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Abstract

This thesis presents a mobile communication device for speech disable. This device
consists of 3 main parts, color display, sound player, and SD card controller. There is a menu
showing the groups of image with 4 control switches to select for images or sounds. On
operation, the sound player generates sounds corresponding the meaning of each graphic. By
using AVR ATmegal28 as controller together with GLCD Color 6610 with 132 x 132 resolutions
and Epson S1D15GO0 to control LCD, the graphic can display with 4096 colors. For sounds
generator, MP3 files are decoded by VLSI No.VS1002D IC which can decode both MP3 and
WAVE files by reading graphics and sounds recorded form SD Card and key switch scanned.
There are also 35 graphics in 7 meaning groups for this model.
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PD4 ICP1 (W1Bunans i uFganaves Tnwesaniwes 1)

PD3 INTHTXDI (ndunadunesfudilesnindaanamenensesii 3 nien
detoyaTuga UARTL)

PD2 INT2/RXDI (¥iduwadumesildiilesnn Tyanameuenyeii 2 n3ow
Sutoyaluga UARTI)

PD1 INT1/SDA (mﬁumﬁumas‘?ﬂﬁiﬁmmn Yyaaniouendesi 1 nien
Joyasynsudmiuluga TW1)

PDO INTOSCL (ndunadunedSildidessindaaiunsuendesiio wie
Ny uRmdmsyluga TW1)
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i 4
diAnyaail

~h.

q

d A du A @ t A A
® ‘U'lWﬂiﬁﬂuLﬂ'ﬂS5ﬂﬂluﬂﬂ%1ﬂﬁmiy1ﬂ!ﬂ1ﬂuﬂﬂ‘lfﬂﬂ’l 0693

o @ A o = 4 s 4 4
o ymesndmiudunadgananitmeinmousnved lnwesanimes 1 uaz 2 nien

~ ' o J 4
liﬂﬂ')'lﬂ'lﬁ“’]ﬂ']uiuiﬁuﬁlﬂ‘lulﬁﬂi

®  WpTTUTYAUBUNA (Input Capture) ¥4 Inuessanimes 1 lisasredudygin

a8 lumsfudyenan mansathulszgad 1$lumsfudyaaunnud

viemanunivvesdamna PwM 14 fudy

d o ar [ - &4 NV A LY ar
o yesadmsulugaeynsy USART1 Fosi 1 waldlunsdemsdeyneynsuiu

gulnsaimonen uuu RS-232 ¥4l 1

e ymoesadmSumsiendedvmedayaal 2 1&4 (Two-wire Serial Interface (TWI)

wsendiniulu¥e 1°C 1w

11 PORTE (PEG-PE7)
¥nein wmesafanFuiiny

PE7 INT7/ICP3 (ﬂ1§uvgﬂ§uma§'§'ﬂﬁmﬁawmﬁq;q;mmﬂuamimﬁ 7 nIeVIBUNA
aniudagnaves inwesiamines 3)

PE6 INT6/T3 (ﬁuﬁuvgﬂﬁumaﬁ'ﬂﬁzﬁmmm"fﬂgﬂpmmﬂuaﬂiﬁwﬁ 6 vadunasudygn
dm$uInesianines 3)

PES INT5/0C3C (m%uﬂﬂﬁutma%'%ﬂﬁtﬁminnﬁ'm"ﬂpmmﬂuamimﬁ 5 wieluga
nivuiounazadndyanaueidna PWM so3 C dmiulnwesianived 3)

PE4 INT4OC3B  (11dunadumesfadidesendyaruniouendesdi 4 useluga
aRvuiieunazadndyanaueidna PWM g8 B dmdu lnwesianined 3)

PE3 AIN1/0C3A BuwanSoudiouussiuezinasnduaumse lugaulSsuiiouuazadte
Aaygnauerdvn PWM 999 A dwiulnwesranimes 3)

PE2 AINOU/XCKO (Bunanfisuiionussfuesuaenduuanviedunmevnadagia
wiRmenmsusndmivuluga USARTO)

PE1 PDO/TXDO (W Tilsunsudeyaednn nievididoyaluga UARTO)

PEO PDIRXDO (1 Talsunsudeyaduna ieviudeyalugn UARTO)




d a aa a s
¥1PORTE usnanezldifiusimesadunaordnnadaasuia g dauds deligauay

o o b dy
GRGLCET

=
)
=1

d A Sos | & A as ' )
® "Il’]W?)iﬁﬂulﬁﬂﬁ5ﬂﬁluﬂﬁ%’]ﬂﬁﬂgmu']ﬂlﬂ'lﬂuﬂﬂﬂfﬂﬂﬂ 4037

Y = 4 o o
®  YATINVUAYYIUDBUNA (Input Capture) vt lnmesnniwes 3

o o o 4 4
o ywosaadudyans PwM dwmdulnueimnines 3

o yBunadwInUazaud iy TugauSeuiisuussiuezuiaen

o ywoindmiulugaeynsu USARTO $84fi 0

41 PORTF (PF0-PF7)
Nein e iai st ufiay

PF7 ADC7/IDI (v1duwadgygiaezuinenyesii 7 wisvinaaen JTAG
dmiudunadoya) |

PF6 ADC6/TDO (an%‘uvmﬁ'tytymﬂzmaamimﬁ 6 NIDVINAADY JTAG
gmfuednadoya)

PF5 ADC5/TMS (mﬁuvmﬁ'agtymazmaamimﬁ 5 w3 Imadael JTAG
dmiudenInye)

PF4 ADCHTCK (Widunadaygisiezuinenydeii 4 viovinaaoy JTAG
dmsudgyanauuirn)

PF3 ADC3 (ﬂnﬁumﬁ'mumumazmaaﬂaimﬁ 3)

PF2 ADC2 (1dunpdggussasnsei 2)

PF1 ADC1 (mﬁumﬁmtymazmmm&mﬁ 1)

PFO ADCO (1Bunadayanuezuaensesdi o)

a o A o o
91 PORTF usnonezlfifluvinesadunyaeidnadsnoavuia g dauds Saliqaia

t 4
tiAgAl

=
S5
.

®  YINBIAFIMTUNS JITAG fnTunisatinlilsunsu

d o [ o an o 1
® mwasmmsniuaauﬂmaq;immazmaami‘lummmmﬁ 10 Ua 8 904
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U1 PORTG (PGO-PG4)

winein vinesalantuiay
PG4 TOSC1 (¥1 RTC saad@mmes 1 dwmiulnwedianinef o)
PG3 TOSC2 (¥ RTC soadawes 2 §mivnweianines 0)
PG2 ALE (vansueamsadmsudueiiiamiisanusineusn)
PGl RD (naTml dygnaswdoyaniaennudneuen)
PGO wD (nd Inal dyanandoudeyanizeinnuiineuen)

d = ey a L v o as
41 PORTG uanninez1diilunmesndunamiananvaenvua 5 dauda Selinuandiadidy
E 4
il
¢ wmeinveadiames d1vsulugadygnanni#n1Ia1933 Real-Time Clock (RTC)

e ymeiadwmiusn-Asuvilsanusineusn 191U WY PORTA 10z PORTC

d a g an v o
VINDFABUNADIANARTNDAUDI AT megal28 NRmMANTAUVINABINY AT megal6
Tasdmuagamaniduesyimesarhun1e3imess DDRx uag PORTx saufisiia PUD lu

39e1AD3 SFIOR UAAIAIATTN

a13197 2.1 psfmuagtluuuvesinesa

DDxn | PORTxzn PUD /0 Pull-Up TOUS
(in SFIOR)
0 0 X Input No Tri-state (Hi-Z)
0 1 0 Input Yes Pxn will source current if ext.
pulled low
0 1 1 Input No Tri-state (Hi-Z)
1 0 X Output No Output Low (Sink)
1 1 X Output No Output High (Soruce)
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ninens) (1) DDxn uag PORTxn Wudedinvessamos DDRx 1ag PORTx 198 x uny
18 A, B,C, D,... 42 n UINUAANAY 0 D9 7
4

o ] ¥ o @ a
@  wnldnuneiailuedys ssdeslifuwaniasdn <17 IdduSTames

4 L4 w '3 i
DDxn s ldumwesnannsavunszua lafun

A4 d
2.2) nsieNnegnsaieynIu (SPI)
M3i¥endogInsaioynTu (Serial Peripheral Interface) 138 SPI filumsi¥ouseny
? A w 1T 9 ) ar a o = 9/ ot 9 1
ginsaliesudedoyanuudelasva Adygruufnudinunelted) sening
Tulnineuinsames AVR nisszdluminsaimouenfiimsSudedeyouny spI Inseadn

uden laszunsunsSudadeyauuy SPI uansdegyl

AR i
BT SHIFT REGISTER, .
- READDATA BUFFER £

RERESES . 1% Y - - < I
R .'§ 5 R ZES I e 3—:] Bl
Sl SPUSTATUS REGISTER [ T USPIOONTROLREGSTER |70

TSP INTERRUPT NTERNAL
CUREQUEST - DATABUS il

51l2.3 vdenlaezunsy SPI
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vingd i msdeasdeya sp1 szneuhidrwmodeeie 4 du fail

® MOSI (Master Out - Slave In)
M umsdedoynsonningilnssiinaaes lidginsalman

® MISO (Master In — Slave Out)
Wunsiudeyanngilnselaminienamesondoye

® SCK (Serial Clock)
aedyanauim Aldauswiussnhanmasifumad

® SS (Slave Select)

o Ny - L ey - o
medyanadmiutongilnsataan

o o 4 a 1
ginseimimihmiduinaine Tanlndudansdlululnsaeu Insames wive1and1n

v o G4 o { a 4
I heinsslinamofesdesnrunualnseiaen 14 ginsalaaniinezfiuledvnihiende
q 194 lodagangill 1o8g1u7a111 01939 Real-Time  Clock)  n3eo1uily

TuInsnou Insamesnmalunuaaan lawudeady

Y A s

¥
msldauTuga spl Tastnaudaes Mmedaganis 4 dufinarnn mimilumsde
é o 3 ~

sene'luInsnouInsaaeigesu Taefilulnsneuinsameidaniaiminitivinaaes

v ¥ ¥
uagdndnimthiaad oz ldmedaanania 4 idu dsgudiani

4

. : . MASTER 0 1SH .,,:;:':j‘.‘j T g S ( L SLAVE. D g ]
f 9 BIT SHIFT BEGISTER gt~ | GBIT SHIFT AEGISTER &
e 8P 'v;:.t“; ©oLUENABLE
CJCLOCK GEMERATOR |77 75 )

silfiza msdedessunenamesfumanlyluga SPI

o o A [Py T 4 o [y
dwfumsioudotugilnsalaonii lldidlu luTnsaeuInsames sxfiunndmivld
o o 1 [ a a 3
TumsfmuamsiauvesgiinssiamwiSanh eedayna EN (ENABLE) thiu@nduanuaz

ar L3 é x4 1
modayann ss a2 lilinsIFnu Fesewiu1dludsdrmsn



13

22.1 Tnuamshauvealuga SPI

® 1naAe3 InuA (Master Mode)

detmualyivonluTnumnmass msnuguumesa ss szdesnugudae
nszunumsmssenaund (SouTlsunsuniuquies) euiiweisudunsdomsdeya spi
msdedeyaszisudulaomsidoudoyaliliissmans SPDR ( SPI Data Register ) fygnas
winedmuantsdsdeyalassa uld iededoyaadsauysaluvian SPIF szgriwa nan
fimsPaldnudumeisildTasnswnadia SPIE ( SPI Interrupt Enable bit) tagisaiindumes
$dTnavea (Hn 1 (Global Interrupt Enable) 1u3vaines SREG) wiiasumeiTdRRIRY
Tuga spI $u

® i Ivua (Slave Mode)

dlosmualiiienly Tnuaaan vinesa MISO  aziflu wi-stated (2030 3
ADIUS AB ABIN “07, ABIN “17 wioanmit hisluaassn “o” uag «1” 33enanmin
duuAudge (Hi-2)) suvmeia ss fluaein “17 (High) Tuan1azdi AszuIumTme
genaurfielinirfuiledoyaluitames SPDR uazfin133n4 (Shify) %’ﬂgmﬁﬁi’;‘u gy
Faygne ss duasdn 07 Low) ilesudadoynaivanysel ia SPIF sz winlinsida
Wandunedsild fazfadumesalda
222 puEuiiRYeIvINGIA SS

din SPT 19 lu Tnamsan v1nesa SS (Slave Select) szdvsfmuamiiubunya in

ey Tnyanmaed fldauaansadmualédhdesms Wuwesn ss dudunanse
e mindmuaihuodnasnesa ss aghitinadulvun ser usmindmuaiiuduna
whssdmualivmedadaeziiuasin “1” wie High e ldhanluTnuanmaes Tas

o g J o 4
mimﬂuﬂlmmwasﬁiusmaﬂﬂummmmmsnﬁmma

Winein fiamanmeinlvua fismevneialnuaa | MINeIA ATmegal6
natAed anl
MOSI Aldfmua Buna PBS
MISO Buna Al mua PB6
SCK Aldtmua Funa PB7
$S Aldtmun Bunn PB4
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dld y

223 Fmaeififervesiumamanidulnim SPI

5301@93 SPCR (SPI Control Register)

Fmaesmiuguasinuvessluga spi  edmualnuamsiem msldan
a do | & 2 ° s o a @ 1
sumeifldsndimssmusanuddaygnann@mlumsiudedeya

a o

F9mA0T SPSR (SPI Status Register)

Simmesuansaorumssiviiauvesluga SPI 15y matwauwan SPIF MsasIvaou
msruiuuesdioyn (Collision Flag) Hudu

39a1@e3 SPDR (SPI Data Register)

osta oy 9 o v 9 ] [ [] o

Feamaes 19 lunisfudadeyaussluga sPT - deyamissunazdaazgnimualy

Y o y o dar 1 e
a3l IaeliswazPoavossramasnane 1l

53aq1@03 SPCR (SPI Control Register)

fan 7 6 5 4 3 2 1 0

Foiln SPIE | SPE DORD | MSTR | CPOL CPHA | SPR1 SPRO

Read/Write | R'W | R‘'W R/W R/W R/W R/W R/W R/'W

Ausudu | o 0 0 0 0 0 0 0

® {inil 7: fin SPIE (SPI Interrupt Enable)
Salanis1dauBumessld ser ifefia SPIF grisaeziinduinesuaay
windimsidamslfadunessald lassau @a 1 1133maes SREG)

o {iafi 6: fin SPE (SPI Enable)
wniin SPE i «1” heidlanms 199 Tuga sP1

® ‘ﬁﬂ‘vdi 5 : 11 DORD (Data Order)
fiafmuamsdedeya LSB w3o MsB aewdludduusn waiin DORD iy
1 in LSB vosdoynrzgndesonlilieu waiia DORD iy “0” iia MSB
vosdoynvzgndeen lifoy

L4 ‘ﬁﬂﬁ 4 : 1in MSTR (Master/Slave Select)
fiadmualnuansihoufunamesvioman wafia MSTR (i <17 il
doimsiauluTnumnamed uaziraiin MSTR i 07 disdesmarian

TuTnuaae
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v
L T

® iia# 3 : 1in OCF3B (Timer/Counter3, Output Compare B Match Flag)
dafmuasnyasveweudyananniinuileagluaoiulewa (de) e
esoudly “1” vidygnm ScK vziiu Low ivegluTvualoida wmily «0»

ndgyana SCK sy High iooglu Tnualoida asredmar

13199 2.2 MIfmuavsuNdYyg M SCK

CPOL duvesiayana 1 gn dmevesdganas 1 gn
2
0 VOUVIUY YoUVIAY
o
1 ¥9UVAY YDUVIVY

® 1in# 2 : 1in CPHA (Clock Phase)
=Y A o LY a o “
walia CPHA isfmuajldganauninisuiemavssdygsuinluy
M9 UA8E1990Ya (Sample) NMsilAsudasTyIMUIRAIIA High
1 1 é o =3
i Low n38910 Low 1)U High athalaedanils msfmunaiia CPHA uaaq
[ 9 1 4’
AINTINATUANY

A13°9% 2.3 Mmsfmuaniseiudledndeya

CPHA Auvesdayanal 1 gn nevesdaygnat 1 gn
0 gudoya nlaoumlasdoya
1 alieulasdeya Smdoya

® i@ 1:0 : ia SPR1, SPRO (SPI Clock Rate Select 1 and 0)
) -3 A L7 =y hod ' 1
fiafmuannuddygnannin (fose) lumsiudadeyassniuginsally

Triun SPI LARIAIATITIS
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A15190 2.4 M muadyanuaNud

SPI2X SPR1 SPRO ﬂ‘n%lél SCK

0 0 0 fosc/4

0 0 1 fosc/16

0 1 0 fosc/64

0 1 1 fosc/128

1 0 0 fosc/2

1 0 1 fosc/8

1 1 0 fosc/32

1 1 1 fosc/64

S3a@e3 SPSR (SPI Status Register)

fini 7 6 5 4 3 2 1 0

§ofm |SPIF | WcoL |- - - - - SPI2X
Read/Write | R R R R R R R R/'W
Aisudu | o 0 0 0 0 0 0

fia#17 : 5@ SPIF (SPI Interrupt Flag)

fin SPIF azgnisalomsiudedoya spr wwSvauysel vanfinrsfmuald
uBuinedSUR SP1 azifasumedUdTy

$iaf 6 : in WCOL (Wirte COLlision Flag)

fin weoL azgnaa iilensaanuinfamsdvudeynluitmans sPR
sewinumsdedoyn wgnindedillelimssnisimass spsr fia WeoL oz
A1514"D939anes SPDR (SPI Data Register)

ﬁﬁﬁ 5..1 : Res (Reserved Bits)

fadi 184 5 ava'S snl&i <o

fiafi 0 : in SPI2X (Double SPI Speed Bit)

windmuada s iy <17 sxilunsiuanuddaanannianiiu 2o

(2 fosc) ovhe iy Tnuamnaaed
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ﬁ]ﬂﬂﬂﬂfﬂ{ﬁﬂm\l NITWUNAAANTSIN

53amo3 SPD (SPI Data Register)

fian 7 6 5 4 3 2 1 0

¥oiln | MSB LSB

Read/Write | R/'W | R/'W R/W R/W R/W R/W R/W | R/W

fhﬁilﬁu X X X X X X X X

a 4 @ 4 § o ¥ u’: U
o Fmaeidoya dmSulsusrmneiudedoyalulnua sP visduves

4
amesiazaan

224 Tnuansiugaveya
msfmuagluuuveaduazdnyuzIeUVEIT YR IAUIRA 2SYAA U TUN
fin CPHA uag CPOL lasaunsasmuald 4 jiluuunie 4 Tnuadyansnifinuaasae

td
manduasil uaggluundygadsgioaly)

aM31an 2.5 madmua InvadgananitmlunsSudedoya

SPI MIMBUAAILIA Audaana lasdaana
Triua

0 CPOL=0,CPHA | swdona (voui) g1udieya (youYIAY)
=0

1 CPOL =0, CPHA - | ldsumlasdoya (vovw | nlfsumlasdoyn (voun
=1 -ﬁ’u) )

2 CPOL=1,CPHA | ®1ud8ya (¥oUU1a3) sudoya (Vo)
=0

3 croL=1,cpHA | nlavunlasdeya (voun nlRsuutasdeya (veun
=1 a9) 514)

104169
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U

CseKPoL=0y T
CmodeD o
L mosimso ] i
| cHANGEDT /T B
SLOMISOPING e .
-
- BdE

L

e, Ens

CooTER2. BRI B4 UBES

s1l12.5 g1luvunisiudsdeya SPI diefmua CPHA =0

ingidin daygne el lulvua 0 uaz 2 wiSusmdeyanidudaaie: SCK Taoll

o - lﬂy
;ﬂuuumsmammu

o ife SPI vhe1uTvum 0 (CPOL = 0 ung CPHA = 0) 3o udoya (Sample I
MOSI/MISO) #1v1 MOSIMISO i3 udusudeoyaiiion sck Fveuniu
(WAeuan Low ¥y High) TasmaufAsuuiasdoyaiivn MosI uaz MISO
szeyszvindyee SCK i High w3o Low (sznianlfvunn High v
Low)

o spI MiaTnue 2 (CPOL = 0 uaz CPHA = 0) msgmdoyaiin
MOSIMISO szi3udusudeyaiiion: sck fiveuwag @/avuain High iy
Low) Taomsilaountlasffeyaiivr MOSI iag MISO wagszuedygno
SCK 131 Low w3e High Gzwa/Aensn Low 1y High)
mstaeudeynszgadmualuiin DORD 1éeamslfida MSB w3eila LB
vosdoyngnideudhhideunionds

e 4158 szdpuiiu Low szndreilimsdedoya



19

T seK {CPO{. =gy

q1lfiz.6 uvunsfudedeya spI diefmua CPHA =1
wingud oy dyanm P1 luTnua 1 uoe 3 wiSusndeyafidudagnu sck Taoll

gﬂtm’umsmqmnmmuqﬂugﬂnawum

225 nanMITIAGVBININY SPI

aougGudunsfienvesginssimad (Slave) 935UAUAL Low Nndygel

3 1 1 4
ENABLE gilnsel sP1 eziiifou lviddsdeyaniveunidunieveuviasvesndayea: SCK
1 LY 3 1o § o o n’: dyal o = =& =

uanaedu liuegiudesmuavesginsel SPI 1 wennnildesmiisdennudgegaves
Qs = o sq o ' = o a AqyyY & ]
fyananninmuesgunsalaainlfan Taommudgegevesdygannimilddesion li

o A o o o
pun i dygsninssginsaiman
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AaEulia
- #Hhlszuoma Epson S1D15G10 Compatible Controller
- seosfuszuul33viessv
- anuazBeantive 132x132 pixel
- 1¥msHeaseynsuuuL 9 Bit SPI Serial Interface
- dousedyana TasassiululnsneuInsaned
&aszun'iv 3.3 uay 5 Toavt
- amuazduad 4,096 wad
Pin No. f;am&’agqpm A1981U18
1 VBL widgaavuan #1916 TaliRoe W LED Back-Light 93au5981 3.3 V &
55V
2 vee wdeyaneWifes LoD sraussiuilg 33 viless v
3 GND | widggrnsnd
4 RESET Vifyadeaves LCD Heuiiassn o
5 SDATA Qe 1eYNsY Serial Data
6 SCLK N AggeIeYNIY Serial Clock
7 cs ¥daygal Chip Select dmsullallanssudsdiadeyaves LCD
1 = anesansiudedoyn (SDATA uag SCLK 1fu Hi-impedance)
0= dlanefannilennsdeyn L Q
8 BL widyananiugy dla-lla W LED Back-Light
1 ={la'lW LED Back-Light
0 = Ja 1"l LED Back-Light
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2.4) M315u9e GLCD (LCD Display Orientation)
~% o~ ) - é
98 GLCD Color 6610 JinuaziBearsuaaina 132x132 Anta J1ad 121ia 49
9
1 o a o A o Ao o~ o & [ as
wrlaslu Saduns 4iin Sadiiier 4iia Damiinty 45ia Fannsolsuasdusuazundldaes

é hed ol 4
uuy Famsiuannsodiuld 180 seendagy
Columns

v

A  (131,0)

Rows

Rows

(0,131)

Columns————————p

51l 2.8 nnlfunislfaunedusuazin 180 sem
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2.5) m3Aafe GLCD 6100 delulnsneulnsaaes

o118 LCD 6100 951! LCD Controller mihfiaununweeniies (nilouna
15114 7-segments) Tasazfineanusr sSRAM luda unznaunandeduse Afensande
#1# LCD Controller #9953 ansoRade 18R parallel HASULLBYNTN LARNDA
30 LCD 6100 ldeevsludniiendonud uaz‘lﬁ'ﬁﬁada’lﬁ'ﬂNﬂuﬂsnwh*ifu

#3198 LCD 6100 #19 IC PCF8833 494 Phillips i1 LCD Controller Wmadoude
1441 SPI 9-bit ] timing diagram Aagal

T8

SCE

SCLK | ]

son | (o o o EE EEE e EE =)

51/#12.9 timing diagram 99 LED 6100 714 1¢ PCF8833 l¥msiyeusionyy SPI 9-bit

910 Timing diagram (31111217919 datasheet Y03 PCF8833) msaiadioyaizds MSB
3 1 a U i v ot
fiow LsB ungneuvziiudeya 8 ia sxdosd bit DC ifeuon LCD Controller 31ty ludiee
t 3 P - U A o 1) 1 o @ & 3 a o o
datiy Judrds viadlumminiimes dwmsudeids Oa DC wwdeaiuaein o uazdmsu
Py ¢ a L] o A [
winiimes Oa DC vedeuilu 1 1 desmsfiinua anudnusIn N (contrast) 9zAvds

o

[3 s ¥
fde 0x25 mudae mwisimesanuae lufifismusiily 0x3F

fds fx3F

51912.10 M5 64 bit DC 1oUBN LCD Controller
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dmudaygna ¢s (SCE Tugth) W muadmazmsudumsdedoyn tiolidds

K]
¥

r U 1 Qs ) 1 1 ) é Qo 1]
uazdsy dhleassfunitiuiialmududiausn uazudaglud aunsadedediiosiulaei i
' ¥ A 1 < & = Vo @ ' - ¢
Foamgamsdedoyaudusuind TavannsaSudunsudsudidihdsmmdsnmniines
udademdedall1dvud
; P , "
98 GLCD 6610 9 14yai¥on SPI 2 &9 SPI medamugy AVR szadredogne
o7 A - ¥ o o
assunauazdoya uazeszifiugiinsaimsinau & Olimex vzideniive livih Iidgyana
o= : v W A e Y o
MISO0 (fANaNIzesuTuAINILAN AVR 1HB814IN90 LCD ANIY 90UaAINaYeI9efDnTs

v
@ewviniu

2.6) MmIdamsnEANuSIRNTa

o

fmuna Epson S1D15G10 sxdimizenamsif 17424 [132x132] fusazdifle 1210a

b 4 [ 3
@ adadmSunas @e 111%u) Taen1sszyegusannesaniy Page Address Set (fmuaiiog

9

i) 1Az Column Address Set (Mnuafingasaus) wisenrusmnanezll 132003102 132

aedusmwignuaasiunm

(131,0) (131,131)
A
Rows .
X < 8x8 hox of Pixels at (4, 2)to (11,9)
< Single Pixel at(2,7)
(0,0) Y »(0,131)
Columns

A ¥ - ) o4 L d
Ell“v'lZ.ll AN UIATIVINALYRITY 132 1DWBT 132 ﬂﬂﬁllﬁ
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ﬁuﬁﬁﬂﬁmmmnwﬂgﬂﬁ%'m‘fu @hifnradomenguiinaaiimaoy) maduiiums
wﬁ'mmmﬁma‘lmiszqnf‘i'muﬂﬁmanwmfu manseisuRnannignimua lag
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0 0 1 0 1 1 0 0 RAMWR command (memory write)

RITRIR[IR]G|G|G]|G Data: Red and green from 1% pixel

RENERER ERERERIE Data: Blue from 1% pixel; set red from 2™
pixel to zero

0 0 0 0 0 0 ¢ 0 NQOP command (no operation)

- This “red” pixel information for the - ..
- next pixel will be discarded by the -
“NOP command that followsl .. .- ..
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10 1° W\ 0l N ANl

[ R I R I R I G | G | G l B | B l Data: Red, green, and blue encoding — 8 bits/pixel
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void SendBMP(unsigned long data)

{ unsigned long i,j;

for(i=0;i<((FileSize/512)+1);i++) // loop Sector Count ; 1 Sector = 512 byte
{ Read_SD(data+); // Read Data from File Sector
=0;
i6—0)
{i=55
while(j<512) /1 loop for send data 512 byte

{ bmp! = SBuflj}/0x10;
bmpl =bmp1*0x10;
it

bmp2 = SBuffj]/0x10;
sum = bmp1-+bmp2;
sendData(sum);
it
}
1 else
{ while(j<512) // loop for send data 512 byte
{ bmp1 = SBufj}/0x10;
bmpl = bmp1*0x10;
hans!
bmp2 = SBuflj}/0x10;
sum = bmp1+bmp2;
sendData(sum);
it
}
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void Send_Sound(unsigned long data)

{ unsigned int Sound Pointer; // MP3 File Read Data Pointer
unsigned int i.j;
for(j=0:j<((FileSize/512)+1);j++) // loop Sector Coutit ; 1 Sector = 512 byte

{ VS1002D_XDCS_HIGH();
SPI CS=0; // Enable SD SPI
Read_SD(data+j); // Read Data from File Sector
SPI CS=1; /! Disable SD SPI
VS1002D_XDCS_LOWO;
Sound Pointer = 0;
while(Sound_Pointer <512)
{ while(VS1002D_Wait DREQ_Ready()); /{ Wait VS1002D Ready
for (i=0; i<l; i+H)
{ VS1002D Write SDI(SBufl[Sound Pointer]); // Write Data to SPIO(VS1002D)
Sound Pointer++;
3
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VS1002d

VS1002D

VvS1002d - MP3 AUDIO CODEC

Features

Decodes MPEG 1.0 & 2.0 audio layer III (CBR

Description

+ VBR); WAV and PCM files
Encodes ADPCM from microphone input
Streaming support for MP3 and WAV

Bass control

Operates with single a clock 12..13 MHz or

24..26 MHz.

Internal clock doubler
¢ Low-power operation
e High-quality on-chip stereo DAC with no
phase error between channels
Stereo earphone driver capable of driving a

3082 load

Separate 2.5 V..3.6 V operating voltages for
analog and digital
7.5 KiB On-chip RAM for user code / data

Serial control and data interfaces
Can be used as a slave co-processor

SPI flash boot for special applications
UART for debugging purposes
New functions may be added with software
and 4 GPIO pins
Lead-free RoHS-compliant packages

VS1002d is a single-chip MP3 audio decoder. It
contains a high-performance, low-power DSP pro-
cessor core VS_DSP*, working data memory, 5
KiB instruction RAM and 2.5 KiB data RAM for
user applications, serial control and input data in-
terfaces, 4 general purpose I/O pins, an UART, as
well as a high-quality variable-sample-rate mono
ADC and stereo DAC, followed by an earphone
amplifier and a ground buffer.

VS1002d receives its input bitstream through a
serial input bus, which it listens to as a system
slave. The input stream is decoded and passed
through a digital volume control to an 18-bit over-
sampling, multi-bit, sigma-delta DAC. The decod-
ing is controlled via a serial control bus. In addi-
tion to the basic decoding, it is possible to add
application specific features, like DSP effects, to
the user RAM memory.

V]
VS1002 audp V51002
R PR R om ] Voo 28
4 output XT S %
g0 / GPIO (—l XE— SaxK RX TX
*—xXS Ib S
| xrom
DREQ ! oL YRESET DGND, @0 4
P . | C
) 8 454
sl SZ{EII Lod xram Xa— DREQ AVID
SCLK Control VSDSP4 X¥—— dICS/BSYNC
XCS Interface LEFT 46 X
Xpes Y ROM X:— XTAU RGHT %X
o | X— XTALD @BF —X
T UART I - v RAM B @00 P 1
H——‘ e Moy 2
X——1o GP02/00K %
Instruction Instruction »— GPI3/SOATA RCAP
RAM ROM 32 TEST AGD 67/»2037
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7. SPI BUSES

7 SPI Buses

7.1 General

The SPI Bus - that was originally used in some Motorola devices - has been used for both VS1002d’s
Serial Data Interface SDI (Chapters 7.4 and 8.4) and Serial Control Interface SCI (Chapters 7.5 and 8.5).

7.2 SPI Bus Pin Descriptions

7.2.1 VS1002 Native Modes (New Mode)

These modes are active when SM_SDINEW is set to 1 (default at startup). DCLK, SDATA and BSYNC
are replaced with GPIO2, GPIO3 and XDCS, respectively.

| SDIPin | SCI Pin | Description

XDCS XCS | Active low chip select input. A high level forces the serial interface into
standby mode, ending the current operation. A high level also forces serial
output (SO) to high impedance state. If SM_SDISHARE is 1, pin
XDCS is not used, but the signal is generated internally by inverting
XCS.
SCK Serial clock input. The serial clock is also used internally as the master
clock for the register interface.
SCK can be gated or continuous. In either case, the first rising clock edge
after XCS has gone low marks the first bit to be written.

SI Serial input. If a chip select is active, SI is sampled on the rising CLK edge.
- SO Serial output. In reads, data is shifted out on the falling SCK edge.
In writes SO is at a high impedance state.

7.2.2 VS1001 Compatibility Mode
This mode is active when SM_SDINEW is set to 0. In this mode, DCLK, SDATA and BSYNC are active.

|7SDI Pin I SCI Pin | Description 4]

- XCS | Active low chip select input. A high level forces the serial interface into
standby mode, ending the current operation. A high level also forces serial
output (SO) to high impedance state. There is no chip select for SDI, which
is always active.
BSYNC - SDI data is synchronized with a rising edge of BSYNC.
DCLK SCK | Serial clock input. The serial clock is also used internally as the master
clock for the register interface.
SCK can be gated or continuous. In either case, the first rising clock edge
after XCS has gone low marks the first bit to be written.
SDATA SI Serial input. SI is sampled on the rising SCK edge, if XCS is low.

- SO Serial output. In reads, data is shifted out on the falling SCK edge.
In writes SO is at a high impedance state.

Version 1.0, 2005-04-27 16
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7. SPI BUSES

7.3 Data Request Pin DREQ

The DREQ pin/signal is used to signal if VS1002d’s FIFO is capable of receiving data. If DREQ is high,
VS81002d can take at least 32 bytes of SDI data or one SCI command. When these criteria are not met,
DREQ is turned low, and the sender should stop transferring new data.

Because of the 32-byte safety area, the sender may send upto 32 bytes of SDI data at a time without
checking the status of DREQ, making controlling VS1002d easier for low-speed microcontrollers.

Note: DREQ may turn low or high at any time, even during a byte transmission. Thus, DREQ should

only be used to decide whether to send more bytes. It should not abort a transmission that has already
started.

7.4 Serial Protocol for Serial Data Interface (SDI)

7.4.1 General

The serial data interface operates in slave mode so the DCLK signal must be generated by an external
circuit.

Data (SDATA signal) can be clocked in at either the rising or falling edge of DCLK (Chapter 8.6).

VS1002d assumes its data input to be byte-sychronized. SDI bytes may be transmitted either MSb or
LShb first, depending of contents of SCI_MODE (Chapter 8.6.1).

The firmware is able to accept the maximum bitrate the SDI supports.

7.4.2 SDI in VS1002 Native Modes (New Mede)

In VS1002 native modes, byte synchronization is achieved by XDCS (or XCS if SM_SDISHARE is 1).
The state of XDCS (or XCS) may not change while a data byte transfer is in progress. To always maintain
data synchronization even if there may be glitches in the boards using VS1002d, it is recommended to
turn XDCS (or XCS) every now and then, for instance once after every flash data block or a few kilobytes,
just to keep sure the host and VS1002d are in sync.

If SM_SDISHARE is 1, the XDCS signal is internally generated by inverting the XCS input.

For new designs, using VS1002 native modes are recommended.

Version 1.0, 2005-04-27 17
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7.4.3 SDI in VS1001 Compatibility Mode

BSYNC ... ,
SDATA X D7 X D6 XDS X D4 X D3 X D2 X D1 x Do x

Figure 4: BSYNC Signal - one byte transfer.

When VS1002d is running in VS1001 compatibility mode, a BSYNC signal must be generated to ensure
correct bit-alignment of the input bitstream. The first DCLK sampling edge (rising or falling, depending
on selected polarity), during which the BSYNC is high, marks the first bit of a byte (LSB, if LSB-first
order is used, MSB, if MSB-first order is used). ITBSYNC is 1’ when the last bit is received, the receiver
stays active and next 8 bits are also received.

BsYNC [ Vo . .
i 0 60 50 50 £2.65 660 60 60 6060 6.6 £ &
DCLK ] | l l l | l | | | | | l | | l I | | | [ l

Figure 5: BSYNC Signal - two byte transfer.

7.5 Serial Protocol for Serial Command Interface (SCI)

7.5.1 General

The serial bus protocol for the Serial Command Interface SCI (Chapter 8.5) consists of an instruction
byte, address byte and one 16-bit data word. Each read or write operation can read or write a single
register. Data bits are read at the rising edge, so the user should update data at the falling edge. Bytes are
always send MSb firrst.

The operation is specified by an 8-bit instruction opcode. The supported instructions are read and write.
See table below.

Instruction
Name | Opcode | Operation
READ | 0b0000 0011 | Read data
WRITE | 0b0000 0010 | Write data

Note: After sending an SCI command, it is not allowed to send SCI or SDI data for 5 microseconds.

Version 1.0,-°'2005-04-27 18
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7.5.2 SCI Read

VS1002d registers are read by the following sequence, as shown in Figure 6. First, XCS line is pulled
low to select the device. Then the READ opcode (0x3) is transmitted via the SI line followed by an 8-bit
word address. After the address has been read in, any further data on SI is ignored. The 16-bit data
corresponding to the received address will be shifted out onto the SO line.

XCS should be driven high after data has been shifted out.

xcs N /
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 30 31
SCK
3 2 10
Si 3 0 0 0 0 0 0/1 1O O O O don'’t care don’t gare
instruction (read) | address data out
15 14 1 0
so_ooooooooooooooooOOC ><>/x\_
N___/]

Figure 6: SCI Word Read

7.5.3 SCI Write

VS1002d registers are written to using the following sequence, as shown in Figure 7. First, XCS line is
pulled low to select the device. Then the WRITE opcode (0x2) is transmitted via the SI line followed by
an 8-bit word address.

After the word has been shifted in and the last clock has been sent, XCS should be pulled high to end the
WRITE sequence.

xcs /

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 30 31

SCK

3 2 1 0,15 14 1 0

3|3000000/_1\00000/<:>OOOOO<: x*x>_

instruction (write) address data out
sO — 0 0 0O 0O O0OOOOOOTU OO OUOOOOO 0O 0 00X Y}—

Figure 7: SCI Word Write

Version 1.0,'/2005-04-27 19
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7.6 SPI Timing Diagram
tXCSS WL tWH tXCSH
— e —_— e
XCs
XCs
0 1 14 15 16 30 31

= L T T
: X

tH

e -
§ x »

tv tDIS

&N

Figure 8: SPI Timing Diagram.

| Symbol | Min | Max | Unit |
tXCSS 5 ns
tSU -26 ns
tH 2 XTALI cycles
tZ 0 ns
tWL 2 XTALI cycles
tWH 2 XTALI cycles
tV 2 (+ 25ns') | XTALI cycles
tXCSH -26 ns
tXCS 2 XTALI cycles
tDIS 10 | ns

1 25ns is when pin loaded with 100pF capacitance. The time is shorter with lower capacitance.

Note: As tWL and tWH, as well as tH require at least 2 clock cycles, the maximum speed for the SPI
bus that can easily be used is 1/6 of VS1011’s external clock speed XTALIL Slightly higher speed can be
achieved with very careful timing tuning. For details, see Application Notes for VS10XX.

Note: Negative numbers mean that the signal can change in different order from what is shown in the
diagram.
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7.7 SPI Examples with SM_SDINEW and SM_SDISHARED set

7.7.1 Two SCI Writes

SCl Write 1 SCI Write 2

XCs

¢ 1 2 3 30 31
10 2 1 0
e DO DOO-

Figure 9: Two SCI Operations.

Figure 9 shows two consecutive SCI operations. Note that XCS must be raised to inactive state between
the writes.

7.7.2 Two SDI Bytes

SDIByte 1
SDIByte 2

o) 1
4§ [ BTN RS ﬂ_l—l__flfl_ _ﬂm_
QU X X0 DOCDOC DOOO—

Figure 10: Two SDI Bytes.

SDI data is synchronized with a raising edge of xCS as shown in Figure 10. However, every byte doesn’t
need separate synchronization.

7.7.3 SCI Operation in Middle of Two SDI Bytes

SDIB SDI Byte
yte SCI Operation i

Y

)
Y 1 6 7 8 9 38 39 40 M 46 47
7 6 5 1 0 1 0 7 [ 5 1 0
1OOC X2 DXOXOC D08

Figure 11: Two SDI Bytes Separated By an SCI Operation.

Figure 11 shows how an SCI operation is embedded in between SDI operations. The changes in XCS are
used to synchronize both SDI and SCL

Version 1.0, 2005-04-27 21



S1D15G00 Series

1. DESCRIPTION

S1D15G00 series are the LCD drivers equipped. with
the liquid crystal drive power circuit to realize color
display with one chip.
S1D15G00 can be directly connected to the MPU bus to
store parallel or serial gray-scale display data from
MPU on the built-in RAM and to generate liquid crystal
drive signals independent from MPU. S1D15G00
generates 396 segment outputs and 160™' common
outputs for driving liquid crystal. It incorporates the
display RAM with capacity of 396 x 168 x 4 (16 gray-
scale). A single dot of pixel on the liquid crystal panel
corresponds to 4 bits of the built-in RAM, enabling to
display 132 (RGB) x 160 pixels with one chip.
Read or write operations from MPU to the display RAM
can be performed without resorting to external actuating
clock signals. S1D15G00 allows you to run the display
system of high performance and handy equipment at the
minimum power consumption thanks to its low-power
liquid crystal drive power circuit and oscillation circuit.
*1:The S1D15G00D10*100 generates 300 segment
outputs and 120 common outputs. It incorporates
the display RAM with 300 x 168 x 4 capacity and
displays 100 (RGB) x 120 pixels.

2. FEATURES

Number of liquid crystal-drive outputs:
396 segment outputs and 160 common outputs.
Low cross talk by frame rate modulation.
256 color from 4096-color display or full 4096-color
display.
‘When 256 color from 4096-color display is selected:
8 gray-scale for red and green and 4 gray-scale for
blue (intermediate tone is selected with the command).
When 4096-color display is selected: 16 gray-scale
for red, green and blue.
Direct data display with display RAM
(When the LCD is set to normally black)
RAM bit Data “0000” ... OFF (Black)
“1111”...ON (Maximum RGB display)
(Normally black LCD, using "inverse display" command)
Partial display function: You can save power by
limiting the display space. This function is most
suited for handy equipment in the standby mode.
Display RAM : 396 x 168 x 4 = 266,112 bits.*1
*1: The S1D15G00D10*000 has RAM of 300 x 120
x 4 = 144,000 bits.
MPU interface: S1D15G00 can be directly connected
to both of the 8/16-bit parallel 80 and 68 series MPU.
Two type serial interface are also available.
» 3 pins serial : CS, SCL and SI (D/C + 8-bit data)
* 4 pins serial : CS, SCL, SI and A0
Abundant command functions: Area scroll function,
automatic page & column increment function, display
direction switching function and power circuit control
function.
Built-in liquid crystal drive power circuit: SID15G00
is equipped the charge pump booster circuit, voltage
follower circuit and electric volume control circuit.
Oscillation circuit with built-in high precision CR
(external clock signals acceptable)
EEPROM interface functions
Low current consumption
500pA (Conditions: S1D15G00D01B100, VoD =
VDDi = 3.0V, frame frequency 130Hz, V2=6.0V, all
display RAM data is “0”)
Supply voltage
Power for input/output system power:
VpDI-GND=1.7V to 3.6V
Power for internal circuit operation:
VDD-GND=2.6V to 3.6V
Reference power for booster circuit:
VpD2-GND=2.6V to 3.6V
Power for liquid crystal drive:
V3-MV3=12.0V to 21.0V
Wider operational range: —40°C to 85°C.
Shipping from: Chip with gold bump. COF.
Note that the radiation resistant design or light
resistance design in strict sense is not employed for
S1D15G00.
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$1D15G00 Series

4. PIN LAYOUT

792 205
0% t-x
1 204
Chip size 25.04 mm x 2.70 mm
Chip thickness 725 um#25 pum (for reference)
Die No. See Section 5 “List of Device Models.”
Potential on board GND
Bump size Tolerance: bump of the shorter side +3 um, bump of the longer side +4 pm (reference)
Driver output side: 30 pum x 137 um
Driver input side: 82 pm x 109 um
Bump pitch Driver output side: 42 pm
I/O signal line side:100 pm min.
Bump height 22.5 um£4 pum (for reference) : S1ID15G00D0*B0
Alignment coordinate
@ (-11974.2, -639.2)
® (12091.8,-730.4)
Mark size a=80 um
b =20 um
a
5. LIST OF DEVICE MODELS
V2 voltage Frame frequenc
Model name Die No. Output control res%stor Access | MPURAM | i ip os?:illatign
count External/internal |t EEPROM read frequency
S1D15G00D00%*100 |D15GODOB | Segment: 396 internal only O Unable to read 130 Hz
# Common: 160 | (voltage electronically 141.6 kHz
$1D15G00D05% 100 |[D15G0D5B controlled via Read enabled
electronic volume)
$1D15G00D01*100 |D15G0D1B External only x Unable to read
(#) (voltage controlled
S1D15G00D06* 100 |D15G0D6B via VR pin Read enabled
resistance)
$1D15G00D03*100 |D15G0D3B External only X Unable to read 180 Hz
#) (voltage controlled /57.6 kHz
S$1D15G00D08*100 |D15G0D8B via VR pin Read enabled
resistance)
S1D15G00D10%100 |D15GODAB| Segment: 300 | External only (voltage X Unable to read 130 Hz
#) Common: 120 | via VR pin resistance) 131.2 kHz
(Note)

For “unable to read” models in the above diagram, the MPU cannot read the RAM. If the RAM must be read, use “read

enabled” models.

(#) : These models will be discontinued.
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