RAIO

RAB8876

Character/Graphic
TFT LCD Controller

Datasheet

August 11, 2015

RAIO Technology Inc.

©Copyright RAIO Technology Inc. 2015

RAIO TECHNOLOGY INC. www.raio.com.t



RAIO’ RA8876

Character/Graphic TFT LCD Controller— Technical Manual

Revise History

Version Date Description

1.0 August 11, 2015 Preliminary Version

RAIO TECHNOLOGY INC. 2/214 www.raio.com.tw




RAIO’ RA8876

Character/Graphic TFT LCD Controller— Technical Manual

CONTENTS

L. INTRODUCTION ..ottt 10
1.1 OVERVIEW DESCRIPTION ..utteittiteiuteeeitetestteesssaesssseessssasassssssssssssassesssssssssssesssssssesssssesssssssnsssssnsees 10
1.2 SYSTEM DIAGRAM & CHIP DIAGRAM ....ccciuiiiiitieeiieeesiteestteeastea e e sttaeassaaeasseeessnsaeassaeeesnseeeanseaesnneas 10
2. FEATURES ..o 11
2.1 FRAME BUFFER ... ..uiiiitiie ettt e ittt e stee e et e e sstee e et e e asseeeateeeessee e e st e e e esseeeanteaeenseeeansaaesntaeeanseeeanseeeanns 11
2.2 HOST INTERFACE ...viiitiieeittte e ittt e siteeeesteeessteeeesteeeasseeeassaeasseeeaasseeeaseeeeasseaeansaeeansaaesntseeansseennsneeanns 11
2.3 DISPLAY INPUT DATA FORMATS .....utiiiitiieeittee e ettt e sstte e et e e s steeeatteeataaeasssaeeassaeassaeeesnseeesnseaesnseeeanns 11
2.4 DISPLAY MODE.......0iiitiieiititeeitteesstteeaetteeastaeeaasseeasseeeaasseeeaseeeeasseeeasseeeasseeeansaeesssaeeanseaesnseeeanseeennnes 11
2.5 SUPPORT VARIOUS PANEL RESOLUTION ......cciittiieittieeisteeesteeesteeessesessssesssssssssssessssssessssessssesennns 11
2.6 DISPLAY FEATURES ... uttiiittteiittteeitteeesteeessteeeasteeeasseeeassaeasseeeaasseeaasseeaassaaessseeeansaaesnsaeeansseesnseeeanns 11
2.7 INITIAL DISPLAY ..utiiiitiie ettt e e ettt et e e et e e st e e et e e et e e et e e e saea e e esseeeeseeeeanteaeasseeeansaaesnteeeansnaennseeeanns 12
2.8 BLOCK TRANSFER ENGINE (BTE) ....cciiiiiiiiiiii it e e e e et e e e e e e e e et e e e e e e e eennnes 12
2.9 GEOMETRIC DRAWING ENGINE ....cuuiiiiiiiieiiiieeiiie e ettt et e e st e e st e e et e e st e e s snsaeessaa e e snnaeesnseaesnneeeanns 13
2.10  SPIMASTER INTERFACE .....ciutttiittteeiteeesteeeasteeeassseeasseeassseeasssesaaseseaasseassssasesssseessseeessssessseeesnns 13
2.10.1  TEXT FEATURES .....ttiiiittie ettt e sttteeeatee e st e e et e e astt e e et e e e steeeasteeeeseeeeasbeeeanseeeansaaesnteeeansneeanseeeanns 13
2.00.2  DIMA FUNCTION .. tttttuiesett e estttseeseat s e e eata s e seesaeeeeasa e e eeaaaaaaeaaaaeeaennaeresanaeeesnnteeeesnnsearesnnseees 13
2.10.3  GENERAL SPIMASTER.....ccittttiittieeittte ittt e steeeateeeaseaeasseaeassseessseeeaassaeeasseeessseaesnseeeasseeesnseeeanns 13
20 R D2 O 1N =1 o = 13
2 2 eV I P 13
2,13 KEY-SCAN INTERFACE ....uuttiiittieeittie e ittt e sstteeesteeesssteeassaeasssaeasseeasseaeaasseeeasseeeassaaesnseeeanseeesnseeeanns 13
2,14 POWER SAVING ....ciiiitiieiitieeeitteeesteeeateeessteeeaseeeasseeeasseeasseeeaasseeeaseeeaassaeessseeeassaaesnsseeansseenseeeanns 13
2,15 CLOCK SOURCE ....eiititeeittteeitteeessteaeasteeessteeeasteeeasseeeaseaeasseeeaasseeeaseeeeassaaesssaeeansaaeansseeansneennseeeanns 14
201 G T ] = 14
2,17 POWER SUPPLY ..ttiiitiieeittte e ittt esteeeasteeessteeeastseeassseeasssaeaaseeeassseeesseeeeassaaesnsaeeansaaesnsseeansseennseeeanns 14
0 T = X <Y 14
3. SYMBOL AND PACKAGE ...t 15
3.1 RABB76 SYMBOL & PIN ASSIGNMENT ...eeiiutieeiiiieeiutieeiieeesseeessseessssesasssesssssssasssessssssessssesssnsesennns 15
3.2 PACKAGE OUTLINE DIMENSIONS. .....ceiititiiittieeitteeeistteesteeeasteeeatseesssseesssseesssseeassseesssseeessseeesnseeesnns 16
4. SIGNAL DESCRIPTION ..ottt 17

RAIO TECHNOLOGY INC. 3/214 www.raio.com.tw



RAIO’ RA8876

Character/Graphic TFT LCD Controller— Technical Manual

4.1 PARALLEL HOST INTERFACE (25 SIGNALS) ...eettttuttutueuueeeeuunnnennnnnnnnnnnnnnnnennnsnnnnnnnesnnsnnnsnnnsnnnnsnnsnnnns 17
4.2 SERIAL HOST INTERFACE (MULTIPLEX WITH PARALLEL HOST INTERFACE) ...cvveiiieiieeieesiiee e 18
4.3 SDR SDRAM INTERFACE (39 SIGNALS) ...eetttutuuututuuueenennnnannnnennnnnnnnnnnnnnnennnsnnnnennesnnsnnnsnnnsnnnnsnnsnnnes 18
4.4  SERIAL FLASH OR SPI MASTER INTERFACE (5 SIGNALS) ...cuttetieaieesiieesieeaeeesneeanieeaneeessesaneeesseeenes 19
45 PWM INTERFACE (2 SIGNALS) .eettttttutuuueueeeuuenennnnnsnnnennnennnnesnnsssnssnneennssnnssnnssnnnsnnnsnnnsnnnnnnnnnnnnnnnnnnns 20
4.6 KEYSCAN INTERFACE (9 SIGNALS) ...ettttttetteuueuueuennnennnensnnnnnennnnsnnnnnnnennnennnesnsssnnesnnssnnsnnnnnnnnsnnnnnnns 20
4.7 LCD PANEL DIGITAL INTERFACE (28 SIGNALS) ..ettututttuueeuueeueenuenenennnnnnneennnnnnnnnnnennnennnennnennnnsnnennnes 21
4.8 CLOCK, RESET & TEST MODE (8 SIGNALS)....cetttttttuuueuueeeeuuneueennnnennnnnnnnnnennnnnnnnnnnesnnsnnnnnnnnnnnnnnnnnnnns 22
4.9 POWER AND GROUND ....utttiuttestetatesaseeeaseeateeaseeesseeansesaseeasseeanseeasesanseeasseessesansessseeensesanseesseeansesnns 22
5. AC/DC CHARACTERISTICS oottt 23
5.1 MAXIMUM ABSOLUTE LIMIT ...cetiiiiieitieastieaieesteeateesseaesteesseeesseeansaeaseeansesanseessesanseessseensessnsessseeanses 23
5.2 DC CHARACTERISTIC ..eutitiuiteitieaieeaseeasseeanseeasesaseeaseaaasesasseessesaseeasseessesansesasssensessnseessesansessseeenses 23
6. CLOCK & RESET .ottt 25
L 700 R O @ T2 PP PPT TR 25
B.1.1  CLOCK SCHEME ... tietieautteateeateeaseeesteeanteeaseeaaeeaneeeaseeaneeeaseeaseeaseeeasesanseeaneeaseeaneeenseeanseenneeennes 25
B.1.2  PLL SETTING. . cttttttuie e e et eeetttte e e e et ettt oo e e e et et e et et e e e et eee bt e e e aaeeeaebba e e e e e aeeesebban e e eeeaaeesnennans 26
LI 4] = TSP PP 27
B.2.1  POWER-ON-RESET ...ietitititeitieaieeateeesteeateeateeateeasseasseeasseesseeaseeasseassesanseeaseeaseeaneeessesansessseeenses 27
ST oy q = S VI = = USSR 27
7. HOST INTERFACE ..ttt 28
7.1 INDIRECT INTERFACE ...eeutteeutteteeateeaseeasseeasseeaseeanseeanseaaseeanseesseeansesasseessesanseeasesansesanseessesansessseeenses 28
7.1.1 REGISTER WRITE PROCEDURE ....c.uttittiitteatieaieesieaanteesseeasseeaseeaseeansesanseessesanseessesassessnsessseeanses 28
7.1.2 REGISTER READ PROCEDURE .....cccuttitttitttaitieatteateaaateeaseeessesansesaseeansesanseessesanseesseeassessnseesseeanses 28
7.1.3  MEMORY WRITE PROCEDURE .....ceitttatteiuttateranteesseaasessseeessesansesaseeassesanseessesasesssesassessnsessseeanses 28
A2 N = N I = T T 1 SR 29
7.2.1  PARALLEL HOST INTERFACE. ....utteittteteeauteesteeateeaseeaaseesseeessesanseeaseeansesanseessesanseesseeansessnsessseeanses 29
7.2.2 PARALLEL HOST I/F PROTOCOL ....cciitiiiaiitiaaatteeeaiteeeaiteaeateeeateeeateeeaseeaaaseeeaanaeaesnneeeanseaesnneeeanns 30
A TS = 1Y [ 1 SRS 33
7.3.1  3-WIRE SPIINTERFACE ...eittttuiieeat ettt e e e et ettt e e e e e e ettt tb e e e e e e e eeettba e e e e e aeeeessbaaaeeaaaeeesnnns 33
7.3.2  A-WIRE SPIINTERFACE ...eittttuiiieteat ettt e e e ettt e e e e e e et et ta e e e e e e e eeettba e e e e aeeeessbaa e eeaaaeeesnnns 35
7.3.3 I I F s 37
7.4 DISPLAY INPUT DATA FORMAT ...cutiiititateeauteasteeateeaseaaseesseeessesanseeaseeasesanseeasesanseeasseessessnsessseeanses 40
7.4.1 INPUT DATA WITHOUT OPACITY (RGB) ..ccooiiiiiiiiiiiee e 40

RAIO TECHNOLOGY INC. 4/214 www.raio.com.tw



RAIO’ RA8876

Character/Graphic TFT LCD Controller— Technical Manual

7.4.2  INPUT DATAWITH OPACITY ( RGB) ..iiiiiiiiiiiiiie ettt 42
8. MEMORY Lottt 43
8.1  SDRAM CONTROLLER ....ctttttitttttaeaittttea e ettt e e e e aatse e e e aasbbe e e e e asbe e e e e e aabae e e e e asbbeeeeaanbbeeaeaannbeeeeaansneeeeans 43
8.1.1  SDRAM INITIALIZATION ..etttiuutteteeautteaaaaautteeaeaastseeeeaassseeesaastseeaeaasbaeeaeaassseeeesansbeeeeaannbeeeesanneeaeans 43
8.1.2  SDRAM CONNECTION ...tttttuutttteaaiitttaeaautteeeeaasssseeeaassseeeeaasseeeeeaaabeeeaeaassseeaeaansbeeeeaannbeeeeaasneeeeaas 43
8.2  SDRAM DATA STRUCTURE .....uttttitittiitaeaitieeeaaaiteeeeaaasaseeaaaasteeeeeaasbaeeaeaasbseeeeaanbbeeeeaanbbeeeeaasneeeeans 43
8.2.1 8BPP DISPLAY (RGB 3:3:2 INPUT DATA) ....c e ittt 43
8.2.2 16BPP DISPLAY (RGB 5:6:5 INPUT DATA)...cciiiiiiiiiieeeeee ettt 44
8.2.3 24BPP DISPLAY (RGB 8:8:8 INPUT DATA)...cc ittt 44
8.2.4 INDEX DISPLAY WITH OPACITY (  RGB 2:2:2:2) ..o, 44
8.2.5 12BPP DISPLAY WITHOPACITY ( RGB 4:4:4:4) ..o, 44
8.3  COLOR PALETTE RAM ...ttt ettt et e e e e it e e e e ekt b e e e e e bbn e e e e ananeeeeanns 44
9. DISPLAY DATA PATH ottt 45
10. LCD INTERFACE .ottt 46
10.1 LCD INTERFACE PIN MAPPING .....utitiiiiuititiaaiitetee ettt ee e ettt ea e s astbe e e e s asbe e e e e e anbeeeeesanbneeeesannneeeeaannes 46
10.2 LCD PARALLEL INTERFACE TIMING ..cciuttitieiiiietaeaaiiieeeeasittee e e e aisse e e e s astse e e e e antne e e e aasbaneeessnnneaeeannnes 47
11. DISPLAY FUNCTION Lttt 48
11.1  COLOR BAR DISPLAY TEST ...uitiiiiuttteeaauitreaaaattetaeaatseaaaaasseeaeaassseeasaaneeeeeaanbeeeeesansaeeeesansseeeesannes 48
L1.2  IMIAIN WINDOW ....cetieeiuitieee ettt e e ettt e e ekttt e e ekttt e 4 ekttt e e 42 as et e £ ek ket e e 44 kb et e a2 ekt e e e e e ansbn e e e e ansbneeeeannes 48
11.2.1 CONFIGURE DISPLAY IMAGE BUFFER .....cciiiiutiititiiiiiie et s sttt e et e et e e nnnne e e e 48
11.2.2  WRITE IMAGE TO DISPLAY IMAGE BUFFER.......ciitiiutiiiiiiiiiiie ettt et e e 48
11.2.3  DISPLAY MAIN WINDOW IMAGE .....ccieiuttitieaiiieiaeaaiitee e e e aiteea e e et e e e e aste e e e e e anbne e e e e anbne e e e s annneeeeannnes 49
11.2.4  SWITCH MAIN WINDOW IMAGE......cciiiiuititieiiiieiaeaaitee e e e sttt e e sttt e e et e e e e e anbb e e e e e anbne e e e s anneeeeeeannes 50
L1.3  PIP WINDOW ....uiiiiiieiitiet ettt ettt e ekttt e e skttt e o4 ekt et e 24 am ke e a4 4 am kbt e e e e amk b et e e e ambbe e e e e anbbn e e e e annnneaeeanns 50
11.3.1  PIP WINDOWS SETTINGS ...tttieiutttteeaauitteaeaaieetaesatssaaeaassssaaeaassseeasaassseeeaassseessansnseeesansseeeesannes 50
11.3.2  PIP WINDOW DISPLAY POSITION AND PIP IMAGE POSITION.......cciiiiiiiiiaiiiiiieeseiieee e 52
11.4 ROTATE AND MIRROR ....citiiuttttiaaatttteeaatteeeeaaiteteesatteee e e aasee e e e e ansbe e e e e anbe e e e e aabbe e e e e ansbneeeeansneeeeeannes 52
12. GEOMETRIC ENGINE ..ttt 58
121 ELLIPSE/CIRCLE INPUT ..ttttiuttttte ettt te e ettt e e ettt e e e sttt e e e skttt e e s ettt e e e aasb e e e e e mbb e e e e anbbn e e e e ansbeeeeeannes 58
12,2 CURVE INPUT ...ttt ettt ettt ookttt e+ 4 e skt e e 4o a kbt e e e e et b et e e e ambb et e e e anbbn e e e e annnneeeeanns 59
12.3  SQUARE INPUT ..ttt ittt e ettt e ettt e ettt e ekttt e e ekt e e 44kttt e 24k b et e oo e nb et e e e ekt et e e e anbbn e e e e anseneeeeannes 59

RAIO TECHNOLOGY INC. 5/214 www.raio.com.tw



RAIO’ RA8876

Character/Graphic TFT LCD Controller— Technical Manual

I I 1| 1= U i TP PR T SPPPPPPTT 60
28 ST I TN N I = [T 1 SRS 61
12.6  SQUARE OF CIRCLE CORNER INPUT ...uciiiiiiiiieiieaieeeieeesteeanteesneeesteeaseeesseeansessneeessesansessnneenseeanees 62
13. BLOCK TRANSFER ENGINE (BTE) oooiiiiiiiiiiiiiisiiiiiiiiiiiiiiiiic i 63
13.1 SELECT BTE START POINT ADDRESS AND LAYER.......ciiiieiiiaiiiiaieesiieesieeaieesneeesseesneeesneeaneeeaneas 65
13.2  COLOR PALETTE RAM Lottt e e e et e et et e e e e e e e e aa bbb aaeaaaaeees 65
13.3  BTE OPERATIONS ..ttt eeatteitttta e e e e et ettt bt e s e e e e e eeeet bt e o e e e e e eee et bba e e e e eeeeeasban e e e eaeeeeesnbna e aaaaaans 66
13.3.1  MPUWRITEWITH ROP ...ttt e e e e e e ee bt aeaaaaeees 66
13.3.2  MEMORY COPY WITH ROP ...ttt ettt e stee et e steesne e e e e eneeenneeanteesneeennes 66
ST JC B S To T o | TP PT PP PPUPPPRPIN 66
13.3.4  PATTERN FILL..tttitiiiititetie et e sttt et e sttt te e et e st e et e e ese e e eeeemteesseeenteeameeeaseeeneeeeneeenseeanteenneeennes 66
13.3.5 PATTERN FILL WITH CHROMA KEY ....uetitiiitiieitieeiee st esiee e e sieeesteeaneeesneeaaeesneeesneeanseesneeenneeanees 66
13.3.6  MPU WRITE WITH CHOMRA KEY ...ccutititiiiiieiiiieieesttesieeaeeeaseeasseeaseeesseeansessneeessesansessnseesseeannes 67
13.3.7 MEMORY COPY WITH CHROMA KEY ....ccuutiiiiieiiiiaieeeiieasieeaeeeaseeasteeseeesseaansessneeesseeanseesneessseeanees 67
13.3.8  COLOR EXPANSION.....ceutieiutteterateeateeasteeasteeaseeaasesaneeeaseeasseeanseesseeansesanseensesanseeanseensesansessseeanses 67
13.3.9 MEMORY COPY WITH COLOR EXPANSION .....cuuiiiieiuiraieeaieesieeaseeaneeassesaseesneeessessnseesssesssesannes 67
13.3.10  MEMORY COPY WITH OPACITY ..ueteitetateeaueeesueeaueesseeasseeaseeeaseeessesanseeasesansessnseessesansesssseessesanses 67
13.3.11  MPU WRITE WITH OPACITY ..uttttutteatteateeanteeaueeaueeaseeessesassesasseessesansesssseassesanseessesassessnseessesanses 67
13.4 BTE ACCESS MEMORY METHOD. ... .ceiuutatteauttestetaueesneeasseeanseesseeessesanseeaseeansesanseessesansessnsessseeanses 68
13.5 BTE CHORMA KEY (TRANSPARENCY COLOR) COMPARE.......ccitttiureiterasieeaneeessenansessneeenseeanseesnes 68
13.6  BTE FUNCTION EXPLANATION ....ciiutieitteatteanteesseeaeeeaseaesseeaneesssseessesanseeasseansesanseessesansessnseessesannes 69
13.6.1 WRITEBTE WITH ROP ...ttt e e e e e e ea bt aeeaaeeees 69
13.6.2 MEMORY COPY (MOVE) BTEWITHROP ..ot 70
13.6.3 MPU WRITE W/ CHROMA KEY (W/O ROP) ..ottt 73
13.6.4 MEMORY COPY W/ CHROMA KEY (W/O ROP) ...ttt 74
13.6.5 PATTERN FILL WITH ROP ...ttt ettt st et e et e et e e e nneeenaeesneeenneas 75
13.6.6 PATTERN FILL W/ CHROMA KEY ....utiiiiuiiiaiiiie ettt et et et et e s sseeeaasbeeesneeeaanaeassnseeeanneaeanneas 77
13.6.7 MPU WRITE W/ COLOR EXPANSION ......ciiiuuiieiuieiaiieteaieeeaateeeassseeassseeassseeaassesaasaeessssesssssesssnneas 78
13.6.8 MPU WRITE W/ COLOR EXPANSION WITH CHROMA KEY .....uciiiuiiiaiieiaaieeeaieeeaseeeasieeeaseeeessneeas 80
13.6.9  MEMORY COPY WITH OPACITY .ecutieiuieateeauteesueeaueeaneaessesaneeesseeessesansesasseansesanseessesansessnsesssesanses 81
13.6.10  MPU WRITE WITH OPACITY ...tteiuiteiteeateeanteestesaueeaneaassesansesssseessesansesasseassesanseessessnsessnsessseeanses 85
13.6.11 MEMORY COPY W/ COLOR EXPANSION .....cceiiiiiiiuiiaiiieaaieaeaitteeasieaeesteeeasieeeasseeessnneeasneeassneeas 86
13.6.12 MEMORY COPY W/ COLOR EXPANSION AND CHROMA KEYING ...ccuvvieiuiiiaiiiieaieeeaieeeaieeeaeeas 88
D3.6.13  SOLID FILL .. itteiititi e ettt ettt oo ettt ettt e e e e e et ettt b e e e e e e e et e bt e e e e e e e eeebbaa e eaaaaaee 89
14, TEXTINPUT oottt 90

RAIO TECHNOLOGY INC. 6/214 www.raio.com.tw



RAIO’ RA8876

Character/Graphic TFT LCD Controller— Technical Manual

14.1 EMBEDDED CHARACTERS .....uttettttttteatetasteeanteaaseeanuesanseasseeansesasseessesaseeasseassesanseessesansessnsessseeanses 91
14.2 EXTERNAL CHARACTER ROM.. ..ottt ittt ettt e et e snaeenneeataesneeenneeanees 96
I R O 2 N Rt K N PP SPPPPPPR 96
14.2.2  GTI0LLOUZWV ...ttt oo e et ettt e e e e e e e ettt b e e e e e e e e eebbba e e e aaaeeesnas 96
e B G I 10 I I TSP TP SPPPPPPR 96
1424 GT30LZ2AMILZ ...t e ettt e e e e e e e e e et b e e e e e e e e ee bbb e e e aeeeenaeas 97
T4.2.5  GTI0LB2SAWV ..ottt e e e et ettt b e et e e e e e e e et bb et e e e e e e e ebbba e e e aaaeeeneas 97
T4.2.6  GT20LZ2AFBY ..ottt e e e e ettt b e e e e et e e et bb e e e e e e e e e arbb e e e aaeeaeas 97
TA.2.7  GT2LL2ASIWN ..o e e e ettt e e e e e e e e et e e e e e e e eebbbb e e e aaaeennnas 98
14.3  USER-DEFINED CHARACTERS ....uotitieitttatteauteaaueeanueeaseaassesansesaseeassesansesasseassesanseessesansessnsesssesanses 99
14.3.1 8X16 CHARACTER FORMAT IN CGRAM .....uui et 99
14.3.2 16X16 CHARACTER FORMAT IN CGRAM .....uiiiiiiiiiii et 100
14.3.3 12X24 CHARACTER FORMAT IN CGRAM .....uiiiiii et 100
14.3.4 24X24 CHARACTER FORMAT IN CGRAM .....uuiiiii e 101
14.3.5 16X32 CHARACTER FORMAT IN CGRAM ...t 101
14.3.6 32X32 CHARACTER FORMAT IN CGRAM ..ot 102
14.3.7 FLOW CHART ABOUT INITIAL CGRAM BY MPU ......oiiiiiiiiiiiecie et 102
14.3.8 FLOW CHART ABOUT INITIAL CGRAM BY SERIAL FLASH ....ciiitiiiiieiieesieesieesieeeniee e e neee e 103
14.4 ROTATE 90 DEGREE'S CHARACTERS ...cetttetteauteeaterateesseeassesaneeesseeassesanseansesanseessesansessnseensesanes 104
14.5 ENLARGEMENT, TRANSPARENT CHARACTERS ....cctttitieitirateeaseeasteeaeeeaseeansesaneeessesansessseeensesanes 105
14.6 AUTO LINE FEED WHEN MEET ACTIVE WINDOW BOUNDARY ......ceivieiiiraiienieeniieaieesneeesseeaneeens 106
14.7  CHARACTER FULL-ALIGNMENT ...eeititateeatttestesanteeasesateeaseeassesaseesseeassesanseessesansesasseensessnseensesanes 106
T 8 CURSOR ettt ettt e ettt oo oo ettt ettt oo e e et e e et b b a oot e e e et e et b b h o e e e e et e et eehh e e e e e e eeebeaa e e e aaaeaaas 107
TA.8.1  TEXT CURSOR «.iiettttu e ee et et ettt e e e e e e ettt bt e oo e e e e et ett bt e e e e e e e e ettt bb e e e e eaeeesbbba e e e aeeeeessbnna e aaaaas 107
14.8.2  GRAPHIC CURSOR ...utiiiueieiieanieesteeastesaseeeasesanseeaseeaasesanseaaseeassesanseessesanseeaseeansesanseessesansessseeanes 109
15, PWM TIMER ..ottt 111
15.1 BASIC TIMER OPERATION ...cuuttiutteitttateeaseeassesaneeeasesansesanseessesansesssseassesanseessesansesanseensesanseensesanes 112
15.2 AUTO RELOAD & DOUBLE BUFFERING .....ceitiiiuieeitiraieesieeesteeanaeesseeaseeaseeensesaneeeasesenseesnseensesanes 112
15.3 TIMER INITIALIZATION AND INVERTER BIT ..eoiiiiiiiiiiiiiie e siee e siee e seee e snee et sneeennee e 113
15.4  TIMER OPERATION. ...eettttautteatetateesseeeaseeaseeeasesaseeaseeaasesanseeaseeansesanseessesansesanseanseeanseensesanseenseeenes 113
15.5 PULSE WIDTH MODULATION (PWM) ... 114
15.6  OUTPUT LEVEL CONTROL «..utitiuttettteateeaseeesueeateeasesanseeasseessesassessseeassesanseessssansesanseensesanseensesanes 114
15.7 DEAD ZONE GENERATOR ...cuutttuttettetatesanetassesateeaseeansesanseessesasesaseeassesanseesseeansesaseessesanseenseeanes 114
15.8 DEAD ZONE APPLICATION. ..uttttuttettteateeaseaessesaseeaseeanseeanseeasesaseeaseeassesanseessesansesasseensesansesnseeanes 115
16. SERIAL BUS MASTER UNIT .oiiiiiiiiiiiiiiiii i 117

RAIO TECHNOLOGY INC. 7/214 www.raio.com.tw



RAIO’ RA8876

Character/Graphic TFT LCD Controller— Technical Manual

0 S NI 1] =12 0 111 T 117
16.2  SPIMASTER UNIT ..ottt ettt sttt ettt s s tetee s s eestet e s s stateenessteseen s steeeeeenenasaseas 120
16.3  SERIAL FLASH CONTROL UNIT atiiiiitiiiiiiie ettt e ee e et et st s ete et s eae st et s eassa st sasanssnssssssnssrenns 122
16.3.1 EXTERNAL SERIAL CHARACTER ROM ...ouiiiiiiiii ettt e et e e e eans 126
16.3.2 EXTERNAL SERIAL DATA ROM ...cciiiiiii ettt e e et et e e et et e e e e e eeaas 128
16.3.2.1 DMA IN LINEAR MODE FOR EXTERNAL SERIAL DATAROM ..o 128
16.3.2.2 DMA IN BLOCK MODE FOR EXTERNAL SERIAL DATAROM ...uiiiiee e 129
R S O Y 13 =L = U N R 131
17, KEY-SCAN UNIT .t 134
0 T O 1= = = 7 1 [ ] T 134
A = =S I =3[0 1 1] T 137
18. POWER MANAGEMENT ...ttt ettt ettt e e e e, 138
S T N0 = 1 I 17 1 =T 138
18.1.1  SLOW MODE.......eiuieieeieeeeeee et et et ete ettt e et et et e et et et e e st se st et e s eeetet e s et et et e e s st et eee e eeaeasees 138
18.1.2  NORMAL MODE.........cueiiitititeeieeteeseesteeee s e ee e es st steeeee et et et ees s seetete s esstet e s et steteen s et eteee s eeataseas 138
18.2 P OWER SAVING ST ATE cuiittituititttette ettt ettt st e st ettt rea et easta st essaa st et eassstssnssnssnssnsnnns 138
18.2.1  SLEEP MODE........cuiuieieiteeeeeeseeeees et ste ettt ettt s et st e e et et et e es s s este s e s s e te s e e s et et een s steeeee e eeataseas 138
18.2.2  SUSPEND MODE ......oeviteieteeseeteee et ettt ee et s et st e st t et e s s eete s e s s stet e s et st et een s steteeeneeataseas 138
18.2.3  STANDBY MODE ....oouiititieteeiteteee ettt sseee et sttt es ettt e st ee et et e s esstet e s es st et een s steteee s eeaeaseas 139
18.3 POWER MODE COMPARISON T ABLE ....uiiuiiuitt ittt ittt ete et tas st et teas st stses st stasatssasaassassassnssnrens 139
19, REGISTER ... 140
S T R 7 UL R  d=T T o 1 = = T 140
19.2 CHIP CONFIGURATION REGISTERS . eutuiiititittit it ettt e ttees et e st et sea st st aa et st sasssassasesssanrenns 141
19.3  PLL SETTING REGISTER ..uuituituitttttttee et et st et s st st ettt s ettt eataa st easaa st et eatsastassnssastnssnsenns 145
19.4 INTERRUPT CONTROL REGISTERS . .euituitutiutttiett ettt ettt ettt ta st ettea st staes st ttasattastastastassarearens 147
19.5 LCD DISPLAY CONTROL REGISTERS ..uiuiiuitutiuiittittit ittt etteas st ettessttstsssssastassssassassassassnssnrens 151
19.6 GEOMATRIC ENGINE CONTROL REGISTERS ...uiuiitiitiittittittetiessttetiesstsstassssstassasessseassasensenres 164
19.7 PWM TIMER CONTROL REGISTERS ...tuiiuiitittitttt ettt ettt es e st etteat st st ea et st s ssastassassasrasenrens 176
19.8 BLOCK TRANSFER ENGINE (BTE) CONTROL REGISTERS ..cuitiitiiitieie it ete e eeeseaeeeenenssanas 179
19.9 SERIAL FLASH & SPI MASTER CONTROL REGISTERS ...uituitiitititee et eee e ee et s ee e raeeneeneeans 187
e e T = =1 L] 1N =S RTPRR RPN 193
19.11 POWER MANAGEMENT CONTROL REGISTER ....cuiitiitiittitietieetiteetieetststassssstssasessssaeeasrnsenrens 198
19.12 SDRAM CONTROL REGISTER.....cuiuiiiuitieeieiteteeeesstsesesesststsesseesteseesessestessessessesssesssassesesseasens 199

RAIO TECHNOLOGY INC. 8/214 www.raio.com.tw



RAIO’ RA8876

Character/Graphic TFT LCD Controller— Technical Manual

19.13  12C MASTER REGISTERS ..ttuuiitittuiieitittiieeettutteseatusasettuaeesatanaeeeataneeeetnnaaeretnaaeretaaeerernaeesennns 201
19.14 GPl & GPO REGISTER ...iiiiiiiiiiiia e e ettt ettt e e e e e e e e et bt s e e e e e e e e e ebbb e e e e e e aeeeaebbaaaaaaas 203
19.15 KEY-SCAN CONTROL REGISTERS .. iiituiiiiitiiieiteii i e e et e e e e et e e e et s e e e et s e e e et s ee e et e eeeseaneeeenens 205
20. SUMMARY FOR GENITOP'S CHARACTER SUPPORTED BY RA8876........cccvveeeiiiiieiiieeeiiie 207

RAIO TECHNOLOGY INC. 9/214 www.raio.com.tw



RAIO™ RA8876

Character/Graphic TFT LCD Controller— Technical Manual

1. Introduction

This is the Hardware Functional Specification for the RA8876 TFT LCD Controller. RA8876 supports CMOS
type interface (MIPI DPI-2). . Including in this document are system block diagrams, Pin information, AC/DC
characteristics, each block’s function description, detail register descriptions, and power mode control.

1.1 Overview Description

The RA8876 is a low power color LCD Controller with support for up to 512M-bits external SDRAM memory.
The RA8876 supports an 8/16-bit asynchronous parallel host bus while providing high performance
bandwidth into the external display memory allowing for fast screen updates. The RA8876 also provides
support for multiple display buffers, Picture-in-Picture, Opacity control, and display rotation/mirror ... etc.

1.2 System Diagram & Chip Diagram

Host

SDRAM( 16-bits SDRAM

RA8876

CMOS Panel I/F

Serial
Flash
or
GT Font]

SPI master I/F

Figure 1-1 : System Diagram

PLLs

1.2v
LDO+POR

1ISO8859 ROM

Text/Graphic
TFT LCD
Controller

LQFP-128

Figure 1-2 : Chip Diagram
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2. Features

2.1 Frame Buffer

® Supported SDRAM density:16Mb, 32Mb, 64Mb, 128Mb, 256Mb or 512Mb
® Supported SDRAM configuration: x4, x8, x16 & x32
® 16/32-bit SDRAM bus, maximum frame buffer: 256MB/512MB

2.2 Host Interface

® Support 8080/6800 8/16-bit asynchronous parallel bus interface (MIPI DBI Type A)
B Provide xnwait event to extend MPU cycle

® Support serial host Interface. Ex. 12C, 3/4-wire SPI

® Mirror and rotation functions are available for image data writes.

2.3 Display Input Data Formats

1bpp: monochrome data (1-bit/pixel)

8bpp: RGB 3:3:2 (1-byte/pixel)

16bpp: RGB 5:6:5 (2-byte/pixel)

24bpp: RGB 8:8:8 (3-byte/pixel or 4-byte/pixel)

B [ndex 2:6 (64 index colors/pixel with opacity attribute)
B oRGB 4:4:4:4 (4096 colors/pixel with opacity attribute)

2.4 Display Mode
® Configurable digital TFT output: 24-bits TFT output / 18-bits TFT output / 16-bits TFT output

2.5 Support Various Panel Resolution

Support 16/18/24-bit CMOS interface type panel or MIPI DPI-2
Support panel’s resolution up-to 2048 dots by 2048 dots

QVGA: 320 x 240 x 16/18/24-bit LCD panel
WQVGA: 480 x 272 x 16/18/24-bit LCD panel
VGA: 640 x 480 x 16/18/24-bit LCD panel
WVGA: 800 x 480 x 16/18/24-bit LCD panel
SVGA: 800 x 600 x 16/18/24-bit LCD panel
QHD: 960 x 540 x 16/18/24-bit LCD panel
WSVGA: 1024 x 600 x 16/18/24-bit LCD panel
XGA: 1024 x 768 x 16/18/24-bit LCD panel
WXGA: 1280 x 768 x 16/18/24-bit LCD panel
WXGA: 1280 x 800 x 16/18/24-bit LCD panel
WXGA: 1366 x 768 x 16/18/24-bit LCD panel

2.6 Display Features

Provide 4 User-defined 32x32 pixels Graphic Cursor
Display Window

The display window is defined by the size of the LCD display. Complete or partial updates to the
display window are done through canvas image’s setting. The active window size and start position are
specified in 8 pixel resolution (horizontal) and 1 line resolution (vertical). Window coordinates are
referenced to top left corner of the display window (even when flip is enabled or rotate text, no host

side translation is required).

RAIO TECHNOLOGY INC.
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2.8

Virtual display

Virtual display is available to show an image which is larger than LCD panel size. The image may scroll
easily in any direction.

Picture-in-Picture (PIP) display

Two PIP windows are supported. Enabled PIP windows are always displayed on top of Main window.
The PIP windows sizes and start positions are specified in 4 pixel resolution (horizontal) and 1 line
resolution (vertical). Image scrolling can be performed by changing the start address of a PIP window.
The PIP1 window is always on top of PIP2 window.

Multi Buffer

Multi buffering allows the main display window to be switched among buffers. The number of buffers
depends on the external SDRAM size and the desired size of the write buffers. Multi buffering allows a
simple animation display to be performed by switching the buffers.

Wake-up display

Wake-up display is available to show the display data quickly which data is stored in SDRAM. This
feature is used when returning from the Standby mode or Suspend mode.

Vertical Flip display

Vertical Flip display functions are available for image data reads. PIP window will be disabled if flip
display function enable.

Color Bar Display

It could display color bar on panel and need not SDRAM. Default resolution is 640 dots by 480 dots

Initial Display

Embed a tiny processor and use to show display data which stored in the serial flash and need not
external MPU participate. It will auto execute after power-on, until program execute complete then
handover control rights to external MPU. It supports 12 instructions. They are:

B EXIT: Exit instruction (OOh/FFh) -- one byte instruction
B  NOP: NOP instruction (AAh) -- one byte instruction
B ENA4B: Enter 4-Byte mode instruction (B7h)  -- one byte instruction
B EX4B: Exit 4-Byte mode instruction (E9h) -- one byte instruction
B STSR: Status read instruction (10h) -- two bytes instruction
B  CMDW: Command write instruction (11h) -- two bytes instruction
B DATR: Data read instruction (12h) -- two bytes instruction
B DATW: Data write instruction (13h) -- two bytes instruction
B REPT: Load repeat counter instruction (20h) -- two bytes instruction
B ATTR: Fetch Attribute instruction (30h) -- two bytes instruction
B JUMP: Jump instruction (80h) -- five bytes instruction
B DJNZ: Decrement & Jump instruction (81h)  -- five bytes instruction

Block Transfer Engine (BTE)

2D BitBLT Engine

Copy with ROP & color expansion

Solid fill & Pattern fill

B Provide User-defined Patterns with 8x8 pixels or 16x16 pixels

Opacity (Alpha-Blend) control

It allows two images to be blended to create a new image which can then be displayed using a PIP
window. The processing speed of Alpha-blend function varies depending on the image size. Optionally,
a single input image can be processed.

B Chroma-keying function: Mixes images with applying the specified RGB color according to
transparency rate

B Window Alpha-blending function: Mixes two images according to transparency rate in the specified
region (fade-in and fade-out functions are available).

B Dot Alpha-blending function: Mixes images according to transparency rate when the target is a
graphics image in the RGB format.
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2.9 Geometric Drawing Engine

® Draw dot, Line, Curve, Circle, Ellipse, Triangle, Square & Circular Square

2.10 SPI Master Interface

2.10.1 Text Features

Embedded 8x16,12x24,16x32 Character Sets of ISO/IEC 8859-1/2/4/5.

Supporting Genitop Inc. UNICODE/BIG5/GB etc. Serial Character ROM with 16x16/24x24/32X32 dots
Font Size. The supporting product numbers are GT21L16T1W, GT30L16U2W, GT30L24T3Y,
GT30L24M1Z, and GT30L32S4W, GT30L24F6Y, GT30L24S1W.

User-defined Characters support half size (8x16/12x24/16x32) & full size

Programmable Text Cursor for Writing with Character

Character Enlargement Function X1, X2, X3, X4 for Horizontal/Vertical Direction

Support Character 90 degree Rotation

2.10.2 DMA function
® Support direct data transfer from external serial flash to frame buffer

2.10.3 General SPI master

® Compatible with Motorola’s SPI specifications

® 16 entries deep read FIFO

® 16 entries deep write FIFO

@ Interrupt generation after Tx FIFO empty and SPI Tx/Rx engine idle

2.11 12C Interface

® |2C master interface
B For the expand I/O device, external touch screen controller for panel control
B Support Standard mode (100kbps) and Fast mode (400kbps)

2.12 PWM Timer

Two 16-bit timers

One 8-bit pre-scalars & One 4-bit divider
Programmable duty control of output waveform (PWM)
Auto reload mode or one-shot pulse mode

Dead-zone generator

2.13 Key-scan Interface

Support up-to 5x5 key matrix (share with the GPIO ports & Panel data pins)
Programmable scan period

Support long Key & repeat key

Support up to 2 keys are pressed simultaneously

Note: Restricted support 3-keys are pressed simultaneously (3-keys cannot form 90°)
® Support Key-Scan Wakeup function

2.14 Power Saving

® Support 3 kind of power saving mode
B Standby mode, Suspend mode & Sleep mode
® It may wakeup by host, key & external event

RAIO TECHNOLOGY INC. 13/214 www.raio.com.tw



RAIO’ RA8876

Character/Graphic TFT LCD Controller— Technical Manual

2.15 Clock Source

Embedded programmable PLL for system core clock, LCD panel scan clock and the SDRAM clock
Single crystal clock input: (XI/XO: 10-15MHz)

Internal system clock (Maximum 120MHz)

SDRAM clock (Maximum 166MHz)

LCD panel scan clock (Maximum 80MHZz)

2.16 Reset

® Provide power-on reset output to reset system
® May accept external hardware reset to synchronize with system
® Software command reset

2.17 Power Supply

® |/O voltage: 3.3V +/- 0.3V
® Embedded 1.2V LDO for core power

2.18 Package

® | QFP-128
® Operation temperature: TBD
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3. Symbol and Package

3.1 RAS8876 Symbol & Pin Assignment
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3.2 Package Outline Dimensions
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Signal Description

4.1 Parallel Host Interface (25 signals)

Pin Name

Dir/Drv.

Pin Description

XDB[15:0]

10
(8mA)

Data Bus

These are data bus for data transfer between parallel host and RA8876.
XDBJ15:8] will become GPIO (GPIO-A[7:0]) if parallel host 8080/6800 16-bits
data bus mode doesn't set.

XDB[7:0] are multiplex with serial host signals if serial host mode set. Please
refer to serial host interface section.

XA0

Command / Data Select Input
The pin is used to select command/data cycle.

XAO = 0, status read / command write cycle is selected.
XAO = 1, data read / Write cycle is selected.

XnCS

Chip Select Input

Low active chip select pin.

If host I/F set as serial host mode then this pin can be read from GPI-BO.
With internal pull-high with resistor.

XnRD
(XEN)

Enable/Read Enable

When MPU interface (I/F) is 8080 series, this pin is used as XnRD signal
(Data Read) , active low.

When MPU I/F is 6800 series, this pin is used as XEN signal (Enable), active
high.

If host I/F set as serial host mode then this pin can be read from GPI-B1.

With internal pull-high with resistor.

XnWR
(XRNW)

Write/Read-Write

When MPU I/F is 8080 series, this pin is used as XnWR signal (data write) ,
active low.

When MPU I/F is 6800 series, this pin is used as XRnW signal (data
read/write control). Active high for read and active low for write.

If host I/F set as serial host mode then this pin can be read from GPI-B2.
With internal pull-high with resistor.

XnINTR

(8mA)

Interrupt Signal Output
The interrupt output for host to indicate the status.

XnWAIT

(8mA)

Wait Signal Output
When high, it indicates that the RA8876 is ready to transfer data. When low,
then microprocessor is in wait state.

XPS[2:0]

Parallel /Serial Host I/F Select

00X: (parallel host) 8080 interface with 8/16-bits data bus
01X: (parallel host) 6800 interface with 8/16-bits data bus
100: (serial host) 3-Wire SPI

101: (serial host) 4-Wire SPI

11x: (serial host) I°C

Note:

a. If host I/F set as parallel host mode, then XPS[0] pin is external interrupt
pin.

b. If SDR SDRAM 32bits bus function enable, only support 8-bits parallel
MPU mode and PWM, Serial flash I/F and Key function pins will become SDR
SDRAM bus function. i.e. XPS[0] become XMDQM[2]

RAIO TECHNOLOGY INC.

17/214 www.raio.com.tw




RAIO™

RA8876

Character/Graphic TFT LCD Controller— Technical Manual

4.2  Serial Host Interface (Multiplex with Parallel Host Interface)
Pin Name Dir/Drv. | Pin Description
XSSCL | SPI or 12C Clock
(XDB[7]) XSSCL, 3-wire, 4-wire Serial or I°C I/F clock.
XSSDI IIC data /4-wire SPI Data Input
XSSDA | 3-wire SPI I/F: NC, please connect it to GND.
(XDB([6]) 4-wire SPI I/F: XSSDI, Data input for serial I/F.
I°C I/F: XSSDA, Bi-direction data for serial I/F
XSSD 3-wire SPI Data /4-wire SPI Data Output/lIC Slave Address Select
XSSDO To 3-wire SPI I/F: XSSD, Bi-direction data for serial I/F
(XDB([5]) 4-wire SPI I/F: XSSDO, Data output for serial I/F.
I°C I/F: XI2CA[5], I°C device address bit [5]
XnSCS SPI Chip Select/lIC Slave Address Select
(XDBI[4]) I XnSCS, Chip select pin for 3-wire or 4-wire serial I/F.
I°C I/F : XI2CA[4], I’C device address bit [4].
2 .
XI2CA[3:0] L | XaCAi30. Siaire S s NG B titto GND
(XDB[3:0]) X [ o 1, 3|4-wire : , please connect it to .
I°C I/F : I°C device address bit [3:0]
4.3 SDR SDRAM Interface (39 signals)
Pin Name Dir/Drv. | Pin Description
Clock enable / Clock 2 input (memory clock)
XMCKE 10 When XTESTI[0] set low, this pin is SDR memory clock enable
(XCLK2) (8mA) When XTEST][0] set high, this pin is external clock 2 input for SDR access.
10 SDR memory Clock out
XMCLK (8mA) | It derives from MPLL or XCLK2
XnMCS (42A) Chip select
XNMRAS O Command outputs: XnMRAS, XnMCAS and XnMWR (along with XnMCS)
(4mA) | define the command being entered
XnMCAS (42A) Command outputs
XnMWR (4rcr:A) Command outputs
XMBA[1:0] (4r(r)1A) Bank address
XMA[12:0] (48A) Address
XMD[15:0] | J:T?A) Data bus.
XMDQMJ[1:0] (48A) Input/Output mask
Note:

If SDR SDRAM 32bits bus function enable, only support 8-bits parallel MPU mode and PWM, Serial flash
I/F and Key function pins will become SDR SDRAM bus function. i.e.

a. XDB[15:8] become XMD[23:16].

b. {XKIN[0], XPWM[1], XPWM[O], XMISO,XMOSI, XSCK, XnSFCS1, XnSFCS0} become XMD[31:24].

c. XPS[0] become XMDQM]|2]

d. XKOUT[0] becomes XMDQM]3]

RAIO TECHNOLOGY INC.
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4.4  Serial Flash or SPI master Interface (5 signals)

Pin Name Dir/Drv. | Pin Description
Chip Select 0 for External Serial Flash/ROM or SPI device
XNSECS0 10 SPI Chip select pin #0 for serial Flash/ROM or SPI device.

(8mA) | *If SPI master I/F is disabled then it can be programmed as GPIO (GPIO-C3);
default is GPIO-C3 input function.

Chip Select 1 for External Serial Flash/ROM or SPI device
10 SPI Chip select pin #1 for serial Flash/ROM or SPI device.
(8mA) * |f SPI master I/F is disabled then it can be programmed as GPIO (GPIO-C4);
default is GP10O-C4 input function.
*auto pull-high in reset period if xtest[2:1] is not equal to 01b.
SPI Serial Clock
10 Serial clock output for serial Flash/ROM or SPI device.
(8mA) | * If SPI master I/F is disabled then it can be programmed as GPIO
(GPIO-C0); default is GPIO-CO input function.

Master Output Slave Input

Single mode: Data input of serial Flash/ROM or SPI device. For RA8876, it is
output.

Dual mode: The signal is used as bi-direction data #0(SI100). Only valid in
serial flash DMA mode.

* |f SPI master I/F is disabled then it can be programmed as GPIO
(GPIO-C1); default is GPIO-C1 input function.

Master Input Slave Output

Single mode: Data output of serial Flash/ROM or SPI device. For RA8876, it is
input.

Dual mode: The signal is used as bi-direction data #1(SI01). Only valid in
serial flash DMA mode.

* |f SPI master I/F is disabled then it can be programmed as GPIO
(GPI0O-C2); default is GPIO-C2 input function.

XnSFCS1

XSCK

XMOSI [}
(XSI00) (8mA)

XMISO [}
(XSI01) (8mA)

Note:
If SDR SDRAM 32bits bus function enable, only support 8-bits parallel MPU mode and PWM, Serial flash
I/F and Key function pins will become SDR SDRAM bus function. i.e.
a. XDB[15:8] become XMD[23:16].
b. {XKIN[0], XPWM[1], XPWM[0], XMISO,XMOSI, XSCK, XnSFCS1, XnSFCS0} become XMD[31:24].
c. XPS[0] become XMDQM]|2]
d. XKOUT[0] becomes XMDQM]3]
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4.5 PWM Interface (2 signals)

Pin Name Dir/Drv. | Pin Description

PWM signal output 1/ Initial Display Enable

Pull-high this pin will enable Initial Display function.

This pin has internal pull-down in reset period to disable Initial Display
10 function by default. i.e. after reset complete, internal pull-down resistor will be

(8mA) disabled.

XPWM 0 output mode is decided by configuration register.

If PWM function disabled then it can be programmed as GPIO (GPIO-C7),

default is GPIO-C7 input function, or output core clock.

PWM signal output 2 / Clock 3 input (panel scan clock)

When XTEST[0] set low:

XPWML1 set as output mode & output function is decided by configuration
XPWM1 10 register. It may normal XPWM1 function, oscillator clock output or error flag
(XCLK?3) (8mA) | for Scan bandwidth insufficient or Memory access out of range. (or Iso clock
output)

When XTESTI[O0] set high:

XPWML1 pin is external panel scan clock input

XPWMO

Note:
If SDR SDRAM 32bits bus function enable, only support 8-bits parallel MPU mode and PWM, Serial flash

I/F and Key function pins will become SDR SDRAM bus function. i.e.

a. XDBJ[15:8] become XMDJ[23:16].
b. {XKIN[0], XPWM[1], XPWM[0], XMISO,XMOSI, XSCK, XnSFCS1, XnSFCS0} become XMD[31:24].

c. XPS[0] become XMDQM]|2]
d. XKOUT[0] becomes XMDQM]3]

4.6 KEYSCAN Interface (10 signals)

Pin Name Dir/Drv. | Pin Description

Keypad Data Line or GPIs (General Purpose Input)
XKIN[4:0] | Keypad data inputs (Default), with internal pull-up resister.
: XKIN[0] also has 12C master’s XSCL function.

In RA8876, XKIN [4:1] are share with XPDAT & GPIO-D.
Keypad Strobe Line or GPOs (General Purpose Output)
XKOUT[4:0] o Keypad matrix strobe lines outputs with open.-drain. (Default).

: (2mA) XKOUT]JO0] also has I12C master’s XSDA function.

In RA8876, XKOUT [4:1] are share with XPDAT & GPIO-D.

Note:
If SDR SDRAM 32hits bus function enable, only support 8-bits parallel MPU mode and PWM, Serial flash

I/F and Key function pins will become SDR SDRAM bus function. i.e.

a. XDBJ[15:8] become XMDJ[23:16].

b. {XKIN[0], XPWM[1], XPWMI[0], XMISO,XMOSI, XSCK, XnSFCS1, XnSFCS0} become XMD[31:24].
c. XPS[0] become XMDQM[2]

d. XKOUT[0] becomes XMDQM][3]
XPWM[1]'s external memory clock function will be overridden if SDR SDRAM 32bits bus function enable.
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4.7 LCD Panel Digital Interface (28 signals)

Pin Name Dir/Drv. | Pin Description
o Panel scan Clock
XPCLK (8MA) Generic TFT interface signal for panel scan clock.
It derives from SPLL.
VSYNC Pulse / XLVDS_nPD
XVSYNC o Generic TFT interface signal for vertical synchronous pulse. ' '
(4mA) | XLVDS_nPD --- To control external LVDS Tx’s power down, if DE mode bit
set 1.
0] HSYNC Pulse
XHSYNC (4mA) | Generic TFT interface signal for horizontal synchronous pulse.
XDE o Data Enable
(4mA) | Generic TFT interface signal for data valid or data enable.
LCD Panel Data Bus
TFT LCD data bus output for source driver. RA8876 supports
64K/256K/16.7M color depth by register setting; user can connect
corresponding RGB bus for different setting.
Pin Name Digital TFT Interface
TFT output 11b 10b 01b 00b
Setting (GPIO) (16-bits) | (18-bits) (24-bits)
XPDATIO0] GPI10-D0/ XKIN[1] BO
XPDATI1] GPI0-D1/ XKINI[2] Bl
XPDATI2] GPI10-D6/ XKIN[4] BO B2
XPDATI3] GPIO-EO | BO Bl B3
XPDATI[4] GPIO-E1 | B1 B2 B4
XPDATI5] GPIO-E2 | B2 B3 B5
XPDATI6] GPIO-E3 | B3 B4 B6
Pin Name Digital TFT Interface
XPDAT[7] GPIO-E4 | B4 | B5 B7
XPDAT 10 XPDAT[8] GPIO-D2/ XKIN[3] GO
[23:0] (4mA) XPDATI9] GPI10-D3/ XKOUTI3] Gl
XPDAT[10] | GPIO-E5 | GO GO G2
XPDAT[11] | GPIO-E6 | G1 G1 G3
XPDAT[12] | GPIO-E7 | G2 G2 G4
XPDAT[13] | GPIO-FO | G3 G3 G5
XPDAT[14] | GPIO-F1 | G4 G4 G6
XPDAT[15] | GPIO-F2 | G5 G5 G7
XPDAT[16] GPI10-D4/ XKOUTI[1] RO
XPDAT[17] GPI10-D5/ XKOUT[2] R1
XPDAT[18] | GPIO-D7/ XKOUT[4] | RO R2
XPDAT[19] | GPIO-F3 | RO R1 R3
XPDAT[20] | GPIO-F4 | R1 R2 R4
XPDAT[21] | GPIO-F5 | R2 R3 R5
XPDAT[22] | GPIO-F6 | R3 R4 R6
XPDAT[23] | GPIO-F7 | R4 R5 R7
*unused pins can be programmed as GPIO-D/E/F(default) or XKIN/XOUT.
Default is 18bpp function mode, so XPDAT[17:16/8:9/1:0] are default at GPI mode.
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4.8 Clock, Reset & Test Mode (6 signals)
Pin Name Dir/Drv. | Pin Description
Crystal Input Pin / Clock 1 input (core clock)
Crystal Oscillator range is 10MHz ~ 15MHz.
Xl | When XTEST[0] set low, this input pin for internal crystal circuit. It should be
(XCLK1) connected to external crystal circuit. That will generate the clock for RA8876.
When XTEST][0] set high, this pin is external clock 1 input.
Suggested OSC frequency is 11.0592MHz.
Crystal Output Pin
X0 O This is an output pin for internal crystal circuit. It should be connected to
external crystal circuit.
Power-on Reset Signal input/output
This is bidirectional power-on reset input/output. Output is open collector.
While internal POR active, this pin will output internal reset event (active low).
If internal reset event finish, this pin becomes input mode and accept external
reset event (active low). Before User start access the chip via MPU interface,
XnRST I/0C user should wait at least 256 OSC clocks and then must check status register
to make sure internal reset is finished.
To avoid noise interfere XnRST signal and cause fake reset behavior, external
XnRST level will be admitted only if it keep its signal level at least 256 OSC
clocks.
Suggest user just leave it floating if without any special purpose.
Clock Test Mode
Internal pull down.
XTEST[O0] I For chip test function, should be connected to GND for normal operation.
0: Normal mode, Use internal PLL clock.
1: bypass internal PLL clock and instead them with CLK1l, CLK2I & CLKa3lI.
Chip Test Mode
XTEST[2:1] | 00: normal mode . . . .
01: Force SPI master I/F pin floating (for in-system-programming)
1X: RESERVED
4.9 Power and Ground
Pin Name Dir/Drv. | Pin Description
LDO1_CAP12 p Loading Capacitor for each LDO
LDO2_CAP12 Connect a 1uF capacitor to ground.
IO VDD
vDD33 P 3.3V 10 power input.
VSS P GND

IO Cell/Core ground signal

RAIO TECHNOLOGY INC.
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5. AC/DC Characteristics

5.1 Maximum Absolute Limit

Table 5-1 : Absolute Maximum Ratings

Note :
1. The

soldering technique that does not heat stress the package.
2. If the power supply has a high impedance, a large voltage differential can occur between the input and supply
voltages. Take appropriate care with the power supply and the layout of the supply lines.

5.2 DC Characteristic

Table 5-2 : DC Characteristic Table

Parameter Symbol Value Unit
Supply Voltage Range Vpp33 -0.3~4.0 \%
Input Voltage Range VN -0.3 ~ Vpp33+0.3 \%
Operation Temperature Range Torr T
Power Dissipation Pp mwW
Storage Temperature Tstorage C
Soldering Temperature Tsolder C

humidity resistance of the flat package may be reduced if the package is immersed in solder. Use a

Parameter Symbol Min. [Typ. Max. Unit [Condition
System Voltage Vpp33 3.0 3.3 3.6 V
Core Voltage Vbb 1.08 1.2 1.32 \% Add External 1uF Capacitor
Loading capacitor Capvdd 1 - 10 uF
Operation Current lopr
Standby mode Istdby
Suspend mode Isusp
Sleep Mode lsLp
Power ramp up time Tramp Vpp3z Ramp up to 3.3V
OSC/PLL
Oscillator Clock Fosc 10 15 MHz [Vppsz = 3.3V, Note 1
Clock Period Jitter Tiit_period -2.5 25 %
Lock Time Trock 1024 OSC [Note 2
MPLL Output Clock (MCLK) Freqmeik 166 MHz |Vppss= 3.3V
Vopzz =3.3V
CPLL Output Clock (CCLK) Fregecik 133 MHz (Without enable internal
ISO-8859 font feature
Vbpzz =3.3V
CPLL Output Clock (CCLK) Fredcci 120 MHz |When enable internal
ISO-8859 font feature
SPLL Output Clock (PCLK) Freqgpci 100 MHz |Vppss= 3.3V
Serial MPU I/F
SPI Input clock FreGusec | | 50 |mHz]|

Input/Output (CMOS 3-state Output pad with Schmitt Trigger Input, Pull-Up/Down)

Input High Voltage Viy 2 3.6 \%
Input Low Voltage Vi -0.3 0.8 \%
Output High Voltage Von 2.4 \%
Output Low Voltage Vo 0.4 \%
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Parameter Symbol Min. |Typ. |Max. Unit [Condition
Pull up resistance Rpu 20 80 Kohm
Pull down resistance Rpp 20 80 Kohm
Schmitt trigger low to high threshold Vit 15 2.1 \%
Schmitt trigger high to low threshold Vi- 0.8 1.3 \%
Hysterisis Vhys 200 mvV
Input Leakage Current lieak -10 +10 MA
Riseffall slew rate Slew 15 Vins

Note 1: Parasitics Used in the Crystal Oscillator

Co

p -——”J'f—{ }_ Wl xg
Ry Cy L

1

Typical: R1 = 500hm(25-1000hm), L1 =3.4mH, C1 =13fF, C0 =2.8pF

Note 2:
0sC | :
PLL_Enable | i
PLL Clock Out 7_X_\_X_T\_!_\_!_\_K_\_f_\_!_\_»’_\_»’_\_f_\_;’_\_f_\_f_\
_ leck »
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6. Clock & Reset
6.1 Clock

This chip embeds 3 PLL macros to handle different functional blocks. For example, CPLL provide clock
(CCLK) for MPU I/F, BTE engine, Geometric engine & Font_DMA engine; MPLL provide clock (MCLK) for
DRAM operation; SPLL provide clock (SCLK) for LCD panel scan operation.

6.1.1 Clock Scheme

clk_base

xclkl_i

cclk_o 1% MPU
——’L» BTE/Draw/
Font_DMA

clk_cpll
—

clk_core

xclkl_i

clk_base

clk_base clk_mpll

sw_mcl

clk_mem

xclk2_i

(xclk2)
Sel_ExtClk

clk_base
clk_base

xclk3_i

Figure 6-1

XTEST[O] to control major clock sources come from internal PLL or external pins. Set XTEST[0] low
will select sources of core clock, memory clock and panel scan clock comes from CPLL, MPLL and
SPLL. Set XTESTI[0] high will configure sources of core clock, memory clock and panel scan clock
comes from primary 10 pins, XI(XCLK1), XCKE(XCLK2) and XPWM[1](XCLK3).

PLL_EN uses to select chip’s speed grade. Suppose chip needs work on low speed mode user
needs to set PLL_EN low, otherwise user needs to set PLL_EN high.

Clock frequency must fulfill following criteria:

®  Freqccik * 2 > Fregueik 2 Fredecix

®  Fregcewk * 1.5 > Fregscik

Note : Design PLL_EN always 1 in current
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6.1.2 PLL Setting

v
Fin LML 3] PFD [ ] Charge Pump || V00 LK —-"3'-“—‘:“-”
FLLOI M J [ 2
LAIV+1)
6
4
AGBHNDPLL DEHOPLL FLLOMN M [5:0] PLLOM_K [1:0]
Figure 6-2

To a phase-locked loop frequency synthesizer, the output frequency can be programmed by PLLDIVM,
PLLDIVN and PLLDIVK. The formula of output frequency is

(Fiy seionn Jx (PLLDIVN +1)
XCLK =-£2
2XPLLD|VK

Divider range:
i. PLLDIVM : 1 or 2
i.  PLLDIVN[5:0] : 1~63 (minimum21)
ii.  PLLDIVK[1:0] : 0~3

Note :

1. PLL’s parameters can be changed only when PLL disabled.

2. After REG[xxh] or REG[xxh] is programmed, a lock time (< 30us) must be kept to guarantee the stability
of the PLL output.

3. The input OSC frequency (F\y) must greater & PLLDIVM has following restriction:
10MHz < Fin <15MHz
&
Fin
10MHz < W <40MHz

Fin
4. The internal multiplied clock frequency FVCO=WX(PLLD|VN +1) must be equal to or

greater than 100 MHz and small than 600MHz. i.e,
100MHz < Fvco < 600MHz
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6.2 Reset

6.2.1 Power-On-Reset

This chip embeds a Power-On-Reset for core system. It is an active low signal and may output to
external circuits by XnRST pin to synchronize whole system. When system power (3.3V) on, internal
reset will active until internal 1.2V stable and then de-active after 256 OSC clocks.

VDD33 3.3V
VDD 12 1.2V
nPOR /I_K
Internal nRST
0SsC
H—ﬂ—giﬁcyc‘re
Figure 6-3

6.2.2 External Reset

This chip has capability to receive external reset event (low active) to synchronize with external system.
Removal external reset event will be admitted when it stable at least 256 OSC clocks.

Before start access this chip, MPU should check status register bit [1], operation mode status bit, and
make sure it is in “Normal operation state”.
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7. Host Interface

7.1 Indirect Interface

The RA8876 supports parallel host interface (ex. 8080/6800 series MPU interface) and serial host interface
(ex. I°C, 3-Wire/4-Wire SPI). The type of MPU interface is decided by hardware pin XPS[2:0]. Accessing
the RA8876 through the asynchronous host interface is a multiple step process. All Registers and Memory
are accessed through the register space. Basically, MIPI DBI-2 type A is similar to parallel host 6800 series
MPU interface.

Note --

All Register accesses are 8-bit only, except for the Memory Data Port. Even if the Host interface is
16-bits wide, the LSB (XDB[7:0]) are used for all registers except the Memory Data Port (REG[04h]).
For the Memory Data Port (REG[04h]), full 16-bits is used when the host interface type bit (REG[01h],
bit[0]) set as 16-bits wide and only low 8-bits is used when it set as 8-bits wide.

Table 7-1 : Parallel /Serial Host I/F Select Pin

XPS[2:0] | Host Mode
00X (parallel host) 8080 interface with 8/16-bits data bus
01X (parallel host) 6800 interface with 8/16-bits data bus
100 (serial host) 3-Wire SPI
101 (serial host) 4-Wire SPI

(serial host) I°C
11X c

To access a configuration register. First, perform a single “Address Write” to setup the register address.
Next, perform a “Data Read/Write” to specify the data to be stored or read from the registers or memory
specified in the “Address Write” cycle. Subsequent data read/writes without an Address Write to change
the register address, will not automatically “auto” increment the register address, but the internal memory
address will automatically “auto” increment if accessing the Memory Data Port (REG[04h]).

To write display data to a Window Aperture, specify the Window coordinates followed by burst data writes
to the Memory Data Port to fill the window. In this sequence, the internal memory addressing is automatic.

7.1.1 Register Write Procedure

1. Perform an address write to setup register address bits 7-0.
2. Perform a data write to update the register’s contain.

7.1.2 Register Read Procedure

1. Perform an address write to setup register address bits 7-0.
2. Perform a data read to get the register’s value.

7.1.3 Memory Write Procedure

The RA8876 has a special procedure to minimize setup accesses when access image data.

. Set the active window registers before writing any image data.

. Perform an register write to Graphic R/W position Register 0, REG[5Fh]).

. Repeat step 2 until setup all the active window & Graphic R/W position coordinates.

. Perform an address write to point to Memory Data Port Register (REG[04h])

Perform data writes to fill the window. Each write to the Memory Data Port will auto-increment the
internal memory address.

arwNPR
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Connect 8080 and 6800 series MPU interface, Please refer to the Figure 7-1 and Figure 7-2.

8080 MPU

RA8876

A0
Al1-A7/A1-A159

IORQ

DB[0-7)/DB[0-15]

REA

XA0

XnCS

XPS[2:0]

XDB[0-7)/XDB[0-15]
XnRD(XEN)
XnWR(XRNW)
XnRST

XnWAIT

XnINTR

Figure 7-1: 8080 MPU Interface

6800 MPU

RAB8876

A0

A1-A7/A1-A15¢
| Decoder
VMA|

DB[0-7)/DB[0-15]

EN

RIW

o

RES

WAIT

INT [~

XA0

XnCS

XPS[2:0]

XDB[0-7)/XDBI[0-15]
XnNRD(XEN)
XnWR(XRnW)
XnRST

XnWAIT

XnINTR

01x

RAIO TECHNOLOGY INC.
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7.2.2 Parallel host I/F Protocol

The following timing charts are used to describe the timing specification of the standard 8080 and 6800
interfaces.

8080 — 8/16-bit Interface

XA0, XnCS ><f
—>| tass |¢— —»| tans |«—

+———— tcves >
XnWR, XnRD ¢
' N
— toHs [¢—
tpss—>
XDB[7:0]
(Write)

<+— {accs <« lons —»|
XDB[7:0]
(Read)

Figure 7-3 : 8080 Waveform

Table 7-2 : 8080 MPU I/F Timing

Rating .
Symbol Parameter Min. Max. Unit Symbol
tcves Cycle time 50 -- ns
tces Strobe Pulse width 20 -- ns
tass Address setup time 0 -- ns
tans Address hold time 10 -- ns ) )
tc is one system clock period:
tbss Data setup time 20 -- ns tc = 1/SYS_CLK
tons Data hold time 10 -- ns
taccs Data output access time 0 20 ns
tons Data output hold time 0 20 ns
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6800 — 8/16-bit Interface
"4 N
XEN /‘/ \\
<«— tcves ‘ >
—lawe—>' |[&— tew —>
XRnW P} P
» taHe fe——
XAO0, XnCS >< \;><
> {pHe +—
tose—
XDB[7:0] \>
(Write) /]
tors
4 {acce > > |+
XDB[7:0]
(Read)
Figure 7-4 : 6800 MPU Waveform
Table 7-3 : 6800 MPU I/F Timing
Rating _
Symbol Parameter Unit Symbol
Min. Max.
teves Cycle time 50 -- ns
tew Strobe Pulse width 20 -- ns
taws Address setup time 0 -- ns
tarie Address hold time 10 - ns tc is one system clock period:
toss Data setup time 20 -- ns tc=1/SYS_CLK
toHe Data hold time 10 -- ns
taccs Data output access time | O 20 ns
tons Data output hold time 20 ns

The continuous data write speed determines the display update speed. The cycle-to-cycle interval must
be larger than 5 of system clock period if user without adopt XnWait to insert wait state. Over the
specification may cause the data lose or function fail if xnwait mechanism does not use. Please refer to

Figure 7-5 and Figure 7-6 for waveform detail.

In order to reduce the transmission interference between MPU interface and RA8876, It is suggested
that a small capacitor to the GND should be added at the signal of XnCS, XnRD_EN, XnWR_RnW . If
using cable to connect MPU and RA8876, please keep the cable length less than 20cm. Otherwise it's

suggested to add 1~10Kohm pull-up resistors on pins XnCS, XnRD_EN, XnWR_RnW and XAO.
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RMPUSOE0 Data Write Speed Limit

BN I N N

SYS_CLK
A
AR AR Y 4 ! ! 4
XnROKEM) i i
XnCS I I
[ [
i i
%‘Wn. ® EKSYS_CLK_.J;

Figure 7-5 ;: 8080 I/F Continuous Data Write Cycle Waveform

MPUBE00 D ata YWrite Speed Limit

SO N e N T T T N N o N I

XAD
XnWREXRMW) ™| | |
XnRD (XEN) ‘! 3
KnCS ! |
_l_l! :I_l
! |
! |
Min. > 5x5YS_CLK )

Figure 7-6 : 6800 I/F Continuous Data Write Cycle Waveform
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7.3 Serial Host
7.3.1 3-Wire SPI Interface

MPU RA8876
VDD

XPS[2]
XPS[1]
XPS[0]

T

ZCs XDBI[4] (XnSCS)
SDA XDBI[5] (XSSD)
SCK XDB[7] (XSSCL)

A
A 4

Figure 7-7 : The MPU Interface Diagram of 3-Wire SPI

RA8876 provides a SPI slave controller (Mode 3). The SPI I/F are available through the chip select line
(XnSCS), serial transfer clock line (XSSCL) and serial input/output line (XSSD). XSSCL is driven by the
master controller, which is used to latch the XSSD signal when XnSCS is active. The SPI can be
configured in command/data write mode or status/data read mode by setting MSB two bits of first byte
of protocol. Before a data transmission begins, low active XnSCS must be set to low, and keep low until
the transmission is finished. When the SPI module is in command/data write mode (Figure 7-9, Figure
7-11), the 2nd byte of the protocol is write data asserted by the master controller via XSSD pin. When
the SPI module is in status/data read mode (Figure 7-8, Figure 7-10), the 2nd byte is the read data or
status byte which is sent from RA8876 to the controller via XSSD according to the activation of XSSCL
from the master controller. Maximum XSSCL frequency is 66MHz.

Transfer §tan Traangr End

| |

|

XDB[4](XnSCS) I |
L\

Al
WAl
1/
/o
l__l

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

XDB[7] (XSSCL)W
MSB LSB
XDB[5](XSSD) pe\DB DB DB
7/\6 4 0

o 1 | stusoar |
&
Y FromMPuTO RAsE76 A0 0:COMMAND/STATUS 1:Data
[ ] rromRA8ss7sTOMPU WR# O:WRITE, L:READ

Figure 7-8 : Status Read on 3-Wire SPI-Bus

RAIO TECHNOLOGY INC. 33/214 www.raio.com.tw



RAIO™ RA8876

Character/Graphic TFT LCD Controller— Technical Manual

Transfer Start Transfer End
ers =
i\ ! v
XDB[4](XnSCS) | :
|
|
1

|

—

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

XDB[7] (XSSCL) ‘ ‘
XDB[5](XSSD) %

Lo of

EEE]  FroMMPUTO RASSTE AO 0:COMMAND/STATUS 1:Data

WR# O0:WRITE, 1:READ
I:l FROM RA8876 TO MPU

Figure 7-9 : CMD Write on 3-Wire SPI-Bus

Transfer §tart Transfer End
er =
|
|
XDBJ4](XnSCS) |\ |
b
1

[

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

MSB LSB
XDB[5](XSSD,
[l ) DBDB DB DB
N6 4 0
|_1 1] |_ REG_DAT/ J
MEM_DAT
TN FROM MPUTO RABST6 A0 0:COMMAND/STATUS 1:Data

WR# O:WRITE, 1:READ

I:l FROM RA8876 TO MPU

Figure 7-10 : Data Read on 3-Wire SPI-Bus

Transfer Start Transfer End

AN I

XDB[4](xnsCS) | : ! !
|

L\ Yo

XDB[5](XSSD) %

\ R N A AN
|_1 il |_ REG_DAT/ _|

MEM_DAT

m FROM MPU TO RA8876 A0 0:COMMAND/STATUS 1:Data
s

WR# O:WRITE, 1:READ
I:l FROM RA8876 TO MPU

Figure 7-11 : Date Write on 3-Wire SPI-Bus
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7.3.2 4-Wire SPI Interface

MPU VDD RA8876
XPS[2]
%7— XPS[1]
VDD
/L XPS[0]
zcs XDB[4](XnSCS)
SDI [« XDB[5](XSSDO)
SDO XDBI[6](XSSDI)
SCK XDB[7] (XSSCL)

Figure 7-12 : The MPU Interface Diagram of 4-Wire SPI

The 4-wire SPI I/F is similar with 3-wire SPI I/F, the only difference is the data signal. In 3-wire SPI I/F,
the bi-direction XSSD signal is used as data and can be driven by slave/master controller. In 4-wire SPI
I/F. the XSSD signal function is separated into XSSDI and XSSDO signal. XSSDI is the data pin from
the SPI master, XSSDO is the data output from the SPI slave. About the detail protocol, please refer to
Figure 7-13~Figure 7-16.

Transfer _|Start Transfer End

A\ s

XDB[4](xnSCS) | | /7:
| /ol

|

|_1 ﬂ |_ REG_DAT/ | J

MEM_DAT

XDB[5](XSSDO) \ ‘,-’

FROM MPU TO RA8876
A0 0:COMMAND/STATUS 1:Data

FROM RA8876 TO MPU WR# O0:WRITE, 1:READ

b

Figure 7-13 : Date Write on 4-Wire SPI-Bus
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Transfer Start Transfer End

S C— _i
XDB[4](XnSCS) :
|
1

—

| |
| |
| |
| |
l— t

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

B W
XDB[6](XSSDI) 4\@@ /

L 2] .

B LSB
6 4 0
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m FROM MPUTO RABS76 A0 0:COMMAND/STATUS 1:Data

I:l FROM RA8876 TO MPU WR# O:WRITE, 1:READ

Figure 7-14 : Data Read on 4-Wire SPI-Bus
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Figure 7-15 : CMD Write on 4-Wire SPI-Bus
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Transfer Start Transfer End
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Figure 7-16 : Status Read on 4-Wire SPI-Bus

733 lICI/F

VDD
MPU RA8876

XPS[2]

XPS[1]
VDD XPSI[0]

% | XDB[5](XI2CA[5])
™ ™—1 xDB[4](XI2CA[4])
VDD VDD T °%— XDB[3](XI2CA[3])
1KQ~10KQ T ™%—— xoBIXI2CA[2])
| xDB[L](XI2CA[1])
%1 XDB[0](XI2CA[0])

———00
\Y
SDA |¢—e »| XDB[6] (XSDA)
SCK Tt »|  XDB[7] (XSCL)
y $50p|=
IICA[5:0]
BITS BIT4 BIT3 BIT2 BIT1 BITO
XI2CA[5] | XI2CA[4] | XI2CA[3] | XI2CA[2] | XI2CA[1] | XI2CA[Q]

Figure 7-17 : The MPU Interface Diagram of 1IC
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The IIC I/F are accessed by only two bus line, XSSCL and XSSDA. It is compatible with standard IIC
interface. The first 7bits of 1IC protocol, indicated as the IIC slave address to program in IIC Spec. The

first 6 bits indicates the 1IC device ID of RA8876. The next 1bit is AO bit which indicates the cycle type.

For AO = 1, the following cycle is a data. If A0 = 0, it's a Command/Status cycle. If the MSB 6bits of IIC

address (Total 7 bits) match the RA8876 device ID, the RA8876 IIC slave is active.

The device ID of RA8876 is configurable which can be set from the XI2CA[5:0)/XDBJ5:0] pins directly.

There are 4 types of cycles for RA8876: “Command writes cycle”, “Status read cycle”, “Data write cycle”,
and “Data read cycle”. The cycle type is set by the AO bit and WR# bit, about the detail protocol, please

refer to Figure 7-18~Figure 7-21.

XDB[7](XSSCL)

XDB[7](XSSCL)

XDB[6](XSSDA) ‘ R . .,X
AR oY ,\\}
¢ \ % X =
: i et el i
- MEM_DAT -
LS FROM MPU TO RABBT76 AO 0:COMMAND/STATUS 1:Data
WR# O:WRITE, 1:READ
|:| FROM RA8876 TO MPU
A/A; ACKNOWLEDGE/NOT ACKNOWLEDGE
Figure 7-18 : Data Write on IIC-Bus
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|
|
|
|
|
|
|
|
|
I
_|

——_————),—_—_———

| %)

d

] __} .7

—_——————

|_ J |_ REG_DAT/

MEM_DAT

FROM MPU TO RA8876 A0 0:COMMAND/STATUS 1:Data

WR# 0:WRITE, 1:READ
FROM RA8876 TO MPU

AJA: ACKNOWLEDGE/NOT ACKNOWLEDGE

Figure 7-19 : Data Read on IIC-Bus
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XDB[7](XSSCL)

XDB[6](XSSDA)

FROM MPU TO RA8876 A0 0:COMMAND/STATUS 1:Data

FROM RA8876 TO MPU

I_O ﬂ I_ RG_O

WR# 0:WRITE, 1:READ

A/A: ACKNOWLEDGE/NOT ACKNOWLEDGE

Figure 7-20 : CMD Write on IIC-Bus

XDB[7](XSSCL)

|_0 ﬂ |_ STUS_DAT J

FROM MPU TO RA8876 A0 0:COMMAND/STATUS 1:Data
WR# 0:WRITE, 1:READ
A/A: ACKNOWLEDGE/NOT ACKNOWLEDGE

FROM RA8876 TO MPU

Figure 7-21 : Status Read on lIC-Bus
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7.4 Display Input Data Format

7.4.1 Input Data without Opacity (RGB)
8-bit MPU, 1bpp mode (monochrome data)

Order | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
T | P, [ P | P [ P. P | P [ P Po
Pis P14 Pis P, P11 P10 Py Pg
P23 P2 P2 P2o Pio Pig P17 P16
Pa; P3o P2g P2sg P27 P2s P2s P2s
P3o P3s P37 P3s Pss P34 P33 P,
Paz | Pag | Pas | Pag | Pazg | Psy | Py Pao

o|g|hfwN

*** Note: Only used for BTE'’s color expansion function. Only accept 8bits data and set canvas as 8bpp color
depth then write data to memory. After write task complete then enable color expansion function and expand
color depth as desired.

8-bit MPU, 8bpp mode (RGB 3:3:2)

Order | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO

(U |WIN|F-
0
<
0
&
q
0
&
o
@
<
@
w
q
@
w
ol
jos)
<
jos)
53
o

Order | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0

||~ |WIN|-
Py
=
20
" o
20
" o
20
iy
20
i
(%)
=4
(9]
= o
(%)
= o

Order | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0

O D|WIN|F
vs)
=
vs)
=
q
vs)
=
ol
o8
i
o
oy
i
o
o)
~
o)
~
H
o)
~
g

16-bit MPU, 1bpp mode 1 (monochrome data)

Order | Bitl5 | Bit1l4 | Bit13 | Bit12 | Bitll | Bit10 | Bit9 | Bit8 | Bit7 | Bit6é | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
1 n/a n/a n/a n/a n/a n/a n/a n/a P, Ps Ps P, P P, P, Po
2 n/a n/a n/a n/a n/a n/a n/a n/a Pis P14 P13 P, P11 P1o Py Pg
3 n/a n/a n/a n/a n/a n/a n/a n/a P23 P22 P21 on Plg P18 P17 Plﬁ
4 n/a n/a n/a n/a n/a n/a n/a n/a P31 P30 Pzg Pzg P27 Pze P25 P24
5 n/a n/a n/a n/a n/a n/a n/a n/a ) P3g P37 P3s P3s P34 P33 Ps,
6 n/a n/a n/a n/a n/a n/a n/a n/a P, Pss Pss P4 P P, P4 P4

*** Note: Only used for BTE's color expansion function. Only accept 8bits data and set canvas as 8bpp color
depth, canvas width active window are equal to mono image width divided by 8 then write data to memory. After
write task complete then enable color expansion function and expand color depth as desired.
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Order | Bitl5 | Bit14 | Bit13 | Bit12 | Bitll | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
1 Pis P14 P13 Py Pha Pio Py Pg P Pe Ps Pa P3 P> Py Po
2 P31 P30 P2o P2s P27 P2s P2s P24 P23 P22 P P20 Pio Pisg P17 Pis
3 P4z Pas Pas Pas Pas P> Pa Pa4o Pag Pas P37 P3s P3s P34 P33 P3,
4 Pe3 Pe2 Pe1 Peo Pso Psg Ps7 | Pss | Pss | Psa | Pss | Psp | Psy | Pso | Pag | Pag
5 P79 Pzs P77 P7s P7s P74 P73 Pz, P71 Po Peo Pes Pe7 Pes Pes Pea
6 Pos Pos Pos ) Poy Pgo Pso Pegs Pg7 Psgs Pegs Pgs Pgs ) Ps; Pso

*** Note: Only used for BTE's color expansion function; user treats it like 16bpp image data, so set canvas
image as 16bpp color depth and canvas width & active window are equal to mono image width divided by 16
then write data to memory. After write task complete then enable color expansion function and expand color

depth as desired then set main image or PIP image with this color depth.

16-bit MPU, 8bpp mode 1 (RGB 3:3:2)

Order | Bitl5 | Bit14 | Bit13 | Bit12 | Bitll | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
1 n/a nl/a n/a n/a nl/a n/a na | nfa | Re' | R | Ro | Go' | Go° | Go | Bo' | Bo
2 n/a n/a n/a n/a n/a n/a na | na | R/ |[R°" | R°| G | G°|G° | B, | B
3 n/a n/a n/a n/a n/a n/a na | nla | R | R® | R | G| G’ | G | B, | BY
4 n/a nl/a n/a n/a nl/a n/a na | nfa | R&' [ R | Ry | G | G° | Gs° | Bs" | Bs®
5 n/a n/a n/a n/a n/a n/a na [ na | R’ | RO | R | G |G| G° | B | BS
6 n/a n/a n/a n/a n/a n/a na | nla | R’ [ R | R | G | G° | Gs° | Bs” | Bs®
16-bit MPU, 8bpp mode 2 (RGB 3:3:2)
Order | Bitl5 | Bitl4 | Bit13 | Bit12 | Bitl1l | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
1 R, R, Ry G, G’ G B/ | B | R’ | R [ R | G’ | G | G | B | B
2 Rs Rs Rs Gs' Gz Gy B/ [ B | R | R | R |G |G’ |G| B | BY
3 Rs’ Rs Rs Gs' Gs’ Gs’ Bs | Bs | R/ | R°| RS |G |G| G| B | BS
4 R, R, R, G, [ G, B/ | B | R‘ | R&e | Re | G’ | Go | Gs | Bs' | Be
5 Ry’ Ry Ry Gy’ [ Gy’ B’ | B | R&' | R& | Re | G | Go° | Gg | Bs' | Bg
6 Rll’ R:llb Rllb Glll Gllb Gllb Blll Billb RlOI RlOb RlOb GlOI GlOb GlOb BlOI BilOb

*** Note: User treats it as 16bpp image data, so set canvas image as 16bpp color depth and canvas width &
active window are equal to image width divided by 2, then write data to memory. Main image or PIP image’s
color depth also need to set as 8bpp.

16-bit MPU, 16bpp mode (RGB 5:6:5)

Order | Bitl15 | Bit14 | Bit13 | Bit12 | Bitll | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
1 Ro’ Ry’ Ro Ro Ry’ Gy’ Gy | G | G | G | Go Bo’ | B | Bo | By | Bo
2 R, R, R, R, R, [ G |G |G |G |G| B[ B° | B> | B | B
3 R, R,’ R, R, R, G, G’ | G |G| G | G, B, | B’ [ B | B, | B
4 Ry’ R5° Rs Ry Ry’ G;' G | G | G | Gi° | Gs Bs | B | B | B | Bs
5 R, Ry Ry R, R, [H G |G |G |G |G | B | B | B | B | B
6 R’ R S Rs’ Rs Gs | Gs | Gs | Gs | Gs | G5 | Bs' | Bs | Bs. | Bs | Bs
16-bit MPU, 24bpp mode 1 (RGB 8:8:8)
Order | Bit15 | Bit14 | Bit13 | Bit12 | Bit1l | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
1 Gy Gy’ G 5 Gy Go | Go | Go’ | B’ | B’ | Boo | Bo" | Bo | Bo | Bo- | Bo
2 B, B.® B’ B, B.® B, B: | B | R | R | Reo | Ro° | R | R | Ro | Ro
3 R, R,° R, R, R’ R, R\ |[R|G |G| |GG’ |GG | GS
4 G, G, G, G, [ G, G | G’ | B [ B [ B | B | BY | BY | B,Yf | BY
5 Bs’ Bs® B’ Bs' Bs® B3~ B | B | R | R’ R’ | R | R°| RS | R | RY
6 Ry’ Rs° Rs Ry Ry Rs Ry | Ry [ G |G |G |G |G | G| Gs | G
RAIO TECHNOLOGY INC. 41/214 www.raio.com.tw




RAIO™ RA8876

Character/Graphic TFT LCD Controller— Technical Manual

16-bit MPU, 24bpp mode 2 (RGB 8:8:8)

Order | Bitl5 | Bit14 | Bit13 | Bit12 | Bitll | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
1 Go’ Go Go Go' Go G | G | GS | B’ | B’ | Bo | B | B | Be | Boo | By
2 n/a n/a n/a n/a n/a n/a na | na | R' | R | R | Re | Ro° | R | Ro | Ry
3 G, G G, G, G, G, G |G [ B [ BB [B [ B°][B°] B [ B
4 n/a n/a n/a n/a n/a n/a na | na | R/ | R° | R\ | R | R | RS | RS | RS
5 G | G | G© | G | G© | G | G [ G | B [ BY | B | B | B | BY | Bo | By
6 n/a n/a n/a n/a n/a n/a na | na | R |R’| R | R | RS | R | Ryd | RS

7.4.2 Input Data with opacity (aRGB)

8-bit MPU, 8bpp mode (alndex 2:6)

RA8876 provide a palette of 64 simultaneous colors from a total of 4096 different colors with opacity
attribute for OSD application. User may load preferred color into embedded color palette then pick it up by
index color. a value stands for opacity.

Order | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
1 a’ | o Index color of pixel O
2 s | o Index color of pixel 1
3 as | o5 Index color of pixel 2
4 o | o Index color of pixel 3
5 as° | oo Index color of pixel 4
6 o’ | o’ Index color of pixel 5

oo’ : 0—100%, 1 —20/32,2 —11/32,3 -0

8-bit MPU, 16bpp mode (aRGB 4:4:4:4)

Order | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
1 G | G [ G | G | B’ | B | B | By
2 (103 (102 (X,o1 0.00 RO7 RO6 RO5 R04
3 G |G| G2 |G | B | B° | B | B
4 oy o o o’ Ry’ R,’ R, R,
5 G’ | G’ |G | G | B | B | BY | B
6 (123 0,22 Gzl (120 RZ7 RZG RZ5 R24
acaslon ol 1 0 —100%, 1 —30/32, 2 —28/32, 3 —26/32, 4 — 24/32, ... ... , 12 — 8/32, 13 — 6/32, 14 — 4/32, 15 — 0.

16-bit MPU, Index mode with opacity (alndex 2:6)

Order | Bit15 | Bit14 | Bit13 | Bit12 | Bit1l | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
1 n/a n/a n/a n/a n/a na | nla | nla | a’ | a0’ Index color of pixel 0
2 n/a n/a n/a n/a n/a na | nla | nla | a® | o’ Index color of pixel 1
3 n/a n/a n/a n/a n/a n/a na | na | &° o’ Index color of pixel 2
4 n/a n/a n/a n/a n/a n/a na | na | o os Index color of pixel 3
5 n/a n/a n/a n/a n/a n/a n/a n/a o o’ Index color of pixel 4
6 n/a n/a n/a n/a n/a n/a n/a n/a as° o5 Index color of pixel 5

ool 0—0,1—11/32, 2 — 20/32, 3 — 100%

16-bit MPU, 12bpp mode with opacity (aRGB 4:4:4:4)

Order | Bitl5 | Bitl4 | Bit13 | Bit12 | Bitll | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
1 0603 0’~o2 0€o1 (Xoo Ro7 R06 Ro5 Ro4 G‘o7 G‘o6 G‘o5 Go4 Bo7 Bo6 E”o5 E304
2 (051 0’~12 O (051 Rl7 Rl6 Rls R14 Gl7 Gle G15 G‘l4 B17 Ble Bls B14
3 o’ 0’ o’ 0 R, R: |R |R' |G |G |G |G| B | BY | B- | B
4 (132 (133 (131 (130 R37 R36 R35 R;z,4 G37 G3G G35 G34 B37 B36 B35 B34
5 o’ o oy o’ R, RS | RS [ RGP |’ |G| B | BS | BS | BS
6 a5 a5 a5’ as’ Rs’ R | Rs | Rs | G | G | Gs° | Gs* | Bs' | B | By | Bs'
aloloyoyl 0, 1-2/32,2 -4/32, 3 -6/32,4-8/32, ... ... , 12 — 24/32, 13 — 26/32, 14 — 28/32, 15 —100%.
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8. Memory
8.1 SDRAM Controller

The SDRAM controller accesses external 16/32/64/128/256/512 Mbit single data rate SDRAM effectively
by using bank interleave. The initialization sequence and the auto refresh cycle are executed with
hardware.

8.1.1 SDRAM Initialization

SDRAM must be initialized after resetting hardware and before any memory access. After hardware is
reset, an initialization command can be executed only once. The command is ignored after initialization.
The initialization sequence is as follows.

1. Set SDRAM chip’s attribute; Command write OXEO. Then according to register’s definition make a
data write to set bank number, row size & column size, ... etc.

2. Set SDRAM mode register parameter; Command write OXE1 to set CAS latency.

3. Set SDRAM refresh interval to Command register OXE2 & OxE3. Typical SDRAM refresh interval is
15.6us.

4. Start SDRAM initial procedure. Set command register OXE4 bit-0 as 1.

5. Check Command register OxE4 bit-0 and wait it becomes 1 then exit initialization.

8.1.2 SDRAM Connection
SDR SDRAM Addressing

DENSITY ADDRESSING [ X4 X8 X16
16Mb Row NA NA AO0-A10
(2 banks) Column NA NA AQ-A7
32Mb Row NA NA AO-Al1l
(2 banks) Column NA NA AQ-A7
64Mb Row AO0-Al1l AO0-Al1l AO0-Al1l
(4 banks) Column A0-A9 AO0-A8 AO0-A7
128Mb Row AO-All AO0-Al1l AO-All
(4 banks) Column AO0-A9, A1l | AO-A9 AO0-A8
256Mb Row AO0-A12 AO0-A12 AO0-A12
(4 banks) Column AO0-A9, A11 | AO-A9 AO-A8
512Mb Row AO0-A12 AO0-A12 AO0-A12
(4banks) | Column Ay DAL a0-Ag, ALL | AO-A9

8.2 SDRAM Data Structure

The input image is stored in memory as 1bpp, 8bpp, 16bpp or 24bpp and depends on whether have
opacity bits or not.

8.2.1 8bpp Display (RGB 3:3:2 Input Data)

Addr | Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
0000h | Ry’ R,° R, G.' [ G, B [ B [ R | R’ [ R | G | Go° | Go | Bo” | Bo®
0002h | Ry’ Rs° Rs [N [N Gs B [ B | R | R’ [ RS|G [ G°| G | B | BS
0004h Rs’ Rs’ Rs Gs' Gs Gs’ Bs | B |R/ | RS RS> G |G| G| BS | BY
0006h | R, R, R, [ G, G, B | B [ R&' | R& | Re | Gs' | Gs° | Gs | Bs' | Bs
0008h | Re’ Ry’ Ry [N Gy Gy Bs’ | B | R& | R | R | G’ | Gs° | Gs | Bs’ | Bg°
000Ah | Ruu” | R’ [ Ru” | Gu' | Gu’ | Gy [ Bw' [ B | R’ [ Rio | Rio [ G’ [ Gio” | Gio” | Bw' | Buo
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8.2.2 16bpp Display (RGB 5:6:5 Input Data)

Addr | Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
0000h | Ry’ Ro’ Ro Ro' Ro Go’ Gy | Gy | Go | Go | Go° | Boa” | Ba | Bo | Bo® | Bo
0002h | Ry’ R,° R, R, R, G, G | G° |G |G| G B. | B’ | B | B | B
0004h R,’ R, R, R, R, G, G, | G | G | G | G B, | B’ [ B | B, | B
0006h | Ry’ R5° Rs Ry Rs® Gs' Gy | G | G | G | Gs° | Bs” | Ba | Bs | Bs | By
0008h | R, Ry R, R, R, G, G | GY | G| GS | G B,/ | B, | B | B | BS
000Ah | Rs' Rs’ Rs Rs' Rs® Gs' Gs | Gs | Gs | Gs | Gs Bs' | B | Bs | Bs | Bs

8.2.3 24bpp Display (RGB 8:8:8 Input Data)

Addr | Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
0000h | Gy’ Gy Gy’ Go' Gy Go G | G’ | B’ | B’ | Bo | Bao | Boe | B | Boo | Bo
0002h | B,’ B, B, B," B B, B [ BY [ R’ | R [ R | R | Re | R | R | RS
0004h R, R’ R, R, R, R, R' |R|G [ GGG ] G| G G, | G
0006h | G’ G, G, G, [ G, G, | G | B [ B [ B | B, | B, | B | By | BY
0008h | Ba’ By By By By Bi | Bs | B | R’ | R” | Rr | R’ | Ri | R‘- | R | Ry
000Ah | Rj' Rs’ Rs Rs Rs® Rs R' | R& | G [ G | G | G | Gs° | Gs G; | Gs

8.2.4 Index Display with opacity (aRGB 2:2:2:2)

Addr | Bit15 | Bit14 | Bit13 | Bit12 | Bit11 [ Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
0000h | q4° o’ Index color of pixel 1 oo | oo’ Index color of pixel 0
0002h | o5 a5’ Index color of pixel 3 a’ | o’ Index color of pixel 2
0004h | og a5 Index color of pixel 5 a’ | ol Index color of pixel 4
0006h | o7 a’ Index color of pixel 7 a5 | ae Index color of pixel 6
0008h | a9 oo’ Index color of pixel 9 as’ | ag Index color of pixel 8
000Ah | o’ | o Index color of pixel 11 a0’ | oo’ Index color of pixel 10

acay’ 0, 1—11/32, 2 — 20/32, 3 — 100%

8.2.5 12bpp Display with opacity (aRGB 4:4:4:4)
Addr [ Bit15 | Bit14 | Bit13 | Bit12 | Bit11l | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
0000h a03 (102 (101 aoo R07 Ro6 Ros R04 G07 G06 G05 604 Bo7 806 Bo5 BO4
0002h | o5’ o’ ot ar’ Ry R° |[RPe R G [ [ [ G6* | B | B® | B® | B

0004h | o,° o o' a’

0006h | g s o | o | R& | R® | R: | R | G | G | G2 | Gs° | B | B | B | By

0008h | o’ o o o R, R |RE|R| G/ |GG’ |G’ B, | BS | BS | B
2 3 1 0

000Ah | s s as s Rs’ Re | R | Re | G5 | G | Gs | Gs* | Bs | B | Bs | Bs

8.3 Color Palette RAM

Addr | Bit11 | Bit10 | Bit9 | Bit8 | Bit7 | Bit6é | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
0000h | Ry’ R | Ro | Ro | Go’ | G | Go | Go | Bo’ | Boo | Bo | Bo
0002h | R, R,° R° | R G |G |G [ G | B | B® | B | B
0004h | R, R, R | R |G [ G |G| G| B | B | B | B
0006h | R;’ Rs’ Ry | R | G | G | G | G | Bs” | B | Bs | B
0008h | R, R, R | R |G/ |G | G> ]G | BS | BS | B | BS
000Ah | Ry’ Rs’ R | Re | G | G [ G | G5 | Bs' | Bs | By | Bs
*It is referenced on BTE active. And if BTE's destination image is 8bpp then Bit[1:0], Bit[4] & Bit[8] are invalid.
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9. Display Data Path

Input Windows SDRAM Output Windows
Write/Draw
window Buffer 1 -
T~o Main
BTE PR /| window
Source 1 _ ,I
window -
Buffer 2 0_‘ /
BTE S o ,:
So_urce 2 PR PIP
window 5 / ,’ window
L ]
BTE ,’ L7
Output ', ’
window Buffer n 1
11
Cfg Reg| Draw P SDRAM Controller a BTE

R o | |
mmmp| MCUIF b Input Buf OutputBufb LCD I/F

Figure 9-1 : Display Data path
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10.LCD Interface

The RA8876 has the color LCD interface with the external SDRAM frame buffer. The maximum display
setting supported is 2048x2048 @ 24bpp TFT. Provide 24 bits color output for 24bpp (RGB 8:8:8) color

depth. RGB 3:3:2 and RGB 5:6:5 data are converted from 8/16bpp to 24bpp for output.

10.1LCD Interface Pin Mapping

This function is controlled by REG[01h] bit 4-3.

Pin Name TFT Panel Interface
Color Depth Digital Interface
16bpp 18bpp 24bpp

XVSYNC XVSYNC XVSYNC XVSYNC
XHSYNC XHSYNC XHSYNC XHSYNC
XPCLK XPCLK XPCLK XPCLK
XDE XDE XDE XDE
XPDATIO0] GPI0O-DO0 / XKIN[1] BO
XPDATI1] GPI0O-D1 / XKIN[2] B1

GPIO-D6 / BO B2
XPDATI[2] XKIN[4]
XPDATI3] BO B1 B3
XPDATI[4] Bl B2 B4
XPDATI5] B2 B3 B5
XPDAT[6] B3 B4 B6
XPDAT[7] B4 B5 B7
XPDAT[8] GPIO-D2 / XKIN[3] GO
XPDAT[9] GPIO-D3 / XKOUT([3] G1
XPDAT[10] GO GO G2
XPDAT[11] G1 G1 G3
XPDAT[12] G2 G2 G4
XPDAT[13] G3 G3 G5
XPDAT[14] G4 G4 G6
XPDAT[15] G5 G5 G7
XPDAT[16] GPI10-D4 / XKOUTI1] RO
XPDAT[17] GPI10-D5 / XKOUT[2] R1

GPIO-D7/ RO R2
XPDAT[18] XKOUT[4]
XPDAT[19] RO R1 R3
XPDAT[20] R1 R2 R4
XPDAT[21] R2 R3 R5
XPDAT[22] R3 R4 R6
XPDAT[23] R4 R5 R7
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10.2LCD Parallel Interface Timing

The timing parameters required to drive a flat panel display are shown below.

VPW VND VDH VST

XVSYNC

s (A (O O
XPDATA @7 _________ S LTE LIIZIE/ S

e N

—

XHSYNC

HPW HND HDW HST
[ T T T '
XPCLK
XDE
XPDATA Valid Data

Figure 10-1 : Digital TFT Panel Timing
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11.Display Function

11.1 Color Bar Display Test
The color bar display test does not use the SDRAM memory and is selected when REG[12h] bits5 = 1.

LCD Panel Image
(Display Start)

Line 1 ~Line 32 — R(0x00), G(0x00), B(0x00)
Line 33 ~ Line 64 «——— R(0x00), G(0x00), B(0OxFF)
Line 65 ~ Line 96 «—— R(0x00), G(0OxFF), B(0x00)

Line 97 ~ Line 128 « R(0x00), G(0OxFF), B(OxFF)
Line 129 ~Line 160 |«——  R(OxFF), G(0x00), B(0x00)
Line 161 ~Line 192 |«——  R(0xFF), G(0x00), B(OxFF)
Line 193 ~Line224 |«———  R(OxFF), G(0xFF), B(0x00)
Line 225 ~Line256 |«——  R(OxFF), G(OXFF), B(OxFF)

(Repeat from Line 1)

| Last Line |

(640x480 Color Bar Example)

Figure 11-1: Color Bar Display Test

11.2 Main Window

Main window of the RA8876 is defined by the size of LCD panel display (refer to REG[14h] ~REG[1Fh]).
The main window source can be selected from any of the available Image buffers and users just configure
main window related registers (refer to REG[20h] ~REG[29h]) to display different Image buffers.

11.2.1 Configure Display Image Buffer

The SDRAM is divided into several image buffers and the maximum number of image buffers is limited
by the memory size. For example : Image size is 800x600 256 color and 16 Mbits SDRAM can be
divided to 4 image buffers(image width x image height x image color depth x maximum number of
image buffers < SDRAM Mbytes). In order to define image size, users must configure canvas start
address, canvas image width and active window range (refer to REG[50h] ~REG[5Eh]) before write
data to image buffer.

11.2.2  Write Image to Display Image Buffer

Canvas is response for read/write image data to memory. Users must configure canvas start address,
canvas image width (refer to REG[50h] ~REG[55h]) to decide image size and configure active window
range (refer to REG[56h] ~REGI[5ENh]) to write data to image buffer.
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A

CVS_IMWTH _

CVSSA

(AWUL_X, AWUL_Y)

T

AW_HT

l Active Window

< AW WTH ———

Canvas image

Figure 11-2

11.2.3 Display Main Window Image

Main image is response for display image data to LCD panel. The following diagram is main window
display flowchart. Users just operate step by step.

( R
Set Canvas start address and Set Memory Data Write Port
REG[04h]

Canvas image width |
REG[50h] ~ REG[55h] <
. J
Write Image to ! w
SDRAM (Set Active windows upper-left corner )
width, height and color depth for [

Write to SDRAM
g REGJ[56h] ~ REG|5Eh] Y,

Data Write ]

Last Data

Set Main window start address and Set Main window color depth
Main window image width REG[10h] Bit [3:2]
REG[20h] ~ REG[25h]
Set Display Window v l
Set Main window upper-left corner Set panel’s timing parameter
REG[26h] ~ REG[29h] REG[12h] ~ REG[1Fh]
| v

Set Display ON/OFF ’

Start Display Image ‘ REG[12h] Bit[6]

Figure 11-3
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11.2.4  Switch Main Window Image

The main window source can be selected from any of the available Image buffers and users just
configure main window related registers (refer to REG[20h] ~REG[29h]) to switch image buffers.

(MISA) MIw
\\\A(MWULX, MWULY)
o . 4 A
et Main window related registe
(HDWR)
to switch display image
l (VDHR)
[ ) MISA) === e MWULX, MWULY
Set Main window start address | |  TTT=-- ( : :
REG[20h] ~ REG[23h] 4 N
\\ J
4 ¢ N\
Set Main window image width
REG[24h] ~ REG[25h
[24h] ~ REG[25h] o e v
N J Sy
¢ RN (MWULX, MWULY)
s N SN
Set Main window upper-left corner
REG[26h] ~ REG[29h]
\\ l J
( o ) (MiSA) & MY
Set Main window color depth (MWULX, MWULY)
REG[10h] Bit [3:2]
\\ J
SDRAM
Figure 11-4

11.3 PIP Window

RA8876 supports two PIP windows that can be used with main display window. PIP windows do not
support transparent overlay, it just provides users that can enable or disable without overwriting the main
display window image data. If the PIP1 and PIP2 windows are overlapped, the PIP1 window is displayed
over PIP2 window.

The size and position of PIP windows are specified using registers from REG[2Ah] to REG[3Bh] and
REG[11h]. PIP1 and PIP2 window share same set of registers, and according REG[10h] Bit[4] to select
REG [2Ah ~ 3Bh] as PIP1 or PIP2 window’s parameters. Function bit will be configured for relative PIP
window. PIP windows sizes and start positions are specified in 4 pixel resolution (horizontal) and 1 line
resolution.

11.3.1 PIP Windows Settings

A PIP window position and size is specified using PIP image start address, PIP image Width, PIP
Display X/Y coordinates, PIP Image X/Y coordinates, PIP windows color depth, PIP window width and
PIP window height registers. PIP1 and PIP2 window are sharing the same set of registers, and
according REG[10h] Bit[4] to select REG [2Ah ~ 3Bh] as PIP1 or PIP2 window's parameters.
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b

Set PIP window Image
Upper-Left corner X/Y coordination
REGI[35h] ~ REG[37h]

v '

Set select configure PIP1 or PIP2
Color Depth
REGJ[11h] Bit [3:0]
J
Set PIP window Display
Upper-Left corner X/Y coordination
REG[2Ah] ~ REG[2Dh]
J
Set PIP1/PIP2 window

Enable / Disable
REG[10h] Bit 7/ Bit 6

Set select configure PIP1 or PIP2
REG[10h] Bit 4

Set PIP window Width
REG[38h] ~ REG[39h]

Set PIP window Height
REG[3Ah] ~ REG[3Bh]

Set PIP Image Start Address
REG[2Eh] ~ REG[31h]

'

Set PIP Image Width
REG[32h] ~ REG[33h]

Figure 11-5

MIw)

(MISA) Py

~

N
~ (., (MWULX, MWULY)

N (HDWR)
N

AN
‘\.(PWDULX‘ PWDULY)

Main window
(VDHR)

(PIW)

(PISA)

DISPLAY WINDOWS(PANEL)

PIP window

%

SDRAM

Figure 11-6
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11.3.2  PIP Window Display Position and PIP Image Position

The PIP window can be changed to different display position by setting PWDULX and PWDULY. The
PIP window also can be changed to different PIP image position by setting specified registers such as
PISA, PIW, PWIULX and PWIULY. This method does not alter the image data in the memory, but
simple changes the image data that is displayed within the PIP window.

The following example shows the main window with a single PIP window. The PIP window images are
switched by changing the PIP image position.

(MISA)

~

N
~ ., (MWULX, MWULY)

N (HDWR)
N

AN
"\ (PWDULX, PWDULY)

&

Main Window + PIP window Main Window + PIP window
(Setting ) (Setting

Main Window + PIP window

Main Window + PIP window N
) (Setting

(Setting

82@%

@
15078

(PIW2)

(PISA2)
(PWIULX5, PWIULY5)

LA

Main Window + PIP window
(Setting PISA2, PIW2, PWIULX5, PWIULY5)

SDRAM

Figure 11-7

11.4 Rotate and Mirror

Most computer displays are refreshed in landscape orientation - from left to right and top to bottom.
Computer images are stored in the same manner.

Rotation is designed to rotate the displayed image by 90° or 180° in a counter-clockwise direction. The
rotation is done in hardware and is transparent to the user. It is accomplished by rotating the image data
during display writes (see REG[02h] bit 2-1). By processing the rotation in hardware, there is a performance
advantage over software rotation of the displayed image.

Mirror is designed “mirror” the displayed image from right to left. Mirror is done in the hardware and is
transparent to the user. The mirror function is done during display writes (see REG[02h] bit 2-1). Mirroring
the image in hardware, also offers a performance advantage over software mirroring of the same image.
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REG[02h] bit 2-1 provides Host Write Memory Direction control (Only for Graphic Mode)
00b: Left & Right then Top >Bottom. (Original)
01b: Right > Left then Top - Bottom. (Horizontal flip)
10b: Top - Bottom then Left > Right. (Rotate right 90° & Horizontal flip)
11b: Bottom - Top then Left > Right. (Rotate left 90°)
If accommodate with REG[12h] bit 3 (VDIR) could generate other effects.
For example, if original picture is

Figure 11-8

= If VDIR (REG[12h] bit 3) ==
Set REG[02h]bit 2-1 as 00b, means write image data from Left to Ri ght then Top to Bottom. It will display
original picture.

Figure 11-9
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Set REG[02h]bit 2-1 as 01b, means write image data from Right to Left then Top to Bottom. It will display a
horizontal mirror picture.

Figure 11-10

Set REG[02h]bit 2-1 as 10b, means write image data from Top to Bottom then Left to Right. It will display a

Figure 11-11
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Set REG[02h]bit 2-1 as 11b, means write image data from Bottom to Top then Left to Right. It will display a
picture with rotate left 90°

Figure 11-12

= If VDIR (REG[12h] bit 3) ==
Set REG[02h]bit 2-1 as 00b, it will display
| T ,ﬂ w

Figure 11-13
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Set REG[02h]bit 2-1 as 01b, it will display a picture with rotate 180°
By L - SoH AT e,

u

Figure 11-15
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Figure 11-16
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RAIO™

12. Geometric Engine
12.1 Ellipse/Circle Input

RA8876 supports draw ellipse/circle drawing function makes user to draw ellipse/circle on the canvas and
only use by few MPU cycles. By setting the center of a ellipse/circle REG[7Bh~7Eh] ,the major and minor
radius of a ellipse REG[77h~7Ah], the color of ellipse/circle REG[D2h~D4h], the draw ellipse/circle
condition REG[76h] Bit5=0 and Bit4=0, and then setting start draw REG[76h] Bit7 = 1, RA8876 will draw a
corresponding ellipse/circle on the canvas. Moreover, user can fill the circle by setting REG[76h] Bit6 = 1.

Note :The center of ellipse/circle should be within active windows.
The procedure of drawing ellipse/circle just refers to the below figure:

ellipse/circle
REG[7Bh~7Eh]

Set the center of a I

A 4

Don’t fill a ellipse/circle
REG[76h] bit6=0

fill a ellipse/circle
REG[76h] bit6=1

Set

the major and minor radius v v

of a ellipse/circle

N—

REG[77h~7Ah]

REG[76h] bit7=1 REG[76h] bit7=1

| J
J

{ Start drawing ellipse/circle } [ Start drawing ellipse/circle

\ 4

[ Set the color of a

- .
minor radluszI
1 major radius

center

ellipse/circle
REG[D2h~D4h]

color

y

Set draw ellipse/circle
condition

mingr radius:
REG[76h] bit5=0,bit4=0 !

—

imajor radius

center

color

Figure 12-1
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12.2 Curve Input

RA8876 supports curve drawing function for user to draw curve on the canvas and only by few MPU cycles.
By setting the center of a curve REG[7Bh~7Dh] ,the major and minor radius of a curve REG[77h~7Ah], the
color of curve REG[D2h~D4h], the draw curve condition REG[76h] Bit5=0 and Bit4=1, the curve part of the
ellipse REG[76h] Bit[1:0], and then setting start draw REG[76h] Bit7 = 1, RA8876 will draw a corresponding
curve on the canvas. Moreover, user can fill the curve by setting REG[76h] Bit6 = 1.

Note :the center of curve should be within active windows.
The procedure of drawing curve just refers to the below figure:

4 N\
Set the center of a curve
REG[7Bh~7Dh]
. J
- N Don't fill a curve fill a curve
Set REG[76h] bit6=0 REGJ[76h] bit6=1
the major and minor radius
of a curve

\ REG[77h~7Ah] y ] i

Start drawing curve Start drawing curve
REG[76h] bit7=1 REG[76h] bit7=1

Set the color of a curve
REG[D2h~D4h]
DECP =01 DECP =10
\ 4 minor radius @1—\
Set draw curve condition & najor radius, major radius
REG[76h] bit5=0,bit4=1 Qter \\cemt r
/ color color

DECP =00 DECP =11

Set draw curve part select
REGJ[76h] bit[1:0](DECP)

Figure 12-2

12.3 Square Input

RA8876 supports square drawing function for user to draw square on the canvas and only by few MPU
cycles. By setting the start point of a square REG[68h~6Bh] ,the end point of a square REG[6Ch~6Fh] and
the color of a square REG[D2h~D4h], then setting draw a square REG[76h] Bit4=1, Bit0=0 and start draw
REG[76h] Bit7 = 1, RA8876 will draw a corresponding square on the canvas. Moreover, user can fill the
square by setting REG[76h] Bit6 = 1.

Note : the start point and the end point of a square should be within active windows.
The procedure of drawing square just refers to the below figure:
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Set start point of a squar
REG[68h~6Bh]

Don' t fill a square fill a square
REGJ[76h] bit6=0 REGJ[76h] bit6=1

REG[6Ch~6Fh]

Setend point of a square}
Y

Start drawing square
REG[76h] bit7=1

Start point Start point

Set the color of a square
REG[D2h~D4h]

color . color t
Set draw a square End point End point

REG[?Gh] bit5=1, bit4=0

Start drawing square
REG[76h] bit7=1

Figure 12-3 : Geometric Pattern Drawing- Draw Rectangle

12.4 Line Input

RA8876 supports line drawing function for user to draw line on the canvas and only by few MPU cycles. By
setting the start point of a line REG[68h~6Bh] ,the end point of a line REG[6Ch~6Fh] and the color of a line
REG[D2h~D4h], then setting draw a line REG[67h] Bitl = 0 and start draw REG[67h] Bit7 = 1, RA8876 will
draw a corresponding line on the canvas.

Note : the start point and the end point of line should be within active windows.
The procedure of drawing line just refers to the below figure:

Set start point of a line
REG[68h~6bh] \
Set draw aline
REG[67h] bit1=0
y
Setend point of a line
REG[6Ch~6Fh] \
Start drawing line
REG[67h] bit7=1
y
Set the color of aline Start point End poi
REG[D2h~D4h]
| colo color
End point ~ Start point

Figure 12-4 : Geometric Pattern Drawing- Draw Line
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12.5 Triangle Input

RA8876 supports triangle drawing function for user to draw line on the canvas and only by few MPU cycles.
By setting the point 1 of a triangle REG[68h~6Bh], the point 2 of a triangle REG[6Ch~6Fh], the point 3 of a
triangle REG[70h~73h] and the color of a triangle REG[D2h~D4h], then setting draw a triangle REG[67h]
Bitl = 1 and start draw REG[67h] Bit7 = 1, RA8876 will draw a corresponding triangle on the canvas.
Moreover, user can fill the triangle by setting REG[67h] Bit5 = 1.

Note : the point 1, point 2 and point 3 of triangle should be within active windows.
The procedure of drawing triangle just refers to the below figure:

A 4

A 4

Start drawing triangle

fill a triangle
REG[67h] bit5=1
[ REG[67h] bit7=1

—

s A
Set point 1 of a triangle
REG[68h~6Ch]
- J
$ Don' tfill a triangle
e N REG[67h] bit5=0
Set point2 of a triangle
REG[6Dh~6fh]
g J
l v
e A
Set point3 of a triangle Stsgg[gx?%lttr;aqgle
REG[70h~73h]
g J
- i N . pointl
Set the color of a triangle
REG[D2h~D4h]
g J
e l ) -
Set draw atriangle point0 color point2  point0 color
REG[67h] bit1=1
g | J

. pointl

point2

Figure 12-5 : Geometric Pattern Drawing- Draw Triangle
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12.6 Square Of Circle Corner Input

RA8876 supports circle-square drawing function for user to draw circle square on the canvas and only use
by few MPU cycles. By setting the start point of a square REG[68h~6Ch] ,the end point of a square
REG[6Dh~6Fh], the major and minor radius of a ellipse/circle REG[77h~7Ah] and the color of a circle
square REG[D2h~D4h], then setting draw a circle square REG[76h] Bit5=1, Bit4=1 and start draw
REG[76h] Bit7 = 1, RA8876 will draw a corresponding circle square on the canvas. Moreover, user can fill
the square by setting REG[76h] Bit6 = 1.

Notel : (End point X — Start point x) must large than (2*major radius + 1) and (End point Y — Start point Y)
must large than (2*minor radius + 1)
Note2 :the start point and the end point of a square should be within active windows.

The procedure of drawing square just refers to the below figure:

Set start point of a circle square
REG[68h~6Ch]
e $ N Don’ t fill a circle square fill a circle square
Set end point of a circle square REG[76h] bit6=0 REG[76h] bit6=1
REG[6Dh~6Fh]
\\ J
l v v
4 N
h ) Set ) Start drawing circle square Start drawing circle square
the major and minor radius REG[76h] bit7=1 REG[76h] bit7=1
of a circle
\. REG[77h~7Ah] J Start point Start point
J, @ minor radlu % Y
- ~N dIUS
Set the color of a circle square
REG[D2h~D4h]
. J
l color End color End ®
e N n pomt nd point
Set draw a circle square Circle corner Circle corner
REG[76h] bit5=1, bit4=1
\\ I J

Figure 12-6 : Geometric Pattern Drawing- Draw Circle-Square
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13. Block Transfer Engine (BTE)

The RA8876 embedded a built-in 2D Block Transfer Engine(BTE) which can increase the performance of
block transfer operation. When a block of data needs to be moved or do some logic operation with dedicated
data, RA8876 can speed up the operation by BTE hardware and also simplify the MPU program. This
section will discuss the BTE engine operation and functionality.

Before using the BTE function, user must select the corresponding BTE operation. RA8876 supports 13 BTE
operations. About the operation description, please refer to Table 13-1. For each BTE operation which
supported ROP function, maximum 16 raster operations (ROP) are supported for different application. They
could provide the different logic combinations for ROP source and ROP destination. Through the
combination of the BTE operation and ROP, user can achieve many useful application operations. Please
refer to the behind chapters for detail description.

User can use this function by hardware interrupt or software check busy to get BTE process status. If user
checks BTE process status by software, the BTE_ CTRLO(REG[90h]) Bit4 or status register(STSR) Bit3 can
indicate the BTE status. By another way, user can check BTE process status by hardware interrupt, the
INT# must connect to MPU and REG[OCh] is used to check the interrupt source comes from BTE when INT#
is active.

Table 13-1 : BTE Operation Function

REB(;[gla?gi?;Ic[)g:O] BTE Operation

0000b MPU Write with ROP.

0010b Memory Copy (move) with ROP.

0100b MPU Write with chroma keying (w/o ROP)

0101b Memory Copy (move) with chroma keying (w/o ROP)

0110b Pattern Fill with ROP

0111b Pattern Fill with chroma keying (w/o ROP)

1000b MPU Write with Color Expansion (w/o ROP)

1001b MPU Write with Color Expansion and chroma keying (w/o ROP)

1010b Memory Copy with opacity (w/o ROP)

1011b MPU Write with opacity (w/o ROP)

1100b Solid Fill (w/o ROP)

1110b Memory Copy with Color Expansion (w/o ROP)

1111b Memory Copy with Color Expansion and chroma keying (w/o ROP)
Other combinations Reserved
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Table 13-2 : ROP Function

REGF[QSSLE]BI;TWA] Boolean Function Operation
0000b 0 ( Blackness)
0001b ~S0 - ~S1 or ~ (S0+S1)
0010b ~S0 - S1
0011b ~S0
0100b S0 - -~S1
0101b ~S1
0110b S0nS1
0111b ~S0+~Slor~(S0-S1)
1000b S0-S1
1001b ~(S07S1)
1010b S1
1011b ~S0+S1
1100b SO
1101b SO0+~S1
1110b S0+S1
1111b 1 ( Whiteness )

Note:
1. ROP Function SO: Source 0 Data, S1: Source 0 Data, D: Destination Data.
2. For pattern fill functions, the source data indicates the pattern data.

Example:
If ROP function setting Ch, then Destination Data = Source 0 Data
If ROP function setting Eh, then Destination Data = SO + S1
If ROP function setting 2h, then Destination Data = ~S0O - S1
If ROP function setting Ah, then Destination Data = Source 1 Data

Table 13-3 : Color Expansion Function

Start Bit Position for Color Expansion
ROP Bits BTE operation code = 1000/1001/1110/1111
REG[91h] Bit[7:4] ) )
16-bit MPU Interface 8-bit MPU Interface
0000b Bit0 Bit0
0001b Bitl Bitl
0010b Bit2 Bit2
0011b Bit3 Bit3
0100b Bit4 Bit4
0101b Bit5 Bit5
0110b Bit6 Bit6
0111b Bit7 Bit7
1000b Bit8 Invalid
1001b Bit9 Invalid
1010b Bit10 Invalid
1011b Bit11l Invalid
1100b Bit12 Invalid
1101b Bit13 Invalid
1110b Bit14 Invalid
1111b Bit15 Invalid
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13.1 Select BTE Start Point Address and Layer

The ROP Source 0/Source 1/Destination could come from the any selected memory address. To program
the ROP source or ROP destination, the start point of horizontal and vertical address is set first.

1. The source 0 address set registers are REG [93h], REG[94h], REG[95h], REG[96h], REG[97h],
REG [98h], REG[99h], REG[9Ah], REG[9Bh], REG[9Ch]

2. The source 1 address set registers are REG [9Dh], REG[9Eh], REG[9Fh], REG[AOh], REG [Alh],
REG[A2h], REG[A3h], REG[A4h], REG[A5h], REG[A6h]

3. The destination address set registers are REG [A7h], REG[A8h], REG[A9h], REG[AAh], REG [ABh],
REG[ACh], REG[ADh], REG[AEh], REG[AFh], REG[BOh]

13.2 Color Palette RAM

The RA8876 includes a color palette memory for 8-bit alpha blend data function. Index color is color palette
RAM address to pick up real color (reference Figure 13-1). The block diagram in Figure 13-2.If user will be
set this memory data. then user reference Figure 13-3.

12 bit
AL

R G B
4 bit 4 bit 4 bit

X

Figure 13-1 : Palette Ram Diagram

MPLU
Palette ram

REG[03H]
Bit[1:0] = 2'b3

Figure 13-2 : Palette Ram Initial Data Path
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START

I :

SET REG[SEN] END

}

SET REG[02h]

|

SET REG[03h]
Bit[1:0] = 2'b3

I

SET REG[04h]

YES

MO

Write Data

MO
JUDGE Write 64 data

YES

Figure 13-3 : Palette Ram Initial Flow

13.3 BTE Operations

13.3.1 MPU Write with ROP

This operation provides 16 ROP functions, where BTE engine will write the result of ROP function to the
destination address.

13.3.2 Memory Copy with ROP
This operation provides 16 ROP functions, and is supported in both a positive.
13.3.3 Solid Fill

This operation fills a specified BTE area (destination) with a solid color as defined in the BTE
Foreground Color Register.

13.3.4 Pattern Fill
This operation fills a specified BTE area with an 8x8 / 16x16 pixel pattern.

13.3.5 Pattern Fill with Chroma Key

This operation function fills a specified BTE area with an 8x8/16x16 pixel pattern. When the pattern
color is equal to the key color, which is defined in BTE Background Color Register, then the destination
area is not updated. For the function no raster operation is applied.
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13.3.6 MPU Write with Chomra Key

This operation supports data transfers from the host to SDRAM ram area. When the source color is
equal to the key color, which is defined in BTE Background Color Register, the destination area is not
updated. The ROP (raster operation) is not supported in this function.

13.3.7 Memory Copy with Chroma Key

This operation supports data transfer in positive direction only. The source and destination data is
different area of the same SDRAM. When the source color is equal to key color, which is defined in BTE
Background Color Register, the destination area is not updated. For this BTE no raster operation is
applied.

13.3.8 Color Expansion

This operation expands the host's monochrome data to 8/16/24 bpp color format.

The source data “1” will expand to the color defined in the BTE Foreground Color Register.

The source data “0” will expand to the color defined in the BTE Background Color Register.

If background transparency is enabled, then the destination color will remain untouched.

Note: No matter background transparency is enabled or not, don't set the same value in foreground
color register (D2h~D4h) and background color register (D5h~D7h)

13.3.9 Memory Copy with Color Expansion

This operation expands source’s monochrome data to 8/16/24 bpp color format .The source data “1” will
expand BTE Foreground Color to the SDRAM. The source data is “0” then expands BTE Background
Color to SDRAM. If background transparency is enabled, then the destination data will remain
untouched.

Note: No matter background transparency is enabled or not, don't set the same value in foreground
color register (D2h~D4h) and background color register (D5h~D7h)

13.3.10 Memory Copy with Opacity

This operation deal source 0 and source 1 data to blend and write it back to destination.
The Alpha Blending has 2 mode for use -- Picture and Pixel mode.

Picture Mode is BTE area have the same alpha blending level. The level value form register.
Pixel Mode can pixel by pixel setting different alpha blending. The level form part of pixel data.

Source 0 : comes from SDRAM
Source 1 :comes from SDRAM
Destination : comes from SDRAM

13.3.11 MPU Write with Opacity

This operation deal source 0 and source 1 data to blend and write it back to destination.
The Alpha Blending has 2 mode for use -- Picture and Pixel mode.

Picture Mode is BTE area have the same opacity level. The level value form register.
Pixel Mode can pixel by pixel setting different opacity. The level form part of pixel data.

Source 0 : comes from MPU
Source 1 : comes from SDRAM
Destination : comes from SDRAM

RAIO TECHNOLOGY INC. 67/214 www.raio.com.tw



RAIO™ RA8876

Character/Graphic TFT LCD Controller— Technical Manual

13.4 BTE Access Memory Method

With the setting, The BTE memory source/destination data is treated as a block of display area. .The below
example shows source 0/ source 1/ destination address are defined as block access method:

SDRAM 509 wTH
R~
-
Source O start address —»,
S0_X,S0_Y >
_—
RA8876 :
SlAWTH
BTE Source 1 start address —»| -
S1 X,S1Y
_—
BTE Process
direction
BTE_WTH
Destination start address —»
K—H
DT_X,DT_Y —
o
BTE_HIG

Figure 13-4 : Memory Access of BTE Function

13.5 BTE Chorma Key (Transparency Color) Compare

In BTE Chroma Key (Transparency color) function Enable, BTE process compare source 0 data and
background color register data. If data equal then not change destination data otherwise write source 0

data to destination.

In source color depth = 256 color,
Source 0 red color just only compare REG[D5h] Bit [7:5],
Source 0 green color just only compare REG [D6h] Bit [7:5],
Source 0 blue color just only compare REG [D7h] Bit [7:6]

In source color depth = 65k color,
Source 0 red color just only compare REG [D5h] Bit [7:3],
Source 0 green color just only compare REG [D6h] Bit [7:2],
Source 0 blue color just only compare REG [D7h] Bit [7:3]

In source color depth = 16.7M color,
Source 0 red color just only compare REG[D5h] Bit [7:0],
Source 0 green color just only compare REG [D6h] Bit [7:0],
Source 0 blue color just only compare REG [D7h] Bit [7:0]
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13.6 BTE Function Explanation
13.6.1 Write BTE with ROP

The Write BTE increases the speed of transferring data from MPU interface to the SDRAM. The Write
BTE with ROP fills a specified area of the SDRAM with data supplied by the MPU. The Write BTE
supports all 16 ROPs. The Write BTE requires the MPU to provide data.

Source 1

MCU RABB76
BTE

Source 0

wéc o

i Destination

ROP register [91h]
Bit[7:4] = OxC

Figure 13-5 : Hardware Data Flow
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The suggested programming steps and registers setting are listed below as reference.

S1 memory start address

ragister Destination \'( position
BDIRE ORI A register [AFf] [BOI]
l l Check Write FIFO full

S1image width

) BTE width register
register [A1h] [AZh]
B1h][Bzh]
l l MPU write data
31 X position

. BTE Height [B3h][B4h]
Register [A3h] ~ [Adh]

l
51 Y position l

Register [45h] ~ [A8h] 505107 Color.Depth
and alpha blending [92h]

l 1

Check write data == MO

BTE width® BTE high

Destination memory start
address register BTE Function and ROP
[ATH] [ABF] [ASN][AAR] [31h]
l l Check STSR Bit [3]
Destination image width BTE Enable [90h]

register [ABh][ACH]

l l END

Destination X position SETREG [04h]
register [ADh]~[AER]
I L

Figure 13-6 : Flow Chart

13.6.2 Memory Copy (move) BTE with ROP

This function will copy a specific area of the SDRAM to a different area of the SDRAM. This operation
can speed up the data copy operation from one block to another and save a lot of MPU processing time
and loading.
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Source 0 image

RA8876

&
| =
N

ROP register [91h]

Bit[7:4] = OxC
Figure 13-7 : Hardware Data Flow
Setting SO parameter ¥
REG[93h]~[9Ch] ) )
Setting BTE height
l REG [B3h] [B4h]
Setting S1 parameter l

REG[9Dh]~[A6h
[9DhI~{AGN] Setting BTE ROP and

l operation REG[91h]

Setting Destination l
(DT) parameter
REG[A7h]~[BOh]

l

Setting S0,S1,DT
color depth REG[92h]

l

Setting BTE width
REG [B1h] [B2h]

b

Figure 13-8 : Flow Chart

BTE enable REG[90h]

Check STSR
BIT[ 3] ?2
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v

A

Setting S1 parameter
REG[9Dh]~[A6h]

Setting BTE height
REG [B3h] [B4h]

A 4

A

Setting Destination
(DT) parameter
REG[A7h]~[BOh]

Setting BTE ROP and
operation REG[91h]

Check Interrupt

A 4

Clear Interrupt
REG[OCh] Bit[2] = 1

A 4

Setting S0,S1,DT
color depth REG[92h]

Interrupt Enable
REG[OBh] Bit[2] = 1

END

A 4

A 4

Setting BTE width
REG [B1h] [B2h]

BTE enable REG[90h]

|

RAIO TECHNOLOGY INC.

Figure 13-9 : Flow Chart — Check Int
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13.6.3 MPU Write W/ Chroma Key (w/o0 ROP)

The MPU Write w/ chroma key function. It increases the speed of transferring data from MPU interface
to the SDRAM. Once the function begins, the BTE engine remains active until all pixels have been
written.

Unlike “Write BTE” operation, the “MPU Write with chroma key” will ignore the operation of a dedicated
color of MPU data that is set as “Chroma key Color (Transparent Color)".If MPU data is equal to
dedicated color then BTE write is from S1 data to destination. In RA8876, the “Chroma key color
(Transparent Color)” is set as “BTE background Color“. For example, considering a source image has a
yellow circle on a red background. By selecting the red color as the transparent color and using the
MPU Write with chroma key on the whole rectangles, the effect is a BTE of the yellow circle only.

Setting Destination Setting BTE ROP and e datanumb e
parameter REG[ATh]~[EOh] operation REG[31h] NO
BTE (width * height
¥ ¥
Setting S0.DT BTE enable REG[30h]

color depth REG[92h]

h 4 h 4

Sefting BTE width {

REG [B1h] [B2h] Wirite REG[04h] EMND

h 4 ™ L 4

Setting BTE height
REG [B3h] [B4h]

Check STSR
wirite FIFO full 27

h 4

Setting Background Color
REG [D5h] ~[D7h]

Whrite Data

Figure 13-10 : Flow Chart
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Chroma Key —
Background register
[D5h]~[D7h] = Red

MCU RA8876
Source 0 BTE

@0 ¢ =)

§ Destination

Figure 13-11 : Hardware Data Flow

13.6.4 Memory Copy W/ Chroma Key (w/o ROP)

“Memory Copy w/ chroma key” moves a specified area of the SDRAM to the different specified area of
the same SDRAM with ignoring the “choma key (Transparent Color)”. The chroma key (transparency
color) setting in BTE background color register. If chroma key (transparency color) meets, then not
change destination data. The source 0, source 1/ destination data are in the memory.

3 %
. Setting BTE Background
Setting SO parameter END
REG[93h]~[9CHh] Color {transparency

color ) REG [D5h]~[D7h]

Setting Destination

parameter Setting BTE height
REG[A7h]~[BOh] REG [B3h] [B4h]
y r
Setting S0,DT Setting BTE ROP and

color depth REG[92h]

Setting BTE width
REG [B1h] [B2h]

l

operation REG[91h]

BTE enable
REG[90h]

RAIO TECHNOLOGY INC.

Figure 13-12 : Flow Chart

74/214

www.raio.com.tw



RAIO™ RA8876

Character/Graphic TFT LCD Controller— Technical Manual

Chroma Key — Background
register [D5h]~[D7h] = Red

Source 0

RA8876

BTE

Destination

Figure 13-13 : Hardware Data Flow

13.6.5 Pattern Fill with ROP

“Pattern Fill with ROP” operation fills a specified rectangular area of the SDRAM with a dedicated
pattern repeatedly. The fill pattern is an array of 8x8/16x16 pixels stored in the SDRAM. The pattern can
be logically combined with the destination using one of the 16 ROP codes. The operation can be used
to speed up the application with duplicate pattern write into an area, such as background paste function.

16
AN
8 - N
(—/% !

I -

8 16 <
NN
N §

Figure 13-14 : Pattern Format
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Setting S0 parameter ¥
REG[93h]~[9Ch] . .
Setting BTE height
REG [B3h] [B4h]
¥
Setting S1 parameter l

REG[9Dh]~[AGh
[9Dh}-(A8h] Setting BTE ROP and

operation REG[91h]

Setting Destination
(DT) parameter
REG[A7h]~[BOh]

BTE enable REG[90h]

Setting S0,51,0T ,

color depth and alpha
blending REG[92h] Check STSR

BIT[ 3] 72

Setting BTE width
REG [B1h] [B2h]

!

END

Figure 13-15 : Flow Chart

m‘if Source 0

RA8876

’4
are | | <=
N

[ Source 1

Destination

ROP register [91h]
Bit[7:4] = OxC

Figure 13-16 : Hardware Data Flow
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13.6.6 Pattern Fill W/ Chroma Key

The Pattern Fill with chroma key fills a specified rectangular area of the SDRAM with a pattern. In the
pattern fill operation, the Chroma key (transparent color) is ignored. The Chroma key setting in
REG[D5h]~[D7h],When Pattern color is equal to Chroma set , then no change data in Destination.

% Source 0
RA8876
BTE
% Destination
Figure 13-17 : Hardware Flow

. Setting BTE Background
Setting SO parameter END
REG[g3h]~[9Ch] Color {transparency

color ) REG [D5H]~[D7h]

l |

Setting Destination

parameter Setting BTE height
REG[A7h]~[BOh] REG [B3h] [B4h]
Setting SO,DT Setting BTE ROP and

color depth REG[92h] operation REG[91h]

l l

Setting BTE width BTE enable
REG [B1h] [B2h] REG[40h]

Check STSR
BIT[3] 22

Figure 13-18 : Flow Chart
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13.6.7 MPU Write w/ Color Expansion

“MPU Write w/ Color Expansion” is a useful operation to translate monochrome data of MPU interface to
be colorful one. In the operation, the source data will be treated as a monochrome bit-map. The bit-wise
data is translated to multi-bits per pixel color data by the setting of “BTE Foreground Color” and “BTE
Background Color”. If the data on the source is equal to logical “1”, then it will be translated to “BTE
Foreground Color”. If the data on the source is equal to logical “0”, then it will be translated to “BTE
Background Color”. This function can largely reduce the effort of system translation from mono system
to color system. When the end of the line is reached, any unused bits will be discarded. The data for the
next line will be taken from the next data package. Each bit is serially expanded to the destination data
starting from MSB to LSB. If MPU interface set 16bit , then ROP (start bit ) - 15:0 valid., If MPU interface
set 8bit, then ROP (start bit ) — 7:0 valid.. Source 0 color depth REG [92h] Bit[7:6] don't care..

Source 0

Mono bit map image MCU RA8876 Destination

Olal g

Foreground color set blue.
Background color set yellow.

Figure 13-19 : Hardware Data Flow

Destination memory

start address register SatingDastnaton
[ATH].[ASH] [A0h],[AAR] Color Depth [92h]
Destination image width BTE Furction [91H] P L wirite data

register [ABh][ACH] l

Check write data™ NO

Destaintion XY position ETE Function [91h] BTE width * BTE high

Register [ADh]~[BOH]

BTE width Register BTE Enable [90h]
[B1mB2n] Check Write STSK
Bit [3]
BTE Height [E3h][B4h] SET REG [4H]
[ END J

I e .

Figure 13-20 : Flow Chart
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Li BTE width =25 ~———

ROP =7
(start bit = 7)
DO D1 D2 D3
l A A A A
r Y Y Y A\

MCU interface 8 bit

Color expansion BTE width = 25

ROP =7

Figure 13-21 :Start Bit Example 1

L— BTE width =25 ———

ROP =4
(start bit = 4)
DO D1 D2 D3
r A Y A Y A Y A A\

MPU interface = 8bit

Color expansion BTE width = 25

ROP = 4
I I I

Figure 13-22 : Start bit Exapmle 2

Note:
1. Calculate sent data numbers per row = ((BTE Width size REG — (MPU interface bits — (start bit + 1)) )
/ MPU interface bits) + ((start bit + 1) % (MPU interface ))

2. Total data number = (sent data numbers per row ) x BTE Vertical REG setting
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D4 8bit DO D1 D2 D3
—_—A A A A

II T 111 In this case , MPU

3 sends data to RA8876

and each data has 8-bit

I
HEE NN

Data is transmitted to
RA8876 sequentially eq.
D0,D1,D2...and Dn

start bit =4 '
DO D1 D2 D3
Not Expansion "7 I PP Y "e— Not Expansion
Expansion BTE High REG [5Ah]
mEEREE [5Bh] setting

¢ BTE Width REG ’

[58h] [59h] setting

Figure 13-23 : Color Expansion Data Diagram

13.6.8 MPU Write W/ Color Expansion with Chroma key

This BTE operation is virtually identical to the Color Expand BTE, except the background color is
completely ignored. All bits set to 1 in the source monochrome bitmap are color expanded to the “BTE
Foreground Color”. All bits set to 0 in source monochrome bitmap that would be expanded to the “BTE
Background Color” are not expanded at all.

MCU RA8876

Mono bit map image

DERC

Foreground color set blue.

Figure 13-24 : Hardware Data Flow
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Destination memary

Setting Destination
start address register 4

heck Wite FIFO full

[ATh] [ABh] [ASh] [AAR] Calor Depth [92h]
NO
Destination image width BTE Function [91h] MPU wirite data
register [ABh] [ACH]

MO

Destaintion XY position BTE Function [91h]
Reqister [ADh]~[BOh]

BTE width ™ BTE high

BTE width Register BTE Enable [90h]
BinE2n] Check Write STSR
BTE Height [E3h][B4h] SETREG [04h]

I e

Figure 13-25 : Flow Chart

13.6.9 Memory Copy with Opacity

The “Memory Copy with opacity” function can mix source 0 data and source 1 blending to Destination.
That is having 2 mode - Picture mode and Pixel mode. Picture mode can be operated in 8
bpp/16bpp/24bpp mode and only has one opacity value(alpha Level) for whole picture. Opacity is
specified on Reg[B5h]. Pixel mode is only operated in 8bpp/16bpp mode and each pixel have its own
opacity value. In the pixel mode — 16bpp the source 1 data bit [15:12] is alpha level, the other bits are
color data; 8bpp the source 1 data [7:6] is alpha level. Bit [5:0] is use to destine palette color data.

Picture mode - Destination data = (Source 0 * alpha Level) + (Source 1 * (1- alpha Level));
Pixel mode 16bpp - Destination data = (Source 0 * alpha Level) + (Source 1 [11:0] * (1 - alpha Level))
Pixel mode 8bpp — Destination data = (Source 0 * alpha Level) + (Index palette (Source 1[5:0]) * (1 - alpha Level))
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RA8876
BTE

&
o |
5

Palette RAM

Source 0

Source 1

Destination

Figure 13-26 : 8bpp Pixel mode Hardware Data Flow

Table 13-4 : Alpha Blending Pixel Mode -- 8bpp

Bit [7:6] Alpha Level
Oh 0
1h 10/32
2h 21/32
3h 1

RA8876 @
oTE C—

—— Source 0

Source 1

Destination

Figure 13-27 : 16bpp Pixel Mode Hardware Data Flow
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Table 13-5 : Alpha Blending Pixel Mode -- 16bpp

Bit [15:12] Alpha Level
Oh 0
1h 2/32
2h 4/32
3h 6/32
4h 8/32
5h 10/32
6h 12/32
7h 14/32
8h 16/32
9h 18/32
Ah 20/32
Bh 22/32
Ch 24/32
Dh 26/32
Eh 28/32
Fh 1

Setting S0 parameter
REG[93h]~[9Ch]

Setting S1 parameter
REG[9Dh]~[ABh]

¥

Setting Destination
parameter
REG[ATh]~[BOh]

Setting S0,51,DT

color depth and alpha
blending REG[92h]

Setting BTE width
REG [B1h] [B2h]

.

)

Setting BTE height
REG [B3h] [B4h]

Setting BTE ROP and
operation REG[91h]

BTE enable REG[90h]

Check STSR
BIT[ 3] 22

END

Figure 13-28 : Pixel Mode Flow Chart
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BTE

Figure 13-29 : Picture Mode Hardware Data Flow

Setting S0 parameter
REG[93h]~[9Ch]

l

Setting S1 parameter
REG[9Dh]~[A6h]

l

Setting Destination
parameter
REG[ATh]~[BOh]

l

Sefting 50,51,DT

color depth AND alpha
blending REG[92h]

l

Setting BTE width
REG [B1h] [B2h]

l

RA8876
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&
(=
S

¥

—— Source 0

Source 1

Destination

Setting BTE height
REG [B3h] [B4h]

l

END

Setting BTE ROP and
operation REG[91h]

l

Setting Alpha blend
weight REG [B5h]

l

BTE enable REG[90h]

RAIO TECHNOLOGY INC.

Figure 13-30 : Picture Mode Flow Chart
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13.6.10 MPU Write with opacity

The “MPU Write with opacity” function mix Source 0 data and Source 1 blending to Destination. The
Source 0 data form MPU. Source 1 data form SDRAM. The description of Alpha blending mode is the
same with “Memory Copy with opacity”.

Source 0 MCU RAB876

BTE

17

Palette RAM

51 memory start address
reqister
[9Dh],[9EN],[9Fh],[A0R]

}

S1 image width !

register [A1h] [AZh] BTE width register
l [B1h][B2h]

51 X position i

Register [A3h][Adh]

}

BTE Height [B3h][B4h]

S1Y position
Register [ASh][ABH]

.

l

50,51,0T Color Depth
and alpha blending [92h]

Destination memory start
address register
[A7h] [ASh] [ASh],[AAR]

!

)

ETE Function [91h]

'

Destination image width
register [ABh] [AChH]

BTE Enable [90h]

}

I

Destaintion X |, Yposition
register [ADh]~[BOh]

SETREG [04h]

|

RAIO TECHNOLOGY INC.

I

Source 1

Destination

Figure 13-31 : Hardware Data Flow

Check Write FIFO full

WP wiite data

Check write data == MO

bte width ™ bte high

Check STSR Bit [3]

( END

Figure 13-32 : Flow Chart
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13.6.11 Memory Copy W/ Color Expansion

The function of “Memory Copy w/ Color Expansion” is to translate the mono image from the source 0 of
SDRAM to be a colorful image and write into the destination of the same SDRAM. If the data on the
source 0 is presented to logical “1”, then it will be translated to “BTE Foreground Color”. If the data on
the source 0 is presented to logical “0”, then it will be translated to “BTE Background Color”. The data
width setting of Source 0 is valid in 8bit/16bit (REG [92h]). If the data width of Source O = 8bit, then ROP
(start bit) can be set from 7 to 0, If the data width of Source 0 = 16 bit, then ROP (start bit) can be set
from 15 to O.

SDRAM
Byte 0 Byte 1

Source 0

RA8876 :
BTE
% TS T Destination

T

Figure 13-33 : Hardware Data Flow

Fi BTE width=25 ———

ROP =7
(start bit = 7)
DO D1 D2 D3
l A A A A
r Y Y Y A\

SO0 color Depth = 256 color

Color expansion BTE width = 25

ROP =7
[ [ [

Figure 13-34 : Start Bit Example 1
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fe———— BTEwidth=25 ——
ROP = 4
(start bit = 4)

l DO D1 D2 D3
r A Y A Y A Y A A

Color expansion

MPU interface = 8bit
BTE width = 25
ROP =4

Figure 13-35 : Start Bit Example 2

¥

Setting SO parameter
REG[93h]~[9Ch]

Setting BTE height
REG [B3h] [B4h]

l

l

Setting Destination
(DT) parameter
REG[A7h]~[BOh]

Setting BTE ROP and
operation REG[91h]

l

l

Setting SO,DT

color depth and alpha
blending REG[92h]

BTE enable REG[90h]

l

Setting BTE width
REG [B1h] [B2h]

l

END

Figure 13-36 : Flow Chart
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13.6.12 Memory Copy W/ Color Expansion and Chroma Keying

The function of “Memory Copy w/ Color Expansion and chroma key” is the mono image of SDRAM
(Source 0) to be translated to the color image and wrote into the destination of the same SDRAM. If the
data on the source 0 is presented to logical “1”, then it will be translated to “BTE Foreground Color”. If
the data on the source 0 is presented to logical “0”, and then the data of destination will be kept and

unchanged.

SDRAM
Byte 0 Byte 1

RA8876 ;
BTE

Foreground Color : yellow

2 »
nn . P
) 1 .I L n &

Figure 13-37 : Hardware Data Flow

Setting S0 parameter
REG[93h]~[9Ch]

I

Setting Destination
(DT} parameter
REG[A7h]~[BOh]

l

Setting S0,DT

color depth and alpha
blending REG[92h]

I

Setting BTE width
REG [B1h] [B2h]

l

Setting BTE height
REG [B3h] [B4h]

I

¥

Setting Foreground
Color REG [D2h]~[D4h]

l

Setting BTE ROP and
operation REG[91h]

l

BTE enable REG[S0h]

Source 0

Destination

Figure 13-38 : Flow Chart
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13.6.13 Solid Fill

The Solid Fill BTE fills a rectangular area of the SDRAM with a solid color. This operation is used to
paint large screen areas or to set areas of the SDRAM to be a given value. The color of Solid Fill is set
by “BTE Foreground Color”.

RAB876 Destination
BTE
Figure 13-39 : Hardware Data Flow
Setting Destination l
parameter

REG[ATH]~[B0Oh
[ gl ] Setting BTE ROP and

operation REG[91h0]

I

Setting S0,51.DT l
color depth REG[92h]

I

Setting BETE width
REG [E1h] [B2h]

}

Setting ETE Foreground
Color REG [D2h]~[D4h]

I

Setting BETE height
REG [E3h] [B4h]

BTE enable REG[90h]

Check STSR
BIT[ 3] ??

EMND

Figure 13-40 : Flow Chart
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14. Text Input

RA8876 have three Text source .

2. Embedded Characters . Please reference chapter 14.1.

3. External Character ROM . Please reference chapter 14.2.

4. User Define Character (CGRAM). Please reference chapter 14.3.

Foreground [l
Background [

FONT 12x24

Figure 14-1 : Font Example

The Text have some parameter EX:REG[CCh]~REG[DEh],When you change any font parameter. You can
reference below flow chart. The Font color set in Foreground and Background REG[D2]~[D7h].

Ex : We write 64 character as fontl and 64 characters as font2 to RA8876.

|

Set Font1 parameter Set Font2 parameter
REG[CCh]~REG[DEh] REG[CCh]~REG|DEh]
Set REG [04h] Set REG [04h]

Figure 14-2
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14.1 Embedded Characters

The RA8876 embedded 8x16,12x24,16x32 dots ASCIl Characters ROM that provides user a convenient
way to input characters by ASCIl code. The embedded character set supports ISO/IEC 8859-1/2/4/5
coding standards. Besides, user can choose the character foreground color by setting the REG[D2h~D4h]
and background color by setting the REG[D5h~D7h]. For the procedure of characters writing please refers
to below figure:

Character Control Full
Register 0 [CCh] A

Not full

Character Control =
Register 1 [CDh] Write Font Code

Foreground

[D2h]~[D5h] Not meet

Font Number mee

Background
[D5h]~[D7h]

)

TEXT MODE [03h]
Bit[2]
I

SET REG [04h]

.

Figure 14-3 : ASCIl Character ROM Programming Procedure
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Table 14-1 shows the standard character encoding of ISO/IEC 8859-1. ISO means International
Organization for Standardization. The ISO/IEC 8859-1, generally called “Latin-1", is the first 8-bit coded
character sets that developed by the ISO. It refers to ASCII that consisting of 192 characters from the Latin
script in range 0xAO-OxFF. This character encoding is used throughout Western Europe, includes Albanian,
Afrikaans, Breton, Danish, Faroese, Frisian, Galician, German, Greenlandic, Icelandic, Irish, Italian, Latin,
Luxembourgish, Norwegian, Portuguese, Rhaeto-Romanic, Scottish Gaelic, Spanish, Swedish. English
letters with no accent marks also can use ISO/IEC 8859-1. In addition, it is also commonly used in many
languages outside Europe, such as Swabhili, Indonesian, Malaysian and Tagalong.

In the table, character codes 0x80-Ox9F are defined by Microsoft windows, also called CP1252
(WinLatinl).

Table 14-1 : ASCII Block 1(ISO/IEC 8859-1
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e [0 | Q) T

X\D1234SE?89AECDEF
"1 S o Lne -:::EI@SEJ’ X5
TS =T T LAl
& !”#$%&’()$+9_-/
= 10]1|12(3/415(6/7|8/9]: |3 |<|=[>[2
*1@ABCDEFGH| I|JKLMNO
*PQRISITIUVIWXY[ZIT\[ 1]
" | |alblc|d]e[f|g|h|i|jk|]1|m|n|o
U |plg|r|s|tiulviwix|y|z|{] ] |3
1€ oA F Lok F|E| BISI<|E
eassn___"'mg:)m 7
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Table 14-2 shows the standard characters of ISO/IEC 8859-2. ISO/IEC 8859-2 also cited as Latin-2 is the
part 2 of the 8-bit coded character sets developed by ISO/IEC 8859. These code values can be used in
almost any data interchange system to communicate in the following European languages: Croatian,
Czech, Hungarian, Polish, Slovak, Slovenian, and Upper Sorbian. The Serbian, English, German, Latin can
use ISO/IEC 8859-2 as well. Furthermore it is suitable to represent some western European languages like
Finnish (with the exception of & used in Swedish and Finnish)

Table 14-2 : ASCII Block 2 (ISO/IEC 8859-2)
Llof1]2]|3|4]|s|e6|[7|8]9|Aa|B|Cc|[D|E|F

b i O P

e

N

%
+
|

_I—lx :q ﬂ b

i
;
NMINKIE”

18

=
@]

|t

iesl

G
M T e E |0~ [—
i A = e R =
N e (NS

®

L

&

]
sl == TN
MTM'?{I‘#-

| A EEOSIS| ISISTIZ- 122
| lal 1] |118] |.[8|s|tlz] |Z|z
- RIAAAALICCCEEREI ID
° DNNOOOOXRUUUUYTIB|
< |r|alalala|l|elc|clélelele]i]Td]
" |d|n|nfolo|slol+| Flalalilily|t|
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Table 14-3 shows the standard characters of ISO/IEC 8859-4. ISO/IEC 8859-4 is known as Latin-4 or
“North European” is the forth part of the ISO/IEC 8859 8-bit character encoding. It was designed originally
to cover Estonian, Greenlandic, Latvian, Lithuanian, and Sami. This character set also supports Danish,
English, Finnish, German, Latin, Norwegian, Slovenian, and Swedish.

Table 14-3 : ASCII Block 3 (ISO/IEC 8859-4)

X\D123455?89ABCDEF
' lcievenaeloSIDQ Ml
" T NS T T (] e |olaw
O IRIBe& | (D R S - |/
01 L12(3[4B6]7189|: |3 |<|=>?
‘@ABCDEFGH|I|JKILMNO
 PQRISITIUMVWIX|Y|Z| [\~
"|"|a|blc|d|e|f|g|h|i] j[k|]1|m|n|o
"Iplalr|s|tialviwlx|y|z{]] [} |~

| AR TILS| ISIEGTE-|Z|
| _lal x| [T[1] |, |3]e|&]Dzn
‘|AAAIAAARTICEREERT|T|T
* IDINIOIKIOOOX@UI0[00[0I0(B
‘|alalalalalal=li|cleleldleli|T]T
“|d|n[olk|6|6|6|+|glulalafilala
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RAIO™ RA8876

Table 14-4 shows the standard characters of ISO/IEC 8859-5. ISO/IEC 8859-5 is known as is the five
part of the ISO/IEC 8859 8-bit character encoding. It was designed originally to cover Bulgarian ,
Belarusian, Russian, Serbian and Macedonian Table 14-4 : ASCII Block 4 (ISO/IEC 8859-5)

Table 14-4 : ASCII Block 4 (ISO/IEC 8859-5)
Llao|1|2|3|4|s5|s|7|a|9|alB|c|D|E]|F
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"Iplalr|s|thalviwlx|y|z| £ 1|}~

=lleslfez
o N el Ll o] L | i &
DEERIERI=] =]
m>¢m?§ﬂjm
=] (@ S]]

EIR ==

Z oo ["TdD

@:|0 [ Qo] d:

O |

— (B S EBEISISN

5 E [sES(E

F [P =® PR [F
o

= [ o=

A ER N ==

=

RAIO TECHNOLOGY INC. 95/214 www.raio.com.tw


https://en.wikipedia.org/wiki/Bulgarian_language�
https://en.wikipedia.org/wiki/Belarusian_language�
https://en.wikipedia.org/wiki/Russian_language�
https://en.wikipedia.org/wiki/Serbian_language�
https://en.wikipedia.org/wiki/Macedonian_Language�

RAIO™ RA8876

Character/Graphic TFT LCD Controller— Technical Manual

14.2 External Character ROM

RA8876 use External serial ROM interface to provide more characters set for different applications. It is
compatible with Character ROM of Genitop Inc., which is a professional Character sets ROM vendor. The
supporting product numbers are GT21L16T1W, GT30L16U2W, GT30L24T3Y, GT30L24M1Z, and
GT30L32S4W, GT30L24F6Y, GT30L24S1W. According to different product, there are different character’s
size including 16x16, 24x24, 32x32, and variable width character size in them. Detail functionality
description please refers section: “External Serial Flash/ROM Interface”.

Note : The Flow chart please reference 16.3.1 .

1421 GT21L16TW

® Reg[CEh][7:5]: 000b
® Character height: x16
Allowed character sets & width:

Colooa0 | BIGS | ASCIH | UNIpn | JIS0208 | Latin | Greek | Cyrilic | Arabic
Normal V V V V \% V V V
Arial Y Y Y Y Y
Roman \% \%
Bold V

*Arial & Roman is variable width.

14.2.2 GT30L16U2W

® Reg[CEh][7:5]: 001b
® Character height: x16
Allowed character sets & width:

UNICODE ASCIl | Latin | Greek | Cyrillic | Arabic GB2312 Special
Normal |V \Y vV \Y \Y V
Avrial \Y \Y Vv V V
Roman V V
Bold

*Arial & Roman is variable width.

14.2.3  GT30L24T3Y

® Reg[CEh][7:5]: 010b
® Character height: x16
Allowed character sets & width:

GB2312 GB12345/GB18030 | BIG5 | UNICODE | ASCII
Normal | V \% \% \% \%
Arial \
Roman
Bold

*Arial & Roman is variable width.

® Character height: x24
Allowed character sets & width:

GB2312 GB12345/GB18030 | BIG5 | UNICODE | ASCII
Normal | V \Y \% \%
Arial \
Roman
Bold

*Arial & Roman is variable width.
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14.2.4 GT30L24M1Z

® Reg[CEh][7:5]: 011b
® Character height: x24
Allowed character sets & width:

GB2312
Extension

GB12345/
GB18030

ASCII

Normal

V

V

Arial \
Roman \Y
Bold
*Arial & Roman is variable width.

1425 GT30L32S54W

® Reg[CEh][7:5]: 100b

® Character height: x16
Allowed character sets & width:
GB2312 GB2312 | \qcy
Extension
Normal |V \ \Y
Arial \Y
Roman \Y
Bold
*Arial & Roman is variable width.

® Character height: x24
Allowed character sets & width:
GB2312 GB2312 | \gqy)
Extension
Normal |V \ V
Arial \Y
Roman Vv
Bold
*Arial & Roman is variable width.

® Character height: x32

Allowed character sets & width:
GB2312 | GB2312 1 o0y,
Extension

Normal |V \% \%
Arial \
Roman V
Bold
*Arial & Roman is variable width.

14.2.6 GT20L24F6Y

® Reg[CEh][7:5]: 101b

® Character height: x16
Allowed character sets & width:
ASCII | Latin Greek | Cyrillic | Arabic Hebrew | Thai 1ISO-8859
Normal | V \Y V V \Y \Y/ \Y

Arial V V V \ V
Roman | V
Bold \%
*Arial & Roman is variable width.
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® Character height: x24
Allowed character sets & width:

ASCII | Latin Greek | Cyrillic Arabic
Normal V V V
Arial V V
Roman
Bold

*Arial & Roman is variable width.

1427 GT21L24S1W

® Reg[CEh][7:5]: 110b
® Character height: x24
Allowed character sets & width:

GB2312 GB2312 ASCII
Extension
Normal V \% V
Arial V
Roman
Bold

*Arial & Roman is variable width.
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14.3 User-defined Characters

User can create characters or symbols they want by using User-defined Characters. User-defined
Characters support character size with half width (8x16/12x24/16x32 dots) and full width
(16X16/24X24/32X32 dots). The RA8876 supports 32,768 half width User-defined Characters code or
32,768 full width User-defined Characters code. Half width character code is 0000h~7FFFh,Full width
character code is 8000h~FFFFh. User just writes the character code or symbol data to the indicated space
(locates in external SDRAM, also call it CGRAM space) and then writes the corresponding character code,
RA8876 will write the character or symbol to the display memory. Also, user can choose the foreground
color by setting the REG[D2h~D4h] and background color by setting the REG[D5h~D7h].

14.3.1 8x16 Character Format in CGRAM

CGRAM ADDRE CALCULATE = (CGRAM_START_ADDR) + ((FONT CODE ) * 16)
EXAMPLE :

CGRAM_START ADDR = 1000h

CHARACTER_CODE = 0001h

THEN FONT ADDR = 1010h

address = 1010h address = 1020h
address = 1000h __, v
Byte 0 Byte 0 Byte 0
Byte 1 Byte 1 Byte 1
Byte 2 Byte 2 Byte 2
() () ()
o ([ o
o ([ o
o o o
Byte 13 Byte 13 Byte 13
Byte 14 Byte 14 Byte 14
Byte 15 Byte 15 Byte 15
Character code = 0000h Character code = 0001h Character code = 0002h
FONT 8X16 format

Figure 14-4 : Font 8X16 Array in SDRAM
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14.3.2 16x16 Character Format in CGRAM

CGRAM ADDRE CALCULATE = (CGRAM_START_ADDR) + ((FONT CODE - 8000h) * 32)
EXAMPLE :

CGRAM_START_ADDR = 1000h

CHARACTER_CODE = 8001h

THEN FONT ADDR = 1020h

address = 1020h address = 1040h
address =1000h __, b ¥

Byte O Byte 1 Byte O Byte 1 Byte O Byte 1
Byte 2 Byte 3 Byte 2 Byte 3 Byte 2 Byte 3
Byte 4 Byte 5 Byte 4 Byte 5 Byte 4 Byte 5

o o (]

o (] (]

(] (] (]

[ ] (] [ ]
Byte 26 Byte 27 Byte 26 Byte 27 Byte 26 Byte 27
Byte 28 Byte 29 Byte 28 Byte 29 Byte 28 Byte 29
Byte 30 Byte 31 Byte 30 Byte 31 Byte 30 Byte 31

Character code = 8000h Character code = 8001h Character code = 8002h

FONT 16X16 format

Figure 14-5: Font Array 16x16 in SDRAM

14.3.3  12x24 Character Format in CGRAM

CGRAM ADDRE CALCULATE = (CGRAM_START_ADDR) +

((FONT CODE)) * 48)
EXAMPLE :
FONT DATA
CGRAM_START_ADDR = 1000h
FONT DATA VALID NOT VALID
CHARACTER_CODE = 0001h
THEN FONT ADDR = 1030h A
address = 1000h address = 1030h address = 1060h
y A
Byte O Byte 1 Byte O Byte 1 Byte O Byte 1
Byte 2 Byte 3 Byte 2 Byte 3 Byte 2 Byte 3
Byte 4 Byte 5 Byte 4 Byte 5 Byte 4 Byte 5
0 0 0
0 0 0
0 0 0
0 0 0
Byte 42 Byte 43 Byte 42 Byte 43 Byte 42 Byte 43
Byte 44 | Byte 45 Byte 44 | Byte 45 Byte 44 | Byte 45 — —
Byte 46 Byte 47 Byte 46 Byte 47 Byte 46 Byte 47

FONT 12X24 format
Character code = 0000h Character code = 0001h Character code = 0002h

Figure 14-6 : Font Array 12x24 in SDRAM
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14.3.4  24x24 Character Format in CGRAM

CGRAM ADDRE CALCULATE = (CGRAM_START_ADDR) + ((FONT CODE — 8000h ) * 72)
EXAMPLE :

CGRAM_START_ADDR = 1000h

CHARACTER_CODE = 8001h

THEN FONT ADDR = 1048h

address = 1048h
address = 1000h

A A

Byte 0 Byte 1 | Byte 2 Byte 0 Byte 1 | Byte 2 Byte 0 Byte 1 | Byte 2
Byte 3 Byte 4 | Byte 5 Byte 3 Byte4 | Byte 5 Byte 3 Byte4 | Byte 5
Byte 6 Byte 7 | Byte 8 Byte 6 Byte 7 | Byte 8 Byte 6 Byte 7 | Byte 8

0 0 0

0 0 0

0 0 0

0 0 0
Byte 63 | Byte 64 | Byte 65 Byte 63 | Byte 64 | Byte 65 Byte 63 | Byte 64 | Byte 65
Byte 66 | Byte 67 [ Byte 68 Byte 66 | Byte 67 [ Byte 68 Byte 66 | Byte 67 [Byte 68
Byte 69 | Byte 70 (Byte 71 Byte 69 | Byte 70 |[Byte 71 Byte 69 | Byte 70 (Byte 71

Character code = 8000h Character code = 8001h Character code = 8002h

FONT 24X24 format

Figure 14-7 : Font Array 24x24 in SDRAM

14.3.5 16x32 Character Format in CGRAM

CGRAM ADDRE CALCULATE = (CGRAM_START_ADDR) + ((FONT CODE ) * 64)
EXAMPLE :

CGRAM_START_ADDR = 1000h

CHARACTER_CODE = 0001h

THEN FONT ADDR = 1040h

address = 1040h address = 1080h
address =1000h __ y Y
Byte O Byte 1 Byte O Byte 1 Byte O Byte 1
Byte 2 Byte 3 Byte 2 Byte 3 Byte 2 Byte 3
Byte 4 Byte 5 Byte 4 Byte 5 Byte 4 Byte 5
o o (]
o (] (]
(] (] (]
(] (] (]
Byte 58 Byte 59 Byte 58 Byte 59 Byte 58 Byte 59
Byte 60 Byte 61 Byte 60 Byte 61 Byte 60 Byte 61
Byte 62 Byte 63 Byte 62 Byte 63 Byte 62 Byte 63
Character code = 0000h Character code = 0001h Character code = 0002h

FONT 16X32 format

Figure 14-8 : Font 16x32 Array in SDRAM
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14.3.6  32x32 Character Format in CGRAM

CGRAM ADDRE CALCULATE = (CGRAM_START_ADDR) + ((FONT CODE — 8000h ) * 128)
EXAMPLE :

CGRAM_START_ADDR = 1000h

CHARACTER_CODE = 8001h

THEN FONT ADDR = 1080h

address = 1080h

_ A
address =1000h > 50 0T Bytel | Byte2 | Bye3 | ByteO | Byel | Bytez | Byte3

Byte 4 Byte5 | Byte 6 Byte 7 Byte 4 Byte 5 | Byte 6 Byte 7
Byte 8 Byte 9 | Byte A Byte B Byte 8 Byte 9 | Byte A Byte B

Byte 115 | Byte 116 |[Byte 117 |Byte 118 | Byte 115 | Byte 116 |Byte 117 |Byte 118
Byte 119 | Byte 120 |Byte 122 |Byte 123 | Byte 119 | Byte 120 |Byte 122 |Byte 123
Byte 124 | Byte 125 |Byte 126 |Byte 127 | Byte 124 | Byte 125 |Byte 126 |Byte 127

Character code = 8000h Character code = 8001h

FONT 32X32 format
Figure 14-9 : Font 32x32 Array in SDRAM

14.3.7 Flow Chart about Initial CGRAM by MPU

[ START ]

NO

Check Initial data number =

| REG[03h] = 01h |
l
| REG[SER] = 04h |

l

SET Canvas Address REG[S0h]
~REG[53h]
l [ END ]
Wite Enable REG[04h]

Check WFIFO empty

YES

MO
WRITE FONT DATA

Font data number : font byte number

ex 8x16 font — Font data number = 168

Figure 14-10 : Initial CGRAM from MPU
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14.3.8  Flow Chart about Initial CGRAM by Serial Flash

i) Set DMA destination address
REG [50h]~[53h]

Check DMA idle
REG[BSh] bit 0

Set Transfer Mumber REG
[CBh]~[C3h]

SET REG [5EN] Bit[2]= 04h

¥
i Enable DA REG[BEH] Bit[0] = 1
Serial flash control REG[BTh]

Serial flash clock REG [BBh]

h 4

SPI mode REG[BS] Bit [1:0]

[ START ]

Set DMA serial flash start
address REG [BCh]~[BFh]

Figure 14-11 : Initial CGRAM from Serial Flash
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14.4 Rotate 90 Degree’s Characters

Normal text input direction is from left to right and then from top to bottom. The RA8876 supports text rotate
function. Characters may rotate counterclockwise 90 degree, vertical flip by setting the REG[CDh] Bit4 = 1.
And collocating the VDIR(REG[12h] Bit3), LCD module can show the 90 degree character. At text rotate
mode, its text input direction is from top to bottom and then from left to right.

VOIR =0, normal scan
graphic write direction

_____________ >

Display RA

I ’.I

907 font write, 1|

direction |: 1 ﬂ
I, 1
¥ ¥

WDIR =1, vertical flip

graphic write direction

)

o0°

R — L Nl

- -
- -
- -

ht Panel display
90" font write |
direction | ‘” @
[ —
{0, 0)

Figure 14-12: Rotation 90° Characters

When user rotate panel 90 degree in clockwise direction, user will see panel displayed like following.

FifE]

=

Figure 14-13
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14.5 Enlargement, Transparent Characters

RA8876 also supports Character enlargement (REG[CDh] Bit[3:0]), and transparent function(REG[CDh]
Bit6). Moreover, these functions can use simultaneously. The behaviors of these functions just refer to
below figure:

Horizontal x2

Vertical x2
e

I\
7 N
L

)
2.
transparent

-~
»
y

s

i
P

k. x

Figure 14-14 : Enlargement and Transparent Characters
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14.6 Auto Line Feed When Meet Active Window Boundary

RA8876 supports the auto movement of Text write and it will auto line feed on active window boundary. In
text mode, the position of text will move automatically and change line when the character over the range
of horizontal or vertical active window. Refer the below figure to view the behavior of auto move.

Auto move Horizontal range pf active window
R - RAIO == - oo - - _BIBEN S

v
®

Vertical rangé¢ of active window
HifiEH--

Active window

Figure 14-15 : Auto Line feed in Text Mode

14.7 Character Full-Alignment

RA8876 supports character full-alignment that makes the character to align each other when writing half or
full size characters on the display memory. By setting REG[CDh] Bit7 = 1, the behavior of writing half or full
size characters similar with below figure:

Note : Full-Alignment disable when GT different width font enable.

Non full-alignment

<«—— Full-alignment

Display RAM

Figure 14-16: Full-Alignment Function

RAIO TECHNOLOGY INC. 106/214 www.raio.com.tw



RAIO™ RA8876

Character/Graphic TFT LCD Controller— Technical Manual

14.8 Cursor

There are two kinds of cursors defined in RA8876, one is graphic cursor and another is text cursor. The
graphic cursor provides a 32x32 pixels graphic cursor which can be displayed at user-defined position.
When the position is changed, the graphic cursor is moved. The text cursor provides a text relative cursor
for text write function. The shape of it is a block and the height and width is programmable. The display
location of text cursor indicates the location of text being currently written.

14.8.1 Text Cursor

The text cursor’s position can be set as auto-increasing or not auto-increasing and blink or not. Cursor
auto-move function is dominated by the active window. When a text is written, the cursor automatically
moves to next position for text writing. It depends on the character size and character direction. When
meeting the boundary of active window. Cursor will change to next row. The interval between the rows
can also be set in pixels. Table 14-5 list the relative registers description.

Table 14-5 : Text Write Cursor Related Register Table

Register Name| Bit Num | Function Description Address
FLDR 4-0 Character Line Gap Setting Register DOh
F CURXO0/1 | 7-0/4-0 | Text Cursor Horizontal Location 63h, 64h
F _CURYO0/1 | 7-0/4-0 | Text Cursor Vertical Location 65h, 66h
Text Mode Enable
ICR 2 0 : Graphic mode. 03h

1 : Text mode.
Text Cursor Enable

1 0 : Text cursor is not visible.
1 : Text cursor is visible.
GTCCR Text Cursor Blink Enable 3Ch
0 0 : Normal display.
1 : Blink display.

Cursor Attribute — Cursor Blinking

The text cursor can be set as on or off or blinking with a fixed frequency. The control register is
GTCCR(REG[3Ch]). The effect of blinking is repeating the cursor on(visible) and off(invisible). The
blinking time of it is programmable and can be calculated as the formula below in unit of second.

Blink Time (sec) = BTCR[3Dh]x(1/Frame_Rate).

Figure 14-17 show the example of cursor blink. The cursor position will follow the last data or
character be written.

RAIO
IEI,‘IM‘%E \\ |7/
’FJ[F' [

//|\\

Figure 14-17: Cursor Blinking
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Cursor Attribute — Cursor Height and Width

The shape of text cursor is programmable. The text cursor is a block with height and width
programmable. The control register is CURHS(REGJ[3Eh]) and CURVS(REG[3Fh]). The text cursor
in graphic mode is a line with width programmable and height fixed to 1 pixel. Please refer to Figure
14-18. The height and width of text cursor is also relative with an extra factors, the character
enlargement setting(REG[CDh] Bit3~0). With the enlargement factor of 1, the width is set by
CURHS/CURVS as 1~32 pixels. For enlargement factor is not 1, the real width and height of the
cursor will be multiplied with the factor. Figure 14-18 is the example as character horizontal/vertical
enlargement factor is 1. Note that the text cursor will not be affected by the character rotation. The
shape of text cursor is still the same with the normal one. About the display please refer to Figure
14-19 and Figure 14-20 below as examples.

REG[3Eh] Text Cursor Horizontal Size Register (CURHR)

Bit4-0 Text cursor horizontal size setting[4:0] Width (Unit : Pixel)
00000 ~ 11111 1~32
1 pixel 2-pixel 3-pixel 32-pixel

REG[3Fh] Text Cursor Vertical Size Register (CURVR)

Bit4-0 Text cursor Vertical size setting[4:0] Height (Unit : Pixel)

00000 ~ 11111 1~32
[E—— —— ] .
1 pixel 2-pixel 3-pixel 32-pixel

Figure 14-18 : Text Cursor Height and Width Setting

RAIO
T -

Figure 14-19 : Text Cursor Movement (without rotate)
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RAIO
HiEEI

Figure 14-20 : Text Cursor Movement (with rotate)

14.8.2  Graphic Cursor

The size of graphic cursor is 32x32 pixels, each pixel is composed by 2-bit, which indicates 4 colors
setting (color 0, color 1, background color, the inversion of background color). It represents that a
graphic cursor takes 256 bytes(32x32x2/8). RA8876 provides four groups of graphic cursor for selection;
users could use them just by setting related registers. By the way, the graphic cursor position is
controlled by register GCHPO (REG[40h]), GCHP1(REG[41h]), GCVPO(REG[42h]) and
GCVP1(REG[43h]). The color of it is set by register GCCO(REG[44h])/ GCC1(REG[45h])/ Background
color/ Inversion of Background color, depending on the data of it. Please refer to example for the detail
explanation.

Note: The graphic cursor storage space only support 8-bit data, when initializing graphic cursor user
should use graphic mode to write 256 8-bit data into graphic cursor’s data space without check busy,
and follow write data cycle to write data cycle interval must larger than 5 system clock if xnWait
machismo hasn’t be used.

2 Bits Represent 1 Pixel Pixel Color
2'b00 GCCO (REG[44h])
2'b01 GCC1 (REG[45h])
2'b10 Background Color
2'b11 The Inversion of Background Color

GCCO Color == %

GCC1 Color ==
Background Color == ¥
~Background Color = = =

__ L
|

— O

256 Bytes

r - - - 2Bits Represent 1 Pixel

255

"

Figure 14-21 : Relation of Memory Mapping for Graphic Cursor
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Procedure:
Set GCCO and GCCL color Change wiite destination selection to
REG[44h] and REG[45h] REG[3Ch] Bit 3-2

Select graphic cursor set Enable graphic cursor

REG[3Ch] Bit 3-2 REG[3Ch] Bit 4
Using graphic mode to write 256 8-bit data into \Writing to GCHPO, GCHP1, GCVP0O and GCVP1 to
graphic cursor storage space change graphic cursor position.

REG[03h] Bit 1-0 REG[40h], REG[41h], REG[42h] and REG[43h]

%

RAB8876
RAIO

Figure 14-22 : The Display with Graphic Cursor
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15.PWM Timer

The RA8876 has two 16-bit timers. Timers 0 and 1 have Pulse Width Modulation (PWM) function. The timer
0 has a dead-zone generator, which is used with a large current device.

The timer 0 and 1 share an 8-bit pre-scalar. Each timer has a clock divider, which generates 4 different
divided signals (1, 1/2, 1/4 & 1/8). Each timer block receives its own clock signals from the clock divider,
which receives the clock from the corresponding 8-bit pre-scalar. The 8-bit pre-scalar is programmable and
divides the CCLK according to the loading value, which is stored in PSCLR and PMUXR registers.

The timer count buffer register (TCNTBN) has an initial value which is loaded into the down-counter when
the timer is enabled. The timer compare buffer register (TCMPBnN) has an initial value which is loaded into
the compare register to be compared with the down-counter value. This double buffering feature of TCNTBnN
and TCMPBn makes the timer generate a stable output when the frequency and duty ratio are changed.

Each timer has its own 16-bit down counter, which is driven by the timer clock. When the down counter
reaches zero, the timer interrupt request is generated to inform the CPU that the timer operation has been
completed. When the timer counter reaches zero, the value of corresponding TCNTBn is automatically
loaded into the down counter to continue the next operation. However, if the timer stops, for example, by
clearing the timer enable bit of PCFGR during the timer running mode, the value of TCNTBn will not be
reloaded into the counter.

The value of TCMPBnN is used for pulse width modulation (PWM). The timer control logic changes the output
level when the down-counter value matches the value of the compare register in the timer control logic.
Therefore, the compare register determines the turn-on time (or turn-off time) of a PWM output.

+

I By

| Tcmeeo | | TowTeO | PWMO
— l .l . Dead Zone [~
e ; . Genarator
d Zon
- {:nnhi Dead Zone
Liagich
CCLK >
12 ™
B-Bnt 4
4 pescaer 1 ™ Temest | [ Tenen |
1 ==

Clock
Divider

Conbrod
Logict

Cead Zone

YYYYY

Figure 15-1: 16-bit PWM Timer Block Diagram

RAIO TECHNOLOGY INC. 111/214 www.raio.com.tw



RA

o"

RA8876

Character/Graphic TFT LCD Controller— Technical Manual

15.1 Basic Timer Operation

| start bit=1] [ Timer is started| [TCNTn=TCMPn| [ Auto-reload | [TCNTh=TCMPn| [ Timer is stopped |

TCMPn 1 0
] 1 ] [ 1
1 1 1 1
TCNTn 3 ﬁ 3 X 2 )i 1 X 0 X 2 X 1 (] ! 0
T{ 1 | A 4 A 1
i I
L L ]
TCNTBn=3 TCNTBn=2 IAuto-reIoad I H
TCMPBn=1 TCMPBn=0 .
Manual update=1| | Manual update=0 ]Inlerrupt requestl Ilnlerrupt request]
T T
Auto-reload=1 Auto-reload=1

TOUTn \t A \ ,‘:
]

O command
[ status

Figure 15-2 : Timer Operations

A timer has TCNTBn, TCNTn, TCMPBn and TCMPn. (TCNTn and TCMPn are the names of the internal
registers. The TCNTn register can be read from the TCNTOn register) The TCNTBn and the TCMPBn are
loaded into the TCNTn and the TCMPn when the timer reaches 0. When the TCNTn reaches 0, an interrupt
request will occur if the interrupt is enabled.

15.2 Auto Reload & Double Buffering

PWM Timers have a double buffering function, enabling the reload value changed for the next timer
operation without stopping the current timer operation. So, although the new timer value is set, a current
timer operation is completed successfully.

The timer value can be written into Timer Count Buffer register (TCNTBn) and the current counter value of
the timer can be read from Timer Count Observation register (TCNTON). If the TCNTBn is read, the read
value does not indicate the current state of the counter but the reload value for the next timer duration.

The auto-reload operation copies the TCNTBn into TCNTn when the TCNTn reaches 0. The value, written
into the TCNTBN, is loaded to the TCNTn only when the TCNTn reaches 0 and auto reload is enabled. If
the TCNTn becomes 0 and the auto reload bit is 0, the TCNTn does not operate any further.

Write Write
TCNTBn = 100 TCNTBn = 200
Start
TCNTBn = 150 | ” H H | |
Auto-reload J

‘¢ — | —— | —— |
| 150 | 100 I 100 | 200 |
Interrupt | | ‘ |

Figure 15-3 : Example of Double Buffering Function
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15.3 Timer Initialization and Inverter Bit

An auto reload operation of the timer occurs when the down counter reaches 0. So, a starting value of the
TCNTn has to be defined by the user in advance. In this case, the starting value has to be loaded in
advance. The following steps describe how to start a timer:

1) Write the initial value into TCNTBn and TCMPBN.
2) Itis recommended that you configure the inverter on/off bit. (Whether use inverter or not).
3) Set start bit of the corresponding timer to start the timer.

If the timer is stopped by force, the TCNTn will continue count until it reach to 0 then stop. If a new value
has to be set, it will be reloaded from TCNTBn at next timer starts.

Note:

Whenever PWMn inverter on/off bit is changed, the PWMn logic value will also be changed whether the
timer runs. Therefore, it is desirable that the inverter on/off bit is configured before set start bit of the
corresponding timer to start the timer.

15.4 Timer Operation

L] pimE

150 1 110 140140 20 60
1] 1 1 1 1] 1
5 8 11

Figure 15-4 : Example of a Timer Operation

The above Figure 15-4 shows the result of the following procedure:

1. Enable the auto re-load function. Set the TCNTBn to 160 (50+110) and the TCMPBn to 110. Configure
the inverter bit (on/off). The start bit sets TCNTn and TCMPn to the values of TCNTBn and TCMPBn,
respectively. And then, set the TCNTBn and the TCMPBn to 80 (40+40) and 40, respectively, to
determine the next reload value.

2. Set the start bit, provided that manual_update is 0 and the inverter is off and auto reload is on. The timer
starts counting down after latency time within the timer resolution.

3. When the TCNTn has the same value as that of the TCMPn, the logic level of the PWMn is changed
from low to high.

4. When the TCNTn reaches 0, the interrupt request is generated and TCNTBn value is loaded into a
temporary register. At the next timer tick, the TCNTn is reloaded with the temporary register value
(TCNTBnN).

5. In Interrupt Service Routine (ISR), the TCNTBn and the TCMPBn are set to 80 (20+60) and 60,
respectively, for the next duration.

6. When the TCNTn has the same value as the TCMPn, the logic level of PWMn is changed from low to
high.

7. When the TCNTn reaches 0, the TCNTn is reloaded automatically with the TCNTBnN, triggering an
interrupt request.

8. In Interrupt Service Routine (ISR), auto reload and interrupt request are disabled to stop the timer.

9. When the value of the TCNTn is same as the TCMPn, the logic level of the TOUTn is changed from low
to high.

10. Even when the TCNTn reaches 0, the TCNTn is not any more reloaded and the timer is stopped
because auto reload has been disabled.

11. No more interrupt requests are generated.
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15.5 Pulse Width Modulation (PWM)

|
!ll
L

Write I Write I Write I
TCMPEn = 80 TCMPBn = 40 TCMPBn = 30

Write Write Write
TCMPBn = 50 TCMPBn = 30 TCMPEn = Next PWM Value

Figure 15-5 : Example of PWM

PWM function can be implemented by using the TCMPBn. PWM frequency is determined by TCNTBnN. The
Figure shows a PWM value determined by TCMPBnN.

For a higher PWM value, decrease the TCMPBn value. For a lower PWM value, increase the TCMPBnN
value.

If an output inverter is enabled, the increment/decrement may be reversed. The double buffering function

allows the TCMPBN, for the next PWM cycle, written at any point in the current PWM cycle by ISR or other
routine.

15.6 Output Level Control

Inverter off

JL
_|

Inverter on

Initial State y Period 1 . Period 2 Timer Stop

Figure 15-6 : Inverter On/Off

The following procedure describes how to maintain PWM as high or low (assume the inverter is off):

1. Turn off the auto reload bit. And then, TOUTn goes to high level and the timer is stopped after the
TCNTn reaches 0 (recommended).

2. Stop the timer by clearing the timer start/stop bit to 0. If TCNTn < TCMPn, the output level is high. If
TCNTn > TCMPn, the output level is low.

3. The PWMn can be inverted by the inverter on/off bit in PCFGR. The inverter removes the additional
circuit to adjust the output level.

15.7 Dead Zone Generator

The Dead Zone is for the PWM control in a power device. This function enables the insertion of the time
gap between a turn-off of a switching device and a turn on of another switching device. This time gap
prohibits the two switching devices from being turned on simultaneously, even for a very short time.

PWMO is the PWM output. nPWMO is the inversion of the PWMO. If the dead zone is enabled, the output
wave form of PWMO and nPWMO will be PWMO_DZ and nPWMO_DZ, respectively. nPWMO0O/nPWMO_DZ is
routed to the PWML pin.

RAIO TECHNOLOGY INC. 114/214 www.raio.com.tw



RAIO™ RA8876

Character/Graphic TFT LCD Controller— Technical Manual

In the dead zone interval, PWMO_DZ and nPWMOQ_DZ can never be turned on simultaneously.

Fimad -

nFy D L]
Deadzona
Interyal > |47
Pi0_DE |
nF"I.-“-.I'I‘-.ﬂEI_QE u_l H

Figure 15-7 : The Wave Form When a Dead Zone Feature is Enabled

15.8 Dead Zone Application

Most of use on switching power driver is Pulse Width Modulation (PWM). Show like below:

D

—
-
4=

[

F 3

Figure 15-8

1. PWM output only have ON/OFF state. Voltage (A) is maximum voltage in ON state. Voltage in OFF
state is 0.

2. |If period is T, ON duration is D, then PWM has average voltage V = (D/T)*A. i.e. We may generate any
voltage in range of 0 ~ A.

3. If switching frequency too slow, it will cause motor vibration or high frequency noise from wiring. In
general, reasonable switching frequency is from 4KHz to 8KHz.

4. Motor's characteristic is a low pass filter. Too high frequency cannot response it. So if switching
frequency within a reasonable range, it works like a linear amplifier.

To a simple load, PWM switching circuit’s block diagram like below:

OVDD
Py
Pl ‘{v Load

= ':l_d.a
Pl £
o-YoD

Figure 15-9
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1. Use two sets of transistor to control positive power and negative power. User may choose proper
transistor type according to users requirements.
2. PWM signal have positive type and negative type. PWM+ control turn on positive power or not. PWM-

control turn on negtive power or not.
3. Switch case have following:

P=OFF / N=OFF : separate Load & power.

P=0ON / N=OFF : Load connects to positive power.
P=OFF / N=ON : Load connects to negative power.
P=ON / N=ON : short power & burn out power driver.

Basically, PWM+ & PWM- is inverted, it is impossible to ON simultaneously. But consider power MOS’
transition response, response time of transistor OFF is longer than transistor ON. So it is possible to
turn ON both in switching. Thus will cause two kinds of result:

a. Long turn ON time to cause driver burn out.
b. Short turn ON time may not burn out driver immediately but will generate heat and cause driver

burn out by heat.

So PWM control must have protection.

Pid+ | | [ | [,

Puhd- ] | [ .

Switching Protection [0 o O 1] 0
Figure 15-10

1. Basically, PWM- is invert from PWM+.
2. In the moment of switching, it must have an OFF time on both edges. The period depends on driver's

characteristics, maybe 1lus ~ 4us.
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16. Serial Bus Master Unit

16.1 Initial Display Unit

Initial display unit embeds a tiny processor and use to show display data and execute micro code which
stored in the serial flash and need not external MPU participate. If this function enable, it will auto execute
after power-on, until micro code execute complete then handover control rights to external MPU.

Initial display unit limit micro code & display data must exist in the same serial flash.

Initial display unit support 12 instructions. They are

1. EXIT: Exit instruction (00h/FFh) -- one byte instruction
2. NOP: NOP instruction (AAh) -- one byte instruction
3. ENA4B: Enter 4-Byte mode instruction (B7h) -- one byte instruction
4. EXA4B: Exit 4-Byte mode instruction (E9h) -- one byte instruction
5. STSR: Status read instruction (10h) -- two bytes instruction
6. CMDW: Command write instruction (11h) -- two bytes instruction
7. DATR: Data read instruction (12h) -- two bytes instruction
8. DATW: Data write instruction (13h) -- two bytes instruction
9. REPT: Load repeat counter instruction (20h) -- two bytes instruction
10. ATTR: Fetch Attribute instruction (30h) -- two bytes instruction
11. JUMP: Jump instruction (80h) -- five bytes instruction
12. DINZ: Decrement & Jump instruction (81h) -- five bytes instruction

One bytes instruction:

Exit instruction (EXIT) — 00h | FFh | Undefined instructions

It without contains any extra parameters. The EXIT instruction is executed to exit the initial display function
& return control right to MPU.

NOP instruction (NOP) — AAh

It without contains any extra parameters. It will do nothing and then fetch next instruction.

Enter 4-Byte mode instruction (EN4B) — B7h

It without contains any extra parameters. This instruction enables accessing the address length of 32-bit
for the memory area of higher density (larger than 128Mb). The control unit default is in 24-bit address
mode; after sending out the EN4B instruction, the address length becomes 32-bits instead of the default
24-bits. There are three methods to exit the 4-byte mode: writing exit 4-byte mode (EX4B) instruction,
Hardware Reset or power-off.

Exit 4-Byte mode instruction (EX4B) — ESh

It without contains any extra parameters. The EX4B instruction is executed to exit the 4-byte address
mode and return to the default 3-bytes address mode. Once exiting the 4-byte address mode, the address
length will return to 24-bit.
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Two bytes instruction:

Load repeat counter instruction (REPT) — 20h + param[0]

It contains one byte parameter. This parameter stands for repeat counter value & used by DJINZ
instruction.

Fetch attribute instruction (ATTR) — 30h + param|[0]

It contains one byte parameter. This instruction use to configure controller how to read serial flash data
when under fetch instruction period. In Param[0]:

B bit [3:0] is clock divisor for SPI clock. Controller according to system clock set high period or low

; i — Feore L.
period for SPI clock. Default is 0. Fsck (lelsor +1)>< 2

B Dbit [4] is device mode selection for [CPOL, CPHA]. Value ‘0’ is mode 0, value ‘1’ is mode 3. Default is
1 for mode 3.

B Dbit[5] is to define XnSFCS[1:0] deselect time or calls chip select high time (tCSH). Value ‘0’ is 4 core
clocks; value ‘1’ is 8 clocks. Default is 8 core clocks.

B bit[7:6] is dummy cycle number. These two bits set 4 kinds of dummy cycle. The Value 0, 1, 2 or 3
stands for 0, 8, 16 or 24 dummy cycles. Default is 0. If dummy cycle number is 0 then serial flash
read command code is 03h, otherwise serial flash read command code is 0Bh.

Status read instruction (STSR) — 10h + param[0]

It contains one byte parameter. This parameter stands for expected value in Status read instruction. If
returned data is not match with expected value, this read instruction will repeat execution.

Command write instruction (CMDW) — 11h + param[0]

It contains one byte parameter. This parameter stands for write value for Command write instruction.

Data read instruction (DATR) — 12h + param[0]

It contains one byte parameter. This parameter stands for expected value in Data read instruction. If
returned data is not match with expected value, this read instruction will repeat execution.

Data write instruction (DATW) — 13h + param[0]

It contains one byte parameter. This parameter stands for write value for Data write instruction.

Five bytes instruction:

Jump instruction (JUMP) — 80h + param[3] + param[2] + param[1] + param[0]

It contains 4-byte parameters. Parameter 3~0 are serial flash’s 28-bits address information. ie. param[3] is
address[27:24], param[2] is address[23:16], param[1] is address[15:8] and param[0] is address[7:0]. After
execution, next instruction will fetch from this specified address.

Decrement & Jump while not equal to zero (DJNZ) instruction — 81h + param[3] + param[2] +
param[1] + param[0]

It contains 4-byte parameters. Parameter 3~0 are serial flash’s 28-bits address information. ie. param[3] is
address[27:24], param[2] is address[23:16], param[1] is address[15:8] and param[0] is address[7:0]. If
repeat counter equal zero then next instruction will fetch from “current instruction address + 5”, otherwise
repeat counter will decrement one and jump to specified address.

After power on reset Initial display unit will search matched serial flash device over 2 SPI bus’ slave select
(XnSFCSJ1:0]). Its first eight bytes data from address 0000h down to 0007h must as “61h, 72h, 77h, 63h,
77h, 62h, 78h, 67h". If serial flash was be recognized then continue fetch next address (0008h) otherwise
return control right to MPU. Start from address 0008h the serial flash store each kind of to be executing
instructions, if initial display unit fetch EXIT instruction or an undefined instruction code then return control
right to MPU.
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RA8876

Example of initial display contents in serial flash:
It will display color bar on a 320x240 TFT panel.

/l addr: 'h0000

61727763 77627867

AA
3003
AA
E9
AA
20 06

/I addr: 'h0010
1052
11031355
11031255
13 AA

12 AA

11 03 1300

/I addr: 'h0022
AA
81 00 00 00 22
80 00 00 00 30
78
78
78

/! addr: 'h0030

/I Chip configuration

11011300
dis, 8b mpu
11131303

/I Enable color bar

11121360

/1D

/I NOP
/I ATTR('hO3)
/I NOP
Il EX4B
/I NOP
/I REPT(h06)

/I STS_RD(52)

/I REG_WR(h03, 'h55);
/I REG_RD('h03, 'h55);
/I DAT_WR(hAA);

/I DAT_RD(hAA);

/I REG_WR('h03, 'h00);

/I NOP
/I DINZ(32'h0000_0022);
/I JUMP(32'h0000_0030);

/ MPU.REG_WR('h01, 'h00); // normal, Key dis, TFT-24, i2cm dis, sf
Il MPU.REG_WR('h13, 'h03); // Panel polarity & Idle state

/I MPU.REG_WR('h12, 'h60); // sync w/ pclk rising edge, display on/off,

color bar on/off, VDIR, RGB sequence

/I hdwr
11141327
/I vdhr
11 1A 13 EF

LCD_COM_NO - 1;

11 1B 1300

LCD_COM_NO - 1;

@0048
11B91323
00

Restriction:

/I MPU.REG_WR(h14, 'h27); // H: 320; datal6 = "LCD_SEG_NO/8 - 1;
/Il MPU.REG_WR(h1A, 'hEF); // V: 240; datal6[7:0] =

/I MPU.REG_WR(h1B, 'h00); // V: 240; datal6[15:8]=

/I MPU.REG_WR(hB9, 'h33); // select nss[1]
Il Exit

Initial display unit restricts micro codes & display data, fonts or required contents for micro codes must
exist in the same serial flash. If user needs to switch to another serial flash then following code &
display data etc. will point to that serial flash.
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16.2 SPI Master Unit

During an SPI transfer, data is simultaneously transmitted and received. The serial clock line [SCK]
synchronizes shifting and sampling of the information on the two serial data lines. The master places the

information onto the MOSI line a half-cycle before the clock edge that the slave device uses to latch the
data.

Four possible timing relationships can be chosen by using the Clock Polarity [CPOL] and Clock Phase
[CPHA] bits in the Serial Peripheral Interface Control Register [SPICR]. Both master and slave devices
must operate with the same timing.

sxeroe LA
§CK (CPOL=1), T T S o U s SV g S S S
3+ J & ! i L i " 4 = & L & . 3 !
M O SI(CPHA=0) I I S S N N i':
osicrramy  —E
Figure 16-1

Transmitting data bytes

After programming the core’s control register SPI transfers can be initiated. A transfer is initiated by writing
to the Serial Peripheral Data Register [SPIDR]. Writing to the Serial Peripheral Data Register is actually
writing to a 16 entries deep FIFO called the Write FIFO. Each write access adds a data byte to the Write
FIFO. When the core is enabled — SS_ACTIVE is set (‘1’) — and the Write FIFO is not empty, the core
automatically transfers the oldest data byte.

Receiving data bytes

Receiving data is done simultaneously with transmitting data; whenever a data byte is transmitted a data
byte is received. For each byte that needs to be read from a device, a dummy byte needs to be written to
the Write FIFO. This instructs the core to initiate an SPI transfer, simultaneously transmitting the dummy
byte and receiving the desired data. Whenever a transfer is finished, the received data byte is added to the
Read FIFO. The Read FIFO is the counterpart of the Write FIFO. It is an independent 16 entries deep FIFO.
The FIFO contents can be read by reading from the Serial Peripheral Data Register [SPDR].

FIFO Overrun

Both the Write FIFO and the Read FIFO are FIFOs that use circular memories to simulate the infinite big
memory needed for FIFOs. Because of this writing to a FIFO while it is full overwrites the oldest data byte.
Writing to the Serial Peripheral Data Register [SPDR] while the Write FIFO if full sets the Overflow bit,

however the damage is already done; the next byte to be transferred is not the oldest data byte, but the
latest (newest).

3 3
2 N 2
1 T WP 1
WP 0 RP & RP

WP =FIFO Whte Pointer
RP =FIFO Read Poirter

Figure 16-2
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The only way to recover from this situation is to reset the Write Buffer. Both the Read FIFO and the Write
FIFO are reset when the Slave Select signal active [SS_ACTIVE] bit is cleared (‘0’).

Read FIFO overruns might be less destructive. Especially when the SPI bus is used to transmit data only;
e.g. when sending data to a DAC. The received data is simply ignored. The fact that the Read FIFO
overruns is irrelevant. If the SPI bus is used to transmit and receive data, it is important to keep the Read
FIFO aligned. The easiest way to do this is to perform a number of dummy reads equal to the amount of
bytes transmitted modulo 16.

Ndummy _reads = Ntransmitted _bytes mod 16

Note that a maximum sequence of 16 bytes can be stored in the Read Buffer before the oldest data byte
gets overwritten. It is therefore necessary to empty (read) the Read FIFO every 16 received hytes.

Reference code for SPI master loop test (connect xmosi to xmiso)

REG_WR ('hBB, 8'h1f); //Divisor, configure SPI clock frequency
REG_WR ('hB9, 8'b0001_1111); // {1'b0, mask, nSS_sel, ss_active, ovfirgen, emtirgen, cpol, cpha}, nSS
low
REG_WR ('hB8, 8'h55); // TX
REG_WR ('hB8, 8'haa); // TX
REG_WR ('hB8, 8'h87); // TX
REG_WR ('hB8, 8'h78); // TX
wait (xintr);
REG_RD (‘hBA, acc);
while (acc != 8'h84) begin
$display ("wait for FIFO empty ...");
REG_RD (‘hBA, acc);
end
REG_WR (‘hBA, 8'h04); // clear interrupt flag
REG_RD ('hB8, 8'h55); // RX
REG_RD ('hB8, 8'haa); // RX
REG_RD ('hB8, 8'h87); // RX
REG_RD ('hB8, 8'h78); // RX
REG_WR ('hB9, 8'b0000_1111); // {1'b0, mask, nSS_sel, ss_active, ovfirgen, emtirgen, cpol, cpha}, nSS
high.
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16.3 Serial Flash Control Unit

RA8876 builds in a SPI master interface for Serial Flash/ROM, supporting for protocol of 4-BUS (Normal
Read), 5-BUS (FAST Read), Dual mode 0, Dual mode 1 with Mode 0/Mode 3.

Serial Flash/ROM function can be used for FONT mode and DMA mode. FONT mode means that the
external serial Flash/ROM is treated as a source of character bitmap. To support the most useful
characters, RA8876 is compatible with the character ROM of professional font vendor—Genitop Inc. in
Shanghai. DMA mode means that the external Flash/ROM is treated as the data source of DMA (Direct
Memory Access). User can speed up the data transfer to display memory and need not MPU intervene by

this mode.
XSCK N
XMOSI
< > SERIAL
RA8876 « XMISO . e

XnSFCS0

XnSFCS1
> SERIAL
> ROM 1

Figure 16-3 : RA8876 Serial Flash/ROM System

About Serial Flash/ROM read command protocol setting, please refer to Table 16-1 as below :

Table 16-1 : Read Command Code & Behavior Selection

REG [B7h] BIT[3:0] Read Command code

1x read command code — 03h.

000xb Normal read speed. Single data input on xmiso.

Without dummy cycle between address and data.

1x read command code — 0Bh.

010xb To some serial flash provide faster read speed. Single data input on xmiso.

8 dummy cycles inserted between address and data.

1x read command code — 1Bh.

1x0xb To some serial flash provide fastest read speed. Single data input on xmiso.

16 dummy cycles inserted between address and data.

2x read command code — 3Bh.

xx10b Interleaved data input on xmiso & xmosi. 8 dummy cycles inserted between address
and data phase. (mode 0)

2x read command code — BBh.

xx11b Address output & data input interleaved on xmiso & xmosi. 4 dummy cycles inserted
between address and data phase. (mode 1)

RAIO TECHNOLOGY INC. 122/214 www.raio.com.tw



RAIO’ RA8876

Character/Graphic TFT LCD Controller— Technical Manual

SFCE0 —| ’7
SR B s I s I O Y

S [ N Y s I

Figure 16-4 : Mode 0 and Mode 3 Protocol

e aT— e BATAST ke ar sk ar
SFCS0 |
secL NI TUUAnnmanmmne——
SFDI S 03h AGAT 2307 |

. Addr[31:0] | |
SFDO D0 (D1 D2 \

If REG[B7h] Bit 5 set to 0, Then Addr state will be 24T
If REG[B7h] Bit & set to 1, Then Addr state will be 32T

Figure 16-5: Normal Read Command

RAIO TECHNOLOGY INC. 123/214 www.raio.com.tw



RAIO’ RA8876

Character/Graphic TFT LCD Controller— Technical Manual

AT 24T/32T — e 8T —e 8T —
SFCSO0 |
SFCL T UL |
SFDI \ 0BR Addr[23.0) < Dummy

Addr [31:0] ; !
SFDO : | Do D1

If REG[B7h] Bit 5 set to 0, Then Addr state will be 24T
If REG[B7h] Bit 5 set to 1, Then Addr state will be 32T

Figure 16-6 : Fast Read Command

&7 24T/32T—wie 8T —» 4T (4T 4T (4T
SFCSO | [
S 111100 O 11 000 A
SFDI >< 3R W i::r{gfig}/ %Dummy 00 (070203

5 r3t: | i
SFDO : g @@@—

If REG[B7h] Bit 5 setting 0, Then Addr

state will be 24T o °y

SFDI (BB B4>B2>(B0)
If REG[B7h] Bit5 setting 1 , Then Addr | |
state will be 32T sFDo K BT<(B5(B3(BT»

Figure 16-7 : Dual Output Read Command Mode 0
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COMMAND  ADDRESS DUMMY DO  Di~Dn-1  Dn
= BBh
— 8T e 12TMBT —sedaT —oe— 4T — a— AT
SFCSO__T E § i § § [7

seet T T TLTLFUTJTJTJ1JTJ1J1J1 ,,,,,,,,,,,, LTLTLFL[:
SFDI 0@@:’0 @900@900@90 ffffffffffff 3990

13129

SFDO ? @@-0@@@@9@@99@ ------------ .QQQF

If REG[B7h] Bit & setting 0, Then Addr state will be 12T
If REG[B7h] Bit5 setting 1, Then Addr state will be 16T

Figure 16-8 : Dual — 1 Read (Reg need to modify)
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16.3.1  External Serial Character ROM

The RA8876 supports the various fonts writing to display memory by using external Genitop Inc. serial
Character ROM. RA8876 is compatible with the following products of Genitop Inc.,
GT21L16TW/GT21H16T1W, GT30L16U2W, GT30L24T3Y/GT30H24T3Y, GT30L24M1Z, and
GT30L32S4W/GT30H32S4W. These various fonts include 16x16, 24x24, 32x32, and variable-width
character size.

There are 3 types of character code format, 1 byte/2 bytes/4 bytes data, as explained below:

1. one byte character code — ASCII code for all Character ROMs

2. 2~4 bytes GB character code — The standard decoding of GB18030 in GT30L24M1Z

3. 2 bytes character code + 2 bytes Index code — Only used in Uni-code decoding of GT30L16U2W
4. Other character code length are 2 bytes only

Before adapting the specific character ROM product, it is suggested that user should know the coding
rule of it first. For the detail of the mapping rule and characters set table, please contact with Genitop
Inc.

To Note that in GT30L16U2W datasheet, the uni-code character code needs to refer to extra table
called “ZFindex Table” to determine the actually bitmap ROM address, If user write a UNI-CODE in the
range of 00A1h~33D5h or E76Ch~FFE5h, which is a special coding area, then the extra 2bytes
character code (high byte first) is needed for reference of “ZFindex table”. Other UNICODE code
outside the range only need 2 bytes of character code. About the detail, please also refer to the
datasheet of GT30L16U2W.

EX: If user will be written UNI-CODE (00A2) with GT30L16U2W, which is located in the range of
00A1h~33D5h, then MPU must write extra 2 bytes of character code indexed from ZFindex table to
RA8876.

1st Byte 00h

2nd Byte A2h

3rd Byte 00h ZFindex MSB
4th Byte 01h ZFindex LSB

Figure 16-9 : Uni-Code Zfindex

The register of “External character ROM Cycle Speed Select” provides user modulating the speed of
access external serial Flash/ROM cycle speed so that can match the ROM require access timing. The
procedure of writing text just refers to below figure:
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Text Mode l

e GT Character
REGIOSh] BifZ] = 1 control REG [CFh]

Serial flash
controller REG [B7h] GT Character

control REG [04h]

[

Serial flash
controller REG [BBh] @» Full
Source address Not Full
REG [BCh]~[BFh] Write Font Code

Font control
Register 0 [CCh

}

Font control
Register 1 [CDh

GT Character ROM Busy
Select REG [CEh

Idle

No finish

Character finish

finish

Figure 16-10 : External Character ROM Programming Procedure
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16.3.2  External Serial Data ROM

External serial Flash/ROM interface can be treated as the source of data. It can be accessed by DMA
(Direct Memory Access) and only operate in graphic mode.

The serial Flash/ROM interface can be used as the image source of DMA function. The Flash/ROM is
treated as mass data storage. Serial flash/ROM’s content formats follow structure in SDRAM memory.
Image data format in serial flash as below:

8bpp data
Addr | Bit15 | Bitl4 | Bit13 | Bit12 | Bitll | Bit10 | Bit9 | Bit8 | Addr | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
0001h | R, R,° R, G, G G, B, | B [0000h | R’ [ Re | R | Go' | G | Go° | By | By
0003h | Rs’ Rs’ Rs [N Gy Gs° Bs’ | By [0002h | R, [ R’ | RS [ G, | G | G | B, | BY
0005h | RS’ Rs’ Rs> Gs' Gs® Gs Bs’ | Bs [0004h | R/ | R | RS | GS | G° | G | Bs” | B
0007h | R, R R, [ G, G;° B, | B> | 0006h | R’ | Re | Re | Gs' | Gs | Gs | Bs" | Be
0009 | Ry’ Ro’ Ry Gy Go’ [ By, | Boo | 0008h | R’ | R | Re | Gs' | Gs | Gs | Bs’ | Bg
OOOBh Rlll Rllb Rllb Gll’ Gllb Gllb BlOI Blob OOOAh RlO’ RlOb RlOb GlOI Glob GlOb Blol B:lOb

16bpp data
Addr | Bit15 | Bitl4 | Bit13 | Bit12 | Bitll | Bit10 | Bit9 | Bit8 | Addr | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
0001h | Ry’ Ry’ Ry Ry Ry’ G | Go | G | 0000h | G | Go° | G | B’ | Be | Bo | By | Bo
0003h R, R,° R, R, R, G, G, | G° [o0002h | G | G° | G B,/ | B | B | B | B
0005h | R,’ R, R, R, R, G, Gy | G |o0004h | G | G° | G | B, | B | B | B | B
0007h | Rs’ Rs® Rs Rs Rs Gy’ | G | G [o006h | G | G° | G | B” | Bs | B | Bs' | By
0009h R, R, R, R, R, G, G, | G [ o008h | G | GS° | Gy B,/ | B | B | B, | BS
000Bh | Rs’ Rs’ Rs> Rs' Rs® Gs' Gs | Gs | 000Ah | Gs* | Gs° | G | Bs' | Bs | Bs | Bs | Bs

24bpp data
Addr | Bit15 | Bit14 | Bit13 | Bit12 | Bitll | Bit10 | Bit9 | Bit8 | Addr | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
0001h | G’ Gy Gy’ Gy’ Go Gy’ Go | Go° | 0000h | By’ | Be’ | Bo | Bs” | Bo | Be’ | By | Bo
0003h B, B,° B’ B, B, B, B, | B, [0002h | R\’ | Re° | R | Re' | Re | Ro Ro' | Ry
0005h | R’ R,° R, R, R, R, R | RJooo4h | G [ G° |G [ G| G° | G G, | G
0007h | G’ G, G, G, G, G’ | G | G |oooeh | B, | BY | B | B.Y | B | BY | B | B
0009h Bs’ B3’ B’ B B3 Bs” Bs | By [0008h | R,’ | R’ [ R | RS | RS | R, R, | RS
000Bh | Rs’ Rs’ Rs Ry Rs Rs Ry | R [000Ah | G [ G° | G | G5° | Gs° | G; Gy | G35

DMA function provides a faster method for user to update/transfer mass data to display memory. The
only source of DMA function in RA8876 is external serial Flash/ROM interface. There are two kinds of
data type defined for the DMA. One is linear mode and the other is block mode. It provides a flexible
selection for user application. The destination of DMA function is dominated by active window in display
memory. When DMA function is active, the specific data from serial Flash/ROM will be transferred one
by one to display memory by RA8876 automatically. After the DMA function is completed, an interrupt
will be asserted to Note host. About the detail operation, please refer to following sections.

16.3.2.1 DMA in Linear Mode for External Serial Data ROM

The DMA linear used to send CGRAM data for SDRAM. Active windows color depth must be set as
8bpp.The flow chart reference Figure 16-11.
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Serial Flash SDRAM

Figure 16-11

16.3.2.2 DMA in Block Mode for External Serial Data ROM

Then DMA block mode used for graphic move function. The process unit is pixel. The flow chart
reference below

Serial Flash SDRAM

Figure 16-12 : DMA Function
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START

|

DMA source start address

REG [BCh]~[BFh]

!

Serial flash image
Width REG [CAh]~[CBh]

Destination address
REG [50h]~[53h]

'

Destination image
width REG [54h]~[55h]

'

Destination X,Y REG
[COnh]~[C3h]

'

DMA process width high
[C6h]~[C9h]

Figure 16-13:

START

'

Color depth
REG[5Eh]BIt[1:0]
Linear or Block Mode
REG[5Eh]BIt[2]
Serial flash control
REG [B7h]

'

DMA enable
REG [B6h] Bit[0] = 1

Check STSR
Bit[0]

)

Enable DMA Procedure — Check Flag

!

DMA source start address
REG [BCh]~[BFh]

!

Serial flash image
Width REG [CAh]~[CBh]

!

Destination address
REG [50h]~[53h]

!

Destination image
width REG [54h]~[55h]

!

Destination X,Y REG
[COh]~[C3h]

!

DMA process width high
[C6h]~[C9N]

!

3

Color depth
REG[5Eh]BIt[1:0]

Clear Interrupt
REG [0Ch] Bit[2] =1

!

!

Linear or Block Mode
REGI[5Eh]BIt[2]

END

!

Serial flash control
REG [B7h]

!

Interrupt Enable
REG [0Bh]Bit[2] = 1

!

REG [B6h] Bit[0] = 1

Check interrupt

Figure 16-14 : DMA Enable Procedure — Check Interrupt
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16.4 1°C Master Unit

[2C Master is a two-wire, bi-directional serial bus that provides a simple and efficient method of data
exchange between devices. Only 100K bps and 400K bps modes are supported directly.
The 12C Master XSCL rate formula is as the following.

XSCL = CCLK / (5*(prescale + 2))

For example : If XSCL is 100 KHz and CCLK is 100 MHz, pre-scalar must be set to 200.

Data transference between 12C Master and Slave is synchronously by XSCL on the basis of byte. Each
data byte is 8-bit. There is one XSCL pulse for each XSDA bit and the MSB will be transmitted first. And
then an acknowledge bit will be transmitted for each transferred byte. Each bit is processing during the high
period of XSCL so that the XSDA could be change only during the low period of XSCL and must be held
stable during the high period of XSCL.

Normally, a standard 12C communication protocol consists of four parts:

1. Start signal

2. Slave address transfer
3. Data transfer

4. STOP signal

HihY FROM Master TO Slave W/R O:WRITE, 1:READ
|:| FROM Slave TO Master AJA: ACKNOWLEDGE/NOT ACKNOWLEDGE
Figure 16-15
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Example 1. Write 1 Byte Data to Slave

4 N\
Enable 12CM Enable Wait for interrupt or
REG[01h] Bit 2 Transmitting in processing
\ J REG[EAh] Bit 1
4 i N\
Enable 12CM Interrupt
REG[0Bh] Bit 5 NACK
L ) ——=Read Received acknowledge from slave
1 REG[EAh] Bit 7
4 N\
Set prescale registers to specify XSCL rate - N
REG[ESh] & REG[E6h] Write Date to Transmit Register
~ g REG[E7h]
s l N ~ /
Write slave address and wr bit to P l N
Transmit Register .
REG[E7h] Generate write command and stop command
L ) REG[E9h] Bit 4 & Bit 6
p l N - J
Generate start command and write command
REG[E9h] Bit 7 & Bit 4 Wait for interrupt or
L ) Transmitting in processing
[ REG[EAh] Bit 1

Finish

Figure 16-16 : Flow for Write 1 Byte Data to Slave

Example : Write a byte 0xB4 to slave and slave address is 0x01

Figure 16-17 : Waveform for Write 1 Byte Data to Slave
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Example 2. Read 1 Byte Data from Slave

Enable I2CM Enable
REG[01h] Bit 2

'

Enable 12CM Interrupt
REG[0Bh] Bit 5

!

Set prescale registers to specify XSCL rate
REG[E5h] & REG[E6h]

|

Write slave address and rd bit to
Transmit Register
REG[E7h]

A J

'

4 N\

Generate start command and write command
REG[E9h] Bit 7 & Bit 4

<
<

Wait for interrupt or
Transmitting in processing
REG[EAh] Bit 1

NACK
Read Received acknowledge from slave
REG[EAh] Bit 7

enerate read command, ack/nack command
and stop command
REG[E9h] Bit 5, Bit 3 and Bit 6

Wait for interrupt or
Transmitting in processing
REG[EAh] Bit 1

Read data from
I2CM Master Received Register
REG[E8h]

Figure 16-18 : Flow for Read 1 Byte Data from Slave

Example : Read a byte 0xB4 from slave and slave address is 0x01

Figure 16-19 : Waveform for Read 1 Byte Data from Slave
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17. Key-Scan Unit

The key-scan interface scan reads the switch data automatically by hardware scanning the key matrix switch.
It will help to integrate the system circuit that includes keyboard application. Figure 17-1 shows the basic
application circuit of Key-Pad on digital panel package type. RA8876 already built-in pull-up resistors in the
pins “XKIN[4:0]" so no external circuit is needed.
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Figure 17-1 : Key-Pad Application

17.1 Operation

The RA8876 Key-Scan controller features are given as below:

Supporting with up-to 5x5 Key-Scan Matrix

Programmable setting of sampling times and scan frequency of Key-Scan

Adjustable long key-press timing

Multi-Key is available

Note: Up-to 2 keys at the same time & restricted 3 keys at the same time (3 keys cannot form 90°)
5. The function of “Key stroke to wake-up the system”

PobPE

KSCR is the KEYSCAN control and status register, it is used to configure the options for KEYSCAN, such
as data sample time, sample clock frequency or long key function enable etc. When key-press is active,
user can sense it from the interrupt of KEYSCAN. The status bit of KSCR2 bit1~0 will update the number of
current key press. Then user can get the key code directly from KSDR.

Note : “Normal key” means a key press that qualified by the sample time of RA8876. “Long Key” means a
key press that keeps “pressed” for a specified long time period. That is, a “Long Key” must be a “Normal
Key” first. Sometimes they need to be separated for some applications.

Table 17-1 is the key code mapping to key-pad matrix for normal press(Note). The key code will be stored
in KSDR0O~2 when key was pressed. If it was a long time press(Note), then the key code is show as Table
17-2.

Note : “Normal key” means a key press that qualified by the sample time of RA8876. “Long Key” means a
key press that keeps “pressed” for a specified long time period. That is, a “Long Key” must be a “Normal
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Key” first. Sometimes they need to be separated for some applications.

Table 17-1: Key Code Mapping Table (Normal Key)
KinO | Kinl | Kin2 | Kin3 | Kin4
KoutO [ 00h | 01h | 02h | 03h | 04h
Koutl [ 10h | 11h | 12h | 13h | 14h
Kout2 [ 20h | 21h | 22h | 23h | 24h
Kout3 [ 30h | 31h | 32h | 33h | 34h
Kout4 [ 40h | 41h | 42h | 43h | 44h

Table 17-2: Key Code Mapping Table (Long Key)
Kin0 | Kinl | Kin2 | Kin3 | Kin4
KoutO | 80h | 81h | 82h | 83h | 84h
Koutl [ 90h | 91h | 92h | 93h | 94h
Kout2 | AOh | Alh | A2h | A3h | Adh
Kout3 [ BOh | Blh | B2h | B3h | B4h
Kout4 [ COh | C1h | C2h | C3h | C4h

When the multi-key function is applied, the up to 3 pressed keys data will be saved in the registers (KSDRO,
KSDR1 and KSDR2). Note that the order of keys saving is determined by the position (or key code) of the
keys, not the order of keys being pressed; please refer to the following example:

Press the key-code in turn of 0x34, 0x00 and 0x22, press multi-key at the same time, the key-code will be
saved in KSDR0O~2:

KSDRO = 0x00

KSDR1 = 0x22
KSDR2 = 0x34

The basic features of above Key-Scan settings are introduced as follows:

Table 17-3 : Key-Scan Relative Registers

Reg. Bit_Num | Description Reference
Bit 6 Long Key Enable bit
KSCR1 Bit [5:4] Key-Scan sampling times setting REG[FBh]

Bit [2:0] Key-Scan scan frequency setting
Bit [7] Key-Scan Wakeup Function Enable Bit

KSCR2 Bit [3:2] long key timing adjustment REGI[FCh]
Bit [1:0] The number of key hit

KSDRO
KSDR1 Bit [7:0] Key code for pressed key REG[FDh ~ FFh]
KSDR2

CCR Bit 5 Key-Scan enable bit REG[01h]

INTR Bit 4 Key-Scan interrupt enable REG[0Bh]
INTC2 Bit 4 Key-Scan Interrupt Status bit REG[0Ch]

Enabling the Key-Scan functions, programmer can use following methods to check keystroke.

1) Software check method: to know the key be pressed from keeping check the status of Key-Scan.
2) Hardware check method: to know the key be pressed from external interrupt signal.
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Please be aware that when key-scan interrupt enable bit(INTEN bit[3]) set as “1” and key event of interrupt
happens, the interrupt status of Key-Scan (bit[3] of INTF) is always set to “1”, no matter which method is
used, programmer have to clear the status bit to O after reading the correct Key Code, otherwise the

interrupt will be kept and no more interrupt will be generated again.

Besides, RA8876 allows the “Key-stroke wakeup function” for power saving mode. By setting the function
on, any legal key-stroke event can wakeup RA8876 from sleep mode. To sense the wakeup event,
RA8876 can assert hardware interrupt for MPU which can do software polling from RA8876.

The flowchart of register settings for above applications are shown as following:

1. Software Method

START

Enable Key Scan (KS)
(REG[O1]1BS = 1)

|
v

Check REG[OCh]
B3 =1

Execute Function

Clear KS status
{REG [0Ch] B3 = 0}

Read Key Press Number

Read Key Code —
REG [FDh],
REG [FEh],
REG [FFh]

Figure 17-2 : Key-Scan Flowchart for Software Polling
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2. Hardware Method

Enable Key Scan (KS)
[REG [01h] BS = 1)

Check K3 status
(REG[OCH] B3 =7)

Enable KS INT Mask
(REG[OBH] B2 = 1)

Other INT Functions

! Read Key Fress Mumber
i Read Key Code
E REG[FDh], REG[FEh] REG[FFh]

l

Execute Functions

l

Clear K3 status
REG[OCh] B3

I Ext.INT Event

L 4

Other Functions

Figure 17-3 : Key-Scan for Hardware Interrupt

17.2 Restriction

Column# (KIN#)
co C1Cc2 C3 4

RO L‘Hh 02h | 03h | 04n
r1 1100 [A1h @13h 14h

Rz | 20h | 21h | 22h | 23h | 24h

r3 [ 30n | 31h @@ 34h

Figure 17-4

Rowd# (KOUT#)

3 key are pressed with 90°, similar above figure and circled in red or blue, it will cause wrong behavior.
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18. Power Management

RA8876 have 2 operational states. One is normal state, the other is power saving state. Total have 5 power
modes for these operational states. Power consumption from high to low are list as following: Normal mode,
Suspend mode, Slow mode, Standby mode and Sleep mode. Bold characters in following procedure mean
user input relative command.

18.1 Normal State
18.1.1 Slow Mode

It is default power mode. In this mode, core clock, memory clock & scan clock are switch to OSC clock
and all PLL disabled.

18.1.2 Normal Mode

It entered by set “Select PLL clock” bit as 1. User must program proper PLL parameters for each PLL
(CPLL, MPLL & SPLL) before enable it. User must wait PLL clock stable then start normal operation.
User may check register 01h bit[7] to know PLL clock is stable or not.

18.2 Power Saving State
18.2.1 Sleep Mode

Under sleep mode, all clocks (core clock, memory clock & scan clock) will stop finally.
Enter sleep mode:

i Set power saving mode as sleep mode

ii. Enter power saving state (to program register DFh bit[7] as 1)

iii. SDRAM auto enter power down mode or self refresh mode, depends on register EOh bit 7’'s
setting. (Set register EOh bit [7] as O will execute power down command when enter power
saving state, Set register EOh bit 7 as 1 will execute self refresh command when enter power
saving state.)

iv.  Internal circuit enter suspend state.

v.  Disable memory clock & scan clock

vi.  Switch core clock from CPLL clock to OSC.

vii. If MPU I/F is parallel bus then RA8876 will stop OSC. If MPU I/F is serial bus the RA8876 will
keep OSC run.

viii. Power down all PLL (CPLL/SPLL/MPLL)

ix. User check status register’'s power saving bit and wait it becomes 1 to make sure
RA8876 already enter power saving state.

*Note: the period between user Enter power saving state command and chip enter power

saving state any wakeup event are not acceptable.

Return to normal operation mode:

i Leave power saving state (to program register DFh bit[7] as 0)

i. Enable OSC run if OSC is stopped in stop mode

iii.  Switch core clock back to OSC.

iv. Resume all PLL (CPLL/SPLL/MPLL)

v.  Switch all clocks (Core clock, SDRAM clock & Scan clock) back to PLL clock.
vi. User checks status register’'s power saving bit and wait it becomes 0.

18.2.2 Suspend Mode

Under suspend mode, core clock & scan clock will stop and memory clock will switch to OSC clock.
Enter suspend mode:

i According to OSC frequency program proper SDRAM refresh rate
ii. Setpower saving state as suspend mode
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iii.
iv.
V.
Vi.
Vii.
Viii.
iX.
X.

Enter power saving mode (program register DFh bit[7] as 1)

Internal circuit enter suspend state.

Auto disable scan clock

Auto switch core clock and memory clock from PLL clock to OSC.

Auto disable core clock

Keep OSC run

Power down all PLL (CPLL/SPLL/MPLL)

User check status register’'s power saving bit and wait it becomes 1 to make sure
RA8876 already enter power saving state.

*Note: the period between user Enter power saving state command and chip enter power
saving state any wakeup event are not acceptable.

Return to normal operation mode:

i.
ii.
iii.
iv.
V.
Vi.

Leave power saving state (program register DFh bit[7] as 0)

Enable OSC run if OSC is stopped in stop mode

Switch core clock back to OSC.

Resume all PLL (CPLL/SPLL/MPLL)

Switch all clocks (core clock, memory clock & scan clock) back to PLL clock.
User checks status register’'s power saving bit and wait it becomes 0.

18.2.3 Standby Mode

Under standby mode, core clock & scan clock will stop and memory clock will keep MPLL clock.
Enter standby mode:

i.
ii.
iii.
iv.
V.
Vi.
Vii.
Viii.

*Not

Set power saving state as standby mode

Enter power saving mode (program register DFh bit[7] as 1)

Internal circuit enter suspend state.

Disable Scan clock

Switch core clock to OSC and keep memory clock on MPLL clock

Keep OSC run

Keep all PLL alive for rapid recovery

User check status register’'s power saving bit and wait it becomes 1 to make sure
RAB8876 already enter power saving state.

e: the period between user Enter power saving state command and chip enter power

saving state any wakeup event are not acceptable.

Return
i.
ii.
iii.

to normal operation mode:

Leave power saving state (program register 0 DFh bit[7] as 0)
Switch core clock & scan clock back to PLL clock.
User checks status register’'s power saving bit and wait it becomes 0.

18.3 Power Mode Comparison Table

Item Normal State Power Saving State
Slow Normal Standby mode Suspend mode Sleep mode
mode mode
PLL PLL Parallel Serial Parallel Serial Parallel Serial
disable enable MPU MPU MPU MPU MPU MPU
MCLK OosC MPLL MPLL MPLL OSC OSC stop stop
clock clock clock
CCLK | osc S&t 0sC 0sC stop 0sC stop 0sC
PCLK OSsC EIE(L::; stop stop stop stop stop stop
CPLL Off On On On Off Off Off Off
MPLL Off On On On Off Off Off Off
SPLL Off On On On Off Off Off Off
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19.Reqister

There are 4 types of cycles used in host interface of RA8876, please refer to Table 19-1 for detail. The
programming or reading of the registers in RA8876 is composed by the cycles. RA8876 includes a status
register and many instruction registers. The status register is read only and can be read by “Status Read”
cycle. The instruction registers, that is used to program almost functions, can be programmed by
“Command Write” cycle and “Data Write” cycle. The “Command Write” cycle sets the register number to
program, and the “Data Write” cycle set the data of the register. When reading the specific instruction
registers, host asserts a “Data read” cycle following the “Command Write cycle”. The “Command Write”
cycle sets the register number to program, and the “Data Read” cycle read the data of the register.

Note: When MPU access registers before set “Select PLL clock” bit as 1 or MPU access frequency higher
than system clock frequency, MPU cycle must insert 2 cycles delay to make sure two MPU cycle’s interval
higher than clock period.

Table 19-1 : Host Cycle Type

MPU_8080 MPU_6800

Cycle Type | XnCS | XAO o
XnRD | XnWR | XnRD | XnWR Description

EN RnW EN RnW

Command

Write 0 0 1 0 1 0 Register number write cycle
Status
Read 0 0 0 1 1 1 Status read cycle
Corresponding Register
Data Write 0 1 1 0 1 0 data/Memory data write cycle

following the Command Write cycle.
Corresponding Register

Data Read 0 1 0 1 1 1 data/Memory data read cycle
following the Command Write cycle.

The registers function description is listed below, for each register, a register name and register number is
described upper each register function table. Each register contains up-to 8 bits data. In the register function
table, detail description, default value and access attribute (RO: Read only, WO: Write only, RW: Read-able
and Write-able) are described.

19.1 Status Register

Status Register (STSR)
Bit Description Default Access

Host Memory Write FIFO full
0: Memory Write FIFO is not full.
7 1: Memory Write FIFO is full. 0 RO
Only when Memory Write FIFO is not full, MPU may write another
one pixel.

Host Memory Write FIFO empty

0: Memory Write FIFO is not empty.

6 1: Memory Write FIFO is empty. 1 RO
When Memory Write FIFO is empty, MPU may write 8bpp data 64
pixels, or 16bpp data 32 pixels, 24bpp data 16 pixels directly.
Host Memory Read FIFO full

0: Memory Read FIFO is not full.

5 1: Memory Read FIFO is full. 0 RO
When Memory Read FIFO is full, MPU may read 8bpp data 32
pixels, or 16bpp data 16 pixels, 24bpp data 8 pixels directly.
Host Memory Read FIFO empty

4 0: Memory Read FIFO is not empty. 1 RO
1: Memory Read FIFO is empty.
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RAIO™

Bit

Description

Default

Access

Core task is busy

Following task is running:

BTE, Geometry engine, Serial flash DMA, Text write or Graphic
write

0: task is done or idle.

1: task is busy.

While User change canvas relative setting & switch text mode or
graphic mode must make sure core task is done.

Note: BTE, Geometry drawing & Serial flash DMA also may
check each start bit. Under text mode, if user wants to change
rotate attribute, character line gap, character-to-character space,
foreground color, background color and Text/graphic mode
setting, he must make sure core_busy(fontwr_busy) status bit is
low.

RO

SDRAM ready for access

0: SDRAM is not ready for access

1: SDRAM is ready for access

If this bit stuck at 0, it may be waiting for “sdr_init” bit set as 1.

RO

Operation mode status

0: Normal operation state

1: Inhibit operation state

Inhibit operation state means internal reset event keep running or
initial display still running or chip enter power saving state.

In power saving state, this bit becomes 1 until PLL clock stop. So
it has a little time lag compare with power saving state
bit(Reg[DFh] hit[7]).

RO

0

Interrupt pin state
0: without interrupt active
1: interrupt active

RO

Note : “RO” means read only.

19.2 Chip Configuration Registers

REG[00h] Software Reset Register (SRR)

Bit

Description

Default

Access

7-5

NA

06h

RO

4-2

NA

05h

RO

1

NA

1

RO

Software Reset

0: Normal operation.

1: Software Reset.

Software Reset only reset internal state machine. Configuration
Registers value won't be reset. So all read-only flag in the
register will return to its initial value. User should have proper
action to make sure flag is in desired state.

Note: The bit will auto clear after reset.

WO

Warning condition flag

0: No warning operation occurred

1: Warning condition occurred.

Please check REG[E4h] bit 3 for more detail.

RO
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REG[01h] Chip Configuration Register (CCR)
Bit Description Default Access

Reconfigure PLL frequency
Write “1” to this bit will reconfigure PLL frequency.

Note:
7 a. When user change PLL relative parameters, PLL clock won't 1 RW
change immediately, user must set this bit as “1” again.
b. User may read (check) this bit to know whether system
already switch to PLL clock or not yet. Read “1” means PLL
clock ready and switch successfully.
Mask XnWAIT on XnCS deassert
0 : No mask
XnWAIT keep assert if internal state keep busy and cannot
accept next R/W cycle, no matter XnCS assert/deassert. If
6 MPU cycle cannot be extended while XnWAIT keep low, user 0 RW
should poll XnWAIT and wait it goes high then start next
access.
1: Mask
XnWAIT deassert when XnCS deassert. Use in MPU cycle can
be extended by XnWAIT automatically.
Key-Scan Enable/Disable
0: Disable.
5 1: Enable. 0 RW

When SDR SDRAM 32bits bus function enable, this bit is
ignored. XKIN[O}/XKOUTI0] will become SDRAM bus function.

For RA8876

TFT Panel I/F Output pin Setting
00b: 24-bits TFT output.

4-3 01b: 18-bits TFT output. 01b RW
10b: 16-bits TFT output.

11b: w/o TFT output.

Other unused TFT output pins are set as GPIO or Key function.
I12C master Interface Enable/Disable

0: Disable (GPIO function)

1: Enable (I12C master function)

I2C master pins are shared with XKIN[0] & XKOUT]JO0].

When SDR SDRAM 32bits bus function disable, this bit has
2 higher priority than Key-Scan Enable bit. ie. if I2C master and 0 RW
Key-Scan are enable simultaneously then XKIN[O]/XKOUTI[O] will
become 12C function & other XKIN/XKOUT pins still keep
Key-scan function. When SDR SDRAM 32bits bus function
enable, this bit is ignored & XKIN[O]/XKOUT[0] become SDR
SDRAM bus function.

Serial Flash or SPI Interface Enable/Disable

0: Disable (GPIO function)

1 1: Enable (SPI master function) 0 RW
When SDR SDRAM 32bits bus function enable, this bit is ignored
& Serial flash pins become SDR SDRAM bus function.

Host Data Bus Width Selection

0: 8-bit Host Data Bus.

1: 16-bit Host Data Bus. 0 RW
*** |f Serial host I/F selected or in initial display operation period,
chip will force this bit as 0 and only allow 8-bit access.

It has lower priority than SDR SDRAM 32bits bus setting.
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REG[02h] Memory Access Control Register (MACR)

Bit

Description

Default

Access

7-6

Host Read/Write image Data Format

MPU read/write data format when access memory data port.
Oxb: Direct write (for all 8 bits MPU I/F, 16 bits MPU I/F with
8bpp data mode 1 & 2, 16 bits MPU I/F with 16/24-bpp data
mode 1 & serial host interface)

10b: Mask high byte of each data (ex. 16 bit MPU I/F with 8-bpp
data mode 1)

11b: Mask high byte of even data (ex. 16 bit MPU I/F with
24-bpp data mode 2)

RwW

Host Read Memory Direction (Only for Graphic Mode)
00b: Left > Right then Top - Bottom.

01b: Right = Left then Top ->Bottom.

10b: Top - Bottom then Left > Right.

11b: Bottom = Top then Left > Right.

Ignored if canvas in linear addressing mode.

RwW

NA

RO

2-1

Host Write Memory Direction (Only for Graphic Mode)

00b: Left &> Right then Top ->Bottom. (Original)

01b: Right = Left then Top = Bottom. (Horizontal flip)

10b: Top > Bottom then Left > Right. (Rotate right 90° &
Horizontal flip)

11b: Bottom -> Top then Left = Right. (Rotate left 90)

Ignored if canvas in linear addressing mode.

RwW

NA (must keep it as 0)

RO

Bit

REG[03h] Input Control Register (ICR)

Description

Default

Access

Output to MPU Interrupt pin’s active level
0 : active low.
1 : active high.

RwW

External interrupt input (XPS[0] pin) de-bounce
0 : without de-bounce
1 : enable de-bounce (1024 OSC clock)

RwW

5-4

External interrupt input (XPS[0] pin) trigger type
00 : low level trigger

01 : falling edge trigger

10 : high level trigger

11 : rising edge trigger

00b

RwW

NA

RwW

Text Mode Enable

0 : Graphic mode.

1: Text mode.

Before toggle this bit user must make sure core task busy bit in
status register is done or idle.

This bit always 0 (in graphic mode) if canvas’ address mode is
linear mode.

RW

1-0

Memory port Read/Write Destination Selection

00b: Image buffer (SDRAM) for image data, pattern,
user-characters. Support Read-modify-Write. For Read after
Write, user must set image write position again.

0lb: Gamma table for Color Red/Green/Blue. Each color's
gamma table has 256 bytes. User need specify desired gamma
table and continuous write 256 bytes.

10b : Graphic Cursor RAM (only accept low 8-bits MPU data,
similar normal register data r/w.), not support Graphic Cursor

RW
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RAM read. It contains 4 graphic cursor sets. Each set has
128x16 bits. User need specify target graphic cursor set and
continue write 256 bytes.

11b : Color palette RAM. It is 64x12 bits SRAM, so even
address’ data only low 4 bits are valid. Not support Color palette
RAM read. User need continue write 128 bytes.

REG[04h] Memory Data Read/Write Port (MRWDP)
Bit Description Default Access

Write Function : Memory Write Data

Data to write in memory corresponding to the setting of
REG[04h][1:0]. Continuous data write cycle can be accepted in
bulk data write case.

Note:

a. Image data in SDRAM: according MPU I/F bit width setting
(8/16-bits), Host R/W image data format, canvas color depth and
set canvas in block mode.

b. Pattern data for BTE operation in SDRAM: according MPU
I/F bit width setting (8/16-bits), Host R/W image data format,
canvas color depth and set canvas in block mode. Active
window’s width and height should set as 8x8 or 16x16 depend on
user required.

c. User-characters in SDRAM: according MPU I/F bit width
setting (8/16-hits), Host R/W image data format and set canvas in
linear mode.

d. Character code: only accept low 8-bits MPU data, similar to
normal register R/W. For two bytes character code, input high
byte first. To user defined Character, code < 8000h is half size,
code >= 8000h is full size.

e. Gamma table data: only accept low 8-bits MPU data. User
must set “Select Gamma table sets([3Ch] Bit6-5)" to clear internal
7-0 Gamma table’s address counter then start to write data. User -- RW
should program 256 bytes data to memory data port.

f. Graphic Cursor RAM data: only accept low 8-bits MPU data.
User must set “Select Graphic Cursor sets” bits to clear internal
Graphic Cursor RAM address counter then start to write data.

g. Color palette RAM data: only accept low 8-bits MPU data.
User must program full Graphic Cursor RAM (64x12) in a
continuous 128 data write to memory data port and cannot
change register address.

Read Function : Memory Read Data

Data to read from memory corresponding to the setting of
REG[04h][1:0]. Continuous data read cycle can be accepted in
bulk data read case.

Notel: if you set this port address from different port address,
must issue a dummy read, the first data read cycle is dummy
read and data should be ignored. Graphic Cursor RAM & Color
palette RAM data are not support data read function.

Note2: read memory data is 4 bytes alignment no matter color
depth setting.

Note3: If user write data to SDRAM user must make sure write
FIFO is empty before he change register number or core task
busy status bit becomes idle.
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Bit

Description

Default

Access

7

RESERVED

RwW

6

NA

RO

5-3

SCLK extra divider
xx1b: divided by 16
000b: divided by 1.
010b: divided by 2.
100b: divided by 4.
110b: divided by 8.

RwW

2-1

SCLK PLLDIVK]1:0]
SCLK PLL Qutput divider
00b: divided by 1.

01b: divided by 2.

10b: divided by 4.

11b: divided by 8.

RwW

SCLK PLLDIVM
PCLK PLL Pre-driver parameter.
Ob: divided by 1.
1b: divided by 2.

RwW

REG[06h] SCLK PLL Control Register 2 (PPLLC2)

Bit

Description

Default

Access

7-6

NA

0

RO

5-0

SCLK PLLDIVN[5:0]
SCLK PLL input parameter, the value should be 1~63. (i.e. value
0 is forbidden).

17h

RwW

*PCLK is used by panel's scan clock and derived from SCLK.

REG[07h] MCLK PLL Control Register 1 (MPLLC1)

Bit

Description

Default

Access

7-3

NA

0

RO

2-1

MCLK PLLDIVK]1:0]
PCLK PLL Output divider
00b: divided by 1.

01b: divided by 2.

10b: divided by 4.

11b: divided by 8.

RwW

MCLK PLLDIVM
MCLK PLL Pre-driver parameter.
Ob: divided by 1.
1b: divided by 2.

RwW

REG[08h] MCLK PLL Control Register 2 (MPLLC2)

Bit

Description

Default

Access

7-6

NA

0

RO

5-0

MCLK PLLDIVN[5:0]
MCLK PLL input parameter, the value should be 1~63. (i.e.
value 0 is forbidden).

1Dh

RwW

*MCLK is used by SDRAM’s clock
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REG[09h] CCLK PLL Control Register 1 (SPLLC1)
Bit Description Default Access

7-3 NA 0 RO
CCLK PLLDIVK][1:0]

CCLK PLL Output divider

00b: divided by 1.

01b: divided by 2.

10b: divided by 4.

11b: divided by 8.

CCLK PLLDIVM

CCLK PLL Pre-driver parameter.
Ob: divided by 1.

1b: divided by 2.

2-1

REG[O0Ah] CCLK PLL Control Register 2 (SPLLC2)
Bit Description Default Access

7-6 NA 0 RO
CCLK PLLDIVN[5:0]
5-0 CCLK PLL input parameter, the value should be 1~63. (i.e. value 2Ah RwW
0 is forbidden).

*CCLK is used by core’s clock

The clock of RA8876 is generated by oscillator and internal xCLK PLL circuit. The following formula is used

for panel scan clock calculation:
(Fir%xPLLDIVM +1))>< (XPLLDIVN +1)

PLLDIVK
2X

XCLK =

Note :

1. PLL's parameters can be changed only when PLL disabled.

2. After REG[xxh] or REG[xxh] is programmed, a lock time (< 30us) must be kept to guarantee the stability
of the PLL output.

3. The input OSC frequency (Fy) must greater & PLLDIVM has following restriction:

10MHz < Fin £15MHz
&
Fin
10MHz < SPLOW <40MHz
Fin

4. The internal multiplied clock frequency FVCO:W

x (PLLDIVN +1) must be equal to or

greater than 100 MHz and small than 600MHz. i.e,
100MHz < Fvco < 600MHz
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19.4 Interrupt Control Registers

The relationship about Interrupt Enable Register, Interrupt Event Flag Register & Mask Interrupt Flag Register:

interrupt enable
1 -- mask 4P—L
interrupt maskD o
. interrupt fla
interrupt event

interrupt enable
1 -- mask 4P—L
interrupt maskD o _ 7
interrupt event Interrupt fia .
L ]

[ ]
. .
interrupt enable
1 -- mask 4;3—‘
interrupt maskD o
. interrupt fla
interrupt event

Figure 19-1

XnINTR

REG[OBh] Interrupt Enable Register (INTEN)

Bit Description Default | Access

Wakeup/resume Interrupt Enable
7 0: Disable. 0 RW
1. Enable.

External Interrupt input (XPS[0] pin) Enable
0: Disable.

6 1: Enable 0 RW
When SDR SDRAM 32bits bus function enable, this bit is ignored
and external interrupt input function is disabled.

I2C Master Interrupt Enable

5 0: Disable 0 RW
1: Enable

Vsync time base interrupt Enable Bit
0: Disable Interrupt

4 1: Enable Interrupt 0 RW
This interrupt event may provide the host processor with VVsync
signal information for tearing effect.

Key Scan Interrupt Enable Bit

3 0: Disable Key scan interrupt 0 RW
1: Enable Key scan interrupt

Serial flash DMA Complete | Draw task finished | BTE Process
Complete etc. Interrupt Enable 0
0: Disable Interrupt

1: Enable Interrupt

PWM timer 1 Interrupt Enable Bit
1 0: Disable Interrupt. 0 RW
1: Enable Interrupt.

PWM timer O Interrupt Enable Bit
0 0: Disable Interrupt. 0 RW
1: Enable Interrupt.

RW
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REG[OCh] Interrupt Event Flag Register (INTF)
* If you received an interrupt but cannot identify it on Interrupt Event Flag Register, please check SPI master status
register’s interrupt flag bits.

Bit Description Default Access

Wakeup/resume Interrupt flag

Write Function = Wakeup/resume Interrupt Clear Bit
0: No operation.

7 1: Clear Wakeup/resume interrupt. 0 RW
Read Function ®*Wakeup/resume Interrupt Status

0: No Wakeup/resume interrupt happens.

1: Wakeup/resume interrupt happens.

External Interrupt input (XPS[0] pin) flag

Write Function =» XPS[0] pin edge Interrupt Clear Bit
0: No operation.

6 1: Clear the XPS[0] pin edge interrupt. 0 RW
Read Function = XPS[0] pin Interrupt Status
0: No XPS[0] pin interrupt happens.

1: XPSJ[0] pin interrupt happens.

I2C master Interrupt flag

Write Function=>» 12C master Interrupt Clear Bit
0: No operation.

5 1: Clear the 12C master interrupt. 0 RW
Read Function = 12C master Interrupt Status
0: No 12C master interrupt happens.

1: 12C master interrupt happens.

Vsync Time base Interrupt flag

Write Function =»Vsync Interrupt Clear Bit

0: No operation.

1: Clear the interrupt.

Read Function = Vsync Interrupt Status

0: No interrupt happens.

1: interrupt happens.

Xvsync T

LCD Panel Digital Interface

xnintr i

MPU Interrupt active low(03h)

ﬂ 4|—L| ! Clear the interrupt , when vsync Interrupt Clear Bit = 1(Write Function)
vsync_tlag Ak

Interrupt Event Flag Register(OCh) < _>]

*if xvsync is low active.

Key Scan Interrupt flag

Write Function=2»Key Scan Interrupt Clear Bit
0: No operation.

3 1: Clear the Key Scan interrupt. 0 RW
Read Function =»Key Scan Interrupt Status

0: No Key Scan interrupt happens.

1: Key Scan interrupt happens.

Serial flash DMA Complete | Draw task finished | BTE
Process Complete etc. Interrupt flag

Write Function=» Interrupt Clear Bit

0: No operation.

1: Clear interrupt.

Read Function=»Interrupt Status

0: No interrupt happens.

1: interrupt happens.

PWM 1 timer Interrupt flag

Write Function=»Interrupt Clear Bit

0: No operation.

1: Clear interrupt.
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Bit Description Default Access

Read Function=>»Interrupt Status
0: No interrupt happens.

1: interrupt happens.

PWM 0 timer Interrupt flag

Write Function=»Interrupt Clear Bit
0: No operation.

0 1: Clear interrupt. 0 RW
Read Function=>»Interrupt Status
0: No interrupt happens.

1: interrupt happens.

REG[0Dh] Mask Interrupt Flag Register (MINTFR)

*** |f you masked certain interrupt flag, then RA8876 neither assert interrupt event to MPU nor checked it on
Interrupt Flag Register. But if you unmasked certain interrupt flag and disable this interrupt then MPU won't
be informed by XnINTR but you still may check it on interrupt Flag Register.

Bit Description Default Access

Mask Wakeup/resume Interrupt Flag
7 0: Unmask. 0 RW
1: Mask.

Mask External Interrupt (XPS[0] pin) Flag
6 0: Unmask. 0 RW
1: Mask.

Mask 12C Master Interrupt Flag
5 0: Unmask. 0 RW
1. Mask.

Mask Vsync time base interrupt Flag
4 0: Unmask. 0 RW
1: Mask.

Mask Key Scan Interrupt Flag
3 0: Unmask. 0 RW
1: Mask.

Mask Serial flash DMA Complete | Draw task finished | BTE
Process Complete etc. Interrupt Flag

0: Unmask.

1: Mask.

Mask PWM timer 1 Interrupt Flag

1 0: Unmask. 0 RW
1: Mask.

Mask PWM timer O Interrupt Flag
0 0: Unmask. 0 RW
1: Mask.

REG[OEh] Pull- high control Register (PUENR)
Bit Description Default Access

7.6 NA 0 RO
GPIO-F[7:0] Pull-high Enable (XPDAT[23:19, 15:13])
0: Pull-Up Disable

1: Pull-Up Enable

* Only available when XPDAT configure as GPIO function
GPIO-E[7:0] Pull- high Enable (XPDAT[12:10, 7:3])

0: Pull-Up Disable

1: Pull-Up Enable

* Only available when XPDAT configure as GPIO function

0 RW
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Bit Description Default Access
GPIO-D[7:0] Pull- high Enable (XPDATI[18, 2, 17, 16, 9, 8,
110])

3 0: Pull-Up Disable 0 RW

1: Pull-Up Enable

* Only available when XPDAT configure as GPIO function
GPIO-CJ[4:0] Pull- high Enable (XnSFCS1, XnSFCSO0, XMISO,
XMQOSI , XSCK)

0: Pull-Up Disable

1: Pull-Up Enable

XDB[15:8] Pull- high Enable

1 0: Pull-Up Disable 0 RW
1: Pull-Up Enable

XDB[7:0] Pull- high Enable
0 0: Pull-Up Disable 0 RW
1: Pull-Up Enable

REG[OFh] PDAT for PIO/Key Function Select Register (PSFSR)
Bit Description Default Access

XPDAT[18] — GPIO or Key function select
7 0: GPIO-D7 0 RW
1: XKOUT[4]

XPDAT[17] —GPIO or Key function select
6 0: GPIO-D5 0 RW
1: XKOUTI[2]

XPDAT[16] —GPIO or Key function select
5 0: GPIO-D4 0 RW
1: XKOUTI1]

XPDATI[9] —GPIO or Key function select
4 0: GPIO-D3 0 RW
1: XKOUTI3]

XPDATI[8] —GPIO or Key function select
3 0: GPIO-D2 0 RW
1: XKIN[3]

XPDAT[2] —GPIO or Key function select
2 0: GPIO-D6 0 RW
1: XKIN[4]

XPDATI[1] —GPIO or Key function select
1 0: GPIO-D1 0 RW
1: XKIN[2]

XPDATI[0] —GPIO or Key function select
0 0: GPIO-DO 0 RW
1: XKIN[1]
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19.5 LCD Display Control Registers

(0,0 (HDWR)

Main Image Start Address
(MISA)

Main Image Width
(MIW)

(PWDULX, PWDULY)
[ 2

(VDHR)

. . S Horiz
Main Window Upper-Left corner

ontal Display Windows Width
(HDWR)

X-coordination (MWULX)
Main Window Upper-Left corner

AN
Y-coordination (MWULY) .

\.
\.

Vertical Display Windows Height
(VDHR)

T — (Mai

PIP Window Display Upper-Left corner
X-coordination (PWDULX)

PIP Window Display Upper-Left corner

\. Y-coordination (PWDULY)

n Window Image)

~. PIP Image Start Address
N (PISA)

PIP Image Width
(PIW)

N
N
N
N 4
<P'F’W'"d°vu‘

SDRAM
Figure 19-2 LCD Display
REG[10h] Main/PIP Window Control Register (MPWCTR)
Bit Description Default Access
PIP 1 window Enable/Disable
0 : PIP 1 window disable.
! 1: PIP 1 window enable 0 RW
PIP 1 window always on top of PIP 2 window.
PIP 2 window Enable/Disable
0 : PIP 2 window disable.
6 1: PIP 2 window enable 0 RW
PIP 1 window always on top of PIP 2 window.
5 NA 0 RO
Select Configure PIP 1 or 2 Window’s parameters
PIP window’s parameter including Color Depth, starting address,
image width, display coordinates, window coordinates, window
4 . . : 0 RW
width, window height.
0: To configure PIP 1's parameters.
1: To configure PIP 2's parameters.
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Bit

Description

Default

Access

3-2

Main Image Color Depth Setting

00b: 8-bpp generic TFT, i.e. 256 colors.
01b: 16-bpp generic TFT, i.e. 65K colors.
1xb: 24-bpp generic TFT, i.e. 1.67M colors.

RwW

NA

RW

To Control panel’s synchronous signals
0: Sync Mode: Enable XVSYNC, XHSYNC, XDE
1: DE Mode: Only XDE enable, XYSYNC & XHSYNC in idle state

RwW

REG[11h] PIP Window Color Depth Setting (PIPCDEP)

Bit

Description

Default

Access

7-4

NA

0

RO

3-2

PIP 1 Window Color Depth Setting

00b: 8-bpp generic TFT, i.e. 256 colors.
01b: 16-bpp generic TFT, i.e. 65K colors.
1xb: 24-bpp generic TFT, i.e. 1.67M colors.

RwW

1-0

PIP 2 Window Color Depth Setting

00b: 8-bpp generic TFT, i.e. 256 colors.
01b: 16-bpp generic TFT, i.e. 65K colors.
1xb: 24-bpp generic TFT, i.e. 1.67M colors.

RwW

REG[12h] Display Configuration Register (DPCR)

Bit

Description

Default

Access

PCLK Inversion
0: XPDAT, XDE, XHSYNC etc. Panel fetches XPDAT at XPCLK
rising edge.

L f 1 fF 1 1 1 1 1 F 1 F 1 F
XDE T

HKPCLK

XPDAT _— X X X X X X

1: PDAT, DE, HSYNC etc. Panel fetches PDAT at PCLK falling
edge.

Mrorr»rrr+»r»r»ryr—
XDE

HPCLK

XPDAT X X X K

RwW

Display ON/OFF
Ob: Display Off.
1b: Display On.

RwW

Display Test Color Bar
Ob: Disable.
1b: Enable.

RwW

This bit must be set 0.

RO

VDIR

Vertical Scan direction
0 : From Top to Bottom
1 : From bottom to Top

RwW

Parallel XPDAT[23:0] Output Sequence /
LVDS Color Serial Data Output Sequence
000b : RGB

RwW
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001b : RBG
010b : GRB
011b: GBR
100b : BRG
101b : BGR
110b : Gray
111b : send out idle state (all 0 or 1, black or white color).

Notel : When VDIR =1 - pip window, graphic cursor and text cursor function will be disable automatically.

REG[13h] Panel scan Clock and Data Setting Register (PCSR)
Bit Description Default Access

XHSYNC Polarity
7 0 : Low active. 0 RW
1 : High active.
XVSYNC Polarity
6 0 : Low active. 0 RW
1 : High active.
XDE Polarity
5 0 : High active. 0 RW
1: Low active.

XDE IDLE STATE

(in power saving mode or DISPLAY OFF)

4 0 : Pin “DE” output is low. 0 RW
1 : Pin “DE” output is high.
XPCLK IDLE STATE

3 (in power saving mode or DISPLAY OFF) 0 RW

0 : Pin “PCLK” output is low.

1: Pin "“PCLK” output is high.

XPDAT IDLE STATE

(in Vertical/horizontal non-display period or power saving
2 mode or DISPLAY OFF) 0 RW
0 : Pins “PDAT[23:0]" output is low.

1 : Pins “PDATI[23:0]" output is high.
XHSYNC IDLE STATE

(in power saving mode or DISPLAY OFF )

1 0: Pin “HSYNC" output is low. 1 RW
1: Pin "HSYNC" output is high.
XVSYNC IDLE STATE

0 (in power saving mode or DISPLAY OFF) 1 RW

0 : Pin “WSYNC” output is low.
1: Pin “VSYNC" output is high.
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VPW VND VDH VST
[ I I I

xvsywe o I—
S | 1 (O
XPDATA @7 _________ [— LI?E Ll"\\llE/ —

e [ ]

XHSYNC

HPW  HND HDW HST
[ I I I I
XPCLK
XDE |

XPDATA Valid Data

Figure 19-3 : Digital TFT Panel Timing

REG[14h] Horizontal Display Width Register (HDWR)
Bit Description Default Access

Horizontal Display Width Setting Bit[7:0]

The register specifies the LCD panel horizontal display width in
7-0 the unit of 8 pixels resolution. 4Fh RW
Horizontal display width(pixels) = (HDWR + 1) * 8 + HDWFTR
Maximum value cannot over 2048.

REG[15h] Horizontal Display Width Fine Tune Register (HDWFTR)
Bit Description Default Access

7-4 NA 0 RO
Horizontal Display Width Fine Tuning (HDWFT) [3:0]

The register specifies the fine tune value for horizontal display
3.0 width. It is used to support panel which horizontal size is not a

multiple of 8. Each level of this modulation is 1 pixel. 0 RW
Horizontal display width(pixels) = (HDWR + 1) * 8 + HDWFTR
Maximum value cannot over 2048.
REG[16h] Horizontal Non-Display Period Register (HNDR)
Bit Description Default Access
7-5 NA 0 RO

Horizontal Non-Display Period(HNDR) Bit[4:0]

This register specifies the horizontal non-display period. Also

4-0 called back porch. 03h RW

Horizontal non-display period or Back porch (pixels) =
(HNDR + 1) * 8 + HNDFTR
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REG[17h] Horizontal Non-Display Period Fine Tune Register (HNDFTR)
Bit Description

Default Access
7-4 NA

0 RO
Horizontal Non-Display Period Fine Tuning(HNDFT) [3:0]
This register specifies the fine tuning for horizontal non-display

period (also called back porch); it is used to support the SYNC
mode panel. Each level of this modulation is 1-pixel.

Horizontal non-display period or Back porch (pixels) =
(HNDR + 1) * 8 + HNDFTR

06h RW

REG[18h] HSYNC Start Position Register (HSTR)

Bit Description Default
7-5 NA 0
HSYNC Start Position[4:0]

The starting position from the end of display area to the
4-0

beginning of HSYNC. Each level of this modulation is 8-pixel. 1Fh
Also called front porch.

HSYNC Start Position or Front porch (pixels) = (HSTR + 1)x8

Access
RO

RW

REG[19h] HSYNC Pulse Width Register (HPWR)
Bit Description Default
7-5 NA

0
HSYNC Pulse Width(HPW) [4:0]
The period width of HSYNC.

0 RW
HSYNC Pulse Width(pixels) = (HPW + 1)x8

Access
RO

4-0

REGJ[1Ah] Vertical Display Height Register 0(VDHRO)
Bit Description

Default Access
7.0 Vertical Display Height Bit[7:0]

Vertical Display Height(Line) = VDHR + 1 DFh RW

REG[1Bh] Vertical Display Height Register 1 (VDHR1)
Bit Description Default Access
7-3 NA

0 RO
2.0 Vertical Display Height Bit[10:8]
Vertical Display Height(Line) = VDHR + 1

01h RW

REG[1Ch] Vertical Non-Display Period Register O(VNDRO)
Bit Description

Default Access
7.0 Vertical Non-Display Period Bit[7:0]
Vertical Non-Display Period(Line) = (VNDR + 1)

15h RW

REG[1Dh] Vertical Non-Display Period Register 1(VNDR1)
Bit Description

Default Access
7-2 NA

0 RO
1-0 Vertical Non-Display Period Bit[9:8]
Vertical Non-Display Period(Line) = (VNDR + 1)

0 RW
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REG[1Eh] VSYNC Start Position Register (VSTR)
Bit Description

Default Access
VSYNC Start Position[7:0]
) The starting position from the end of display area to the
-0 beginning of VSYNC. OBh RW
VSYNC Start Position(Line) = (VSTR + 1)
REG[1Fh] VSYNC Pulse Width Register (VPWR)
Bit Description Default Access
7-6 NA 0 RO
VSYNC Pulse Width[5:0]
5-0 The pulse width of VSYNC in lines. 0 RW
VSYNC Pulse Width(Line) = (VPWR + 1)

Note : Following multiple bytes registers from 20h to 3Bh only take effect on MSB was wrote.
Ex. To program Main Image Start Address from 20h to 23h and this address take effect on register [23h]
was wrote.

REG[20h] Main Image Start Address 0 (MISAQ)
Bit Description

Default Access
7.0 Main Image Start Address[7:0]
It must be divisible by 4. Bit [1:0] tie to “0” internally.

0 RW

REG[21h] Main Image Start Address 1 (MISA1)
Bit Description

Default Access
7-0 Main Image Start Address[15:8] 0 RW
REG[22h] Main Image Start Address 2 (MISA2)
Bit Description Default Access
7-0 Main Image Start Address [23:16] 0 RW
REG[23h] Main Image Start Address 3 (MISA3)

Bit

Description

Default Access
7-0 Main Image Start Address [31:24] 0 RW
REG[24h] Main Image Width 0 (MIWO0)
Bit Description Default Access
Main Image Width [7:0]
Unit: Pixel.
7-0 It must be divisible by 4. MIW Bit [1:0] tie to “0” internally. 0 RW
The value is physical pixel number.
Maximum value is 8188 pixels
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REG[25h] Main Image Width 1 (MIW1)

RA8876

Unit: Pixel
Range is between 0 and 8191.

Bit Description Default Access
7-5 NA NA NA
Main Image Width [12:8]
Unit: Pixel.
4-0 It must be divisible by 4. 0 RW
The value is physical pixel number.
Maximum value is 8188 pixels
REG[26h] Main Window Upper-Left corner X-coordinates 0 (MWUL X0)
Bit Description Default Access
Main Window Upper-Left corner X-coordinates [7:0]
Reference Main Image coordinates.
Unit: Pixel
70|\t must be divisible by 4. MWULX Bit [1:0] tie to “0” internally. 0 RW
X-axis coordinates plus Horizontal display width cannot large
than 8188.
REG[27h] Main Window Upper-Left corner X-coordinates 1 (MWULX1)
Bit Description Default Access
7-5 NA 0 RO
Main Window Upper-Left corner X-coordinates [12:8]
Reference Main Image coordinates.
Unit: Pixel
4-0 It must be divisible by 4. 0 RW
X-axis coordinates plus Horizontal display width cannot large
than 8188.
REG[28h] Main Window Upper-Left corner Y-coordinates 0 (MWULYO0)
Bit Description Default Access
Main Window Upper-Left corner Y-coordinates [7:0]
7.0 Refgrence Main Image coordinates. 0 RW
Unit: Pixel
Range is between 0 and 8191.
REG[29h] Main Window Upper-Left corner Y-coordinates 1 (MWULY1)
Bit Description Default Access
7-5 NA 0 RO
Main Window Upper-Left corner Y-coordinates [12:8]
4-0 Reference Main Image coordinates. 0 RW
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REG[2Ah] PIP 1 or 2 Window Display Upper-Left corner X-coordinates 0 (PWDUL X0)
Bit Description Default Access

PIP Window Display Upper-Left corner X-coordinates [7:0]
Reference Main Window coordinates.

Unit: Pixel

It must be divisible by 4. PWDULX Bit [1:0] tie to “0” internally. 0 RW
X-axis coordinates should less than horizontal display width.
According to bit of Select Configure PIP 1 or 2 Window's
parameters. Function bit will be configured for relative PIP
window.

REG[2Bh] PIP 1 or 2 Window Display Upper-Left corner X-coordinates 1 (PWDULX1)
Bit Description Default Access

7-5 NA 0 RO

PIP Window Display Upper-Left corner X-coordinates [12:8]
Reference Main Window coordinates.

Unit: Pixel

It must be divisible by 4. PWDULX Bit [1:0] tie to “0” internally. 0 RW
X-axis coordinates should less than horizontal display width.
According to bit of Select Configure PIP 1 or 2 Window's
parameters. Function bit will be configured for relative PIP
window.

4-0

REG[2Ch] PIP 1 or 2 Window Display Upper-Left corner Y-coordinates 0 (PWDULYO0)
Bit Description Default Access

PIP Window Display Upper-Left corner Y-coordinates [7:0]
Reference Main Window coordinates.

Unit: Pixel

7-0 Y-axis coordinates should less than vertical display height. 0 RW
According to bit of Select Configure PIP 1 or 2 Window's
parameters. Function bit will be configured for relative PIP
window.

REG[2Dh] PIP 1 or 2 Window Display Upper-Left corner Y-coordinates 1 (PWDULY1)
Bit Description Default Access

7-5 NA 0 RO

PIP Window Display Upper-Left corner Y-coordinates [12:8]
Reference Main Window coordinates.

Unit: Pixel

4-0 Y-axis coordinates should less than vertical display height. 0 RW
According to bit of Select Configure PIP 1 or 2 Window’s
parameters. Function bit will be configured for relative PIP
window.
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Bit Description Default Access
PIP Image Start Address[7:0]
According to bit of Select Configure PIP 1 or 2 Window’s
7-0 parameters. Function bit will be configured for relative PIP 0 RW
window.
It must be divisible by 4. Bit [1:0] tie to “0” internally.
REG[2Fh] PIP 1 or 2 Image Start Address 1 (PISA1)
Bit Description Default Access
PIP Image Start Address[15:8]
7.0 According to bit of Select Configure PIP 1 or 2 Window's 0 RW
parameters. Function bit will be configured for relative PIP
window.
REG[30h] PIP 1 or 2 Image Start Address 2 (PISA2)
Bit Description Default Access
PIP Image Start Address [23:16]
7.0 According to bit of Select Configure PIP 1 or 2 Window’s 0 RW
parameters. Function bit will be configured for relative PIP
window.
REG[31h] PIP 1 or 2 Image Start Address 3 (PISA3)
Bit Description Default Access
PIP Image Start Address [31:24]
7.0 According to bit of Select Configure PIP 1 or 2 Window's 0 RW
parameters. Function bit will be configured for relative PIP
window.
REG[32h] PIP 1 or 2 Image Width 0 (PIWO0)
Bit Description Default Access
PIP Image Width [7:0]
Unit: Pixel.
It must be divisible by 4. PIW Bit [1:0] tie to “0” internally.
7.0 The value is physical pixel number. 0 RW
This width should less than horizontal display width.
According to bit of Select Configure PIP 1 or 2 Window’s
parameters. Function bit will be configured for relative PIP
window.
REG[33h] PIP 1 or 2 Image Width 1 (PIW1)
Bit Description Default Access
7-5 NA 0 RO
PIP Image Width [12:8]
Unit: Pixel.
It must be divisible by 4. PIW Bit [1:0] tie to “0” internally.
4-0 The value is physical pixel number. 0 RW
This width should less than horizontal display width.
According to bit of Select Configure PIP 1 or 2 Window's
parameters. Function bit will be configured for relative PIP
window.
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REG[34h] PIP 1 or 2 Window Image Upper-Left corner X-coordinates 0 (PWIULXO0)

Bit Description Default Access
PIP 1 or 2 Window Image Upper-Left corner X-coordinates
[7:0]
Reference PIP Image coordinates.
Unit: Pixel
7-0 It must be divisible by 4. PWIULX Bit [1:0] tie to “0” internally. 0 RW
X-axis coordinates plus PIP image width must less or equal to
8187.
According to bit of Select Configure PIP 1 or 2 Window's
parameters. Function bit will be configured for relative PIP
window.
REG[35h] PIP 1 or 2 Window Image Upper-Left corner X-coordinates 1 (PWIULX1)
Bit Description Default Access
7-5 NA 0 RO
PIP Window Image Upper-Left corner X-coordinates [12:8]
Reference PIP Image coordinates.
Unit: Pixel
It must be divisible by 4. PWIULX Bit [1:0] tie to “0” internally.
4-0 X-axis coordinates plus PIP image width must less or equal to 0 RW
8187.
According to bit of Select Configure PIP 1 or 2 Window's
parameters. Function bit will be configured for relative PIP
window.
REG[36h] PIP 1 or 2 Window Image Upper-Left corner Y-coordinates (PWIULYO)
Bit Description Default Access
PIP Windows Display Upper-Left corner Y-coordinates [7:0]
Reference PIP Image coordinates.
Unit: Pixel
7.0 :;-%Tglcoordmates plus PIP window height should less or equal 0 RW
According to bit of Select Configure PIP 1 or 2 Window’s
parameters. Function bit will be configured for relative PIP
window.
REG[37h] PIP 1 or 2 Window Image Upper-Left corner Y-coordinates 1 (PWIULY1)
Bit Description Default Access
7-5 NA 0 RO
PIP Windows Image Upper-Left corner Y-coordinates [12:8]
Reference PIP Image coordinates.
Unit: Pixel
4-0 I)—%Tglcoordlnates plus PIP window height should less or equal 0 RW
According to bit of Select Configure PIP 1 or 2 Window's
parameters. Function bit will be configured for relative PIP
window.
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REG[38h] PIP 1 or 2 Window Width 0 (PWWO0)

Bit Description Default Access
PIP Window Width [7:0]
Unit: Pixel.
It must be divisible by 4. PWW Bit [1:0] tie to “0” internally.
7.0 'Il)'ir;(;;/alue is physical pixel number. Maximum value is 8188 0 RW
According to bit of Select Configure PIP 1 or 2 Window's
parameters. Function bit will be configured for relative PIP
window.
REG[39h] PIP 1 or 2 Window Width 1 (PWW1)
Bit Description Default Access
7-3 NA 0 RO
PIP Window Width [10:8]
Unit: Pixel.
It must be divisible by 4. The value is physical pixel number.
2-0 Maximum value is 8188 pixels. 0 RW
According to bit of Select Configure PIP 1 or 2 Window's
parameters. Function bit will be configured for relative PIP
window.
REG[3Ah] PIP 1 or 2 Window Height 0 (PWHO0)
Bit Description Default Access
PIP Window Height [7:0]
Unit: Pixel
The value is physical pixel number. Maximum value is 8191
7-0 pixels. 0 RW
According to bit of Select Configure PIP 1 or 2 Window's
parameters. Function bit will be configured for relative PIP
window.
REG[3Bh] PIP 1 or 2 Windows Height 1 (PWH1)
Bit Description Default Access
7-3 NA 0 RO
PIP Window Height [10:8]
Unit: Pixel
The value is physical pixel number. Maximum value is 8191
2-0 pixels. 0 RW
According to bit of Select Configure PIP 1 or 2 Window’s
parameters. Function bit will be configured for relative PIP
window.

Note: The PIP windows sizes and start positions are specified in 8 pixel resolution (horizontal) and 1 line
resolution (vertical).

Note: Above multiple bytes registers from 20h to 3Bh only take effect on MSB was wrote.
Ex. To program Main Image Start Address from 20h to 23h and this address take effect on register [23h]
was wrote.
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Bit

Description

Default

Access

Gamma correction Enable

0: Disable

1: Enable

Gamma correction is the last output stage.

RwW

6-5

Gamma table select for MPU write gamma data
00b: Gamma table for Blue

01b: Gamma table for Green

10b: Gamma table for Red

11b: NA

RwW

Graphic Cursor Enable

0 : Graphic Cursor disable.

1 : Graphic Cursor enable.

Graphic cursor will auto disable if VDIR set as “1".

RwW

3-2

Graphic Cursor Selection Bit

Select one from four graphic cursor types. (00b to 11b)
00b : Graphic Cursor Set 1.

01b : Graphic Cursor Set 2.

10b : Graphic Cursor Set 3.

11b : Graphic Cursor Set 4.

RwW

Text Cursor Enable

0 : Disable.

1: Enable.

Text cursor & Graphic cursor cannot enable simultaneously.
Graphic cursor has higher priority then Text cursor if enabled
simultaneously.

RwW

Text Cursor Blinking Enable
0 : Disable.
1: Enable.

RwW

REG[3Dh] Blink Time Control Register (BTCR)

Bit

Description

Default

Access

7-0

Text Cursor Blink Time Setting (Unit: Frame)
00h : 1 frame time.

01h : 2 frames time.

02h : 3 frames time.

FF.h : 256 frames time.

RwW

Bit

REG[3Eh] Text Cursor Horizontal Size Register (CURHS)

Description

Default

Access

7-5

NA

0

RO

4-0

Text Cursor Horizontal Size Setting[4:0]

Unit : Pixel

Zero-based number. Value “0” means 1 pixel.

Note : When character is enlarged, the cursor setting will
multiply the same times as the character enlargement.

07h

RwW
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REG[3Fh] Text Cursor Vertical Size Register (CURVS)

Bit Description Default Access
7-5 NA 0 RO
Text Cursor Vertical Size Setting[4:0]
Unit : Pixel
4-0 Zero-based number. Value “0” means 1 pixel. 0 RW

Note : When character is enlarged, the cursor setting will
multiply the same times as the character enlargement.

REG[40h] Graphic Cursor Horizontal Position Register 0 (GCHPO)

Bit Description Default Access
Graphic Cursor Horizontal Location[7:0]

7-0 S . 0 RW
Reference main Window coordinates.

REG[41h] Graphic Cursor Horizontal Position Register 1 (GCHP1)

Bit Description Default Access

7-5 NA 0 RO

4-0 Graphic Cursor Horizontal Location[12:8] 0 RW

Reference main Window coordinates.

REG[42h] Graphic Cursor Vertical Position Register 0 (GCVPO0)
Bit Description Default Access
Graphic Cursor Vertical Location[7:0]

-0 Reference main Window coordinates. 0 RW
REG[43h] Graphic Cursor Vertical Position Register 1 (GCVP1)
Bit Description Default Access
7-5 NA 0 RO
4-0 Graphic Cursor Vertical Location[12:8] 0 RW
Reference main Window coordinates.
REG[44h] Graphic Cursor Color 0 (GCCO0)
Bit Description Default Access
7.0 Graphic Cursor Color 0 with 256 Colors 0 RW
RGB Format [7:0] = RRRGGGBB.
REG[45h] Graphic Cursor Color 1 (GCC1)
Bit Description Default Access
7.0 Graphic Cursor Color 1 with 256 Colors 0 RW
RGB Format [7:0] = RRRGGGBB.
REG[46h — 4Fh] — RESERVED
Bit Description Default Access
7-0 NA 0 RO
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REG[50h] Canvas Start address 0 (CVSSAQ)

RA8876
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Bit Description Default Access
7.2 Start address of Canvas [7:2] 0 RW
Ignored if canvas in linear addressing mode.
1-0 Fixat 0 0 RO
REG[51h] Canvas Start address 1 (CVSSA1)
Bit Description Default Access
Start address of Canvas [15:8]
7-0 ; < : 0 RW
Ignored if canvas in linear addressing mode.
REG[52h] Canvas Start address 2 (CVSSA2)
Bit Description Default Access
Start address of Canvas [23:16]
7-0 ; L : 0 RW
Ignored if canvas in linear addressing mode.
REG[53h] Canvas Start address 3 (CVSSA3)
Bit Description Default Access
7.0 Start address of Canvas [31:24] 0 RW
Ignored if canvas in linear addressing mode.
REG[54h] Canvas image width 0 (CVS IMWTHO)
Bit Description Default Access
Canvas image width [7:2]
The bits are Canvas image width.
7-2 Unit: Pixel, it is 4 pixel resolutions. 0 RW
Width = Set Value
Ignored if canvas in linear addressing mode.
1-0 Fix at 0. 0 RO
REG[55h] Canvas image width 1 (CVS IMWTH1)
Bit Description Default Access
7-5 NA 0 RO
Canvas image width [12:8]
4-0 The bits are Canvas image width 0 RwW
Ignored if canvas in linear addressing mode.
REG[56h] Active Window Upper-Left corner X-coordinates 0 (AWUL X0)
Bit Description Default Access
Active Window Upper-Left corner X-coordinates [7:0]
Reference Canvas image coordinates.
Unit: Pixel
-0 X-axis coordinates plus Active Window width cannot large than 0 RW
8188.
Ignored if canvas in linear addressing mode.
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REG[57h] Active Window Upper-Left corner X-coordinates 1 (AWUL X1)

Bit

Description

Default

Access

7-5

NA

0

RO

Active Window Upper-Left corner X-coordinates [12:8]
Reference Canvas image coordinates.

Unit: Pixel

X-axis coordinates plus Active Window width cannot large than
8188.

Ignored if canvas in linear addressing mode.

RW

REG[58h] Active Window Upper-Left corner Y-coordinates 0 (AWUL YO0)

Bit

Description

Default

Access

7-0

Active Window Upper-Left corner Y-coordinates [7:0]
Reference Canvas image coordinates.

Unit: Pixel

Y-axis coordinates plus Active Window height cannot large than
8191.

Ignored if canvas in linear addressing mode.

RW

REG[59h] Active Window Upper-Left corner Y-coordinates 1 (AWUL Y1)

Bit

Description

Default

Access

7-5

NA

0

RO

4-0

Active Window Upper-Left corner Y-coordinates [12:8]
Reference Canvas image coordinates.

Unit: Pixel

Y-axis coordinates plus Active Window height cannot large than
8191.

Ignored if canvas in linear addressing mode.

RW

REG[5Ah] Active Window Width 0 (AW_WTHO)

Bit

Description

Default

Access

7-0

Width of Active Window [7:0]
Unit: Pixel.

The value is physical pixel number. Maximum value is 8188
pixels.

Ignored if canvas in linear addressing mode.

RW

REG[5Bh] Active Window Width 1 (AW WTH1)

Bit

Description

Default

Access

7-5

NA

0

RO

4-0

Width of Active Window [12:8]
Unit: Pixel.

The value is physical pixel number. Maximum value is 8188
pixels.

Ignored if canvas in linear addressing mode.

RW
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REG[5Ch] Active Window Height 0 (AW HTO)

Bit Description Default Access
Height of Active Window [7:0]
Unit: Pixel.
7-0 The value is physical pixel number. Maximum value is 8191 0 RW
pixels.
Ignored if canvas in linear addressing mode.
REG[5Dh] Active Window Height 1 (AW HT1)
Bit Description Default Access
7-5 NA 0 RO
Height of Active Window [12:8]
Unit: Pixel.
4-0 The value is physical pixel number. Maximum value is 8191 0 RwW
pixels.
Ignored if canvas in linear addressing mode.
REG|[5Eh] Color Depth of Canvas & Active Window (AW COLOR)
Bit Description Default Access
7-4 NA 0 RO
3 NA 0 RO
Canvas addressing mode
2 0: Block mode (X-Y coordinates addressing) 0 RwW
1: Linear mode
Canvas image’s color depth & memory R/W data width
In Block Mode:
00: 8bpp
01: 16bpp
1x: 24bpp
1-0 Note: monochrome data can input with any one color depth 0 RW
depends on proper image width.
In Linear Mode:
X0: 8-bits memory data read/write.
X1: 16-bits memory data read/write
< CVS_IMWTH ——»
CVSSA @
(AWUL_X, AWUL_Y)
AW_HT
l Active Window
AW WTH———
Canvas image
Figure 19-4 : Active Window
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REG|[5Fh] Graphic Read/Write position Horizontal Position Register 0 (CURHO)
Bit Description Default Access

Write: Set Graphic Read/Write position
When DPRAM In Linear mode:
Memory Read/Write address [7:0]
Unit: Byte
When DPRAM In Block mode:
Graphic Read/Write Horizontal Position 0 [7:0]
Reference Canvas image coordinates.
Unit: Pixel
Note: User should program proper active window related parameters before configure this register.

7-0

REG[60h] Graphic Read/Write position Horizontal Position Register 1 (CURH1)
Bit Description Default | Access

Write: Set Graphic Read/Write position
When DPRAM In Linear mode:

Memory Read/Write address [15:13]
7-5 Unit: Byte 0 RwW
When DPRAM In Block mode: NA

Reference Canvas image coordinates.

Unit: Pixel
Write: Set Graphic Read/Write position
When DPRAM In Linear mode:

Memory Read/Write address [12:8]

Unit: Byte
When DPRAM In Block mode:

Graphic Read/Write Horizontal Position 1 [12:8]

Reference Canvas image coordinates.

Unit: Pixel
Note: User should program proper active window related parameters before configure this register.

0 RW

REG[61h] Graphic Read/Write position Vertical Position Register 0 (CURVO0)
Bit Description Default Access

Write: Set Graphic Read/Write position
When DPRAM In Linear mode:
Memory Read/Write address [23:16]
Unit: Byte
When DPRAM In Block mode:
Graphic Read/Write Vertical Position 0 [7:0]
Reference Canvas image coordinates.
Unit: Pixel
Note: User should program proper active window related parameters before configure this register.

7-0
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REG[62h] Graphic Read/Write position Vertical Position Register 1 (CURV1)

Bit

Description

Default

Access

7-5

Write: Set Graphic Read/Write position
When DPRAM In Linear mode:

Memory Read/Write address [31:29]
Unit; Byte

When DPRAM In Block mode:NA

Reference Canvas image coordinates.
Unit: Pixel

RwW

4-0

Write: Set Graphic Read/Write position
When DPRAM In Linear mode:

Memory Read/Write address [28:24]
Unit: Byte

When DPRAM In Block mode:
Graphic Read/Write Vertical Position 1 [12:8]

Reference Canvas image coordinates.
Unit: Pixel

RwW

Note: User should program proper active window related parameters before configure this register.

Bit

REG[63h] Text Write X-coordinates Register 0 (F CURX0)

Description

Default

Access

7-0

Write: Set Text Write position
Read: Current Text Write position
Text Write X-coordinates [7:0]

Reference Canvas image coordinates.
Unit: Pixel

The setting of the horizontal cursor position for text writing.

RwW

Bit

REG[64h] Te

xt Write X-coordinates Register 1 (F CURX1)

7-5

Description

Default

Access

NA

0

RO

Write: Set Text Write position
Read: Current Text Write position
Text Write X-coordinates [12:8]

The setting of the horizontal cursor position for text writing.
Reference Canvas image coordinates.

Unit: Pixel

RwW

REG[65h] Te

Bit

xt Write Y-coordinates Register 0 (F CURYO0)

Description

Default

Access

Write: Set Text Write position

Read: Current Text Write position

Text Write Y-coordinates [7:0]

The setting of the vertical cursor position for text writing.
Reference Canvas image coordinates.

Unit: Pixel

RwW
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REG[66h] Text Write Y-coordinates Register 1 (F CURY1)

Bit Description Default Access
7-5 NA 0 RO
Write: Set Text Write position
Read: Current Text Write position
4:0 Text Write Y-coordinates [12:8] 0 RW
' The setting of the vertical cursor position for text writing.
Reference Canvas image coordinates.
Unit: Pixel
REG[67h] Draw Line / Triangle Control Register 0 (DCRO)
Bit Description Default Access
Draw Line / Triangle Start Signal
Write Function
0 : Stop the drawing function.
7 1 : Start the drawing function. 0 RwW
Read Function
0 : Drawing function complete.
1 : Drawing function is processing.
6 NA 0 RO
Fill function for Triangle Signal
5 0 : Non fill. 0 RW
1:Fill
4-2 NA 0 RO
Draw Triangle or Line Select Signal
1 0 : Draw Line 0 RW
1 : Draw Triangle
0 NA 0 RO
REG[68h] Draw Line/Square/Triangle Point 1 X-coordinates Register0 (DLHSRO)
Bit Description Default Access
Draw Line/Triangle Point 1 X-coordinates [7:0]
Square diagonal Point 1 X-coordinates [7:0]
Reference Canvas image coordinates.
0| Unit: Pixel 0 RW
***Note: When draw a square, start point & end point cannot
locate at same point or at same X-axis or Y-axis.
REG[69h] Draw Line/Square/Triangle Point 1 X-coordinates Registerl (DLHSR1)
Bit Description Default Access
7-5 NA 0 RO
Draw Line/Triangle Point 1 X-coordinates [12:8]
Square diagonal Point 1 X-coordinates [12:8]
Reference Canvas image coordinates.
4-0 Unit: Pixel 0 RW
***Note: When draw a square, start point & end point cannot
locate at same point or at same X-axis or Y-axis.
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REG[6Ah] Draw Line/Square/Triangle Point 1 Y-coordinates RegisterO (DLVSRO)

Bit

Description

Default

Access

7-0

Draw Line/Triangle Point 1 Y-coordinates [7:0]

Square diagonal Point 1 Y-coordinates [7:0]

Reference Canvas image coordinates.

Unit: Pixel

***Note: When draw a square, start point & end point cannot
locate at same point or at same X-axis or Y-axis.

RwW

REG[6Bh] Draw Line/Square/Triangle Point 1 Y-coordinates Registerl (DLVSR1)

Bit

Description

Default

Access

7-5

NA

0

RO

4-0

Draw Line/Triangle Point 1 Y-coordinates [12:8]

Square diagonal Point 1 Y-coordinates [12:8]

Reference Canvas image coordinates.

Unit: Pixel

***Note: When draw a square, start point & end point cannot
locate at same point or at same X-axis or Y-axis.

RwW

REG[6Ch] Draw Line/Square/Triangle Point 2 X-coordinates Register0 (DLHERO)

Bit

Description

Default

Access

7-0

Draw Line/Triangle Point 2 X-coordinates [7:0]

Square diagonal Point 2 X-coordinates [7:0]

Reference Canvas image coordinates.

Unit: Pixel

***Note: When draw a square, start point & end point cannot
locate at same point or at same X-axis or Y-axis.

RwW

REG[6Dh] Draw Line/Square/Triangle Point 2 X-coordinates Registerl (DLHER1)

Bit

Description

Default

Access

7-5

NA

0

RO

4-0

Draw Line/Triangle Point 2 X-coordinates [12:8]

Square diagonal Point 2 X-coordinates [12:8]

Reference Canvas image coordinates.

Unit: Pixel

***Note: When draw a square, start point & end point cannot
locate at same point or at same X-axis or Y-axis.

RwW

REG[6Eh] Draw Line/Square/Triangle Point 2 Y-coordinates Register0 (DLVEROQ)

Bit

Description

Default

Access

7-0

Draw Line/Triangle Point 2 Y-coordinates [7:0]

Square diagonal Point 2 Y-coordinates [7:0]

Reference Canvas image coordinates.

Unit: Pixel

***Note: When draw a square, start point & end point cannot
locate at same point or at same X-axis or Y-axis.

RwW
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REG[6Fh] Draw Line/Square/Triangle Point 2 Y-coordinates Registerl (DLVER1)

Bit Description Default Access
7-4 NA 0 RO
Draw Line/Triangle Point 2 Y-coordinates [12:8]
Square diagonal Point 2 Y-coordinates [12:8]
Reference Canvas image coordinates.
30 Unit: Pixel 0 RW
***Note: When draw a square, start point & end point cannot
locate at same point or at same X-axis or Y-axis.
REG[70h] Draw Triangle Point 3 X-coordinates Register 0 (DTPHO)
Bit Description Default Access
Draw Triangle Point 3 X-coordinates [7:0]
7-0 Reference Canvas image coordinates. 0 RwW
Unit: Pixel
REG[71h] Draw Triangle Point 3 X-coordinates Register 1 (DTPH1)
Bit Description Default Access
7-5 NA 0 RO
Draw Triangle Point 3 X-coordinates [12:8]
4-0 Reference Canvas image coordinates. 0 RwW
Unit: Pixel
REGJ[72h] Draw Triangle Point 3 Y-coordinates Register 0 (DTPVO0)
Bit Description Default Access
Draw Triangle Point 3 Y-coordinates [7:0]
7-0 Reference Canvas image coordinates. 0 RwW
Unit: Pixel
REG[73h] Draw Triangle Point 3 Y-coordinates Register 1 (DTPV1)
Bit Description Default Access
7-5 NA 0 RO
Draw Triangle Point 3 Y-coordinates [12:8]
4-0 Reference Canvas image coordinates. 0 RW
Unit: Pixel
*** Note: for triangle’s three endpoint setting:
1. Any two endpoints overlap will draw a line.
2. Three endpoints overlap will draw a dot.
REG[74h — 75h] RESERVED
Bit Description Default Access
7-0 NA 0 RO
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REG[76h] Draw Circle/Ellipse/Ellipse Curve/Circle Square Control Register 1 (DCR1)

Bit Description Default Access

Draw Circle / Ellipse / Square /Circle Square Start Signal
Write Function

0 : Stop the drawing function.

7 1 : Start the drawing function. 0 RW
Read Function

0 : Drawing function complete.

1 : Drawing function is processing.

Fill the Circle / Ellipse / Square / Circle Square Signal
6 0 : Nonfill. 0 RW
1 :Aill.

Draw Circle / Ellipse / Square / Ellipse Curve / Circle Square
Select

00 : Draw Circle / Ellipse

01 : Draw Circle / Ellipse Curve

10 : Draw Square.

11 : Draw Circle Square.

3-2 NA 0 RO

Draw Circle / Ellipse Curve Part Select(DECP)
00: bottom-left Ellipse Curve

1-0 01: upper-left Ellipse Curve 0 RwW
10: upper-right Ellipse Curve
11: bottom-right Ellipse Curve

5-4

(DLHSR, DLVSR) (DLHSR, DLVSR) (DLHSR, DLVSR)
(DLHER, DLVER) (DLHER, DLVER) (DLHER, DLVER)
Draw Line Draw Square Draw Square fill

(DLHSR, DLVSR) (DLHSR, DLVSR)

AN

(DLHER, DLVER) ~ (DTPH, DPTV)  (DLHER, DLVER) (DTPH, DPTV)

Draw Triangle Draw Triangle fill

Draw Circle Draw Circle fill

Figure 19-5: Drawing Function Parameter
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ELL B ELL_A ELL_B ELL_A
— FroT
— .
(DEHR, DEVR) (DEHR, DEVR)
Draw Ellipse Draw Ellipse Fill

E

ELL_A y(DLHSR, DLVSR) ELL_A .y (DLHSR, DLVSR)
/4l /gl

~ ~
(DLHER, DLVER) (DLHER, DLVER)
Draw Circle Square Draw Circle Square Fill
DECP = 2'b01 DECP =2h10 DECP =2'b01 DECP =2'b10

N~ |

DECP = 2'b00 DECP =2'b11 DECP =2'b00 DECP =2'b11

Draw Ellipse curve Draw Ellipse curve fill

Figure 19-6 : The Drawing Function
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REG[77h] Draw Circle/Ellipse/Circle Square Major radius Setting Register (ELL AO0)

Bit Description Default Access
Draw Circle/Ellipse/Circle Square Major radius [7:0]
7-0 Unit: Pixel 0 RW
Draw circle need to set major axis equal to minor radius.
REG[78h] Draw Circle/Ellipse/Circle Square Major radius Setting Register (ELL_ A1)
Bit Description Default Access
7-5 NA 0 RO
Draw Circle/Ellipse/Circle Square Major radius [12:8]
4-0 Unit: Pixel 0 RW
Draw circle need to set major axis equal to minor radius.
REG[79h] Draw Circle/Ellipse/Circle Square Minor radius Setting Register (ELL BO)
Bit Description Default Access
Draw Circle/Ellipse/Circle Square Minor radius [7:0]
7-0 Unit: Pixel 0 RW
Draw circle need to set major axis equal to radius axis.
REG[7Ah] Draw Circle/Ellipse/Circle Square Minor radius Setting Register (ELL B1)
Bit Description Default Access
7-5 NA 0 RO
Draw Circle/Ellipse/Circle Square Minor radius [12:8]
4-0 Unit: Pixel 0 RW
Draw circle need to set major axis equal to minor radius.
REG[7Bh] Draw Circle/Ellipse/Circle Square Center X-coordinates Register0 (DEHRO
Bit Description Default Access
Draw Circle/Ellipse/Circle Square Center X-coordinates [7:0]
7-0 Reference Canvas image coordinates. 0 RW
Unit: Pixel
REG[7Ch] Draw Circle/Ellipse/Circle Square Center X-coordinates Registerl (DEHR1
Bit Description Default Access
7-5 NA 0 RO
Draw Circle/Ellipse/Circle Square Center X-coordinates
i [12:8]
4-0 Reference Canvas image coordinates. 0 RW
Unit: Pixel
REG[7Dh] Draw Circle/Ellipse/Circle Square Center Y-coordinates Register0 (DEVRO
Bit Description Default Access
Draw Circle/Ellipse/Circle Square Center Y-coordinates [7:0]
7-0 Reference Canvas image coordinates. 0 RwW
Unit: Pixel
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REG[7Eh] Draw Circle/Ellipse/Circle Square Center Y-coordinates Registerl (DEVR1)

Bit Description Default Access
7-5 NA 0 RO
Draw Circle/Ellipse/Circle Square Center Y-coordinates
i [12:8]
4-0 Reference Canvas image coordinates. 0 RW
Unit: Pixel
REG[7Fh] — RESERVED
Bit Description Default Access
7-0 NA 0 RO
REG[D2h] Foreground Color Register - Red (FGCR)
Bit Description Default Access
Foreground Color — Red;, for draw, text or color expansion
i 256 colors, the register only uses Bit[7:5].
-0 65K colors, the register uses Bit[7:3]. FFh RW
16.7M colors, the register uses Bit[7:0].
REG[D3h] Foreground Color Register - Green (FGCG)
Bit Description Default Access
Foreground Color - Green; for draw, text or color expansion
i 256 colors, the register only uses Bit[7:5].
-0 65K colors, the register uses Bit[7:2]. FFh RW
16.7M colors, the register uses Bit[7:0].
REG[D4h] Foreground Color Register - Blue (FGCB)
Bit Description Default Access
Foreground Color - Blue; for draw, text or color expansion
i 256 colors, the register only uses Bit[7:6].
-0 65K colors, the register uses Bit[7:3]. FFh RW
16.7M colors, the register uses Bit[7:0].
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REG[84h] PWM Prescaler Register (PSCLR)
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Bit Description Default Access
PWM Prescaler Register
7-0 These 8 bits determine prescaler value for Timer 0 and 1. 0 RW
Time base is “Core Freq / (Prescaler + 1)”
REG[85h] PWM clock Mux Register (PMUXR)
Bit Description Default Access
Select 2" clock divider’s MUX input for PWM Timer 1
00=1
7-6 01=1/2 0 RW
10=1/4
11=1/8
Select 2™ clock divider’s MUX input for PWM Timer 0
00=1
5-4 01=1/2 0 RW
10=1/4
11=1/8
XPWM[1] pin function control
0X: XPWM][1] output system error flag (Scan FIFO pop error or
Memory access out of range)
10: XPWM[1] output PWM timer 1 event or invert of PWM timer O
3-2 11: XPWM[1] output oscillator clock 0 RW
If XTEST[O] set high, then XPWMI1] will become panel scan
clock input.
When SDR SDRAM 32bits bus function enable, this bit is ignored
and XPWM[1] becomes SDR SDRAM bus function.
XPWM[O0] pin function control
0X: XPWM][0] becomes GPIO-C[7]
10: XPWMI[O] output PWM timer O
1-0 11: XPWMI[O] output core clock 0 RW
When SDR SDRAM 32bits bus function enable, this bit is ignored
and XPWM[0] becomes SDR SDRAM bus function.
REG[86h] PWM Configuration Register (PCFGR)
Bit Description Default Access
7 NA 0 RO
PWM Timer 1 output inverter on/off
6 Determine the output inverter on/off for Timer 1. 0 RW
0 = Inverter off
1 = Inverter on for PWM1
PWM Timer 1 auto reload on/off
Determine auto reload on/off for Timer 1.
5 0 = One-shot 1 RW
1 = Interval mode(auto reload)
PWM Timer 1 start/stop
Determine start/stop for Timer 1.
0 = Stop
1 = Start
4 -- In Interval mode (auto reload), user need program it as O to stop 0 RW
PWM timer.
-- In One-shot, this bit will auto clear.
User may read this bit to know current PWMXx is running or stopped.
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Bit Description Default Access

PWM Timer 0 Dead zone enable
Determine the dead zone operation. 0
0 = Disable

1 = Enable

PWM Timer 0 output inverter on/off
Determine the output inverter on/off for Timer 0. 0
0 = Inverter off

1 = Inverter on for PWMO

PWM Timer 0 auto reload on/off
Determine auto reload on/off for Timer O.
0 = One-shot

1 = Interval mode(auto reload)

PWM Timer O start/stop

Determine start/stop for Timer 0.

0 = Stop

1 = Start

0 -- In Interval mode (auto reload), user need program it as 0 to 0 RwW
stop PWM timer.

-- In One-shot, this bit will auto clear.

User may read this bit to know current PWMx is running or
stopped.

RwW

RwW

REG[87h] Timer 0 Dead zone length register [DZ LENGTH]
Bit Description Default Access

Timer 0 Dead zone length register
7-0 These 8 bits determine the dead zone length. The 1 unit time of 0 RwW
the dead zone length is equal to that of timer O.

REG[88h] Timer 0 compare buffer register [TCMPBOL]

Bit Description Default Access

Timer 0 compare buffer register --- Low Byte

Compare buffer register total has 16 bits. When timer counter
egaual or less than compare buffer register will cause PWM 0 out
high level if PWM Timer 0 output inverter on/off bit is off.

7-0 0 RwW

REG[89h] Timer 0 compare buffer register [TCMPBOH]
Bit Description Default Access
Timer 0 compare buffer register --- High Byte
Compare buffer register total has 16 bits. When timer counter 0 RW

equal or less than compare buffer register will cause PWM 0 out
high level if PWM Timer O output inverter on/off bit is off.

7-0

REG[8Ah] Timer 0 count buffer register [TCNTBOL]
Bit Description Default Access

Timer 0 count buffer register --- Low Byte

Count buffer register total has 16 bits. When timer counter equal
to 0 will cause PWM timer reload Count buffer register if 0
reload_en bit set as enable.

It may read back timer counter’s real time value when PWM timer
start.

7-0 RwW
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Bit

Description

Default

Access

Timer 0 count buffer register --- High Byte

Count buffer register total has 16 bits. When timer counter equal
to 0 will cause PWM timer reload Count buffer register if
reload_en bit set as enable.

It may read back timer counter’s real time value when PWM timer
start.

RwW

REG[8Ch] Timer 1 compare buffer register [TCMPB1L]

Bit

Description

Default

Access

7-0

Timer 1 compare buffer register --- Low Byte

Compare buffer register total has 16 bits. When timer counter
equal or less than compare buffer register will cause PWM out
high level if inv_on bit is off.

RwW

REG[8Dh] Timer 1 compare buffer register [TCMPB1H]

Bit

Description

Default

Access

7-0

Timer 1 compare buffer register --- High Byte

Compare buffer register total has 16 bits. When timer counter
equal or less than compare buffer register will cause PWM out
high level if inv_on bit is off.

RwW

REG[8Eh] Timer 1 count buffer register [TCNTB1L]

Bit

Description

Default

Access

7-0

Timer 1 count buffer register --- Low Byte

Count buffer register total has 16 bits. When timer counter equal
to 0 will cause PWM timer reload Count buffer register if
reload_en bit set as enable.

It may read back timer counter’s real time value when PWM timer
start.

RwW

REG[8Fh] Timer 1 count buffer register [TCNTB1F]

Bit

Description

Default

Access

Timer 1 count buffer register --- High Byte

Count buffer register total has 16 bits. When timer counter equal
to 0 will cause PWM timer reload Count buffer register if
reload_en bit set as enable.

It may read back timer counter’s real time value when PWM timer
start.

RW
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19.8 Block Transfer Engine (BTE) Control Registers

REG[90h] BTE Function Control Register 0 (BTE CTRLO)
Bit Description Default Access

7-5 NA 0 RO

BTE Function Enable / Status
Write

0 : No action.

1: BTE function enable.

4 Read 0 RW
0 : BTE function is idle.

1 : BTE function is busy.

*** \When BTE function enable, Normal MPU R/W memory
through canvas[active window] doesn'’t allow.

3-1 NA 0 RO
PATTERN Format
0 0: 8X8 0 RW
1: 16X16

REG[91h] BTE Function Control Registerl (BTE CTRL1)
Bit Description Default Access

BTE ROP Code Bit[3:0] or

Color expansion starting bit

a. ROP is the acronym for Raster Operation. Some of BTE
operation code has to collocate with ROP for the detailed
function. (Please refer to the Section 2.7)

Code Description
0000b 0 ( Blackness)
0001b ~S0 - ~S1or ~ (S0+S1)
0010b ~S0 - S1
0011b ~S0
0100b SO - ~S1
0101b ~S1
0110b S0"S1
7-4 0111b ~S0+~Slor~ (S0 - S1) 0 RW
1000b S0 -S1
1001b ~(S0"s1)
1010b S1
1011b ~S0+S1
1100b SO
1101b S0+~S1
1110b S0+S1
1111b 1 (Whiteness)

b. If BTE operation code function are color expansion with or
without chroma key (08h / 09h / Eh / Fh), then these bits stand
for starting bit on BTE window left boundary. MSB stands for left
most pixel. For 8-bits MPU, value should within 0 to 7. For
16-bits MPU, value should within 0 to 15.

BTE Operation Code Bit[3:0]
3-0 RA8876 includes a 2D BTE Engine, it can execute 13 BTE 0 RwW
functions. Some of BTE Operation Code has to accommodate
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Bit Description Default Access
with the ROP code for the advance function.

Code Description

MPU Write with ROP.

S0: comes from MPU data

S1: comes from memory

D: According to ROP write to memory

0001b Reserved

Memory Copy with ROP

S0: comes from memory.

S1: comes from memory

D: According to ROP Write to memory

0011b Reserved

MPU Write w/ chroma keying (w/o ROP)

S0: comes from MPU data

0100b If MPU data doesn’t match with chroma key color
(specified by background color) then writes to
destination.

Memory Copy (move) w/ chroma keying (w/o
ROP)

S0 comes from memory, and S1 is useless.

If SO data doesn’t match with chroma key color
(specified by background color) then SO data will
write to destination.

Pattern Fill with ROP

Pattern was specified by SO.

Pattern Fill with chroma keying

Pattern was specified by SO.

0111b If SO data doesn’t match with chroma key color
(specified by background color) then writes to
destination.

MPU Write w/ Color Expansion

1000b S0 comes from MPU data and convert to specified
color & color depth then write to destination.
MPU Write w/ Color Expansion and chroma
keying

1001b SO0 comes from MPU data and If the data bit is “1”
then convert to specified foreground color & color
depth then write to destination.

1010b Memory Copy with opacity

S0, S1 & D: locate in memory

MPU Write with opacity

S0: comes from MPU data

0000b

0010b

0101b

0110b

1011b S1: comes from memory
D: According to Alpha blending operation write to
memory

1100b Solid Fill

Destination data comes from register.

1101b Reserved

Memory Copy w/ Color Expansion

S0 & D locate in memory and S1 is useless

1110b SO0 must be pre-loaded into memory with 8bpp or
16bpp color depth via MPU write or DMA, thus SO
color depth should follow that color depth.

Memory Copy w/ Color Expansion and chroma
keying

S0 & D locate in memory and S1 is useless.

SO must be pre-loaded into memory with 8bpp or
1111b 16bpp color depth via MPU write or DMA, thus SO
color depth should follow that color depth.

If SO data bit=0 then D data not write any data. If SO
data bit= 1 then foreground color data will be write to
D.
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Bit Description Default Access
7 N/A 0 RO
S0 Color Depth
i 00: 256 Color (8bpp)
6-5 01: 64k Color (16bpp) 0 RW
1x: 16M Color (24bpp)
S1 Color Depth
000: 256 Color (8bpp)
001: 64k Color (16bpp)
4-2 010: 16M Color (24bpp) 0 RW
011: Constant color (S1 memory start address’ setting definition
change as S1 constant color definition)
100: 8 bit pixel alpha blending
101: 16 bit pixel alpha blending
Destination Color Depth
i 00: 256 Color (8bpp)
1-0 01: 64k Color (16bpp) 0 RW
1x: 16M Color (24bpp)
REG[93h] Source 0 memory start address 0 (SO STRO0)
Bit Description Default Access
7-2 Source 0 memory start address [7:2] 0 RwW
1-0 Fix at 0 0 RO
REG[94h] Source 0 memory start address 1 (SO STR1)
Bit Description Default Access
7-0 Source 0 memory start address [15:8] 0 RwW
REG[95h] Source 0 memory start address 2 (SO STR2)
Bit Description Default Access
7-0 Source 0 memory start address [23:16] 0 RwW
REG[96h] Source 0 memory start address 3 (SO STR3)
Bit Description Default Access
7-0 Source 0 memory start address [31:24] 0 RwW
REG[97h] Source 0 image width 0 (S0 WTHO)
Bit Description Default Access
Source 0 image width [7:2]
Unit: Pixel.
72| |t must be divisible by 4. SO_WTH Bit [1:0] tie to “0” internally. 0 RW
The value is physical pixel number.
1-0 Fix at 0. 0 RO
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Bit Description Default Access
7-5 NA 0 RO
Source 0 image width [12:8]
Unit: Pixel.
4-0 | |t must be divisible by 4. SO_WTH Bit [1:0] tie to “0” internally. 0 RW
The value is physical pixel number.
REG[99h] Source 0 Window Upper-Left corner X-coordinates 0 (SO XO0)
Bit Description Default Access
7.0 Source 0 Window Upper-Left corner X-coordinates [7:0] 0 RW
The bits are Source 0 Window Upper-Left corner X-coordinates
REG[9Ah] Source 0 Window Upper-Left corner X-coordinates 1 (SO X1)
Bit Description Default Access
7-5 NA 0 RO
4-0 Source 0 Window Upper-Left corner X-coordinates [12:8] 0 RW
The bits are Source 0 Window Upper-Left corner X-coordinates
REG[9Bh] Source 0 Window Upper-Left corner Y-coordinates 0 (SO Y0)
Bit Description Default Access
7.0 Source 0 Window Upper-Left corner Y-coordinates [7:0] 0 RW
The bits are Source 0 Window Upper-Left corner Y-coordinates
REG[9Ch] Source 0 Window Upper-Left corner Y-coordinates 1 (SO Y1)
Bit Description Default Access
7-5 NA 0 RO
4-0 Source 0 Window Upper-Left corner Y-coordinates [12:8] 0 RW
The bits are Source 0 Window Upper-Left corner Y-coordinates
REG[9Dh] Source 1 memory start address 0 (S1_STRO) /
S1 constant color — Red element (S1 Red)
Bit Description Default Access
Source 1 memory start address [7:2]
If source 1 set as Constant color then S1 memory start address’
7-0 setting definition change as S1 constant color definition. This is 0 RW
red element. When it is source 1 memory start address, bit
[1:0] should set as 0.
REG[9Eh] Source 1 memory start address 1 (S1_STR1)/
S1 constant color — Green element (S1_GREEN)
Bit Description Default Access
Source 1 memory start address [15:8]
7.0 If source 1 set as Constant color then S1 memory start address’ 0 RW

setting definition change as S1 constant color definition. This is
green element.
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REG[9Fh] Source 1 memory start address 2 (S1_STR2) /
S1 constant color — Blue element (S1 BLUE)

Bit Description Default Access

Source 1 memory start address [23:16]

If source 1 set as Constant color then S1 memory start address’
setting definition change as S1 constant color definition. This is
blue element.

7-0 0 RW

REG[AOh] Source 1 memory start address 3 (S1_STR3)
Bit Description Default Access

Source 1 memory start address [31:24]
If source 1 set as Constant color then S1 memory start address’

-0 setting definition change as S1 constant color definition. This is 0 RW
not used for color definition.
REG[A1h] Source 1 image width 0 (S1 WTHO)
Bit Description Default Access
Source 1 image width [7:2]
Unit: Pixel.
72| |t must be divisible by 4. S1_WTH Bit [1:0] tie to “0” internally. 0 RW
The value is physical pixel number.
1-0 Fix at 0. 0 RO
REG[A2h] Source 1 image width 1 (S1 WTH1)
Bit Description Default Access
7-5 N/A 0 RO
Source 1 image width [12:8]
4-0 Unit: Pixel. 0 RW

It must be divisible by 4. S1_WTH Bit [1:0] tie to “0” internally.
The value is physical pixel number.

REG[A3h] Source 1 Window Upper-Left corner X-coordinates 0 (S1 XO0)
Bit Description Default Access
Source 1 Window Upper-Left corner X-coordinates [7:0]

-0 The bits are Source 1 Window Upper-Left corner X-coordinates 0 RW
REG[A4h] Source 1 Window Upper-Left corner X-coordinates 1 (S1 X1)

Bit Description Default Access

7-5 NA 0 RO

4-0 Source 1 Window Upper-Left corner X-coordinates [12:8] 0 RW

The bits are Source 1 Window Upper-Left corner X-coordinates

REG[A5h] Source 1 Window Upper-Left corner Y-coordinates 0 (S1 Y0)
Bit Description Default Access

Source 1 Window Upper-Left corner Y-coordinates [7:0]
The bits are Source 1 Window Upper-Left corner Y-coordinates

7-0 0 RW
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REG[A6h] Source 1 Window Upper-Left corner Y-coordinates 1 (S1 Y1)
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Bit Description Default Access
7-5 NA 0 RO
4-0 Source 1 Window Upper-Left corner Y-coordinates [12:8] 0 RW
The bits are Source 1 Window Upper-Left corner Y-coordinates
REG[A7h] Destination memory start address 0 (DT STRO)
Bit Description Default Access
7-2 Destination memory start address [7:2] 0 RwW
1-0 Fix at 0 0 RO
REG[A8h] Destination memory start address 1 (DT STR1)
Bit Description Default Access
7-0 Destination memory start address [15:8] 0 RwW
REG[A9h] Destination memory start address 2 (DT STR2)
Bit Description Default Access
7-0 Destination memory start address [23:16] 0 RwW
REGJ[AAh] Destination memory start address 3 (DT _STR3)
Bit Description Default Access
7-0 Destination memory start address [31:24] 0 RwW

Note: Destination memory start address cannot set within from source 0|1 start address to source 0|1's
(image width) * (image height) * (color depth[1|2]3])

REG[ABh] Destination image width 0 (DT WTHO)
Bit Description Default Access
Destination image width [7:2]
Unit: Pixel.
72| |t must be divisible by 4. DT_WTH Bit [1:0] tie to “0” internally. 0 RW
The value is physical pixel number.
1-0 Fix at 0 0 RO
REG[ACh] Destination image width 1 (DT _WTH1)
Bit Description Default Access
7-5 N/A 0 RO
Destination image width [12:8]
Unit: Pixel.
40 | |t must be divisible by 4. DT WTH Bit [1:0] tie to “0” internally. 0 RW
The value is physical pixel number.
REGJADh] Destination Window Upper-Left corner X-coordinates 0 (DT_XO
Bit Description Default Access
7-0 Destination Window Upper-Left corner X-coordinates [7:0] 0 RwW
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REG[AEh] Destination Window Upper-Left corner X-coordinates 1 (DT X1)

Bit Description Default Access
7-5 NA 0 RO
4-0 Destination Window Upper-Left corner X-coordinates [12:8] 0 RwW
REGJAFh] Destination Window Upper-Left corner Y-coordinates 0 (DT _YO0)
Bit Description Default Access
7-0 Destination Window Upper-Left corner Y-coordinates [7:0] 0 RwW
REG[BOh] Destination Window Upper-Left corner Y-coordinates 1 (DT Y1)
Bit Description Default Access
7-5 NA 0 RO
4-0 Destination Window Upper-Left corner Y-coordinates [12:8] 0 RwW
REG[B1h] BTE Window Width 0 (BTE WTHO)
Bit Description Default Access
BTE Window Width Setting[7:0]
Unit: Pixel.
7-0 The value is physical pixel number. 0 RwW
BTE Window Width will be ignored and auto set as 8 or 16 when
BTE’s all pattern fill operation enable.
REG[B2h] BTE Window Width 1 (BTE_WTH1)
Bit Description Default Access
7-5 NA 0 RO
BTE Window Width Setting [12:8]
Unit: Pixel.
4-0 The value is physical pixel number. 0 RwW
BTE Window Width will be ignored and auto set as 8 or 16 when
BTE's all pattern fill operation enable.
REG[B3h] BTE Window Height 0 (BTE_HIGO)
Bit Description Default Access
BTE Window Height Setting[7:0]
Unit: Pixel.
7-0 The value is physical pixel number. 0 RwW
BTE Window height will be ignored and auto set as 8 or 16 when
BTE’s all pattern fill operation enable.
REG[B4h] BTE Window Height 1 (BTE_HIG1)
Bit Description Default Access
7-5 NA 0 RO
BTE Window Height Setting [12:8]
Unit: Pixel.
4-0 The value is physical pixel number. 0 RwW
BTE Window height will be ignored and auto set as 8 or 16 when
BTE’s all pattern fill operation enable.
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REG[B5h] Alpha Blending (APB_ CTRL)
Bit Description Default Access
7-4 N/A 0 RO

Window Alpha Blending effect for SO & S1

The value of alpha in the color code ranges from 1.0 down to
0.0, where 1.0 represents a fully opaque color, and 0.0
represents a fully transparent color.

00h: 0

01h: 1/32

02h: 2/32

5-0 :
1Eh: 30/32
1Fh: 31/32
2Xh: 1

Output Effect = (SO image x (1 - alpha setting value))
+ (S1 image x alpha setting value)
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REG[B6h] Serial flash DMA Controller REG (DMA_CTRL)
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Bit

Description

Default

Access

7-1

NA

0

RO

Write Function: DMA Start Bit

Set to 1 by MPU and reset to 0 automatically

It cannot start with fontwr_busy as 1. And if DMA enabled also
cannot set as text mode & send character code.

Read Function: DMA Busy Check Bit

0: Idle

1: Busy

*** about serial flash’s DMA transfer, its destination starting
address, destination image width, color depth & address mode in
SDRAM are followed by Canvas’ setting and only operate in
graphic mode.

RwW

REG[B7h] Serial Flash/ROM Controller Register (SFL_CTRL)

Bit

Description

Default

Access

Serial Flash/ROM I/F # Select
0: Serial Flash/ROM 0 I/F is selected.
1: Serial Flash/ROM 1 I/F is selected.

RW

Serial Flash /ROM Access Mode
0: Font mode — for external CGROM
1: DMA mode — for CGRAM , pattern , boot start image or OSD

RW

Serial Flash/ROM Address Mode

0: 24 bits address mode

1: 32 bits address mode

If user wants to use 32 bits address mode, user must manual
send EX4B command (B7h) to serial flash then set high this bit.
User also may check this bit to know whether serial flash had
enter 32 hits address mode by initial display function.

RW

RA8875 compatible mode

0: standard SPI mode 0 or mode 3 timing

1: Follow RA8875 mode 0 & mode 3 timing

In the RA8875 compatible mode,

Data are read on the clock's falling edge (high->low transition)
and data are changed on a falling edge (high->low transition).
For Mode 0, SPI clock park on low when idle.

For Mode 3, SPI clock park on high when idle.

CROL  CPHA

(Serial mode 0) 0 ]

(Serial modae 3) 1

SCLK

SCLK

sl

S0

shiftin

|

RASETS
shiftin

X mso

X -

shift out

S S N B N I

( MSE X

RW

3-0

Read Command code & behavior selection

000xb: 1x read command code — 03h. Normal read speed.
Single data input on xmiso. Without dummy cycle between
address and data.

010xb: 1x read command code — OBh. To some serial flash
provide faster read speed. Single data input on xmiso. 8 dummy

R/W
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Bit Description Default Access
cycles inserted between address and data.
1x0xb: 1x read command code — 1Bh. To some serial flash
provide fastest read speed. Single data input on xmiso. 16
dummy cycles inserted between address and data.
xx10b: 2x read command code — 3Bh. Interleaved data input on
xmiso & xmosi. 8 dummy cycles inserted between address and
data phase. (mode 0)
xx11b: 2x read command code — BBh. Address output & data
input interleaved on xmiso & xmosi. 4 dummy cycles inserted
between address and data phase. (mode 1)
Note: Not serial flash support above read command, please
according to serial flash’s datasheet to select proper read
command.
REG[B8h] SPI master Tx /Rx FIFO Data Register (SPIDR)
Bit Description Default | Access
SPI master Tx /Rx FIFO Data Register
After programming the core’s control register SPI transfers can
be initiated. A transfer is initiated by writing to the Serial
Peripheral Data Register [SPIDR]. Writing to the Serial
Peripheral Data Register is actually writing to a 16 entries deep
FIFO called the Write FIFO. Each write access adds a data byte
to the Write FIFO. When the core is enabled — SS_ACTIVE is set
(‘1) — and the Write FIFO is not empty, the core automatically
transfers the oldest data byte.
7-0 Receiving data is done simultaneously with transmitting data; NA RwW
whenever a data byte is transmitted a data byte is received. For
each byte that needs to be read from a device, a dummy byte
needs to be written to the Write FIFO. This instructs the core to
initiate an SPI transfer, simultaneously transmitting the dummy
byte and receiving the desired data. Whenever a transfer is
finished, the received data byte is added to the Read FIFO. The
Read FIFO is the counterpart of the Write FIFO. It is an
independent 16 entries deep FIFO. The FIFO contents can be
read by reading from the Serial Peripheral Data Register [SPIDR]
REG[B9h] SPI master Control Register (SPIMCR2)
Bit Description Default Access
7 NA 0 RO
SPI Master Interrupt enable
0: Disable interrupt.
6 1: Enable interrupt. 0 RW
*** |f you disable SPIM interrupt flag, then RA8876 won't assert
interrupt event to inform MPU but you still may check interrupt
event on SPIM status Register.
Control Slave Select drive on which xnsfcs
5 0: nSS drive on xnsfcs[0] 0 RW
1: nSS drive on xnsfcs[1]
Slave Select signal active [SS_ACTIVE]
0: inactive (nSS port will goes high)
1: active (nSS port will goes low)
4 While Slave Select signal in inactive, FIFO will clear and engine 0 RW

will stay in Idle state.
Note: Suggest don’'t change CPOL/CPHA and active Slave
Select signal simultaneously.
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Bit Description Default Access
Mask interrupt for FIFO overflow error [OVFIRQMSK]
3 0: unmask 1 RW
1: mask
Mask interrupt for while Tx FIFO empty & SPI engine/FSM idle
> [EMTIRQMSK] 1 RW
0: unmask
1: mask
SP| operation mode
Only support mode 0 & mode 3, when enable serial flash’'s DMA
or access Getop's character serial ROM device.
mode CPOL: CPHA:
1:0 Clock Polarity hit Clock Phase bit 0 RW
0 0 0
1 0 1
2 1 0
3 1 1

e At CPOL=0 the base value of the clock is zero
o For CPHA=0, data are read on the clock's rising edge (low->high transition) and data are changed
on a falling edge (high->low clock transition).
o For CPHA=1, data are read on the clock's falling edge and data are changed on a rising edge.
e At CPOL=1 the base value of the clock is one (inversion of CPOL=0)
o For CPHA=0, data are read on clock's falling edge and data are changed on a rising edge.
o0 For CPHA=1, data are read on clock's rising edge and data are changed on a falling edge.

sck CcPoOL=0 —MLALAAL L
[ O U B U A U B O A O O O O

CPOL=1
c5 \ [~
Clock# DO Yz Yy ysysysyrr1s g —
CPHA=0 3D B D ER ER D D RS S E
sho £ ? T 3
Clock # T I f sy ayeye ey
CPHA =1 =S z 1 z
sho T rE I YAy s e T e
Figure 19-7

Table 19-2 : SPI MODES

SPI MODE CPOL CPHA
0 0 0
1 0 1
2 1 0
3 1 1
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REG[BAhA] SPI master Status Register (SPIMSR)
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Bit

Description

Default

Access

Tx FIFO empty flag
0: not empty
1: empty

RO

Tx FIFO full flag
0: not full
1: full

RO

Rx FIFO empty flag
0: not empty
1. empty

RO

Rx FIFO full flag
0: not full
1: full

RO

1: Overflow interrupt flag
Write 1 will clear this flag

RW

1: Tx FIFO empty & SPI engine/FSM idle interrupt flag
Write 1 will clear this flag

RW

1-0

NA

RO

REG[BBh] SPI Clock period (SPI_DIVSOR)

Bit

Description

Default

Access

7-0

SPI Clock period

According to system clock to set low & high period for SPI clock.

— FCOre
Feoe= "] divisor +1)x 2

RwW

REG[BCh] Serial flash DMA Source Starting Address 0 (DMA SSTRO)

Bit

Description

Default

Access

7-0

Serial flash DMA Source START ADDRESS [7:0]
This bits index serial flash address [7:0]
Direct point to exact source image'’s transfer starting position.

0

RwW

REG[BDh] Serial flash DMA Source Starting Address 1 (DMA SSTR1)

Bit

Description

Default

Access

7-0

Serial flash DMA Source START ADDRESS [15:8]
This bits index serial flash address [15:8]
Direct point to exact source image'’s transfer starting position.

0

RwW

REG[BEh] Serial flash DMA Source Starting Address 2 (DMA SSTR?)

Bit

Description

Default

Access

7-0

Serial flash DMA Source START ADDRESS [23:16]
This bits index serial flash address [23:16]
Direct point to exact source image'’s transfer starting position.

0

RwW

REG[BFh] Serial flash DMA Source Starting Address 3 (DMA SSTR3)

Bit

Description

Default

Access

7-0

Serial flash DMA Source START ADDRESS [31:24]
This bits index serial flash address [31:24]
Direct point to exact source image'’s transfer starting position.

0

RwW
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REG[COh] DMA Destination Window Upper-Left corner X-coordinates 0 (DMA DX0)
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Bit Description Default Access
When REG 5Eh (AW_COLOR) bit 2 =0 (Block Mode)
This register defines DMA Destination Window Upper-Left corner
7-0 X-coordinates [7:0] on Canvas area. 0 RwW
When REG 5Eh (AW_COLOR) bit 2 =1 (Linear Mode)
This register defines Destination address [7:2] in SDRAM.
REG[C1h] DMA Destination Window Upper-Left corner X-coordinates 1 (DMA DX1)
Bit Description Default Access
When REG 5Eh (AW_COLOR) bit 2 =0 (Block Mode)
This register defines DMA Destination Window Upper-Left corner
7-0 X-coordinates [12:8] on Canvas area. 0 RW
When REG 5Eh (AW_COLOR) bit 2 =1 (Linear Mode)
This register defines Destination address [15:8] in SDRAM.
REG[C2h] DMA Destination Window Upper-Left corner Y-coordinates 0 (DMA_DYOQ)
Bit Description Default Access
When REG 5Eh (AW_COLOR) bit 2 =0 (Block Mode)
This register defines DMA Destination Window Upper-Left corner
7-0 Y-coordinates [7:0] on Canvas area. 0 RW
When REG 5Eh (AW_COLOR) bit 2 =1 (Linear Mode)
This register defines Destination address [23:16] in SDRAM.
REG[C3h] DMA Destination Window Upper-Left corner Y-coordinates 1 (DMA DY1)
Bit Description Default Access
When REG 5Eh (AW_COLOR) bit 2 =0 (Block Mode)
This register defines DMA Destination Window Upper-Left corner
7-0 Y-coordinates [12:8] on Canvas area. 0 RwW
When REG 5Eh (AW_COLOR) bit 2 =1 (Linear Mode)
This register defines Destination address [31:24] in SDRAM.
REG[C4h] — REG[C5h] : RESERVED
Bit Description Default Access
7-0 NA 0 RO
REG[C6h] DMA Block Width 0 (DMAW_WTHO)
Bit Description Default Access
When REG 5Eh (AW_COLOR) bit 2 =0 (Block Mode)
7.0 DMA Block Width [7:0] 0 RW
When REG 5Eh (AW_COLOR) bit 2 =1 (Linear Mode)
DMA Transfer Number [7:0]
REG[C7h] DMA Block Width 1 (DMAW WTH1)
Bit Description Default Access
When REG 5Eh (AW_COLOR) bit 2 =0 (Block Mode)
7.0 DMA Block Width [15:8] 0 RW
When REG 5Eh (AW_COLOR) bit 2 =1 (Linear Mode)
DMA Transfer Number [15:8]
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REG[C8h] DMA Block Height 0 (DMAW HIGHO)
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Bit Description Default Access
When REG 5Eh (AW_COLOR) bit 2 =0 (Block Mode)
7.0 DMA Block Height [7:0] 0 RW
When REG 5Eh (AW_COLOR) bit 2 =1 (Linear Mode)
DMA Transfer Number [23:16]
REG[C9h] DMA Block Height 1 (DMAW HIGH1)
Bit Description Default Access
When REG 5Eh (AW_COLOR) bit 2 =0 (Block Mode)
7.0 DMA Block Height [15:8] 0 RW
When REG 5Eh (AW_COLOR) bit 2 =1 (Linear Mode)
DMA Transfer Number [31:24]
REG[CAh] DMA Source Picture Width O(DMA_ SWTHO)
Bit Description Default Access
DMA Source Picture Width [7:0]
-0 Unit: pixel 0 RW
REG[CBh] DMA Source Picture Width O(DMA_SWTH1)
Bit Description Default Access
4-0 DMA Source Picture Width [12:8] 0 RwW
Source serial flash ROM SDRAM
(DMA_SSTR)
" (Dha_Dv, DMA_DXY: physical address
------ -~ (oM TFam }4;)-
Linear mode
Source serial flash ROM SDRAM

(Canvas)

D, S5TR
OMASSTR) (oms T,

4
{(DMA_TF312)

g —— - OMB_SNTHD_

(DMA,_DY, DMA,_DX)

Block mode

Figure 19-8 : DMA Linear and Block Mode
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19.10 Text Engine

REG[CCh] Character Control Register 0 (CCRO)
Bit Description Default Access

Character source selection

00: Select internal CGROM Character.
7.6 01: Select external CGROM Character. (Genitop serial flash) 0 RwW
10: Select user-defined Character.

11: NA

Character Height Setting for external CGROM & user-defined
Character

00b : 16; ex.8x16/16x16 / variable character width x 16
01b: 24; ex.12x24 ] 24x24 [ variable character width x 24
10b: 32; ex. 16x32/32x32 / variable character width x 32

Note:

5-4 1. User-defined character width is decided by character code; 0 RwW
width for code < 8000h is 8/12/16. width for code >=8000h is
16/24/32.

2. Genitop serial flash’s character width is decided by chosen
character sets and need program into GT Font ROM register
(CEh, CFh).

3. Internal CGROM supports size 8x16 / 12x24 | 16x32.

3-2 NA 0 RO

Character Selection for internal CGROM

When FNCRO B7 = 0 and B6 = 0, Internal CGROM supports
character sets with the standard coding of ISO/IEC 8859-1,2,4,5,
which supports English and most of European country languages

1-0 0 RW
00b : ISO/IEC 8859-1.
01b : ISO/IEC 8859-2.
10b : ISO/IEC 8859-4.
11b : ISO/IEC 8859-5.
REG[CDh] Character Control Register 1 (CCR1)
Bit Description Default Access

Full Alignment Selection Bit
0 : Full alignment disable.

1: Full alignment enable.

7 When Full alignment enable, displayed character width is equal 0 RW
to (Character Height)/2 if character width equal or small than
(Character Height)/2, otherwise displayed font width is equal to
Character Height.

Chroma keying enable on Text input
6 0 : Character’s background displayed with specified color. 0 RW
1: Character’'s background displayed with original canvas’
background.

5 NA 0 RO

Character Rotation
0 : Normal
Text direction from left to right then from top to bottom
1 : Counterclockwise 90 degree & vertical flip
Text direction from top to bottom then from left to right
(it should accommodate with set VDIR as 1)
This attribute can be changed only when previous Text write
finished (core_busy = 0)
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Bit Description Default Access

Character width enlargement factor
00b : X1.
3-2 01b: X2. 0 RW
10b : X3.
11b: X4.
Character height enlargement factor
00b : X1.
1-0 01b: X2. 0 RW
10b : X3.
11b : X4.

REG[CEh] GT Character ROM Select (GTFNT SEL)
Bit Description Default Access

GT Serial Character ROM Select
000b: GT21L16T1W
001b: GT30L16U2W
010b: GT30L24T3Y

75| 011b: GT30L24M1Z 0 RW
100b: GT30L32S4W
101b: GT20L24F6Y
110b: GT21L24S1W

40 | NA 0 RO

REG[CFh] GT Character ROM Control register (GTENT CR)
Bit Description Default Access

Character sets

For specific GT serial Character ROM, the coding method must
be set for decoding.

a. Single byte character code for following character sets:
00100b: ASCII only (00h-1Fh, 80-FFh will send “blank space”)
10001b: ISO-8859-1 + ASCII code

10010b: ISO-8859-2 + ASCII code

10011b: ISO-8859-3 + ASCII code

10100b: ISO-8859-4 + ASCII code

10101b: ISO-8859-5 + ASCII code

10110b: ISO-8859-7 + ASCII code

10111b: ISO-8859-8 + ASCII code

11000b: ISO-8859-9 + ASCII code

11001b: ISO-8859-10 + ASCII code

11010b: ISO-8859-11 + ASCII code

7-3 11011b: ISO-8859-13 + ASCII code 0 RW
11100b: ISO-8859-14 + ASCII code

11101b: ISO-8859-15 + ASCII code

11110b: ISO-8859-16 + ASCII code

b. Two byte character code for following character sets:
00000b: GB2312

00001b: GB12345/GB18030

00010b: BIG5

00011b: UNICODE

00101b: UNI-Japanese

00110b: JIS0208

00111b: Latin / Greek / Cyrillic / Arabic / Thai / Hebrew

Note: While character sets are not 00011b, 00101b, 00110b,
00111b (UNICODE, UNI-Japanese, JIS0208, Latin / Greek /
Cyrillic / Arabic / Thai / Hebrew then if 1* character code under
80h will treat as ASCII code.
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Bit Description Default Access

2 N/A 0 RO

GT Character width setting

00b: for fix width’s font sets. Its width is half of character height.
Ex. 1SO-8859, GB2312, GB12345/GB18030, BIG5, 0 RW
UNI-Japanese, JIS0208, Thai.

Others: variable width for following character sets: ASCII, Latin,
Greek, Cyrillic & Arabic.

1-0

Relationship of Character sets & GT Character width as following:

Char. set ASCII Code/ Latin / Greek / Arabic
ISO-8859-x Cyrillic Others
. (00111b)
Width (00100b /1xxxxb) (00111b)
00b Fixed width Fixed width NA Fixed width
(auto set by chip)
variable-width for variable-width for
01b . variable-width Presentation NA
Arial
Forms-A
. . variable-width for
10b variable-width for NA Presentation NA
Roman
Forms-B
11b Bold NA NA NA
REG[DOh] Character Line gap Setting Register (FLDR)
Bit Description Default Access
7-5 NA 0 RO

Character Line gap Setting

Setting the character line gap when meet active window
4-0 boundary. (Unit: pixel) 0 RW
Color of gap will fill-in background color.

*** |t won't be enlarged by character enlargement function.

Active Window
SIEIE]

Character Line gap

R‘A IIO‘

Figure 19-9 : Character Line Gap
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Bit Description Default Access
7-6 NA 0 RW
Character to Character Space Setting
00h : O pixel
01h : 1 pixel
5.0 02h 2 pixels 0 RW
3Fh : 63 pixels
Color of space will fill-in foreground color.
*** |t won't be enlarged by character enlargement function.
Active Window —{ [+~ Character to Character Space
RIA I O
Figure 19-10 : Character to Character Space
REG[D2h] Foreground Color Register - Red (FGCR)
Bit Description Default Access
Foreground Color - Red; for draw, text or color expansion
i 256 colors, the register only uses Bit[7:5].
-0 65K colors, the register uses Bit[7:3]. FFh RW
16.7M colors, the register uses Bit[7:0].
REG[D3h] Foreground Color Register - Green (FGCG)
Bit Description Default Access
Foreground Color - Green; for draw, text or color expansion
i 256 colors, the register only uses Bit[7:5].
-0 65K colors, the register uses Bit[7:2]. FFh RW
16.7M colors, the register uses Bit[7:0].
REG[D4h] Foreground Color Register - Blue (FGCB)
Bit Description Default Access
Foreground Color - Blue; for draw, text or color expansion
7.0 256 colors, the register only uses Bit[7:6]. FEN RW

65K colors, the register uses Bit[7:3].
16.7M colors, the register uses Bit[7:0].
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REG[D5h] Background Color Register - Red (BGCR)
Bit Description Default Access

Background Color - Red; for Text or color expansion
256 colors, the register only uses Bit[7:5].

65K colors, the register uses Bit[7:3].

7-0 16.7M colors, the register uses Bit[7:0]. 00h RwW
***Note: No matter background transparency is enabled or not,
don’t set same value with Foreground Color otherwise image or
text will become a square with Foreground Color.

REG[D6h] Background Color Register - Green (BGCG)
Bit Description Default Access

Background Color - Green; for Text or color expansion
256 colors, the register only uses Bit[7:5].

65K colors, the register uses Bit[7:2].

7-0 16.7M colors, the register uses Bit[7:0]. 00h RwW
*** Note: No matter background transparency is enabled or not,
don't set same value with Foreground Color otherwise image or
text will become a square with Foreground Color.

REG[D7h] Background Color Register - Blue (BGCB)
Bit Description Default Access

Background Color - Blue; for Text or color expansion
256 colors, the register only uses Bit[7:6].

65K colors, the register uses Bit[7:3]. 00h RW
16.7M colors, the register uses Bit[7:0].

*** Don't set it same as Foreground Color otherwise image or text
will be flatten.

7-0

REG[D8h] — REG[DAh] : RESERVED
Bit Description Default Access

7-0 NA 0 RO

REG[DBh] CGRAM Start Address 0 (CGRAM STRO)
Bit Description Default Access

CGRAM START ADDRESS [7:0]
User-defined Characters space

7-0 User must use canvas image setting to organize CGRAM data 0 RwW
and set CGRAM address to tell engine where to fetch CGRAM
data.

REG[DCh] CGRAM Start Address 1 (CGRAM STR1)
Bit Description Default Access

CGRAM START ADDRESS [15:8]
User-defined Characters space

7-0 User must use canvas image setting to organize CGRAM data 0 RwW
and set CGRAM address to tell engine where to fetch CGRAM
data.
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REG[DDh] CGRAM Start Address 2 (CGRAM STR2)
Bit Description Default Access

CGRAM START ADDRESS [23:16]
User-defined Characters space

7-0 User must use canvas image setting to organize CGRAM data 0 RW
and set CGRAM address to tell engine where to fetch CGRAM
data.

REG[DEh] CGRAM Start Address 3 (CGRAM STR3)
Bit Description Default Access

CGRAM START ADDRESS [31:24]
User-defined Characters space

7-0 User must use canvas image setting to organize CGRAM data 0 RwW
and set CGRAM address to tell engine where to fetch CGRAM
data.

*** Note: If user wants to change rotate attribute, character line gap, character-to-character space,
foreground color, background color and Text/graphic mode setting, he must make sure
core_busy(fontwr_busy) status bit is low.

19.11 Power Management Control Register

REG|DFh] : Power Management register (PMU)
Bit Description Default Access

Enter Power saving state

0: Normal state or wakeup from power saving state

1: Enter power saving state.

Note:

There are 3 ways to wakeup from power saving state:
7 External interrupt event, Key Scan wakeup, Software wakeup. 0 RW
Write this bit to O will cause Software wakeup. It will be cleared
until chip resume. MPU must wait until system quit from power
saving state than allow to write other registers. User may check
this bit or check status bit [1] (power saving status bit) to know
whether chip back to normal operation.

6-2 NA 0 RO

Power saving Mode definition
00: NA
01: Standby Mode

CCLK & PCLK will stop, MCLK keep MPLL clock
10: Suspend Mode

CCLK & PCLK will stop, MCLK switch to OSC clock
11: Sleep Mode

All clock & PLL will stop
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19.12 SDRAM Control Register

REG[EOh] SDRAM attribute register (SDRAR)
Bit Description Default Access

SDRAM Power Saving type
7 0: Execute power down command to enter power saving mode 0 RW
1: Execute self refresh command to enter power saving mode
SDRAM memory type (sdr_type)

6 Ob: SDR SDRAM 0 RW
1b: mobile SDR SDRAM

SDRAM Bank number (sdr_bank)
5 Ob: 2 banks (column addressing size only support 256 words) 1 RwW
1b: 4 banks

SDRAM Row addressing (sdr_row)

00b: 2K (A0-A10)

01b: 4K (AO-All)

1Xb: 8K (AD-A12)

SDRAM Column addressing (sdr_col)

000b: 256 (A0-A7)

001b: 512 (A0-A8)

010b: 1024 (A0-A9)

011b: 2048 (A0-A9, A11)

1XXb: 4096 (A0-A9, A11-A12)

Reference setting:

16Mb, 2MB, 1Mx16: 0x00; bank no: 2, row size: 2048, col size: 256
32Mb, 4MB, 2Mx16: 0x08; bank no: 2, row size: 4096, col size: 256
64Mb, 8MB, 4Mx16: 0x28; bank no: 4, row size: 4096, col size: 256
128Mb, 16MB, 8Mx16: 0x29; bank no: 4, row size: 4096, col size: 512
256Mb, 32MB, 16Mx16: 0x31; bank no: 4, row size: 8192, col size: 512
512Mb, 64MB, 32Mx16: 0x32; bank no: 4, row size: 8192, col size: 1024

2-0

REG[E1h] SDRAM mode register & extended mode register (SDRMD)
Bit Description Default Access

Partial-Array Self Refresh (sdr_pasr)
*Only for mobile SDR SDRAM

000b: Full array

001b: Half array (1/2)

010b: Quarter array (1/4)

011b: Reserved

100b: Reserved

101b: One-eighth array (1/8)

110b: One-sixteenth array (1/16)

111b: Reserved

To select the driver strength of the DQ outputs (sdr_drv)
*Only for mobile SDR SDRAM

00b: Full-strength driver

01b: Half-strength driver

10b: Quarter-strength driver

11b: One eighth-strength driver
SDRAM CAS latency (sdr-caslat)
010b: 2 SDRAM clock

011b: 3 SDRAM clock

Other: reserved

*NOTE: This register was locked after sdr_initdone bit was set as 1.

7-5

4-3

2-0 03h RwW
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REG[E2h] SDRAM auto refresh interval (SDR _REF ITVLO)
Bit Description Default Access

Refresh interval (Low byte)

SDRAM auto refresh time interval.

Counted by SDRAM clock.

*** |f Refresh interval register set as 0000h then SDRAM Auto
Refresh is disabled.

Refresh time interval should according to SDRAM'’'s Refresh
period specification (tREF) & its row size.

Ex. If SDRAM clock is 100MHz, SDRAM'’s Refresh period tREF is
64ms and row size is 8192, then refresh interval should small
than : 64e-3 /8192 * 100e6 ~= 781 = 30Dh

7-0 00h RW

REG[E3h] SDRAM auto refresh interval (SDR REF ITVL1)

Bit Description Default Access

Refresh interval (High byte)
SDRAM auto refresh time interval.
7-0 Counted by SDRAM clock. 00h RwW
*** |f Refresh interval register set as 0000h then SDRAM Auto
Refresh is disabled.

REG[E4h] SDRAM Control register (SDRCR)
Bit Description Default Access

Length to break a burst transfer
00: 256

7-6 01: 128 0 RW
10: 64

11: 32

SDRAM bus width select
0: SDR SDRAM 16bits bus

5 1: SDR SDRAM 32bits bus 0 RW
It has higher priority than 16bits parallel MPU bus.
XMCKE pin state

4 Current XMCKE pin state. 1 RO

0: SDR memory clock disable

1: SDR memory clock enable

Report warning condition

0: Disable or Clear warning flag

1: Enable warning flag

Warning condition are memory read cycle close to SDRAM
3 maximum address boundary (may over maximum address 0 RwW
minus 512 bytes) or out of range or SDRAM bandwidth
insufficient to fulfill panel's frame rate, then this warning event
will be latched, user could check this bit to do some judgments.
That warning flag could be cleared by set this bit as 0.

SDRAM timing parameter register enable (SDR_PARAMEN)
2 0: Disable SDRAM timing parameter registers 0 RW
1: Enable SDRAM timing parameter registers
SDRAM enter power saving mode (sdr_psaving)
1 0 to 1 transition will enter power saving mode 0 RwW
1 to O transition will exit power saving mode

Start SDRAM initialization procedure (sdr_initdone)

0 to 1 transition will execute SDRAM initialization procedure.
0 Read value ‘1' means SDRAM is initialized and ready for access. 0 RwW
Once it was written as 1, it cannot be rewrite as 0.
1 to 0 transition without have any operation.
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*** Following SDRAM timing register only valid when SDR_PARAMEN (REG[E4], b2) set.
REG[EOh] SDRAM timing parameter 1

Bit Description Default Access
7 NA 0 RO
6 NA 0 RW
5 NA 0 RW
4 NA 0 RW
tMRD : Load Mode Register command to Active or Refresh
3-0 command 2 RW
00h — OFh: 1 ~ 16 SDRAM clock

REG[E1h] SDRAM timing parameter 2

Bit Description Default Access
tRFC : Auto refresh period
"4 | 00h — OFh: 1 ~ 16 SDRAM clock 8 RW
3.0 tXSR : Exit SELF REFRESH-to-ACTIVE command 7 RW
) 00h — OFh: 1 ~ 16 SDRAM clock

REG[E2h] SDRAM timing parameter 3

Bit Description Default Access
7.4 tRP : Time of PRECHARGE command period (15/20ns) > RW
00h — OFh: 1 ~ 16 SDRAM clock

tWR : Time of WRITE recovery time
3-0 | ooh — OFh: 1 ~ 16 SDRAM clock 0 RW

REG[E3h] SDRAM timing parameter 4

Bit Description Default Access
7.4 tRCD : Time of ACTIVE-to-READ or WRITE delay > RW
00h — OFh: 1 ~ 16 SDRAM clock

3-0 tRAS : Time of ACTIVE-to-PRECHARGE 6 RW
) 00h — OFh: 1 ~ 16 SDRAM clock

19.13  12C Master Registers

REG[E5h] 12C Master Clock Pre-scale Register 0 (I2CMCPRO0)

Bit Description Default Access

7-0 I2C Master Clock Pre-scale [7:0] 0 RwW
REG[E6h] 12C Master Clock Pre-scale Register 1 (I2CMCPR1)

Bit Description Default Access

7-0 I2C Master Clock Pre-scale [15:8] 0 RW
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REG[E7h] I12C Master Transmit Register (I2CMTXR)
Bit Description Default Access

7-0 I2C Master Transmit [7:0] 0 RW

REG[E8h] 12C Master Receiver Register (I2CMRXR)
Bit Description Default Access

7-0 I2C Master Receiver [7:0] 0 RW

REG[E9h] 12C Master Command Register (I2CMCMDR)
Bit Description Default Access

START

Generate (repeated) start condition and be cleared by hardware
automatically

Note : This bit is always read as 0.

STOP

Generate stop condition and be cleared by hardware
automatically

Note : This bit is always read as 0.

READ(READ and WRITE can’t be used simultaneously)

5 Read form slave and be cleared by hardware automatically 0 RW
Note : This bit is always read as 0.

WRITE(READ and WRITE can’t be used simultaneously)
4 Write to slave and be cleared by hardware automatically 0 RW
Note : This bit is always read as 0.
ACKNOWLEDGE

When as a I12C master receiver

3 0: Sent ACK. 0 RW
1: Sent NACK.

Note : This bit is always read as 0.

2-1 NA 0 RO

Noise Filter
0 0 :.Disable. 0 RW
1: Enable

0 RW

REG[EAhN] 12C Master Status Register (I2CMSTUR)
Bit Description Default Access

Received acknowledge from slave
7 0 : Acknowledge received. 0 RO
1 : No Acknowledge received.
I2C Bus is Busy

6 0 : Idle. ‘0’ after STOP signal detected 0 RO
1: Busy. ‘1’ after START signal detected
5-2 NA 0 RO
Transfer in progress
1 0 : when transfer complete 0 RO

1 : when transferring data

Arbitration lost

This bit is set when the core lost arbitration. Arbitration is lost
0 when: 0 RO
e a STOP signal is detected, but non requested
The master drives SDA high, but SDA is low.
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REG[FOh] GPIO-A direction (GPIOAD)
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Bit Description Default Access
General Purpose I/O, Port A
7.0 QPIO-A_dw[?:O] : General Purpose I/O direction control. EEh RW
0: Output
1: Input
REG[F1h] GPIO-A (GPIOA)
Bit Description Default Access
General Purpose I/O, Port A
Only available in parallel 8-bits MPU I/F & serial MPU I/F
For Write, Port A’s General Purpose Output
7-0 GPO-A[7:0] : Port A’'s General Purpose Output, share with NA RW
DB[15:8]
For Read, Port A’s General Purpose Input
GPI-A[7:0] : Port A’'s General Purpose Input, share with DB[15:8]
REG[F2h] GPIO-B (GPIOB)
Bit Description Default Access
7-5 NA NA NA
For Write. Port B's General Purpose Output
4 The output data pin share with KOUT]O0] NA RW
For Read, Port B'’s General Purpose Input
The input data pin share with KIN[O]
For Read, Port B'’s General Purpose Input
3-0 This bit not writable. Only valid on serial host interface. NA R
{XA0, XnWR, XnRD, XnCS}
REG[F3h] GPIO-C direction (GPIOCD)
Bit Description Default Access
General Purpose I/O, Port C
7.0 GPIO—C_dw[?:O] : General Purpose I/O direction control. FEN RW
0: Output
1: Input
REG[F4h] GPIO-C (GPIOC)
Bit Description Default Access
General Purpose I/O, Port C
GPIO-C[7] & GPIO_C[4:0] : General Purpose Input / Output
share with {XPWMO0, XnSFCS1, XnSFCS0, XMISO, XMOSI,
7-0 XSCK} NA RW

GPIO function valid only when relative function disabled. (ex.

PWM, SPI master disabled).
*** GPIO C[6:5] are not available.
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REG[F5h] GPIO-D direction (GPIODD)

Bit Description Default Access
General Purpose I/O, Port D
7.0 GPIO—D_dw[?:O] : General Purpose I/O direction control. FEN RW
0: Output
1: Input
REG[F6h] GPIO-D (GPIOD)
Bit Description Default Access
General Purpose I/O, Port D
7.0 Only available on digital display package type NA RW
GPIO-D[7:0] : General Purpose Input/Output
share with PDATJ18, 2, 17, 16, 9, 8, 1, O]
REG[F7h] GPIO-E direction (GPIOED)
Bit Description Default Access
General Purpose I/O, Port E
7.0 G_PIO-E_d|r[7:O] : General Purpose I/O direction control. EEh RW
0: Output
1: Input
REG[F8h] GPIO-E (GPIOE)
Bit Description Default | Access
General Purpose I/O, Port E
7.0 Only available on digital display package type NA RW
GPIO-E[7:0] : General Purpose Input/Output.
share with XPDAT[12, 11,10, 7, 6, 5, 4, 3]
REG[F9h] GPIO-F direction (GPIOFD)
Bit Description Default Access
General Purpose I/O, Port F
7.0 QPIO—F_dw[?:O] : General Purpose I/O direction control. EEh RW
0: Output
1. Input
REG[FAh] GPIO-F (GPIOF)
Bit Description Default Access
General Purpose I/O, Port F
7.0 Only available on digital display package type NA RW
GPIO-F[7:0] : General Purpose Input/Output.
share with XPDAT[23, 22, 21, 20, 19, 15, 14, 13]
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Key-Scan Control Registers

REG[FBh] Key-Scan Control Register 1 (KSCR1)
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recognized. Value from 0 to 7.

Bit Description Default Access
Reserved
! Must set as 0. 0 0
Long Key Enable Bit
6 1: Enable. Long key period is set by KSCR2 bit4-2. 0 RW
0 : Disable.
Short Key de-bounce Times
De-bounce times of keypad scan frequency.
00b: 4
5-4 01b - 8 0 RW
10b: 16
11b: 32
Repeatable Key enable
0: Disable Repeatable Key
1: Enable Repeatable Key
3 ie, if key is always pressed, then controller will repeat issue key 0 RW
interrupt in every short key de-bounce time (long key disable) or
long key recognition time (long key enable) after user clear
interrupt flag.
Row Scan Time
Period of Key scan controller to scan one row.
1
Teevok = =——x 2048
SYSCLK
000: ROW _SCAN _Time =T,qycix
001: ROW _SCAN _Time =T,gycx X2
010: ROW _SCAN _Time =T,gyc x X4
2-0 . 0 RW
011: ROW _SCAN _Time =T,z « X8
100: ROW _SCAN _Time =T,y « X16
101: ROW _SCAN _Time =T,z ek X 32
110: ROW _SCAN _Time =T, « X 64
111: ROW _SCAN _Time =T,y « X128
This key pad controller supports 5x5 keys. Total Key pad
scan time = Row Scan Time * 5
REG[FCh] Key-Scan Controller Register 2 (KSCR?2)
Bit Description Default Access
Key-Scan Wakeup Function Enable Bit
7 0: Key-Scan Wakeup function is disabled. 0 R/W
1: Key-Scan Wakeup function is enabled.
Key released interrupt enable
6 0: Without interrupt event when all key released 0 RW
1: Generate an interrupt when all key released
5 NA 0 RO
Long Key Recognition Factor
4-2 It determines long key recognition time since short key was 0 RW
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Bit Description Default Access
LongKey Re cognitionTime
= RowScanTime x 5 x

(LongKey Re cognitionFactor +1) x1024

Numbers of Key Hit.

0 :No key is pressed

1: One key is pressed, REG[FDh] for the key code.
1-0 2 : Two keys are pressed, REG[FEh] for the 2™ key code. 0 RO
3 : Three keys are pressed, REG[FFh] for the 3" key code.

It will auto return to O if w/o any keys are pressed for a debounce
time.

REG[FDh] Key-Scan Data Register (KSDRO)
Bit Description Default Access

Key Strobe Data0

The corresponding key code 0 that is pressed.

It will auto return to FFh if w/o any keys are pressed for a
debounce time.

7-0 TBD RO

REG[FEh] Key-Scan Data Register (KSDR1)
Bit Description Default Access

Key Strobe Datal

The corresponding key code 1 that is pressed.

It will auto return to FFh if w/o any keys are pressed for a
debounce time.

7-0 TBD RO

REG[FFh] Key-Scan Data Register (KSDR2)
Bit Description Default Access

Key Strobe Data2

The corresponding key code 2 that is pressed.

It will auto return to FFh if w/o any keys are pressed for a
debounce time.

7-0 TBD RO

Table 19-3 : Key Code Mapping Table (Normal Key)
Kin0 Kinl Kin2 Kin3 Kin4
Kout0 00h 0lh 02h 03h 04h
Koutl 10h 11h 12h 13h 14h
Kout2 20h 21h 22h 23h 24h
Kout3 30h 31lh 32h 33h 34h
Kout4 40h 41h 42h 43h 44h

Table 19-4 : Key Code Mapping Table (Long Key)
Kin0 Kinl Kin2 Kin3 Kin4
Kout0 80h 81h 82h 83h 84h
Koutl 90h 91h 92h 93h 94h
Kout2 AOh Alh A2h A3h Adh
Kout3 BOh Blh B2h B3h B4h
Kout4 COh Cih C2h C3h C4h
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20. Summary for GENITOP’s Character Supported by RA8876

Table A-1

e : Supported, = : Not supported

GT21L16T1W supports font

RA8876
Supported Status

Remarks

15X16 dots GB12345 font

15X16 dots BIG5 basic font

15X16 dots JIS0208 basic font

The RA8876 can not support the particular fonts
which are illustrated in the Table A-2, caused by
the designing bug from GENITOP, but this
problem could be solved through the software
modification when needed.

15X16 dots Unicode font (Japanese)

5X7 dots ASCII font

7X8 dots ASCII font

6X12 dots ASCII font

8X16 dots ASCII font

8X16 dots bold ASCII font

12 dots ASCII font (Arial)

16 dots ASCII font (Arial)

8X16 dots Latin font

8X16 dots Greek font

8X16 dots Cyril font

12 dots Unicode font (Latin)

12 dots Unicode font (Greek)

12 dots Unicode font (Cyril)

16 dots Unicode font (Latin)

16 dots Unicode font (Greek)

16 dots Unicode font (Cyril)

12 dots Arabia font

12 dots Arabia extendable font

16 dots Arabia font

16 dots Arabia extendable font
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Table A- 2: Character code for JIS0208 (RA8876 can not support)

| < = S) Y v 0 x X i
0135 | 0169 | 0170 | 0173 | 0206 | 0207 | 0379 | 0413 | 0414 | 3344
1 It 193 il ™ 2 & B 5 B
3436 | 3636 | 3680 | 3847 | 4038 | 4247 | 4347 | 4935 | 4948 | 4949
AFEAEAEANAERERE
4974 | 5036 5&93 5159 | 5229 | 5483 | 5660 | 5756 | 5847 | 5881
e & = T A Hl B b it
5969 | 6232 | 6823 | 6913 | 6962 | 7967 | 8035 | 8157 | 8406 | “8503
I = = 3 ¥
8565 | 8569 | 8570 | 8573 | 8579
Table A- 3
RA8876
GT30L24M1Z supports font Supported Status Remarks
24X24 dots GB18030 basic font °
12X24 dots GB2312 extension font °
12X24 dots ASCII font °
24 dots ASCII font (Arial) °
24 dots ASCII font o
(Times New Roman)
Table A- 4
GT30L32S4W supports font RABB76 Remarks

Supported Status

11X12 dots GB2312 basic font

15X16 dots GB2312 basic font

24X24 dots GB2312 basic font

32X32 dots GB2312 basic font

6X12 dots GB2312 extension font

8X16 dots GB2312 extension font

8X16 dots GB2312 special font

12X24 dots GB2312 extension font

16X32 dots GB2312 extension font

5X7 dots ASCII font

7X8 dots ASCII font

6X12 dots ASCII font

8X16 dots ASCII font

12X24 dots ASCII font

16X32 dots ASCII font

12 dots ASCII font (Arial)

12 dots ASCII font
(Times New Roman)
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GT30L32S4W supports font

RA8876
Supported Status

Remarks

16 dots ASCII font (Arial)

16 dots ASCII font
(Times New Roman)

24 dots ASCII font (Arial)

24 dots ASCII font
(Times New Roman)

32 dots ASCII font (Arial)

32 dots ASCII font
(Times New Roman)

Table A-5

GT30L16U2W supports font

RA8876
Supported Status

Remarks

11X12 dots Unicode font

15X16 dots Unicode font

8X16 dots Special font

5X7 dots ASCII font

7X8 dots ASCII font

6X12 dots ASCII font

8X16 dots ASCII font

12 dots ASCII font (Arial)

12 dots ASCII font
(Times New Roman)

16 dots ASCII font (Arial)

16 dots ASCII font
(Times New Roman)

8X16 dots Latin font

8X16 dots Greek font

8X16 dots Cyril font

12 dots Latin font (Arial)

12 dots Greek font (Arial)

12 dots Cyril font (Arial)

12 dots Arabia font (Arial)

12 dots Arabia extendable font
(Arial)

16 dots Latin font (Arial)

16 dots Greek font (Arial)

16 dots Cyril font (Arial)

16 dots Arabia font (Arial)

16 dots Arabia extendable font
(Arial)
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Table A-6

GT30L24T3Y supports font Suppz'?tz?gtatus Remarks
11X12 dots GB2312 basic font —_—
15X16 dots GB2312 basic font °
24X24 dots GB2312 basic font °
11X12 dots GB12345 basic font —_
15X16 dots GB12345 basic font °
24X24 dots GB12345 basic font °
11X12 dots BIG5 basic font _—
15X16 dots BIG5 basic font °
24X24 dots BIG5 basic font °
11X12 dots Unicode font —_
15X16 dots Unicode font °
24X24 dots Unicode font °
5X7 dots ASCII font —_—
7X8 dots ASCII font —_—
6X12 dots ASCII font —_
8X16 dots ASCII font °
12 dots ASCII font (Arial) —_—
16 dots ASCII font (Arial) °
24 dots ASCII font (Arial) °

Table A-7
GT20L24F6Y supports font RAB876 Remarks

Supported Status

5X7 dots ASCII font —_—

7X8 dots ASCII font —_—

6X12 dots ASCII font —_—

8X16 dots ASCII font °

8X16 dots bold ASCII font °

12 dots ASCII font (Arial) —_

12 dots ASCII font
(Times New Roman)

16 dots ASCII font (Arial) °

16 dots ASCII font
(Times New Roman)

24 dots ASCII font (Arial) °

8X16 dots Latin font °
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RAB8876

Supported Status Remarks

GT20L24F6Y supports font

8X16 dots Greek font °
8X16 dots Cyril font °
8X16 dots Hebrew font °
8X16 dots Thai font °
12X24 dots Latin font °
12X24 dots Greek font °
12X24 dots Cyril font °
16 dots Arabia font (Arial) °
16 dots Latin font (Arial) °
16 dots Greek font (Arial) °
16 dots Cyril font (Arial) °

12 dots Latin font (Arial) _—

12 dots Greek font (Arial) —_—

12 dots Cyril font (Arial) —

24 dots Arabia font (Arial) °
8x16 1S0O8859-1 °
8x16 1S0O8859-2 °
8x16 1S0O8859-3 °
8x16 1S0O8859-4 °
8x16 1S08859-5 °
8x16 1SO8859-7 °
8x16 1SO8859-8 °
8x16 1S08859-9 °
8x16 1S08859-10 °
8x16 1S08859-11 °
8x16 1S0O8859-13 °
8x16 1S0O8859-14 °
8x16 1S0O8859-15 °
8x16 1S0O8859-16 °

5x7 1S0O8859-1 —_—

5x7 1S0O8859-2 —_—

5X7 1SO8859-3 —_

5X7 1SO8859-4 —_—

5X7 1SO8859-5 —_

5x7 1SO8859-7 —_

RAIO TECHNOLOGY INC. 211/214 www.raio.com.tw



RAIO™ RA8876

Character/Graphic TFT LCD Controller— Technical Manual

RAB8876

Supported Status Remarks

GT20L24F6Y supports font

5X7 1SO8859-8 —_

5x7 1SO8859-9 —_

5x7 1SO8859-10 —_

5x7 1SO8859-11 —_

5x7 1SO8859-13 —_

5x7 1SO8859-14 —_

5x7 1SO8859-15 —_

5x7 1SO8859-16 —_—

5x10 LCM Area O —_—

5x10 LCM Area 1 —_—

5x10 LCM Area 2 —

5x10 LCM Area 3 —_—

5x10 LCM Area 8 —_—

5x10 LCM Area 11 —_—

5x10 LCM Area 12 —_—

5x10 LCM Area 13 —_—

Table A- 8

RA8876

Supported Status Remarks

GT21L24S1W supports font

24X24 dots GB2312 basic font °
12X24 dots GB2312 extension font °
12X24 dots ASCII font °

24 dots ASCII font (Arial) °
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Note:

This technical document was provisionally created during development of RA8876, so there is a
possibility of differences between it and the product’s final specifications. When designing circuits
using RA8876, be sure to refer to the final technical documents.
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Important Notice
All rights reserved.

No part of this document may be reproduced or duplicated in any form or by any means without the prior
permission of RAIO.

The contents contained in this document are believed to be accurate at the time of publication. RAIO assumes
no responsibility for any error in this document, and reserves the right to change the products or specification in
this document without notice.

The information contained herein is presented only as a guide or examples for the application of our products.
No responsibility is assumed by RAIO for any infringement of patents, copyrights, or other intellectual property
rights of third parties which may result from its use. No license, either express, implied or otherwise, is granted
under any patents, copyrights or other intellectual property rights of RAIO or others.

Any semiconductor devices may have inherently a certain rate of failure. To minimize risks associated with
customer's application, adequate design and operating safeguards against injury, damage, or loss from such
failure, should be provided by the customer when making application designs.

RAIO's products are not authorized for use in critical applications such as, but not limited to, life support devices
or system, where failure or abnormal operation may directly affect human lives or cause physical injury or
property damage. If products described here are to be used for such kinds of application, purchaser must do its
own quality assurance testing appropriate to such applications.
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