analog sebelum diberikan ke audio amplifier (penguat auchio), dalam hal
ini digunakan DAC (digital to analog conversion). Ada banyak macam DAC, dan
vang digunakan pada perencanaan ini adalah DAC | bt berupa modulasi data
PWM (pulse width modulation). Jadi mikrokontroler akan mengehaarkan pulsa
PWM untuk diberikan ke rangkaian filter fetlebih dulu supaya drhasilkan sinyal

analog audio vang bisa diteruskan ke rangkaian penguat audio.

1. Proses Pembacaan Data MMC Oleh Mikrokontroller
Berikut ini adalah bagaimana sebuah kartu memory MMC disambungkan
dengan mikrokontroler dan cara-cara pembacaan data dari MMC ke

mikrokontroler,
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Gambar 3.10 Multi Media Card Interface with SPI Port

Menunjuk pada gambar 39  diatas, kartu MMC disambungkan ke
mikrokontroler pada kaki SPI vang dalam perencanaan im digunakan
ATMEGE, 5Pl sendin terdapat 3 kaki penting vaitu

«  MOS] { Master output slave input) adalah kaki VO dimana kaki
mikrokontroler (master) sehagai output data dan kaki MMC (slave)
berupa input,

e  MISO (Master input sfave output) adalah kaki 1O dimana kaki
mikrokontroler (master) difungsikan sebagai input daia kaki MMC
{slave) difungsikan schagai output.

s 5SPICLK atau CLK adalah clock atau pulsa untuk mengatur jalannya

data vang lewat MISO dan MOSI,
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Gambar 3.11, MultiMediaCard Transfer Protocol

Gambar 3.10 adalah diagram aliran data untuk berhubungan dengan kartu

MMC, hal vang perlu dilakukan vaitu:

¢ Aktifkan C5 (chip select} dari MMC tersebut, yaitu kaki MMC no. 1

dibuat logika nol “0”

e Kirim data ke MMC ke kaki DI atau MOSI berupa command yang isi

datanya bisa dilthat pada lampiran.

* MMC akan merespon pengiriman data melalui kaki DO atau
(MISO).

Atau lebih jelasnya untuk pengiriman data streaming audio bisa digambarkan

shh:
Fran e Aats Eeany enid i *amieiiad
fwer - . ST B o Firiassd abep L BTN vt
twrd q ¥ v /
» -Il' I +
CND- - 'I commaind H Tesponse ‘ A l' A command _" Iesponse
VALY v memrmpnnn datashesn 00 TR
: data ransfer aperation B duta stop aperation
H...- e o e i T i e e e e S e

Gambar 3.12, Sequential Read Operation
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Dari s1si software bisa dijelaskan sbb:

1. Inisialisasi MMC
MMC perlu diinisialisasi sebelum dilakukan baca‘tulis, berikut adalah
program untuk keperluan imi;
chart MME Tnit{vezd)

If (Command? {0x40,0,0,0<95) '= 1) goto

mncertor: S rasset MMD

st o IX there ig po MMC. prg. Joops hare

T iCommandl (0x41,0,0,0xFF) I=0) gotg s51T;

return () ;

Inti dari program diatas adalah MMC d&i set pada mode SPL lalu dikirim
pulsa sebanyak 30 kali untuk sinkromisasi awal, setelah diberi
command(0x40,0,0.0x95) maka MMC harus menjawab 1. bila tidak maka

proses inisialisasi diatas gagal atau terjadi error.




2. Membaca streaming data audio dari MMC
Imi adalah proses yang terpenting pada perencanaan Tugas Akhir ini,
vaitu hagaimana data audio vang tersimpan berupa file WAV atau dalam
bentuk urutan data PCM bisa dibaca oleh mikrokontroler Atmel
ATMEGAS.

Berikut ini adalah potongan program tsb:

o

foriJ=0; 9 < S12; G9++

{

SPLE = (OxFF}; Lemp = wol 22> 4; if [(tamp==0)
temp—1;

Whilef! (&PSE & (1<<EFIF))): if vtemp < 14) pwm
= BFDR/zemn:;

f£f this in-ruction for delay only !
spoedy—; speedtt: spead++;

spead++; spepd++; spesdtt;

Inti dari program diatas adalah membaca data dani MMC per paket.
dimana tiap paket data terdin dari 512 data. Data hasil pembacaan berada
pada register SPDR, dan data inilah data PCM audio vang tersimpan pada
MMC tsh. Data ini diberikan ke register untuk mengaturan PWM setelah
di olah dengan posisi volume saat itu dengan rumus ;

pwin = SDDR 4 |[Wolume]
jadi sinval PWM yang dihasilkan nanti tergantung dari data PCM dan

nilai Volume.
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3.2.4, Perancangan Rangkaiae Amplificr
Pada perancangan mi Amplifier yang digunakan adalah TDA 2003, dibawah

ini adalah gambar rangkaian Amplifier.

Gambar 3.13 Perancangan Rangkaian Amplifier

3.2.5. Perancangsn Rangkain LCD

| LB D CARRALTRE

|
| |
——— o

[

DFFLAYELD

Gambar 3.14 Perancangan Rangkaian LCD
LCD dot matrik ini membutuhkan sepulubh buah pin masukan/keluaran dari

mikrokontroler. Adapun dun buah pin vakm port PD4 terminal RS vang
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digunakan sebagai sinval pemilih register dan port PR3 pada terminal Enable
yang digungkan sebagai sinval operasi awal. Sinyal enable ini mengaktifkan daia
tulis atau baca oleh mikrokontroler, pin DBO-DB7 langsung dihubungkan ke
mikrokontroller  untuk  menampilkan karakter vang dikehendaki  oleh
mikrokontroler tersebut. Ketika terdapat data pada jalur data, data tersebut akan
ditahan dengan memberikan clock pin I pada LCD. Pin RS menentukan apakah
data yang ditahan akan digunakan sebagai instruksi untuk mengatur sefting
tampilan pada LCD atau sebagai kode karakter vang diperlukan LCD untuk
menampilkan suatu karakter. Sedangkan untuk pin R/'W pada LCD dihubungkan
ke ground karena dalam hal ini LCD hanya melakukan operasi writc atau operasi
menampilkan karakter. Untuk pin Vee pada LCD dihubungkan ke supply ~Vee
dan Vss dihubungkan ke ground. Pin Wy beserta pin Vee dan Vss dihubungkan
ke irimer potensio atau kadang disebut dengan rrmpot. Trimpot im digunakan
untuk mengatur kontras dari tampilan LCD dengan cara mengubah tegangan pada

pin V. Daftar tabel fungsi penyemat pada LCD dapat dilihat dalam Tabel 3.1

Tabel 3.1 Fungsi penvemar 1.CD

Penyemat - | Fungsi

DBO - DB7 Merupakan saluran data, berisi perintah dan data vang akan

dirampitkcan di LD

Simyal operasi awal. sinval ini mengaktifican damn mlis atan baca

Enable
W Sinyal seleksi tulis atau baca |
i . lis
I ' 1: baca
|
i RS I Sinyal pemilih register

i masukan data

54




i " | masukan instruksi

Seperti telah discbutkan sebelumnya bahwa data yang terdapar pada jalur data
selain dianggap sebagai kode karakter dapat digunakan schagai suatu perintah
nstruksi untuk mengatur setting dari tampilan LCD. Cara pemakaian data antara
sebagai instruksi dengan kode karakter berbeda. Perbedaan hanyalah keadaan pin

RS ketika data yang ada dijalur datg ditahan oleh LCD dengan memberikan ofock

pada pin E.

Pin — pin vang digunakan adalah

* Pin DBO-DB7 terhubung pada mikrokontroller Port A

¢ Pin Enable pada LCD terhubung pada Mikrokontroller yaitu Port PI3

¢ Pin RS pada LCD terhubung pada Mikrokontroller vaitu Port PD4

3.2.6. Perancangan Rangkaian Keypad
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Gambar 3.15 Perancangan Rangkian Keypad
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Rangkaian kevpad dalam perancangan ini menggunakan push buiton vang
langsung dihubungkan ke kaki mikrokontroler terhadap ground Bila tombol
ditekan maka kaki mikrokontroler terhubung dengan ground dan skan terbaca
sebagai logika nol, sedangkan bila tidak ditekan akan terbaca sebagai logika satu
vang disebabkan karena adanva internal pull up di dalam mikrokontroler terschut,

Rangkaian ini terdiri dari 6 buah kevapud, yang mana apabila kit tekan
keypad tersebut akan terbentuk sustu instruksi yang berupa layout { play/pause,

next, previous, stop/mode, increase, decrease ).

3.2.7. Perancangan Rangkaian DAC
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Gambar 3.16 Perancangan Rangkaian DAC (1 Bit DAC)

Keluaran-keluaran vang berbentuk sinyal analog dari suatu system computer
dapat diperoleh dengan menggunakan converter digital ke analog, DAC akan
mengkonversi sebuah sinval digital menjadi bentuk sinyal analog Salah satu
metoda yang paling banvak dipakai sekarang khususnya untuk aplikasi audio

adalah DAC T bit seperti terlihat pada gambar diatas. DAC disusun dani R7, RS,
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RY, C6 dan C9. Keluaran dari mikrokontrolfer berupa sinyal digital PWM, dan
setclah melalui DAC vang sekaligus berfungsi sebagai filter tersebul akan
dihasilkan sinyal anatog pada kaki keluaran C10.

3.2.8. Perancangan Rangkaian Filter RC
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Gambar 3.17 Rangkaian filter RC

Rangkaan filter RC ini mengacu pada sisterm pengolahan data MMC vang berupa
sinyal digital menjadi sinyal analog melalui sistem PWM { Pulse Width
Modulation ) dengan tegangan 3 volt
3.3. Perancangan Perangkat Lunak

Setelah semua perencanaan perangkat keras telah selesai dikerjakan, pada
tahap selanjutnya perangkat lunak (sofiware) vang akan menangani svsiem
rangkaian. Pada perangkat lunak inilah kita dapat menentukan bagaimana sistem
rangkaian 1ni akan bekerja Pemrograman pada mikrokontroler ATmegaR

menggunakan bahasa C yaitu Code Vision AVR.
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Gambar 3.18. Flowchart Sistem
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BAB IV

PENGUJIAN ALAT

Setelah perangkat keras dan perangkat lunak yang direncanakan selesai
dibuat, selanjutnya dilakukan pengujian terahadap alat vang dibuat Tahap
pengujian alat ini perlu untuk dilakukan untuk mendapatkan hasil pengukuran
serta kerja alat sesuai dengan yang diharapkan.

4.1, Pengujian LCD Dan Mikrokontroler

Pengujian mi dimaksudkan unuk menguji bagimana sebuah LCD 16x2
Character dengan type M1632 atau yang kompatibel disambungkan dengan
sebuah mikrokontroler ATMEGAS dibantu dengan program sederhana agar bisa

menampilkan tulisan pada layar LCD tersebut

4.1.1 Tujuan

Untuk mengetahui apakah LCD dapat menampilkan data vang diinginkan

dengan baik,
4.1.2 Peralatan Yang Digunakan
o  Minimum svstem ATMEGA &
¢+ LCD EL1602 atau yang kompatibel dengan type M 1632

+  Power Supply 5V DC

a9




4.1.3. Prosedur pengujiannya :
1. Menyusun rangkaian seperti gambar 4.

2. Menulis program dalam bahasa C menggunakan program bantu Code

Vision AVR seperti listing program dibagian bawah [ni.

3. Meng-kompile program yang telah ditulis pada no.2 dan hasilnya
dimasukkan/dituliskan ke 1C mikrokontroler ATMEGAR dengan

menggunakan kabel ISP dan program bantu downloader Ponyprog 2000,
4. Menjalankan program untuk menampilkan tulisan ke LCD

5. Mengamati keluaran pada LCD

4T
{1}
1 [}
B pwony rewieen H1— - 7
VL ¢ sy, Py A= | iz
: 5
B .ty e T ML |' | | LA AR 2 CHAR ACTER
B L L T | LT | |
L] T JHYTH [ —]
M camy rmpms _ it [ I
Fon et ppze ZEgTA —— -
2l | W5 e :—!H-*.'D Lo ] o
-un-||| L oo L I e
= i MeETn ! !
i : tas !
—] FICARTH IGHT 1 — |
o . EIT
S EIET ERNTY ——— e ]
2 -l i
PAMTCH IDETHD H— =
' powancer pRImRD 2
i PIRATCEY - TOEARIETY
! HEE
! ST
e WEREN TR FR DIEPLAYLCD

Gambar 4.1. Gambar Pengujian Rangkain LCD
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Listing program :

t SN o

SFEEmE e

Revtine untuk mentalaakan LCD 15u? Charsctes

type L1932 zld.. Mlc3? compatible

Zeta bus L

wr/frd mode write oply

azmhor MARTHEN LEINARD
HIM G31709s

Iekriii Esedtro ITH Malang

Indonesia
——m==== = e

$inciude «delay_ hx

#deiine LCOBAELT PORTDT
gdofine LOLDRTAS BOESD, &
foetine LA as BORTS, 2
fdefine LCCDARTSA CORTE. !
kuiefine LCT E3 BORTR .
$define LT EM PrRTT. 3

wold LU catafcmar o,char dgar)
1

LEL BE = iy

if (igat & Dxio)==0x80) LCDDATART=1:
if | (dat & OxLli==Cx4l) LODDRTAL=1p
1r jidat & Q¥20)==303I0) LCLDATAS=L;
if | fdat % 0xI0)==0xI0) LODDETE4-1:

LD BN = D; nED BY - 3

-f idat & Lx08%==0x{3; LODCATRT=1;
- idat & LxUs)j==0xC4! LCDDOATAE=1;

6l

RlEs

alse

plse

alse

oloa

TOOERATAT =N
ICOOATAG=0}

LeDDAlAS=T7

LOODATRL=0:

LODDARTAT=0;

LCDDATRG=0;




4.1.4, Hasil Pengujian

Dari hasil pengujian didapatkan bahwa rangkaian LCD dapat

menampilkan karakter-karakter, sesuai dengan program yang dibual.

Gambar 4.2. Tampilan hasil pengujian LCD

4.2. Pengujian tatap muka (interfacing) MMC dengan mikrokontroller

ATMEGAS

Pengujian ini dimaksudkan untuk menguji bagimana sebuah MMC
disambungkan dengan sebuah mikrokontroler ATMEGAE dibantu dengan

program sederhana agar data pada kartu MMC bisa dibaca.
4.2.1, Tajuan

Umuk menguji data pada kartu MMC bisa dibaca ulang oleh

mikrokontroler ATMEGAS.
4.2.2. Peralatan Yang Digunakan
s Hangkaian Pengujian berisi mikrokontroler dan kartu MMC.
e  Oscilloscope
o Power supply 5V DC
s PC/Laptop

e Universal Card Reader
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iz ((dat & 3x02) ==Dx02] LOUDATRS=1; é&lsa LUDDATAG <0

T lMfdat & 0xdly—G0H01) LCDDATA4=L; else LTODATRES—O;

Lo Ex-=- 03 70D RN o= ]

word Tulis LoDichar a,char fozskh *dat;
i

shgr 3= I

L datall, &)y while(dat 2] 1= 0) [ LoD datal.daclili; 24+ |

woid LD tasti)
O E=dxa
DORR, T=1:
A Zonltiellsas: LCL

Jeelay msl200371;

LED detain, 0eds) ¢ celay md (200} ; LOD daza (0,087 rdelay ms {2000

aCw aeta {3 DoEe) ; LD aata i, it ;

0D geta b, Oxlle)

LCT_datz(0, dx01)

SED dele (8, RxEF ) 5 UL daball, Ox0E) ¢ LCD. data (0, 0xde;

Teiis LODOxE0, " MARTHEM LEUHABL )
Tuils ZCOOWED;™ [ @ DLLTEZS "1

whale | ils
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4.2.3.

Prosedur Pengujian:

. Mengubah file lagu dengan bantuan program konversi audie sepert

misalnva Xilisof MP3 WAV Converter, tampilan program seperti pada

Gambar dibawah ini

PRI Rl WAy coneerter

Lagu yang akan
dik onvearsi

Pastikan kenversi lagu
dijadikan dalam format
WAV

InTOCRAY St

w | ColTema

Tioaitn gl o

Gambar 4.3, Program MP3 WAY Converter
Dalam perencanaan ini format lagu harus berupa PCM data atau kalau dalam
bentuk file berupa WAV (Wave format) dan mempunvai lebar data 8 bit
scrta kecepatan sampling 22kl 1z, Sehingga file diatas perlu dikeonversi lagi
dengan bantuan program sound recorder yang sudah ada ketika program

windows operating system di install.

Langkah awal adalah klik Start = klik All Programs = klik Accessories =2
kiik Entertainment = klik sound recorder. tampilan lihat Gambar 4.4

dibawah 1m.




[3uka file vanpg hendak dikenversi, kemudian save as dan lakukan klik
change terlebih dulu kemudian pilih PCM 22.050kHz, 8bit, mono lalu klik

save. lile yang disimpan ini sudah siap dimasukkan ke dalam MMC.

. (%

Fudiiom wangihc

0.0C sam F11RT

... 88 21 N L3

o i
o[ BT T - mgE

1 0-El - Vogrsket sl eew
2 HL Rl Vogyakarta aae
= 0% Rebypar Aol ar ey

! ¥oowpskarte R iy

= wocywkarta ML

Fre rosme: :u]&b'uﬂ,d;y:-m bl | SM I |

Sive da lypw: Sy saoraee = Gl |

Foma FOM J20ED ki B B Mere |
kelike disini

pastikan pilihan sdh
benar spt ini

Gambar 4.4. Konversi file WAY dengan menggunakan Sound

Recorder

2. Gunakan unmversal card reader untuk memindahkan data file lagu wav tadi
ke dalam kartu MMC. sebelum dipindahkan, pastikan kartu MMC telah

diformat dengan mode FATI6,

Pengujian m1 dimaksudkan untuk mengupi bagimana sebuah LCD 16x2
Character dengan type MI632 atau vang kompatibel disambungkan
dengan scbuah mikrokontroler ATMEGAS dibantu dengan program

sederhana agar bisa menampilkan tulisan pada layar LCD tersebut,

i)




3. Rangkaian untuk pengwian kartu MMC adalah sbb:

§
] a5
—] POHPESEL BRI e
= FlavETie Tl aj&kiacn —'.-
— bz pesopcn |70 |
1 i
EELAL B s Ml ——— |
; r OSCILLOSCOPE
— Vgl AR T
— AT R  ees
RE s S R uﬂ\~£——+%#m
Sl st T AFRF |5
= -
— | TRRYTALL e = Kan -
| —L ) prriicars TRASE _ L 3 ] | I|
i1 i [ 81 P P SRLL e LA R
|
(IR 11T [TRT TR (AT ISR SN oo s
] el
AT BRess e N i
T T 7 1 0 T ! i
s :
[ TS | *M"‘
MIKROKONTROLER MG CARD {
]

Gambar 4.5. Rangkaian pengujian pembacaan kartu MM

[isting Program

fAF TR AT T TR ET T RANNN L s 0 A be bbb mddd st hddwd e dddrs

Chip Syps :
rogoam Lype

Clock frequency
Femory model :
Extermal SEAM =ize

Data Stack slize

Alkedas

Arplicatian

B OCEa00 MEz

L=

hdrrddhrrthdentddrrrosotrrrrddrrroyr i birs R d b rll,'

#loclude <megal.hs

A5 Declars your glickal wariarzlesa here
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Wold main (wold)
[

£F Declare vour local wvarisbles here

£ Irput/Output foxre laltdzlization

FEOPors Boinitializatiaa

£ Fano=In Funel=iut  Funs?=0ut  PUre3=Tr TuA={-ln TFunes4=Tn sroroé=In
Frunc =11

i stazed=T Sratel=0 Ztatar=n Stated=F Staved-T7 Stateb=T 4t -cd=T
Azgtel=T

PORTB=CA[0;

COAR=DxIR;

ff gort C irltlaiization
A Funel=Ih Funzl In Fune?=Trn Puncl=[n Suncd=Tn FuncS=In PUncs-In
/4 Brzlel=T Statel=T StaTtei=T 4tateizl Stated=T ECaTas=T Stated=T

MORTE=x00;

LNERC=0x00;

ffBart I initdialiratior

s unci=In  Funcl=Ia Fobei=In FUunci=in  funod=in  Fanchs=In  Fuancé=In
Funeci=In

J4 Stared=T sStatel-l FtatefiT Stated=T Started=T Stateh=T Sraves=T
Statel=T

PORTD=000;

LURD=GL00

A Timer/Coonter & inizdaliza-ien
A4 Clock scurce: Systen Clock
SiCloek walte: Tiner I Stopoed
TCeR=0E00;

TCNTC=0x30:




AP Tiner/conater T iritlailzacdon
£ Cloek acarde: System Tlosk

A Clock walve: BLOOD,J00 kHz

£ Mode: Fast M Top=0CR1R

A DCZIN sutpdt: MNer-TImv.

¢ OC1E outout: Tnverted

£ Noiee Canmalers OFF

A Input Capture on Falling Bdge
TCERT A=iixBE7

TICRIR=0x19;

DENT 1H=0200"

TONTIL=0202;

DR lati=0n00;

ol RN

COBIPH=C0x00;

CCAIBL=0x0;

S Timer/Counpter 3 dnitializaticon
O Clock souroe: System Clock

A4 glock waline: fimer 2 Stopood
A4 Mode: Hormal top=Frh

L CC2 ootpat: Discondectad
BASR=021;

TEORI=A L

TONTA=0x200;

GORZ=DHA D

J¢ Brxternal lnfterrupt(s) imitializatian
NN SN 0
f¢ INTi: Cff

KOOCR=0w 00 ;
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O Timer(s) /Counter(3) Interruptisy initialigation

D IMEE=02C07

S Amalog Comparator-initializating

A hnalog Comparator: OLZ

£ Bnmalog Conpsrator Inpat Cepture by limer/Counter 1: CEE
S Anmlog Comprracor Oaspat: OFF

AOSR=0x80;

SFIOR=xili;
whille (1)

[

A4 Place your code here

4.2.4. Hasil Pengujian

4.2.4.1. Sinyal MMC dan Sinyal PWM

WONIE

srrval s

= Smyval PR

Syl PWARE dury oyl S0

srvcal wadl
g
MG = d

1

Bl M bemah kares ada sl mput
Gzcambar 4.6 Sinyal MMC dan Sinyal PWM

=" By al PR

Oy




4.2.4.2. Sinyal Keluaran Dari sistem Yang Direncanakan

MMC formar Flitar
WA
Qltout oo figer
b
Siakem vang
dl ;
bax gsciloscope

Gambar 4.7. [agram Hagil Pengujian sinval vang direncanakan

2utnet yang A0EILOE k3 sksigieene]

AN
Lagu Fomyst o Nlkaekongolla
WA ATALEGAR

Ceillvecops

Crambar wmyal sehebnm, fle

Sy al cutpot

Blok Diamam pengupman seuiwiib pakas bkt

ADMC .
T AGkrpkonoale |

b Firngs ATMEGAS
A

— ]

Ozzilloiicpe

| Suivakouzpuar

Cramnbar gy al 2ensdah filer

Gambar 4.8 Pengujian Sinyal Sebelum an Scsudah Ada Filter
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4.4. Pengujian Hasil Seluruh Sistem
4.4.1. Tujuan
Untuk mengetahw svstem alat ini bekerja dengan baik atau tidak, dari data

MMC vang dbaca oleh mikrokontroller Atmega § yang kemudian ditampilkan dh
LCD.
4.4.2. Alat-alat yvang digunakan

s Amplifier

» Power Supply 5 volr

¢ Card Reader
4.4.3. Prosedur Pengujian

Mikrokontoller ATMEGAS memerintahkan SPT untuk memindahkan pin

data in dan MMC. Pin data in MMC dhubungkan ke mosi (SPI). Data tersebut
Juga ditulis dalam MMC melalm sinyal data in MMC. Berdasarkan received
command, MMC mengirimkan respon atau data melalui pin data out Pin dat om
MMUC dikoneksikan dengan miso dan port SPI mikrokontroller ATMEGAS, Port
SP1 menggunakan salah satu pin programmable Flag untuk mengatur CS ( Chip
Select ) dart MMOC. Komunikasi diaktifkan oleh perintah yang berbeda vang
dikirim dari mikrokontroller ATMEG AR ke MMC.
4.4.3.1. WAY File Format

Sering disebut juga sebagai WAVE file, yaitu bagian dari spesifikasi file RIFF
vang dikeluarkan oleh microsoft. RIFF sendiri adalah format file yang ditujukan
untuk menyimpan macam-macam data khususnva multimedia data terutama audio

dan video.
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Bertkut ini adalah susunan dari file WAV

The Canonicad WAVE file formal

The "RIFT ™ shunk deseriptor
B i [T W il i 0 el
b egLires tira
Tl " ad s

ik

Ihe “Tml ° sub-chunk

] b1 TR RS TR

T szaed ol eEnsn e
Rl St o ELHE

The “dota™ wib-ehunk

inehn e lrue 2 om afdaa
sears e mates
Fe e 1 6% Al ST
en

Gambar 4.9 Susunan Wave File
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4.3.3.2, Analisa Data File Lagu

Gambar 4% menunjukkan file lagu vang nampak pada folder di PC.

sedangkan Gambar 410 adalah propertics untuk lagu berjudul Kebvar-Kebvar




Hars sze
~ 4,557 kB
S kemestzanteat ALLARTIST 7,07¢ KB
BUFyz_Rm_-_Barceld Tyne: wave Saund | 5,557 KB

By Marish Carey Anc | BtRae: [ 7okbps | 6 959 KR
Size 4.4 VB

Type

Wave Sound
Wave Sound
Wave Sound
Wave ound

Gambar 4.10 List file lagu yang nampak pada folder di PC

el i T TR

=) Vol surart s

.-=1_‘...‘.. L I ol oy ]

L TR S wodova Made Heve o Fwrre .
L= Lomesdnecs 1y nrtelagt

LT LN B R S e e e R

St 0T MR APkl e e

&P | ETH T TR T e T I S O B L

Froabi=L Mreedas BSG 30 20900 S0 A

fezesinz Temay, AEtlda, a0 Jb aEarT

fr oy ran Lownrmash ol 4 | =
=k Tes ol

[~

Gambar 4.11 Properties untuk lagu berjudul Kebyar-Kebyar
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Berikut ini adalah header dari file bernama Kebyar-Kebvar, WAV

'Je Ecut e Contint: Seres g .n'['dm
ks E!“:@E BEE [ s;ﬁk%élf N [ihmo o]
£68 W Lanc v

3187 00

'J i r-ﬁll ]

RIFF+20 MAUEFAE

{ P | T O R | [
i pooera) T lodos vol[an @0 6h 61 [TIEE] cevia fict....B8
| peaN3B} &7 00 ok 61 7L &1 WP 33 - &) 00 B0 S0 90 B0 B9 90 G.data@I6.......

R0 B0 BB ER A0

{| ‘ooowas) B0 A0 EN B0 ER 0 B0 8D - &0 Ha 80
.1. mﬂﬁ-nj a0 Ah 38 &0 BA B0 RO B0 - A0 B0 B9
£ poawsm) GO 00 RO 00 A0 0 HN ¥E - G0 20 E0

.‘-'“ -l!'.! hl:ll H‘II Jlih LN RN L NN E NN

Hp 40 B0 40 HO rrrrraremmarEn e

Gambar 4.12 Meader dari file “Kebyvar-kebyar.wav”

Analisa file Kebvar-Kebvar WAV adalah sbb:

chivni dasenptor !
A 4Eedh o ___‘“__'_T'j: & al Bl
2 IEE T W R E

payang dean file (L. daugan pauel 240 bl
su 2k tsh adalal angka Hexadesunal ¥aag
ditudis bagiaa LSE Julu. jadi baly dijedikan
anzke acalah sbh. C0472372 Hex stan Kalan
dijacikay desimnal 2z lali - 4 655 226 bime.

‘ | '
¥ block align -1

siziyle rare \
MoneEa 1H bye 1R72 _ P
—al0R0 des  CONGSEazH Dt nersaniple=

— 22030 de-
=210 by

=2 L0 KHz

4

et dascripiod

¢
'
; J;j I
pagaig sub cluak
12H = 18 deasmmal f andic chanael
_ 1 =MoLy
andio fomat
1 =PCM

paang sub chmk
00473340 Hag
=3.066 176 das
=1.668 176 byvts




patjang s chrnk
i 3340 Hex
=4.666.176 e

=4 §66.17¢ byre

= data lagw. dst
anzka §3H arturya bau doiam beadist diam Ko taups suzrs antizya
adaleh 102 Vmex Karena besar data adalzh § o1 iaka harga k=
FFH atair 12 hargs iy = 30
Dengan demikiun menunnt analisa file diatas, file lagu vang berupa PCM data
dimulai dart urutan file ke 3A H atau ke 58,
4.3.3.3. Fungsi PWM
Bata yang disimpan untuk aplikasi tugas akhir ini yaitu berupa file WAV
didalam kartu MMC dalam bentuk data digital, berupa data PCM (pulse code
modulation} dengan lebar data & bit . mono (Ichannel audio) , 22050 sampling
rate (fihat keterangan diatas) Dengan demikign data tersebut harus diubah
menjadi analog schelum diberikan ke audio amplifier (penguat audio), dalam hal
ini digunakan DAC (digital to analag conversion), Ada banvak macam DAC, dan
vang digunakan pada perencanaan ini adaiah DAC 1 bit berupa modulasi data
PWM (pulse width modulation). Jadi mikrokontroler akan mengeluarkan pulsa
PWM untuk diberikan ke rangkaian filter terlebih dulu supava dihasilkan sinyal
analog audho yang bisa diteruskan ke rangkaian penguat audio.
l. Proses Pembacaan Data MMC Oleh Mikrokontroller
Berikur mi adalah bagarmana sebuah kartu memory MMC disambungkan

dengan mikrokontroler dan cara-cara pembacaan data dari MMC ke

mikrokontroler
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Menunjuk pada gambar 39  digtas, kartu MMC disambungkan ke
mikrokonizoler pada kaki SP! vang dalam perchcanaan ini digunakan
ATMEGS. SPI sendiri terdapat 3 kaki penting vaitu -

¢ MOSI [ Master output slave input) adalah kaki /0 dimana kaki
mikrokontroler {master) sebagatl output data dan kaki MMC {slave)
berupa input.

* MISO (Master input slave output) adalah kaki 'O dimana kaki
mikrokoniroler (master) difungsikan sebagal input data kaki MMC
(slave) difungsikan schagai output.

¢ SPICLK atau CLK adalah clock atau pulsa untuk mengatur jalannva

data yang lewat MISO dan MOSL

I Il.'.'-l !“ E"-'

OF <li1 Command f=———==-sea=au_ ] 12+ Data block
Rl

L I 1121 Response 403" Data block

Gambar 4.13. MultiMediaCard Fransfer Protocol
Gambar 3,10 adalah diagram aliran data untuk berhubungan dengan kartu
MMC, hal yang perlu dilakukan vaitu:
¢ Aktifkan CS {chip select) dari MMC tersebut, vaitu kaki MMC no. |

dibuat logika nol =0

T




e Kirim data ke MMC ke kaki DI atau MOSI berupa command yang isi
datanya bisa dilihat pada lampiran.
s  MMC akan merespon pengiriman data melahn kaki DO atau

{MISO),

Atau lebih jelasnya untuk pengiriman data streaming audio bisa digambarkan

sbb:
frana o 17 2w s el
| K1 S S = % ad r--" 1)~ g tity LA
Hat i 'I‘ ‘- ot 2
| ) T
CMD - -1 comtmingd ‘ LESpEOnST ‘ """ R e command | l 5ol
: I
DATD- - oo | data stream f"_"""':"
i
ity rausfer aneranam + gl stop operation
‘. __________________________________________________________

Gambar 4.14. Sequential Read Operation
Dari sisi software bisa dijelaskan shb:
1. Inisialisast MMC
MMC perlu diinisialisasi sebelum dilakukan baca/tulis, berikut adalah
program untuk keperluan ini:
char M0 Toic (vold)

{

LRy MUE 35 BRI thodn
fariZ=m; ¢ 10: I44) SPI{0xEF); o gang
1G*8=87 clock pulscs

SNRTE &= ~11 == SPLESY; /7 cnabis MMT
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if (dommsndlo OxdG 0,0 BxEEy = 1L gazo
mmeerror; S0 rezei MMO
abn A 15 thero JF 0o MME, prg. JoShs aspe
it (CormancloOxai, 0, 0, 0xFEEY =00 gulo BL;
ratura Tl);
i (AL R & 58 A

retuFn (T

Inti dari program diatas adalah MMC di sct pada mode SPI, lalu dikirim
pulsa sebanyak R0 kali unwk sinkronisasi awal. setelah diberi
command(0x40.0.0,0x95) maka MMC harus menjawab 1, bila tidak maka
proses inisialisasy diatas gagal atau terjadi error.

Membaca streaming data audio dan MMC

Ini adelah proses vang terpenting pada perencanaan Tugas Akhir ni,
vaitu bagaimana data audio yang tersimpan berupa file WAV atau dalam
bentuk urutan data PCM bisa dibaca oleh mikrokontroler Ammel
ATMEGAR.

Rerikul ini adalah potongan program tsb:

FoEfg=0y | <5y j+H
{

SPOR = (OmEF); temp = vol B> &; 1f (temp==0]
temp=1;

whiZe (L8PSR & (L<<®@PIF) )y 4L {temp < T4 Dwm

= SRS teinps
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Y b o
spacdt+;

speed-t;

Inti dari program diatas adalah membaca data dari MMC per paket,
dimana tiap paket data terdiri dari 512 data. Data hasil pembacaan berada
pada resister SPDR, dan data inilah data PCM audio yany tersimpan pada

MM tsbh, Data ini diberikan ke register untuk menpaturan PWM setelah

fatrucsticn For delay anlwy

apaed+-;

Speed+=;

I-

di olah dengan posisi volume saat itu dengan nunus :

pwm =

jadi sinyal PWM vang dihasilkan nanti tergantung dan data PCM dan

nilai Volume.

o

......

-

AT

Gambar 4.15 Diagram Blok Keseluruhan




4.3.4. Hasil Pengujian

AUTARAUDIO DENGAN
[ ]

. LCD 16 X 2 CHARACTER
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BABRY

KESIMPULAN

5.1 Kesimpulan

Dari hasil pengujian dan dari alat vang telah dibuat maka dapat distmpulkan:

Pada hasil pengujian sinval MMC dan sinval PWM, apabila diberi sinval

inputan, maka sinyal PWM pada osciloscope akan berubah’ bergetar

sesual perubahan sinyal input,

Pada hasil pengujian sinval keluaran dan sistem vang direncanakan, bahwa

apabila tidak diben filter. maka bentuk sinvalnya konstan . dan suara

analog vang dihasilkan trdak jclas.

Suara analog vang dihasilkan berupa mono

Karena menggunakan filter RC maka suara analaog vang dihasilkan ridak

begtu jernih,

File Lagu hany berformat Wave

5.2. Sarun

¢ Agar alat ini dapat bekerja dengan baik, diperfukan komponen yang
lehih baik.

* LUntuk perancangan ke depan diharapkan alat ini dapat disempurmakan
untuk memperoleh hasil yang lebih baik.

¢ Diperlukan ketelitian untuk mendapatkan hasil vang memuaskan.
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5. Sesecrang vang pahng aku sayangi, Irma Rusli Lestari vang selalu membantu dan
membenikan semangat dalam penyelesaian skripsi ini.

6. Teman—teman tekmk elektronika S-1 vang telah membantu dalam penyelezaian
skripsi ini sava ucapkan terima kasih,

7. Teman-teman i Goku Camp di JI. Raya Candi 11/ 76, terimakasih aras

dukungannya.

Penulis menvadan bahwa laporan i1 masith banyak vang perfu disempumakan. Oleh
sehab ity kritik dan saran yang bersifat membangun sangat diharapkan dari pembaca
khususnva mahasiswa Teknik Jurusan Elekto ITN Malang, agar di masa darang akan

lebih baik lagi. Harapan dan penulis semoga sknipsi int dapat bermanfaat.

Malang. Mai 2009

Penulis
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atures
igh-performance, Low-pawer AVRT 8-bit Microcontrolier
dvanced RISC Architecture
— 130 Powerful Instructions — Most Singfe-clock Cycle Execution
— 32 1 8 General Purpose Working Regisbers
i s s [

— Up to 16 MIPS Throughput at 16 MHz

— On—chip 2-cycke Multiplier
lanvolatile Pragram and Data Memaories

- B Byies of In-System Sel-Programmable Flash

Endurance: 10,000 Write/Erase Cycles B-bit Avﬂg

— Dptional Boot Code Saclion with Independent Lock Bits

In-System Programming by On-chip Boot Program i
True Read-While-Write Operation w“:h 8 K Bytes
— 512 Byteg EEFROM =
Endurance: 100,000 Write/Erase Cyclas In SyStem
- 1K Byte internal SRAM
- Programming Lock lor Software Security Prﬂg rammabie
wripharal Features
- Two B-bit Timer/Counters with Separate Prescaler, ane Compare Mode Flash
- DOne 16-kit Timer/Counter with Separate Prescaler, Compare Made, and Capiure
Moda
- Real Time Counter with Separate Oscillator
— Three PWM Channels ATITIEQ a8
— B-channel ADC in TQFF and QFNMLF packaqge
Eight Channels 10-bit Accuracy ATmEg ﬂBL

- G-channal ADC in PDIP packaga
Eight Channels 10-bit Accuracy
Byte-orlgnted Two-wire Serial Interface
- Programmable Serial USAAT
Master/Slave SPI Serial interface
Programmeable Watchdog Timer with Separate On-chip Oscillator
— On-chip Analog Comparaior
pecial Microcontroller Features
- Powar-on Reset and Programmable Brown-out Detection
= Internal Calibrated RC Oscillator
— External and intermal Intermupt Sources
— Fiva Sleap Madas: 1dle, ADC Noise Reduction, Power-save, Power-down, and
Standby
J.and Packages
— 23 Programmable VO Lines
- 2B-lead PDIP, 32-lead TOFP, and 22-pad QFNMLF
perating Voltages
- 2.7-5.5Y (ATmegadL)
- 4.5 - 5.5Y [ATmega8)
poed Grades
— {1 - B WMHz (ATmegasdl)
= 1-16 MHz (ATmegaB)
owar Consumption at 4 Mhz, 3V, 25°C
- Active: 3.8 mA
— kdl= Mode: 1.0mA
- Power-down Mode: 0.5 pA

2486F - AVR CRI0S
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e ATmiaga (L)

verview

The ATmega8 is a low-power CMOS 8-bit microcontroller sased on the AVB BISC

architecture. By executing powerful Instructlons in a single clock eyela, the ATmegas
ashieves throughputs approaching 1 MIPS per Mz, allowing the system designer o
aptimize power consumpion versus processing speed.

ack Diagram
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Figure 1. Block Diagram
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seialmer

ATmega8(L)

AImEL

\R

The AVR core combines a rich Instruction sat with 32 general purpose working registers.
All the 32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing
wwo independent reglsters to be acoessed in one single instruction executad In ons clock
cycle. The resulting architecture is more code sfficiont while achieving throughputs up to
ten times faster than conventional CISC misrocontrollars.

The ATmegaB providas the following features: 8K bytes of In-Systam Pragrammable
Fiash with Bead-Whila-Writs capabilities, 512 bytes of EEPROM. 1K byte of SHAM, 23
general purpose /O lines, 32 ganaral purpose working ragisters, three flexibla
TimerCountars with compare modes, internal and extamal intermipts, a sarnal program-
mable USART, a byte oriented Two-wire Serial Intarface, a G-channel ADC (eight
channels in TQFP and QFNMLF packages) with 10-bit accuracy, a programmable
Watchdog Timer with Internal Osclllator, an SP| serlal port, and five software selectable
power saving modes. The Idle mode stops the CPU while alfowing the SRAM.
Timer/Counters, SP1 port, and interrupt system to continue functioning. The Power-
down mode saves the register contents but froezes the Oscillator, disabling all ather
chip functions until the next Interrupt or Hardware Reset. In Power-save mode, the
agynchronous timer continues fo run, allowing the user tu malntain a timer base while
the rest of the device |s sleeping. The ADG Nolse Reduction mode stops the CPU and
all O modules except asynchronous timer and ADC, to minimize switching noise during
ADG conversions. In Standby mode, the crystal/resonator Oscillator is running while the
rest of the device is sleeping. This allows very fast stari-up combined with low-power
consum ption.

The device is manutactured using Atmal’s hign density non-volatile memory technology.
The Flagh Program memary can be reprogrammed In-System through an 3Pl serial
interface, by a conventional non-volatile memory pregrammer, 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, Software in the Bool 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-Systam Self-
Programmabie Flash on a monoiithic chip, the Atmel ATmegas is a powerful microcen=
troller that provides a highly-flexible and cost-eflective solution 1o many embedded
aontrol applleations.

The ATrmegas AVR Is supported with & full suite of program and system development
tools, including © compllers, macro assemblers, program debugger/simulators, In-Clr-
cult Emulators, and evaluation kits.

Typlecal values contained in this datasheet are based on simulations and characteriza-
tion of other AVA mictocontrollers manulactured on the same process technology. Min
and Max values will be available after the device is charactenzed.

o = s e ]
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1 Descriptions
D

t B (PB7..PBO)
\L1/XTALZTOSC1/TOSGC2

t C (PC5..PCO}

t D (PD7..PDO)

—ALR-0206

Digizal supply valtage.
Ground.

Fort B |s an B-bit bi-directional 110 pert with Intemal pull-up resistors (selected for each
bity. The Port B output bufters have symmetrical drive characteristics with both high sink
and soutce capability. As inputs, Porl B pins that are externally pulled low will source
currsnt if the pull-up resistors are acfivated. The Por B pins are tn-stated when a resef
gondition becomes active, avan if the clock is not running.

Depending on the clock selection fuse settings, PBE can be used as Input to the inveri-
ing Oscillator amplifier and input to the intemal clock operating circuit.

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

if thia Intarhal Calibrated RC Oeclllator is used as chip clock source, PB7.6 |s Used a8
TOSC2.1 input for the Asynchronous Timar/Counter2 if the AS2 bitIn ASSH Is set.

The various special features of Port B are elaborated In "Alternate Functions of Port B”
on page 58 and *System Clock and Glock Options” on page 23,

Part C s an 7-bit bi-directional 1°0 port with Internal pull-up resistors (selactad for each
kit, The Port C output butfers have symmetrical drive characteristics with both high sink
and source capability, As inputs, Port C pins that are externally pulled low will source
currant if the pull-up resistors are activated. The Port C pins are tri-stated when a reset
condition becomes active, even if the clack is not running.

If the RSTDISBL Fuse Is programmed, PCH Is used as an /0 pin. Note that the slactr-
cal characteristics of PCE differ from those of the other pins of Port C.

if the RSTDISBL Fuse /s unprogrammed, PCE |s used as a Resal Input. A low level on
this pin for longer than the minimum pulse length will generate a Reset, even if the clock
is not running. The minimum pulse length is given in Table 15 on page 38. Shorter
pulses are not guaranteed to generate a Reset.

The various speeial features of Pan C are elaborated on page &7.

Pon O Is an 8-bit bl-directional 1O port with internal puli-up resistors {selected for sach
bit). The Port D cutpu! buffers have symmetrical drive characteristics with bath high sink
and source capabiity. As inputs, Part D pins that are extemally pulled low will source
current if the pull-up resistors are activated. The Paort D pins are tri-statad when a resat
cohdition becomes active, evan if the clogk is not running.

Port D also serves the functions of various special features of the ATmegaB as listed on
page 63

Raset Input. A low level on this pin for longer than the minimum pulse length will ganar-
ate a reset. even if the clock is not running. The minimurn puise length IS given in Table
{5 on page 38, Shorer pulses are not guaranteed to generate a reset.

B
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AN |5 the supply voltage pin for the A/D Convarter, Port C {(3..0%, and ADC (7 .8). It

ce
should be extemally connected to Ve, even if the ADC is not used. If the ADC is used,
it shou'd be connected to Ve through a low-pass filter, Mote that Pon C (5..4) use digita)
supply voltage, Vo

EF AREF |z tha analog reference pin for the A'D Comvartar.

C7..8 (TQFP and QFN/MLF  In the TQFF and OQFNMLF package, ADCT..6 sarve as analog inputs 1o the AT con-

ckage Oniy) verter. These pins are powered from the analog supply and serve as 10-bit ADC
channels.

ATMEGa5 (L)  mm— e —
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s A T Mega8(L)

BOUrces A comprehensive set of development tools, application notes and datashaets are avail-
able for download on htip.fwww.atmel.comiavr.
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yout Code This datasheat containg simple code exampies that briefly show how to use various
ramples parts of the davice. These code examples assume that the part specific header file is
' tncluded before compilation. Be aware hat not all C compiler vendors include bit defini-

tions in the header files and intarrupt handling In © is compiler dependent. Please
confirm with the C compller decumentation for more datails.

ATmegasd(L) s————————————
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'R CPU Core

roduction

shitectural Overview

P=A VR0

This section discusses tha AVR core architecture in general. The main function of the
GPU cora is to ensure correc! program execution. The CPU must therefore be able to
access memones, perfor calculations, control peripherals, and handic intermipts.

Figure 2. Block Diagram of the AYR MCLI Architecture
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In arder to maximize pafommance and paralielism, the AYRA usas a Hanvard architecturs
—with separale memories and buses for program and data. Instructions in the Program
memory are executed with a single level pipelining, While one instruction is being exe-
cuted, the next instrugtion is pre-fetched from the Program memory. This concept
enables instructions to be executed in every clock cycle. The Program memaory is In-
Systern Reprogrammable Flash memory,

The fast-access Register File contains 32 x B-bit general purpose working registers with
a single clock cycle accese tima. This allows single-cycle Arithmetic Logic Unit (ALUY
pperation. [n a typical AL Ll opetation, two oparands are output fram the Register File,
the operation is executed, and the result is stored back in the Register Fils —in one
clock cycle.
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Six of the 32 registers Gan be used as three 16-blt Indirect address register pointers for
Datza Space addressing — enabling efficient address caiculatiens. Ore of the these
address pointers can alse be used as an address pointer for look up tables in Flash Pro-
gram memory. These added function registers are the 16-bit X-, Y-, and Z-ragister,
described later In this section.

The ALU suppoits arithmetic and logic operations between regisiers or befween a corn-
stant and a rogister, Single ragister operations can also be executed in the ALLL Aftar
an arithmetic operation, the Status Ragister is updated to reflect Information about the
result of tha aparation.

The Frogram How is provided by conditional and unconditional jump and call instruc-
tions, able o directly address the whole address space, Most AVR instructions have a
single 16-bit ward format. Every Program memory address contains a 16- or 32-bit
instructon.

Program Flash memary space is divided in iwo sections, the Boal program section and
the Application program section. Both sections have dedicated Lock Bits for write arnd
raadfwrite profaction. The SPM instruction that writes into the Application Flash memary
section must raslde (n the Boot program section,

During imerrupls and subroutine calls, the retum address Program Counter (PC)is
stored on the Stack, The Stack is effectively allocated in the gensral data SRAM, and
consequently the Stack size is only limited by the total SRAM siza and the usage of tha
SRAM. Al user programs must initialize the SP in the reset routine (before subroutines
or intarrupts are executed). The Stack Pointer SF I8 read/write accessibie In the 'O
space. The data SRAM can aasily be accessaed through tha five different addrassing
modes supportad In the AVR achitecture.

The memony spaces in the AVR architecture are all linear and regular mamaory maps.

A flexible interrupt module has its control registers in the 170 space with an additional
global interrupt enable bit in the Status Repister. All interrupts have a separate Intarrupt
Vector in the Interrupt Vector table, The interrupts have prigrity In accordance with thelr
Interrupt Vecter position. The lower the Intarrupt Vector addrass, the higher the pricrity.

The I/} mermory space contains 64 addresses for CPU peripheral functions as Control
Registers, SP1, and other 1O functions. The KO Memory can be accassed directly, or as
the Data Space locations following those of the Register Fils, 0x20 - 0x5F.

ATMegad(L) —
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Tha Tiotys Flosister somtaing imfoomation shout the iosult of the most recently executad
arithmetic instruction, This mfvimassn oan be uscd for alicring program fiow in order to
~adgrm cenditional noarmtiang bioko that tha Siatys Bo-iztor s cpdated after all ALL
aperations, as spacified in the Instruction Set Heferance. This will in many cases
ramove the nesd for using the dedicated compare insitructions. resuiting in fastar and
more compact coda.

The Statue Ranigtar ig not etamatically =tgred whon SRiGhng an interrupl routine and
rastored when returming from an interrupt. This mus! be handled by software.

The AVA Stalus Negistar — SREG — is defined as.
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o Bit 7 —1: Global Int.upt Tnallc

The Glaba! Intarrupt Enable bit must be set for the iniarupts to be enablad. The individ-
ual Intermupt enable conio: i3 then performicd in separats control registers. Hthe Globat
interrupt Enable Register is cleared, none of the interrupts are enabled indapendent of
the individual interrupt enable sattings. The |-bit ic cleared by hardware altar an interrupt
has occUrred, and is set by the RETI instruction to enable subseguent intarrupts. The |-

hit can aleo be oet and aleared by the opplication with the SE{ and CLI instructlons, as
dagcribed in the Instruction Set Refarence.

+ Gt & - T Bit Copy Storage
The Bit Copy Instructions BLD (2 LuaD) and BST {E.. STorej uss tha T-bit s soUrce of
dastination for the cperated bit. A bit from o register In tha Dogister File can be copigd

irto T by the BST instruction, and a bit In T can be copled Into a bit in & register in e
Reogister File by the BLD instruction.

= Bit5 - H: Half Carry Flag

Tha Half Carry Flag H indicates a Half Carry in some anthmetic operations. Half Camy is
usatul in BCD arithmetic. See the “Instructicn Set Descriptiai” for detailes informaticn.
« DE4-5:SiYnBH, S=NTV

The S-bit is always an exclusive or batween the Magallve Flag N and the Two's Comple-
ment Overfiow Fiag V. See the “Instruction Set Description” for detailed Information.

= Bit3—V: Two's Compicmom Osariicw Flig

The Two's Complement Querflow Flag V suppors two's complernent arthmenics. Sae
the "Instruction Set Description” for detailed infarmation.

+ Bit 2 - N: Negative Flag

The Negative Flag N indicates a nagative rasult in an arithmetlc or logic operation. 3ee
thiz “Inatruction Set Sescription” for detailed iflormadon,

= Bit 1 -2: Zero Flag

L AVH-NN0G
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ot of the instructions oporating on the Dagisiar Flie hiave Jirect deeess 1o all registers,

and most of them are singic sycle NSLUINoNS.

Ag shown in Figure 3, cach rogister is alsc assignad s wata memary address, mapping
frem directly Into the fits: 32 locatizns of the user Dala Coars Althoush not being phye-
ically impiemented as SRAM |ocations, this mamory organization provides graat
flaxibility in access of the registers, as the X- Y-, and Z-pointer Renistars can be set 1o
index any register in the file.
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Tha regislers R26.A31 have some added functions 1o their general purpose usage,
These registers are 15 it zddress pointers for indirsa sddressing of the Data Space,
The threa indirect address registers X, Y and Z are defined as described in Flgure 4.

Sigure 4. The X-, ¥- and Z-Registers
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in tha different addressing modes these address registers hava functions as fined dis-
placement, automatic Increment, anag autematlc decrement {ses the Instruction 3et
Referance for details).

The Stack is mainly used for storing temporary data, for storing local variables and for
storing return addrosses after interrupts and subroutine calls, The Stack Pointer Regis-
Yer always points 10 the top of the Stack. Note that the Stack is Implemented as growirg
fram higher mamory localions to lower memaory lgcations. This impligs that 2 Stack
PUSH command decreases tha Stack Pointer.

The Stack Pointer points to the data SNAM Stack area whare the Subroytine and inter-
fupt Stecks are located. This Stack spacc in the data SAAM must be defined by the
program belore any subroutine calls are exacuted or interrupts are enabled. The Stack
Pointar must be set to point above 0x80. The Stack Poinier is decrementad by one
when data is pushed onto the Stack with the PUSH Instrustion, and it is decrementad by
two when the return address Is pushed onto the Stack with subrautine call or interrupt
The Stack Pointar 1s incremented by one when data is popped from tho Stack with the
POR Instruction, and It is incremented by two when address |s popped from ihe Stack
with retum tram subroutine RET o return from interrupt RET),

Tha AVRE Stack Pointer is implementad as two 8-bit registars in the I/C space. The mum-
per of blts actually used is Impicmcntation dependent. Note that the data space in some
implementations of the AVR architecture is so small that anly SPL is needed, In this
casc, the SPH Register will not be present.
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struction Execution This saction describes the general access liming concepts for Instruction execution. The
ning AVR CPU is driven by the CPU clock clkzp, directly generated from the selected clock

source for the chip. No internal clock division 1s used.

Figure 5 shows the paraliel Instruction fetches and instrugtion exocutions enabled by the
Harvard architecture and the fast-access Register File concept. This is the basic pipelin-
ing concept fo abtain up to 1 MIPS per MHz with the corresponding unlgle results for
functions per cost, functions per clocks, and functions par powet-unit,

Figure 5. The Parallel Instruction Fetches and Instruction Executions
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Figure 6 shows the Imernal timing concept for the Register Flle. In a single clock cycls
an ALY operation using two ragister oparands Is executed. and the result Is stored back
to the destination register.

Figure 6. Single Cycle ALL Opsration

T T2 T T
i i
p— A ==
o, — ey T e =
e 5 i
Total Execution Time ——__ & . —=
Register Operands Fefeh — 1< — - :
AL Opesatlon Exsoule. ——— y :
Azsult Writs Back — : o —— : -
set and Interrupt The AVR provides several difterent interrupt sources. These inferrupts and the separste
ndling Reset Veetor each have a separate Program Vector in the Program memory space. Al

intarrupts are assigned indwidual enable bits which must be wiitten logic one logetner
with the Global Interrupt Enable bit in the Status Register in ordsr to anable thi irrbarrupt.
Depending on the Program Counter value, interrupts may ba automalically disabled
wher Boot Lock Bits BLBOZ or BLE12 ars pragrammed. This faatlra improves software
security. See tha saction *Memory Programming” on page 222 for details.

The lowast addresses in the Program memory space are by defauit defined as the
Reset and lnterrupt Vectors, The camplets list of Vectors is shown in “Interrupts”™ an
page 46. The list algo detarmines the prionty lavals of the dfferent intarrupts. The lower
the address the higher is the priority level. RESET has the highest priarity, and next is
INTG — the Extemat |ntarrupt Bequest 0. The Interrupt Yectors can be moved 1o the start

sl —
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of tha bool Flash sectian by satting the Interrupt Vector Select (IVSEL) bit in the Genaral
Interrupt Control Register (GICA). Reter 1o “Interupls” on page 46 for more information,
The Pesat Vector can atso be moved to the stan of the boot Flash section by program-
ming the BOOTRST Fuse. see "Boot Loader Support — Read-While-Write Self-
Programming” on page 209.

When an Interrupt ooours, the Global interrupt Enable -bit Is cleared and all interrupts
aie disabled. The user software can writs lagic one to the I-bit to enabla neztad niar-
rupts. All enabled interrupts can then Interrupt the current intarrupt routine. The i-bit is
automatically set whan a Return from Inkerrupt Instniction - HETI — is exacuted,

Thare are basically two types of interrupts. The first type Is triggered by an event that
sets the Intarrupt Flag, For these interrupts, the Program Counter |s vectored 10 the
aciual Interrupt Vector in order to execute the interrupt handling routine, and hardware
clears the cartesponding Interrupt Flag. Interrupt Flags can siso be clearec by writing 2
logic one tothe flag bit position(s) to ba cleared. If an interrupt condition cccurs while the
correspanding interrupt anable bit is cleared, the Interrupt Flag will be set and remerr-
bared until the Interrupt is snabled, or the flag is clearad by software. Similarly, f orig or
rmore interrupt canditions occur while the global interrupt enable bit Is cleared, the torre-
sponding Interrupt Flagis) will be set and remembered until the global internupt enable
bit is set. and will then be executed by crer of priarity.

The second type of interrupts will trigger as long as the imterrupt condition is present.
These intefrupts do net necessarlly have Interrupt Flags. If the interrupt condition disap-
pears before the internust is enabled, the interrupt will rot be triggersd.

VWhen the AYR exits from an interrupt, It will always return to the main program and exe-
aute one more ingtruction befare any pending intemupt |s served.

Nota that the Status Reglstar is not automatically stored when entaring an Interrupt rou-
tine. nor restored when retuming from an interrupt routine. This must be handled by
software.

When using the CLI instruction to disable Interrupts, the internipts will be immadiately
disabled. No interrupt will be executed after the CLI instruction. even if it oceurs sirmula-
niegusly with the CLI instruction. The following exarple shows how this can be used o
avoid Interrupts during the timed EEPROM write sequence.

[ Assembly Code Example

im ri1E, SRLG ;ogcore GREG wzlue
cli . Asgable interrusts cuclng timed eecuelce
shi o, EEMWE s glart ZEFROM wrile

gbl LECR, DHWE
OutFERES, rla ; reators SARE walus (L-bditld

C Code Example

char -25REGE;
CEEES - OREC: A arare BREG value fS

frogigable inksrrupts during cimed ssguonme B

CLLlY:

IA0K |- (1<EEMHE]; /% start ESPROM erite #4
TR | = 1LEEAED

SRS - GBEED; St restore SEES veive (I-biz) o/

Afines s




srrupt Response Thme

Wi=p using the SEI instruction to enable intarrupts, the Instruction following SEl will be
executed before any perding interrupts; as shown In the folfowing example,

| Assembly Code Exampis _J
pei o set gilohal imcerruplk enzble
gleap; fniar siesp, waibing Lo INCerruph
; pemes will énter aledp befard any pendiag

interrugz (4]

| C Code Example

[ _BET()§ ftomet global Tnoerrugl gnable 44
_SLERR ; J4 aareveAToep; waiting Lopr inrerrupl ¥/
i+ onocz: will enter alsap bBafers any pendiag inserzuplie: v/

The intarupt execution responsa for all the enabled AVR intarrupts is four cinck cycles
minimum. After tour clock cyclas. the Program Vector address lor the actus! Interrupt
handling routine is executed, During this d-ciock ovele periad, the Program Counter is
pushed onto the Stack. The Vectar is normally a jump to the interrupt routing, and this
Jump takes three clock cycles. If an interrupt ocours during execution of a rulti-cycle
instruction, this instruction Is complated before the interrupt is served. If an Interrupt
aceurs when the MGU is In sleep mode. the inlerrupt execution response time is
increased by four clock cycles. This Increase comes in additlan to the start-up tima from
the selected slesp mode.

A return from an interrupt handiing routine takes four clock cycles. During these four

clock cycles, the Program Counter (2 bytes) Is popped oack from the Stack, the Stack
Paointar is incremented by 2, and tha i-bit in SAEG is set.

ATmanaR(l) = _—
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System
programmable Flash
sgram Meiniory
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This section describes the differsnt memeries I the ATmega8. Tha AVR architactura
has two main memory spaces, the Data memory and the Program Memary space. I
addifion, tne ATmeqas leatures an EEPROM Memaory far data storage. All three mer-
ary spaces are linear and regular.

The ATmega# contains BK bytes On-chip In-System Reprogrammable Flash mamory
for program storage. Since all AVR instructicns are 16- or 32-hits widg, the Flash s
organized as 4K x 16 bits. For sottware security, the Flash Program memory Space 15
divided into two sactions, Boot Program section and Application Program sachton,

The Flash mamary has an endurance of at least 10,000 write/erase cycles, The
ATregad Frogram Gounter (PG) is 12 bits wide, thus addressing the 4 Program merm-
ory locations. The operation of Boot Program section and associated Boot Lock Bits for
software protection are described in detail in “Boot Loader Support — Read-While-Write
Self-Programming” on page 209, "Momaory Programming” on page 222 caniaing a
detailed description on Flash Programming in $PI- ar Parallel Programming mode.

Constant tables can be allogated within the entire Program memaory address space (see
the LPM — Load Program mamary instruction description}.

Timing diagrams for instructicn fetch and execution are presanted in "Instruction Execu-
tion Timing” on page 14,

Figure 7. Program Mamary Map
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‘AM Data Memory

e
AIMEL
Figure & shows how tha AT meages SRAM Memory |3 organized.

r File, the /O Mermory, and
-

The lower 1120 Data memory locatlons address tha Regista
he intemal data SRAM. The first 96 locations acdress the Register File and O M
ory, 2nd the next 1024 locations address the intemal data SHAM.

The five different addressing modes for the Diata memory cover: Dirant, Incifect Wil
Disptacement, Indirect, Indirect with Pre-decrement, and Indirect wirh Post-increment. n
the Raeglster File, ragisters A26 to A91 feature the Indirect acdressing pointer registers.

The direct addressing raaches the entire data Space.

The Inditect with Displacament made reaches &3 address locations from the base
address given by the Y- or Z-recister.

s with automatic pre-decremant anc post-
rermeanied.

When Lsing register indirect addressing mode
increment, the address registers X, Y and Z are decremented of NG

The 32 gensral purpose working tegisters, B4 110 Reglstars, and the 1024 bytes of inter-
nal data SRAM in the ATmegal are all accessible through all these addressing modes.
The Register File is descrbed in "General Furpose Reagister Filg® on page 12,

Figure B. Data Memary Map
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ta Memory Access
nes

‘PROM Data Memory

PROM Read/Write Access

—AN A0

This section describas the general access timing concepts for intemal memory access.
The irternal data SFAM access is performaed in two clk.q Cycles as described in Figure
=

Flgure 9. On-chip Data SRAM Access Cycles
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BEmnry Vroess anstvaeton Pl Iratnantion

The ATmeqga8 contains 512 bytes of data EEPROM memory. It is organized as a sepa-
rate data spaca, in which single byles can be read and written. The EEPROM has an
endurance of at least 100,000 writs/erase cycles, The access between the EEPROM
and the CPU Is described bellow, specifying the EEPROM Address Registers, the
EEPROM Data Registar, and the EEPROM Control Registar.

“Memory Programming™ on page 222 contains & detailed descrption on EEFEOM Fro-
gramming in SPI- or Parallel Prog ramming maode.

Tha EEPROM Accoess Registers are accessiole In the O space.

The write access time far the EEPROM is given in Table 1 on page 21. A salf-timing
junction. however, lets the user software detect whan the next byte can be written. 1t the
user code contains instructians that write the EEFPROM, some precautions must be
taken. n heavily fltered power supplics, Vg is likely to nse or fall slowly on Powes-
upidown, This causes the device for soma period of time to run at a voltage lower than
specified as minimum for the clock frequency used. See "Preventing EEPROM Caorrup-
tion" on page 23. for details on how to avold problems in these situations.

In order to prevent unintanticnal EEPROM writes. a spaclfic write precedura must be fol-
lowee. Refer o the descriprion of the EEFROM Control Register for detalis on this.

Whan the EEPROM is read, the CPU is haltad for four ciock cycles hafora the naxt
instrucion s executed. When the EEPROM is written, e CPU s halted hor bwo clock
cycles belore the next instruchon is executed.

AIMEL s




y EEPROM Address
jister — EEARH and EEARL

e EEFROM Data Reglster —
DR

1 EEPROM Control Registar
ECR

= — - i - - - - EEARS EEARH
EEART | EEARG | EEARS E EEAR4 | EEARY | EEAR? | EEAR1 | BEARD EERRL

7 £ 5 4 3 . 1 r
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initial Walue o 0 o D G i Q x
u, ¥ X i X X X i«

« Bitz 15..9 - Aes: Reserved Bits

These bits are reserved bits in the ATmega8 and will atways read as zero.
s Bits 8..0 - EEARS..0: EEPROM Address

The EEPROM Address Rsgistars — EEARH and EEARL ~ specify the EEPROM
address in the 512 bytes EEPROM space. The EEPROM data bytes are addressed lin-
early between 0 and 511. The initial value of EEAR i= undefinad. & proper vae must he
written before the EEPROM may be accessad.

[=1]] T & 5 4 3 2 1 a
I I S —— o N

Fead i AN RANY R R RAr R RYY R

Inthal Walue 4] ] 4 o 2 4] ] o

+ Bits 7..0 — EEDR7..0: EEPROM Data

Far the EEPROM writa operation, the EEDR Register contains the data o be writtah bo
the EEPROM in the address given by the EEAF Register. For the EEPRCOM read oper-
ation, the EEDR ¢oniains the data read out trom the EEPROM at the address given by
EEAR.

i T a 5 4 3 z 1 o

r = | - - = | EemiE ]EEM‘IHE[ EEVE | EERE | EECR
Read e R R R R RN R =810 RAN
Imital Yais Q ] i} a ] ] x Q

+ Bits 7..4 — Res: Reserved Bits

These bits are reserver bits in the ATmega8 and will always read as zero,
» Bit 3 - EERIE; EEPROM Ready Interrupt Enable
Writing EERIE to ona snablas the EEPROM Ready interrupt If the | bit in SREG s set.

Writing EERIE to zero disables the inferrupt. The EEFROM Ready interrupt generales a
constant interrupt when EEWE is cleared.

« Bit 2 - EEMWE: EEPROM Master Write Enable

The EEMWE bit determinas whether safting EEWE 10 one causes the EEPRCM to b
written. When EEMWE is set, sefting EEWE within four clock cycles will write data to the
EEPROM at the selected address 1 EEMWE is zero, setling EEWE will have no eflect.
Whan EEMWE has been wiilten to une by software, hardware clears the bit to zern after
four clack cycles. See the description of the EEWE hit for an EEPROM write procedura.

« Bit 1 - EEWE: EEPROM Write Enable

The EEPROM Write Enable Signal EEWE Is the write strobe to the EEPROM. When
address and data are correctly set up, the EEWE hit must be written to ona to write the
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MultiMediaCard System General Description

1 General Description

The MultiMediaCard 15 an umiversal low cost data storage and communication mediz. 1t 1s designed to covera
wide arca of applications as smarl phones, cameras, OTGAMIZETS, PDAs, digital recorders, MP3 players, pagers,
electronic toys, cte, Targeted features are kagh mobility and high performance at a low cost price, These fea-
tures include low power consurmption and high cata throughput at the memery card interface,

The MultiMediaCard eommuneation 15 based on an advanced 13-mn bus, The communication protocol 18
defined as a part of this standard and refered to as the MultiMediaCard mode. To ensure compatibility wilh
existing controllers, the cards may offer, 1n addition ta the MultiMediaCard mode, an alternate COMMUNIca-
tion protocal which is bascd on the SPI standard.

To provide for the forecasted mi cration of CMOS power (Vpp) requirements and for compatibily and integ-
ity of MultiMediaCard systems, two types of MultiMediaCards are defined i this standard specification,
which differ only in the valid range of system Vpp, These two card types are referred to as High Voltage Mul-
tiMediaCard and Dual Voltage MultiMediaCard.

The purpose of the system specification 15 the definition of the MultiMediaCard, its environment and har-
dling. It gives guidelines for a gystem designer. The system specilication also defines a tool box (a set of
maero functions and algorithma} which conmibutes fo reducing the desien-m costs,

As used in this document, “shall” or “will” denotes a mandatory provision of the stmdard. “Should™ denotes a

provision that 1s recommended but not mandatory “May” denotws a feature whose presence does not preclude
compliarice, that may or may not be present at the option of the implementor

MultMediaCard System Summary Yersion 4.1 Official Release () April 2005 MMCA 3




MultiMediaCard System System I'eatures

.

System Features

The MulttMediaCard Svstem has a wide variety of system features, whose comprehensive glements serves
several purposes, which melude:

- Covering a broad category of applications from smart phones and PDAs to digrtal recorders and toys

Facilitating the work of designers wno seck to develop applications with their own advanced and enhanced
features

Maintainng compatibility and comphance with current electronic, communication, data and error handlmz
standards

The following list identifies the main features of the Multi MediaCard System, which:

Is targeted for portable and stationary applications

Has these System Yoltage (Vpp) Ranges:

High Yoltzge MuliiMediaCard Drual Violtage MultiMediaCard
Communication 2.7- 34 1.65-195,2.7-3.6'
Memury Access 2.7-3.6 1.65- 1.95,2.7- 3.6

| W p range: 1 95V - 2.7V is not support=d.
Includes MMCplus and MMCmobile definitions
Is designed for read-only, read/write and [0 cards
Supports card clock frequencies of (-20MHz, 0-26MHz or 0-52MHz
Has a maximum data rate up to 416Mbits/sec.
I[as a defined minimum performance

Maintains card support for three different data bus width modes: 1hit (defauit), 4bit and
Shit

Includes password protection of data

Supports basic file formats for high data interchangeability

Includes application specific commands

Fnables correction of memory field ervors

Has built-in write protection features, which may be permanent or temporary
Includes a simple ¢rase mechanism

Maintains full backward compatibility with previous MultiMediaCard systems (1 bit data
bus, multi-card systems)

Ensures that new hosts retain full compatibility with previous versions of MultiMedi-
aCards (backward compatibility).

Supports two form factors: Normal size(24mm x 32mm x 1.4mm) and Reduced size (24mm
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System Features MultiMediaCard System

x 18mm x 1.4mm)
Supports multiple command sets

Includes atéributes of the available eperation modes:

MultiMediaCard Mode |sPE Made
Teen-wire bus {clock, 1 bt command, ¥ bit data bug) ‘Three-wire senal data bus (clock, dataln, dataCht)
+ card specific C8 sipnal.
Card selection 15 done through an assigned unigue card Card selection via s hardware C8 signal

address o maintain backwards compatibulity 1o prior ver-
sions of the spectfication

Cme card per MuloMediaCard bus Card requires a dedicared C3 signal.

Fasy identificanion and assignment of session aihdresa Mot available. Card selection vig a hardware U8
sigmal

Enwe-protected data transfir Optional. A non-protected data transfer mode 15
available

Sequential and Simgla/Multiple block Read/Wrnite com- SingleMultiple block ReadWrite commands

mands

Table 1: MM System Operational Modes

MaliodiaCard System Summary Version 4,1 Official Relcase (¢} April 2005 MMCA




MultiMediaCard System The MultiMediaCard Bus

5  The MultiMediaCard Bus

The MultiMediaCatd bus has ten communication lines and three supply lines:

CMD- Command is a bidirectional signal. The host and card drvers are operating mn two modes, open
drain and push/pull.

. DATO-T Data lines are hidirectional signals. Host and card drivers are operatmg in push-pull mode

«  CLK: Clock is 2 host to card signal CLK operates in push-pull mode

+ Vpp: Vip 15 the power supply line for all cards

* Vggp, Vgga are two around lines

I —— /
; 2 T } | —_— CMD
2 | - i DAT]T:0)
% - lcLk
2 ¥ T
52 161 G v ¥ ¥

S i1 111
¥ I ﬂﬁ%

e

MuliiMedisCasd

Fisure 17: Bus Circuitry Dizgram

The Rgp 18 switched on and off by the host synchronously to the open-drain and push-pull mode ansitions
The host does not have to have open drain drivers. but must recognize this mode 1o switch on the Ron. Rpap
and Ry are pull-up resistors protecting the CMD and the DAT lmes agamst bus floarng when no card 1s
inserted or when all card drivers are in a high-impedance mode.

A constant curcent souree can replace the Rop oy achicving a better performance (¢onstant slopes for the s1y-
nal rising and falling edges) If the host does nol allow the switchable Rpp, implementation. a fixed Reyp can
e used, Consequently the maximum operaring fregquency in the open drain mode has to be reduced if the used
Reyp value 1s higher than the rmnimal one

To guarantee the proper sequeTice of card pin conneetion during hot msertion, the use of either a special hot-
insertion capable card conneetor or an aulo-detect loop on the host side (or some similar mechanism ) 15 man-
datory

No card shall be damaged by inserting or removing a card mito the MultiMediaCard bus even when the power
(Vpp) is up Data transfer operations are protected by CRC codes, therefore any bit changes mduced by card
insertion and removal can be detected by Lhe MultiMediaCard bus master.

MulaMediaCard System Summary Version 4, | Official Release {ch April 2005 MMCA 23




MultiMediaCard System SPI Mode

6 SPI Mode

0.l Introduction

The SP1 mode consists of a secondary, aptiongl commumcation protocel which 1s offered by Flash-based
uliMediaCards This mode 15 a subiset of the MultiMediaCard protocol, designed to communicate with a
SPI channel, commonly found 1n Maotorola™s {and lately a few other vendors' ) microcontrollers. The miterfaes
is selected durng the first reset command after power up (CMDO) and cannat be changed onue the part is
powered on

The SPI standard only defines the physical link and not the complete data transter protovel, The MultMeada-
Card SPT implementation uses 4 subser of the MultiMediaCard protocol and command set. 1t is intended to be
used by systems which rypically requite one card snd have lower data trarister rates. compared to MulnMedi-
aCard-protocol-based systems From the application point of view, the advantage of the SPl mode 15 the capa-
tality of using an aff-the-shelf host, hence. reducing the dusign-in effort to minmun T'he disadvanage 15 the
loss of performance of the SP1 mode versus MulhMediaCard mode (lower data transfer rate, hardware C8,
ete ).

62  SPI Interface Concept

The Serial Peripheral Interface (SPI) 15 a gencral purpose synchronous senal interface origmally found o ger-
1ain Motorola microconurollers. A virtually identieal interface can now he found on certain TT and S5 Thom-
son microcontrollers as well
The MultiMediaCard SP1 nterface 15 compatible wath SPI hosts available on the market. As mnany ather SP1
davice, the MultiMediaCard SPI channel consists of the following four srmals:

CS: Host w card Chip Select signal.

CLK;:Hast 1o card clock siyzmal

Dataln:Ilost to card data signal

DataOut: Card to host data signal.

Another SPL commpion characteristic is bvle transfers, which is implemented in the card as well All data
tokens are multiples of bytes (8 bit) and always byte aligned to the CS signal.

6.3  SPI Bus Topolegy

The card identification and addressmg methiods are replaced by a hardware Chip Select (C5) sigmal. There are
nu broadeast commands. For every command. a card (slave) 1s selected by asserting (active low ) the CS signal
(see Figurc 1H)

The ('S signal must be continuously active for the duration of the SPI transaction {command, response and
Jdata). The only exceplion ocours during card programming, when the host can de-aysert the CS signal without
atfecting the programmmng process

The bidireetional CMD and DAT lmes are replaced by unidirectional datain and datatut signals, This elmi-
nates the ability of executing commarils while data s being read or written and. therefore, makes the sequen-
lial and multi Block read/write operations obsolete. Only single block readiwrite commands arc supported by
the SP1 channel.

The MultMediaCard pin assignment i 811 mode {compared to AultiMediaCard mode) 15 given i Table 4

WultiMediaCard System Summary Version 4, | Official Release (c) April 2005 MMCA 25




MultiMediaCard System SPI Mode

Name "‘;;’;':':‘;:“ | width [Bytes] Deseription

ClD Yes e Card idennfication data {senal number. manufacturer T, ete.)

RCA o

DER My

CRD Yes Lo Card-specific data, informanon sbour the card oporalion conditions,
[ EXT CSD| Yes 512 Extended Card-spevific data,

information aboul the card supported properties and configured modes

q OUR Yas iz Opemtion condition register |

Table 5: MultiMediaCard Registers In SP1 Mode

6.5 sl Bus Protocol

While the MultiMediaCard channel 15 based on command :nd data bit streams which are mitiated by astart hit
and terminated by a stop bit, the SPT chanmel 15 byte oriented, Bvery command or data block 15 built of 8-bit
bytes and 15 byte ahgned fo the CS signal (re. the length 15 4 multiple of & clock cycles)

Similar to the MultiMediaCard protecol. the SPI messages consist of command, response and data-block
tokens, All communication between host and card 13 contrulled by the host (master). The host starts avery Fuis
Lansacton by asserting the CS signal [ow.

The response behavior in the SPI mode differs om the MultiMediaCard mode 1n the follosring thres aspects;

+ The selected card always responds to the command

«  Additronal (8, 16 & 40 brt) response STMICLLTES arc used

. When the card encounters a data remeval problem, it will respond with an error response {which replaces
the expected data block) rather than by a tme-oul, as in the M witMedialCard mode.

Only single and multple block read/write operatians are supported m SPLmode (sequential mode is not sup

ported). [n addition to the command Tesponse, every data block sent to the card durmg write operations will be

responded to with a special data respunse token. A data block may be as big as one card write block and as

small as a single byte. Parnal block read/wrile operations are enabled by card opuions specified m the CSD

reasier

6.6 SPI Mode Transaction Packets

QP mods transaction packets can be described by one af the followimg tokens:

= Response tokens: signals acknowledemg the commands sent
« Data tokens: representing data Lransmission

. Dsta error tokens identifying data read fmlure

- Clenring Status bits: a 5P mode status relwrned to the host

« Command tokens various formats and classes thal support a sct of card functions

6.7  Card Registers

i $P1 mude, only the OCR, CSD and CID registers are accessible. Therr format 15 identical to the format i
the MultiMediaCard mode. However, a few [elds are irrelevant in SFI mode
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1Pl Maode MultiMediaCard System

.8  SPI Bus Timing Diagrams

he host must keep the clock runming for at least Neg clack eyeles afler recervmy Lthe card response This
sstcton applies to both command and data response tokens. Timmge diagrams for SPT hus mode use a well-
secified set of schematics and abbreviations.

0 SPI Flectrical Interface

lentical to MultiMediaCard mode with the exception af the programmable card output drivers option. which
nol supported in 5P mode.

L0 SPI Bus Operating Cenditions
he bus operatmg conditions are 1dentical to MuluMediaCard mode.

w11 Bus Timing

dentical 1o MultiMediaCard mode The timmg of the €S signal s the same as any other card Impur
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MultiMediaCard System

o obtain a livense under or to any Third Party IP Rights, you must contact the applicable third party
nd enter into a separale agreement with that party covering its Third Party P Rights. All such
ctivity, and all terms, conditions, warranties or representations associated with such activity, is
JMely between you and the applicable third party. M MCA SHALL HAVE NO OBLIGATION OR
FSPONSIBILITY TO ASSIST YOU IN NEGOTLATTNG, EXECUTING, ADMINISTERING OR
NFORCING ANY SUCH AGREEMENTS. AND MMCA SHALL HAVE NO LIABILITY
RISING OUT OF ANY SUCH AGREEMENTS OR YOUR FAILURE TO OBTAIN ANY
ECESSARY LICENSES FOR ANY THIRD PARTY [P RIGHTS.

Q1 OF THE SPECIFICATIONS IS SURBJECT TO, AND GOVERNED BY, THE TERMS OF
IMCA'S LICENSE AGREEMENT,

HE SPECIFICATIONS ARE PROVIDED ON AN *AS [$" BASIS AND WITHOUT
/ARRANTY OF ANY 'T'YPE OR KIND. MMCA HAS NOT CONDUCTED AN INDEPENDENT
JIELLECTUAL PROPERTY RIGHTS REVIEW WITH RESPECT TO THE SPECIFICATTONS
ND MAKLES NO REPRESENTATIONS OR WARRANTIES REGARDING ANY THIRD
ARTY INTELLECTUAL PROPERTY RIGHTS, INCLUDING, WITHOUT LIMITALTON, ANY
\TENT RIGHTS, COPYRIGHT RIGHTS OR TRADE SECRET RIGHTS. MMCA HEREBY
[SCLAIMS AND EXCLUDES ALL WARRANTIES. WHETHER STATUTORY, EXPRESS OR
APLIED, INCLUDING WITHOUT LIMITATION THE IMPLIED WARRANTIES OF
ERCHANTARBILITY, FITNESS FOR A PARTICULAR DPURPOSE AND NOMN-
FRINGEMENT OF THIRD PARTY RIGHTS. IN NO EVENT SHAILL MMCA BE LIABLE
R ANY SPECIAL, INCIDENTAL, CONSEQUENTIAL, STATUTORY OR INDIRECT
\MAGES OF ANY TYPE OR KIND (INCLUDING. BUT NOT LIMITED TO, ANY LOSS OF
OFITS. REVENUE, SAVINGS, USE, OR OTHER BCONOMIC ADVANTAGE) ARISING
IT OF OR IN ANY WAY IN CONNECTION WITH THESE SPECIFICATIONS,
GARDLESS OF WHETHER THE CLAIM FOR DAMAGES IS BASED N CONTRACT,
RT (INCLUDING NEGLIGENCE), STRICT LIABILITY, OR ANY OTHER LEGAL OR
JITABLE THEQRY, EVEN IF MMCA HAS BEFN ADVISED IN ADVANCE (OF THE
'QIBILITY OF SUCH DAMAGES,

gright € 2005 MultiMediaCard Association, PO Box 303, Sunol, CA 94586-303 USA.
ights reserved.
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HB28E016MM2/HB28D032MM?2
HB28D064MM2/HB28B128MM2

MultiMediaCard™
16 MByte/32 MByte/64 MByte/128 MByte

HITACHi

ADE-203-1294C {Z)
Rev. 3.0
Apr.zﬁ,iﬂﬂz

[

Description

These Hitachi multiMediaCard™s, HB28EO016MM2, HB28D032MNM2, HBZ8D0a4MM2  and
HEIRE 128MM2, arc highly integrataxd (lash memuries with seril and random access cipubility, Tt is
arcossible via a dedicated scral interface optimized for [ust and relimble data imnanission. This inlerface
Allows several canls Lo be stacked by through connecling thieir peripheral contacts. These Hitachi
MultiMedia Cands are fully pompatible Lo a oW CORSUNET srandard, callod the hultibedia Card system
standard defined in the MudihediaCard system specification |1]. The MuliMediaCard system 18 4 ncw
i ss-storage system based on innovations in semiconductor technology. Tt has beendevelo ped Lo provide an
inexpensivi, mechanicaily robust s1omEgEs medium in cand form for jmultimeadia consumir applications.
MultiMadiaCard allows the design of inexpensive players and drives withou!l moving parts, A line power
comsumption and a wide supply vallage range favors mobile, battery-powared applications such as ateliv
plavers, organizers, palitops, electronic hooks, encyclopedia and dictionarics. Using very effective datu
mpression schermes such as MPEG, the MuliMediaCand will deliver cnqugh capacity for all kinds of
multimedia data: softwara/prograins, exl, music, speech, images, video efc.

Nate:  MultiMediaCard*™ 1sa trademark of Infimcon Tachnologies AG,
Features

e 16 MByt32 MByle'td MByLed1 28 MByte mumary capacily
s (n card error curtection

I-ﬁtachr.‘f,

comiconductor =




HB2SE016/D032/D064/B128MM2

o MultiMediaCard system siandard compatihility
— Sysiem specification version 3.1 compliant
— SP1 mode supports the single and multiple hiock read and write operations.
— Block and partial block read supported (Command classes 2)
— Sircamn read supported (Command class 13
_ Hiock write and erse supported {Cominand elasses 4 and 3)
— Group write protection { Command classes )
— Stream write supporied {Command classes &h)
— Password data access profection
_ Small erase block size of 512 bytes, tagged crase supported
__ Read block size programmable between | and 2045 bytes
— %, =27V 1el6V eperation vollage range (V.. =2.0 VwisV forthe imerface)
— No cxtemal programming volage required
— Pamage free pawered card insertion and romioval (o operation)
— 4k¥ ESD protection {Contact Pads)
s High speed serial inlerface with random access
— Readspeed:  sostained 137 Mbit's {mult-block read} {for HB2EEOIH/D032D064/B128MMI}
burst {one block): 20 Mbit's
— Write specd;  sustained: 6.4 Mbit's {multi-block write} (for HB23 EG1&/DO32IMM2)
12,8 Mbit's (multi-block write) (Tor HB25D064/B12EMMI)
hurst {one Block): 20 Mbivs
— Uip o 10 stacked card {at 20 MHz, Voo =27 tn 3.6V
__ Access time: 300 ps (typ) (at 20 MHz, Ve = 2.7 10 3.6V)
s Low power dissipation
— Highspead: 216 mW {max}(at 20 MHz, Vi =30 Y HE2RENI6/DO3ZNM2
— High speed: 238 mW fmax) (at 20 MHz, ¥, =3.6 Vi HHE2RD064H 1 28MM2
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Block Diagram
] i |
4 ¥ ¥ v |
Ver |[CS CMDID! CLKISCLK DAT/DO |
| Ganerator In[ﬂifﬂi.‘rﬂ drih'mE | |
[ internal clock —n",:T—* —| '
| [ 1 ZE | |
| — [ocepig]] —tl g |
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| T O i W e ) = = =

All units inthese Hitachi MultiMediaCards are clocked by an internal clock gmerter, The Interface driver
unit synchronizes the DAT und CMD signals from external CLK o the internal used clock signal. The card 1
controlled by the three ling MuliMediaCard interface contaming the signals: CMD, CLK, DAT (refer to
Chapler “Tnterfaces”). Far the identi fcation of the sultiMediaCard ina stack of MultiMedaaCands, a card
identification register (CIN) and 4 relutive card address register (RCA) is forespen.  An additional Tegister
contains differcnt Lypes of operation parameters. This regiser is called card spegifie daty regsler (Cs0,
The communication using e MuliMediaCard lings 1o acoess either the memory fiekd or the repigers I8
defined by the MuliMediaCard standand {refer to Chapter “Communication”). The cand has its own power
on detection unit, Mo additional master restl signal s required to sctup the card afier power on. [t isprotected
against short circuit during inserrion and removal while the MuliiMediaCard sysiem is powered up {refer to
Chapier “Power Supply”). Mo extornal prOgranming voltage supply 1+ roquired. The programming yoltage
is generated on card,

These Hitachi MultiMediaCards supporta second inlerface operation mode the P interface mode, TheSPI
mode is activatad if the CS signal is auserted (negative) during the recepon of the reset command (CHVIDO)
{refer w Chapler g P Communication™),

HITACHI
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Interface
‘These Hitachi MultiM ediaCards’ interface can aperale in twao different modes:

e MuliiMedinCard mode
e AP mode

Both modes arc using the same pins. The default mode 15 the MuliMediaCurd mode. The SPL mode is
wleoted by activating (=0 the C8 signal (PinT} atid sending the CMIM0.

MultinlediaCard Mode
In the MultiMediaCard mode, all data is teanslottod over & minimal number of 1ines:

s CLK: witheach cyele of this signal a one-bit transfer on the command and data lines is done. The
{requency may vary between zero and the maximum clock frequency, The MulliMediaCard busmasteris
free to pencrate these cyclos without restriciions in the range of 0 10 200 MHZ

e CMD: isa bidirectional commeand channel used for card initialization and data (ransfer commands, The
(MDY signal has two eperation modes: open drain for initialization mode and push pull for [ast command
\ransfer, Communds arc sent irom the MultiMediaCard busmaster tothe MultiMediaCurd and respanses
vioe VErsL

e DAT- isa bidirectional data channel with 2 width of one line, The DAT signal of the MultuMediatard
operales in push pull mode.

= RSV: is pulled up with resistor {2 Mis typ) iz the MultibMediaCard. The external pult-up resistor should
be recomimended if the systerm roguiTes.

| |
—

5 Rop RpaT Remp
I S CMD
@ | | ! DAT
& [ Gk |
: |

M 1234567

‘ MultiMediaCard Host

MultiediaCard

MultiMediaCard Mode Interface

All MuliMediaCards are connected directly 1o the lines of the MultMediaCard bus. The lullowing table
defmes the cand contacls.
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VinltiMediaCard Mode Pad Definition

Pin No. Name Typa"' Description
1 RSV NC Mo conneclion
2 CMO |WPPIOD Command/Response
3 M 1 Ground
4 Voo 5 Power supply
5 CLK i Clock
b Vom 5 Ground
T DAT WO/PP Data
Note: 1. S power supply; i input O output; PP: push-pull; OD: open-drain; NC: No connection or V.
F—=
DAT =
| t enatle "
Vi ks
o .— ca- rD - E
=
0
(%]
CLK
L £
L= o
'|ull =
o = =]
- 3
: 3
= =
ool =
I =4 il
— RSV . enahle =3
bl 1 D
o
L_ = - -
SV
L Interface driver J 1

MultiMediaCard Mode VO-drivers
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SPI Mode

Tha Serial Periphicral Interface (S¥1) s a generd kpurpuse synchronous serial interface onginally tound on
cerain Motorola microcontrollers. The MultiMediaCard SPT interface is compatible with SPT hosts available
an the market, As any uther SPI device the MuliMediaCard SPI interface consists of the following four
gipgnals:

€S- Host o card Chip Select signal
CLK; Huostio card clock sighal
Data in; Host 1o card data sigmal,
Data oui: Card to host data sipnal.

The MultiMadiat ard card identification and addressing imethods are replaced by a hardware Chip Select (S}
signal. There are no hroadcast commands. Forevery command, a card {slave) isselected by asserting (aelive
Jaw) the CS signal (refer Lo Figure "SPT Bus Sygem®). The CS signal must be continuously active for the
duratiun of the SPi lransction (command, @sponse and dara). The only exception occurs dunng canld
programming, when the host can de-mssort the C8 signal without affecting the programming process. The
bidirectional CMD and DAT lines are replaced by unidirectional data in and data out signals. This
aliminares the ability of executing commands while data is being read or writen and, thercfore, makes the
sequential and mufn block read‘wrilc operativns obsolete.  The single and muliple block real/wrie
commands arc suppotted by the SPLchanncl. The $pP| inLaface uses the same seven signals of the standard
MulliMediaCard bus {refer to Table “SP1 Imterface ™n Conliguration”),

Cs

SP| bus (CLK, Datain, Dataout) 1 |

SPI card | LEFI card |

T So—

SP1 Bus Svstem
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%P Tnterface Pin Configuration

MuitiMediaCard SPI
Pin Na. Name Type*' Dascrption Name Description
1 RS NC Reserved for fulure use C5 Chip select (neq true)
ol CMD orpioD  Command/Response DI ata in
3 V., S Ground Vi Ground n
:1 L S. . Power supply . r - Powar supply
5  GK ! Clock SCLK Clook
5 Ve S Ground V;; Ground
7 DAT  I[O/PP Data DO Data out

MNote:

1. S power supply; |

~input; O output; PP: push-pull; OD: open-draln; NG, Mo connection or Vy,

HITACHI
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§P1 Communication

T'he SP1mode consists of i secondary communication protocol. This mode is a subset of the MultihfadiaCard
protocol, designed 10 communicate with 3 SPI channel, commonly found in Motomola's (and lately a few
other vendors’) microcontrollers.  The interfaccis selected during the first resct command aller power up
(CMDO0} and cannot be changed once the purt is powered on. The 8P1 stundard denesthe physical link onty,
and net ihe complete data transter protocol The MuliMediaCard SPI implementation uses  subset of the
MuliMediaCard protocol and command sef. It s intended 1o he used by systems which require a small
qumber of cand (typically onc) and have lower data wransder rates (comparsd to MultiMediaCard protocol
hased systems). From the application point of view, the advantage of the SPT mode is the capability ofusing
an off-tho-shelf host, hence reducing the design-in offort to minimum.  The disadvanage is the loss of
performance of the SPI system versus MultiMediaCard (lewer duta transfor rate, fewer cards, hardware C3
per card efc.}. While the MultiMediaCard channel is based on command and dala bitsireams which are
initiated by a start bit and terminated by a siop bit, the SPI chunnel is byte oricnted. Every command or data
block is huill of B-bit byles and is byte aligned Lo the €5 signal (i.e.the lengthisa multiple of 8 cluck cycles).
Similar to the MuliMediaCard protocal, the SP1 messages consist of commend, responsc and data-block
tokens (refer to Chaprer “Commands™ and Chapter “Regponses” for a defaled desc rptioy. Al
commumication between host and canls is controlled by the host {master). 'The host stars every bus
transction by asserting the C'S signal low, The response hehavior in the SPI mode differs from the
MultiMediaCard mode in the following threc aspects:

e The selected card atways responds o the comuand.

o An additional (& bif) response structure is used

e When the card encounters a data retricval problem, it will respond with an error response( whichreplaces
the expected data block) ruther than by a time-out as in the MultiMediaCard mode.

Single block and multiple read and write aperations are supported in SP1 mode. In addition tothe command
rasponse, every data block sent to the card during write operations will be responded with a special data
responsetoken, A data block may be as big as one card sectorand as mall as o single byte. Partial block
read/write operations ure enabled by card options specified in the CSD regisier.

Mode Selection

‘The MuliMediaCard wakes up in the MuliMediaCard mode Tt will cnter SP1 mode i the reset eominand
(CMD0) is received during the C8 signal is asserted (negativel, Selocting $P1 mode is notrestricted Lo ldle
state (the state the card enicrs after power up) anly. Everytime the card receves CMDO, including while in
Tnactive state, CS signal ls sampled.

I (ke card recopnizes that the MuliMediaCard mode is required it will ant respond o the comumand and
reinain in the MultiMediaCard mode. I SPLmode is required the card wil] switch to 3P and respond with the
8Pl mode R | responsd,

The only way lo return 1o the MuliMediaCard mode is by entsting the power cycle. 1 SP1 mule the
ultiMediaCard protocel state machme is nol obsarvil. All the MultiMediaCard commands supported in
$P1 muode are always available,
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Bus Transfer Protection

Every MultiMediaCard token tmnsferred on the bus is protectal by CRC bita  Tn Pl mode, the
MultiMediaCard offirs a nan-protected mode which enables systems built with reliable data links toexciude
the hardware or frmware required for implementing the CRC generation and verificagon functions, Inthe
non-proected mode the CRC bits uf the command, responsc and data tokens are still requiced in the tokens,
However, they are defined as “den’t care™ for the transmitter and ignared by the receiver. The 8P interface
s inifialized in the non protected mode, However, the RESET command (CMD0), which is usad to swilch
the card to SPT mode, is received by the card while i MultiMediaCard mode and, therefore, must have a valid

CRC held.

‘Fhe host can rurn this option on and off using the CRC_ON_OFF conunnd (CMTIES),

Mata Read Overview

The SPI mode supports single and multiple block mead operations (CMDILT and CMDIR in the
MultiMediaCard protoeul). The main diffarence batween SPTand MultiMediaCard mudes 15 that the data and
the response are both tanamitted 1o the host on the DataOut signal {refer ta Figure 43 and Figure 45).
Thetefare the card responsetn the STOP COMMAND may cut-short and replace the last data block (refer Lo

Figure “Read Operation™).

T - data from cacd Plesst
host —— ard i —  fohest command ]
o card l 1o s

L
| Datain ---—--| command |----—-r- {——-‘ command |- ‘
¥
| Dataout----~---r------------{ respurnspj---idata Ijlﬂd(IEI-i.' |- |

Single Block Read Operalion

| from ; from dala frem card Sl
| U S — el somard T
lo card to-nost l

|

| Datain --{ command [------s =zomemmm=os [ —L |
Lo L |
| Data Ot~ <<= = --- === | response} | data block |CRO| -[data block [GRC] { data B. resporise] |

Multiple Block Read Operation

The hasic unit of data transfer is a block whose max i size is defined in the CSD (READ BL | EM) 0T
READ BL PARTIAL is scl, smaller blocks whose starting and ending addresses are entirely contamed
within one physical block (us defined by READ BL_LEN) may also be transmitted. A 16-hit CRC 8
appanded to the end of euch block ensuring data transfer integrity {also refer to chapter “Cyclic Redundancy
Check (CRCYT.  CMD17 (READ SINGLE BLOCK) initiates 4 single block road,  CMDI

HITACHI

56




HB28E016/D032/D064/B128MM2

|_ from feam dala from dala naw cormmard
bkt —7 " card nast T remsiEE AN fromm hast _—l
o card l 11 sl ta card ey Eram
¥ L ey -

Data in -- 1 co_rnmand i data block [
| ! |
L Data uut{ rEspOnsa IL------------v-----{data‘respanae,busy

Single Binck Write Operation

After 4 data block has beet received, the card will raspond with a data-response Loken. 10 the data block has
heen received without crroms, it will be programmed  As long as the card is bugy programming, a continuous
stream of busy takens will be sent fo the host {eMettively holding the DataQut Lina low),

{n Multiple Block wrile cperation the siop transmission will be done by sending *Stop Tran” loken instead of
‘Gtart Block’ tokan at the beginning of the next black.

| dita

frm fraff — Sarl (hta fram responss and i Bl

hast | |_"'d"":I Bk —— pget — wusyimomo—— hpst Tan—
| \ L e | in cand Tokan

l Taoken | tocord ald

b el
! Y ¥ ¥
| e ~foomrana]-| st l[ﬁ"@ﬂ
'

| Data out - - = --= ===~ [E50ON ""“""“I;éjgéﬁsﬂ b“-'lsﬁ'"""_“"“'.rg_gd?éansgllhuﬁ “"ltl-"i!i'}"

Multiple Block Write Operation

Twa types of multiple block write iransactions, identical to the multiple block rexd, are defined {the hostcan
use eithiar one at any time):

»  Open-coded Mulliple block wrile
The aumber of blocks for the write multiple block operation is not defined. The card will
continuonsly accept and program data blacks antil 4 ‘Stop Tran” token is received,

s Multiple block write with pre-defined block cuunt

The card will accept the requested number of data blocks and terminare thi: \ransaction, ‘Stap Tran’
token is not required at the end of this type of multiple block write, unlessterminated with an error. 1o
order Lo gtart @ multiple hlock write with pre-defined block counl, the hogr must use e

SET RLOCK_COUNT command (CMD23) imunediately preceding the
"'}-'i-’R_l']"’E__MI:_I'LTIPT.E_BI.DCK (CMII25) command. Otherwise the card will starl an open-ended
multiple block write which can be stopped using the "Swp Frun’ tokor.

[he hiost van abort writing at any time, within a multiple block vperation, regardloss ol the ils ype.

Transaction abort is done by sending the "Siop Vran’ token, If & multiple block write with predefined bloeck
count is abartad, the data in the remaiming blocks is not defined.
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f the curd detects a CRC error ord programming eror e.g. write protect violation, oul of range, address
mislignment, internal erer, cte.) during a multiple block write operation (bath types) it will report the
failure in the data-respanse token and ignore any further incoming data blocks. The host st than abortthe
operation by sehding the *Stop Tran’ token.

I the host uses partial blocks whose secumulated length is not block aligned and block misalignment £ not
allowed {CSD paramator WRITE BLK MISALIGN is not set}, the card shall detect the hlock misalignment
arror before the beginming af the first misalipned block amd respond with an crror indication in e
data response token and 1gnore iy further incoiming data blocks, The host must than abort the operation by
sending the *Stop Tran® foken.

(3nce the programming operaLion is completed, the host Must check the results ol the programming teintg the
SEND STATUS command {CMD13). Some crrors (e 4. address out of range, write protect violation ofc.)
are detected duning programming only. The only validation check performed on the data block and
communicated to the host via the data-respurse wken is the CRC,

i the host seads @ ‘Stop Tran” loken afier (e card recaived the last block of & multiple block operationwith
pre<tefined number of blocks, it will be respondid 10 45 the beginning of an illegal commund and responded
aecondingly.

While the card is busy, resetting the €3 signal will not terminate the programming process, The card will
release the DataOut line (i-sate) and continue with programming. If the card is resclectad before the
programning is finished, the DataCut line will he forced back to low and all commands will be rejectid.

Reselting a cand (using MDY will termimae any pauding or active programming gperation.  This may
destray the data formats on the card. It is in the responsibility of the hest to prevent il
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Error Conditions

Unlike the MultiMediaCant protocol, inthe SPT mode the crd will slways respond to 8 command.  The
responsc indicales acceptance ar rejection af the command, A comnand may berejectod il it is notsuppaorted
(illcgal opeode), if the CRC check failed, if it contained an illcgal operand, orif it was outof sequence during
AN EFAsC SCQUEnCL

Memory Array Partitioning

Same as or MultivediaCard mode.

Card Fock/Unlock

Lisage of card Jock and unlock commands in $PI made is identical ro MuliiMediaCard mede. Inboth casesthe
command response is of type R1b. After the busy signal clears, the host should obtain the resul of the
aperation by tssung a GET STATUS command.  Please relorto Chapter *Card lock/untock operation” fiar
detnils.

Commands

Al the MultiMediaCard commands are 6 bytes lang, The command trnsmission always starts with the left
bit of the bitgring corresponding to the command codeword, All commands are protected by a CRCT, The
commands und arguments are listed in Table

Bit posifion [471] [46] [45:40] {39:8] 7:1] [0

Width (oits) 1 1 B 32 7 1

Value o T :: x x q
Escn’rpﬁnn siart bit transmission bit command index argumert  CRCY end bit

The folluwing table provides o detaled description ol the SPI hus commands, The responses are delined in
Chapter “Responses”,  The Tablke “Commands and Arguments” lisrs all MuliMediaCard contands. A
“ves™ inthe SP1 mode colon indicates that the command is supported in SPl maode. With these reswricions,
the command class description in the CSD isstill valid. i a command does notrequire an argument, the value
of this fick should be wet tozero. The reserved conunands arc reserved in MuliMedCard mode as well
The binary code of & command 13 defined by the mmemonic symbol. As an example, the contenl of the
comumand index field is (binary) *000000" for CMDI and 10011 1" for CMD3%,
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SP1 Bus Timing

all timing diagrams use the following sehematics and abbreviations:

H: Signalis high {logical *1%

[ Signal is low (logical “07)

¥: Dan’i care

Z: Highimpedance state (= = 1}
¥ Repealer

Busy: Busy Token

Command: Command token
Responss: Rosponse token

Drata block: Data token

All timing values are defined in Tabk “Timing Values™ The host must koep the clock running for at least

Neg clock cyeles after reeiving the card response.  This meswiction appli

response wkens.

Command/Response

» Host Command to Card Response - Card is ready

cs to both command and data

-

| es WA L||L1L|. Fis=ere sy veeLid NEEE H]'H||H_"
o Nes ) M | .
| atin [x[x[H[H]H]H| @ bites commang Hn[afnlH]  eereee W H[H] ] x|

| i Nm—l‘

Detaout Tzlzlz[a]H]A]H] reve- [ [ HH[H] 1 0r 2 bytes response

AR

« Host Command to Card Response - Card is busy

| cs [mLfui] iy e fefinw el HW
| . Moz ] — Mec —wiq Mos @ o Mec
| Datain [ x| H]H| H]H & bytes command | H|H|H|H RO DREE x| x [ uln [rlul] vl x] x|

t— Ml.’".R—r

|Iiilﬂlw.:utIZ1Z!=|-1|H|IH1H|I AR H|HIH|H mfﬂrespar‘.sel Lussy ]LIE[Z1ZLE¥I|H]_H1.HtHB
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¢ Card Response 1o Host Comimand

| o |L||'-lL!.LEL| ...... ceaerresnas \ e
| .
patain [W[H[H[n[H[H] =comeee o Jufufu]s B Bytas command |H|H|H|H|Kix[x|‘
: la— Mzr —# |
| Dataout [RIH]HIHTH] Tor2bytes esponsa |H|H[w|n]  *vee=eeveee [W]nininln]z]z]
»  Single Block Read
cs [nfujL]il praatdtenisrasesdn LT L[ L[H]n]H]
g Pl —po - — bt |
Datsin [ x| H|H|H| Read commend [H[H[H[H[H] ~ <--erecees [n]u]n]xx]x)
— MR — — Mag —=
| Detaout Zlz[nfululn] ~ve=+==|s]u]n{H| card response [H[r|H|H| Data slock lHln|zlz]
s Multiple Block Read — Stop Transmission iy sent between blocks
" es [W[ilL] vreeensveraseaes AONNE
N
Datan [x[H -+ H|Reas CmdjH[ 1k Hl  eeeeees [Hrfstop e ][] Kk [H|H]
, —Mom ™ q—N'.gU;—l!l Pl #—No# |
| Datoou [2]z]n]n]n]: -+ [He+H |CardResg H * Hipata block|H *~ H la biockJH| H+ + H Card%ﬂ
«  Multiple Block Read — $top Transmission is sent within a bluck
es [nfL]L] ravraaae U]
—Nes .
| oatan [x[H =~ HlResd | ] W] =saeeeeee Tr[i[n ] Stap Gmd]H [l ] H HiulH R
' p—MN o —w Mo t— Neg — M
petacut [2[Z[H[H]H[++-~ |H=+H [CardRes H =* |Data bioce] H™ * H [Data x| xJA[ -~ |H[Card Resp]
a  Roading The CSTY Register
) S S LAl : ANNEEDD
— Moy —» 1—”1-_::—-r |
patain [ x| H[R[ W[ mead commano [ Hin n[H] .o W ]nlH < [xx]x] |
: — Mo —» — Mox —»
| Dataout ZTz]n a]H[R] ** =~ |H[H[A[R|care rmeponse H| H|H] H data tiock ln[n[n]n]z]zlz] |
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& Single Bluck Write

ANANENEEAREENENA]

| LS |H
| M- Mes = Muam i o e Mo 4

Oetair ||_x WVFIDS. Cosrarsand H ™ H| Daiabiosk ]H|H| |H1H " HiX ™R H:iH|H|HI1
I T ]
Latanlt. | e HHHHH!HH Busy L‘ZZZELIS)‘ |-lJ

= Multiple Bluck Wriie

s L

[ ]

L.|LEL Lfefed

I

My

' Datain [ 1] Data Biook |1 |H[H]HiH [H]H Data Biock |H [A[H[H[H[H[H [H * * H Jston TrarH W[k HE‘
MR .
o | | '
st [T T ol pmares N e e
Timing Values
Symbol Min Max Unit
Mee o - 8 chock cycles
M 1 8 B clock cycles
Ne. 0 8 B clock cycles
M. 1 — 8 clock cycles
M. 1 spec. i the CSO™ 8 clock cycles
Mo 1 g clock cydles
M. o - & clock cycles
o 0 - & chock cycles
N 1 1 B clock cycles
Note: 1. Refar to Chapter “Time-out Condition”.
HITACHI
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Interfacing MultiMediaCard™ with ADSP-2126x SHARC® Processors

Contribeed e Aveem Vorwdey Peadhngaoniar and Jagadecsst Bapala Fee'd March 11, 2005

lntroduction

"his  application note  descrtbes . how  to
nplement the interface between an ADNSP-
126x SHARC®E  processor and a
-{ultiMediaCard™ (MMC). The application note
fso describes the MMC command format and
 |zmonstrates with example code how an MMC
ard can be interfaced seamlesshy with the
HARC processor’s 8Pl pert. Example code
upphed with this application note implements
ie most commonly used commands of

AultihediaCard.

\bout MultiMediaCard

he MMC way intfoduced in 1998 and had =m
mazing reduction in cublc capacty compared
rith Compactblash™, MMC cards are now
adely unsed in digital cameras, smart cell
hones, PDAs. and portable MP3 players. Their
itended use is 1o store information and content,

he MMC consists of a 7-pin interface and
ipports Iwo serial data transfer protocols viz,
e MMC  (MultiMediaCard) mode and SP1
serial  Peripheral  Interface)  mode:  The
laximum operating clock frequency used for
stial communication in both modes can go up to
3 MHz. The data written i any of these modes
i be read by host in ather mode. The
{vaniage of MMC supportmg SP1 made is that
IMC can be interfaced seamlessly to many
antrollers or DSP processore, which have on-
hip support for SPIL Most MMCs have a
ammumcation volitage from 2.0 w 36V, a

memory access voltage of 2.7 0 36V, and a
capacity from 4 MB to the gigabyte range.

About the ADSP-2126x SPI Port

The ADSP-2126x processor 1s equipped with a
synchronous serial peripheral interface port that
is compatible with the industry-standard Serial
Peripheral Interface (SPI). The SP1 port supports
communication with a vancty of peripheral
devices mcluding codecs, data  converters,
sample rate comverters, 5/PNIF or ALSTRI
digital audio fransmmiters and recervers, LUDs,
shifi registers. micro-controllers, and FPGA
devices with SPl emulation capatilities.

Tmportant feamres of ADSP-2126x 5Pl pont
mclude:

»  Simple four-wire mterface, consisting of two
data pins, a device select pan, and a clock pin

= Full duplex operation, allowmng simultaneaius
data mransmission and reception on the same
SPT port

. Pata formals to accommodate little and big
endian  data.  different word  lengths, and
packm modes

= Master and slave modes as well as
mmltimaster mode in which the ADSP-2126x
processor can be conneeted to up to four other
SR devices

*  (Open drain outputs to aveid data coniention
and to support multimaster scenarios

ipynght M005 Analsg Devicas, Inc &l riphls reserved Analog Devices 888UMEs N0 responsibiity Tr customer groduct design o the uss of application of
slomers’ stoduete or hor &ny infingements of patents of rgnte of atnars which may st fom Analog Devices asestancs Al iradermarks End 0008 are prepaiy
the reagective poiders  Informaticn fumished by Analog Devices apploadiors and deveinprment tools engitaars is balmuwed o be accurate and refiahia; 1owauver
resporsinity 15 #esUmed by Alog Devess regarding fechnical accurasy and lopicality of the conternt provided in Analeg Devices” Enginee-to-Engraer Habes




®  Programmable bit rates, clock polantics, and
phases

» DMA capability, allowing transfer of data
without core overhead

= Master or slave booting from a master SPI
device

The MultiMediaCard Interface

In SP1 mode, four signals (clock, data in, data out
ind chip select) are nsed for the interface. The
:lack is used to dnve data out on the data out pin
nd receive data on the data m pm, The host
Irives commands and data to the MM over the
AMC s data in pin. The host receives rasponse
nd data from the MMC on its data out pin, |The
hip sclect signal is used to enable the MMC
mrng data and command transfer, The chip
clect signal 15 also used muinally o drive the
AMC in SPI'maode. Noie that in SP1 mode, data
¢ transterred i units ot eight clock eycles.

Pin MNatie Type Function
I 5 loput Chip seleei

factive [ow)
1_ Din o I_'I:m- il
3 VSsI Power | GND |'
3 Vo Power Voo J
5 CLE briput Clock inpul |
L V552 Power NI
7 Crout Ouetput Dran oulpul

ahle 1. MultiMediaCarnd Fin Assignment

J-"-\‘
-

(1L ]]]
23 T

g

igure 1. MultiMediaCard Pin Assignments

u ANALOG

The MMC pin assignments in 5P1 mode are
shown in Table | and Fipure |. Figure 2 shows
the MMC interface with the ADSP-2126x SPI

paort.

W

PRINL gDl

F—0

Din
Dot
CLKE

i
—

Figure 2. MulfilediaCard interface with SPY Fort

The MultiMediaCard Protocaol

The SHARC processor's SPI 1ssues commands to
the MMC over the data in {pi«} pin of the MM,
The data in pin of the MMUC 15 connected to wostT
of the SPI, The data is also written to the MMC
aver the data in signal of the MMC. Baged on the
received command, the MMC zends response or
data on the data out (reus) pin. The data out pin
of the MMC 15 connected to m1s0 of the SHARC
processor's SP1 port. The processor's SPI port
uses one of the Programmable Flag pins (cLasx)
to drive car of the MM, The communication Is
initiated by different commands sent from the
SHARC processor to the MMC, All commands
are six hyvies long and arc (ransmitted MSB first.
Refer to Figure 3 for genenc transfer protocol
between the MMCO and the STTARC processors
SPI port.

R

OF ity Gomneand fem-mmmm e ——
< Fleails

Do e i-’.;"u Fespuohse |-+:_3|-".| [rata bibos hl

Figure 3. MultiMediaCard Transfer Profocol
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Commands and Responses

Table 2 lists  the MuluMediaCard's most
comimenly used commands in SP mode. The
commrnand [ormal 15 shown in Figure 6.

Hach MMC command consisis of 48bis (6
wtes) compryimg a starl bt {always o). a transter
wt {always 1), a 6-bit command field, a 4-byte
32-hit) argument field, a 7-bit CRC ficld. and an
:nd bit (always 1), The aroument field contains
he necessary infirmation (card relative address.
vad address, write address, ete.) tor 1ssuing that
ommand, For every receryed command (except
he sexr srarvs command), the MMC responds
vith a token value,

he ri response token is I-byte long and its
ISB is always ¢. The other bits in the response
ndicate error condiions. The structure of an =1
csponse 15 shown i Figure 4 The r1 format
wle description is given in Tablle 3.

ANALOG

DEVICES
BIT B AERERERRRE
L J_:I T i é “ i-.':"
pee| o f 2l alE|l# |3 ]% |32
EHEIEI I R s
= B = ¥ Frid I i
IE i | e | 2

Figure 4. The MultiMedraCard R Response Format

Response format #2118 2 byles long. The response
wwken is sent by the card as a response to the
sene araci: command. The formar of the =
status is shown m Figure 5,

[ wfo[=w]n w1 [a]JT]e][e][a]z][c][r]w
I 5 z

a = =z [ - X -

B - R - B I !

< |4 5|5 F|lE1Riz|2|5]|5 .
FELL | 3 5 1 L E = ;‘: = 2 E

RlE = =% L i

y 7|2 |&: 2 = I -0 B i

2 i H 3 :

Figure 5 The MulfiMediaCard R2 Response Format

The =z format descnption is given in Table 4.

\TMD | ARGUMENT |RESPONSE| ABBREVIATION COMMAND DESCRIPTION
[ — —
CRIDG | Mens Ri G0 I0OLE STATE Rt e hAoitifdedim 2 ard
DT | Hens Rt SEMD OGP ZOND fctvalas the carg Intiafizaton procsss
CEIDTT | Mons =2 SEND_STATUS Asks tha selectad card tosend fis status ieqister
i [ i — Sakole a block ength o bytas B all follesaang block
CRIDH [ [31 0]kl k (mnath =21 SET _BLOCHKLEM T troad ad v
s | st . ! ooy | REarls @ blnck of siza selected by s
CRIDET | [31:0)daks addiess =21 REAL_BIMGLE BLEHK SET BLOGKLEM commadrd
. 5 & : o Yntes a block of the sizo selected oy the
CRA R | D O]t acddiess R1 Tas SECTOR START | Sats the orldizss of the first secion of the st goolp
Sats the addrass of the tast sactor i a conlie uoss
SEDAE | 300 data address R TS SECTOR EHD e within the sekcted arase goug. w the aliliess
tof wsinple sactor o be sslectod for crase
1 . - T Samnves uns praviously selsctad seoio from the
DTG |31 Cldata address =3 LHT4S SECTOR EIL::%'E;L:%E::‘”#'“"‘J“ ! et
CPDEER |30 dant cars BRIk ERARE Erasas all previnusly selactad sectms
v amae | 31T Carw S, R Tuns the CRE nption anar off & 1 @ the CRO
by [EO]CRE wptian R b L et Bt el tuen the ogtion oo A DT Sl o it off
ahie 2 Most Commonly Used MultiMediaCard Commands
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figure 6. The MultiMediaGard Command Format

| BIT ’ HAME | DESCRIPTION

T I Fisgd 1o L

5 Parameter Errar | The commiand s arguiment i@ 4 address, block kagth was wul of the allwee] jange for iz cand
| & Acldress Enoi A nesaboned address, which did oot mateh the o b langth wias ised n e r_'nmmrl'n-:l

4 Erase San Ermor Ag erie in tre sequenss of elase commaris nccorEd

2 Canm SR Erect The SR chock of the fastennimanid failad

2 [legal Command | AN illej-il commmand cede was detactad

1 Etase Fanal "tg:":::iguamn s Clearad hefars e uting hecatzs an oyt of Brass sadliznce Lamimand

Q 11 Fdis Stata Tha cand is 17 (ke slale gnd mwrning iniiaiizasg process

‘ahfe 3 MultiMediaCard R1 Response Format Descrptiorn

BIT NAME | DEFINITION
15 a Flredio
T | Baramatar Bror | The command's arguiment (2.9, address ok |apgih i was oot of the alliwad jangs for this card

13 Afrdress Eoor & rifsaligned addiess. which il nct mateh the Bockctenagth was vsert in the commEnd

12 Erase Ser Emar | A atrofin e sequencs of B age conunands ool s

11 Com CROC Erer | Tha CRT rhack uf the last commansd faled
I kgal Command | An dlzgal cammand cods was eteclad

At gl ase sedus e was < eared bafoie exanuing e alise an ot af s sanuenes comimand

d Eiase Resel Gk reoBe0

H [ itle St Tl raid is 10 ke state and nning mitializng prosssc i
7 ol of Range

i Eizae Param A isalic] selection, sectors algroups. Lo &5

] R iclation The command tiad to wts awmie protected Bock |
q Cand EC Faied | uard iigmma ECG was applied bt foled to the roirected data

3 iz Errer fotemal coqd comliGller saTea

2 En o A generd] o an unkisn 2o Secul ed diing the apeiation

I WE Erace Skip | Dmnly partialadlnass space s i arsayl wue b saistig WP Bleoks

il ] Fiucd ta o

able 4. MultiMediaCard R2 Response Format Descnplion
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SHARP

Application Note

LH79520
System-On-Chip

interfacing a MuitintediaCard to the Lii7 2320 System-On-Chip

Jur L) Applications Engineer

NTRODUCTION

The MultifMediaCard (MMC) is a low-cost data stor-
ge media widely used in MP3 players. digital record-
rs, smart phenes, PDAs, and pagers. It is commaon o
nd embedded MMC contrallers in some high-end
sicrcontrollers, but it is not necessary to use a hard-

care MMC controller to interface with the MMC card.
e SPI peripheral in SHARP's LH79520 micracantrol-
11 can easily handie this task,

This application nate describes how to implement
1& interface between SHARP's LH79520 Systern-on-
hip and a MultiMediaCard in both hardware and soft-
are. It will discuss using the LH79520 in MultiMedi-
Card applications, connecting the MulliMediaCard lo
e LH79520's buili-in SP1 controller, and how io read
ie EAT16 master boot block in the MultiMediaCard,

H79520 Processor Bandwidth

The LH79520 is a 32-bil general-purpose microCon-
aller, using the ARM720T core in a 176-pin QFF pack-
3e. The core can operate at up to 77.4 MHz and the
1= can operate at up t0 51.6 MHz. This is a System-or-
hip with many peripherals including MMU, CACHE.
SP. UART, SDRAM Controller, PWM, VIC, GFIO, and
&4 k-color LCO caontroller. Of these, the MultiMed-
~ard can best be connected through the 8P interface,
~ich is supported by Ihe SSP. The SPI contraller in the
479520 can operate al up to half of the bus clock
ieed, (approximately 25 Mbit/s) so this makes the SPI
ntroller a good fit to drive the MultiMediaCard to
hieve its maximum throughput of 20 Mbit/s.

Connecting the MultiMediaCard to the
SHARP LH79520 Microcontrolier

The MultiMediaCard is based on an advanced 7-pin
serial bus mode known as ‘MultiMediaCard mode’.
Most MultiMadiaCards have a communication voltage
from 2.0V to 3.6 V, a memaory access voltage of 27 V
to 2.6V, and the capacity can ba anywhere from 4MB
into the gigabyte range. The MultiMediaCard has two
modes of aperation, one called ‘MultiMedia mode’ and
one called 'SPImode’. A similar amangement could be
used for SO {Secure Digital) cards: however, this Appli-
cation Mote will anly sover MMC cards in SP| mode; far
MultiMedia mode, please refer to the MMC card speci-
fications.

Table 1 shows the MMC pin agsignments for SP1
mode. Figure 1 shows a method of connection for SPI
mode from the LHT9520 to the MMC card. Note that
pin 1 of the MMC card |s tied to ground if there is anly
one MMC card in the system. If there are multiple MMC
cards ir tha system, use a GFIO to control pin 1 of each
card. Vihen pin 1 is goas LOW, the corresponding
MMC card is enabled.

A pull-up resistor on the Dataln pin and DataOut pin
|s necessary because the MMC carg drives pins in
'‘Open Drain’ mode. Caps between ground and power
are important for noize reduction on the clock and data
lines for the MWMC.

Table 1. MMC Pin Assignment in SPI Mode

En: —_—
[PIN| NAME TYPE SPI DESCRIPTION

1 ncs Input | Chip Selact (Actve LOW)

2 | Dataln | Inout | Host-to-Card Commands and Data
"3 | veS1 | Power | Supply Voltage Ground

4 VoD WD | Supply Voltage

5 CLK nput | Clouk
| & | w832 |Power | Suppy Voillage Grounid
L? DataQut | Output | Card-to-Host Data and Status
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SPI Commands

Cammunications between the microcontroller and
‘he MMC are initiated by difierent commands sent from

the micrazontroller to the MMGC. The mosl common of

these commands are listed in Table Z; for the complete
command set, refer to the MMC specificatians.

Table 2. 5Pl Commands

e Sl |
CMD | ARGUMENT |rEsPONSE|  ABBREVIATION COMMAND DESCRIPTION
CMDT | Mone R1 G0 IDLE_STATE Resets e MultMediaCard
ChD1 | Mone F1 SEND QP COMD Activatas the card nikalization protess
CMO13 | Mone R SEND STATUS Asks e selected card to sand its status regster
; - Selects a olock length {in bytes) for all following black
CMD1E | [21:Clblock length R SE|_BLOCKLEM cormmands [read and writa).
: Reads a block of size selected by the
“MDT7 | [31:0)data address R1 READ_SINGLE_BLOCK | o7 ) OCKLEN command
- ; Wilss a block of the size salechsd by the
D24 | [31:0]data addrass R1 WRITE_BLOCK SLT BLOGKLEN commend
D32 | [31:0dats addross | R1 TAG _SECTOR START Sats the address of the flrst sector of the erase group
gatc the acdress of the last sector in @ continlous
kD23 | {21:0]data address R1 THG SECTOR END rangs withn the selected erase group, ar the address
of 3 single sector to pe selacte for srase.
. Reraves one proviously selected sector from e
Wh3a4d | [31:0j0ara address R1 LINTAG SECTOR s Rkl
A8 | [31:04don 't care Rt ERASE Erases all previously selectad sectars
{31-1]don't care Turns the CRG option on of off, A1’ | the GRE
\ 1[:52 [0:0JCRE option i ERRION OFF aption bit will turn the option on. A D" will turn it nff
.
ZrmmAND TRANSMISSION
il commands are 6 byles long and ara transmittec
5B firsl
Table 3. Command Transmisslons
WTE 1 SN EEEERERE
IELD a | 1| Commarkd
YTESZ-5 a1[&u|za[zn|:r|za]zs|m|za|zz|z1}zn]m[m]-lr_]m
1ELD Argument
15|14|1s[12[11§1n’|51a]?|s|5|4|atz|1[n
|ELD frguenant
WTE & A ENERERE v |
IELD CRC | x|
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CRC CALCULATIGN
The CRC bit calculation is performed:
7.bit CRE Caleulation: Gix) =" +x7+ 1
Mix) = (stert bit} = %39 4+ (secand bity x «*0+ +{last bil
before CRO) * X
CRC[E. 0] = Remairder(M{x) * x"NG{x]

IEESPONSE FORMAT R1

This response token is sent by the card after every
omrmand with the exception of SEND_STATUS com-
sands. Itis 1 byte long; the MSB is always set io zero and
1a other hits are emor indications. A 1’ signals an error.

The structurs of the R1 format is given in Table 4
nd Table 5.

RESPONSE FORMAT R1B

This response token |s (dentical to the R1 format
with the addifion of the optional BUSY signal. The {Card
holds the Dataln line LOW Lo signal BUSY, this can fast
far any period until the Card has finished processing
the curreqt transaction, Once the Card relsases the
line, it is ready for the next command.

Tabie 4. R1 Format Byte Struchire

BIT T [ & 5 | 4 | 3 i 1 | o

™ e i =

[ E E C —

ElElala |8 |3 |8
i0 = R
FED| o | B @ g | 2 S I
IEIES |2 2 EE
] ko mu‘j =

g = 51:3 £

Table 5. R1 Format Byte Definitions

e | NAME DESCRIPTION

7 0 ' Fived to ‘0"

3 Parameter Emor | The command's argument (&4, address, black length) was out of the gliowed range for this card
5 Acdress Error A misaligned address, which die not maten e black length, was Used In the eammant

Fy Erase Sag Error | An afrorin the sequencs of grase commands oocurred

a Com CRC Ermor

The CREC cnack of the last command faled

2 lliegal Command | Anikegal command code wes detected

An crese sequence was clearsd befors axecuting because an oUL of ereswe Sequence commend
1 Erase Reset o
0 In lole State Tre card i€ in idle state and running initializing prooess
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RESPONSE FORMAT R2

This 2-byte-long, response taken is sent by the card
as a response to the SEND_STATUS command. The
format of the R2 status is given in Table § and Table 7.

Table 6. Responss Format R2 Bits

BTS |15 | 4 [13 |12 N 1n|9[arnsaaz1lul
= - = =
ﬂELDDEEEEE%EE%ﬁngiﬂ
Eg&‘ég%i%@ig&!“w
Fl@| B |2 |™]|°|2 " |3 | E
Table 7. Response R2 Format Definitions
BIT NAME DEFINITION
;‘I’.:‘r 2] Fined o0
14 Parameter Erfgr | The cormmand's argument (g.g. address. bloc+ length) was oul of the allowed range Tor tis card
13 Andress Errar | A misaligned eddress. which did not match e block length was Used in the command
1_2 Erase Seg Error | Anerror in the sequence of grase commands atcurrad
1 Com CRG Error | The CRE check af the last commane failed
30 | llegal Command | An Hegal command code was detacted
a Erase Resel i;.:::;:i:;?wme wae clearad before exac ling because ar out of erase seluance commarnd
il Iry fcdie State The card iz in dle state and running initializing process
7 O of Range
B Erase Pamm An irvalid selection, sectors or groups, for erase
_5 WP Wiolation The command tried to write a write pratected block
4 Card ECC Faied | Gard internal ECC was applied but failed to the corracted dats
a oG Errar Internal card controtlier eror '
2 Eror A general or 8n unknown arror occurrad during the operation
1 WP Erase Skip | Only partisl address space was eraged due to existing WP blocks
o] 0 Fixed to '
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DATA RESPONSE

Every data block writter: to the card will be acknawl-
scdged by a data response token. |tis one byte long anc
1as a format as seen in Table &,

Table 6. Data Response Byte Structura

BIT 7 - 3|211u

Data Token bytes 2 to 513 can be any dsia block
langth, s noe their payload |s User Data.

The last two bytes of the Data Token are a 16-bit CRC.

Table 8. Data Token Start Byte {Byts 1} Structure

El 7 R E 2 o

FIELD | 1 1 1 1 1 1 1|

FIELD 0 Il 4] o Stalus i i

The status bits may be one of two slates:
MO = Data accepted
101" = Data rejected dus to a CRC error

IATA TOKENS

Read and write commands have data transfers
ssociated with thern. Data is being transmitted or
wceived via data tokens. All data bytes are transmitied
1SB firsl.

Data takens are 4 to 515 bytes long and have a for-
iat as seen in Table &,

DATA ERROR TOKEN

If & read operation fails and the card can nat provide
the requ red data it will send a data arror token, instead.
This loken s one byte long and has a format as seen in
Tatile 10,

Tahle 10. Data Error Token Structure

=T g - o O I T O
=
g | IR
PlElel,
FELD | O n a 0 il o E
=] i % L
5 o e
s | &
L1
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SPI Protocol
DATAIN | HIGH | £-B¥TE COMMAND HIGH e HIEﬂ
DATAOUT | /1GH “s MUMBER OF CLGCKS! 1-ar 2:BYTE RFSPONEE |HIGH
= = LT 5
Figure 2. Host Command to Card Response — Card is Ready
]
DATAlNE HIGH | 5-BYTE COMMAND HIGH s l. higH | |
DATACUT | HIG- “ MUMBER, GF GLOCKS | RESP | BUSY | BuSY | BUSY | HIGI—-|
: - M:LPEF-E-|
Figure 3. Host Command to Card Response — Card is Busy

DATAIN |'—|!GH | i H1GH iEa’:‘WTE COMBAND |I—eIGH |

DATAOLT II_I-IIGH I 1- or 2-8¥TE RESPONSE | NUMBER OF I:_I:IGKS| - |H|e.H'|
MCLIAT-2

Figure 4. Card Response to Host Command
DATAIN | HIGH |READ COMMAND HIGH | T, HIGH —I
i L —_—
DATAQUT | HiGH - NUNBER OF CLOCKS ]mnn RESPONSE | hUMBER OF €. OCKS | DATA BLOGK HIGH |
- MTLETT-E|
Figura 5. Data Read
s : 7 S
DATAIN | HIG-| | WRITE COMMAND HIGH MLUMBER (F CLOCKS i DA BLOCK Hbs |
[ ! - i
DATAQUT | HIGH v NUMBER OF CLOCKS | CARD RESPOMSR HIGH | DATA RESPUNSE | BUSY|HIGH

_RciaTa

Figure 6. Data Write
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Software Implementation

A saurce code listing for the MMC function is pro-
vided with this application note. See 'Code Listing’,

3HARP SP1 DRIVER

SHARP source code for LH79520 microcontrolier
irivers (SPI, UART, LCD, and so on) can be downloaded
ram the Sharp Microelectronics of the Americas web
iage, al www.sharpsma.com. The [ag for the source
ode is called the ABL BlueStreak Scftware Library.
Within this Library, vou can download the full source
ode for all SHARP micrecontroller drivers. The MM
terlace source code is bassd on the LHT9520 drivers.

The LH79520 Synchronous Serial Port (S5F)
efipheral supparns devices utilizing Motorole SPI,
lational Semiconductor Mircrowire or Texas Instru-
1ents's Synchronous Senal interfaces.

The SSP performs parallel-to-serial conversion an
ata writtan to an internal Transmit FIFOC, then transmils
12 data, in serigl fashion, to an extarnal slave periph-
ral. The SSP also receives serial data from an external
lave peripheral, performs @ serlal-to-parallel conver-
\an ar ihe received data, and buffers the received data
1 an internal Receive FIFO. Both FIFOs are 18 bits
ide x & storage locations deep. Data frame sizes may
& programmed 1o be from 4 to 16 bits in iength.

The LH72520 DMAC (OMA conlrolier) can be pro-
rammed o transfer data to and from the on-chip S5P.
or more information, you may wish to download and
ver to the LHTO520 Usaer's Guide, available an
ww_ sharpsma. ¢om,

The driver for ine LH79520 S5SP is named
79520 ssp_driver.c. The driver for the MMC inter-
ce is named |1h79520_mmc_driver.c, see the 'Code
sting' section.

LOCK CONTROL

The SP| bus clock sighai can be used by the SF
st to sel the cards to energy saving mode or to 0on-
sl data flow {to aveid under-run or over-run condi-
s on the bus, The host is allowed to change the
sek frecuency or stop it altogether.

There are a faw restrictions the 5P host must follow:

The bus frequency can be changed al any fime, but
cnly up to the maximum data transfer frequency,
defined by the MulliMediaCards.

It is an obvious requirement that the elock must be run-
ning for the MulliMedi=Card to outpul data or response
tokens, Attar the last SPI bus transaction, the host is
required 1o provide & clock cycles for the card ta com-
plete the operation before shutiing dawn the clock.
During this B-clock period, the state of the G5 signal iz
irrelevant 1t can be assered or de-gsserted.

5Pl BUS TRANSACTIONS
Hera i a list of the varlous SPI bus transactions,

+ A commandiresponse sequence. Eight clocks must be
output after the card response end bit, The CS5 signal
can he asserted or de-asserted during these & clocks.

« A read data transaction. Elght elocks must be output
after the end bit of the 1ast data block.

« A write data transacton. Eight clocks musl be outpul
sfier the and bit of the |ast dala block.

« A write data transaction. Elght clocks must be output
afier tve CRC staus token.

+ The hostis allowed to stop the clock of a BUSY card.
The MultiMediaGard will complets the pregramming
operation regardiess of the nost clock. However, the
host must provide a clock edge for the card fo turm off
its BLISY signal. Without a clock edge. tha Multite-
diaCard {unless previously disconnected by de-
asserting the C5 signal) will force the DataOut line
LOW and hold il there,

MODE SELECThSis

The MultiMediaCard's SPI mode s the made used
for this Application Mate. All transactions described in
this Apglication Note ara based on the 5P mode.

The MultiMediaCard wakes up in lhe MultiMedia-
Card mode. L will enter 8P mode if the C5 signal (pin
1 of the MMC} is asserted LOW during the reception of
the Reset command (CMDO). IF the card is In Multife-
diaCarc mode, it will not respond to SPl-based com-
mands. If SPl mode is requested, the card will switch 1o
SPl mode and respond with the SPI moda R1 response.

To retumn to the MultiMediaCard mods, power cycle
the card. In 5Pl made, the MultiMediaCard protocol
slate machine is not ohserved. MultiMediaCard com-
mands supported in SPI mode are always availabla.

Since the card defaults to MultiMediaCard mode after
a power cycle, Pin 1(C8) must be pulled LOW and CMDO
(folowed by & valid CRC byte) must be sent on the CcMD
{Dalain. Fin 2} ine for the card o enter SPI made.

In SP} mode, CRC checking is disabled by default.
Howaver, since the card always powers up in MultiMe-
diaCard moda, CMDO must be followed by a valid CRC
byte (even though the command is sent using the 2P
structure}. Once the card enters SPI mode, CRCs are
disabled by default.

CMDU i a static command and always generates the
same 7-bil CRC of 4Ah. Adding the '1" end bit (bit 0) to
the GRS creates a CRC byte of 95h. The fellowing hexa-
decime| sequence can be used to send CMDO in all sit-
uations for SP| mode, since the CRC byte {although
required} is ignored ones in SPI mode. The entire MDD
appears as: 40 00 00 00 00 85 (hexadecimal).

hppllnsﬁun Mate
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This GMO0 command (0x40 0x00 0x00 0x00 Ox00
m95) 5 the same command to switch the MMC card
rom MulliMediaCard mode to SP1 mode. After this
ommand is sent, CRC checking is disabled by default
Iniess you want to enable it. When CRC checking i=
ff. the |ast byte in a 8-byte command s ignored for
zadiwrite commands.

'OMMAND AND RESPONSE

in the MMC command format, 8 command IS com-
rised of & bytes and s sert MSB first. Once lhe SFI
iode is set for 8-hit data widih, 5-byte commands ¢an
e sent continuously. See the MMC_send_cmd { }
inction in the Code Listing.

Command responses may get a little tricky, The
:arting bit of the response may not align with the first
nck of the byte. The starting bit of the response may
appen anywhere in the clock slream, depending on
i&r speed of the MMC and the clock. Sothere is anesd
sr manual alignment In softwars. See the
IMC_get_response () function in the Code Listing.

ESET SECHIENCE
The initalization command is described in tha fal-
wing sequance:
Send 80 clocks Lo start bus communication
Asgart nCS LOWW
Send CMDO
Send § clocks for delay
Wit for a valid response
If there is no response, back to step 4
Send 8 clocks of delay
Send CMD
Send B clocks of delay
1. Wait for vahd responze
|. Sand & clodks of delay
|, Repeat from step @ unlil the response shows REALY.

It will take & large number of cycles for CMD1 to fin-
7ite sequence, After avery power cycle, the MMG will
+in Idle state (not active), the tdie bit In its response
1l ba 1 if using CMD13 (SEND_STATUS} ta check the
atus. Once the GMD1 process is finished, the Idle bit

the response is cleared. Only after MMC is fully up
sm Idle mode to Active, can it be read and writien,

Soo the MMGC_init { Y function in the Code Listing.

DATA READ

The 5P| mode supports single block read operations
only. Upan reception of a valid Read command, the
card will respond with a Response token followed by a
Data token in the lengih defined by a previous
SET_BLOCK_LENGTH command. The start address
can he any hyte address in the valid address range of
the card. Every black however, must be contained in a
single physical card sector. After the Dala Read com-
mand is sent from microcontrotler to the card, the
microcontroter will need to monttar the data stream
input ard wait for Data Token OxFE. Since the
response start bit 0 can happen any time in the clock
giream, il's necessary to use softwara to align the bytes
being read.

See the MMC_start sector_read { } function in the
Code Listing.

DATA WRITE

Data Write opsrations are similar to Data Read. In
5P| mode, the MMC supporis single block writes only.
Upon reception ot a valid Yrite command, the card will
rezpond with a Respanse token and wail for a data
block to be sent from the host. The only valid block
length, however, is 512 bytes, After a data block is
received, the card will respond with a Dala-response
ioken and if the data block is received with no emars, it
will ba programmed,

The micraconiroller must first send the Write com-
mand, followed by the bytes to be written. After all the
biytes have been sent, the microcontroller waits for the
response. Based on the responsa received, the micro-
controller can cheok whether there is any error in the
response. After the response is sent back fram the
card. e card will set DataOuk LOW because it will take
time to do thae write.

Ses the MMC _start_sector_write { ) and
mimc_write_datal } function in tha Code Listing.

DATA ERASE

Data erase follows a similar sequence to Data Read
and Dats Write. See mme_erase_sactor { } function in
the Coda Listing.
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READING FAT16 FILE SYSTEM
MASTER BOOT BLOCKS

Althaugh the MultiMediaCard memaory space is
byte-addrassable with addresses ranging from 0 to the
last byte, It is not a simple byte array but rather it is
divided into several structures.

Memory bytes are grouped into 512-byte bBlocks
:alled sectors. Every block ean be individually read,
written, and erased.

Sectors are grouped into Erase groups of 16 or 32
wectors depending on card size. Any combination of
ectors within one greup or any combination of Erase
foups can be erased in a single Erase command, A
drite command implicitly erases the memaory bafors
frifing new data into it. An explicit Erase command can
# used for pre-erasing memaory to speed up the next
Yrite operalion.

The FAT16 file system is commonly used on PCs,
nd it's easy ko find & card reader to format the Mult-
lediaCard. Afer the MMC is formatied in FATIE for-
al, byte O to byle 0x200 will be used for the FATI1G
arikal. This 512 bytes in seclor 0 is also called the
aster Boot Record (MBR) of the card, and will be in

15 farmat as shown in Tabls 13,

Insida the MBR, each parhition entry 1s defined as
hown in Table 14.

Table 13. FAT16 Master Baot Record

JFFSET SEE DESCRIPTION

003h | 446 byles | Execuiable code (Boots Computer)
1BEh | 18 bytes | st Prrilion Entry (See Table 14)
1CEh 16 bytes | £nd Parttion Emiry

10Eh 16 bytes | Ird Partition Entry

1EER 16 bytes | 4th Parition Entry

1FEh 2 bwias | Exacutabtle Marker |[55h Abh)

Table 14. FATI6 Partition Entrias
OFFSET| SIzE

DESCRIPTION T

Courrent State of Partitkon, 1 byte {000
= Inactive, 80h = Active )

|I ¥h 1 byte |Beoinnng of Partiton - Head
02h 2 bytes | Beginning of Partition — Cylinder/Sectaor

nomn

04k K byte | Type of Partition {Ses Tatle 15)
ash 1 bwte | Endnf Parttior - Head
06h | 1word |Endof Parition — CylinderSector |

&R T double | Mumzer of Sectors Belweer the MBR
word | 2nd First Sector in the Parition

| ook | i”;ﬁ" Nurber af Sediors it the Pariion ‘
Partition Type Tabile

Software should first read the Master Boot Record
{(MBR}. The address for this command is 0x0. IF you
can read this block properly, the rest the FATHE file
systern will follow oasily.

Table 15. Partition Types

DE3CRIFTION

VALUE

00n | Urknown or Mothing

Dih [ 12EEFAT

4h [ 16 bt kA iFartitton Smalier tharn 32MB)
i 05k Extended MS-00OS Partiion

{i6h 16 bt FAT {Partitron Laryer than J2MEB)
0Bh 32 hit FAT (Pamilion Up 1o 2048GE) |I
GCh Same as 0Bh, but uses LEBAY 13h Exdensions ]
QER Same &5 06h, but uses LBAT 130 Exiensions ||
OFh Same a5 058k, hut ases LBAT 13h Extensions ?

-

GONCLUSION
Using the LH7952(0's 3P| interface is a practical way
1o read and write o 8 MultiMediaGard. This Application

Mote provides you with an oparational basis for using
an MMC in a dasign with the LHY3520. For a detailed

software implementation, see the Code Listing.
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[. Introduction

1.1 Introduction

Today mobile devices' form factors are becoming smaller, and due to this fact MMC
card is replacing the larger Compact Flash card rapidly. MMC card is flexible for the:
nosts, because of it's compaatibility with the SD card hosts. Recently MMCplus and
MMC mobile has been developed to provide high performance with x8 bus and 52MHz
ciock speed

Although most host dewices are implemented according to the MMC standard
specification, the implementations are largely depend on the developer's interpretation
of the MMC specification, Due to this fact some implementation shows incompatibility
with certain MMC cards. Vith the result from extensive compatibility test with various
DSC. DVC, PDA, and USB reader, this report proposes MMC standard compatible
MMC host device implementation methodology.

- SD cards originally came from MMC

Mainlaln the backward compatibility
O ———t

_MMC - -DV-RS-MMC - HS-MMC - SecureMM¢C

- (s ™ -

- SD - MiniSD - UlitraSD

"M s a M P .

- Almost all DSC vendors support both MMC and SD casily

1.2 Advantage of YMME
MMCA Open Standard
No License Fee, No Royalty, lowest cost

Widest choice of top card suppliers with their own controller & flash design &
fabrication

Over 100 members representing the leading manufacturers of host systems,
cards, controllers, connectors, etc

Best specs (size, speed, voltage, security, compliance, stc.)
Already adopted by 4 out of the top 5 mobile phone suppliers




2. MM card General Funetion

2.1 Comparison of MMC mode and SPI mode
MMC Card supperts both MMC mode and SPI mode. MMC host device supports one
of these two modes. Although the default mode for the MMC card is MMC mode SP
mode is supported for the Jexible application supporl, But under the SPI mode not all
the features and registers of MMC mode is supported, and thus cannot fully utilize
MMC cards performance. This guideline explains the implementation method for he
MMC mode to fully explait the high performance of the MMC card.
& "MWC mode . This mode is a main of the MultiMediaCard protocol. WD and
DAT lines are bi-directional channel,

® SPlmode . This mode is a subset of the MultiMediaCard profocol, designed o
communicate with a SPI channel, commaonly found in Motorola's (and lately a
few other vendors’) miciocontrollers, The interface s selected during the first
reset command after power up (CMDO) and cannot be changed once the part
is power on. From the application point of view, the advantage of the SFI
mode is the capabiiity of using an off-the-shelf host, hence reducing the
resign-in effort to minimum. The disadvantage is the loss of performance of
the 5P mode versus MultiMediaCard modeflower data transfer rate, hardware
Ca, ete.).
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Table 1, MultiMediaCard Interface Pin Confignration

2.2 MMC mode Bus protocol
CMD line is used for the command and response transfer and DAT line is used for the
data transfer between MMC host device and the MMC card. Command is sent from

i sung




the hast device to the card and response sent from the card o the host. Datais sent
from the card to the host for the read operation and vice versa for the write operation.

~Read

Command Co Command

- Write

P 11 at ] Fe ot

. o 'Cﬂl‘l‘ll‘l‘lll’lﬂ 1o Iy i e R T . c“mmind:

Figure 1. MMC Bus Proioced

2.3 SPI mode Bus protocol

CMD and DAT line for the MMC mode is replaced by daialn and dataOut line for the
SPI mode. While CMD and DAT line were bidirectional buses, dataln and dataOut
lines are unidirectional buses, So the command and data from the host device are
sent over dataln line and response and data from the card are sent over the dataOut
line,

~Read
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Fimurel. 5F1 Bus Protocol

2.4 General Function Deseription
MKC system has various operation modes such as Inactive mode, Card identfication
mode, Data Transfer mode, Interrupt mode. Most of the time it's operational the
system is under the Card identification mode and Data transfer mode.
® Card identification mode ;| The host will be in card identification mode after
reset and while it 1s looking for new cards on the bus.,
After power-on by the host, cards is in MultiMediaCard mode and in ldle State.
Command GO_IDLE_STATE{CMDD) is the software reset command and puts
the card into |dle State, After the bus is aclivated, the host will request the
cards to send its valid operation conditions {CMD1}, The response o CHMDA1 is
the 'wired and’ operation on the condition restrictions of all cards in the system.
Incomaatible cards are sant inte Inactive State. The host then jssues the




Get and sef the operafinn volbags

broadcast command ALL SEND_CID{CMD2), asking all cards for its unigue
card identification{C1D}) number. Since CID numbers are unigue for each card,
there should be only one card which successfully sends its full ClD-number to
the host. This card then goes into |dentification Siate. Thereafter, the host
issues CMD3({SET_RELATIWE_ADDR) to assign 1o this card in the fulure dala
transfer mode,
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Firure 3. Card [dentification Mode

& Data Transfer mode : Card will enter data transfer mode once an RCA s

assigned to them. The host will enter data transfer mode after identifying alf
the cards on {he bus. The host issues SEND _CSDICMDS) to obtain the Card
Specific Data{C5D register), e.g. block length, card slorage capacity,
maximum clock rate, ete.

The broadcast command SET_DSR{CMD4) configures the driver stages of the
card. It programs its DSR register comesponding to the application bus layaut
and the data.

&ll data communication in the Data Transfer Mode s point-to-point betweean
the host and the selacted card. All addressad commands get acknmwlaninad
by response on the CMD line. '

Finish the adentific ation of all PG




| CMD Index | Abbreviation B | Command Description
|I CMDB0.. | reserved for manufacturer
CMDB3 \

Table 10. Application Specific Commands (Class )

4. MMC card Application & General Algorithm

4.1 MMC card Application
Today the biggest application for the MMC card is DSC, which comprises 70% of the

total MMC card markel. But other applications such as DVC, PDA, MP3, Maobile phone
are growing rapidly. With the introduction of RS-MMC to the market and rapid
multimedia feature convergznce for the mobile phones, the adaptation of the MMC card

by the mobile phone is expected o grow remendously.

4.2 Efficient MMC Standard Algorithm
Although the MMC host devices implement the MMC standard specification. many

times the host device results in unstable state by issuing abundant needless
commands, or continuing without proper status checking.

4.2,1 Operation Sequence
In summary, the host device goes through initialization step after the Power-

On. At this step the card is under the Identification mode. After this step the
card is under data transfer mode. After the initialization the host device reads
the FAT information from the card and performs read and write operation
afierwards. Following are detailed sxplanations of the each step

4.2.2 Initialization
After the Power-on the host devices sends reset command (CMDO). To

check the card’s operation condition Host issues CMD1 and puts the card into
ready state. After CMD1 host issues CMDZ to check the card's CI1D. Then
the host issues CMD3 to put the card into Sland-by state.
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Figure 5. Initinleeation

4.2.3 MBR. PBR and FA'|' access
After the initialization the host accesses the card's MBR, FBR, and FAT
region, When accessing FAT information, CMD18 should be used owver
CMD17 to achieve accurate and stable transfer of the information.
Under the Data transfer mode CMD13 [SEND STATUS) should be used prior
to each command to check the card's cument status.
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Figure o, MBR,PBR & FAT access

4.2.4 Read, Write & Frase




B [Dagla read
For the read operation CMD17 (READ_SINGLE _BLOCK) and CMD18

{READ MULTIFLE _BLOCK) are used. For the efficient read operation only
the required data should be read,

Data Read{CMD17+CMD13 or CMD18+CMD12+CMD13}

Multiple-read 8 (B8
stop command

Arandaer aME L
Stataltran) - i 2
&

et 5 B = Bend g -data
. e Htu*‘!{ﬂarn} —

Sinvgles Miaitiple -Rooad
Figaure 7. Read

B Data write
For the write operation CMD24 (WRITE_SINGLE_BLOCK) and CMD25

(WRITE_MULTIFLE_BLOCK) are used. Alter the FAT 1s read, data wnte
operation is performed foliowed by the FAT update.

FAT read{CMD18+CMD12) =
Data Write(CMD24+CMD13 or CMD25+CMD12+CMD13) —

FAT update{CMDZ4 or CMD25)
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Figure 8 Wrile
Multiple Block Read and Write command continues until the STOP command
isissued. Sowhen the CMD1E and CMDZ25 are used. it has to be finished
with the CMD12.

® Data erase
The infarmation ir the FAT has to be erased and the file in the sub-directory

has to be erased,
FAT update{CMD24 or CMD25+CMD12) >

Sub Directory update(CMD24 or CMD25+CMDA2)
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After each Read. Wrile, and Erase operation is performed the host has to use
CMD 3 to check the card's status

5. Conclusion

The implementation guideline explained in this paper is based on the MMC standard
specification. On top of the standard specification, the result from the benchmarking of

the various application hosts has been used to guide the most stable and efficient host
implementation methodology,
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Dot Matrix Liguid Crysta! Display Modules

SRAPHIC TYPE

* FEATURES :

“Wide viewing angle and high contrast
*Full dot confiquration fits any application

=Slim, light weight and low
-Availablg in 3TN and ST
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iquid Crystal Display Modules

REFLECTIVE/TRANSFLECTIVE/TRANSMISSIVE LCD

Refloctive LCD
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FTRUCTURE AND FEATURE OF LCD MODULE WITH BACKLIGHT

FL [Cold Cathode Fluorescent Lamp) backlight
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' Edge backlght tvpe
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FL} TDA2003

10W CAR RADIO AUDIO AMPLIFIER

DESCRIPTION

The TDA 2003 has improved perdformance with the
same pin configuration as the TDW 2002,

The additional features of TDA 2002, very low
number of external compenents, ease of assembly,
space and cost saving, are maintained.

The device provides a high output cumrsnt capahbility '

(up to 3.5A) very low harmonic and cross-over e
distortion,

Completely safe operation is guararteed due to ORDERING NUMBERS : TDA 2003H
protection against DT and AC short circuit between TOA 2003

all pins and ground, thermal over-rangs, load dump
voltage surge up to 40V and fortuitous open

ground.
ABSOLUTE MAXIMUM RATINGS
Symbal Parameter Valua Unit

Vg Paak suppiy woltage (S0ms) 40 v
e DC supply woitage 28 W
W Operating supply volitage 18 W
I Output peak carent {repettive) a5 -
o Oralput paalk currant (non rapalitie) 4.6 ~

,! Ptot Power dissipation at Tease = 80°C 20 W

|| Tag T Storage and juncton termeparature -4 1 150 o

TEST CIRCLAT

e Vg
oo % tﬂ- 100
F
L el

October 1938 W10




TDA2003

PIN CONNECTION (top view}

spep————
! B — o o SUPPLY WOLTAGE
TN ( W o QuUTPUT
gdn (- L A S GROUND
Sz | AT T INVERTING 1NPLIT
[ .| Pl T % HON INYERTING INPUT

—

/‘—L.._..

B 1EEA
tab conpected to pin 3

SCHEMATIC DIAGRAM

THERMAL DATA
Symbal Paramater Valus | Unit
RN Thermal resistance junchon-case max 3 } SN
210

4]




TDA2003

DC TEST CIRCUIT

AC TEST CIRCUIT

Ry =20'R7

iTIER 3 130
ELECTRICAL CHARACTERISTICS { Vs =14.4V, Tams = 25 *C unless otherwise specified)
Symbed Parameter Test conditions Min. | Typ. | Masx. | Linit
DC CHARACTERISTICS (Refer to DC test circuit)
W Supply wnitane a 18 W
Wy Chilescent nutput vollege (pin £) 6.1 E9 ¥ W
la Cluiescent dra'n current {pn 5} 44 a0 A
AC CHARACTERISTICS (Refer to AC lest circuil, Gv = 40 dB)
P bt power ! d =10%
f=1kHz By =40 55 & W
L =20 ] 10 W
RL =225 5 W
HL =180 12 )
Wirmal frpUt saturation voitaoe 300 iy
Wy Input sensitivity f=1kHz
Fa= 0.5W Rl =441 14 my
P, = BYW AL =402 55 1a1"
P = 0.6 R =201 10 my'
| P, 10W R, =20 ED mv
ST 310




TDA2003

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parametor Tesi conditions Min. Typ. Max. Enit
Pa=1W
B Freguency response (-3 dB) o A0 to 25,000 Hz
R = 442
d Distortion f=1+Hz
Py=0056to4 8N R =45 0.15 %
( Po= 0,030 7.5 R = 20} .15 L4
] 311 [Hpul resislance (pin 1) 1=1«Hz O 150 €l
|| Gy oliage gain (epen iooph 1=1%Hz ap oB
I f=10 kHz 4] ak
| Gy “iolkage gain {closed loop) f=1kHz 303 40 40.3 dB
RL = 442
= input noise voltage {1} 1 5 Y
it Inout noise curment il &0 200 ul:
1) Efficiancy f=1Hz
Po= W AL =40 2 LT
P.= 10W R, =20 €3 u
EVH Supply voitane resection i=100Hz
hnlllr.ppk_' = GE'I.I"
Ra = 10 k2 R =40 a0 36 4B

100 Filber weithy neoiso banchidth; 22 Hz to 22 kHe

Figure 1. Quiescent cutput

voltage vs, supply voltage
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Figure 2. Quiescent drain
cument vs. supply voltage
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Figure 3. Output power vs.
supply voltage
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TDA2003

Figure 4. Gutput power vs.
load resistance R|
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Figure 7. Distortion vs.
output power

tt i i‘t = l-.:"
ERRT T T

) G ol

1 1 1 w0 Bowi

Figure 10. Supply voltage
rejection vs. frequency
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Figura 5. Gain vs. input
sensivily

Figure B. Distortion vs.
frequency

Figure 11. Power dissipa-
tion and efficiency vs. output

power (Ry = 441)
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Figure 6. Gain vs. input
sensivity
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Figure 9. Supply voltage
rejection vs. voiltage gain
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Figure 12. Power dissipa-
tion and efficiency vs. output
power (RL = 200)
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Routine untuk menjalankan LCD 16x2 character
type L1602 atau M1632 compatible

data bus i 4 bit
wr/rd made : write only
author * MARTHEN LEUNARD
HIM . + 0117025
Teknik Elektro ITN Malang
Indonesia
Rf
nclude <delay.h>
afine LCODATAT PORTD .7
efine LCDDATAG PORTD.E
afine LCDDATAS PORTD.S
efine LCDDATAS PORTB.7
efine LCD_RS PORTD. 4
efine LCD_EN PORTD .3

id Lep_data(char c,char dat)

LCO_RS = C;

if ((dat & 0Ox80)=—0xB0) LCDDATA7=1l; else LCDDATA7=0;
it ((dat & Ox40)==0%40) LCDDATAG=1; else LCDDATAR=0;
if ((dat & Ox20)==0x20) LCDDATA5=1; else LCDDATA5=0;
if ((dat & Ox10)=0x10) LCDODATAd=1; else LCDDATA4=0;
LCD_EN = 0 LCD_EMN = 1:

if ((dat & DxDB)==DxDB% LCDDATA7=1; else LCDDATA7=0;
if ({dat & Ox(04)==0x04) LCDDATAG=1; else LCDDATAG=0;
if {{dat & Dxﬂzg==UxDE} LCDDATAS=1; &lse LCDDATAS=0;
if ((dat & Ox01)==0xD1) LCDDATA4=1; else LCDDATA4=0;
LCD_EN = D0 LCD_EN = 1}

delay_ms(2);

id Tulis_Lcp(char a,char flash *dat)

char 1 = 0;
LCD_datal(0,a): while(dat{i] !'= 0) { vco_datall,dac[il); i++; 1}

id LCD_test()

DORD=0xFF;
DDRB. 7=1;

initialisasi LCD
delay_ms(2000) ;
LeD datad0,0x3F): delay_ms(100); Lco_data(0,0x3F);delay msC100);
LCO_data(0,0x3E); Lco_data(Q,0x08); Lcp_data(0,0x01); Lo _data(0,0x0Q8);
LCD_data(0,0x2F); Lcp_data(0,0x0E); LCD_data(0,0x06);

Tulis_LCD{OxBO," EKO BAGUS 5. ');
Tulis_LODEDwCD, "wNIM @ 01.17.013 ");
whilell);

Fage 1
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Routine untuk menjalankan LCD 16x2 Character
type L1602 atau M1632 compatible

data bus 4 bit
wr/rd mode D owrite only
author : MARTHEN LEUNARD
NIM 01702 E
Teknik Elektro ITN Malang
Indonesia
______ =/
nclude <delay.h=
lefine LCDDATAT PORTE.7
lefine LCDDATAG PORTD. 6
lefine LCDDATAS PORTD. S
lafine LCDDATAS PORTH. 7
lefine LCD_RS PORTD. 4
lefine LCD_EN PORTD. 3

id Lco_datalchar c,char dat)

LCDORS = ¢

if ({dat & OxB0O)=—=0xB0) LCDDATA7=1; else LCDDATAT=0;

1f ({dar & Ox40)=—0x40) LCDDATAG=1; else LCDDATAG=(];

if E(dat & OxZ20)=0x20) LCDDATAS=1l; else LCDDATAS=(;
{dat & Ox10)—0x10) LCDDATA4=1; else LCDDATA4=0;

LCD_EN = (3 LCD_EN = 1;

if Egdat & OX08)==0x08) LCDDATA7=1; else LCDDATA7=0;
dat & Ox04)=—0x04) LCDDATAG=1l; else LLDDATAL=0;

if ((dat & Dx02)=0x02) LEDDATA5=1; elce LCDDATAS=0;

if ((dar & Ox01)==0x01) LCDDATA4=1; else LCDDATA4=0;

LCO_EN = [ LCD EN = 1:

delay_ms(2);

id Tulis_LCD{char a,char flash *dat)

char i = 0;

LCD_ data(ﬂ ay:; while{dat[i] != 0) { Lcp_data(l datfi]);

Page 1

i++: F




LCD. C
E A e e e e e e T R R R R R
is program was produced by the
ydewizardavrR v1.24.0 Standard
Itomatic Program Generator
Copyright 19%8-2003 HP InfoTech s.r.1.
‘tp://ww. hpinfotech.ro
mail officefhpinfotech. ro

‘gject !

rsion

te : 3/19/2009

thor : HL

mpany

mments:

ip type : ATmegas
ogram type : Application
ock freguency 18000000 MHz
mory model : small
ternal SRAM size @ O

ta Stack size 5]

sy chook wle ol vl ol ol s e e e o o B A P PR SEEEEEEEEbbal st st ******5‘(‘,’

nclude <megas. h>
nclude <LCD_megaB.c»

peclare yaur global variables here
id main(void)
peclare your local wariables here

Input/Output Ports initialization

Port B initialization

Funcl=Tn Funcl=In Func?=In Func3=In Funcd=In
state(=T Statel=T Statel=T State3=T State4=T
1TB=0x00;

3p=0x00:

Port C initialization

FuncO=Tn Funcl=In Func2=In Func3=In Func4=Inh
ctatel=T Statel=T State?=T Statei=T Stated=T
1TC=0x00;

1c=0x00;

Port 0 inftialization

Funcl=In Funcl=In FuncZ=In Func3=In Funcd=In
ctateld=T Statel=T Statel=T Statei=T Stated=T
ITO=0x00;

Ww=0x00;

Timer/Counter O initialization
tlock source: system Clock
Clock value: Timer O Stopped
RO=0x00;

JTO=0x00;

Timer/Counter 1 initjalization
Clock source: System Clock
Cloack value: Timer 1 Stopped
mode: Normal top=FFFFh

OClA putput: Discon.

OC1E putput: Discon.

Noise Canceler: off

Input Capture on Falling Ecge
TR1A=0x007

Page 1

FuncsS=In
STATRS=T

Funcs=In
States=T

Funcs=In
Stateb=T

Funch=In
Stateb=T

FuncE=In
stateb=T

FuncB=In
Stateb=T

Funcy=Inh
states/=T

Func7=In
stated=T




LCD. C
JCR1B=0x00;
NTLH=0x00,
INT1L=0x00!
R1AH=0x00:
RIaL=0x00;
R1BH=0x00;
RIBL=0x%00;

Timer/Counter 2 initialization
Clock source: System Clock
Clock value: Timer 2 Stopped
Mode: Mormal top=FFh
0C2 output: Disconnected
SR=0x00,
CRZ=0x 00
NT2=0x00;
R2=0x00;

External Interrupt(s] initialization
INTD: off

INT1: OFFf

UCR=0x00:

Timer(s}/Counter(s) Interrupt{s) initialization
MSK=0x00

Analog Comparator initialization
Analog Comparator: OFfF )
Analog Comparator Input Capture by Timer/Counter 1: Off
Ana]cg Comparator Output: Off
sR=0x80;
[OR=0x00;
ile (1)
LED_tast();

§
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nclude <megaR. he

SPI_functions
#include =spi.h=

1clude <MARTHEN.C>

Declare your global variables here
id main{void)

peclare your local variables here

Input/Output Ports initialization
Port B initialization

FuncO=In Funcl=In FuncZ=In Funci=In
statell=T Statel=T Statel=T State3=T
tTE=0x00"

E=0x90:

Port C initialization

FuncQ=In Funcl=In FuncZ=INn FUunci=In
statel=T Statel=T StateZ=T Stated=T
TC=0x00;

We=0x00:

Port D initialization

FuncO=In Funcl=In FuncZ=In Funci=In
StateQ=T Statel=T Statel=T Stated=T
TTD=0x00;

\D=0%FF

Timer/Counter 0 initialization
Clock source: System Clock
Clock value: Timer O Stopped
RO=0x00:

ITO=0x00;

Timer/Counter 1 nitialization
Clock source: System Clock
Clock value: Timer 1 Stopped
Moda: Normal top=FFFFh

0ClA output: Discon.

Funcd=0ut FuncS=In Funch=In funci=In
Stated={ StatesS=T State6=T State?=T

Funcd=In Funch=In Funcb=In
Stated=T StateS=T Stated=T

Funcd=In Funchi=In Funce=In FUncy=In
Sstated=T Stateb=T Statef=T Statel=T
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MM
JC1B output: Discon.
Moise Canceler: off
Input Capture on Falling Edge
SR1A=0x00;
CR1B=0x00;
INTIH=0%00;
NTIL=0x00;
R1AH=0x00;
‘R1AL=0x00;
‘R1BH=0x00:
R1BL=0x00;

" Timer/Counter 2 initialization
Clock source: System Clock
Clock value: Timer 2 Stopped
wode: Normal top=FFh
OC2 output: Disconhected

SR=0x00;

CRZ2=0x00;

NTZ2=0x00;

R2=0x00;

External Interrupt{s) initialization
INTD: OFF

INT1: off

UCR=0x00;

Timer(s)/Counter(s) Interrupt(s) initialization
A5 =0x00;

Analog Comparator initialization

Analeg Comparator: OFfF

Analog Comparator Input Capture by Timer/Counter 1: off
Analog Comparator Qutput: Off

SR=0%81D;

TOR=0x00;

S5PL fnitialization

SPI T{pE: slave

SPI Clock mate: 2000000 kHz
sPL Clock prhase: cycle HaTf
SPI Clock Polarity: Low

SPI Data Order: MSEB First
“R=0x40;

iR=0%00;

Te El}
jalan();
¥
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ta Stack size i 236
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nclude <mega8.h>

SPI functions
nciude <spi.he

nclude <MARTHEN.C=
ncliude =LCD.C»

= oy -

Routine untuk menjalankan LCD 16x2 Character
type L1602 atau M1632 compatible

data bus : : 4 bit
arfrd mode T write only
author : MARTHEN LEUNARD
NIM o 0L17025
Teknik Elektro ITN Malang
Indonesia
_________ i!rjf
nclude <delay.h>
sfine LCODATAT PORTD. 7
afine LCDDATAG PORTD. 6
efine LCDOATAS PORTD. S
efine LCDDATAL PORTE. 7
2fine LCD_RS FORTD. 4
efine LCD_EN FORTD. 3

id Lco data(char c,char dat)

LCD_RS = C;

if ((dat & Ox80)==0x80) LCDDATAT=1l; else LCDDATA?=0;
if {({dat & Ox40)==0x40) LCDDATAG=1; else LCDDATAG=0;
if ((dat & Ox20)==0x20) LCDDATAS=1; else LCDDATAS5={;
if (({dat & Ox10)==0x10)} LCODATA4=1; else LCODATA4=(;
LCD_EM = 0; LCD_EN = 1;

if ((dat & Ox08)==0x08) LCDDATA7=Ll; else LCDDATA7=0;
if ((dat & Ox04)==0x04)} LCODATAG=1; else LCDDATAG=0;
if ({dat & DxDE}==DxDZ§ LCODATAS=1; else LCDDATAS=0;
if (fdar & Ox01)=—=0x01) LCDDATAd=1l; else LCDDATA4=0;
LECD_EN = 03 LCD_EN = 1;

delay_ms{2);
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) MMC__
Tulis_tco(char a,char flash *dat)

char 1 = 0;
LCD_data(0,a}; whilefdat[i] != 0) { vco_data(l,dat[i]): i++: }

clude <5PI.C=

i bR A e R R R e

hip type P ATmegad

Clock frequency ! BDDODOOHZ

Frogram baca saja mmc

BY ! Marthen
AR A A AAAN AN A AR AR RN E LS A—A—};‘.—i—ti—%tttttttf

nclude <stdio.h=
nclude <delay.h=

afine Play PINC.
zfine sto PINC.
efine Rac PINC.
=fine Next PINC.
zfine Kdown PINC.
afine Kup

2Fine vdown PINC.
Fine vup PINC.5

PINC. 3

e (WS EWEE SR

:fine SPIDI 4 // Port B bit 6 (pin7): data in (data from mMC)

s'fine spIDe 3 // Port B bit 5 [?1nE] data out (data to mMmC)
:fine SPICLK 5 // Port B bit 7 (pind): ¢
+fine SPICS O /74 Port B bit 4 (pin5: chip select for MMC

SPI Control Register
:fine SPIE

:fipe SPE

tfjne DORD

fine MSTR

Fine CPOL

tfine CPHA

fine SPR1

:fine SPRO

SPI Status Register
‘fine SPIF

fine WCOL

i
T

*

T e ™ (DD e d L T Ty

csalah;

igned char count,vol,speed;

. received = 0

Figned int waktu;

dgned Tong 1;

atile unsigned char pwm = OX7F;

Timer 1 overflow interrupt service routine
errupt [TIMI_OVWF] void timerl_ovf_isr(void)

OCR1A
OCR1B

m;
MFF-puwm;

(]

d SPIintt(void)

DDRB &= ~(1 << SPIDI); // set port B SPI data input to input

DORE |= (1 == SPICLK)}; // set port B SPI clock to output

DDRB |= (1 <<« SPIDO); /f set port B SPI data Out £o output

DDRE |= (1 << SPICS); // set port B SPI chip select to output

SPCR = {1 << SPE) | (1 =< M3TR) | (1 << SPR1)} | (1 << SPRD);

PORTE &= ~(1 << SPICS); // set chip select to Tow (MMC 15 selected)
oba ctr

SPCR=0x50: // clock rate 2x2000khz
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MM
SPSR=0x01; e

r SPI{char dJ

// send character over SFPI
char received = 0;
un51ﬁned int batas=65C00:
salah=0;
SPDR = d;
while (batas--)

if (5PSR & (1<<SPIF)) goto OK:

}
salah=1;
4]
if(!salah) received = SPOR;// else received=0x7F;
return {(received);

ar commandl({char befr, unsigned int AdrH, unsigned int adrL, char befH )
/ sends a command to the MMC
SPLCOXFF);

SFIEheFF};

SPI((unsigned char)(AdrH > 8));

SPI((unsigned char)AdrH);

SPI({unsigned char)(adrL >> 8));

SPI{{unsigned char)adrL);

5PI(hefH);

SPI{0xFF);

return SPI[OXFFY; /4 oreturn the last received character

tr MMC_Init{void)
/init SPT
char 1;
PORTB |= {1 << SPICS); // disable MMC
S/ ostart MMC in SPI mode
For(i=0; 7 < 10; i++) SPI(OxFF); // send 10*8=80 clock pulses
PORTE &= ~{1 << SPICS}; // enable MMC

if (commandl({0x40,0,0,0x95) != 1) goto mmcerror; // reset MWC

// 1T there is no MMC, prg. loops here
if (commandi(Ox41,0,0,0xFFY !=0) goto st;
return {1};
error:
return {0);

d sendmmc(void)
/ Read 512 byte from MMC, send to PORT D
Agned int j, delay, hitung, temp;

ulangi:
J/LED = 0
waktu = 0;

if (MMC_Init()==0) goto Ulangi;
i=20
[ baca 512 gertama utk hilangkan TOC
Commandl{0x52,0x1,0x200,0xFF};

?hi1e{1<¢5ﬂj

: while(SPI(OxFF) = OxFE}{ 1f (salah) goto ulangi; }

fFor(j=0; j < 512; j++) {SPDR = (OxFF}; while(!(SPSR &

<SPIF})):}
T4+,

}
FfLED = 1;
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_ MMC__
while(1) // always Toop hera !
{ - {/ wait for OxFE - start of any transmission
while(SPI(OxFF) != OxFE) { if (salah) goto ulangi: } // ATT:

scast (char)OxFE is a must!

Eﬂr[j=0; T < 5125 JiEe)

SPDR = (OxFF); temp = vol >> 4; if (temp==0) temp=1:
while(!(5PSR & (1<<SPIF))); if (temp < lg) pwm = b=

DR/ temp;
delay=speed;
; while(delay--);
Tty
if(lkup)  speed++; else if(!Kdown) speed--;
if (speed:zﬂs speed=20; else if (speed-90) speed=90;
i (vup) volss; else if(lvdown) vol--:
if (vol=0) vol=1; else 1f (vol==255) vol=254:
}F Chitung>38)
waktu++; hitung=0;
1 else hitung++;
) 1f (i»195000) goto ulangi; // Baca hingga 100 Mbyte

Timer O overflow interrupt service routine
rerrupt [TIMO_OVF] wvoid timerl_owvf_disrivoid)

switch{count)

i case 1. comd=1l; PORTC=_7segwaktu/1000]: coml=0: count++; break:
; [fcase 2: coml=1l; PORTC=_7segwaktu¥1000/100]; com2=0; count++;
la ;
. [/case 3: com2=1; PORTC=_7seqglwaktu%100/10]: com3=0: count++:
aK;
J/case 4: com3=1; PORTC=_7seg[waktuXl0]; com4=0; count=1; break;
) default: count=l;
d jalan(}
DDRE. 5=1;
ff ==== initialisasi LCD =—=
delay_ms(2000) ;
Leo_data (0, 0x3F); delay_ms({100); LcD_datal0,0x3F) ; delay. ms{100);
LCD_dataEﬂ,ﬂxSF}; Lo datad0,0x08); LD data(D,0x01); Leo datall, Ox0E);
LCh _datal0,0x2F); LCD_datalD,0x0E); Lco_datall,0x06):
S/ === MENULIS JUDUL ALAT ====
Tulis_LCD(0x80," TUGAS AKHIR ');
Tulis_LCD(OxCD, "MMC AUDID PLAYER"):
delay_ms{5000) ;
Tulis_LCD{(0x80, "MARTHEN LEUNARD"};
Tulis_LCD(OxCO,™ NIM : 0117025 ")
elay_ms(5000);
J == INITIALISASI MMC YIA SPI =——
waktu=0;
speed=43;
vol=1;
SPIinit();
sendmmc() ;

peclare your global variables here

d main{void)
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iclare your Tocal variables here

-Nput/output Ports initialization

fOrt B injtialization

FuncO=In Funcl=In Fufic2=In Func3=In Funcd=0ut FUNcS=In Funcé=In Func?=Tn
Statel=T statel=T State?=T Statel-T Stated=0 State5=T Stateb=T Stater=T
wB=0x00;
AB=0x90;

~Port € initialization
FuncO=In Funcl=In Func2=In FUNc3=In Funcd=In FuncS=In FuncE=In
Statel=T statel=T StateZ=T Statel=T Stated=T StateS5=T State&=T
RTC=0x00;
RC=0x00:

Port D initialization

Funcl=In Funcl=In Func2=In Func3i=1In Func4=In FUncS=In Funch=In Func’=In
StateQ=T statel=T StateZ=T Stateli=T Stated=T StateS5=T Stateb=T State?=T
RTD=0x00;

RO=0xFF;

Timer/Counter O initialization
Clock source: System Clock
Clock value: Timer O Stopped
CRO=0x00:

TO=0x00;

Timer/Counter 1 initialization
Clock source: System Clock
Clock value: Timer 1 Stopped
Mode: Normal top=FFFrh

OC1A output: Discon,

OC1E output: Discon.

Noise Canceler: off

Input Capture on Falling Edge
R1a=0x00;

R1B=0x00;

TAH=0m 00

T1L=0x00;

LAH=0x00;

AAL=0x00;

1BH=0x00;

1BL=0x00;

Timer/Counter 2 initialization
Clock source: system Clock
Clock value: Timer 2 Stopped
Mode: Normal top=FFh

OC2 output: Disconnected
R=0x00;

R2=000;

T2=0x00;

2=0%00;

External Interrupt(s) initialization
INTO: OfFf

INTL: Ooff

CR=0x00;

Timer(s)/Counter(s) Interrupt(s) initialization
SH=0x00;

tnalog Comparator initialization

analog Comparator: OFF )

wnalog Comparator Input Capture by Timer/Counter 1: off
nalog Comparator Output: OfFf

Fage 5




MMC_
xB80;
t=0x00;

PI initialization

SPI T¥pE: Slave

PI Clock Rate: 2000,000 kHz
SPI Clock Phase: Cycle Half
SPT Clock Polarity: Low

SPI Data oOrder: M5B First
_R=0x40:
SR=0x00;

ile El}
Jalan{(};
}i
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nclude <mega8. he
nclude <LCD_mega8. c»

Routine untuk menjalankan LCD 16x2 character
type L1602 atau Mlﬁ32 compatible

data bus 4 bit
arird mode Dwrite only
withar ! MARTHEM LEUMARD
JIM : 0117025
Teknik Elektro ITN malang
Indonesia
R %/
1clude <delay.h>
:fine LCDDATAT PORTD. 7
:fine LCODATAB PORTD, &
fine  LCDDATAS PORTD, 5
1fine LCDDATAS PORTE. T
Fine LCD_RS PORTD ., 4
Fine LCD_EN PORTD. 3

'd Lco_datafchar ¢, char dat)

LD RS = ¢}
1f ({dat & Ox80)==0xB0) LCDDATA7=1; else LCDDATA7=0;
if ((dat & Ox40)==0x40) LCDDATA6=1l; else LCDDATAG=0;
if ((dat & Ox20)==0x20) LCDDATA5=1; else LCDDATA5=0;
if ({dat & Ox10)==0x10) LCDDATA4=1l; else LCDDATA4=0;
LCD_EN = O; LCD_EN = 1;

if ((dat & OxD8)==0x08) LCODATA7=1; else LCDDATA7=0;
it {({dat & Ox04)==0x04) LCDDATAG=1l; else LCDDATAG=0;
1f ((dat & Ox025==0x02) LCDDATAS=1; else LCDDATAS=0;
if {(dat & Ox01)==0x01) LCDDATA4—1 else LCDDATA4=0;
LCD_EN = Q3 LCD_EN = 1;

de]ay_ms(z),

d Tulis_LcO(char a,char flash *dart)

char 1 =

LCE data(ﬂ a} while(dat[i] !'= 0} { Lcp _datafl,dac[1]); 4+
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LCD
d Lco_test()

DDRD=0XFF;

~ DDRB,7=1;

initialisasi LCD
delay _ms(2000);
Lcp_data(0, 0x3F); de1ay_m5£100); Lcp_data(0,0x3F) ;delay_ms(100);
LCD_data(0,0x3r); LCD_data(0,0x08); Lcp_data(0,0x0Ll): Lco_datal0,0x06);
LCcD_data(0,0x2F); LcD data(0,0x0E); LCD_data(0,0x06):

Tulis_LCD({Ox80," EKD BAGUS 5. "g;
Tulis_LCp{0xcD, "NIM : 01.17.013 “);

while(1l}:

peclare your global variables hare
id main(void)
Declare your local variables here

Input/output Ports initialization

Port B initialization

FuncO=In Funcl=In FuncZ=In Func3=INn Funcd=In FuncS=In Funcb=In Func7=In
S5tatef=T statel=T Statel=T State3=T Stated=T State5=T State6=T State7=T
1TE=0x00;

1E=0x00;

Port C initialization

FuncO=In Funcl=In FunciZ=In Func3=In Funcd=In Func5=In Funcé=In
statel=T7 statel=T State?=T Stated=T Stated=T sStateS=T stateb=T
ATC=0%00;

W=0x00;

Fort D initialization

FuncO=In Funcl=In FuncZ=In Func3=In Funcd=In FUncS=In Funcb=In Func7=In
Sstatel=T Statel=T StateZ=1 Stated=T Stated=T STaTeS=T STatef=T State7=T
iTO=0x00;

w=0x00:

Timer/Counter @ initialization
Clock source: System Clock
Clock value: Timer 0 Stopped
RO=0x00;

TO=0x00;

Timer/Counter 1 initialization
Clock source: system Clock
Clock value; Timer 1 stopped
Mode: Normal top=FFFFh

OClA ocutput: Discon.

OC1E output: Discon,

Noise Canceler: off

Input Capture on Falling Edge
‘R1A=0x00:

‘R1e=0x00;

TIH=0=00;

MiL=0x00;

1 AH=0x00;

dal=0x00;

ABH=0x00;

281 =0x00;

Timer/Counter 2 fnitialization
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LCD__
Clock source: system Clock
Clock value: Timer 2 Stopped
Mode: Normal top=FFh
OC2 output; Discohnectad
sR=0x=00;
RZ2=0x%00;
(T2=0x00:
2=0x00;

External Interrupt(s) initialization
INTO: Off

INT1: Off

JCR=0x00;

Timer(s)/Counter({s) Interrupt(s) initialization
MsK=0x00;

Analog Comparator initialization
analog Comparator: off )
Analog Comparator Input Capture by Timer/Counter 1: off
Ana153 Comparator output: OFf
SR=0x80;
TOR=0x00;
ile (1)
LCD_test();

H
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PaM_test.c
A N A R R R T T R T TR R R SRS S RS S S
s program was produced by the
leyizardave v1,24.0 standard
omatic Program Generator
lopyright 1998-2003 WP InfaTech s.r.1.
pr/Swww, hpinfotech. ro
tail:office@hpinforach. ra

yject

rsion

te P 3/19/2009

thor @ HL

mpany

Mments:

ip type : ATmega8
ogram type 1 Application
ock freguency ¢ 8.000000 mMHz
mory model ;o osmall
ternal SRAM sizé O

ta Stack size v ZhB

********w**ﬁ*****¥#+#ﬁﬁ#ﬁﬁﬁﬁkw*w**www******f

nclude <megal.h>

Declare your global variables here
id main{void)

peclare your local variahles here

Input/Output Ports initialization

FPort B initializatiaon

Funcl=In Funcl=0ut Funci=0ut Func3=In Funcd=In FuncS=In Funcé=In Func7=Ih
state=T Statel=0 State?=0 Statei=T Stated=T StateS5=T Stateh=T State?=T
RTB=0x00;

RE=0x06;

Port C initialization

FuncO=In Funcl=In FuncZ=In Furci=In Funcd=In FuncS5=In FuncB=In
State(=T Statel=T State?=T State3=T Stated=T StateS=T Stateb=T
ITC=0x00 ;

C=0x00;

PoOrt D initialization

FuncO=In Funcl=In FuncZ=In Func3=In Funcd=In FuncS=In Funcé=In Funcr7=In
Statel=T Statel=T Statel=T Stated=T Stated=T StateS=T Statef=T State?=T
ATD=0x00;

0=0x00;

Timer/Counter O initialization
Clock source: System Clock
Clock value: Timer O Stopped
cRO=0x%x00;

ATO=0x00;

Timer/Counter 1 initialization
Clock source: System Clack
Clock walue: BODO.000 kHz
Mode: Fast PaM top=0CR1a

OC1A output: Non-Inv.

OC1B output: Inverted

Moise Canceler: off

Input Capture on Falling Edge
R1A=0xB3;

R1B=0x19;
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PuM_test. ¢
T1H=0x00;
TIL=0x00;
dAH=0x00;
Lal=0x00;
{1BH=0x00;
LIBL=0x00;

Timer/Counter 2 initialization
Clock source: System Clock
Clock value: Timer 2 Stopped
Mode: Normal top=FFh

OC2 output: Disconnected
SR=0x00;

CR2=0x00;

NT2=0x00;

R2=0x00;

External Interrupt(s) initialization
INTO: OFf

INT1: off

UCR=0x00;

Timer{s)/Counter(s) Interrupt{s) initialization
MEK=0x 00

Analog Comparator initialization

analog Comparator: OFF
Analog Comparator Input Capture by Timer/Counter 1: OFf

Ana1ug Comparator output: off
sR=0x
rDR"DxGO

ile (1)
£/ Place your code here

F;
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S5PI.c

f#*****ﬁ*ﬁ#ﬁﬁ###tﬁww***&ﬁ%###*ﬁ*w***&ﬁﬁﬁ##****
* Chip type : ATmega8

* clock frequency : '8000000Hz

" Program baca saja mmc

\'I'By

: Marthen

1**###wﬁ?#ﬁ#%ﬁﬁﬁﬁi*ﬁﬁww*ﬂ##ﬁﬁﬁﬁ#**********ﬁﬁﬁf

#include <stdio.h>
#include <delay.h>

#define Play FINC.O

#define sto PINC.1

#define Bac PINC.2

#define wnext PINC. 3

#define Kdown PINC. 2

#define Kup PINC.3

#define vdown PTNC .4

#define vup PINC.5

#define SPIDI 4 Sf Port B bit & (pin7): data in (data
from MMC)

#dafine SpIpo 3 // Port B bt 5 (piné): data out
(data to MMC)

#define SPICLK 5 /7 Port B bit 7 (pin8): clock

#define SPICS D /f Port B bit 4 (pin5: chip select
Tor MMC

/* SPI Control Register */

i3
#define SPIE 7
#define 5PE G
#define DORD 5
#define MSTR 4
#define CPOL 3
#define CPHA 2
#define SPR1 1
#define SPRO 4]
/¥ SPI Status Register =/
#define SPIF i
#define WCOL 7]

bit salah;

unsigned char count,vol,speed,
char raceived = 0;

unsigned int waktu;

unsigned Teng i;

volatile unsigned char pwm = 0x7F;

/¢ Timer 1 overflow interrupt service routine
%nterrupt ITIML ovF] woid timerl _ovf _isr{void)

OCR1A = pwm;
OCR1BE = (xFF-pwm;
1
gufd SPITnit{void)
DORE &= ~(1 << SPIDI}; // set port B SPI data +input to input
DORE |= (1 << SPICLK); // set port B SPI clock toc output
DORB |= (1 << SPIDO}; // set port B SPI data out to output
DORE |= (1 << SPICS}: // set port B 5PI chip select to
output
s SPCR = (1 << SPE] | (1 << MSTR) | (1 =< SPRL) | (1 << sPrRO);

PORTE &= ~{(1 << SPICS); // set chip select to Tow (MMC s
selected)

//coba ctr
SPCR=0x%50; // clock rate 2x2000khz

SPSR=0x01;
Fage 1




5PI.&
1

char spi{char d)

} // send character over SPT
char received =
un51ﬂned int batas=55ﬂﬂﬂ;
sala
SFOR = ;
?h11e {batas--}

if (SPSR & (1<<SPIF)) goto OK:
Sa1ah-1

DK
1f{'5a1ahj received = SPDR;// else received=0x7F;
3 return (received).

Eh%r gommandl{char befF, unsigned int AdrH, unsigned int aAdrL, char
efH

{ // sends a command to the MMC

SPIEGHFF);

sPi{befF);

SPI{{unsigned char){adrH >> B)});

SPIE unsigned char)adrd);

SPI((unsigned char)(AdrL >> 83},

SPI{{unsignhed charjadrL):

SPI(befH):

SPICOXFF);

return SPI(OXFF); /i return the last received character

H

char MMC_Init(void)
{ // imit sPI
char i;
PORTEB |= (1 =< SPICS); // disable mmc
A4 start MMC in SPI mode
for(i=0; i < 10; i++) SPlgﬂxrkﬂ // send 10*8=80 clock pulses
PORTE &= ~(1 << SPICS); // enable mmc

if (Commandl(0x40,0,0,0495) != 1) goto mmcerror; // resat mMmC

st: /S 1f there s no MMC, prg. 1nnps here
i (Cnmmandl(ﬂx41 0,0,0xFF) '=0) goto st;
return {1);

mmcCerror:

; return (0%

viyid sendmmc({void)
i // Read 512 byte from MMC, send to PORT D
unsigned int j, delay, hitung, temp;

Ulangi:

//LED = 0;

waktu = 0;
1f (Emc _Imit()==0) goto Ulangi;
I= 0>

A/ baca 512 pertama utk hilangkan TOC
Commandl (0x52 ,0x1,0x200, OxFF);
while{i<450)

{

wh|1E(SFI{0xFF] l= OxFEJ{ if (salah) goto ulangi;

for(j=0; j < 5121 j++) {SPDR = (0xFF); wh1TE('%SP5R &
(1<<SPIF)));} |

T4+

}
//LED = 1;
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SPI.C
whilell) /f alwavs Toop here |
i / wait for OxFE - start of any
transmission
whila(SPI{OXFF) != OXFE) { if (salah) goto Ulangi; }
/f ATT: typecast (char)0OxFE is a must!

Eﬂrfj:ﬁ; J = 5127 J4+)

SPDR = {OxFF); temp = wol == 4; 1F {(temp==0)
temp=1,
while(!{SPSR & (1<<SPIF))); if (temp < 14)
pwm = SPDR/temp;

delay=speead;

] while(delay==3;

Ttk
IO Kup) EEd++. ET&E iFO Kdown) speed—;
i 3 [5peed<2D§ speed= else if (speed=90) speed=920,

if Ctvup) volss; e15e 1f(IUdown] yol==3
if (vol==0) vol=1; else if (vol==255) vol=254;
}F {hitung=38)

waktu++; hitung=0;
} else hitung++;
if (7=195000) goto Ulangi; // Baca hingga 100 Mbyte

}

// Timer 0 overflow interrupt service routine
interrupt [TIMD_ovF] void timerD_ovf_isr(veoid)
i

switch{count)

]
i case 1: comd=1l; PORTC=_7seq[waktu/1000]; coml=0;

count++; break;
ffcase 2: coml=1l: PORTC=_7seq[waktu%1000/100];

comZ=0; count++; break;
//case 3: comZ2=l; PORTC=_7seg[waktu®l(0/10]; com3=0;

count++; break;
[/fcase 4: comi=1; PORTC=_7seqg[waktu%10]; comd=0;

count=l; break;
; default: count=1;

Fage 3




MARTHEN. C
#jnclude <LCD. C»
#include <SPI.C>

Euﬁd jalan()

DORE. S=l:
ff ==== 1nitialisasi LCD ====
delay_ms(2000);
LCD_data(0,0x3F); delay_ms(1003;
LCD_data(0,0x3F) :delay_ms(100);
LCD dataf0,0x3F);: LCD datad0,0x08); LCO_data(0, 0x01):
Lep datal{0, 0x06)
Lco_data(0,0x2F); LCD_data(0,0x0E); LCD_data(Q,0x08);
Jf === MENULLS JUDUL ALAT ====
Tulis_LCO(OxBO," TuGAS AKHIR "};
Tulis_LCD{OxCO, "MMC AUDIO PLAYER"):
delay_ms(500};
Tulis_LCO{Ox80, "MARTHEN LEUNARD");
Tulis_LCO(OxCO,™ MIM : 0117025 "):
delay_ms{5007;
// === INITIALISASI MMC VIA SPI ===
waktu=0;
spead=43;
vol=1:
SPIinit():
sendmmc( ) ;

Fage 1
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