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Digital Image Viewer
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Education Year 2007

Abstract

This Digital Image Viewer with built-in Secure Digital Card (SD Card) interface includes three
parts which are a SD Card reader, a LCD display and a microcontroller. The image data is stored in SD
Card using FAT file system. The LCD can be shown in various colors. A controller is served as a
controller unit. It transfers the image data from the SD Card to the LCD display by SPI interface. This

Digital Image Viewer can display bitmap files.
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SPI Transfer Timing

SPI Mode Timing Diagram
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M3t 2.1 Wivuifeussnin FATI12, FAT16 uaz FAT32

FATI12 FATI16 FAT32
Developer Microsoft
Full Name File Allocation Table
(12-bit version) (16-bit version) (32-bit version)
Introduce 1977 (Microsoft July 1988 (MS- August 1996
Disk BASIC) DOS 4.0) (Window 95
OSR2)
Structures
Directory Table
contents
File allocation Linked List
Bad blocks Linked List
Limits
Max file size 32 MB 2GB 4GB
Max number of 4,077 65,517 268,435,437
files
Max file name 8.3 or 255 when using LFNs
size
Max volume size 32 MB 2GB 2TB
4 GB with some
implementation
Features

Dates recorded

Creation, moditied. access

Date range January 1, 1980 - December 31, 2107
Forks Not natively
Attributes Read-only, hidden, system, volume label, subdirectory, archive
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FAT32 m1514 laisanedszagsuiu IWdaeq lunsnadeya Feamnsevesvuinean’yd

Tiidna

) 1 ey o L) o =] {
4. vinudeya (Data Region) [Tuduiiil ddoyangas vurnves Induas lasanos

r = 4 Yt oA @ ¢ A '
Uﬂﬂﬁ‘lu‘ljﬂlwn‘ﬂuqﬂl‘ﬂ1ﬂuﬂaﬂ!ﬂﬂilﬁa@ﬂg

2.6.4.1 ymifmaosnazinssa$19BPB (Bios Parameter Block)

3 3 4 ¢ 24 v
M9ad 2.2 Tasaadreiuguvesymdnmesuag BPBFe 19 luynnefduveaFAT

5o Tug | wna swazden
oWl (lusl)
& {g
BS_jmpBoot 0x00 3 ﬁﬁmﬁziﬂﬂ(Lﬁaﬁﬂ:ﬁmﬁauﬁ’wmmsuﬂ)
BS OEMName | 0x03 8 | o OEM frfiug o IBM 3.3 unz MS-DOS
5.0
BPB BytsPerSec | 0x0B s | $wnludreniludames
BPB_SecPerClus | 0x0D 1 udameinovilnamans
BPB_RsvdSecCnt | OxOE 2 IhmuveudameithiesluusinaReserved
BPB_NumFATs 0x10 1 FUIUVBINTIINTTIAG LT DYA
BPB RootEntCnt | 0xl11 2 Suuvedladanes luusne Root directory

¥ v
dAmSUFAT32mvziduguinioaninusina
Root directoryyaaFAT329z0g5 iy IWdaeq

Tuusnudeya

Y
o

o =] o 3 o A o o
BPB TotSecl6 0x13 ) SUIUFAADTTINNIVUAVDIUTIUNIT T MU

FAT32aWizdlugue

BPB_Media 0x15 1| dwssesiiie

0xF8 A1UIAH7, 80 UNINADAIY, O 1B IADIAD
UNSN

0xF9 93811, 80 UNTARDATU, O IBAADIAD

13




UN3N
a [ a1
OxFA $UIAH7, 80 LUININADAY, 8 (HAUNDIHD
Unsn
¥ 1 9 Fan)
OXFB @789911, 80 UINTNADATY, 8 1¥ANDIAD
UNIN
= [] L)
OxFC dMUIAEY, 40 UNINADATY, 9 IBUADIAD
N3N
T &
OXFD @048, 40 UNTNADATY, O IBAADTAD
N3N
= ] LaRi
0xFE AU, 40 UNINADAIY, 8 1¥AIND3 60
[ ]
NN

OxFF e09m11L, 40 UNSNADAIN, 8 LHAADS A0

LNInN

-] ] té o =4
17U 'J'L!chd]fﬂm 8{ﬂ01’11!\3ﬂ15WQﬂTSQQLSUQﬁﬂHﬁ

BPB FATSz16 | 0xI6 2
BPB SecPerTrk | Ox18 2 | SwwidamesaeniiaTrack

BPB NumHeads | Ox1A 2 UIUVOUIAT I UNISDUINDITO0x13
BPB_HiddSec 0x1C 4 | Snwdanesiignaou

BPB_TotSec32 0x20 s | SnuSamedswimuavewTonied dmy

FAT16miazdlugud

] o o S ¥
15197 2.3 Tnssadevosynisnnasuas BPBRRN U luFAT32

Fo Tua | wwa 31802108A
eoridn | (lud)
BPB FATSz32 | 0x24 4 | Swudamesdonilmsumsiaseedoya
BPB_ExtFlags 0x28 > | efeamnemsuamssaseetaya
BPB_FSVer 0x2A | 2 | veiiu
BPB_RootClus 0x2C 4 wunsvvandmaaiisnluRoot directory
BPB_FSInfo 0x30 2 | wnonudameseudninesvoya FS
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=1 o o o o
BPB BkBootSec | 0x32 2 HU A UIALA DS VDIT UL IYNITALADS

BPB_Reserved 0x34 12 | dwmdses

BS DrvNum 0x40 1| mnwaeildnealasd

BS Reservedl 0x41 1 amd1ses

BS_ BootSig 0x42 1 Fuees (Signature)

BS_ VolID 0x43 4 | vuenedisen

BS_VolLab 0x47 11 | Taquanua (Volume Label)
BS_FilSysType 0x52 8 | wiinueaszuylia deatluFAT32ieru0

0x5A | 420 | Wdeymszuuiiianms

0x1FE 2 iBaAns gafiie (0x55 , 0xAA)

]
=

2.6.4.2 M54 laIsANGS
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a51¢lasanesitluIddyiiafimuinandlasanes  @egiiuiinduluniuves

THawad) uaaz IWdnsalasanasdsznoulildae 32 Tud udasludeztiuinielng,
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o = s ¥ s ' s e
szUD, waznwy), Tu nai dgnass, ueamsavesndmaesusnves Ianie lassanes

> ) s o
HH l!.'ﬂ$Qﬂﬂ']f.lﬂﬂﬂlu']ﬂﬁ]'ﬂﬂllﬂﬁﬁiﬂllﬂﬁﬂﬂﬂi

r 9 v v 1
S lasaneinanuansluusoa laseanesuaz lulasanasdes N3tuuy dail

M319n 2.4 Tnssadavoamselasanes

Tudeen YA s1eazRHA
e (lud)

0x00 8 0x00

0x08 3 (A5 DINDVDIMS 1dnisedoya

0x0B 1 ) Mask 5 185100
0 0x01 | 81m1Aee1ufion
1 0x02 | gnaou
2 0x04 | 31U
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3 0x08 | Taguanua
4 ox10 | lesaneiden
5 0x20 | tonmsdAgy
6 | oxdo |gunsal
7 0x80 | lil¥
0x0C 1 d1509 gn 14 IaoNT
0x0D 1 natadeIWd, anvazides 10 Tadduin ﬂ'mc_j‘ﬁswﬁw 0-199
0x0E 2 U IR
15-11 #2109 (0-23)
10-5 111 (0-59)
4-0 TH/2 (0-29)
0x10 2 i swazdua
15-9 1 (0=1980, 127=2107)
8-5 Wou (1=uns1aw, 12=tunau)
4-0 i (1-31)
0x12 2 Suildan Indaga 9 ludeerida 0x01 Yszney
0x14 2 a¥tl EA (gnl%Tae 0S/2 uaz NT) WFATI2uazFATI16 H5o 2
ludgavesndamosusnly FAT32
0x16 2 naniiud v lWddge gludeerisa 0x0E 1szneu
0x18 2 Sufud'lvIlddga 9 ludoerida 0x10 szney
0x1A 2 Adamodusniu FATI12 uaz FAT16, wie 2ludvesndamod
usnUFAT32
ox1C 4 vualWd

2.6.43 M3 FAT
' @ J‘g ‘o = o Hq ¥
YIavedasAdmaoITnagiurilavesszuy Iaupy FAT #Alduazvuriaves
LG - @ 4 1 v =) o I U4 T 4
Wisagy lasdnAvinveendmaasazatsznin 2 nlaludns 32 Alalud uaasIndoives

a g ~ ' as o"d? Y u‘: W o1e G ¥ o s o
Auilefinnni 1ndmmesvuegivvuiaves Iidiu ua lusuiludeadlundanes nanfu
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gninvomyano | nIsseuindmAnsR,

as

w ot A S w o o ] @ o o
asumsiaseadeyailuayasietoves Idanduiutiusuniindmaosves nd
v s o' a & 9 ar dv
uanzadmaes W FAT sxtiunndeya 1 lu 5 Al
o o ar s
- upAAsErveIRdEnesoa l1lvoalva
iy @
- douzudnIgAdUgAves WG
[ o o =
- Ao usuaasdundamasidy (bad cluster)
v ar o o 9
- anmzuaasnifundmaesigndisos’ld
o A 1 as of =5 ] 9/
- quirvenaasiniundmaain hignly
] o o o ar 9/ = Qs I'd
uaazdFuveITzUL MauyuasumsiaG eadoya  sxlivuiavesndmnaes 1y

@ o 9/ o [y 2 A 1 o ar [} o
ATTNNTIRLTEVBUANANNY m‘uuM%zgﬂszuiﬂﬂﬂmmaasma:mmu 19U iz”]J‘]J"l‘hlﬂ

=4

[ o =Y : = -~ o
FAT16 aamaosazivuia 16 ia luvneh FAT3I2 a214 32 da awvwiavpamisasu

1 4

vy ¥ FAT32 ezfialsz@ninminnniilunsdi FATI6 iflosain FAT32 annie

3
=4

i a o { d ] ' { 4 '
uiendmaos lvaidnnNFamenuezinuigynlandoonilunsdl FAT16

= root ar o4 L3
MINN 2.5 ﬂWI'N"']zl“I-Jﬂ'I‘i'l\‘lﬂﬁi]ﬂl‘iﬂﬂ"’llm.l“ﬁ

FATI2 FAT16 FAT32 TieaziBen
0x000 0x0000 0x70000000 AdIABI 19
0x001 0x0001 0x?0000001 AdmADIF 1504
0x002-0xFEF | 0x0002-0Xffef | 0x70000002- admaosignidan, i
Ox?FFFFFEF vosndaanioa il
0xFF0-0xFF6 | 0XFFF0- 0x?FFFFFFO- M504
0xFFF6 0x?FFFFFF6
0xFF7 0xFFF7 0x?FFFFFF7 AfdineiIdy
OxFF8-0XFFF | OxFFF8- Ox?FFFFFF$- adames gaiovelld
OXFFFF 0x?FFFFFFF

o 1 AW = oA -~ o= gy Y - -~ = o k4
daunadn FAT32 vz laes 28 e 10 32 danawnsely la lagdna 4 Tavuesiiauiuegud

82465
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18 3.0-3.1
19 3.1-3.2
20 3.2-33
21 33-34
22 34-3.5
23 3.5-3.6
24-30 Reserved
31 Card power up status bit (Busy)

2.7.2 M smsmsneundy
TuTwua ser v Tassadavosmdanzgnimua 1THanue 6 Byte Aauaasly
31 2.6 ogamidagnealuliinia weiinsmeunduannifalui Host Tugtiuy R1, R2
38 R3 !“ﬁ?)»i“’lﬂﬂﬂTiﬂ'wii’)u%mﬂ.‘!ﬁ‘lfui]zgﬂ‘ﬁ/‘uiﬂﬂ Clock MULBYNTUT Host ahaiu fafu
Host 92@03a313 Clockao llFos suninzldsuainounduainmsa Fasseznainoud
M3nazApUATUMEI91 IaTUMA39n Host (NCR) #1® 0 19 8 Byte @150 SDC uaz 1 84 8

o a 1 ~ 1 9 ; v o Y = 1#]
Byte 1710 MMC Clumwnmﬂaumway,au U1 SS ﬂz%'ﬁligﬂﬂ"muﬂiﬁhffﬂ"lu?,ﬁ'él"l]ﬂ! U

0 oum

. Command Frame “NCR R1resp.
l ] i i |
seee_[IMMLLAAAMARLAAARAAT ARAAAARATARARAMARRAAT AR ARAARAL TR
] i ] ] | I
Dt E‘II Index J Arqument CRC |I
[ w (XL ] ] | §10ER W | | |
DO 9 Flags I

o a0 o
3111 2.5 Command Frame #99910 Host 11n1mia

2.7.3 yamidsnliludnua SPI

] » N N 1 ¥
srauiitlumvaaidalaen 1UR1Fdmsunso 1w Wouuas Initial Card iU

A1919N 2.7 Laasgan1daved lnua SPI

Command Argument Response | Data | Abbreviation Description

Index
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CMDO None(0) R1 No | GO IDLE STATE Software reset.

CMDt1 None(0) R1 No SEND_OP_COND Initiate
initialization
process.

CMD9 None(0) R1 Yes | SEND CSD Read CSD
register.

CMD10 None(0) R1 Yes | SEND CID Read CID
register.

CMD12 None(0) R1b No STOP_TRANSMISSION Stop to read
data.

CMD17 Address[31:0] | R1 Yes | READ SINGLE BLOCK Read a block.

CMDI18 Address[31:0] | R1 Yes | READ MULTIPLE BLOCK Read multiple
blocks.

CMD23 Numberof | Rl No | SET_BLOCK_COUNT For only MMC.

blocks[15:0] Define number

of blocks to
transfer
with next multi-
block read/write
command.

ACMD?23(*1) | Number of Rl No | SET WR_BLOCK ERASE COUNT | For only SDC.

blocks[22:0] Define number

of blocks to pre-
erase
with next multi-
block write
command.

CMD24 Address[31:0] | Rl Yes | WRITE BLOCK Write a block.

CMD?25 Address[31:0] | R1 Yes | WRITE MULTIPLE BLOCK Write multiple
blocks.

CMD55 None(0) R1 No | APP_ CMD Application
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specific

command.

CMD58 None(0) R3 No | READ OCR Read OCR.

*1: ACMD <n> means a command sequence of CMD55-CMD <n>,

2.7.4 Command Response Tulvuaspl

msapundutuTnua ST ssfiogamugiuuy fo R1, R2 uag R3 Aaguit 2.7 ?j’uag:ﬁn
MidafHost daun udtdsdnnnezimsnoundvlugduuy rR1 dwn R1 Sauily 0x00
wami liideRanainifady  I1AIABIANBWUY R TUATADLAALIAWIE CMDSS
sy

R1 Response R3 Response

of TTTTT1] [R1]  OCR

L— In 1dle State

Erase Reset

igal Convmand
Command CRC Enor
Erase Sequense Ertor
Address Error
Parameter Esror

OCR {(32hit)
Same as R1

5UN 2.6 MIADUNATIILIA1GY

2.8 myowlondoya

2.8.1 Data Packet 1taz Data response

Tunsawlendeya szlimsarnlounasoniimsads Command Response 1dd
uiendeyavzgnaoToulugy Data Packet @ilsznonli@au Data Token, Data Block

o { [=1 1 =R ) -4 v 1
uay CRC muﬁm‘lugﬂﬁ 2.8 32iu'ldN Data Token IWUDYA WMDY cnﬁuagﬂmmaz

o w
FINEN
Data Packet
IDMa Tokenl Data Block ! CRLC I
1 byte 1~ 2048 bytes 2 hytes
Data Token Error Token
1[1[1]1]1]1]1]0] Data token for cMD17718724  [0]o0]o0] Flags |
1] T T Tall . - rt.
VI dyaf ko) a)l Data tuken for CRIDZS Cum
! ! ! . . i l——-—-wl‘.l‘. enar
E 1 l A A 00 Step Tran teken for CHDES Card ECC failed
Ot of 1ange
Data Response L————————Card is locked
XIx[x[o[ State 1]
010 Data accepted
101 Data rejected due to a CRC ervor
110 Data rejected (e 10 a write erfor

31 2.7 Tnsaa$19909Data Packet
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2.8.2 A4 Single Block Read

DI | CMD17 I /Cmd

Resp.
DO [ ] ]  Dpatapacket

]
LY

Ao o c:’ jcj @ o a v 3/ = r A o
Argument NABNWYATAIUDEL uﬂ'Jﬂ'Wiuﬂllﬂﬂlﬂ5ﬂl§ﬂﬂuﬁ]ﬂqm9yaﬂﬂ$ﬂ’]u LUBNITI

n:ly s s v 9 o a A’ 9 éy T 3 o
ublﬂi'l_lﬂ']ﬁﬂﬂ‘l_lﬂﬁ'l_l ﬂﬁ:‘l_l'.]uﬂ’lﬁE)TH'Uﬂlql‘ﬁﬂﬁlxﬁ‘nmuIﬂﬂ“]!ﬂﬂﬂu‘.ﬁ“mﬂQﬂ'ﬁﬂ']uUUﬂﬂxﬂﬂ

u

o

' as 4 ) a o ' -] =

3118 Host i@ Host A529W1 Data Token NA411 Host NIz Inisuaondoyanauna
QyJ 4 = = = ‘; -] d’ E= )

Token Wu ielinnuAanaiafiauulumsiny Token NudasnUAANIRIZYATIN

A g 9
UNUNUADINVYA

2.8.3 A4 Multiple Block Read

1-8byte
—3-1 -
Dl cWD18 | cmd CMD12 | cmd
/ Resp. Resp.
DO L] | DataPacket | | DataPacket | /I | 1] Busy |

Data Packet
o w ::{J 3 g o o v PE 1
fdsiidumssdoyansiaznate viennndumiseamsaismua d1mn 'l
=t o o < 1 v 4 & b4 ] dy o a 1 E] |
imsimuainauvdenlumsarudeniianis 1 nssvaumsentiszduiiudaiies liiFoss

T ) v o a o~ o 1 .:?
swnheziimsdemids cMpi2 hilinsa msemdoyailfaznyaag

2.8.4 A1d4 Single Block Write

Z1lyte
- e
DI [ cmp24 | l Data Packet
DO cmd A Data M
Resp. Resp.ﬂ

A o o c!y 9 o o -] o ' < Y P o @ c:‘
LNBﬂWﬁQuVlﬂiUﬂWiﬂﬂUﬁU Host nfuz‘mm'sf'Nmeﬂ%maya"lﬂwmmwawmumﬂu

v [~ csyd o o < o w
¥29 53070 1 Byte unmnsvasdoyaiinazlidnuazmilousvunainsvasdoyalusids Read

a

4 VDR DN T DAL s d E @ = ¢ )
wovayagnad A Taudy MIiafenaundunIAIs Daa Response 1w mialavidou

Tnajszawrsodoudoyaldvionas 512 Byte
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2.8.5 A1@4 Multiple Block Write

2 thyte 1byte
S e -
DI [ cmp2s I Data Packet [ pataPacket Stop | |
Tran
DO cmd L Data A_|Busy | Data | |Busy | Busy |
Resp. Resp. Resp.

R 4
o ar =~ =

9 5 a = 3 Y 144
ATIHISIVIUVBUANTINT A0 ‘U'ﬁE]ﬂﬁ\‘lulﬂaluu’f)ﬂlﬂﬁﬂﬂﬁ1ﬂ1°ﬂuﬂ ﬂ']ﬂ'lﬂ"lllllﬂ'lﬁ
9 o o 1 v dyd =) J A '
Avuadiuaudeniumsaeloun msnwleuiinezauiuaaliisesn sunazgnygalag

é -] = ¥ L} v
Stop Tran Token #4791 %179 Busy Flag 4119235202 1 Byte #9970 Stop Tran Token

2.9 9915z noLYBY LCD Nokia 6100

E N ”’3
e tipe T
—Ses BT LED- i

—3¥ ShaT GNL —

—2d T8 VDIEFLAY —p S ELE

4o i day 4 e
517 2.8 swrdanilslumayendenuie
L
= ~ = Qo
¥1U83 LCD6100 U 10 11 Tavliswazidenail

td 3/ 1
1 1 VDIG fio u53n idoad1m$12995 Digital i 1103 LCD Controller Hivag
¥12 RST f0 ¥15te Taesiauinasin o
413 SDAT Ao NdmSusudesdoyauuveynsy
¥14 SCLK Ao dwmiudyananimdmiuiimuaianizmsomdoyn
15 CS fiB Chip Select #1131 enable M33VAITBYABYNIY MIUHDOTN 0
v g 3 v ¥ o o

1 6 VDISPLAY ussauildlumsuanwa annsold ldduus sdu 3.3v
917 NC lifin1s 19
418 GND

[ © as . Y g9 1 ' b
119 LED- tJuman dmiulv Backlight 81 lidninsaauqu mste 1yl awnsnda oy 18
Taonsa

97 10 LED+ tiuv1w9n dwuIn Backlight 14185 uns sduilszana 67 v
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OXFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,
O0xFF,0xFF ,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,
O0xFF ,0xFF,0xFF 0xFF,0xFF,0xFF,0xFF,0xFF,
OxFF 0xFF ,0xFF 0xFF,0xFF ,0xFF,0xFF,0xFF,
OxFF 0xFF,0xFF,0xFF,0xFF,0xFF,0xFF 0xFF,
OxFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,
OxFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,
OXFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,

OxFF,0xFF,0xFF,0xFF,0xFF ,0xFF,0xFF ,OxFF,

OxFF,0xFF,0xFF,0xFF,0xFF 0xFF,0xFF ,OxFF, ...
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- i
U
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sk 3
Be L a
(2T Vo
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A x ¢
¥t w31 7d
54
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o = S -
b a3 oM
o
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< L
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P e £y Ly
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: i
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e
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5
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il I
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Ak
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ALEe b e
8.8
,Mg
<
il
w &
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S
oo
L& P
' ,,“:.5
U“o
J—— -2
E F o]
&
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1 : =] =
719 3.1 29935 WVBUATOIAAININVWIATNBTANAN
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] < = ] L4 [} [ d’
!ﬂ?ﬂﬁ!iﬁﬂ\‘lﬂ]'ﬂ‘ﬂu'lﬂ!aﬂ‘]fuﬂWﬂW'llL“U\'lQﬂﬂ'iml'ﬂu 3 T UAIN

3.1.1 Microcontroller

TACLRA3/RES — [ 1 S 40 [1 ~—= RBT/KBIXPGD
RAYAND a—w ] 2 19 [0 ~—= RBEKBI2ZPGC
RATANT =—[]3 38 [] ~—= RB5/KBIPGM
RAYANZ2N2zr-#CWREF .._,ﬁ 4 37 [ =— RB4'KBID'ANTI
RAATOCKICIOUT <= [ 6 35 [] ~—s RBINT2/ANE
RAS/ANA/SS/HLVDING20UT ~—a-[1 7 M [J »—s REBVINTRANID
REORD/ANS =[] 8 Q330 ~— RBUINTOFLTO/ANT2
REVFNRIANG =—[1 9 6 © P[0 =-———w
RE2ZTSIANT —=[10 § § 310 ——Vves
Voo — w1 2 8 30[]~— RDVPSPTIPID
Ves ]2 O O 29[ ~— RDE/PSPEPIC
OSCHCLKIRAT ~— 13 & &  28[]~— RDS/PSPSIPIB
OSCCLKO/RAS o ] 14 27 [] «—= RDA/PSP4
RCOT10SO/MI3CKI e [] 15 26 [] =~ RCTRXIOT
RC1T10SKCCP2Y - [ 16 25 [] —= RCBTX/CK
RCSCKISCL -—[] 18 23 [1 -—= RCA/SDIISDA
RDO/PSP0 ~— [] 19 29 [] ~——= RDIPSP3
RD1/PSP1 «+—s ] 20 21 [] == RD2/PSF2

317 3.3 Microcontroller PIC 18F4620

A Yo o o v gt g Y
ileaninddamidesnsldlylnsaouInsamesAlinsydssuianasims ) uazsesiy
a o o
msaasaluszuu spl BUS SudenldluinsneuInsamesaszna PIC 10y 18F4620 uny 1y
AsaneanNwd 10 WnziEsad
¥
msdsdoyasinluTasnouTnsames 1% luTnsnouInsameivesse LCD 1uesld
¢ = a 1 vy ¥ e PrgE g o
noin SP1 Mouilanduiuunoslumsdedeyounu defvesitife smmisasimun
@ o o Y ' ¢ o = " e @ 1 1
gasuirlumivdedoyaszniregnsaiiaon Idiliudaszdefu uazdsdhwdemsniuguiu
a o 3 ] ¥ o w M LY A ¢ o o o do A m J
s2UV399NAY drudedinaie irdouldemesadmiuldtuilandundouiunues uaz
o o L J o o
$ufludeandredygrudnuus s dunldassfunasguvesdygin SpI
Tudmvesdunnienansnneziiog 4 8uUwn #o Up, Down, OK, Cancel
= P ow o )
msanapfualTulnsnou Insanesvesvell 4 v1 fw RST, SDAT, SCLK, CS

#ImN15GARBNY SD/MMC Card 3l 4 1 fils SD_CS, SCK, SDO , uag SDI
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LCD ﬁ‘h’f"‘luTﬂswmﬁysﬂuﬁ'mﬁwﬁ'fyﬁlummﬁﬂewan?wmﬁaﬂ“l%’ LCD iiphoveq
Nokia 6100 7119 Chip Set ¥8auS1W Epson (SID15G10) funssuas Humiseuuy STN §
myuanina 1A 4,098 & Juun 128 aem (“luumé‘;"a) uaz 128 aon (AuuLIuoY ) AHevziims
Interface 14 3 LUVAD Serial Interface, Parallel Interface, EEPROM Interface Taoazonlfuuy

Serial Interface 91031% 3.4 lilesnInuhasoonuuie 14l v1 DATA , CLOCK , CHIP

1 d
o !

0, &

an

A
o

2Ah

A e 1 A 1
ENABLE , RESET Famsuanawavessofezldnannisewud Faliogam

€e

NN Y

=
=2

uas , 07 (RGB) vwauludadiuiuanarsduo lfifadves pixel 19

] -3 ter & 1 1
tlﬂZﬂTlllil'lﬁlﬂ\‘llﬂﬂﬁﬁl'uﬂgﬂﬁﬁﬂﬁ')u‘uﬂ\ﬂﬂ'l'iNﬁllﬂ'l‘UENlll!ﬁ

sy L v 4
n13fAna LCD Nokia 6100 s1¢/ lulnsnauiniames

moluse LCD 6100 923 LCD Controller I mMifAaununimoeniise laosziniwaus
as = T o o = Y 2 =
SRAM (ud1 naznausiAnnefuoe NABMIAARBALAI LCD Controller $993394087 @117
¥ ¥
Anae 1AMV Parallel uazuULBYNTY UARKAATE LCD 6100 lanonsluduiliSonisy

9/ » o [ 9/ ] g
uds uaz lAis1dnaAn laneeyns UMY

sUuuuvBINIS AU Serial interface #UY 9 1in

(2} 9-bit serial interface
When entering data (patanieiess): SI=HIGH at the rising edge of the 15t SCL.

cs ] I

| geoR) | dot¥G) | gazEy | | domRy |

RC R1 RO G2 G1 GO0 Bf B0 R2 R1 RO
sl Yo o7 X o6 X o X s ¥ 03 X o2 ¥ 01 X oo Xoie X o7 X o6 X D5

1 z 3 4 5 5 7 B Q 1 2 3 4 5

51/ 3.6 juuums s DATATDYE
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When entering commands: SI=LOW at the rising edge of the 15t SCL.

s T L I

| command | | command

S) >(m:)\ D7 ¥ D6 } m m o1 X 00 Xorc X 07 X 08 X 05 £ 04 X
L \ n i

519 3.7 iwunsas COMMAND I¥fiuse

#aNA151199UAD 11D 91 CS MTBUY Chip Select (TJ1417A¥ MR Enable/Disable M3
o - o o ) A o o @ Y a a’ﬂ
Huvee  minlimsienflvzdadeyaniofdsesdeslvaouzasinvesniiidu  Low
uag High (Toggle) Wyl Chip molufudeyahitfoudnnfian paTA vide hliffudgyin
= 4 Q ] 3 = é - L]
w11 (SCK) 1iedmualdiinsdedoyouifivn DATA fiaziia Fadoya 1 9 914 Clock

1 gn uazdnvifie v1 RESET o 1911n15 Reset Chip mlu

= A a 3l ~ a = ' '
inﬂ?llﬂ 3.5 uay 3.6 luﬂ‘391ﬂﬂaﬂls11‘]’u“1 DATA IWOIVUALINTITIIIVCVIUDAN

doyafidaniuiiu DATA #50 Command szqi bit i 8 A9 bit D/C FusodatiPuassn low
Seynn & bit A9z command uas Sradiiiuasin high Soya 8 Tn Aewsuiy Data

dmivdyna cs Wamuasimzmssudumsdadoya ifeliddaasdsu dhlwmsedud
TiudiaTmusudausn  uozudnzlug  aunsodedeiiiestulaefilidesmyanisdedeya
wdaisulmi Tavamnsoudunfufivundadeirdanudasmmisiined uddsddadaly1d

o i
nun
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famsiaueaniouaaanmvinadnil SD Card

(d

tﬁu Boot Sector/

MAUMUY Root Dir

v

I3 a 4
fiungaziBeavas dam

Root dir

2 ?
S kdwiauda?

ATIFTOUM T Intihal ¥
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YIM IR WA D LCD

*

i ddumasndanieliz

anverey WS BMP

o Il

v Wdaumh

71111 3.8 Aamsvhuveunseauaasmwiisvuadnd SD Card



=1
UNN 4

HaN1INAadl

4.1 M3NABBITR 1 Sndynuveansaasouuyeynsuludnyus SP1 Bus lauI¥ouaIn

Microcontroller f11) SD Card
i Prevu M40.0ps
T ]

> T

J g g L

=} Clock : : :
14 et Ak, Al 2o, v e e A VA «.4_--.{',,.,4‘
S R S S S SR I R I SO0 S R I RIS L E S e

e R

B-h ...... uw']'\(kqluf‘q“’df’»ﬁq'\-{d‘

Ch1__2 00V TEEFl 2.00 V 1Z 2.00s; A _Chl _/—40.0mV!

@+~ 3.60000us |

v
o o

719 4.1 jU/F ey 169 RESET (0x40)

¢ o

smi, Prevu ) MA0.0S

W

i

Cchi_ 2.00v [E§E 200V {Z200us] A _Chl /—40 0my,

i~ 60.4000us |

sU 4.2 JUd Yy A FIRESET (0x95)
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ChT zoov 500V ’21 OOpsj r Thi 7—40. omvi

fi~~ 13.8000ps |

31U 4.3 31nsI¥veId Y INABLAUDIRIAIRESET (0x01)

Tek Prevu M 200uMs
' v - .
u

s M A T b
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U 4.4 dygpaveagadeyaii ldsuannmia

34



o

4.2 MINARBIN2 19 "numpmmsﬁﬂmmw SPI 5211313 Microcontrolier i) LCD

o PV : .. Pm00psT
b -

@+~ 13.8000Ms

317 4.5 Fyaueanisda COMMAND e

vEETIRreVU . Mi1DDPST
-

I I
Z 2.00Ms7A  Ch1

@+~ 13.3000Ms_j
JUM 4.6 Fyeuvean1sas DATA Tvee
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4.5 MINARBINS 111NN SD Card UAAIHIUNS LCD TauFouds SD Card AU

Microcontroller 118 LCD

v duwm S A # Hq v - ¢

mananedduids Tuauysal ionn Tulasneunsames PIC A5 uiinesa spI

- ¢ o o q 9¥¥ o ¢ o a 4 A o v oW & g
thoaneianed M iddoavsudansu sP1mudununeinsdedoyasonuudaina w3

5 o { o o ' ¢

madaeudl lulasnouInsamesninesn sPI 2 wesa wu'luInsnouInsames ARM uas

1 sldy d' == a' [} (Y
lunisTdsunsuayuues FAT  seldnunveausylduindemisiwvaiuvesusnl 62

o

gq ¥ J A o o s ] 0 l:
TuTnsaeuInsames TMuniunazdosninna lunishilisidaie luauisoiimsmanesd
TWauysalld

P o ) wa o dy

szvuhauysainsinuauyanadl

1. #13150111A W Bitmap 910 SD Card MuaAsH U LCD Alluamdld
» L4
2. tsouansde IWdnenualu sp Card
3. nansn engnInez g Inuuazidengniniideansiiaznnla
' »

4, ATNANINTENABOUY 19U uaamn I TnuuIRuEzILINeY nERawINA T 1T A lunm

] or ] A I 4
1AUINY !lazﬂ‘]ﬂ'ﬁﬂﬂﬂﬂfﬂ‘uﬂ'wﬂ‘lw'lﬂ

39



unm 5
unayy

5.1 aql
1 o o
Tuswauldnantnnuiivinyeslasaem uuafia ngui uazrvazidoamsaiig
3 y
ASOIUAAIAINYITANNNI SD/MMC  Card  53uIn1snadeun1sHI1Miesdy Tums
) 1 1 o o ot LY F-
nageunisaadesenn lulnsnouInsaans (PIC18F4620) fivee LCD Ml¥lu iodeo lae
= ] : = ' LY o o [
nMsAaRoNuAINI0ARAD 1A lasasuan Tasadnudyaimen lulnsnealnsiaes lavdn
o ﬂ ) L XY : g 1 @ d!il [ o T . o L 4 L4
MFutlumsaraausuduiiuee simiufaesiad TUnfeauu A una pixel Misdoans1a

o

U

=>

gaumsnageumsaanesznigluIasnouInsames iy SD/MMC Card nsev lny
11y TnsneuInsameseua 3 Smmes91n SD Card 2 S3mm0Y Ap 33mA0s CID uaz CSD
Taomsindetanuassninglulnsaoulnsamodfuseiiods uag SOMMC Card 1§iunns
fadeluszuy SPIBUS Favzdealinsadiadygnaminnsidouiladdu sp1 duwes iferh

- 1 L. o q' J o g
msanaenu LCD Tavszanalidganaufiadviuuinsedunias g uvesdeye m SPI

5.2 tyrmuazuuimalunisudly
& L4 Sl e d P Jd =2 =
- weann luTnsnouInsames PIC wesHldinesa SPI iivanosaRe) uaziiusy
aoludeslumsifiudeya 3914 sp1 wesadvariuudaviins Slave Select tWoondiezld
YulnsneuTnsaiansaanemy Slave fapuquieims@oufsfsuRoadranesn eI Y
‘3’ o T
Y wioonez ¢l IasnouInsaned@alndfifinesn sp1 aneneds uozlusunmoluge
] ] 1 o o
I$u ARM SFelusumulufiqanenunds uazdfedsu sp1 iden1d aeanedn
- 11199970 SD/MMC Card iimsiaissaveyaluszun FAT32 Tumisasisasuniy
J o o 3 o o o o .
gnAsenamsemdeyalu SDMMC card 39911800 AaudiakiSa19aenanas (Winbex)
WFIwasIAeUdoyauazmmanenas iy SD Card
.e'l - ' ;y = ¢ A A -} -] [}
Atinsnnveminnlflulaswnuiideddinoumnnes iyeusen lidgdivuiaangn
' . a1 ' i A1 e o & '
ABNTBONIULIGY Blacklight N lfveahamenveyi Idiiuddaiy vine e TWese Ity
1 o g ¥a ¥ 9o g & ¢ o g Y Y -
rannug sz liinasnsdouneditedovesaduieglainldmsizazainluns 19 wasll
ssvatloatulilvveifian mudonie oo T unannu

T

4 o @ iy J o :
11189910 18 Bitmap %2 1UNe 14 Whuuvy 24 vit usse Led MinnlHiuauin

nananalAiNe 12 bit RGB wSeuandld 4096 d Tadeainsadafladvuiennsedudly

dlumBeifios 12 bit ikefiszuaasdeanuildgnios

40



Jay v
5.3 Uszlayinlasy

= [ 3/ a 1 . s
- fnrwinnuih lamsaadedeansdoyaluuuuoynsy spI

¥ Y A o ¥ SAoA A da 9 a
- ihlons ahoadunmieusadfledeonimsuaana ldnaed
- fiamulumsidanluinsaeuInsamesnsza PIC

o =

- 1{194910 SD/MMC Card iims¥aGoaIvauuy FAT32 i ldgiaviinnudrleluds

5211 FAT32 o 19 lun13@adeny SD Card

AUENTATEUNTDIAAINNYUIAIAN
annsnsudoyanin BMP (Bitmap) 11nM1i3ua71w$1 SD CARD liluerasd1nee

LCD Raunsouaasd'ld 4096 o

uamalumsiannae 1y
1. snusaidenn i laveae Indnmuaasuuse LCD ududonnmiidesnisg 1d
2. aunsath I duaasniwndon 18 wu sidhunugiuni
b 4

30117 s w19 unwen vea miadusafenlunistinineenuaaimmiadine 14 #a

Wom VGA 1az90 LCD Yyuaian 14

41



UITHINNIN

1. Pic microcontroller programming with CCS C compiler : UseTu wasd' uﬁqa

2. Goufuaziani lulnsnouInsames ARM7 LPC2148 #2001 u1% : Toma Asnssdnnnas

3, VAL 6610 NUINDE , www.electoday.com
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*File : SD Card
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#include <18F458.h>

#define TxD PIN_Cé6

#define RxD PIN_C7

//#define LEDI PIN_AO

/f#define LED2 PIN_Al

/f#define LED3 PIN_C1

/f#define LED4 PIN C2

#define MMC_CS PIN_B4

#define CLOCK_SP 10000000

#define MMCSD_PIN_SCL PIN_C3 //o
#define MMCSD _PIN SDI  PIN_C4 /A
#define MMCSD_PIN_SDO PIN_CS //o
/f#define MMCSD_PIN_SELECT PIN_C2 //o

#fuses HS
#fuses NOLVP, NOWDT // No Low Voltage Program, No Watchdog timer
#fuses NOPROTECT // Code no protection

#use delay (clock=CLOCK_SP) // Use built-in function: delay_ms() & delay_us()
#use rs232(baud=9600, xmit=TxD,rcv=RxD) // Use serial I/O port (RS232)

int fat,file _ad[4],root _ad[4],numfile,sec_per clus,FileName;
intl6 1,i,m,byte_per_sec,sec_num,sec_total,rsv_size,fat_size;
unsigned char count;

unsigned char resp[10],data[512],detail[S12];

int32 file size,root_start,start_addr;

//void blink1();

/fvoid blink2();

void pic_init();

void mmc_select() {output low(mmc_cs);}
void mmc_deselect(){output_high(mmc_cs);}

void mmc_clock(unsigned char cycle)
{
do{
spi_write(0xff);
cycle--;
ywhile(cycle>0);
}



void mmec_send_cmd(unsigned char cmd,unsigned char argl,unsigned char
arg?,unsigned char arg3,unsigned char arg4
,unsigned char crc)

spi_write(cmd);
spi_write(argl);
spi_write(arg2);
spi_write(arg3);
spi_write(arg4);
spi_write(crc);

}

void MMC_init()
{

unsigned char resp[2],count,j;

mmc_deselect();

mmc_clock(10);

mmc_select();
mmc_send_cmd(0x40,0x00,0x00,0x00,0x00,0x95);
count=10000;

do{
resp[0]=spi_read(0xff);
}while(resp[0]!=0x01 && --count>0);
if(resp[0]==0x01){
Hprintf("CMDO response = %X\n\r" ,resp[0]);
goto reset;

}
/else {printf("ERROR response CMDO0 = %X\n\t" ,resp[0]);}

reset:
1=0;
for(j=0;j<10;j++)
{
mmc_send cmd(0x41,0x00,0x00,0x00,0x00,0xff);
count=10000;
do{
resp[1]=spi_read(0xff);
ywhile(resp[1]!=0x00 && --count>0);
/*if(resp[1]==0x00){
printf("CMD1 response = %X\n\r" ,resp[1]);
b
else{printf("ERROR response CMD1 = %X\n\r" ,resp[1]);} */



void CheckFile()
{
FileName = detail[0];
if(FileName == 0)
{
printf("No File in card, Check Card!!'\n");
while(1);
}
start_addr = detail[21+(numfile*32)];
start_addr = start_addr<<8;
start_addr += detail[20-+(numfile*32)];
start_addr = start_addr<<8;
start_addr += detail[27+(numfile*32)];
start_addr = start_addr<<8;
start_addr += detail[26+(numfile*32)];
if((start_addr & OXFFFF) == 0)
{
//printf("No data in file, Check Card!!'\n");
numfile++;

}
}

[ AR Rk kR Rk kR sk ko ok sk kR ki bk kR ok ook ok ok Rk ok |
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/* MAIN PROGRAM */
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void main(void)

{
setup_spi(SPI_ MASTER|SPI_L_TO_H|SPI_XMIT L_TO_H|SPI CLK_DIV_4);

*0x%94 |- 0x40; //set CKE =1 - clock idle low
*0x14 &= 0xEF; //set CKP =0

/Ipic_init();

/*********Iniﬁal MMC Card****************************/
resp{0]=0xFF;
resp{1]=0xFF;
MMC _init();

[***x%x 5% *Check Response for Header of DATA ***¥kxkk ko kb dkkokk ok ko ko kok |
delay_ms(50);

mmc_deselect();

mmc_clock(10);

mmc_select();

mmc_send_cmd(0x51,0x00,0x00,0x00,0x00,0x{f); /****** Address******/
delay_ms(50);



count=50000;
resp[4]=0x55;
do{
resp[4]=spi_read(0xfY),
ywhile(resp[4]!=0x00 && --count>0);
if(resp{4]==0x00){
//blink1();
//printf("Read BPB CMD response = %X\n\r" ,resp[4]);
}
count=100000;
- dof
resp[2]=spi_read(0xff);
}while(resp[2]!=0xfe & & --count>0);
/*if(resp[2]==0xfe){
/foutput_high(LED1);
printf("Data token = %X\n\r" ,resp[2]);
}
else{
/foutput_high(LED2);
printf("ERROR Data token = %X\n\r" ,resp[2]);
¥/

1=0;

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

{
detail[i]=spi_read(0x{f);

}

spi_read(0xfY);
spi_read(0xfY);
spi_read(0xff);

/*** show on Hyper Terminal ***/
printf("\n\r");
m=0;
1=0;
for(m=0;m<512;m++)
{
printf("%X " ,detail]m]);
if(I==15){
printf("\n\r");
1=0;
}

else I++;

}
pHRt("\n\r"); A

mmc_deselect();
spi_read(0xff);
sp1_read(0xff);



/*** Find start address of root directory ***/
rsv_size=detail[15];
ISV_size=rsv_size<<§;
1sv_size=rsv_size+detail[14];

fat_size=detail[37];
fat_size=fat_size<<S8;
fat_size=fat_size+detail[36];

fat=detail[16];

byte_per sec=detailf12];
byte_per_sec=byte per_sec<<§;
byte_per sec=byte_per_sec+detail[11];

sec_per_clus=detail[13];

root_start=rsv_size+(fat_size*fat);
root_start=root_start*byte per_sec;
root_ad[0]=(root_start>>24)&0xFF;
root_ad[1]=(root_start>>16)&0xFF;
root_ad[2]=(root_start>>8)&0xFF;
root_ad[3]=root_start&0xFF;

[¥*¥xxr%% Get file detail in root directory ****+****/

delay ms(50);

mmc_deselect();

mmc_clock(10);

mmc_select();
mmec_send_cmd(0x51,root_ad[0],root_ad[1],root_ad[2],root_ad[3],0xff);
delay ms(50);

count=100000;
resp[4]=0x55;
do{
resp[4]=spi_read(0xfY);
}while(resp[4]!=0x00 && --count>0);
if(resp[4]==0x00){
//blink1();
//printf("Read root CMD response = %X\n\r" ,resp[4]);

}

count=100000;
do{
resp[2]=sp1_read(0xfY);
ywhile(resp[2]!=0xfe && --count>0);
* if(resp[2]==0xfe){
/foutput_high(LED1);



printf("Data token = %X\n\r" ;resp[2]);

}

else{

//output_high(LED2),

printf("ERROR Data token = %X\n\r" ,resp[2]);
1Y/

1=0;

for(1=0;1<512;1++)

{
detail[i]=spi_read(0xfY);
}

spi_read(0x{f);
spi_read(0xff),
spi_read(0xf),

/*** show on Hyper Terminal ***/

printf("\n\r");

m=0;

1=0;
for(m=0;m<512;m++)

{

printf("%X " ,detail[m]);
if(l==15){

printf("\n\r");

1=0;

}

else i++;
}
printf("\n\r");  /**¥F¥/

mmc_deselect();
spi_read(0xff);
spi_read(0xff);

numfile=0;

Getfiledetail:
/¥**** find start of file *****/
CheckFile();
start_addr=detail{21+(numfile*32)];
start_addr=start_addr<<8;
start_addr=start_addr+detail[20+(numfile*32)];
start_addr=start addr<<8;
start_addr=start addr+detail[27+(numfile*32)];
start_addr=start_addr<<8;
start_addr=start_addr+detail{26+(numfile*32});
start_addr=(start_addr-0x02)*sec_per_clus*byte per sec;
start_addr=start_addr+root_start;



J¥¥*¥x cal file size *¥***/

file size=detail[63+(numfile*64)];

file size=file size<<S8;
file_size=file_size+detail[62+({numfile*64)];
file_size=file size<<8§;

file size=file sizet+detail[61+(numfile*64)];
file size=file size<<§;

file size=file sizet+detail[60+(numfile*64)];

[¥**** sectors per file ¥**¥**¥/
sec_total=file size/byte per sec;

sec_num=0;

while(sec_num<sec_total+1){
//start_addr=start_addr+(sec_num*512),
file_ad[0]=(start_addr>>24)&0xFF;
file_ad[1]=(start_addr>>16)&0xFF;
file_ad[2]=(start_addr>>8)&0xFF;

file ad[3]=start_addr&OxFF;

delay _ms(50);

mmec_deselect();

mmc_clock(10);

mmc_select();
mmc_send_cmd(0x51,file_ad[0],file_ad[1],file_ad[2],file_ad[3],0xff);
delay_ms(50);

count=80000;

resp[4]=0x55;
do{

resp[4]=spi_read(0xff);

twhile(resp[4]!=0x00 && --count>0);
if(resp[4]==0x00){
//blink1();
//printf("Read file CMD response = %X\n\r" ,resp[4]);
}

count=120000;
do{

resp[2]=spi_read(0xff);

}while(resp[2]!=0xfe && --count>0);
*if(resp[2]==0xfe){
blink1();
printf{"Data token = %X\n\r" ,resp{2]);
}
else{
blink2();
printf("ERROR Data token = %X\n\r" ,resp[2]);
3



1=0;

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

{
data[i]=spi_read(0xfY);
}

spi_read(0xff),
spi_read(0xfY);
spi_read(0xff);

/*** show on Hyper Terminal ***/
printf("\n\r");

m=0;

1=0;

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

{

printf("%X " ,data[m]);
if(l==15){

printf("\n\r");

1=0;

}

else 1++;

}
printf("\n\r"); [EEERR]
//start_addr = start_addr+0x200;
sec_num++;

mmc_deselect();
spi_read(0xff);
spi_read(0xff);

/mumfile++;
//goto Getfiledetail;

} //End Main Program
)

/********************Ill***********************************************/

/* Functions */
[/ oo oo R o o K o oK O K oK o KK R o KK o ok ok R oK o o KK ok o A o o K oK K o o o KOk

/*void blink1(void)

{
output_high(led1);delay ms(100);
output_low(led1) ;delay_ms(100);
output_high(led1);delay ms(100);,
output_low(ledl) ;delay_ms(100);

}



void blink2(void)

{
output_high(led2);delay ms(100);
output low(led2); delay ms(100);
output_high(led2);delay _ms(100);
output_low(led2); delay_ms(100);

1/

/*void pic_init(void)

{
for(i=0;i<3;i++)
{
output_high(PIN_A0);delay_ms(100);
output_ low(PIN AO0);delay_ms(100);
}
ffoutput_high(PIN_A0);

I

unsigned char spiget()

{
spi_write(0xff);
return spi_read();

}



File : LCD.C

#include <18F458.h>

#fuses HS,NOLVP,NOWDT ,NOBROWNOUT,NOPROTECT

#use delay(clock=10000000)

#use RS232(BAUD=9600, BITS=8, PARITY=N, XMIT=PIN_C6, RCV=PIN_C7)
/Htuse fast_io(c) -

#include "Arial9.c"

#include "ground.c”

#include "gcled.h"

#include "stdlib.h"

#define COMMAND _SIZE 10
#define NUM_COMMANDS 11

#define checkcard PIN Bl
#define ledred PIN_EOQ
#define ledgreen PIN_E1

#define MMCSD PIN SCL PIN_B2//o
#define MMCSD PIN SDI PIN_C4 /i
#define MMCSD PIN SDO PIN_C5//o
#define MMCSD PIN SELECT PIN B4 //o
#define FAT32

#include <mmecsd.c>

#include "fat.c"

void nocard(void)

{
gcled_font();
gcled_color(BLACK);
gecled gotoxy(10,50); // X=start y=line
printf{gclcd_putc,"NO SD/MMC");
gcled color(BLACK);
geled gotoxy(10,70); // X=start y=line
printf(gcled_putc,"PUT SD/MMC"),
gcled color(BLACK);

}

void main(void)

{

/unsigned int8 contraste = 60,
set_tris_a(0xFF);
set_tris_b(0xFF);
set_tris_c(0xFF);
set_tris_d(OxFF);
set_tris_e(0xFF);
output_low(ledred);
delay_ms(500);
output_high(ledred);
setup_adc_ports{NO_ANALOGS);



geled_init();
gcled font();

while(1)
{
/* if(input(checkcard))
{
nocard();
}
if{!input(checkcard))
{
1= fat_init();
if{i)
{
geled font();
gcled_color(BLACK);
gcled gotoxy(10,50); // X=start y=line
printf(gclcd_putc,"ERROR FAT");
}

gcled_font();

/fprintf(gcled putc,™\f™);
gcled_color(BLACK);

geled gotoxy(10,50); // X=start y=line
printf(gclcd_putc,"NO SD/MMC");
gcled_color(BLACK);

/gcled _color(GOLD);
geled_gotoxy(10,70); // X=start y=line
printf(gcled_putc,"PUT SD/MMC");
geled_color(BLACK);

3

printf(gcled_putc,"\f");
geled_gotoxy(5,0); // X=start y=line
printf(gcled_pute,"TEST GLCD"),
gcled_color(REDY);
gecled_gotoxy(5,15);
printf{gcled _putc,"NOKIA 6100");
gcled color(BLUE);
delay_ms(500);
printf{gcled putc,"\f");
IMGENDX = large[0];
IMGENDY = large[1];
gcled_img(30,0);
delay_ms(500);

// printf(gcled_putc,”\f");

}

}



File : LCD.h

T i i i
//l Libreria para PCF8833 (Nokia 6100 Color Display)  ///

" Version: 0.5 i
/// Basado en: http://www.apetech.de/nokia6100.php 1"
/11y libreta GLC.C de CCS. 1

/I Usar GTP GCLCD de Lager para generar fuentes e imagenes ///
/// Ajustado para trabajar con PICs y Compilador CCS "

/// Por: Jaime Fernundez-Caro Belmonte jim2k2@hotmail.com ///
/// Prohibida su utilizacien tanto parcial como total ~ ///

/// en dises0s comerciales 1
LT T T T

#define HIGH _COLOR // Por defecto 64k colores
#define SCREEN_COLOR WHITE
#define USE_GRFCN

#define GCLCDX 132
#define GCLCDY 132
#define X _START 1
#define Y _START 1
#define X END (131)
#define Y END  (131)

#define SOFT_RESET 0x01
#define COLOR_8 BIT 0x02
#define COLOR_16 BIT 0x05
#define BOOSTER ON  0x03
#define SLEEP OUT  0xl11
#define DISPLAY_ON 0x29
#define MEM_CONTROL 0x36
#define COLMOD 0x3A
#define SETCON 0x25
#define ADDRX 0x2A
#define ADDRY 0x2B
#idefine MEMWRITE  0x2C
#define RGBSET 0x2D

#ifndef HIGH_COLOR
static unsigned int§ COLORRED [§] =
{0x00, 0x03, 0x05, 0x07, 0x09, 0x0B, 0x0D, 0x0F}; // red and green
//{0x00, 0x02, 0x04, 0x06, 0x09, 0x0B, 0x0D, 0x0F}; // red and green, original
values
static unsigned int§ COLOR_BLUE [] =
{0x00, 0x08, 0x0B, 0x0F}; // blue
//{0x00, 0x04, 0x0B, 0x0F}; // blue, original values
#endif



static unsigned int§ COLORRED [8] =
{0x00, 0x03, 0x05, 0x07, 0x09, 0x0B, 0x0D, 0x0F};

static unsigned int§ COLORBLUE [4] =
{0x00, 0x08, 0x0B, 0x0F };

/Hifdef HIGH COLOR
#define RGB(r,g,b) (((r & 0xF8) << 8) | ((g & 0xFC) << 3)| (b & 0xF8)>> 3}))
// #define RGB(r,g,b) RGB(0x00, 0x40, 0x00) // == tansparent, one green
color reduced !!
IfHelse
// #define RGB(r,g,b) ((r & 0xE0) | ((g & 0xEQ) >>3) | (b >> 6))
// #define NONE RGB(0x00, 0x20, 0x00) // == tansparent, one green color
reduced !!
/f#endif

#define BLACK RGB(0x00, 0x00, 0x00)
#define WHITE RGB(0xFF, 0xFF, OxFF)
#define RED RGB(0xFF, 0x00, 0x00)
#define GREEN RGB(0x00, 0xFF, 0x00)
#define BLUE RGB(0x00, 0x00, 0xFF)
#define YELLOW RGB(0xFF, 0xFF, 0x00)
#define MAGENTA RGB(0xFF, 0x00, OxFF)
#define CYAN RGB(0x00, 0xFF, OxFF)
#define GRAY RGB(0x80, 0x80, 0x40)
#define SILVER RGB(0xAQ, 0xA0, 0x80)
#define GOLD RGB(0xAO0, 0xAQ, 0x40)

#define CS PIN_D1
#define RST PIN_DO
#define SCK PIN_C3
#define SDO PIN_Cs5

/H#byte SSPSTAT = 0b01000000
#byte SSPCONI = 0OxFC6
#bit SSPEN = SSPCONI1.5

void geled_init(void);

void geled _cmd(int8 cmd);

void gcled data(int8 data);

void gcled_const{unsigned int8 *buffer, unsigned int8 count);
void geledcls(void),

void gcled_setarea(int8 startx, int8 endx, int8 starty, int8 endy);
void gclcd_contrast(int8 contrast);

void gcled_img(unsigned int8 x, unsigned int8 y);

void gcled font(void);

int gcled putc(intl6 c);

void gcled_newline(void);



void gcled gotoxy(unsigned int8 x, unsigned int8 y);

void geled_pixel(unsigned int8 x, unsigned int8 y, int16 color);

void geled_line(int x1, int y1, int X2, int y2, int16 color);

void gcled_bar(int x1, int y1, int X2, int y2, int width, int16 color);
void geled rect(int x1, int y1, int X2, int y2, int width, int1 {ill, int16 color);
void gcled_circle(int x, int y, int radius, int width, int] fill, int16 color);

struct _font{
unsigned int8 width;
unsigned int8 height;
}font;

unsigned int32 i;

unsigned intl6 color;
unsigned int8 xCoord=0;
unsigned int8 yCoord=0;
unsigned int8 fontOffset=0;

unsigned int16 IMGENDX,IMGENDY.ii;

/! Secuencia de inicializacion
void geled_init(void)
{ .
int g;
set_tris_a(0x00);
set_tris_c(0x00);

delay _ms(65);

output_bit(CS,FALSE); / GCLCD ENABLED
output_bit(RST,FALSE);

delay ms(10);

output_bit(RST,TRUE);
output_bit(SCK,TRUE);
output_bit(SDO,TRUE);
output_bit(CS,TRUE);

gcled_cmd(SOFT_RESET); // Software Reset
geled emd(SLEEP_OUT); // Sleep Out
gecled_cmd(DISPLAY_ON);, // Display ON
gecled_emd(BOOSTER_ON); // Booster ON
gcled_ecmd(COLMOD);

#ifdef HIGH_COLOR
geled_data(COLOR_16_BIT);

#else
geled_data(COLOR_8_BIT);
geled_cmd(RGBSET);
gecled_const(COLOR_RED, sizeof COLOR_RED);
gcled_const(COLOR_RED, sizeof COLOR_RED);

// red
// green



geled const(COLOR_BLUE, sizeof COLOR_BLUE); //blue
#endif

geled cmd(MEM_CONTROL);
geled data(0b01001000);

geled contrast(65);

geled cls();

// Envia comando a la gclcd
void geled_cmd(int8 cmd)
{
output_bit(CS,FALSE);
output_bit(SCK,FALSE);
output_bit(SDO,FALSE);
output_bit(SCK,TRUE);

setup_spi(spi_master|spi_h_to_l);
//setup_spi(SP1_MASTER|SPI_h_TO [|SPI XMIT_L_TO_H),
spi_write(cmd);

while(!spi_data_is_in());

output_bit(CS,TRUE);

SSPEN =0;

// Envia dato a la gcled
void gcled_data(int8 data)
{
output_bit(CS,FALSE);
output_bit(SCK,FALSE);
output_bit(SDO,TRUE);
output_bit(SCK,TRUE);

//setup_spi(spi_master | spi_h_to_l);
setup_spi(SPI_MASTER|SPI_H_TO_LI|SPI_XMIT L_TO_H);
spi_write(data);

while(!spi_data_is_in());

output_bit(CS,TRUE);
SSPEN = (;

// Envia configuracion color 8bits
void geled_const(unsigned int8 *buffer, unsigned int8 count)
{

for (i=0; i<count; i++)

{



gcled data(buffer[i]);

}
}

// Borra la gcled con el color de fondo definido
void gcled_cls(void)
{

unsigned int16 i;

gcled_setarea(X_START, X_END, Y_START, Y_END);
gcled cmd(MEMWRITE),
for(i=0; i<(X_END*Y_END); i++)
{
#ifdef HIGH_COLOR
geled _data(SCREEN_COLOR >> 8);
gcled data(SCREEN COLOR);
Helse
gcled data(SCREEN_COLOR);
#endif

}
}

// Delimita el area de escritura
void gcled_setarea(int8 startx, int8 endx, int8 starty, int8 endy)
{
geled_cmd(ADDRX);
gcled data(startx);
gcled_data(endx);
geled_cmd(ADDRY);
gcled data(starty);
gcled_data(endy);
xCoord=startx;
yCoord=starty;

// Cambia el contraste de la gcled
void gcled_contrast(int8 contrast)
{
output_bit(CS,FALSE);
gcled_cmd(SETCON);
gcled data(contrast);
output_bit(CS,TRUE);
}

// Envia imagen a la gcled
void geled_img(unsigned int8 x, unsigned int8 y)



gcled_setarea(x, IMGENDX-1+x,y,IMGENDY-1+y);

geled_ecmd( MEMWRITE);
for(i1=0; i<UIMGENDX*IMGENDY); ii++)
{

#ifdef HIGH_COLOR
geled_data(large[i1+2] >> 8);
geled data(large[ii+2]);

#else
geled_data(img[ii+2]);

#endif

}
}

// Seleccion fuente
void geled_font(void)
{
font.width = Arial9[0];
font.height = Arial9[1];
3

// Envia caracter

int gcled_putc(intl6 c)

{
unsigned int16 index;
unsigned int8 i, j, w, data, skipped=1;
unsigned int8§ startY;

startY=yCoord;

geled ecmd(MEM_CONTROL);
gcled_data(0b01101000);

if(c =="\n"} gclcd_newline();
if{c =="f) gcled_cls();
if(c < 32) return 0;

¢c~—=232;
index = c*(font.width)*(font.height/8)+2;//+font.width;

for(w=0; w<font.width; w++)
{ for(i=0; i<font.height/8; i++)
{ data = Arial9[index++]; // tipo de letra usado
for()=0; j<8; j++)
{ if(data&0x01)



{
if(skipped)
{

geled_potoxy(xCoord, yCoord);
geled_cmd(MEMWRITE);

/' skipped=0;

3

#ifdef HIGH_COLOR
geled_data(color >> 8);
geled_data(color);

#else
gcled_data(color);

#endif

yCoord++;

}

else
{
skipped=1;
geled _gotoxy(xCoord,++yCoord);
}
data >>=1;
}
}
geled gotoxy(++xCoord, startY);
}
gcled_ emd(MEM CONTROL);
gcled_data(0b01001000);
return 0;

// Salto de linea
void gcled_newline(void)

if(yCoord+font.height < 128)

geled gotoxy(fontOffset, yCoord+font.height);
else

geled gotoxy(fontOffset, 0);

}

// Posiciona el cursor en la posicion X,Y
void geled gotoxy(unsigned int8 x, unsigned int8 y)
{

gecled setarea(x, X _END, y, Y _END);

}

// Cambia el color a usar
void gcled color(unsigned int16 newColor)



{

color = newColor;

}

// Pinta pixel de color en posicion X,Y dada
void geled pixel(unsigned int8 x, unsigned int8 y, int16 color)
{
gcled_setarea(x, X_END, y, Y_END);
gcled_cmd(MEMWRITE);
#ifdef HIGH COLOR
gcled_data(color >> 8);
gcled_data(color);
#else
gcled data(color);
#endif

}

#ifdef USE_GRFCN
// Pinta una linea de 1 pixel de x1,y] a x2,y2 del color indicado
void gcled_line(int x1, int y1, int x2, int y2, int16 color)
{

signed int x, y, addx, addy, dx, dy;

signed long P;

int1;

dx = abs((signed int)(x2 - x1));

dy = abs((signed int)(y2 - y1));

X =xl;

y=yL

if(x1 > x2)
addx =-1;
else
addx = 1;
if(yl > y2)
addy =-1;
else
addy = 1;

if(dx >=dy)

{
P =2*dy - dx;

for(i=0; i<=dx; ++i)
{
gcled_pixel(x,y,color),
if(P <0)
{
P +=2*dy;



X += addx;

}

else

{
P +=2*dy - 2*dx;
X += addx;
y += addy;

}

!
}

else

{
P =2*dx - dy;

for(i=0; i<=dy; ++i)
{
geled pixel(x,y,color);
if(P <0)
{
P +=2*dx;
y += addy;
}

else

{
P +=2*dx - 2*dy;
X += addx;
y += addy;

}

}
}
}

// Pinta una linea de los pixeles indicados de x1,y1 a x2,y2 del color dado
void geled_bar(int x1, int yl, int x2, int y2, int width, int16 color)
{

signed int X, y, addx, addy, j;

signed long P, dx, dy, cl, ¢2;

nt i;

dx = abs((signed int)(x2 - x1));
dy = abs((signed int)(y2 - y1));
x =x1;

y=yl;

cl = -dx*x1 - dy*yl;

c2 =-dx*x2 - dy*y2;

if(x1 > x2)

{
addx =-1;



cl = -dx*x2 - dy*y2;
c2 =-dx*xl1 - dy*yl;
}

else
addx = 1;
if(yl > y2)
{
addy =-1;
cl = -dx*x2 - dy*y2;
c2 = -dx*x1 - dy*yl;
}

else
addy =1;

if(dx >=dy)

{
P =2*dy - dx;

for(i=0; i<=dx; ++1)

for(j=-(width/2); j<width/2+width%2; ++j)
{
if(dx*x+dy*(y+H)+el >= 0 && dx*x+dy*(y+j)+c2 <=0)
geled_pixel(x, y+j, color);

)

if(P <0)

{
P +=2*dy;
x += addx;

}

else

P +=2*dy - 2*dx;
X += addx;
y += addy;
}
}
}

else
P=2*dx - dy;

for(i=0; i<=dy; +H+i)
{
if(P <0)
{
P += 2*dx;
y += addy;
}

else



{
P +=2*dx - 2*dy;
X += addx;
y +=addy;
)
for(j=-(width/2); j<width/2+width%2; ++j)
{
if(dx*x+dy*(y+)+cl >= 0 && dx*x+dy*(y+j)+c2 <=0)
gcled pixel(x+j, y, color);
}

}
}
}

// Pinta rectangulo con las coordenadas y color dados, si fill=0
// se pintan los bordes del rectangulo del numero de pixeles dados (width)

// si fill=1, el rectangulo es relleno, width no se tendru en cuenta.
void gcled rect(int x1, int y1, int X2, int y2, int width, int1 fill, int16 color)
{ if(fill)
{ int y, ymax; // Find the y min and max
if(yl <y2)
{
y=vl;
ymax = y2;
}
else
{
y=y2;
ymax =yl;

}

for(; y<=ymax; ++y) // Draw lines to fill the rectangle
geled_line(x1, y, x2, y, color);
}

else
{
if(width)
{
gcled_bar(x1, yl, x2, y1, width, color);  // Draw the 4 sides
gcled_bar(x1, y2, x2, y2, width, color);
gcled _bar(x1, y1, x1, y2, width, color);
gcled_bar(x2, yl, x2, y2, width, color);
}
else
{
gcled_line(x1, yl, x2, y1, color);
geled_line(x1, y2, x2, y2, color);



geled line(x1, y1, x1, y2, color);
geled line(x2, y1, x2, y2, color);
}

}
}

// Pinta circunferencia cuyo centro viene dado por X,Y de radio y color dados
// s1 fill=0 se pinta un circulo (aun no implementado el numero de pixeles)

// contacta con jim2k2@hotmail.com si sabes la forma. gracias

void geled_circle(int x, int y, int radius, int width, intl fill, int16 color)

{
signed int a, b, P;
a=0;
b = radius;

P =1 - radius;

do
{

if(fill})

{
geled_line(x-a, y+b, x+a, y+b, color);
gcled_line(x-a, y-b, x+a, y-b, color);
geled_line(x-b, y+a, x+b, y+a, color);
gcledline(x-b, y-a, x+b, y-a, color);

}

else

{
geled pixel(atx, b+y, color);
geled pixel(b+x, aty, color);
geled pixel(x-a, b+y, color);
gcled _pixel(x-b, aty, color);
gcled_ pixel(b+x, y-a, color);
geled_pixel(a+x, y-b, color);
gcled pixel(x-a, y-b, color);
gcled_pixel(x-b, y-a, color);

}

if(P < 0)
P+=3 + 2¥a++;
else
P+=5 + 2*(at++ - b--),
} while(a <= b);
}
#endif
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28/40/44-Pin Enhanced Flash Microcontrollers with
10-Bit A/D and nanoWatt Technology

Power Managed Modes:

» Run: CPU on, peripherals on

» Idle; CPU off, peripherals on

» Sleep: CPU off, peripherals off

* ldie mode currents down to 2.5 LA typical

+ Sleep mode current down to 100 nA typical
+ Timer1 Oscillator; 1.8 pA, 32 kHz, 2V

+ Watchdog Timer: 1.4 A, 2V typical

+ Two-Speed Oscillator Start-up

Flexible Oscillator Structure:

+ Four Crystal modes, up to 40 MHz
+ 4x Phase Lock Loop (PLL) - available for crystal
and internal oscillators)
« Two External RC modes, up to 4 MHz
» Two External Clock modes, up to 40 MHz
* Internal oscillator block:
- 8 user selectable frequencies, from 31 kHz to
8 MHz
- Provides a complete range of clock speeds
from 31 kHz to 32 MHz when used with PLL
- User tunable to compensate for frequency drift
+ Secondary oscillator using Timert @ 32 kHz
+ Fail-Safe Clock Monitor
- Allows for safe shutdown if peripheral ciock stops

Peripheral Highlights:

+ High-current sink/source 25 mA/25 mA

+ Three programmable external interrupts

» Four input change interrupts

+ Up to 2 Capture/Compare/PWM (CCP) modules,
one with Auto-Shutdown (28-pin devices)

« Enhanced Capture/Compare/PWM (ECCP)
module {40/44-pin devices only):
- One, two or four PWM outputs
- Selectable polarity
- Programmable dead time
- Auto-Shutdown and Auto-Restart

Peripheral Highlights (Continued):

Master Synchronous Serial Port (MSSP) module

supporting 3-wire SPI™ (all 4 modes) and 12cm™

Master and Slave modes

Enhanced Addressable USART module:

- Supports RS-485, RS-232 and LIN 1.2

- RS-232 operation using internal osciltator
block {no external crystal required)

- Auto-Wake-up on Start bit

- Auto-Baud Detect

10-bit, up to 13-channel Anafog-to-Digital

Converter module (A/D):

- Auto-acquisition capability

- Conversion available during Sleep

Dual analog comparators with input multiplexing

Programmable 16-level High/Low-Voitage

Detection {HLVD) module:

- Supports interrupt on High/Low-Voltage Detection

Special Microcontroller Features:

C compiler optimized architecture:

- Optional extended instruction set designed to
optimize re-entrant code

100,000 erase/write cycle Enhanced Flash

program memory typical

1,000,000 erase/write cycle Data EEPROM

memory typical

Flash/Data EEPROM Retention: 100 years typical

Self-programmable under software control

Priority levels for interrupts

8 x 8 Single Cycle Hardware Multiplier

Extended Watchdog Timer (WDT):

- Programmable period from 4 ms to 131s

Single-supply 5V In-Circuit Serial

Programming™ (ICSP™) via two pins

In-Circuit Debug (ICD} via two pins

Wide operating voltage range: 2.0V to 5.5V

Programmable Brown-out Reset (BOR) with

software enable option

Program Memory Data Memory CCP! MSspP 'E §
. 10-bit < Timers
Device Flash |# Single-Word | SRAM |EEPROM | VO | 4.\ 1, | ECCP  |Master| @ | Comp. | 0o
; e | ewmy | SPI™ | Zer >
(bytes) | Instructions |(bytes}| (bytes) { ) Rcm o
PIC18F2525 | 48K 24576 3986 1024 25 10 2/0 Y Y 1 2 13
PIC18F2620 | 64K 32768 3986 1024 25 10 2/0 Y Y 1 2 1/3
PIC18F4525 | 48K 24576 3986 1024 36 13 1M Y Y 1 2 1/3
PIC18F4620 | 64K 32768 3986 1024 36 13 1/1 Y Y 1 2 113

© 2004 Microchip Technology Inc.
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PIC18F2525/2620/4525/4620

Pin Diagrams

28-Pin SPDIP, SOIC

~/ 28] =— RB7/KBI3PGD
27[] =— RBB/KBI2IPGC
26[] -—= RB5/KBI1/PGM

MCLR/vPR/RE3 —= []°
RAO/AND =—= [

RA1/ANY =— ]
RA2/AN2/VREF-/CVREF = ]

25| ] <— RB4/KB1O/AN11
RA3AN3NVREF+ ~+— [ 24 ] = RrB3/ANY/CCP2ID
RA4/TOCKIHC1OUT =— (] 23| ] == RB2/INT2/ANS

22[] = RB1/INT1/AN10
21[] =— RBO/INTO/FLTO/AN12

RAS5/AN4/SS/HLVDIN/C20UT =— [
vss —= [

0~ Db W

PIC18F2525
PIC18F2620

OSCUCLKWRAT —= [ 9 20[] =— Voo
OSC2/CLKO/RAB =~ []10 19(] =— Vvss
RCO/T10S0M13CKI =— [ 11 18] ] =—= RC7/RX/DT
RCAHT10SICCR2IM -—[]12 17| = RCBTX/CK
RC2/CCP1 =-—[]13 16[] == RCS5/SDO
RC3I/SCK/SCL == []14 15[] =—= RC4/SDI/SDA

40-Pin PDIP
MCLR/VPP/IRE3 —=[] 1 N/ 40D = REIKBIPGD
RAO/ANO w—] 2 39 [J =— RBB/KBIZ/PGC
RA1TANT =——a[]3 38 [] =——« RB5/KBI1/PGM
RA2/AN2/VREF-/CVREF ._.5 Fl 37 [J =—= RB4/KBIO/AN11
RAVANIVREF+ ——e[] 5 35 [] =—— RBE3/ANS/CCP2(Y
RA4/TOCKNC10UT -—[] 6 35 [] =—« RB2/INT2/ANS
RAB/AN4/SE/HLVDIN/C20UT =—[] 7 34 [ =— RB1/INTHAN10
REO/RD/ANS -——[] 8 0 g 33 —— RBU/INTOFLTO/AN12
RE1MWR/ANG —=—[] 9 0 @ 32pe——wvoo
RE2/CS/AN7 =—[] 10 B R 310 e—vss
VoD — [ 11 ® % 351 «— RD7PSFTPID
VsS 112 ©Q Q@ 290 =— RDB/IPSPEPIC
OSC1/CLKIIRAT w—a[] 13 O & 280 -— RD5/PSP5/PIB
OSC2/CLKO/RAE «—s[] 14 27 [1 =— RD4/PSP4
RCOM10SOT13CKI =—w[] 15 26 [1 =— RCT/RX/DT
RCYT10SKCCP2Y e—w ] 16 25 [] -a—v RCBTX/CK
RC2/CCPAIP1A ._.a 17 24 [ =— RCS/SDO
RC3/SCK/SCL =—[] 18 23 §¢—- RC4/SDI/SDA
RDO/PSP0 «—s[] 19 22 [] «—= RD3/PSP3
RDY/PSP1 =— (] 20 21 [1 =— RD2/PSP2

Note 1: RB3is the alternate pin for CCP2 multiplexing.

DS39626B-page 2 P refiminary © 2004 Microchip Technology Inc.




PIC18F2525/2620/4525/4620

TABLE 1-1: DEVICE FEATURES
Features PIC18F2525 PIC18F2620 PIC18F4525 PIC18F4620
Operating Frequency DC - 40 MHz DC - 40 MHz DC -40 MHz DC - 40 MHz
Program Memory (Bytes) 49152 65536 49152 65536
Program Memory (Instructions) 24576 32768 24576 32768
Data Memory (Bytes) 3968 3968 3968 3668
Data EEPROM Memory (Bytes) 1024 1024 1024 1024
interrupt Sources 19 19 20 20
11O Ports Ports A, B, C,(E) | Ports A,B,C,(E) | Ports A,B,C,D,E | Ports A,B,C, D, E
Timers 4 4 4 4
Capture/Compare/PWM Modules 2 2 1 1
Enhanced Capture/Compare/ 0 0 1 1
PWM Modules
Serial Communications MSSP, MSSP, MSSP, MSSP,
Enhanced USART | Enhanced USART | Enhanced USART | Enhanced USART
Parailel Communications (PSP) No No Yes Yes
10-bit Analog-to-Digital Module 10 Input Chanrels | 10 Input Channels | 13 Input Channels | 13 Input Channeis
Resets (and Delays) POR, BOR, POR, BOR, PCR, BOR, PCR, BOR,
RESET Instruction, | RESET Instruction, | RESET Instruction, | RESET Instruction,
Stack Full, Stack Full, Stack Full, Stack Full,
Stack Underflow Stack Underflow Stack Underflow Stack Underflow
{PWRT, OST), (PWRT, OST), {(PWRT, OST), (PWRT, OST),
MCLR (optional), | MCLR (optional), | MCLR (optional), | MCLR (optional),
wDT WDT WDT WDT
Programmable Low-Voltage Yes Yes Yes Yes
Detect
Programmable Brown-out Reset Yes Yes Yes Yes
Instruction Set 75 instructions; 75 Instructions; 75 Instructions; 75 Instructions;
83 with Extended | 83 with Extended | 83 with Extended | 83 with Extended
Instruction Set Instruction Set Instruction Set Instruction Set
enabled enabled enabled enabled
Packages 28-pin SPDIP 28-pin SPDIP 40-pin PDIP 40-pin PDIP
28-pin SO1C 28-pin SOIC 44-pin QFN 44-pin QFN
44-pin TQFP 44-pin TQFP
® 2004 Micrachip Technology Inc. Preliminary DS39626B-page 9



PIC18F2525/2620/4525/4620

16.49  SETUP FOR PWM OPERATION

The following steps should be taken when configuring

the ECCP module for PWM operation:

1. Configure the PWM pins, P1A and P1B (and
P1C and P1D, if used), as inputs by setting the
corresponding TRIS bits,

2. Setthe PWM pericd by loading the PR2 register.

3. If Auto-Shutdown is required do the following:

+ Disable Auto-Shutdown (ECCP1AS = 0)

*+ Configure source (FLTO, Comparator 1 or
Comparator 2)

+ Wait for non-shutdown condition
4. Configure the ECCP module for the desired
PWM mode and configuration by loading the
CCP1CON register with the appropriate values:
+ Select one of the available output
configurations and direction with the
P1M1:P1MO bits.

+ Select the poiarities of the PWM output
signals with the CCP1M3:CCP1M0 bits.

5 Setthe PWM duty cycle by loading the CCPRIL
register and CCP1CON<5:4> bits.

€. For Half-Bridge Output mode, set the dead-
band delay by loading PWM1CON<6:0> with
the appropriate value,

7. if auto-shutdown operation is required, load the
ECCP1AS register:

- Select the auto-shutdown sources using the
ECCPAS2:ECCPASO bits.

 Select the shutdown states of the PWM
output pins using the PSSAC1:PSSACQ and
PSSBD1:PSSBDO bits.

+ Set the ECCPASE bit (ECCP1AS<7>).

+ Configure the comparators using the CMCON
register.

+ Configure the comparator inputs as analog
inputs,

8, If auto-restart operation is required, set the
PRSEN bit (PWM1CON<7>),

9. Configure and start TMR2:

+ Clear the TMR2 interrupt flag bit by clearing
the TMR2IF bit (PIR1<1>),

+ Set the TMR2 prescale value by loading the
T2CKPS bits (T2CON<1:0>}.

* Enable Timer2 by setting the TMRZON bit
(T2CON<2>},

10. Enable PWM outputs afler a new PWM cycle
has started:

* Wait until TMRn overflows (TMRnIF bit is set).
+ Enable the CCP1/P1A, P1B, P1C and/or P1D
pin outputs by ciearing the respective TRIS

bits.
+ Clear the ECCPASE bit (ECCP1AS<7>).

16.4.10 OPERATION IN POWER MANAGED
MODES

In Sleep mode, all clock sources are disabled. Timer2
will not increment and the state of the module will not
change. if the ECCP pin is driving a value, it will continue
to drive that value, When the device wakes up, it will
continue from this state. If Two-Speed Start-ups are
enabled, the initial start-up frequency from INTOSC and
the postscaler may not be stable immediately.

In PRI_IDLE mode, the primary clock will continue to
clock the ECCP module without change. In all other
power managed modes, the selected power managed
mode clock will clock Timer2. Other power managed
mode clocks will most fikely be different than the
primary clock frequency.

16.4.10.1  Operation with Fail-Safe
Clock Monitor

If the Fail-Safe Clock Monitor is enabled, a clock failure
will force the device into the Power Managed RC_RUN
mode and the OSCFIF bit (PIR2<7>) will be set. The
ECCP will then be clocked from the internal oscillator
clock source, which may have a different clock
frequency than the primary clock.

See the previous section for additional details.

16.4.11 EFFECTS OF ARESET

Both Power-on Reset and subsequent Resets will force
all ports to Input mode and the CCP registers to their
Reset states.

This forces the Enhanced CCP module to reset to a
state compatible with the standard CCP module.

© 2004 Microchip Technology Inc.
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TABLE 16-3: REGISTERS ASSOCIATED WITH ECCP1 MODULE AND TIMER1 TO TIMER3
Reset
Name Bit7 Bit 6 Bit § Bit 4 Bit 3 Bit 2 Bit 1 Bit0 | Values
on page

INTCON | GIE/GIEH { PEIE/GIEL | TMROIE INTOIE RBIE TMROIF | INTOIF RBIF 49
RCON IPEN | SBOREN(! - Ri TO PD POR BOR 48
PIR1 PsPIF? ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF 52
PIE PSPIE@ ADIE RCIE TXIE SSPIE | CCP1E | TMR2IE | TMR1IE 52
IPR1 pspipiZ} ADIP RCIP TXIP ssPiP | ccP1P | TMR2IP | TMR1IP 52
PIR2 OSCFIF CMIF - EEIF BCLIF HLVDIF | TMR3IF | CCP2IF 52
PIE2 OSCFIE CMIE — EEIE BCLIE HLVDIE | TMR3IE | CCP2IE 52
IPR2 OSCFIP CMIP - EEIP BCLIP HLVDIP | TMR3IP | CCP2IP 52
TRISB PORTB Data Direction Control Register 52
TRISC PORTC Data Direction Control Register 52
TRISD PORTD Data Direction Control Register 52
TMR1L Timer1 Register Low Byte 50
TMR1H Timer1 Register High Byte 50
T1CON RD16 | T1RUN | TICKPS1 | T1CKPSO | T1IOSCEN | TISYNC | TMR1CS | TMRION | 50
TMR2 Timer2 Register 50
T2CON —  [T20UTPS3]T20UTPS2]T20UTPS1] T20UTPSO| TMR2ON | T2CKPS1 | T2CKPS0| 50
PR2 Timer2 Period Register 50
TMR3L Timer3 Register Low Byte 51
TMR3H Timer3 Register High Byte 51
T3CON RD16 | T3CCP2 | T3CKPS1 | T3CKPSO | T3CCP1 | T3SYNC | TMR3CS | TMR3ON | 51
CCPR1L Capture/Compare/PWM Register 1 Low Byte 51
CCPR1H |Capture/Compare/PWM Register 1 High Byte 51
CCP1CON | P1M12 | p1mol2 DC1B1 DC1B0 | CCPIM3 | CCP1M2 [ CCP1M1 [ CCP1MO 51
ECCP1AS |ECCPASE| ECCPAS2 | ECCPAS1 | ECCPASO | PSSAC1 | PSSACO |PssBD1®|pPssBDG?! 51
PWMICON | PRSEN | PDC8® | pDcs@ | ppca®@ | ppca@ | ppc2@ | ppci@ | poco® 51
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used during ECCP operation.
Note 1: The SBOREN bit is only available when the BOREN1:BORENO configuration bits = 01; otherwise, it is disabled

and reads as ‘0. See Section 4.4 “Brown-out Reset (BOR)".
2: These bits are unimplemented on 28-pin devices; always maintain these bits clear.
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17.0 MASTER SYNCHRONOUS
SERIAL PORT (MSSP)
MODULE

17.1 Master SSP (MSSP) Module
Overview

The Master Synchronous Serial Port (MSSP) module is
a serial interface, useful for communicating with other
peripheral or microcontroller devices. These peripheral
devices may be seriai EEPROMs, shift registers,
display drivers, A/D converters, etc. The MSSP module
can operate in one of two modes:

+ Serial Peripheral Interface (SPI)
« Inter-Integrated Circuit (1°C)
- Full Master mode
- Slave mode (with general address call)
The 1C interface supports the following modes in
hardware:
* Master mode
« Multi-Master mode
+ Slave mode

17.2 Control Registers

The MSSP module has three associated registers.
These include a status register (SSPSTAT) and two
control registers (SSPCON1 and SSPCON2). The use
of these registers and their individual configuration bits
differ significantly depending on whether the MSSP
module is operated in SPI or 12C mode.

Additional details are provided under the individual
sections,

17.3 SPI Mode

The SPI mode allows 8 bits of data to be synchronously
transmitted and received simultaneously, All four SPI
modes are supported. To accomplish communication,
typically three pins are used:

* Serial Data Out (SDO) - RC5/SDO

» Serial Data In (SD!) — RC4/SDI/SDA

 Serial Clock (SCK) — RC3/SCK/SCL

Additionally, a fourth pin may be used when in a Slave
mode of operation:

+ Slave Select (SS) — RAS/AN4/SS/HLVDIN/C20UT

Figure 17-1 shows the block diagram of the MSSP
module when operating in SPI mode.

FIGURE 17-1: MSSP BLOCK DIAGRAM
(SPI™ MODE)
<|L Internal
Data Bus
Read —@% Write
[ ssPBUFreg |
RC4/SDI/SDA ﬁ JL

r SSPSRreg  |—

RC5/SDO bit 0 Shift
e

Clock

RAS/ANA/SS/
HLVDIN/C20UT

SS Control
Enable

Edge
Select

Clock Select

SSPM3:55PMO

RCH/SCK/ SMP:CZKE 4 (TMRZ Output
SCL r2
L Edge

Select Prescaler | Tosc

4,16, 64

Data to TX/RX in SSPSR
TRIS bit
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17.3.1 REGISTERS

The MSSP module has four registers for SPI mode
operation. These are:
+ MSSP Control Register 1 (SSPCON1)
« MSSP Status Register (SSPSTAT)
+ Serial Receive/Transmit Buffer Register
(SSPBUF)
« MSSP Shift Register (SSPSR) — Not directly
accessible
SSPCON1 and SSPSTAT are the control and status
registers in SP1 mode operation. The SSPCON1 register
is readable and writable. The lower 6 bits of the
SSPSTAT are read-only. The upper two bits of the
SSPSTAT are read/write.

SSPSR is the shift register used for shifting data in or
out. SSPBUF is the buffer register to which data bytes
are written to or read from.

In receive operations, SSPSR and SSPBUF together
create a double-buffered receiver. When SSPSR
receives a complete byte, it is transferred to SSPBUF
and the SSPIF interrupt is set.

During transmission, the SSPBUF is not double-
buffered. A write to SSPBUF will write to both SSPBUF
and SSPSR.

REGISTER 17-1: SSPSTAT: MSSP STATUS REGISTER (SP! MODE)

RW-0  RW-0 R0 R-0 R-0 R-0 R-0 R-0
| swp cke | oA | P | s [ RW [ ua | ®F
bit 7 bit 0

bit 7 SMP: Sample bit
SP| Master mode:

1 = Input data sampled at end of data output time
0 = input data sampled at middle of data cutput time

SPI Slave mode:

SMP must be cleared when SPi is used in Slave mode.

bit 6 CKE: SPI Clock Setect bit

1 = Transmit occurs on transition from active to Idle clock state
0 = Transmit occurs on transition from ldle to active clock state

Note:  Polarity of clock state is set by the CKP bit (SSPCON1<4>),

bit 5 D/A: Data/Address bit
Used in 12C mode only.
bit 4 P: Stop bit

Used in 1°C mode only. This bit is cleared when the MSSP module is disabled, SSPEN is

cleared.
bit 3 S: Start bit
Used in 12C mode only.

bit2  R/MW: Read/Write Information bit

Used in 12C mode only.
bit 1 UA: Update Address bit
Used in 12C mode only.

bit 0 BF: Buffer Full Status bit (Receive mode only)

1 = Receive complete, SSPBUF is full

0 = Receive not complete, SSPBUF is empty

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1’ = Bjt is set '0" = Bit is cleared x = Bit is unknown
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REGISTER 17-2: SSPCON1: MSSP CONTROL REGISTER 1 (SP! MODE)
R/W-0 R/W-0 RIW-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

WCOL | SSPOV | SSPEN | CKP | SSPM3 | SSPM2 | SSPMt | SSPMO |
bit 7 bit 0

bit7  WCOL: Write Collision Detect bit (Transmit mode only)

1 = The SSPBUF register is written while it is stiil transmitting the previous word
(must be cleared in software)

0 = No collision

bit6  SSPOV: Receive Overflow Indicator bit

SP] Slave mode:

1 = A new byte is received while the SSPBUF register is still holding the previous data. in case
of overflow, the data in SSPSR is lost. Overflow can only occur in Slave mode. The user
must read the SSPBUF, even if only transmitting data, to avoid selting overflow {must be
cleared in software).

0 = No overflow

Note: In Master mode, the overflow bit is not set since each new reception (and
transmission) is initiated by writing to the SSPBUF register.

bit 5 SSPEN: Synchronous Serial Port Enable bit
1 = Enables serial port and configures SCK, SDO, SDI and SS as serial port pins
0 = Disables serial port and configures these pins as 1/O port pins

Note:  When enabled, these pins must be properly configured as input or output.

bit 4 CKP: Clock Polarity Select bit

1 = Idle state for clock is a high level
0 = Idle state for clock is a low level
bit 3-0 SSPM3:SSPMO0: Synchronous Serial Port Mode Select bits
0101 = SPI Slave mode, clock = SCK pin, SS pin control disabled, SS can be used as /O pin
0100 = SP! Slave mode, clock = SCK pin, SS pin control enabled
0011 = SP! Master mode, clock = TMR2 output/2
0010 = SP| Master mode, clock = Fosc/64
0001 = SPI Master mode, clock = FOsSc/16
0000 = SPI Master mode, clock = Fosc/4

Note:  Bit combinations not specifically listed here are either reserved or implemented in

12C mode only.
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1" = Bit is set ‘0" = Bit is cleared x = Bit is unknown
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17.32  OPERATION

When initializing the SP), several options need to be
specified. This is done by programming the appropriate
control bits (SSPCON1<5:0> and SSPSTAT<7:6>).
These control bits aliow the following to be specified:

+ Master mode (SCK is the clock output)

+ Slave mode (SCK is the clock input)

« Clock Paolarity (Idle state of SCK}

+ Data Input Sample Phase (middle or end of data
output time)

+ Clock Edge (output data on rising/falling edge
of SCK)

+ Clock Rate (Master mode only)

+ Slave Select mode (Slave mode only)

The MSSP consists of a transmit/receive shift register
(SSPSR) and a buffer register (SSPBUF). The SSPSR
shifts the data in and out of the device, MSb first. The
SSPBUF holds the data that was written to the SSPSR
until the received data is ready. Once the 8 bits of data
have been received, that byte is moved to the SSPBUF
register. Then, the Buffer Full detect bit, BF
(SSPSTAT<0>) and the interrupt flag bit, SSPIF, are
set. This double-buffeing of the received data
(SSPBUF) allows the next byte to start reception before

reading the data that was just received. Any write to the
SSPBUF register during transmission/reception of data
will be ignored and the write collision detect bit, WCOL
(SSPCON1<7>), will be set. User software must clear
the WCOL bit so that it can be determined if the following
write(s) to the SSPBUF register completed successfully.

When the application software is expecting to receive
valid data, the SSPBUF should be read before the next
byte of data to transfer is written to the SSPBUF. The
Buffer Full bit, BF (SSPSTAT<D>), indicates when
SSPBUF has been loaded with the received data
{transmission is complete). When the SSPBUF is read,
the BF bit is cleared. This data may be irrelevant if the
SPl is only a transmitter. Generally, the MSSP interrupt
is used to determine when the transmission/reception
has completed. The SSPBUF must be read and/or
written. If the interrupt method is not going to be used,
then software polling can be done to ensure that a write
collision does not occur. Example 17-1 shows the
loading of the SSPBUF (SSPSR) for data transmission.

The SSPSR is not directly readable or writable and can
only be accessed by addressing the SSPBUF register.
Additionally, the MSSP status register (SSPSTAT)
indicates the various status conditions.

EXAMPLE 17-1: LOADING THE SSPBUF (SSPSR) REGISTER

LOoOP BTFSS  SSPSTAT, BF
BRA LOCP iNo
MOVF SSPBUF, W

MOVWF  RXDATA

MOVF  TXDATA, W
MOVWF  SSPBUF

;Has data been received (transmit complete)?

;WREG reg = contents of SSPRUF
;Save in user RAM, if data is meaningful

;W reg = contents of TXDATA
;New data to xmit
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17.3.3  ENABLING SPI /O

To enable the serial port, SSP Enable bit, SSPEN
(SSPCON1<5>), must be set. To reset or reconfigure
SPI mode, clear the SSPEN bit, reinitialize the
SSPCON registers and then set the SSPEN bit. This
configures the SDI, SDO, SCK and SS pins as serial
port pins. For the pins to behave as the serial port
function, some must have their data direction bits (in
the TRIS register) appropriately programmed as
follows:

+ SDlis automatically controlled by the SPI module
+ SDO must have TRISC<5> bit cleared

+ SCK (Master mode) must have TRISC<3> bit
cleared

SCK (Stave mode) must have TRISC<3> bit set
+ S8 must have TRISA<5> bit set

FIGURE 17-2:

Any serial port function that is not desired may be
overridden by programming the corresponding data
direction (TRIS) register to the opposite value.

17.3.4 TYPICAL CONNECTION

Figure 17-2 shows a typical connection between two
microcontroliers. The master controller (Processor 1)
initiates the data transfer by sending the SCK signal.
Data is shifted out of both shift registers on their pro-
grammed clock edge and latched on the opposite edge
of the clock. Both processors shouid be programmed to
the same Clock Polarity (CKP), then both controllers
would send and receive data at the same time.
Whether the data is meaningful (or dummy data)
depends on the application software. This leads to
three scenarios for data transmission:

+ Master sends data — Slave sends dummy data
» Master sends data — Slave sends data
« Master sends dummy data - Slave sends data

SPI™ MASTER/SLAVE CONNECTION

SPI Master SSPM3:SSPMO = 00xxb

PROCESSOR 1

| | | 1
| | | !
1 ! ! I
! sDOo | L !
' ] T 1
| [} | |
; Serial input Buffer \ | Serial (nput Buffer !
! (SSPBUF) ! ! (SSPBUF) ,
I ] | |
i | | !
] t | |
! | | 1 | )
! Shift Register SO o | SbO Shift Register |
| (SSPSR} ! , (SSPSR) |
3 I i |
1 MSb LSb | | MSb LSb I
: : Serial Clock : :
! SCK ! ' sck !
| | ) 1
| | ) i

PROCESSOR 2
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17.3.5 MASTER MODE

The master can initiate the data transfer at any time
because it controls the SCK. The master determines
when the slave (Processor 2, Figure 17-2) is to
broadcast data by the software protocol.

In Master mode, the data is transmitted/received as
soon as the SSPBUF register is written to. If the SPI
operation is only going to receive, the SDO output
could be disabled (programmed as an input). The
SSPSR register will continue to shift in the signal
present on the SDI pin at the programmed clock rate.
As each byte is received, it will be loaded into the
SSPBUF register as if a normal received byte {inter-
rupts and status bits appropriately set). This could be
useful in receiver applications as a “Line Activity
Monitor” mode,

FIGURE 17-3:

The clock polarity is selected by appropriately
programming the CKP bit (SSPCON1<4>). This then,
would give waveforms for SP| communication as
shown in Figure 17-3, Figure 17-5 and Figure 17-6,
where the MSB is transmitted first. \n Master mode, the
SP1 clock rate (bit rate) is user programmable to be one
of the following:

+ Fosc/4 (or Tcy)

+ Fosc/16 (or 4 » Tcy)

+ Fosc/64 (or 16 « Tcy)

¢« Timer2 output/2

This allows a maximum data rate (at 40 MHz) of
10.00 Mbps.

Figure 17-3 shows the waveforms for Master mode.
When the CKE bit is set, the SDO data is valid before
there is a clock edge on SCK. The change of the input
sample is shown based on the state of the SMP bit. The
time when the SSPBUF is loaded with the received
data is shown.

SPI™ MODE WAVEFORM (MASTER MODE)

Write to &
SSPBUF
SCK
(CKP =0
CKE = 0) T
SCK 1
(CKP =1 [
CKE = 0) [ i | i | 4 Clock
SCK [ Modes
(CKP = 0
CKE =1) —+
SCK ‘r
(CKP =1 |
CKE = 1)

{ I ! i il | | !
(SCDKC'JE | P bit7 X bite X bits X bita X bit3 X bit2, X bit 1 K bito]

=0 T ! L
[ i —

SDO > kit 7 X bit6 X bits X bit4 X bit3 X bitzjx bit 1. > bit 0 !><
(CKE = 1) 1 L I —1 | T t t —
(SMP = 0) ety | | i | | | | o !
Input | | | | | : r | !
Sample + f — t j l T i L I T ' 1 l j }
(SMP = q) 1
(SMP =1) | bit 7 bit 0

| t
UL S S S SN S S

ample t 4
(SMP = 1} \ ’
SSPIF 7I
1 Next Q4 Cycle

SSPSR to L after Q24 y
SSPBUF
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26.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings‘ﬂ

Ambient temperature Under DIas..........ccccoiiiii e -40°C to +125°C
StOrage tEMPEIALUIE .......coiiii it e b e b e e b2 s e e re g ar e et s -65°C to +150°C
Voltage on any pin with respect to Vss (except VDD and MCLR) ...co..ovevvreerensieiioeesenie e iesseens -0.3V to (VoD + 0.3V)
Voltage on VDD With reSPECELO VES ittt e -0.3Vio +7.5V
Voltage on MCLR with respect 10 VSS (NOE 2) ..........cvveeiveiiereieseinesioeivsseassnssas stsssassssssnsssssssessesersssesens 0V to +13.25V
Total power dissipation (NOtE T} ... 1.0W
Maximum CUITENt OUL OF WSS PIN .oorer et st eie st ra e e eaa et be s e e aseesecreeraes saevaacrearnneesrteneesrenes 300 mA
Maximum CUITENT INTO VDD PN ccciiiet et rar e e see e ssrare s s e s aareraesst e eees s manenasareerenarnessrestenens 250 mA
Input clamp current, K (V1 < 0 0F VI3 VDD)..o it sistsases e siearsesasenss s ssssasssassase st esenessarssassssssansssessobarestseres +20 mA
Output clamp current, 10K (VO < 0 0 MO 3 VDD ..o eicrrmisrec e csrrassnssssessasressss s s st rt s s ssmssssnmssesenasasssones 120 mA
Maximum output current SUNK BY @ny 1/O PiN.........coiviiieiiciies s e saesrne s eares s s e seae s aesresernnrseasa s e saeaneans 25 mA
Maximum output current sourced by @ny HO PN oo e e e s e st s arns 25 mA
Maximum current sSUNK DY all POMS .....ooooiiiii i i e e e et 200 mA
Maximum current sourced by all POMS ...t 200 mA

Note 1: Power dissipation is calculated as follows:
Pdis = VDD x {lDD ~ T ICH} + T {{VDD — VOH) x fOH} + (VoL x IOL)

2: Voltage spikes below Vss at the MCLR/AVPP/RES pin, inducing currents greater than 80 mA, may cause
latch-up. Thus, a series resistor of 50-1004 should be used when appiying a “low" level to the MCLR/NVPR/
RES3 pin, rather than pulling this pin directly to Vss.

1+ NOTICE: Stresses above those listed under "Absotute Maximum Ratings™ may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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FIGURE 26-1: PIC18F2525/2620/4525/4620 VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL)
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FIGURE 26-2: PIC18F2220/2320/4220/4320 VOLTAGE-FREQUENCY GRAPH (EXTENDED)
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FIGURE 26-3: PIC181.F2525/2620/4525/4620 VOLTAGE-FREQUENCY GRAPH {INDUSTRIAL)

PIC18LF2X2X/4X2X

4.2V

l
t
f
4 MHz 40 MHz
Frequency

FMax = (16.36 MHz/V) (VDDAPPMIN — 2.0V) + 4 MHz
Note: VDDAPPMIN is the minimum voltage of the PtCmicro® device in the application.
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Philips Semiconductors

Objective specification

STN RGB - 132 x 132 x 3 driver

PCF8833

1 FEATURES

« Single chip LCD controller and driver

« 132 rows and 396 column outputs (132 x RGB)
o Low cross talk by Frame Rate Control (FRC)

» 4 kbyte colours (RGB) =4 : 4 : 4 mode

¢ 256 colours (RGB) = 3 : 3: 2 mode using the 209 kbit
RAM and a Look-Up Table (LUT)

+ 65 kbyte colours {(RGB) = 5 : 6 : 5 mode using the
209 kbit RAM with dithering

8 colours Power-save mode
¢ Display data RAM 132 x 132 (RGB) (4 kbyte colour)
s Interfaces:
—~ 3-line serial interface
— 8-bit 8080 Intel CPU interface.
s Display features:
Area scroliing
32-line partial Display mode
Software programmable colour depth mode
N-line inversion for low cross talk.

¢ On-chip:
— Oscillator for display system, requires no extemal
components (external clock also possible)

- Generation of V| ¢p

- Segmented temperature compensation of V| ¢p and
frame frequency.

» Logic supply voltage range Vppi to Vss1:
- 15t03.3V.

3 ORDERING INFORMATION

* Analog supply voltage range for V| ¢p generation Vpp;
to Vgsa:

- 24t045V,

« Analog supply voltage range for reference voltage
generation Vppa to Vggq:

- 24103.5V.
+ Display supply voltage range Vi cp t0 Vss1:
- 38to20 V.

¢ Low power consumption; suitable for battery operated
systems

¢ CMOS compatible inputs
¢ Manufactured in silicon gate CMOS process

* Optimized layout for COF, Chip On Glass (COG) and
Transformer Coupled Plasma (TCP) assembly.

2 GENERAL DESCRIPTION

The PCF8833 is a single chip low power CMOS LCD
controller driver, designed to drive colour Super-Twisted
Nematic (STN) displays of 132 rows and 132 RGB
columns. All necessary functions for the display are
provided in a single chip, including display RAM which has
a capacity of 209 kbit (132 x 12-bit x 132). The PCF8833
uses the Multiple Row Addressing (MRA) driving
technique in order to achieve the best optical performance
at the lowest power consumption. The PCF8833 offers

2 types of microcontroller interfaces namely the

8080 system interface and the 3-line serial interface.

PACKAGE

TYPE NUMBER
NAME

DESCRIPTION VERSION

PCF8833U/2DA/ -

chip with bumps in tray -
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Obijective specification

STNRGB - 132 x 132 x 3 driver

PCF8833

4 BLOCK DIAGRAM
Co o G395 RO to R131
ry 3
34 10 429 2 10 33, 430 10 461,
464 10 495, 733 to 768
VLcOmz 713,718
Le VoH <} 131732 —
_ | 729, 730 LCOBIAS ||
v -
T a4 0728 LEVEL COLUMN DRIVERS DRVERS
V\:t : 722, 723 GENERATOR
VoL | 720, 721
VLCDSENSE 712 N DATA PROCESSING —{
VLCDOUT1 487410 683 ORTHOGONAL
VLCDINY 684 10 690 t FUNCTION
Vig ~ [r0310 711 GENERATOR
LCDOUTZ +—1— > DATA LATCHES
Vpnz 30 1o 539 -
C1s o) 62610631 t
Ci- <l 53210637
638 10 643 Lco
C2+
C; ~ 164410849 VOLTAGE OSCILLATOR
- GENERATOR
C+ 4 £3010 655 DISPLAY DATA RAM
C3- <t B56 10 661 132 x 132 x 12-bits TIMING
i <) 8210667 GENERATOR
Ca. | 68810673 T ) 578 o
Che 4f D21 10 696 ﬂ GREYSCALE |, 77|
Cs- 89710702 1 CONTROLLER 576
v 508 to 517 > T3
ss2 i 5750 | 14
565 to 572 X AND Y RAM WRITE | DISPLAY ADDRESS 74
VOTP(gate) ——2 0212 ADDRESS COUNTER |  READ COUNTER 5
VOTP{drainy —} 557 10.564 || commanp [ 573 T6
(drain) ARBITER DECODER [ = e25] o
Vo3 —| 525 10529 c
VDD‘I ] 519 to 524 w
Vss1 | 49810507 PCF8833
peg | 296/64 KBYTES
coLour | TOAKBYTES MPU INTERFACES
LT COLOUR
MAPRPING
b 4 4 A 4 r 4 & 3 r b 4
|56 [579, 624 518 | 549 (551 |550 | 552|553 |554 {548 |547 |545 | 543|541 | 546 | 544 | 542540 [497
I l I v v ' v v
Ce/SCE| fAD PSO PS§2 l DO/SDIN 02 D4 oe | TE
VDOD(lieot) VSS(tieott) _ A 4 v v v ]
DIEISCLK WR PS1  5DOUT  Di D3 5 07 MGLSID
Fig.1 Block diagram.
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STN RGB - 132 x 132 x 3 driver PCF8833
5 PINNING
SYMBOL PAD TYPE DESCRIPTION

R95 to R64 21033 o] LCD row driver outputs

C0to C385 3410429 O | LCD column driver outputs

RO to R31 430 to 461 O | LCD row driver outputs

R63 to R32 464 to 495 QO | LCD row driver outputs

RES 496 i external reset; this signal will reset the device and must be applied to properly
initialize the chip (active LOW)

TE 497 QJ) | tearing line (in Normal mode it is atways an output)

Vsg1 498 to 507 PS |system ground

Vss2 508 to 517 | PS |system ground

CS/5CE 518 I chip select parallel interface or serial chip enable (active LOW)

Vbpi 519to 524 PS |logic supply voltage

Vpps 525t0 529 | PS |Vppz and Vpps are the supply voltage pins for the internal voltage generator

Vpo2 53010 539 | PS |including the temperature compensation circuits, Vppz and Vpps can be
connected together but in this case care must be taken to respect the supply
voltage range {see Chapter 13); Vpp, is used as the supply for the rest of the
chip. Vpp1 can be connected together with Vppz and Vpps but in this case care
must also be taken to respect the supply voltage range; see Chapter 13. Vppz
and Vppsz must not be applied before Vpp,,
if the internal voltage generator is not used, pins Vppz and Vpp3 must be
connected to Vpp.

D7 540 11O | 8-bit parallel data; in Serial mode tie to Vg1 or Vppy

D3 541 /O | 8-bit parallel data; in Serial mode tie to Vgg4 or Vpp1

D6 542 110 | 8-bit parallel data; in Serial mode tie to Vgg1 or Vppy

D2 543 /O | 8-bit parallel data; in Serial mode tie to Vssq of Vppq

D5 544 /O | 8-bit paralle! data; in Serial mode tie to Vss1 of Vpp»

D1 545 I/O | 8-bit parallel data; in Serial mode tie to Vgg4 or Vpps

D4 546 /O | 8-bit parallel data; in Serial mode tie to Vgs1 0 Vpp4

DO/SDIN 547 I/Q | 8-bit parallel data or serial data input

SDOUT 548 O | serial data output; in Paraliel mode tie to Vpp4, Vgt or DO

D/C/ISCLK 549 i data/command indicator parallel interface or serial clock

WR 550 | [write clock paralle! interface; in Serial mode tie to Vpps (active LOW)

RD 551 i read clock parallel interface; in Serial mode tie to Vpp1 {active LOW)

PSSO 552 i set serial or parallel interface mode PS1 and PS2 must tied to either Vggq or
Vb1

P81 553 | set serial or parallel interface mode PS1 and PS2 must tied to either Vggq or
Vpp1

PS2 554 i set serial or parallel interface mode PS1 and PS2 must tied to either Vggq or
Vpp1
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STN RGB - 132 x 132 x 3 driver PCF8833
SYMBOL PAD TYPE DESCRIPTION

0sC 555 | oscillator input or external oscillator resistor connection; when the on-chip
oscillator is used this input must be connected to Vpp,; an external clock signal,
if used, is connected to this input and the internal oscillator must be switched off
with a software command; if the oscillator and external clock are all inhibited by
connecting pin OSC to Vss1, the display is not clocked and may be left in a
DC state; to avoid this the chip should always be put into Power-down mode
before stopping the clock.

Vobytieot 556 C | can be used to tie inputs to Vppq

Votp(drain) 557 to 564 PS |supply voltage for OTP programming (write voltage), in Application mode must
be tied to Vgg4 or left open-circuit

VorTp(gate) 565 to 572 PS | supply voltage for OTP programming, in Application mode must be tied to Vgs,
or left open-circuit

T6 573 | test pin; not accessible to user; must be connected to Vss,

T5 574 j test pin; not accessible to user; must be connected to Vss,

T4 575 O |test pin; not accessible to user; must be left open-circuit

T3 576 O |test pin; not accessible to user; must be left open-circuit

T2 577 I/O |test pin; not accessible to user; must be also connected to Vgs4

T1 578 I/O |test pin; not accessible to user; must be also connected to Vss+

Vsstieoff) 579 0 can be used to tie inputs to Vgsy

Vssiieoff) 624 0 can be used to tie inputs to Vgg1

17 625 I/O | test pin; not accessible to user; must be connected to Vss4

C1+ 626 to 631 | positive input pump capacitor voltage multiplier 1

C1- 632 to 637 | negative input pump capacitor voltage multiplier 1

C2+ 638 to 643 | positive input pump capacitor voltage multiplier 1

C2- 644 to 649 | negative input pump capacitor voltage multiplier 1

C3+ 650 to 655 I positive input pump capacitor voltage multiplier 1

C3- 656 to 661 ! negative input pump capacitor voltage multiplier 1

Ca+ 662 to 667 | positive input pump capacitor voltage multiplier 1

C4- 668 to 673 | negative input pump capacitor voltage multiptier 1

VicoouT1 674 to 683 0 output voltage multiplier 1

VLeoing 684 to 690 PS |LCD supply input voltage 1

C5+ 691 to 696 | positive input pump capacitor voltage multiplier 2

C5~ 697 to 702 | negative input pump capacitor voltage multiplier 2

VicoouT2 703 to 711 O | output voltage multiplier 2

VLEDSENSE 712 | voltage multiplier regulation input; must be connected to Vicpour2

Viceoinz 713t0 719 PS |LCD supply input voltage 2

vaL 720, 721 O | LCD bias level

Vil 722,723 O LCD bias level

vC 724 t0 728 O LCD bias level

V1H 729, 730 O |[LCD bias level
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STN RGB - 132 x 132 x 3 driver PCF8833
SYMBOL PAD TYPE DESCRIPTION
V2H 731,732 O | LCD bias level
R96 1o R131 | 733 to 768 O | LCD row driver outputs
Dummy 1,462,463,
580 to 623,
769

6 INSTRUCTIONS

The PCF8833 communicates with the host using an 8-bit parallel interface or a 3-line serial interface. Processing of
instructions and data sent to the interface do not require the display clock. The display clock and interface clock are
independent from each other. The display clock is derived from the built-in oscillator.

The PCF8833 has 2 types of accesses; those defining the operating mode of the device (instructions) and those filling
the display RAM. Since writing to the RAM occurs more frequently, efficient data transfer is achieved by
autoincrementing the RAM address pointers.

There are 3 types of instructions:

1. For defining display configuration

2. For setting X and Y addresses

3. Miscellaneous.

Commands in the range of 00H to AFH nhot defined in Table 1 and command DDH have the same effect as no operation
(NOP).

All commands in range BOH to B9H and DEH to FFH are forbidden.
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Table 1 Command table; note 1

D/C 7 6 5 4 3 2 1 0 DEFAULT | OTP DESCI
0 0 0 0 0 0 0 0 0 00H — | no operation (N
0 0 0 0 0 0 0 0 1 01H - | software reset (
0 0 0 0 0 0 0 1 0 02H - | booster voltage
0 0 0 0 0 0 0 1 1 03H — | booster voltage
0 0 0 0 0 0 1 0 0 04H - | read display ide

(RDDIDIF)
0 0 0 0 0 1 0 0 1 09H - | read display ste
0 0 0 0 1 0 0 0 0 10H - | Sleep_IN
0 0 0 0 1 0 0 0 1 11H - |Sleep_OUT
0 0 0 0 1 0 0 1 0 12H — | Partial mode or
0 0 0 0 1 0 0 1 1 13H — [normal Display
{NORON)
0 0 0 1 0 0 0 0 0 20H - | dispiay inversio
0 0 0 1 0 0 0 0 1 21H - | dispiay inversio
0 0 0 1 0 0 0 1 0 22H - | all pixel off (DA
0 0 0 1 0 0 0 1 1 23H — | all pixel on {DA
0 0 0 1 0 0 1 0 1 25H ~ | set contrast (St
1 X VCONg | VCON5 | VCON4 | VCON3 | VCON; | VCON, | VCONg 00H - | set contrast
0 0 0 1 0 1 0 0 0 28H - | display off (DIS
0 0 0 1 0 1 0 0 1 29H — | display on {DIS
0 0 0 1 0 1 0 1 0 2AH -~ | column addres
1 xs(7] xs[6] xs[5] xs[4] xs{3] xs[2] xs{1] xs{0] 02H - | X address star
1 xe[7) xe[6] xe[5] xe{4] xe[3) xe[2] xe[1] xe[0] 81H - | X address end
0 0 0 1 0 1 0 1 1 2BH - | page address :
1 ysi{7) ys[6] ys[5] ys[4) ys([3] ys[2] ys{1] ys[0] 02H — | Y address star
1 ye{7] ve(6] ye[5] ye[4] ye[3] yef2] ye[1] ye[0] 81H - | Y address end
0 0 o 1 0 1 1 o 0 2CH — | memory write
1 D7 D& D5 D4 D3 D2 D1 DO XXH —~ | write data
0 0 0 1 0 1 1 0 1 2DH — | colour set (RG
1 X X X X R3 R2 R1 RO 00H — | red tone 000
1 6 bytes for 6 red tones — | 6redtones
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D/IC 7 6 5 4 3 2 1 0 DEFAULT | OTP DESCI

1 X X X X R3 R2 R1 RO OFH ~ lred tone 111

1 X X X X G3 G2 G1 GO 00H ~ | green tone 000

1 B bytes for 6 green tones ~ |6 greentones

1 X X X X G3 G2 G1 GO OFH ~ |greentone 111

1 X X X X B3 B2 B1 BO 00H ~ | blue tone 00

1 2 bytes for 2 blue tones ~ {2 blue tones

1 X X X X B3 B2 B1 BO OFH ~ | blue tone 11

0 0 0 1 1 0 0 0 0 30H ~ | partial area (P1

1 | AA1ST | AA1SE | AA1S5 | AA1S4 | AA1S3 | AA1S2 | AA1S1 | AA1SO 00H - | PTLAR active &

1 | AATET | AA1EB | AATES | AATE4 | AAME3 | AA1E2 | AATE1 | AA1E1 1FH ~ | PTLAR active &

c 0 0 1 1 0 0 1 1 33H ~ | vertical scrolf di
(VSCRDEF)

1 TF, TFg TFs TF4 TF3 TF, TF, TFp 00H ~ | top fixed area

1 SA; SAg SAg SA, SA;3 SA; SA4 SAp 82H ~ |scrollarea

1 BF+ BFg BFj5 BF, BF; BF; BF, BFg 00H ~ | bottom fixed ar¢

0 0 0 1 1 0 1 0 0 34H ~ [tearing line off ¢

0 0] 0 1 1 0 1 0 1 35H —~ | tearing iine on {

1 X X X X X X X X ooH -

0 0 0 1 1 0 1 1 0 36H ~ | memory data a:
(MADCTL)

1 MY MX Y LAC RGB X X X 00H ~ | RAM data addr
control

0 -0 0 1 1 0 1 1 1 37H - | set Scroll Entry

1 SEP7 | SEP6 | SEP5 | SEP4 | SEP3 | SEP2 | SEP1 SEPQ 00H ~ | scrall entry poir

0 0 0 1 1 1 0 0 0 38H —~ |ldle mode off (|

0 0 0 1 1 1 0 0 1 3gH ~ {ldle mode on (I

0 0 0 1 1 1 0 1 0 3AH -~ linterface pixel f

1 X X X X X P2 P1 PO 03H ~ [ colour interface

0 1 0 1 1 0 0 0 0 BOH x (@) | set Vop (SETV

1 X X X X VPRg | VPR | VPRg VPRg 08H X | Vop

1 X X X VPRy | VPR; | VPR; | VPRy VPRq 01H X | Vop

0 1 0 1 1 0 1 0 BRS B4H X |Bottom Row S
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D/C 7 6 5 4 3 2 1 0 DEFAULT | OTP DESC!
0 1 0 1 1 0 1 1 TRS B6H x | Top Row Swap
0 1 0 1 1 1 0 0 FINV BOH ~ | super Frame IN
0 1 0 1 1 1 0 1 DOR BAH ~ | Data ORder (Dt
0 1 0 1 1 1 1 0 TCDFE BDH ~ | enable/disable |
(TCDFE)

0 1 0 1 1 1 1 1 TCVOPE BFH ~ | enable or disab
comp (TCVOPE

0 1 1 0 0 0 0 0 EC COH ~ [ Internal or exte
(EC)

0 1 1 0 0 0 0 1 0 C2H x | set multiplicatio
(SETMUL)

1 X X X X X X S1 S0 03H multiplication fa

0 1 1 0 0 0 0 1 1 C3H x | set TCVOP sloj
(TCVOPAB)

X SLB, | SLB; SLBg X SLA; | SLA4 SLAg 34H X
1 1 0 0 0 1 0 0 C4H x |set TCVOP slo

(TCVOPCD)

1 X SLD, | SLDy | SLDg X SLC, | SLC4 SLCy 75H X

0 1 1 0 0 0 1 0 1 C5H X | set divider freq.

1 X DFAg | DFAs | DFA4 | DFA; | DFA; | DFA4 DFAg 56H x | set divider factc

1 X DFBg | DFBs | DFB, | DFB; | DFB, | DFB, DFBy 35H x |set divider factc

1 X DFCgz | DFCs | DFC, | DFC; | DFCy | DFC4 DFCq 30H x | set divider factc

1 X DFDs | DFDs | DFD, | DFD; | DFD, | DFDy | DFDg 25H x | set divider factc

0 1 1 0 0 0 1 1 0 C6H x | set divider frequ
mode (DF8colo

1 X DF8g | DF8g DF8, | DF8; | DF8, | DF84 DF8y 35H x [ set divider factc
mode

0 1 1 0 Q 0 1 1 1 C7H set bias system

1 X X X X VB; VB, VB, VBg 0BH x | bias systems

0 1 1 0 0 1 0 0 0 C8H ~ |temperature re.
(RDTEMP)

0 1 1 0 0 1 0 0 1 COH ~ | N-Line Inversic

1 NLI7 NLIg NLIs NLI4 NLI, NLI» NLi4 NLIg 13H after NL! time ¢

0 1 1 0 1 1 0 1 0 DAH X |[read D1 (RDI[




S (ol 7 6 5 4 3 2 1 0 | DEFAULT |OTP DESC|

5 0 1 1 0 1 1 0 1 1 DBH x |read ID2 (RDID

o 0 1 1 0 1 1 1 0 0 DCH x |read ID3 (RDID

& 0 1 1 1 0 1 1 1 SFD EFH x | select factory d

0 1 1 1 1 0 0 0 0 FOH —~ | enter Calibratio

1 X X ORA; | ORA; | ORAg | X OPE | CALMM | 0OH ~ | set calibration ¢

0 1 1 1 1 0 0 0 1 F1H — | shift data in OT
(OTPSHTIN)

1 | os7 | os6 | oss | os4a | 0s3 | os2 | osi 080 XX — | multiple data by

of bytes allower

Notes
1. X =don't care.

2. This function can be set by OTP.

3. Ifthe OTP bit Enable Factory Defaults (EFD]} has been programmed to logic 1 (default value is logic 0), then the Se
instruction is ignored and the device will always use the OTP default data.

L
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9 SERIAL INTERFACE

Communication with the microcontroller can atso occur via
a clock-synchronized serial peripherat interface. The
selection of this interface is achieved with pin PSQ; see
Section 7.1.1.

The serial interface is a 3-line bidirectional interface for
communication between the microcontroller and the LCD
driver chip. The 3 lines are chip enable (SCE), Serial
Clock (SCLK) and Serial Data (SD). The PCF8833 is
connected to the SD pin of the microcontroller by two pins
SDIN (data input) and SDOUT (data output} which are
connected tagether.

9.1 Write mode

The Write mode of the interface means that the
microcontrolier writes commands and data to the
PCF8833. Each data packet contains a control bit D/C and
a transmission byte. If bit D/C is logic 0, the following byte
is interpreted as a command byte. The command set is
given in Table 1.f bit D/C is logic 1, the following bytes are
stored in the display data RAM or registers. After every
RAM data byte the address counter increments
automatically. Figure 42 shows the general format of the
Write mode and the definition of the transmission byle.

Any instruction can be sent in any order to the PCF8833;
the MSB is transmitted first. The serial interface is
initialized when SCE is HIGH. In this state, SCLK pulses
have no effect and no power is consumed by the serial
interface. A falling edge on pin SCE enables the serial
interface and indicates the start of data transmission.

Figure 42 shows the protocol of the Write mode:

¢ When SCE is HIGH, SCLKs are ignored. The serial
interface is initialized during the HIGH time of SCE.

At the falling edge of SCE SCLK must be LCW (see
Fig.51)

SDIN is sampled at the rising edge of SCLK

D/C indicates, whether the byte is a command (D/C = 0)
or data (D/C = 1). Itis sampled with the first rising SCLK
edge.

If SCE stays LOW after the last bit of a data/command
byte, the seria! interface will receive the D/C bit of the
next byte at the next rising edge of SCLK (see Fig.43).

A reset pulse at pin RES interrupts the transmission.
The data being written into the RAM may be corrupted.
The registers are cieared. If SCE is LOW after the rising
edge of RES, the serial interface is ready to receive the
D/C bit of a data/command byte; see Figs 44 and 50.

transmission byte (TB)
may be a command OR a data byte

oCip?{D6({D5| D4 D3| D2]D1 ! DO
MSB LsB
T T Tt 1 1 1 1 T T 1 1T 1 1 17T 7 1 T 1T} "
0/C T8 DIC B DIc 18
I R T | | | | I O S T | 11 B N S N | S | —

MGU358

Fig.42 Serial data stream, Write mode.
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EX:X B ﬂ B E
1

G R0 0008000808000

MGUI5S

Fig.43 Serial bus protocal, write to register with control bit in transmission (PS[2:0] = XX0).

<Sx x X: X B XE}

—

sce [

RES | |

SDIN DEXE_XbSXbS‘ . D€ { b? m b5 | b4 m b2 mm
LY L]

MGUIED

Fig.44 Serial bus protocol, Write mode, interrupted by reset (RES); (PS[2:0] = XX0).

son | (e E I E ) |

MGLUSE1

Fig.45 Serial bus protocol, Write mode, interrupted by chip enable (SCE); (PS[2:0] = XX0).
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9.2 Read mode

The Read made of the serial interface means that the micracontroller reads data from the PCF8833. The PCF8833 can
microcontroiter in two different ways. The serial bus protocol for the RDID1, RDID2, RDID3 and RDTEMP commands is ifiL
of these commands are given in Section 6.2. After a command has been issued, a byte is transmitted in the opposite dire
to reach the timing characteristics as given in Chapter 13 data bit b7 must be handled as a don't care. When the speed
at feast half of maximum speed, at least for reading b7, the reading of data bit b7 is valid.

The PCF8833 samples the SDIN data at rising SCLK edges, but shifts SDOUT data at falling SCLK edges. Thus the mi
read SDOUT data at rising SCLK edges.

After the read command has been sent, the SDIN line must be set to 3-state not later than the falling SCLK edge of the

When using the RDDIDIF (see Section 6.2.6) or RDDST (see Section 6.2.7) commands the PCF8833 sends 24 or 32 da
microcontroller. The serial bus protocols for the RDDID!F and RDDST commands are illustrated in Figs. 47 and 48. Afte
been sent 3 or 4 bytes respectively are transmitted in the opposite direction (using SDCUT) after one dummy clock cycl

The 8th read bit is shorter than the others because it is terminated by the rising SCLK edge; see Figs 46, 47 and 48. Th
SDOUT to 3-state.

The serial interface timing diagram is illustrated in Fig.51. For the dummy read cycle the time tacc is referenced to the ri

Ons T \ ™ H

o | =) BEO0C
s R

B

Fig.46 Serial bus protocol, Read mode (PS[2:6] = XX0) for RDID1,RDID2, RDID3 and RDTEMP c¢
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SCLK

SDIN

SDOUT

(_S_U B j 8 )—-(j

i i
I

0% J o7 ) o6 JLos J o4 f oo {52 { o1} o0 ata E30 CIC
‘

(d23 d21...4d3 dO:

A

Fig.47 Serial bus protocol, Read mode (PS[2:0] = XX0) for the RDDIDIF command.

SCLK

SDIN

SDouT

(?X:X B8 i TB )—CX

1

-

]
]
1
E0000000c {EEEE
|
oo oYY o o0 )

B I

Fig.48 Serial bus protocol, Read mode (PS[2:0] = XXO0) for the RDDST command.
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12 DC CHARACTERISTICS
Vpp1 = 1.510 3.3V, Vpp2 = Vppa =24103.5V,; Vss =0V, Vigp = 3.8 10 20.0 V; Tamp = —40 to +85 °C; unless

otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. | UNIT
Supplies
Voos logic supply voltage 1 1.5 - 3.3 \Y
Vooz supply voltage 2 for the internal | note 1 2.4 - 4.5 Vv
voltage generator
Vpo3 supply voltage 3 for the internal | note 1 2.4 - 3.5 \Y
voltage generator
VLcDiNT LCD supply voltage input 1 LCD input voltage 1 - - 16.0 A
externally supplied (both
voltage multipliers are
disabled)
VicDiN2 LCD supply voltage input 2 LCD input voltage 2 - - 20.0 Vv
externally supplied (both
voltage multipliers are
disabled)
Vicoout: | LCD supply voltage output 1 LCD voltage internally 3.8 - 10.0 Vv
generated with voltage
multiplier 1 (voltage
generator enabled); note 2
Vicooutz | LCD supply voltage output 2 LCD voltage internally 3.8 - 200 \Y
generated with voltage
multiplier 2 {voltage
generator enabled); note 2
Vicogon | tolerance of generated Viep with calibration; note 3 -70 - +70 myV
Static current consumption
loo1 logic supply current notes 5 and 6 - 1.5 ) HA
lpoz, lppa | supply current for the internal notes § and 6 - 0.5 1 A
voltage generator
Dynamic current consumption
1pp4 logic supply current Normal mode; note 5 - 100 - HA
loo1 logic supply current during RAM | Normal mode; notes S5 and 7; | — 1000 - HA
access see Fig.49
looz, lopa | supply current for the internal Normal mode; note 5 - tbf - pA
voltage generator
Ippitot total supply current (Vpp1 + Vopz, | Normal mode; note 5 - tbf - HA
Vpoos) B
Logic inputs and outputs
Voo LOW-level output voltage foL=0.5mA Vegq - 0.2Vppy |V
VoH HIGH-level output voltage lon = 0.5 mA 0.8Vop1 |- Vb4 \Y
Vi LOW-level input voltage Vag1 - 0.3Vpps |V
ViH HIGH-ievel input voltage 0.7Vop1 |- Vo1 Vv
I leakage current V| =Vpp4 Or Vsgq -1 - +1 pnA
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SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. | UNIT

Column and row outputs
Rotcol) column output resistance Vicpz =10V - -~ 5 kQ
CO0to C385
Roirow) row output resistance R0 to R131 |V cp2 =10 V - - 5 kQ
Vyias(col) | bias tolerance CO to C395 -100 0 100 mV
Vbiasrow | bi@s tolerance RO to R131 -100 0 100 mV
Notes

1. Vppz and Vppa always have to be higher than or equal to Vpps.
2. The maximum possible V| ¢p voltage that may be generated is dependent on supply voltage Vpp2, temperature and

{display)

load.

3. Valid for values of temperature, Vpr and TC used at the calibration and with temperature calibration disabled.

Power-save mode,

5. Conditions are: Vpp1 =2.75 V, Vppa = 2.75 V, V cp2 = 13.9 V, voltage multiplier 1 at 5 x Vpp;, inputs at Vppy or
Vsg1, interface inactive, intemal Vi ¢p generation, Vi cp2 output is loaded by 400 pA and V| cpq output is loaded by
0 uA and Tamp = 25 °C.

6. During power-down all static currents are switched off,
7. Vpp1 = 1.8 V and interface cycle time Tgy,, = 333 ns.

MGUIES

(4) VDD‘) =33V

o
Ipp1, 'oD3
(mA)
[
{
4 //
L
(3} r
2
|1
| | @ 1.
R u
0 e m
0 2 4 6 8
{1 Vo =13V foye (MH2)
(2) Vooy =18V
(3) Vppi1=25V

Fig.49 Dynamic current consumption Ipp4, Ippa for different Vppy supplies when writing data from interface to
display RAM at ambient temperature.
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13 AC CHARACTERISTICS
Voot = 1.510 3.3 V; Vppz = Vpps = 2.4 10 3.5 V; Vgg1 = Vg2 = 0 V; Tamp = 40 to +85 °C; note 1; unless otherwise

specified.
SYMBOL PARAMETER CONDITIONS MIN. TYP. | MAX, | UNIT
frrame LCD frame frequency (internai clock) Vppt1 =30V ~ tbf - Hz
fosc osciliator frequency notes 2 and 3 - 600 - kHz
foik(ext) external clock frequency - tbf - kHz
Reset; see Fig.50
twiresyy | reset LOW puise width note 4 500 - - ns
trss reset spike suppression - - 100 ns
tsurest | reset LOW pulse set-up time after power-on 0 - 1 us
tar initialization note 5 0 - 5 ms
tr interface ready after reset pulse 0 - 1 us
Serial interface; Vppiminy = 1.65 V; note 6; see Fig.51
Tseye serial clock SCLK period (SCLK) 150 - - ns
tshw SCLK pulse width HIGH 60 - - ns
tsiw SCLK putse width LOW 60 - - ns
tsps SDIN data set-up time 60 - - ns
tsoH SDIN data hoid time 60 - - ns
tace SDOUT access time C_=30pF 10 - 50 ns
ton SDOUT output disable time CL=5pF; 25 - 50 ns

R=3kQ

tsce SCLK to SCE time 20 - - ns
teHw SCE pulse width H!GH 40 - - ns
tcss SCE to SCLK set-up time 60 - - ns
tesH SCE to SCLK hold time 65 - - ns
8-bit parallel {8080-type) interface; Vppi(min) = 1.65 V; note 6; see Fig.52

tes CS-WR and CS-RD time note 7 10 ~ - ns
tam D/C address hold time 10 - - ns
tas address set-up time 10 - - ns
Teve system cycle time 160 - - ns
teoow WR control pulse width LOW Write mode 38 - - ns
tcelr RD control pulse width LOW Read mode 38 - - ns
teoHw WR control pulse width HIGH Write mode 90 - - ns
tecHr RD control pulse width HIGH Read mode 90 - - ns
tos DO to D7 data set-up time 10 - - ns
ton DO to D7 data hold time 10 - - ns
tace read access time note 8; C. =30 pF |~ - 30 ns
ton output disable time note 8; C_=5pF; |30 - 160 ns

R=3kQ;note 9
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Notes

1. Vpp2 and Vppj3 always have to be larger than or equal to Vpps.

2. Not directly observable at any pin.

3. After calibration the following fus; can be expected at 25 °C: 600 kHz +4%; at different temperatures an additional
variation of +0.12%/°C will not be exceeded.

4. Alltiming values are valid within the operating supply voltage and ambient temperature range and are referenced to
Vy and Vg with an input voltage swing of Vgs4 to Vppa.

5. Theinitialization incorporates the start-up of the internal circuitry including the readout of the OTP cells. The start-up
time for the internal voltage generation is not included.

6. The input signal rise time and fall time (t, and t;) are specified at 15 ns or less. When the cycle time is used at high

speed, the specification is t; + t < (tcve — tecrw — tecaw) or & + {1 < (feve — toelr - tocHr)-

7. CS can be permanently tied LOW.

The output disable time and read access time is applicable after the second read cycle (see Fig.40).
For Vpp1 = 1.8 V possible variation of toy is between 40 and 80 ns for a temperature range of —40 to +85 °C.

VpD1

—>[ ,*—fﬂss

[ !syU; RESL—T=— 'W(RESL) AT |

N

Status K resetting normal operation
7

VbD1 /

ViH
Vi

2
m
w
LA |

. A B V[H S
RES \ [
& -,d ViL
“"W(RESL)“I 'WRESL) tRT———
TN
Status resetting nomal operation
v
—=i g - gy =+
Interface: i b
commands/data not accepted accepted not accepted accepted
LY

MGUSsE

Fig.50 Reset timing.
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—1chw icss tcsH lcHw—
SCE
Tscye tscc
tsLw tSHW
.
soux / N
N A
— 1|. et — (r et
-— tgpg —= 1SDH |
SOIN
tacc ' toH {
SDOUT high-impedance
MGUOS7

Fig.51 Serial interface timing.

D/C

ﬁ‘iq-— tag —
cs \

-———tAH-——-jF< -~ oG —»

{

N

-——{CeLR teoLw

Teye

ICCHR: lcCHW

- tpg

—1pH

Dot D7
{Write)

DO to D7

tacc

(Read)

Fig.52 Parallel interface timing (8080 type).

MGUSES
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