RAIO

RAB8876

TFT LCD XFHE iz

Y

AR =

December 27, 2017

RAIO Technology Inc.

Copyright RAIO Technology Inc., 2015, 2016, 2017

RAIO TECHNOLOGY INC. www.raio.com.tw



RAI

o"

RA8876

Character/Graphic TFT LCD Controller

Revise History

Version

Date

Description

1.0

October 07, 2015

Preliminary Version

1.1

October 21, 2015

Modify Section 2-5

November 04, 2015

Remove POR feature

December 31, 2015

Add Figure 6-3 ~ Figure 6-4

Add Figure 10-1 ~ Figure 10-2 ~ Figure 10-3

Modify Section 13.6.9 : Description of Alpha Blending
Modify Section 16.4 : Description of I2CM Pre-scale
Modify Ch18 : Power Management

agrLODN =

1.2

March 31, 2016

Remove DRAM 32-bit mode

Modify Figure 11-5

Modify Figure 3-1

Modify Section 6.2 Reset power description
Add Figure 10-1 ~ 10-2 ~ 10-3

Modify Section 13.6.9 function description
Remove Section 4.7 LVDS description

No akrowdh =

1.3

May 19, 2016

Modify Figure 10-1 ~ Figure 10-2 - Figure 10-3

1.4

April 24, 2017

1. Modify Section 6.1.2 : PLL setting
1. Add DMA interrupt flow chart Figure 16-14 ~ Figure 16-15

August 17, 2017

Modify Section 4.3 : SDR SDRAM Interface

1.5

September 11, 2017

1. Add Figure 7-12 ~ Fiigure 7-18 ~ Figure 7-24
2. Add Table 7-4 - Table 7-5 - Table 7-6

November 15, 2017

Section 14.8 add Note 2

December 27, 2017

Modify Table 5-1

RAIO TECHNOLOGY INC.

2/232 www.raio.com.tw




RAIO"

RA8876

Character/Graphic TFT LCD Controller

CONTENTS

L BB D ettt ettt et ettt et ettt ettt e e e et e nnnnnnnneeeesas 9
(I USSR 9
1.2 R G TR B oo oo et 9
2. R ettt e e e e e e e e e eeeeeeeeeeaans 10
2 L BB T IR oo ettt ettt r et 10
22 BB B T oottt e et et er s 10
PRI PN T = v OSSR R 10
R s - % v USROS SRR RRRRR 10
2 D AR I B I e 10
2B T TR T B e e oottt ettt et et 11
2.7 T TS oo e ———— 11
2.8 RBUEHITIZE (BTE) c.ooioececeeceeeeeee ettt n s s s s s et et et st e st s eaee e eensnenens 12
2.0 T B B oottt ettt ettt 12
2 L B Yo =] B T PRSP RR PRSI 12
b LT B o= = ¥ < OSSOSO RSSO URPPRRRRON 12
2.00.2 DM A B oottt ettt ettt ettt ettt ettt e et et et et et et et e e et e ee et e e eeeees 12
20,3 B S P ettt e e, 12
p 2 R [ (0% X RO USSR SRS SRRSO 13
VI € R Ll e T TRT U U USRS 13
R R - Y o OSSPSR 13
2. LA BB EERE I et 13
R <5 3 SRS RS RSP 13
p 2 T = X 1y TR TT USSR RRRRRURN 13
P A << ¥ - SRR RPRR 14
2. 18 A ettt 14
3. P I o iiiiiiiiiiieeiieeiieerieeeieesieesieesiiesiieesiiserieseriiseeiiseeiseeieiiess 15
T 2 1 1 OSSOSO SRSRR 15
I B - - S SRR USRS RRRRR 16
A, G BHITE oottt ettt ettt e et e e e neeeeeeeeeeaanns 17
4.1 FEFUTIEIRIET (25 BB cooeoeeeeeeeeeeee ettt en e 17
42 EBATERRED (SHFUTEIEIRIED) e 18
4.3 SDR SDRAM FRTH (39 Bl oottt 18

RAIO TECHNOLOGY INC. 3/232

www.raio.com.tw



RAIO’ RA8876

Character/Graphic TFT LCD Controller

4.4 SERIAL FLASHELSPIMASTERFETE (5 FI) c.veieeiieeecee e 19
45 PWM FEIE (2 51 oottt ettt 20
4.6 BEIETAI (9 B ..ottt 20
4.7 LCD FRBEBUTEED (28 185 coooeoeeeeeeeeeeee e, 20
4.8 HAZE, BALEMIREETR (6 BIHHD) .o 22
4.9 BTEEEEHL ..ottt ettt ettt 22
5, ACIDC M. 23
5.1 B RTEBEIFRA .ottt 23
T D TR i OO 23
B. BT G O ittt eeiereieesieresieereierrsiiersierrsiiersiissiirsiisiiiieiiiieiins 25
Lo <SOSR 25
o DB <8 3 OO 25
B.1.2  PLL BIE oo oo 26
LT - X 1Y AR 27
o2 =16 v == OO 27
7. R T T et e et 28
0 11331 OO 28
LA DRI 2 2 < = NSO 28
A B e OO 28
L B T <= 1) O 29
7.2 FEFETHR oottt ettt ettt ettt ettt et e ettt e sttt n et 29
472 I 1 1 X et OO 29
YA I et I N U 30
AT == i < DR 33
731 BaWIRE SPl oottt 33
732 AeWIRESP ..ot 36
733 G/ oot 41
T4 BIRBIEBIARE R ettt 44
741 AERARL(OPACITY)HIHIALIIE (RGB) ..o ee e 44
7.4.2 INPUT DATAWITH OPACITY ( RGB) ettt e e e nee e e e 46
8. P ittt e ettt e et et ettt et ettt ettt ettt ettt 48
8.1  SDRAMIEAIZR ..ottt ettt ettt ettt ettt e et e et et ne s 48
T DI o N 1/ 2SO 48
8.1.2  SDRAM JEFE ..ottt ettt nen et et aen e e e, 48

RAIO TECHNOLOGY INC. 4/232 www.raio.com.tw



RAIO’ RA8876

Character/Graphic TFT LCD Controller

8.2 SDRAM A M oo oo oottt 48
8.2.1  8BPP DISPLAY (RGB 3:3:2 INPUT DATA) ...eereeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeseeeeseeseeeeeseeses e eeseseeseeseeseesessseseeean 48
8.2.2  16BPP DISPLAY (RGB 5:6:5 INPUT DATA) w...oeeeeeeeeeeeeeeeeeeeeeeeeeesseseeseeeesseseeeeeseeseseseesesesesseesessesssseseeean 49
8.2.3  24BPP DISPLAY (RGB 8:8:8 INPUT DATA) w...eeeeeeeeeeeeeeeeeeeeeeeeeeeseeseeseeseseeseeeesseeseeeseeseseeseeseeseesessseeseeeon 49
8.2.4 INDEX DISPLAY WITH OPACITY ( RGB 2:2:2:2)....eeieiiiiee ettt et a e e e st e e e eneeas 49
8.2.5 12BPP DISPLAY WITH OPACITY (  RGB 4:4:4:14) ...coi oottt ettt 49
8.3 COLOR PALETTE RAM ..ot oot ee e e e ee e e et e ee et e et e e e e ee e e et e e e e e e eee e e eeeeeeaes 49
9., B RBIE B A et 50
10, LCD BRIl ettt et 51
LO.1  LCD B IR L e oeee ettt ee et e et e et e e e e e e et et e e et e et e et e et e e e e e e an, 51
10.2  LCD FEFUBE IR  FE B oot e e e et e e e e e e et et e e re s 54
DL, DISPLAY THEE oottt e eenseenseanseenseaneeenneennsannsennsennsenesensesnesenses 55
11.1 2k (COLORBAR) EARMIIR ..oovoeieieetceceee ettt ettt en e eene s 55
2 o LTS RURURRRRRRRRRRN 55
R S e N =i ]2 2 T USRS 55
R IR A N L ey 2B T b SRS 56
R R I e ok A L ST 56
R R b e ol A 2 SRS 57
11.3  EHE (PIP) B oottt ettt e sttt es e st e s s st et et e s easter e e eeeterene s 57
O T B S (a0 58
11.3.2  mdiE (PIP) & NS B SE A E (PIP) BHEALE ...cooeeeeee e 59
(N = SRR SRR 60
12, T B T et 65
L2.0 BT oottt ettt et e e et a e e e e et e e e e et e e e e araaens 65
12,2 B oo ettt e s 66
12,3 BT oo e et e e e e aniaas 66
L2 4 R ettt a ettt e e 67
R, =< | NSO SO S RSSO 68
12,6 R T oo ettt e e 69
13, IR HI T (BTE) ittt ettt st et er et er et en s 70
13,0 BB T ER R B I B S oo ettt ee ettt e, 72
13.2 BEFEBILATE (COLORPALETTE RAM) ...ooivieieeeeeeee ettt enseaeen s anneans 72
13,3 BT BAE oo oottt 74

RAIO TECHNOLOGY INC. 5/232 www.raio.com.tw



RAIO™ RA8876

Character/Graphic TFT LCD Controller

13.3.1  ZEEIEMHBETEBIMPUTG N oot en e enen e 74
13.3.2 B M E R TR e n s 74
(TR T 17 07 OO 74
T e 3T =5 OO 74
13.3.5  ZELCHROMA KEY [T FRIREEELTI 1.cv.vovoeeeceeeeeeeee et ee e ee e en e enenennanaeeeeas 74
13.3.6  ZEACHROMA KEYFIMPUS N ... et e e e e 74
13.3.7 L CHROMA KEY T et e e e e ee e e eee e 74
T TE  c=1cF OO OO RO PP 74
13.3.9  ZE BT B T I N TE E ettt 75
13.3.10 5B I I INTEE ] ceoeeeeeeeeee et e et n et enen e 75
13.3.11  ZEETBIIEIIMPUB N (..o e e, 75
R R = = = o =y RPN 76
13.5 BTEZEBREE (CHORMA KEY) EEER ..o, 76
13.6  BTE THBETEIR o.ooeeoeoeeeececee ettt ettt ettt ae e et et a s e st e e et e s ete e eaennaens 77
13.6.1  ZELIEMHEIEHIBTE TG oot n e en e enen e 77
13.6.2 L5 MR E B BT E P TE B oot en e en e en e 78
13.6.3  ZEACHROMA KEYFIMPUS N ... e e et e e 81
13.6.4 252 CHROMA KEYIATEE HIW/O ROP)......oeeeeeeeceeeeeeeeeeeeeeee et en s s 82
13.6.5 L5 MR E FI B REEELTE oo eveoeeeeeeeeeeee e n e n s 83
13.6.6  ZEL CHROMA KEY IR RIEEEITIE .o e eveeeeeeeeeeee ettt e et e e e e et e et et et et et et e eaeeeeeee e et et et et eeeeeeeeeeeeeeeeeeeeeeeeeeeas 85
13.6.7  ZEET TEETEIMIMPUET A ..ottt e et n s s s s s s en et anaeen 86
13.6.8 25T FEAF SCHROMA KEYFIMPUED A ..ooveieiececececececceee ettt en s 89
13.6.9  ZE BT PITE I oottt enenen et eeaan 90
13.6.10  ZEEBEWITEIIMPUG N oottt n s s s en s en s s aeen 93
13.6.11  ZEEY TREETEHIPITE I oot n e 94
13.6.12 5T RS CHROMA KEYHI I TE I «.ooeeeeceeeeeeeeeeeeeeeee e 97
T T B T D 5 OO RO 98
A4, SCFHIN oottt r it e ettt et e st et et et are e 99
TA.L  PAZBTER oottt 100
142 AMEBFETL ROM....oieeoeeeeeeeeeeeeeee ettt ettt ettt n e s s s e e, 105
14.2.0  GT2ILABTW ..ot n e, 105
14.2.2 GTBOLTBUZW ..., 105
14.2.3  GTBOL2ATBY ..ot e, 105
14.2.4  GTBOL2AMAZ ..o, 106
14.2.5  GTBOLB2SAW.....oooeoeeeeeeeeeeeee e, 106
14.2.8  GT20L24FBY ..., 107
14.2.7  GT2IL24ASTW ..., 107

RAIO TECHNOLOGY INC. 6/232 www.raio.com.tw



RAIO’ RA8876

Character/Graphic TFT LCD Controller

14.3 FFIBE BT oottt ettt 108
14.3.1  CGRAMH 8X16 T AU MIHE TN oottt n s s e 108
14.3.2  CGRAMHT 1BX16 AU MRIFE TN oottt n e e e n e 109
14.3.3  CGRAMHT 12X24 FHUEIFE TN oottt e s s 109
14.3.4  CGRAMHT 24X24 FHUEIFE TN co.ooeoeoeeeeeeeeee ettt s e s 110
14.3.5 CGRAMHT 18X32 AU EIFE TN oottt n s e en s 110
14.3.6  GRAMF 32X32 I UIIHE IR oottt 111
14.3.7 KT MPUHIIEL CORAMIMITIIE < oeoeeeeeeeeeeeeeeeeeeee et ee e s s s s s s aeeen 111
14.3.8 =T HIHSERIAL FLASHATEE L CGRAMPITITE ..oceceeeeeeeeeeeee et 112
=y 2= <10 ) ;- AR 113
145  FAETIRGIEH o.ooooeoeoeeeeeeeeeeee ettt n ettt 114
o = - TR 115
A =R 115
T - OO 116
1481 ST TERE oottt ettt ettt ettt 116
14.8.2  FEITEIERE vttt ettt 118
15. BKFEREBITEEE (PWM TIMER) ottt 120
15,1 HHEBRITEZCIBAE oottt 121
15.2 BB B G IR oottt ettt ae et 121
LRI 11/ Y o €= L1 1Y AR 122
15,4  FEB BB BIIBAE oottt ettt ettt n et terens 122
15.5  FRFEVHH] (PWIM) ..ottt ettt ee et et et e et e e et se et et e e ete et et e s et e s eteenntenens 123
LN -t YA PR 123
T A )= XU 123
LS T =4 = = RO 124
16, B TR B TT et 126
T R o R SRR 126
16.2  SPIMASTER B TT .. oiiiiieieitiecee ettt ettt e ettt se et ete et et et et e s et e s et e e stenestenesteneas 129
16.3  EBATINAEIEAI BT oottt ettt ettt ettt ettt n et terens 131
16.3.1  AMFEEHAT TAFROM ..ot e e s et e e et e e an s s enen e s e enanes 135
16.3.2  AMIBEATEIIEROM ..ot ee et ee e 136
16.3.3  ZRPERR A ELRE A TEAEEUI T B AT EIEROM ..ot 137
16.3.4 XHBER T B ELRE A TEAEEUIM T A ATEIEROM ..ot 137
16.4  1IC MASTER BETT ..oiiiiieiectce ettt ettt ettt e et ee et se et te et et e et et e e et e s et e nete e eteneeteneas 140
17. B8R (KEY-SCAN UNIT) oottt srier e 143

RAIO TECHNOLOGY INC. 7/232 www.raio.com.tw



RAIO’ RA8876

Character/Graphic TFT LCD Controller

A - 2 Y - v OO 143
A = X RO 146
18, BB et 147
T R 7 OO 147
T T T v = v 147
T < b RO 147
18.2.1 TR IR Lottt ettt ettt en ettt n e 147
KT A N = v PO 148
18.2.3  STANDBY IMODE .....ooveeoeeeeeeeeeeeeeeeeee e e e seeee e ee e ee e e s eeseees e ee e e e es e eeseees e eeeeees e eeseeeseee s eeeesenee 148
18.3  BETERE R LI TR .ottt 149
10, B I ettt 150
e = -7 == SRS 150
A (OF = -7 = R TPTPRR 152
1.3 PLLA A B AE R, oottt ettt 156
e e e 2 = O STPTRR 158
195 LD B Rt B r e oottt ettt 163
19.6  JUAT B BEIBBIZRTERR oottt n et 178
I &R e 1 2 == OO 190
19.8 RBUEHITIEE (BTE) B I o oottt nenen e 194
19.9 BT INAE S SPHBHI R IERE oottt 202
e O T == 3OO 209
1000 BB R B B I A ettt 215
19.12 SDRAMIBHIZEIERR . ..ottt nenen e et 215
19.13  FEHC B RR RS oottt 219
19.14  GPl 55 GPO B oottt 220
R e 2 = SRR 222
20. RABB76 IR B R FZR ittt 225

RAIO TECHNOLOGY INC. 8/232 www.raio.com.tw



RAIO™ RA8876

Character/Graphic TFT LCD Controller

1. &S
Ay TFT LCD #5411 2% RA8876 #itk+5, RA8876 ¥ CMOS #ifiifi# 11 (MIPI DPI-2), &P AN
RO, 51K ACIDC HARHE. SAThRET i, 788 A BB R A .

1.1 5
RAB876 JE A IR LCD &4, XA N 7 SDRAM 3 Ffi % 1A 512M-bit, Jy T A LAPREXT 416
(¥ BAFHAT RACTE R, Rk RAB8BT6 H2 it = U 5 1) 8/16bit 5745 51l i) E i B2 11, RABBT6 #4E % Bt
BESEWXE, HRME P E (PIP). B EH S SR GRS Thbe.

1.2 RG{ETHATRER

Host

SDRAM( 16-bits SDRAM RA8876

CMOS Panel I/F

Serial
Flash
or
GT Font]

SPI master I/F

1-1 : System Diagram

PLLs

1.2v
LDO+POR

1ISO8859 ROM

Text/Graphic
TFT LCD
Controller

LQFP-12

1-2 : Chip Diagram
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2. FetE
2.1 HEEZNKX

® 1% SDRAM K/)N:16Mb, 32Mb, 64Mb, 128Mb, 256Mb & 512Mb
¥+ SDRAM & EH& T x16
® I ## 16-bit SDRAM %5:f¥, frame buffer & kTN 256MB/512MB

2.2  FEWAE

® 7 8080/6800 8/16-bit 4141 (MIPI DBI Type A)
B X TR MPU JE AR Xnwait (55 DLEE R

® P TEEEEL, filtn. IC, 3/4-wire SPI

o i T EUGHIE S NSRS e I ThRe

23 AR REEER

1bpp: {0 (1-bit/f% %)

8bpp: RGB 3:3:2 (1-byte/f& X)

16bpp: RGB 5:6:5 (2-byte/{% X)

24bpp: RGB 8:8:8 (3-byte/{% % 5k 4-byte/{% %)

B Index 2:6 (64 & 5| A/ I717E A FE B 1)
B «RGB 4:4:4:4 (4096 5| /MG R M EHE R M)

2.4  BoatE
® [HiHFE LI E 24/18/16-bits TFT & 7=

25 XREMBERIHR

SCFF 16/18/24-bit CMOS £ H it %872 MIPI DPI-2
SCFFDERR SRR BT IA 2048X2048 13 (1 ¢ SKBRIMHIAR 73 52 Mk T pixel clock 5 t7iR)
QVGA: 320 x 240 x 16/18/24-bit LCD S %t

WQVGA: 480 x 272 x 16/18/24-bit LCD J# %

VGA: 640 x 480 x 16/18/24-bit LCD S %

WVGA: 800 x 480 x 16/18/24-bit LCD J57%:

SVGA: 800 x 600 x 16/18/24-bit LCD Jit%¢

QHD: 960 x 540 x 16/18/24-bit LCD J57%¢

WSVGA: 1024 x 600 x 16/18/24-bit LCD Ji7 4%

XGA: 1024 x 768 x 16/18/24-bit LCD Jif %t

WXGA: 1280 x 768 x 16/18/24-bit LCD i %

WXGA: 1280 x 800 x 16/18/24-bit LCD Ji %t

WXGA: 1366 x 768 x 16/18/24-bit LCD Ji %
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2.6 SRINRE

fl T AT 52 L4 A 32X32 TR b
EoRE
BORNE DR/NEE HE L LCD ZA72813 2], MiZKE (canvas) Zif74s e v LU R & 4T 430
B SR . TART H K/ S IR B 1) 4 FEAE K E A0 DL 8 MR IS4, DLIE B & 2
1 ANRER R E B D ALRR S5 F SUN A T A (BRGSO % SOy, IRASTE 2 i b ).

o JEHEIR
HRIRIEB KT LCD RN W g R R B, MAEAERETT 0 ] RS 2 3R sh B .

o [EtiE (PIP)
SCREA ) O T, R g U i 2 G R TR R R i R NS
EAEA BT B 4 MEFEIEE, WE ENDE— R . 7T  E E E RE LA B T DA g
PSR VRSN . 0 1 R B 1 KA S5 76 1 P 2 i .

® ZHEREMNKX
Z H NG X DR RV BN G DES BoR gt X ), SDRAM /NSl 35 5 NG X K/
KR BN E M X H . A2 B REMIX F, ffHE LS AR SRR M IX, 156
) 2 ) 2R

o R EIR
WG AL N 7S SR A R BRI, SRR RIS W] LPRIE SR TSk A £ SDRAM i B R B . XN ThRE R AE
Standby 5 Suspend % T g {5

o I E IR
3 H B WoRTh e S AR Wos b, AT e DhRe 107 BUh s R A, 763 B SoRERERT PIP
SEREEERRM

® iiiin (Color Bar Display)
TE A SDRAM HIfHHL AR AT LA LU A B 7 7R, BRIA 3 H36h 640x480 14 3% .

2.7 FHLER

® {ERAINEMPU HITHIL T, [ RAB876 A A I A BELES T LA il ik 774E serial flash P9 (1454 5 %4,
CLIK R R DI fE . XA TIRESAE R IETT I ST, JF HAESAT 58 J5 R BCSE A MPU I Zh RE SR
12 fiiE 4. fR2WF:

m EXIT: B4 (00Oh/FFh) -- one byte instruction
B NOP: #fi4 (AAh) -- one byte instruction
B EN4B: # A\ 4-Byte {54 (B7h) -- one byte instruction
B EX4B: Bt 4-Byte fiiE4 (E9h) -- one byte instruction
B STSR: R&ELHIES (10h) -- two bytes instruction
B CMDW: 45 A4 (11h) -- two bytes instruction
B DATR: #¥zitiuds 4 (12h) -- two bytes instruction
B DATW: $#ES5 A4 (13h) -- two bytes instruction
B REPT: hn#it#s4 (20h) -- two bytes instruction
B ATTR: JHURPERE 4 (30h) -- two bytes instruction
® JUMP: Bkikfe4 (80h) -- five bytes instruction
B DJINZ: kI Bkt 4 (81h) -- five bytes instruction
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28 [XHkmsl% (BTE)

® 2D BItBLT 5|%
HA e AE S Bt e i & i 2o
77 B 5 R S
WAL E L 8x8/16x16 15 KR
® Z&i%EW (Opacity)
A VR & 375 W ASE T LUK /S TRV AN B 0 BT, SRS 7 P i o i £ 7 3R s HE SR o FEAG SR (T8 FE
M5 R A5 SRR /NE G, Bbdh, TRmT b # gk R .
m CHERE (Chroma-keying) MIfig: 248 ti45 & I RGB it K HUNIE W 105 2% I HEAT IR SR R AL B
B KR EIEWY (Alpha-blending) : M4 22 77 2% W€ 1B W I EE R HEAT Pk B TR A (RN 5k H
THRE L AR BRE) -
B RFRIBEGEY] (Alpha-blending) : 4 RGB % xURIBG#4K, 5140 8bitRGB, ] MSB2bit Aol .

29 JUfE5
o CUEREIAL. 4. Mgk, WHE. =M. M. EMER

2.10 FESPIFmE
2.10.1 XFIke
% ISO/IEC 8859-1/2/4/5.8x16. 12x24. 16x32
Y RFEIE 16X16/24X24/32X32 H AT ROM 41 Uni-code/BIG5/GB %4, L HFINEEEAESH
GT21L16T1W . GT30L16U2W . GT30L24T3Y. GT30L24M1Z. GT30L32S4W . GT20L24F6Y .
GT21L24S1W
ORI U A (8x16/12x24/16x32) 547
X T 5N SCF SRR 7 SO b
SRR KT UK AL X1, X2, X3, X4 f551
WRFSCT 90 FE ekt

2.10.2 DMAZhgE
® UERANBERATINAE (serial flash) i & i & KIHE L2 P X

2.10.3 —fKESPI

%% Motorola SPI #i4%
16 bytes SHUARE 1) FIFO
® 16 bytes 5 A\JAZ 1 FIFO
£ Tx FIFO 584554531 H. SPI TX/Rx 51 K B I 45 & i rh iy
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2.11 IICHH

® |IC master interface
W A LUEFTEY T 1/O device, {5 UnTE 5f %4 il i fk 2 i
B ERRRUERIE (100kbps) HPtidiE (400kbps)

2.12 FKFEIAH 5 ER 4%

WG 16-bit 42

—™ 8-bit pre-scalars 55—/ 4-bit 47
B T ) A B T R AL I
EESIEWIIE ey 6

SEIX (Dead-zone) f£3"

2.13 #EEO

SCFF 5x5 fAE (A ZE(HFHEL GPIO HyLHIMN)

AR P AL R A
o SRR EERR

SCHF R 42 o

T FEBR ISR T AT DASCHF RN 4% 3 88 (3 ANk B4 s B2 s AN 2 90°)
® CURFHEELMLIE T RE

2.14 4 HEER

® CRF 3R AR
B #Hl (Standby ). fKHR ( Suspend) SHEHR (Sleep) Hizt
©® DL A feEE . AN R

2.15 HAFERIR

W AR T B ELEE PLL DRt R4000%, LCD f##idii% 5 SDRAM Az
A RARE SN (XIXO: 10-15MHz)

NI LR RGME (B RKME 120MHz)

SDRAM i (& K1H 166MHz)

LCD BeFfafiisiax (& K{E 100MHz)

2.16 HAiL

® BN R AL
o it R
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2.17 HJE

® |/O Hi[E:3.3V+/-0.3V
® P& 1.2V LDO for core power

2.18 3

® LQFP-128
® I{EIRFE: -40°C ~85C
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3. FEhmEEE
3.1 HESIHAE

T

o —

= =%

e

O o0 oL

222 = E uuw
x £E3FT oPTESCSsmicEe pofEEEEaSEa
SRS AL L SRS EEESENAEEEEEEE AR
HHEH A A2 AN
cooooopoooDooooOoooOOOnooooOmonoonn
['=3y] (=] o o Lol o w0
L= ] (=] o o - (= [=]

~

or
54

voozs [ 3 wss
v5s [ I LOOZ_CaF1z
XPOATOFEPIODOKAKING] 3 oDz
APDATHHGRIODM)Y XNz B3| 2 I XMCLE
HPDATRYGRIODEY XKING [ 2| = xmokescue
XPOATEFGPIDED [ I XNMCS
XPOATHPGPIOE[] 3 I xmap]
XPOATBENGPIOER] [T I xMAH]
XPDATEGPIOER] £3| B CMOS TFT LCD I/F Type o 2 el
XPOATFHGPIOEE [ 2 m=@ xmap
FPDATEFGRIODE) XKINE] 03 LQFP-128 I xMARE]
XPOATRYGPIODEY XKOUTE] O I xMAB]
vopzz | 4 I xMap]
vss m@| = ] TM T XMAF]
RswD 3 2| @ xmag)
XPOATHOMGPIDER] [ RA I 0 I xMAB]
APOATHANGPIOER] 3 [ XMAHD]
XPOATHZ)IGPIDEF] 3 T XMA[]
XPDAT[ZIGRIOFD] E=3| 2 I XMA[Z]
APOATHAMGPIOFM] 3 RA8876 9| = xMBap]
XPDATHANGRPIOF] [ I XMBAH]
HPOATHENGPIODE) XKOUT[] 3 3 wvss
HPOATHTIGRIODE]Y XKOUT[Z] I I D033
FPDATHEVGPIODFYXKOUTH] e & 1520 O XMISOMPIOCE)
YvOO3E [ > 7| m xmosvsriocp)
Y¥EE I XSCKGPIOC]
APDATHEMGRIOFE] I Date code (Year 2015, 20th week) O XnSFCSMGRIOCH]
XPOATROMGPIOFE] 3 I %nSFCSOKEFIOCE]
XPDATRAVGPIOFS] 3| 9 I XnINTR
XPOATRER)IGRIOFE] 3| © B3 XDBMS)/GPI0ALR]
APDATRIVGPIOFY] (| ® I XDBM4)GPIOAL
FHOUTRIREDAGROBK | o [ XDBMAZ)GPIOALS]

\33 35

0 2 0 8 ﬁ B &
fl00000oooC0OooeoooOoOOooOoOoOOnonnO
02N NEANEEL SENR-OENR TR SEL 2EERET
it i et i Rt L
s =0 EEEKK,_KB@@Q}%NGN&§> [
= SRR O OLEESTREERE ZZgEepggd
5 W 2823 ScumE? SBsasoTH
= =) ®oo oo @Dm g mg?(omm:::
£ £§ RE9%g 22722822
& }%% 5 Lo omeauR
= 2 i 2

= bt

i

o

&

=

B 3-1
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Q128.14x14
128 LEAD THIN PLASTIC QUAD FLATPACK PACKAGE .4 MM
[ x [a]o2]y]Tu]z PITCH
- o] [
e 1oF MILLIMETERS
128 - 97 SYMBOL | MIN NOM MAX | NOTES
) 1 A - 160 .
K
1 9%6
= o I = [ Al 0.05 0.15 :
= | == A2 1.38 1.40 1.45 -
= I == b 0.13 0.16 0.23 4
= | = b1 0.13 z 0.19 z
I premea
= | = < 0.09 ; 0.20 z
== = =]
] % | gﬁ Eﬂ cl 0.09 - 0.16 =
== N a3
=5 | = D 16 BSC -
= | = DA 14 BSC 3
== | = E 16 BSC -
== =
== | = E1 14 BSC 3
= s e |
= | == L 045 0.60 0.75 -
bz
32== | i L1 1.00 REF -
AT T
il shtgsh sk sl h sk sfkifi bk ki R1 0.08 - - -
33 1 64 R2 0.08 - 0.20 -
- ol s 0.20 - - -
101]
ax [o[o2[H[T-u]z 0 0° 35 7 -
01 0 - - -
02 11° 12° 13° -
DETAL F | 03 11° 120 13° -
/ N 128 -

\ e 0408SC -
J m_: Rev. 0 8/08

|—128% b S[e0EY] NOTES:
1. Dimensions are in millimeters. Dimensions in ( ) for
Reference Only.

2. Dimensions and tolerances per AMSEY 14.5M-1984.
b1
* 3. Dimensions D1 and E1 are excluding mold protrusion.
5 ti Allowable protrusion is 0.25 per side. Dimensions D1
* * and E1 are exclusive of mold mismatch and deter-
[=[0.05] PLATING — mined by datum plane H.

‘ ,0 o 4. Dimension b does not include dambar protrusion.
Allowable dambar protrusion shall not cause the lead
$ * o width to exceed the maximum b dimension by more

than 0.08mm. Dambar cannot be located at the lower
radius or the foot. Minimum space between protrusion
and an adjacent lead is 0.07 mm.

- >
R
I

0.25 GAUGE
PLANE

DETAIL F

3-2 : RA8876 Package Outline Dimensions
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RAIO™

RA8876

Character/Graphic TFT LCD Controller

4. 5l e X

4.1 FFFEEwRED (25 FH)

g I

I/0

A fir 5 BA

XDB[15:0]

10
(8mA)

HBod SRR T 450 S RAB8BT6 113512 1 B A% 1% .

XDB[15:8] 7] LA ¥ & GPIO (GPIO-A[7:0]), i #& & %A % & & 8080/6800
16-bits Jf- 114 1 Hidfs S 4%

XDB[7:0] 4nsR7E HrAT EF sl R, A5 5 PR AT 1 E {5 S et
W52 AT B I F

XA0

A &

M 5 | AR A FH 7 308 38 i 238 2 548 1) R
XA0 =0, REZE/ME SN,

XA0 =1, HHIUEIS N .

XnCS

SRR
CHCPERE, W i RA88T6 M 4T T 4sumaist, Wk e N
GPI-BO Jf HELEU G BIHIME, SN AA LA R,

XnRD
(XEN)

AR RE

AL AR SE 8080 R4, UbEIHIE M1E XnRD i (SLHUERE), KHSFEIE.
MM BEES & 6800 R4, MCHI R ME XEN R (Btae(E ), m i Panfk.
AR P R E U AT B, A MkEI NS GPI-B1, I H AT E2H 5]
JED - F PR AR

M % pull-high HLFH.

XnWR
(XRNW)

BANES

ML E AR 112 8080 R4, LIS N XnWR (BdE 5 N), KHEF3h{E.
MM IR 6800 R4, LIS XRnW (BE U5 N), 2L
I R P, BRI Tl {E.

IR s R R BOE AT EEAR A, A 5] k2 o GPI-B2.

Py A b R

XnINTR

(8mA)

o W5 5 e
7 R H AT P ARSI e

XnWAIT

(8mA)

SRl SR
2 XnWAIT 4 high, %/~ RA8876 D4l Ir&am%dE, 24 XnWAIT A low,
AL B 28 B %30 N 25 45 1

XPS[2:0]

FHFIEEAT e OERE

00X: (I L 454i) 8080 8/16-bits Hrdi t £k 11 .
01X: (FF51) L 4441) 6800 i8/16-bits HiE £ #2111,
100: (5447 F- %) 3-wire SPI.

101: (H347 F4%35%) 4-wire SPI.

11x: (4T E#) 1IC.

RAIO TECHNOLOGY INC.
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RAIO™

RA8876

Character/Graphic TFT LCD Controller

B M 2 R

I/O

Fl i 35 BH

it
P SR P 1 1 g BOF A B, A4 XPS[O] Atah & rh bl

42 BATEERED (55 EERED)

W % s 110 fl fiz &% 58
XSSCL | SPI 5 IIC #i&
(XDB[7]) XSSCL. 3-wire. 4-wire H:478% IIC B 147
IIC ¥R /4-wireSPI HIEH A
;(S'SSSSA' | 3-wire SPI %tfi: NC, i#%4:%] GND.
(XDB[6]) 4-wire SPI Jtifi: XSSDI #4745 FIEEI -
[ICC Ji1H: XSSDA & 174z [l N 4 Hi U]
3-wireSPI $3E/4-wireSPI B H/1IC Slave HrBiEF
stSsSD% o | 3WireSPIUF: XSSD, H T8 IS DR HIRALH -
(XDBI[5]) 4-wireSPI I/F: XSSDO, Hi47# I Hdffi it -
IIC $Lifi: XI2CA[5], IIC %5 & Huhit bit [5].
SPI B#E/IIC Slave Hihikk £
&BSB%SD | XnSCS, 7£ 3-wire 5 4-wireSPI 847 0%, HEIHAREES.
IIC $t1fi: XI2CA[4], 1IC %&bt bit [4].
IIC FLE: IIC Slave bk
i%clg/??o?; || XI2CA[3:0], 7E 3-wire 5 4-wire SPI [ NC, &% GND.
IIC F1i: 11C % 8 ik bit [3:0].

4.3 SDR SDRAM 5 (39 3l

B &®| Vo | MR
IR BRI 2 M (NFFIR)
XMCKE 10 2 XTESTI[O] MR-, U5 B SDR AAF IR BURE I D BE -
(XCLK2) | (BMA) | sy XTESTI0] Jyii b Fiiy, 151 1% RABBT6 SMHAIE 21\, I FLi% i XMCLK
Hefites SDR fH .
SMCLK (8|r$])A) SDR W7 'ﬁ%‘muﬁ
H1 A #B MPLL 55 XCLK2 >K3K3)) .
0
XnMCS (8ma) | L
XNMRAS (8,2A) fir 44t :XnMRAS . XnMCAS 5 XnMWR (i 5 XnMCS #47t) T A%t fir 4
0
XNMCAS | g | &bt
0
XAMWR | gy | %kt

RAIO TECHNOLOGY INC.

18/232 www.raio.com.tw



RAIO" RA8876

Character/Graphic TFT LCD Controller

B LW | 0 | MRS
XMBA[L0] | gnay | Bt (Bank) ik
XMA[12:0] (82A) Mkt

XMD[15:0] (8'r/noA) B 02
XMDQMILIO] | g2 | st e

4.4  Serial FlashB{SPI master 1 (5 51 i)

2 N 110 Ml fiz 32 BH
4hEB Serial Flash/ROM SPI it Fri%# 0
XNSECSO 10 SPI s Fr e BI#0 {4 I {E Serial Flash/ROM 5 SPI 2% & % .
(BMA) |~ 2 SPI master #4524 k31 AT LU FF#LkI X GPIO (GPIO-C3), %
N GPIO-C3 i NIt -
AhEB Serial Flash/ROM SPI it Fridk#% 1
SPI it i £ BHI#0 18 I 7E Serial Flash/ROM 1 SPI % & % 4% .
XNSFCSL | (groay | * 15k SPI master HAEfE, 2 03] M LI FEFHLEIL GPIO (GPIO-CA),
BRIN GPIO-C4 AN IhfE.
*PR xtest[2:1]455 T 01b AB-ATE reset Ji BART 2= F 3] pull-high.
SPI R ATZE
XSCK (o] UEEI R R AT AR S, FER 4, Serial Flash/ROM 5% SPI 2% B
(BMA) |« #n 5 SPI master i (g% AE, 4 bk 31 T U A7 M40 H GPIO
(GPIO-CO0); #kik GPIO-CO ¥ NIt -
FEHH AN
Single #i3{: Serial Flash/ROM &% SPI % & 4 N%#E . %} RA8876 fij = Il
VoL Tfaa
XMOSI 10 " . . . ,
(XSI00) (8mA) | Dual PR 51 A X e $dE 42 1% 4#0(S100), 1t 3hEE HBETE Serial flash DMA
i H .
*W IR SPI master 4% #2568, 4 bt 5| ] DL#E 2 7 FL RN GPIO
(GPIO-C1); %Kik GPIO-C1 # AN ThfE.
EHEAMNHTH
Single #3\: Serial Flash/ROM 5k SPI % & % 54 Fl . % RA8876 i = il
VoL PN
XMISO 10 " . . . ,
(XSIO1) (8mA) | Dual 1 5] B XU R B R AL 15#1 (SI01). BEIhRE R BEAE Serial flash DMA
fEH.
*WI R SPI master # 4 2E 68, A4 b5l AT DL AR LRI GPIO
(GPIO-C2), #kik GPIO-C2 i NThfE .
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RA8876

Character/Graphic TFT LCD Controller

45 PWM FTH (2 3|

7 M

I/O

M fir 32 B

XPWMO

10
(8mA)

PWM {558t 1414 BBk

Pull-high X 51 BIm] DALERT6 SR 6 .

BN R ZEREWI IR WoRThAE, XA S IZER AL (RESET) J& SRS ik,
£ SEIRR R =R VAR SEAh S I A FIE R (A N (AR S gy 8

XPWM 0 i i # n] AE A7 28 hde e

W PWM Bi2ERE, T84 0051 AT DL #E R 8 GPIO (GPIO-C7), ERil
GPIO-C7 & NI REBE i A% D AT

XPWM1
(XCLK3)

10
(8mA)

PWM 5 5% 2/ =K 3 A (FREAHME)

24 XTEST[0] A HL i

XPWM1 0] LA 5 i oA A S ) 48t B A7 38 W0 R SE AR . T84 Hetin i
Al LLFE 2 NFRMER XPWMA1 Thfg, oscillator #iR 4 a2 SCAN S 25
AT A A b R AR TR o

24 XTEST[O] i o P

XPWM1 5] 2 S0 R A A% 3 N

4.6 @AM (9 51H)

-

I/O

M fir 22 B

XKIN[4:0]

B4R sk GPIs (General Purpose Input)
EEEER N (BRN), W pull-up HLBH.

XKIN[0] B IIC master ] XSCL Ihfit.

In RA8876, XKIN [4:1] 5 XPDAT. GPIO-D LZ 5[},

XKOUT[4:0]

(2mA)

Keypad [N##E GPOs (General Purpose Output)

Keypad FiFE{6 FH N34t 8E 4L, 51 v open-drain fith (BRIL).
XKOUTI[OJE 4 IIC master ] XSDA .

In RA8876, XKOUT [4:1] 5 XPDAT. GPIO-D F:E 5|,

47 LCD REHFEOD 281E%)

B2 110 Bl fir &R BH
o FRAMHEMR
XPCLK (8mA) FRRFMAIRI A TIEAN TFT #0165,
HAE 5K SPLL &= 4 .
CVSYNG (42A) VSYNC PE Ise | .
FEHFHES VSYNC A TIERM TFT #1155,

RAIO TECHNOLOGY INC.

20/232 www.raio.com.tw



RAIO™ RA8876

Character/Graphic TFT LCD Controller

- N 110 WA 57 B
MHSYNC o) HSYNC Pulse
(AmA) | KT R (5% HSYNC Hes T3l i TFT B0 (5%
YDE o} Data &g
(4mA) | i@ 1 TET 451110 data 4 28 data AL 5.
LCD REHIE L L
frth £t 4E & TFT LCD #i#E &2k, RA8876 1] & M 2% A7 4% & & UL L #F
64K/256K/16.7M o, A FH 2 ] DL B AN R ) e S5 AN R 1) RGB &4k .
L Ber TFT #0
T 11b 1o§ 01t.> 00§
(GPIO) (16-bits) | (18-bits) (24-bits)
XPDATIO] GPIO-D0/ XKIN[1] BO
XPDAT[1] GPIO-D1/ XKIN[2] B1
XPDAT[2] GPIO-D6/ XKIN[4] | BO B2
XPDAT[3] | GPIO-EO | BO B1 B3
XPDAT[4] | GPIO-E1 | B1 B2 B4
XPDAT[5] | GPIO-E2 | B2 B3 B5
XPDAT[6] | GPIO-E3 | B3 B4 B6
XPDAT[7] | GPIO-E4 | B4 B5 B7
XPDAT[8] GPIO-D2/ XKIN[3] GO
X[E%]T : 4'$A) XPDAT[9] GPIO-D3/ XKOUTI[3] G1
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
XPDATI[16] GPIO-D4/ XKOUTI[1] RO
XPDAT[17] GPIO-D5/ XKOUTI[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
*RAFFH B 5| AT DL RE R LR GPI1O-D/E/F(default) 3% XKIN/XOUT,
BRiAAE 18bpp (iR, Kt XPDAT[17:16/8:9/1:0] ZRilz& GPI £zl
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4.8 PR, RAUS5MEARK (6 515H)

# M % /0 Ml 3R B

Crystal #iA\/Clock 1 #i A\ (% rFiZE-core clock)
Crystal Oscillator %4421t 10MHz ~ 15MHz.
Xl 2 XTEST[O] WA KR, Hh5] 245 W crystal LSS, T k5] B
(XCLK1) VBRI crystal LB, XK RTLLE RABBTS IIHIER: 5,
X XTEST[O] ¥y RS, 5| g Sk M EAMT A 1 FiN .
72 OSC #ii% )y 11.0592MHz.
Crystal #iH
PGB R crystal BB, T G| N2 B A AR crystal HL .
BARNGES
XnRST 1/OC | 7 e 75 P2 AR AR A AT 5, AR A5 5 v fr 0 L e /b B4 256
OSC Hz 1.
AR A
W% pull down HiRE
XTEST[0] | ISR 2E E FE F 1), FERRHERRAE bS] IR % 2% B 2 GND.
0: ARAEREE, A N ES PLL S
10 20 PLL, &5 A2 ouffi 4 XCLK1. XCLK2, XCLK3 %\ .
AR
00: FrifERi=.
01: 4 SPI master 5| I8 (1 FHLE in-system-programming).
1X: PR o

XO O

XTEST[2:1] |

49 HESEM

3 N 110 M fir 57 B8

LDO1 CAP12 | | LDOSMERE
LDOZ2_CAP12 Sh%E 1uF IS,

10 VDD
3.3V IO HEHAN.

VDD33 P

GND
IO Cell/Core .

VSS P

Reserved
FANE 1UF B S M,

RSVD P
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Character/Graphic TFT LCD Controller

5. AC/DC ¢4

51 HATEHEIRHI
*® 51: BRHUERE

Parameter Symbol Value Unit
Supply Voltage Range Vppa3 -0.3~4.0 \Y
Input Voltage Range VN -0.3 ~ Vpp33+0.3 \Y
Operation Temperature Range Torr -40 ~ 85 T
Power Dissipation Pp <300 mW
Storage Temperature Tstorage -45~125 T
Soldering Temperature Tsolder 260 T

o
1. BomzE g e N, P B R E DT B S b 1. St TR, )it B s T
2. MOER Y N m BHPTI, AR YR AN YR AT BEAFEE — MERIE 2, JUE % ERA8876(1 HL Y i &

FLRYR L AT ) o
5.2 DC #fik
% 5-2:DC HfkfFk
Parameter Symbol Min. [Typ. |Max. Unit [Condition
System Voltage Vbp33 3.0 3.3 3.6 \Y
Loading capacitor Capvad 1 - 10 uF
Operation Current lopr 60 mA [/F 3
Standby mode Istaby 30 mA [ 3
Suspend mode Isusp 10 mA |iE 3
Sleep Mode lsLp 7 mA  [iF 3
Power ramp up time Tramp 3.5 35 ms  |Vbpss Ramp up to 3.3V
OSC/PLL
Oscillator Clock Fosc 10 15 MHz (Vppss =3.3V, ¥F 1
Clock Period Jitter Tiit_period -2.5 25 %
Lock Time Tlock 1024 OSC |iE 2
MPLL Output Clock (MCLK) Freqmeaik 166 MHz |Vppss= 3.3V
Vbp3z = 3.3V
CPLL Output Clock (CCLK) Freqcecik 133 MHz [Without enable internal
ISO-8859 font feature
Vbp3z = 3.3V
CPLL Output Clock (CCLK) Freqeei 120 MHz [When enable internal
ISO-8859 font feature
SPLL Output Clock (PCLK) Fregpeik 100 MHz |Vppss= 3.3V
Serial MPU I/F
SPI Input clock Freqgxssck | | |50 |MHz |
Input/Output (CMOS 3-state Output pad with Schmitt Trigger Input, Pull-Up/Down)
Input High Voltage Vin 2 3.6 \Y,
Input Low Voltage Vi -0.3 0.8 \%
Output High Voltage Von 24 \%
Output Low Voltage VoL 0.4 \%
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RAIO’ RA8876

Character/Graphic TFT LCD Controller

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 1.5 2.1 \%
Schmitt trigger high to low threshold Vi 0.8 1.3 Vv
Hysterisis Vhys 200 mV
Input Leakage Current lieak -10 +10 MA
Rise/fall slew rate Slew 1.5 V/ns

2 1. ¥ Crystal Oscillator i1 254 L4 50N

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

osc A S L N L N VO [ N e W N e

PLL Emable |
PLL Clock Out —1_/_\_/_9_!_\_!_\_{_\_{_\_!_\_;’_\_}_\_;’_\_}_\_;’_\_;’_\
|J lock I'-_I

ZE 3: Measured on tester with 8 bit MPU interface and without extra load.
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6. MBEHREN
6.1 X

RA8876 4 ANE I TfE 7 He N & 3 PLL, 25 CPLL 7#4: CCLK #24t MPU #:11. BTE 5|#, £ K5,
7 DMA 514§ ;. MPLL P24 MCLK LAF2ft4s DRAM {iH; SPLL ™4 SCLK #2ft LCD S %: 44
LRSI,

6.1.1 SRR LEM

XTEST[O]

clk_osc

clk_base

(xclkl xclkl_i
cclk_o cclk MPU
= > 8 BTE/Draw/
clk_basem clk_cpll Font_DMA
clk_core
xclkl_i

clk_base

clk_mpll

sw_mcl
clk_mem

(xclk2)

Sel ExtClk clk base

sw_scl
clk_scan
|

sclk_o ’ sclk

(xclk3)

6-1

XTESTIO] il N0 PLL B2 AN AR K= A E B RR, B XTEST[0] AR P-4 ml LI
CPLL. MPLL. SPLL AtZUHIZ., WNAFMZ ., S okiE . g XTEST[0] Jym HF ik
#% XCLK1. XCLK2. XCLK3 10 5l A% OBz . WAESIEE . BEAd fAi 2 (1R IR o
PLL_EN #%{f FHAE IS ASR AR b, U0 A 75 B T/EAEMREER U PLL_EN "J#2A 0, &R
& TAREARIE A H & 75 241 € PLL_EN 1.
AR WA 2 LA A

®  Freqcek * 2 > Frequeik 2 Freqeeik

L4 Freqccik > Freqscik * 1.5
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6.1.2 PLL &%
b4
Fit LML 5] PFD 3] Charge Pump || 0 LK —-’EL“—D'—'T
PLLOIV M J [ 2

Li{IN+1)

6
Sl

ADHDPLL DEHOFLL FLLONW_M [5:0] FLLOM_K [4:0]
6-2

ST PLL 8AE BB, % i Zen] LUE i DL T 2247 8% PLLDIVM. PLLDIVN. PLLDIVK. #iH#iZ AT

(Fi%(XPLLDIVM) )X (XPLLDIVN +1)

PLLDIVK
2X

XCLK =

B A

i. PLLDIVM:Oor1

ii. PLLDIVN[5:0]:1~63 (minimum=1)
. PLLDIVK[1:0] : 0~3

2

1. HAG1E PLL 25480 A R 1E 4 PLL S5,
2. {E£ REG[05h] ~ REG[0ANh] #1124 )5, PLL %4 30us M ERAR EHRHH .
3. i\ OSC #ii# Fiy 5 PLLDIVM 54554 LR 4644

10MHz < Fin <15MHz

&
10MHz s%s 40MHz
4. Py Fyco = ZPLFL%X (PLLDIVN +1) 412 & 4% T 250 MHz Jf L/ - 500MHz.

i.e,

250MHz < Fvco < 500MHz
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6.2 Ei

6.2.1 HMNEEANES
RA8876 N T [E 4Nk R R o] I B A S (IRH - FBhiE) LUk EE1k, AN E A5 5 %40
/b 256 OSC W, A4 Sl AL EAE S

=H

e RA8876 ), MPU M ZJ:Hfii\ status 221745 bit [1]-operation mode status bit, X4 A] LA &
RA8876 it I EARAERR /RS

AnRST

sl JUUUUUL 5 JUUUUUUIUULUL

56 clocks ——» |

Figure 6-3: M EENEFLRT 256 OSC FEH#H

[ Power ON ]

b4

Inhibit Mode

Check Statu
REG bit 1

Mormal Mode

[RABB?B operation]

Figure 6-4 : FFHL/5 1% F RA8876 A5k Status REG bit 1 RZS
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7. A E
7.1 [EEEA@
RA8876 ¥ fit Jf &Il & #% i #2 11 (ex. 8080/6800 # %1 1 MPU 2 I1) 5 & 17 & # i # [ (ex. 1IC,
3-wire/4-wireSPl). MPU #[1AIZSH XPS[2:0] f57E, 2 HEAN PR DUk PL P 1) 7 0f H RA88T76.
M2EA7 25 5 WAEAE B AT LR 22 A7 e 22 (M5 8. 2EA L, MIPI DBI-2 type A 28MlF 31 3455 6800 R A1H)
MPU #11.
B --
BT WIS, FTE S FAF R S N 8-bit. B MPU 921 16bit J5&fnitk, w# MPU 5
J L 16bit, S4B A7 2% R 55 1 5 9R /2 LSB (XDB[7:0]) 8-bit, {Hj& Memory Data Port (REG[04h]) Z21%
#brsh . 4 H Memory Data Port (REG[04h]) 2247t W4 [F] I 22% host interface type bit (REG[01h],
bit[0]) ZEf7#%, 24 host interface type bit (REG[01h], bit[0]) 517 &% 5 i€ & 16-bits T, T4 N A7HdkE vi
LA 16bit TESE, #LZEAEe: (REG[O1h], bit[0]) ¥ 8bit T2 3 I Py 77 ¥4 75 & it 4 8-bit.

Z= 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

11X (serial host) IIC

77 AL 3T W17 98 10 772 0 55— 25 (8% “Address Write” 4¢3 SE W 77 8 i 4 - T —# P4 B “Data
Read/Write” #2153 » izt AT LU A RIS EUNTE 7D ASL » A0RBUET FA D)
TS 25 TR A - AV R AR R & EN BN © 0 B R B I FAE Memory
Data Port (REGI04h]) - B (AL & I » LT ARG i L & E B - A0SR — il > 7
DUESE ARG B ST FABSE IR A, » ARETF (LI & B s -

711 ZHEHRBAN

1. 5N A7 2 bk bits 7-0.
2. G NG

7.1.2 ZAFEREN

1. 5 NELH R 278 hbitkbits 7-0.
2. AR .
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RAIO’ RA8876

Character/Graphic TFT LCD Controller

713 HWHEBA
RA8876 13 ft fi FL [ 5 15k ] LAk jl MR B s 5 N A7 b .

1.

7.2

HNEBESERT e TR M.

2. W BHRMEEUS N4 Hr REG[SFh]~REG[62h].
3.
4. 5 TAEE NS NEE, FA%E 5\ Memory Data Port #5K5 23 5 2h S 4 77 ik

%€ Memory Data Port Register (REG[04h]) 5¢ bk 5 5E -

F5 42 o

721 FFFEEmEwmEEO
8080 5 6800 RAIMIMPUE #LIK, E %@ 71 5 [F 7-2.

8080 MPU RA8876

A0 - XAQ

A1-AT/A1-A159
Decoder XnCS
10RQ |

XPS[2:0]
DB[0-7)/DB[0-15] |l B XDBJ[0-7)/XDB[0-15]

RD XnRD(XEN) 00x
“WR XnWR(XRnW)
“REs XnRST
WAIT |- XnWAIT
TINT |-t XnINTR

B 7-1: 8080 MPU Interface

6800 MPU RAB8876

A0 | XAO

A1-A7/A1-A15¢
Decoder XnCS
VMA

XPS[2:0]
DBI[0-7]/DB[0- 15] |-ttt XDBI[0-7)/XDB[0-15]

P
EN ®=| XnRD(XEN) 01x
RIW | XnWR(XRnW)
“RES | XnRST
“WAIT |t XnWAIT
TINT e XnINTR

B 7-2: 6800 MPU Interface
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RAIO’ RA8876

Character/Graphic TFT LCD Controller

7.2.2 FH| EEmEE O

NI PR B2 AR ER) 8080 B 6800 4 I

8080 — 8/16-bit Interface

XA0, XnCS ><f
—>| tass je— —| tans |e—

«— toves >

XnWR, XnRD ¢
' N
<« tccs—
—> tons |e—
tpss—
XDB[7:0]
(Write)

<+— taccs <« tons —|
XDB[7:0]
(Read)

B 7-3: 8080 Waveform

2 7-2:8080 MPU I/F Timing

Rating .
Symbol Parameter Min. e Unit Symbol
tcyes CyCle time 50 -- ns
tces Strobe Pulse width 20 -- ns
tass Address setup time 0 -- ns
taHs Address hold time 10 -- ns ) i
tc is one system clock period:
tpss Data setup time 20 -- ns tc = 1/SYS_CLK
toHs 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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o"

6800 — 8/16-bit Interface

RA8876

Character/Graphic TFT LCD Controller

XEN /‘/ N
«— tcves ‘ >
«—tawe—>' |[—— tew —
XRNW ><\ ><
» tans e——
x40, xnCs il p e
> tpHe «—
tpose—>
XDB[7:0] \>
(Write) %
toHs
<+ taccs > > |«
XDB[7:0]
(Read)
B 7-4: 6800 MPU Waveform
2 7-3: 6800 MPU I/F Timing
Rating .
Symbol Parameter Unit Symbol
Min. Max.

toyes Cycle time 50 -- ns
tew Strobe Pulse width 20 - ns
taws Address setup time 0 -- ns
tare 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 0 20 ns
toHs Data output hold time 0 20 ns

HEAHR I BN 2 Ve B SR, G RAE B XnWaity™ A2 5545 A SR 1%, %8 03 8] g TR] 0 250K T 5
MRG0 R B A XnWait OB, JF B S G VE R E, Ak S A BdE R RS
DIfest iR . EANBAESE E 7-56 5 B 7-6 .

#AE XnCS, XnRD_EN, XnWR_RnW il E/NHLZE, X FERT L MPU 5 RA8876 &4 LI Tt.

R EELER MPU 5 B &K EE N T 20em .

RA8876 ,

XnCS,XnRD_EN,XnWR_RnW,XAQ _Efil1 1~10Kohm $g7-ZE[H -
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RAIO’ RA8876

Character/Graphic TFT LCD Controller

MPUB8080 Data Write Speed Limit

il

— Min. > 5xSYS_CLK —*

SYS_CLK
XAO

XnWR (XRnW) L_f A7 L_f

XnRD (XEN) —7 i

XnCS E L_____%J““““"

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

MPUG800 Data Write Speed Limit

SYS_CLK

XA0

XnWR (XRnW) | | /é/ | J
XnRD (XEN) [} /6;?/ [T
XnCS i /| IR o

+— Min. >5xSYS _CLK —>

B 7-6: 6800 I/F Continuous Data Write Cycle Waveform
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RAIO™ RA8876

Character/Graphic TFT LCD Controller

7.3 HBATEEN
7.3.1 3-wire SPI

MPU RA8876
VDD

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

T

ZCSs XDB[4] (XnSCS)
SDA

A
A 4

XDB[5] (XSSD)
SCK XDB[7] (XSSCL)

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

RA88764Z ML —ASPIMJE (Slave) #%fil4%, SPI J&its rik#E4k (XnSCS). Lz (XSSCL)
PR BRI R N4 2k (XSSD) el i) 24 XnSCS ZBh{ERT, XSSCL & i FE 418 (Master)
FraRsh, FHARFE XSSD MifE 5. ISPl BEATIE R, JEIEX BORM S — >3 5 1) MSB 2 Bits 7]
DAV E B A 93RS/ 50R S AR, BRSO/ BOREE M . FE@ W, XnSCS 441
B EHRRFEMRAETRES, BERERER.

2 SPI fE4RS/F RS AN (B 7-9. 7-11), WEAEE 254 %S SPI ) XSSD 5|,

3% (Master) il dsumiR 5 ATkl ZHSPITERRA AL/ BT R BUR U, 382575 i) SORE B 2 |
RA8876 [¥JSPI MJ& (Slave) il #siiiss XSSCL MzhEi&Eid SDA f&iX% £ % (Master) &2

HaHE 7-8 ~ B 7-10 MERW. XSSCL f A THEHHE N 50Mhz.
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RAIO™ RA8876

Character/Graphic TFT LCD Controller

Transfer Start Transfer End
-1 r |

I\ ! i
XDB[4](XnSCS) T\l ! /7l
AV i/

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

XDB[7] (XSSCL) ‘ ‘ ’ ‘ ’

MSB LSB
@@ 7/\6 4 0
o 1] | stusoar |

oy
m FROMMPUTO RAB876 AQ 0:COMMAND/STATUS 1:Data

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

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

Transfer Start Transfer End
ers r—a

| | ]

XDB[4](XnSCS) | :

|

|

-\

—

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

XDB[7] (XSSCL) ‘ ‘
XDBIS](XSSD) N

Lo of

FROM MPU TO RAB876 AD 0:COMMAND/STATUS 1:Data

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

17

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

Transfer Start Transfer End

2L S e
| |
XDB[4](XnSCS) | :
| |
|

12 3 4 5 6 7 8 1 2 3 4 5 6 7 8

MSB LSB
XDBI[5,
o N ¥ %@@@
7N\e 4 0
|_1 1] |_ REG_DAT/ J
MEM_DAT
S FROMMPUTO RABST6 A0 0:COMMAND/STATUS 1:Data

WR# O:WRITE, 1:READ

I:l FROM RA8876 TO MPU

B 7-10: Data Read on 3-Wire SPI-Bus
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RAIO RASS76

Character/Graphic TFT LCD Controller

Transfer _|Star1 Transfsr End

| |

XDB4/(XnSCS) | :
| |

1

|
|
|
|
—= t_
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

XDB[7] (XSSCL) ‘
XDB[5](XSSD) ‘\gg

|_;|_ ﬂ |_ REG_DAT/ J
MEM_DAT
. FROM MPU TO RABS76 A0 0:COMMAND/STATUS 1:Data

WR# O0:WRITE, 1:READ

I:l FROM RA8876 TO MPU

7-11 : Date Write on 3-Wire SPI-Bus

DL FE B T 4R 3-Wire SPI 5 (I HIYE

XDB[4](XnSCS)

XDB[7] (XSCL)

XDB[5](XSDA)

XDB[4](XnSCS) \

XDB[7] (XSCL)

4 t5

-~
v
>
v

XDBI[5](XSDA)

7-12 : 3-Wire SPI I/F Waveform

RAIO TECHNOLOGY INC. 35/232 www.raio.com.tw



RAIO’ RA8876

Character/Graphic TFT LCD Controller

& 7-4 : 3-wire SPI I/F Timing

Rating .
Symbol Parameter Unit Symbol
Min. Max.
to Cycle time 20 10000 | ns
CS setup time to rising
b edge of SCL 1121 B ns
CS hold time from rising
ts edge of SCL 1121 B ns
t Data setup time to 5 _ ns
4 rising edge of SCL
t Data hold time from 5 _ ns
S rising edge of SCL
Data output valid from
e falling edge of SCL 5 20 ns
7.3.2 4-wireSPI
MPU VDD RA8876
/L XPS[2]
%7— XPS[1]
VDD
XPS[0]
zcs XDB[4](XnSCS)
SDI |« XDB[5](XSSDO)
SDO XDB[6](XSSDI)
SCK »  XDBJ[7] (XSSCL)

B 7-13: The MPU Interface Diagram of 4-Wire SPI

4-wire SPI #2115 3-wire SP 4 VAL, ME—REZTEME S . £ 3-wire SPI #01, XA XSSD
S5 RS RS S HAJR (Slave) FZ(Master) ¥ a9z, {E 4-wire SPI $#:11, XSSD {551
REHEX />N XSSDI 5 XSDO {55 . SDI & SPI master IXzh 7k 51 f; SDO M2k EH SPI M
J& (Slave) BRI H . KT VPRI, HZSH @ 7-14~[E 7-17,

RAIO TECHNOLOGY INC. 36/232 www.raio.com.tw
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Character/Graphic TFT LCD Controller

Transfer Start Transfer End
e | r e |
AW A
XDB[4](xnsCS) | ! !
|
. I

|

|

|

T——
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

XDB[7] (XSSCL) ‘ | | ‘ ‘ | | ‘ | | ‘ ‘
XDB[6](XSSDI) ‘%

|_1 ﬂ |_ REG_DAT/ ‘

MEM_DAT

XDB[5](XSSDO) \

=
N FROM MPU TO RAB876 A0 0:COMMAND/STATUS 1:Data

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

B 7-14 : Date Write on 4-Wire SPI-Bus

Transfer Start Transfer End
LS =
|

i
XDB[4](XnSCS) :
|
|

—

|
|
|
l—

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

MSB LSB
6 4 0

|_ REG_DAT/ J

MEM_DAT

XDB[6](XSSDI)

]
N FrRom MPU TO RASBTS A0 0:COMMAND/STATUS 1:Data

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

i

B 7-15: Data Read on 4-Wire SPI-Bus
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RAIO RASS76

Character/Graphic TFT LCD Controller

Transfer _IStart Trarnifer End
| I |
XDB[4](XnSCS) ! | !
I i/

|
|
|
|
-

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

XDB[7] (XSSCL) | | ‘ | ‘ ‘ ‘ | | | ‘ ‘ |

XDB[6](XSSDI)

XDB[5](XSSDO) "\_ /

3 FROM MPU TO RA8876
k\.\\\\ A0 0:COMMAND/STATUS 1:Data

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

7-16 : CMD Write on 4-Wire SPI-Bus

Transfer Start Tranﬁfgr End
-

AW
XDB[4](XnSCS) | l
Lo\l

|

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

XDB[7] (XSSCL) ’ ‘ ’ ’ ‘ ‘ ’
XDB[6](XSSDI) % /

Lo 2] .

B LSB

XDB[S](XSSDO) %%%@@
6 4 0
I— STUS_DAT J

33y FromMPU TO RABSTE
AO 0:COMMAND/STATUS 1:Data

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

17

7-17 : Status Read on 4-Wire SPI-Bus
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RAIO’ RA8876

Character/Graphic TFT LCD Controller

PUR I e A TR 4-Wire SPL ST I FPREYE .

t2

—D
<

56 7 8 1 2 3 4 5 6 7 8

JUTTIRLUT

MSB

LSB
6 4 0
XDB[4](XnSCS) _\\

XDB[7] (XSCL)

4 t5

' S
v
'S
v

S

t6

XDB[6](XSDI)

XDB[5](XSDO) <

& 7-18 : 4-Wire SPI I/F Waveform
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RAIO™ RA8876

Character/Graphic TFT LCD Controller

£ 7-5: 4-wire SPI I/F Timing

Symbol Parameter '\Rﬂéﬂng v Unit Symbol
in. ax.
to Cycle time 20 10000 | ns
t, g)dsgze(’;?ggrfe to rising 1/2t, _ ns
t, gdsggo(l? élgf from rising 1/2t, _ ns
t, gsgt]ae Z?t;pélt_ime to rising 5 _ ns
ts eDc?gt;?a r;c]c)lgéirl_ne from rising 5 _ ns
R L
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RAIO’ RA8876

Character/Graphic TFT LCD Controller

733 lICI/F

VDD
MPU RAS876

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

[ >— XDBI[5](XI2CA[5])
™ ™1 xoB[4](XI2CA[4])
VDD VDD T °%— XDB[3](XI2CA[3])
1KQ~10KQ T ™— xoB[2I(XI2CA[2])
%1 XDB[L](XI2CA[1])
™| XDB[O](XI2CA[0])

——o
\Y
SDA |¢—e »| XDB[6] (XSDA)
SCK T i »|  XDBJ[7] (XSCL)
‘lv- 1" 50pF
IICA[5:0]
BIT5 BIT4 BIT3 BIT2 BIT1 BITO
XI2CA[5] | XI2CA[4] | XI2CA[3] | XI2CA[2] | XI2CA[1] | XI2CA[0]

7-19 : The MPU Interface Diagram of IIC

IIC #ZI1H1 XSSCL 5 XSSDA Rk BURHL AR 4L B, A TARMERINC 4211 IIC (EHIRIHT7 M,
FARIC Spec e XIIMJE (Slave) ik, A6 MfCERA8876 [HIIC device ID. # Fak1 AN
A0, MEFMIER . HA0=1, AFRETAMEY BRI 1A0=0, AmARSEY. FI1C T
FiHE_ B EIIMSB 6 fir (3447 7bit) 5RA8876 [fidevice ID #l[F, RA8876 [HIIC MJ& (Slave) mhs:
EE.

RA8876 [MELE & (Device ID) £ AT, € ERTLAH XI2CA[5:0)/XDB[5:0] k5EHi. RA8876
H4 FREBES, o508 TfRaSA] o TIRESE « [BREAN] 5 [5RER] FE. AEEES
2l A0 K& WR AifrisE. 1R e, E2% @ 7-20~E 7-23.
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Character/Graphic TFT LCD Controller

XDB[7](XSSCL)

XDB[6](XSSDA)

MEM_DAT

WR# 0:WRITE, 1:READ
A/A: ACKNOWLEDGE/NOT ACKNOWLEDGE

LY FroM MPU TO RABSTE AO 0:COMMAND/STATUS 1:Data

FROM RA8876 TO MPU

B 7-20 : Data Write on IIC-Bus

XDB[7](XSSCL)

XDB[6](XSSDA)

START STOP
r 1 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 [

| I

XDBI7J(XSSCL) | | L

| I | |
P P

! MSB LSB P
I A |

|
| | : |

I I
L5 [2 2] L resoars I le]

MEM_DAT
LSS FROM MPU TO RABST76 A0 0:COMMAND/STATUS 1:Data
WR# O:WRITE, LREAD
|:| FROM RA8876 TO MPU
AJA: ACKNOWLEDGE/NOT ACKNOWLEDGE
7-21 : Data Read on IIC-Bus

START STOP
r 6 8 9 5 7 8 7

WR# 0:WRITE, 1:READ
AJA: ACKNOWLEDGE/NOT ACKNOWLEDGE

FROM RA8876 TO MPU

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

7-22 : CMD Write on IIC-Bus
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Character/Graphic TFT LCD Controller

XDB[7](XSSCL)

IS STUS_DAT
L——
N FROM MPU TO RA8876 A0 0:COMMAND/STATUS 1:Data
WR# 0:WRITE, 1:READ
I:l FROM RA8876 TO MPU

A/A: ACKNOWLEDGE/NOT ACKNOWLEDGE

7-23 : Status Read on IIC-Bus

DURH PP A Tt IC ST FefisE o

t1 12

1

t4 t5

& »: & >
< P € 14

XDB[7] (XSCL)

-/

XDB[6](XSDA)

t3

XDBI[6](XSDA) — A A /A MSB LS8 R
NN A
\\\\\\\\\\%\\%\% %)B Ille DOB §

B 7-24: IIC I/F Waveform
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RAIO™ RA8876

Character/Graphic TFT LCD Controller

2 7-6 : lIC I/F Timing

Rating .
Symbol Parameter Unit Symbol
Min. Max.
t, Cycle time 10000 | 2500 ns
tq Start Strobe Pulse width | 180 -- ns
ts Stop Strobe Pulse width 180 -- ns
Data setup time to rising
b edge of SCL 5 B ns
Data hold time from rising
s edge of SCL 5 B ns
Data output valid from
e falling edge of SCL 5 20 ns

7.4 BB

741 AEEREN(Opacity) KHIAEIE (RGB)
8-bit MPU, 1bpp mode (P& ¥3E)

Order | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
P, [ Ps | Ps | P | P | P, | P | Py

Pis | Piu | Pia | Pip | Py | Pio | Po Ps

Pos | Pop | Poy | P | Pig | Pig | Piz | Pre
Ps1i | Pao | Pog | Pog | Pz | Pos | Pos | P
Pss | Psg | Pyr | Pss | Pss | Pss | Pss | Pap
Paz | Pag | Pas | Pag | Pag | Pao | Par | Pao

(OB |WIN|—

o g RA ARG BTE MORY RIIGEME M . MHILThRert iR (Canvas) WAZIBEE BL 8bpp iR, JF H AR
M MPU #21 8bits #idls. £ 5 NP OERER)E, M BTE Ry RIIREY R AE 1 Eox A

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

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

|| |WIN[—~
Pl
=
Pl
&
o
Pl
&
o
@
©d
@
)
o
@
@
o
jus]
o
N
jus]
o
o

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

(OB |WIN|=
29
2y
o
2y
of
2y
o
2y
o
L%
@
of
©
of
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RAIO™ RA8876

Character/Graphic TFT LCD Controller

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

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

OB |WIN[—=
w
_k\l
w
_‘0'
w
_‘U\
w
d-b
w
_\(A
w
AI\.
=
w
AG

16-bit MPU, 1bpp mode 1 (B¢ ¥3E)

Order | Bitl5 | 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 n/a n/a n/a P; Ps Ps P, P3 P, P4 Po
2 n/a n/a n/a n/a n/a n/a n/a n/a Pis Py P13 P12 P14 Pio Py Ps
3 n/a n/a n/a n/a n/a n/a n/a n/a P23 P2, Poq P2 P19 Pyg P47 Pis
4 n/a n/a n/a n/a n/a n/a n/a n/a P31 P30 P29 Pgs P27 P26 P25 P24
5 n/a n/a n/a n/a n/a n/a n/a n/a Pag Pas P37 P35 P35 P34 P33 P32
6 n/a n/a n/a n/a n/a n/a n/a n/a P47 Ps Pys P4 Pa3 P4, P44 P4

o gt E(EDRE RS BTE (YERZY TRIDREMEA - (B HR ERIE £y 8bpp (5, iMAEEEHT HAE
2 8bits ¥kt - BN TIFREHE A\RETEMEEREREOGRRERRE 8 » UL ANT - fEHE
BANFR, BEECY IR HEOE AR @5 -

16-bit MPU, 1bpp mode 2 (monochrome data)

Order | Bitl5 | Bit1l4 | Bit13 | Bit12 | Bitll | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
1 P1s P14 P13 Pz P14 P1o Py Ps Pz Ps Ps Py Ps P2 P4 Po
P31 Ps3o P2 Pa2s P27 P2s P25 P24 P23 P22 P21 P2o P1g P1g P17 P1s
P4z Pas Pas Pas Pas P42 P41 Pao Ps3o Psg Pz Pss Pss P4 P33 P3p
Pes Pe2 Pe1 Peo Psg Psg Ps7 Pse Pss | Pss Pss Ps2 Ps4 Pso Pag Pas
Pz P7g P Pze P7s P74 P73 Pz, P71 Pz Peo Pes Pe7 Pes Pés Pes
Pos Pos Pos Po2 Po Poo Pso Pss Ps7 Pss Pss Pas Pss Ps2 Ps1 Pso

o g XA ThRE A RSy BTE TR R DB, M £S5 16bpp S84 (HAERR 1 e IR IE TRy 16bit 4b,
Huoe MR E S TR NS LA a5 FERR L 16, DU BE s IS EIR 5 NN AE. IERESANNAFE, 5
RE TR R T RE T L BERE A 4 T S 7 1 ) ) o ) R

O B[WIN

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

Order | Bitl5 | Bit14 | Bit13 | Bit12 | Bitl1l | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
1 n/a n/a n/a n/a n/a n/a na | na | R' | R | R | G | G | G° | By’ | By
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 | nfa | R | R®” | R |G | G’ | G° | B | B
4 n/a n/a n/a n/a n/a n/a na | na | R' | RS | R | G | G | G° | Bs’ | By
5 n/a n/a n/a n/a n/a n/a na | na | R/ |RS | RS | G’ | G° | G’ | B | BS
6 n/a n/a n/a n/a n/a n/a na | nfa | R | R | R | G5 | Gs° | Gs° | Bs' | Bs

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

Order | Bitl5 | Bitl4 | Bit13 | Bitl2 | Bitll | Bitl0 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO

|| WIN[—~
Py
~
A
4
q
X
4
o]
9
N4
@
N
o
()
o
v3]
N
o
i
a
P
>
Pyl
3
q
P
3
o]
@
>
@
3
q
@
>
ol
us)
>
o
>
q

W g 1S 16bpp BEEUHERLL Bk 1 soE KRG N 16bpp tiRsl, i %R S ARG 58 RN EHG K
BREL 2, DABEBOE NS AN AF. 32 RS v m R R 7 2350E 9 8bpp.
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16-bit MPU, 16bpp mode (RGB 5:6:5)

Order | Bitl5 | Bitl4 | Bit13 | Bit12 | Bitll | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
1 Rol R()(7 Ro:7 Ro4 R()‘s Gol ng ng G04 G()\s GoZ Bo7 Bob Bo5 B()4 B()‘s
2 R, R’ R R R G, G' | G° | G | G | Gy B, B, B’ B, B,
3 R,’ R’ Ry’ R, R, G, G’ | G | G | G | G B, By’ B,® B,* B,’
4 R3I R3(7 R3:7 R34 R3‘s G3I G3b G3b G34 G3\s G3Z B37 B3b B35 B34 B3‘s
5 R, Ry Ry Ry R, G, Gs | G | G [ G | G4 B, By B, B, B,
6 Rs’ Rs’ Rs’ Rs' Rs’ Gs' Gs | G | Gs | Gs | Gs Bs’ Bs® Bs® Bs' Bs

Order | Bitl5 | Bit14 | Bit13 | Bit12 | Bitll | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
1 Gy’ Gy Gy Gy Go’ Go Go' Gy By’ By Bo Bo Bo’ Bo By’ By
2 B’ B:° B:° B:" B:° B4 B B:’ Ry’ Ry’ Ry Ry’ Ry’ Ro Ry’ Ro
3 R1I R1(7 R1:7 R14 R1‘i R1z R11 R1U G1I G1b G1b G14 G1J G1Z G11 G1U
7 © ) 4 3 T Y 7 © ) Kl 3 T U
4 G, G, G, G, Gy Gy Gy Gy B, B, B, B, B, B, B, B,
7 © S zf 3 T 0 7 © ) af 3 T 0
5 Bs Bs Bs B Bs Bs Bs; Bs; Rz Rz R, R, Ry Ry Ry Ry
6 R3I R3(7 R3:7 R34 R3‘i R3z R31 R3U G3I G3b G3b G34 G3J G3Z G31 G3U

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

Order | Bitl5 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
1 Gol Gob Gob Go4 Go‘s c;()Z Gu‘I GUU Bol Bob Bob Bo4 B(]d Bo Bo1 Bou
2 n/a n/a n/a n/a n/a n/a na | na | R' | R& | R | R& | R° | Ro R, | Ro
3 G, G,° G G, G, Gy G, G, B, B,° B, 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’ | Ry R, | R
5 Gzl sz sz G24 sz GzZ Gz1 GZU 827 sz 825 BZ4 BZ\s BZ BZ1 BZU
6 n/a n/a n/a n/a n/a n/a na | na | R | R | R°| R | R | Ry R, | RY

7.4.2 Input Data with opacity (aRGB)

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

RA8876 N 734t OSD M HKIThéE, HFikiE I\ 4096 il k1) 64 MiF @i, fdHE AT bl & iE e
NAEEEREE, FERHMEHRSIFA . afiRnRr et .

Order | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
1 ar’ | af Index color of pixel 0
2 as | a5’ Index color of pixel 1
3 as | as Index color of pixel 2
4 a | of Index color of pixel 3
5 as° | oo Index color of pixel 4
6 o’ | aqdd Index color of pixel 5

oo 1 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 Go( Gob Gob Goa Bol Bob Bob Bo4
2 (103 0,02 001 0,00 R07 R06 Ros R04
3 G1I G1b G1b G14 B17 B1b B15 B14
4 (o %] ol (111 (0 F] R17 R16 R15 R14
5 G | G| G° |G | B | BY | BY | B
6 o’ ag o' s’ R, Ry R, R,
alacox 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.
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16-bit MPU, Index mode with opacity (alndex 2:6)

Order | Bit15 | Bit14 | Bit13 | Bit12 | Bitl1l | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
1 n/a n/a n/a n/a n/a n/a n/a n/a ag° oo’ Index color of pixel 0
2 n/a n/a n/a n/a n/a n/a na | na | o | a? Index color of pixel 1
3 n/a n/a n/a n/a n/a n/a na | nla | o | o’ Index color of pixel 2
4 n/a n/a n/a n/a n/a na | nla | nla | a5 | a5’ Index color of pixel 3
5 n/a n/a n/a n/a n/a na | nla | nla | a’ | o Index color of pixel 4
6 n/a n/a n/a n/a n/a na | nla | nla | a5 | a5 Index color of pixel 5

aco 1 0—0,1—11/32, 2 — 20/32, 3 - 100%

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

Order | Bitl5 | Bit14 | Bit13 | Bit12 | Bitll | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO
1 (103 (on (101 (XOO Ro7 Ro6 Ro5 Ro4 Go7 G()6 G05 Go4 Bo7 B(]S B()5 Bo4
2 ('113 0,1z (111 (110 R17 R16 R15 R14 G17 G16 G15 G14 B17 B16 B15 B14
3 (123 (122 021 (120 R27 R26 st R24 G27 Gze G25 G24 827 Bze st Bz4
4 Ol as’ o3’ az’ Rs’ Rs® Rs’ Rs’ Gy | G | G | G5 By Bs By Bs'
5 (142 (143 041 (140 R47 R46 R45 R44 G47 G46 G45 G44 B47 846 B45 B44
6 a52 (153 0151 oL5o R57 R56 R55 R54 Gs7 G56 G55 G54 B57 B56 B55 B54
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8. W
8.1 SDRAMIZ |5

SDRAM #= il #5f# Fi] bank interleave J7 54 RUMAZEUAMNIE 16/32/64/128/256/512 Mbit [ single data rate
SDRAM. filifF-4x F AT HIE A5 E 30 58 5T 1 4.

8.1.1 SDRAM #j%itt
SDRAM FERE -3l 52 A7 55 47 HUN A7 BT ST AR AL, FERTIR AL SE BT 80 dir & Rl AT — IR XA dir &A1
Vet E = s, YT BT

1. % SDRAM MJE; 217458 REGIEOh], ML 7482 X LLE X bank number. row size 5
column size %545,

. W SDRAM #EE 728 240 B 5 N %Ar4s 8 REG[E1h] AJ DL CAS JEiR .,

. W& SDRAM ZA7#% REG[E2h]. REGIE3H] HIKil#rE kg, FriEfs SDRAM kil & g [ 4 15.6us.

. JF45 SDRAM #IaaibAb3E, 158 2247 %% REG[E4h] bit-0 4 1.

. B\ REG[E4h] bit-0 Jf HAFRAL R 1, AR 1 RInT Bk 461k .

a b~ W N

8.1.2 SDRAM %3
SDR SDRAM F-4i

DENSITY ADDRESSING [ X16
16Mb Row A0-A10
(2 banks) Column AO-A7
32Mb Row A0-A11
(2 banks) Column AQ-A7
64Mb Row A0-A11
(4 banks) Column AO0-A7
128Mb Row A0-A11
(4 banks) Column AO0-A8
256Mb Row AQ0-A12
(4 banks) Column AO-A8
512Mb Row A0-A12
(4 banks) Column A0-A9

8.2 SDRAM HiEL#
0 N P BT Sl A7 76 I 42 1 1bpp- 8bpp. 16bpp- 24bpp B8 EL A of L [ RS K .

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

Addr | Bitl5 | Bit14 | Bit13 | Bit12 | Bitll | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
0000h Ry R:° R:® [ Gy G B:' B Ry’ Ry R | G | G | G By’ By
0002h Rs’ Ra’ Ry Gy’ Gy Gy B’ B3 Ry’ Ry R° [ G |G | G B, By’
0004h R5/ Rsb Rsb Gsl Gsb Gsb le Bsb R4/ R4b R4b G4/ G4b G4b B4/ B4b
0006h R, R;° R, G, [ G B, B, R’ Rs Re | G’ | Gs | G¢ Bs' Bs
0008h Ry’ Ry Ry’ Gy’ Gy’ Gy By’ By Rs’ Rg’ R [ G | G | G& Bs' Bs®
000Ah R11/ R11b R11b G11/ G11b G11: B1OI B10b R1O/ R10b R10:’ G10/ G10b G1Ob B1OI B10b
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RAIO"

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 Rol Rob Rob R04 Ro‘j Gol Gob Gob Go4 ng Go Bo7 Bob 805 804 B()\s
0002h | R/ R Ry’ R, R G' |G |G’ |G | G° | G B,/ | BY | BY | B | BY
0004h Rzl sz sz R24 de Gzl sz sz Gza sz G2 le sz sz Bz4 Bzd
0006h | Ry | R | Ry | Rs | R | G | Gy | Gs | Gs* | Gs° | G~ | Bs | Bs | Bs | Bs | Bs
0008h | R4 Ry Ry Ry R, G/ |G |G |G| G |G| B | B | B | B | BS
000Ah R5/ Rsb Rsb R54 de Gsl Gsb Gsb Gsa Gs‘1 Gs le Bsb Bsb Bs4 Bsd

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 | Gi’ | G | Go | Go | Go | G | Go' | G’ | Bd | Bo | Bo | Bo | B | Bo | Bo' | Bo
0002h | By B,° B, B, B’ B, B | B | R’ | R | R | R\ | R | R | Ro' | Ry
0004h R1/ R1b R1b R14 R1J R1 R1-I R1U G1/ G1b G1: G14 G1‘s G1Z G1-| G1U
0006h GZ/ sz sz 624 sz Gzz GZ-I GZU 827 sz BZ5 B24 B2‘i BzZ 821 BZU
0008h | Bs Bs° Bs® Bs’ Bs® Bs B | B | R’ | R°| R | R'|[RE|RSE| R | R
OOOAh R3, Rgb Rgb R34 Rgd Rs Rs1 R3U G3I G3b G3b 634 Gsé G3 Gs.| Gsu

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 | a4 aq’ Index color of pixel 1 a’ | oo Index color of pixel 0
0002h | o3’ a5’ Index color of pixel 3 o | ar’ Index color of pixel 2
0004h | o5 a5 Index color of pixel 5 ol | ad Index color of pixel 4
0006h | o7 o7 Index color of pixel 7 a5 | oe Index color of pixel 6
0008h | o5 oo’ Index color of pixel 9 as | as Index color of pixel 8
000Ah | oy e Index color of pixel 11 a0’ | oo’ Index color of pixel 10

alo’: 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 | Bit1l | Bit10 | Bit9 | Bit8 [ Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 [ Bitl | Bit0
0000h | g oo’ ao' o’ Ro’ Re | R | R | Go | G | Go | Go* | By | B | Bo® | Bo
0002h | o’ o’ o o R R | R [ R GT [ G| G°|G* [ B | B | B® | B
0004h | @ | o | o o | R | R’ IR |R' |G [GG|G& |6 |B | BB | B
0006h | o5 as’ o as’ Rs Ry | R& | Ry | Gs | G | Gy | G5 | By | By | B | Bs
0008h | 42 o’ o o R, R |RC|IR|G |G| G’ G| B | B | B | B
000Ah 0,52 (153 (151 a50 R57 R56 R55 R54 G57 G56 G55 Gs4 B57 B55 B55 854

8.3 Color Palette RAM

Addr | Bitll | Bitl0 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
0000h | Ry R | Re | Ro | Go | G | G | Go | Bs” | B | Bo | Bo
0002h | R/ | R | RE | RS | G/ | G° | G° | G| BY | BY | BY | B
0004h | R, R | R° | R | G | G| G| G | BY | BY | BY | B
0006h | Rs’ RY | RS | Ry | G | G° | G° | G | By | BY | By | By
0008h | R/ | Re | RS | RS |G/ | G° | G| G | B | B | B | BS
000Ah | Rs’ R | R | Rs | G5 | G | G | Gs° | By | B | Bs | By

*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. BEBIERE

Input Windows SDRAM Output Windows
Write/Draw
window Buffer 1 “
T~ Main
BTE P /7 window
Source 1 -, /
window P /
Buffer 2 2 /
BTE ~ o /i
So_urge 2 ¢ > PIP
® .
window . / P window
/ /
BTE ; 7
Output v 7
window Buffer n 1
Cfg Reg|| Draw P SDRAM Controller H BTE
| T3 | | |
MCU I/F Input Buf | |Output Bufb LCD I/F

9-1 : Display Data Path
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10. LCD AH|
RA8876 H A ¥ {4 LCD #1545 SDRAM I ELE X, i KiEn5 GiRTEH v 2048x2048 @ 24bpp TFT,
1M 24 bits (47 RGB % H KR /& 24bpp (RGB 8:8:8), 1fj RGB 3:3:2 5 RGB 5:6:5 ¥4z ¥ 2%y 8/16bpp
% 24bpp Hit.

RA8876

Character/Graphic TFT LCD Controller

10.1 LCD 5| it

HThfE R REG[01h] bit 4-3 4% i

51 2R TFT RAiE
- BB
aR 16bpp 18bpp 24bpp
XVSYNC XVSYNC XVSYNC XVSYNC
XHSYNC XHSYNC XHSYNC XHSYNC
XPCLK XPCLK XPCLK XPCLK
XDE XDE XDE XDE
XPDATIO0] GPIO-DO0 / XKIN[1] BO
XPDATI1] GPIO-D1 / XKIN[2] B1
GPIO-D6 / BO B2
XPDATI[2] XKIN[4]
XPDATI3] BO B1 B3
XPDATI[4] B1 B2 B4
XPDATI5] B2 B3 B5
XPDATI6] B3 B4 B6
XPDATI7] B4 B5 B7
XPDATI8] GPIO-D2 / XKIN[3] GO
XPDATI9] GPIO-D3 / XKOUTI[3] G1
XPDATI[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] GPIO-D4 / XKOUTI[1] RO
XPDAT[17] GPIO-D5 / XKOUT[2] R1
GPIO-D7/ RO R2
XPDAT[18] XKOUTI4]
XPDAT[19] RO R1 R3
XPDAT[20] R1 R2 R4
XPDAT[21] R2 R3 R5
XPDATI[22] R3 R4 R6
XPDATI[23] R4 R5 R7
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If REG[01h] bit 4-3, set 24-bits TFT output.

Pin.128
Pin.127
Pin.126
Pin.125
Pin.124
Pin.123
Pin.122
Pin.121
Pin.120
Pin.119
Pin.118
Pin.117
Pin.116
Pin.115
Pin.114
Pin.113
Pin.112
Pin.111
Pin.110
Pin.109
Pin.108
Pin.107
Pin.106
Pin.105
Pin.104
Pin.103
Pin.102
Pin.101
Pin.100
Pin.099
Pin.098
Pin.097

RAB8876

XPDAT
XPDAT
XPDAT
XPDAT
XPDAT
Vss
VDD33
XPDAT
XPDAT
XPDAT
XPDAT
XPDAT
XPDAT
XPDAT
XPDAT
XPDAT
RSVD
V8s
VDD33
XPDAT
XPDAT
XPDAT
XPDAT
XPDAT
XPDAT
XPDAT
XPDAT
XPDAT
XPDAT
vss
VDD33

23
22
21
20
19

O =NW RO NGO

TFT LCD 24 pin RGB

Figure 10-1 : RA8876 iR 24bit BIfI 5 LCD FREIAL N B

If REG[01h] bit 4-3, set 18-bits TFT output.

Pin.128
Pin.127
Pin.126
Pin.125
Pin.124
Pin.123
Pin.122
Pin.121
Pin.120
Pin.119
Pin.118
Pin.117
Pin.116
Pin.115
Pin.114
Pin.113
Pin.112
Pin.111
Pin.110
Pin.109
Pin.108
Pin.107
Pin.106
Pin.105
Pin.104
Pin.103
Pin.102
Pin.101
Pin.100
Pin.099
Pin.098
Pin.097

RA8876

XPDAT
XPDAT
XPDAT
XPDAT
XPDAT
VAR
VDD33
XPDAT
XPDAT
XPDAT
XPDAT
XPDAT
XPDAT
XPDAT
XPDAT
XPDAT
RSVD
VAR
VDD33
XPDAT
XPDAT
XPDAT
XPDAT
XPDAT
XPDAT
XPDAT
XPDAT
XPDAT
XPDAT
Vss
VDD33

18
17
16
15
14
13
12
1
10

O=_aNWAO N OO

Suggest:
R1 connect to R7
RO connect to R6
on the PCB.

Suggest :
G1 connect to G7
GO0 connect to G6
on the PCB.

Suggest :
B1 connect to B7
BO connect to B6
on the PCB.

TFT LCD 24 pin RGB

Figure 10-2 : RA8876 &% 18bit filfirEE LCD &I B e
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If REG[01h] bit 4-3, set 16-bits TFT output.

Pin.128
Pin.127 | XPDAT 23
Pin.126 | XPDAT 22
Pin.125 | XPDAT 21
Pin.124 | XPDAT 20
Pin.123 | XPDAT 19
Pin122 | vss
Pin.121 | vDD33

. Suggest:

R2 connectto R7
R1 connect to R6
RO connect to R5

Pin.120 | XPDAT 18 on the PCB.
Pin.119 | XPDAT 17 R1 ——

Pin.118 | XPDAT 16

Pin.117 | XPDAT 15

Pin.116 | XPDAT 14 Il Suggest:

Pin.115 | XPDAT 13
Pin.114 | XPDAT 12
Pin.113 | XPDAT 11
Pin.112 | XPDAT 10
Pin.111 | RSVD
Pin.110 | vss GO —
Pin.109 | VDD33
Pin.108 | XPDAT
Pin.107 | XPDAT
Pin.106 | XPDAT
Pin.105 | XPDAT
Pin.104 | XPDAT
Pin.103 | XPDAT
Pin.102 | XPDAT
Pin.101 | XPDAT
Pin.100 | XPDAT
Pin.099 | XPDAT
Pin.098 | vss TFT LCD 24 pin RGB
Pin.097 | vDD33

G1 connectto G7
GO connect to G6
on the PCB.

Suggest :
B2 connect to B7
B1 connect to B6
B0 connect to BS
on the PCB.

B1 —

O NWRAEG N OO

RA8876

Figure 10-3 : RA8876 & 16bit BIfr5 LCD FEMIAr x5
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10.2 LCD 5O FE

SRR I 2 En T B

VPW VND VDH VST

XVSy\N§e o \—
s | | | A A A
XPDATA @7 _________ — Llll\lE LIIZIE/ —_

e N

XHSYNC

HPW  HND HDW HST
[7 T T T l
XPCLK
XDE
XPDATA Valid Data

B 10-4: Digital TFT Panel Timing

RAIO TECHNOLOGY INC. 54/232 www.raio.com.tw



RAIO™

RA8876

Character/Graphic TFT LCD Controller

11. Display Ihfg

11.1 ¥4 (Color Bar) E5-31R
¥% (Color Bar) W RilliAF A Z4#4 . SDRAM . #2E REG[12h] bits=1, nJ LT R4 .

LCD Panel Image
(Display Start)

Line 1~ Line 32 —
Line 33 ~ Line 64 —
Line 65 ~ Line 96 —

Line 97 ~ Line 128 -—

Line 129 ~ Line 160 —

Line 161 ~ Line 192 —

Line 193 ~ Line 224 —

Line 225 ~ Line 256 —

Last Line |

(640x480 Color Bar Example)

R(0x00), G(0x00), B(0x00)
R(0x00), G(0x00), B(OXFF)
R(0x00), G(OXFF), B(0x00)
R(0x00), G(OXFF), B(OXFF)
R(OXFF), G(0x00), B(0x00)
R(OXFF), G(0x00), B(OXFF)
R(OXFF), G(OXFF), B(0x00)
R(OXFF), G(OXFF), B(OXFF)

(Repeat from Line 1)

11.2 FHHO

B 11-1: Color Bar Display Test

2 i15E X LCD B3 K/, w5E X EF% (2% REG[14h] ~REG[1Fh]). {# /b A 568 5 1A B i s 2 o
X, H&HEEOHXHELLS (3% REG[20h] ~REG[29h]) Fihg ik MK, SRR K E

.

11.2.1  #EAFAHEBZWX

SDRAM 1] PA# 73 BREA PG, i KB AT R/ INBR il o 25451 156 B - 145K /Ny 800x600 256 color 71 16

Mbits SDRAM ] LU 4 BHE S IX (BHER %R x BUER & x B B x E15%0 < SDRA Mbytes ).
TEXEGRN, SEEZH SR RERGEME. RKEEES T/EEOEE (3% REG[500)

~REGI5Eh]).
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11.22 EBEANEZZEKZEHKX
JKE (canvas) A& XN T 15 B N AF . 4 s 2t e IR A B . IRIF % (3% REG[50h]
~REG[55h]) KFaBHEIUZ K/, FFH I E T/EE N (2% REG[56h] ~REG[5EN]) K5 A2z X 1K
G .

<4—————— CVS_IMWTH _— >

CVSSA

(AWUL_X, AWUL_Y)

T

AW_HT

l Active Window

“—————— AW WTH —>

Canvas image

11-2

11.23 ErEHEORHZ
FEMGZ LCD fi% SR G, iR EE D BoRrKmier, & B iE S Bk,

2
' N "
Set Canvas start address and ‘ Set Memory Data Write Port ’
Canvas image width REGI[04h]

REG[50h] ~ REG[55h]

Write Image to

SDRAM (Set Active windows upper-left corner )
width, height and color depth for
Write to SDRAM
L REG[56h] ~ REG[5Eh] Y,

Set Graphic Write position
REG[5Fh] ~REG[62h]

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]

Set Display ON/OFF ’

Start Display Image ‘ REG[12h] Bit[6]

11-3
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11.2.4 YFEHFOREG
FEOEG T HBRENEGEN X k. MHETES & E EE DMK EFEE (3% REG[20N]
~REG[29h]) k4 # EG 2 X .

MIW

(MISA) Py

~

N

S L MWULX, MWULY)

et Main window related registe
(HDWR)

to switch display image

l (VDHR)

4 N (MISA) S&=——C
. R T e I MWULX, MWULY
Set Main window start address | | " TT--- ->( :
REG[20h] ~ REG[23h] 4 N
. J
4 ¢ N\
Set Main window image width
REG[24h] ~ REG[25h
[24h] ~ REG[25h] s e w
I\ J Sso
¢ Teg (MWULX, MWULY)
s N S

Set Main window upper-left corner
REG[26h] ~ REG[29h]

'

4 N\ MIW
) ) (MISA)&
Set Main window color depth (MWULX, MWULY)
REG[10h] Bit [3:2]

SDRAM

11-4

11.3 EHE (PIP) &H

RA8876 f£ £ N wJ DASCRAM AN E B o S DR SCRF B IR S I o, I D Re SR Al
BEEAEAE R AN T B R S Y Bon & L SRR . o SR P 1 5 b 2 S A, AR A
&g SR EE P E 2 ' L

I A KN S B 2 A7 %% REG[2Ah] ~ REG[3Bh] 5 REG[11h] #5%& [. i i 1 5 i 2 &
U AR ] 22 47 3%, #R4 REG[10h] Bit[4] >Kik#% REG [2Ah ~ 3Bh] & i -1 i 1 S | 2 & IS4,
T EASE R AN Ty 6 a0 200 2 188 v 1 I 1 FRAR OGS 0 0 P 1R/ R IR A B MR K B 4 1R
=, WMESHRNN 1 FARML.

JE: 4 REG[12h] Bit3 VDIR =1, PIP & 1. Ethr. U ehntf 24k A shakfg.

fuce
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11.3.1 EFHE (PIP) & OKEE

A D P B 5 RN 2R i MR e v PR R R Y AR,
O P XKUY AR AR O R e P A A . I 1
& LA F A7 4%, JF HARYE REG[10h] Bit[4] Ki&$#: REG [2Ah ~ 3Bh] /2 i H i 1 i 2% i H i
[CARLE 8

2
2

|

Set PIP window Image
Upper-Left corner X/Y coordination
REG[34h] ~ REG[37h]

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

. _/ .
(" ¢ ) (" l
Set select (c:gr;irg[l;;tzlpl or PIP2 Set PIP window Width
REG[11h] Bit [3:0] REG[38h] ~ REG[39h]
. _/ .
(" l ) (" l

Set PIP window Display
Upper-Left corner X/Y coordination
REG[2Ah] ~ REG[2Dh]

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

] ’ !

Set PIP1/ PIP2 window
Enable / Disable
REG[10h] Bit 7/ Bit 6

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

'

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

11-5
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Mw)
(MISA) Oy

N
s (MWULX, MWULY)

N (HDWR)
N

AN
'\(PWDULX‘ PWDULY)

Main window
(VDHR)

(PIW)
(PISA)

DISPLAY WINDOWS(PANEL)

PIP window

%

SDRAM

11-6

11.3.2 H9FHE (PIP) OB ESEH+SE (PIP) BEME
I R 2 H i E PWDULX 5 PWDULY SRE SRR 8, MmaddE PISA. PIW,
PWIULX. PWIULY W] DASE i i R AL, 1A TT A S U AE A7 B BR Bals (L ] AR g
(¥ B SR S s 1 o o R PR
TR AT RoR— A T E OS5 A E R E R O 0] D2 5 s i A B SR R AN F ()
o i R
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(MISA)

N
S~ (MWULX, MWULY)

N (HDWR)
N

\
"y (PWDULX, PWDULY)

(VDHR)

iy

Main Window + PIP window

Main Window + PIP window

(Setting ) (Setting
f i i j 4 § E N
' ’ Main Window + PIP window _ Main Window + PIP window
oo (Setting ) (Setting

(PIW2)

(PISA2)
(PWIULXS, PWIULYS5)

Y )

Main Window + PIP window
(Setting PISA2, PIW2, PWIULXS5, PWIULY5)

SDRAM

11-7

11.4 RESHB

Koy s A8 5 7 SR i -t 2 A i RN, I A7 E A R K R B R AR R vk . e Thie i ik

THRGY I ER 90° Bl 180° BERt G, X Al kUL SR, R IER: - ZEE Rt ] SE i . ek Thae

TEREE NN HEHRIE R (3% REG[02h] bit 2-1), 7820377 T 6 FH 1 58 Bt Th B ik 52 B

JEHE LT .

BARIhBEIR MR A BRSO T R I RE, DRI 2 e A0 s BRI RELE N A7 5 BT
T EGeAF 4 (B REG[02h] bit 2-1). 7E R 7 % HIAE A 56 i e D e S5k A 72 e 2 BEL 4

7£: 4 REG[12h] Bit3 VDIR =1, PIP &I, Etks. SCFbbrsik 24 F sh25 e

REG[02h] bit 2-1 #&{t T 425 5 AN A A A7 5 a4 (R IR as 2 BB A )
00b: >4 ARJE L>F (WafH)
01b: £i>7% M5 E>TF (KFHIFE)
10b: > F 5 >4 (A ek 90° I HK T-lE)

(

1b: F>F R A>FH (FAek 90°)
H#E REG[12h] bit 3 (VDIR) #J g4 A4 Hee HIRCR .
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21, R EE R

2 If VDIR (REG[12h] bit 3) ==
% REG[02h]bit 2-1 7 00b, & X5 NEGEHE NERAR G L2, X LR RGBS .

RAIO
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¥ € REG[02h]bit 2-1 5 10b, F£/RE5 NEUEEHE N LB FREMERAL, K BRI EG R 2 W) A Jigd: 90°
EK T RE:
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2 If VDIR (REG[12h] bit 3) ==
W E REG[02h]bit 2-1 24 00b, K< Eoxin T El:

B 11-13
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W E REG[02h]bit 2-1 4 10b, &7 B GRS 2 [ £ e 90° o
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12. ) ex P 5| %

12.1 #E/E

RA8876 ¥l /IR ThRE, AT LLLEAS B & 48 i MPU S4B 5 T R B el 76 )R I L im R SRR . 48 st e
5 5 496 [ (50 REG[7Bh~7Eh], HIEl/[R K- 54242 REG[77h~7Ah], HE/[FSit: REG[D2h~D4h], #iE
2 MR/ REG[76h] Bit5~4 Jy 00h, f#iz)mfEELREIT4A1H [ T 5 REG[76h]Bit7=1, iXi¥ RA8876 w2 /LKAl
FEBER SR, Sk, A A UES E REG[76N]BIt6=1 X [A {HH i I 2 1F .

YE ¢ B W AE TAEE 1 (Active Window) P,
PR TR0 /R PR P 2

Set the center of a
ellipse/circle
REG[7Bh~7Eh]

| |

Don’t fill a ellipse/circle fill a ellipse/circle
REG[76h] bit6=0 REGI76h] bit6=1
\4 v

the major and minor radiu

of a ellipse/circle
REG[77h~7Ah]

|
S}

—

Start drawing ellipse/circle Start drawing ellipse/circle
REG[76h] bit7=1 REG[76h] bit7=1

1

. . 1
minor radius
ellipse/circle H

REG[D2h~D4h]

Set draw ellipse/circle
condition
REG[76h] bit5=0,bit4=0

[ Set the color of a }
color
[ } 7 | I
! . .

12-1
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12.2 HZk

RA8876 /i fiZkIhaE, 18/ E v AEAI I MPU FH AT Nk 2 m g 28 TheE . i ih 28 Th e 2 2015t
12k 19510 REG[7Bh~7Dh], Hh%: K Ji -4 REG[77h~7Ah], HiZf95its REG[D2h~D4h], # &
REG[76h] Bits~4 4 01b LAuksE Mk, AR KLk Btk REG[76h] Bit[1:0], ki fE B AEL: I Tt
REG[76h] Bit7 = 1, RA8876 K& (L)l Rz thxf MLk, SEdt—Pa, AHIH T DA i sh1F, [
et Lo R 114 WHlE .

YE o MR E OB ATE TAEE I (Active Windows) P
T R AR

e N
Set the center of a curve
REG[7Bh~7Dh]
\ y,
- 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 REGI[76h] bit7=1

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

DEGCP =01 DECP =10
\ 4 minor radiusi\ minor radius
[Set draw curve conditio é major radiu major radius

n
REG[76h] bit5=0,bitd=1 ] Qter/{ centter

color color
DECP =00 DECP =11

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

12-2

12.3

RA8876 7 Fr4E LM Thfg, & T LAFE AR IN MPU U (5T T ik et fi ok . & e R IG AL
# REG[68h~6Bh], L4l ® REG[6Ch~6Fh], EHIA L E REG[D2h~D4h], #ix)a 1 e & el
(¥ &I 2 A REG[76h] Bitd=1, Bit0=0, f H#fit REG[76h] Bit7 =1, Hl4 RA8876 ¥4 1r ik L4 Hixt
FLRFETE . SERE B0, A & R DA R R AOR I I 2 1 REG[76h] Bit6 = 1.

XSRS B S A A B AHE TARE N .
N TR
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Don' t fill a square
REG[76h] bit6=0

Set start point of a squar
REG[68h~6Bh]

fill a square
REG[76h] bit6=1

A
[ Start drawing square } [ Start drawing square }

REG[76h] bit7=1 REG[76h] bit7=1
Set the color of a square Start point Start point
REG[D2h~D4h]
color color

End point End point

Set draw a square
REG[76h] bit5=1, bit4=0

Setend point of a square
REG[6Ch~6Fh]

12-3 : Geometric Pattern Drawing- Draw Rectangle

12.4 %

RA8876 SZRFLEELZ I, i & v UMEH DR MPU J& A s B HI I ThaE . 4 e 4R BUE IR 4
REG[68h~6Bh], 5£;B4 3 5 REG[6Ch~6Fh], %kBidita REG[D2h~D4h], /&% REG[67h] Bit1 = 0
R NLHI B, JF HERE REG[67h] Bit7 = 1, 4 RA8876 ¥ {EJEKl (canvas) 42k EL .

YE o ZRBARGG R S S AR AU E TAER [ (Active windows) A .
N THI AR i 2k B AR L

Set start point of a line
REG[68h~6bh] .
Set draw aline
REGI[67h] bit1=0
a N
Setend point of a line
REG[6Ch~6Fh] .
J
Start drawing line
REG[67h] bit7=1
A\ 4 N S .
Set the color of a line Start point End poi
REG[D2h D4h]
J
colo color
End point  Start point

12-4 : Geometric Pattern Drawing- Draw Line
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125 =K

RA8876 W4t =ik, (EHEMLMEH & MPU AL H =M. Sbe = MERE 1
REG[68h~6Bh], i 2 REG[6Ch~6Fh], #i 3 REG[70h~73h] 5iFifs REG[D2h~D4h], #tJa7E 5 & 2 il %
N=FMF REG[67N] Bit1 =1 Jf H#(ft REG[67h] Bit7 =1, 4 RA8876 ¥ 1EKIK (canvas) 4 =#
o BEREBH), SEHE N = AR ZhE REG[67h] Bits = 1.

2 SR 2 5 3 MAIETEE X (Active windows).
R = AT R

e A
Set point 1 of a triangle
REG[68h~6Ch] v
N\ J
i Don’ t fill a triangle fill a triangle
4 N REG[67h] bit5=0 REG[67h] bit5=1
Set point2 of a triangle
REG[6Dh~6fh]
g J
$ A 4 A\ 4
( ) Start drawing triangle Start drawing triangle
Set p;é’g;ggigﬁng'e REG[67h] bit7=1 REG[67h] bit7=1
g J
- l N . point1 . point1

Set the color of a triangle|
REG[D2h~D4h]

\ J' J
e ) .
Set draw atriangle point0 color point2  point0 color point2
REG[67h] bit1=1
- J

12-5: Geometric Pattern Drawing- Draw Triangle
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12.6 HEMAEK

RA8876

P&

S BAAFETE, AEEWT U A MPU ] 31 o i B A HE T

2 BUE B A AR R G

i REG[68h~6Ch] , 4% i REG[6Dh~6Fh], [l £ KA 415 REG[77h~7Ah], Hitt REG[D2h~D4h],

A WIEL

JE L

L (B X = UGS X) BAUKT (2K 512 (major radius)+ 1)

| AR 55 REG[76h] Bits~4 S 11b, JF HE(f#E REG[76h] Bit7 = 1, #i-4 RA8876
R MR, D, R AT Lo e B Th S REG[76h] Bit6 = 1.

(FERRY — BIEAY) BHUKT (2*% i (minor radius) + 1)

oA

2 BIE RS R EAE TAER M (Active windows).
T TH] A 2 ] B R T B AR I
Set start point of a circle square
REG[68h~6Ch]
e $ N Don’ tfill 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 4
4 R
) 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~7AN] J Start point Start point
J, 4 minor radlu N
p N dIUS
Set the color of a circle square
REG[D2h~D4h]
. J A
p l ~ T color End pomt color End point
Set draw acircle square Circle corner Circle corner
REGI[76h] bit5=1, bit4=1
\\ J
|
12-6 : Geometric Pattern Drawing- Draw Circle-Square
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13. XufEHi5|% (BTE)

RA8876 P&t 2D X HuAL4a 5|5 (BTE), W LAHEAN X Heft fay O R0H o EFE € X BB 45 & SE L8 S A% Far i AT
RA8876 W) BTE filfif- ] LR T &g, X n] PAfai it MPU HIREF . BRI AN 3715 £ 22010 BTE HI#AE
5Ih6E-

FEMEHIBTEINREZ AT, EH#H LAUE S FEE IBTESRIFHR A X TiR(F LR, 1#§2% % 13-1, XTROP
MIBTE#EAE, BN TAFMR, PSSR 16 FetiiE (ROP), IXAEXS TR 5 H 1w r] LASE I 24
MROPALG . £l EBTEIIRENIEMIRSE, MM W LUERIARKIN . 1§25 )5 S5 i

A TS BTE S5 S BeRiIA BTE $UTIRIL. G & 25 BTE ARAS AT LA
BTE_CTRLO (REG[90h]) Bit4 SRS 7 4% (STSR) Bit3 155, A—Fhrik, 4 T UK 2 {4 7,

LA INTH#HP A0 2 A AR 2247 85 4 REG[OCh] Bl kR, itk b INT# D208 R
MPU.

7 13-1: BTE Operation Function

REB(;[glcr)\F])%ri?g?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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Z2 13-2 : ROP Function

ROP Bits Boolean Function Operation

REG[91h] Bit[7:4]

0000b 0 ( Blackness )

00016 ~S0 - ~S1or~(S0+S1)

0010b ~S0 - St

0011b ~S0

0100b S0 - ~S1

0101b ~S1

0110b So*st

01116 ~S0+~S1or~(S0-S1)

1000b S0 - 81

1001b ~ (S0"81)

1010b St

1011b ~S0+81

1100b SO

1101b S0+~S1

1110b S0+81

1111b 1 ( Whiteness )

YE.
1. £ ROP Ljfig, SO: >k O %, S1: K 1 K¥dE, D H rum I EE .

2. For pattern fill functions, the source data indicates the pattern data.

il
WA ROP Jjge &N Ch, 4 HMum%ds D=2k 0 1% (D=S0)
W ROP ZhEg ik E N Eh, A4 H 4 D=S0 + S1
Wik ROP Yjge i e A 2h, B4 HMui%ds D= ~S0 - S1
Wik ROP Ujge i & A Ah, T84 Hui%dE D= KiE 1 154 (D=S1)

% 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 Bit1 Bit1
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
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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
1011b Bit11 Invalid
1100b Bit12 Invalid
1101b Bit13 Invalid
1110b Bit14 Invalid
1111b Bit15 Invalid

13.1 EHEBTERBEMNEERE
ROP SO/S1/D ] LA 8 & FRAT 2 (6 19 7E bk, THALEE ROP THAERT, A4 JeH6 & BAL # () /K T 5 T B AR b b
.
1. SO HHhhE2ZE 47 28 72 REG [93h], REG[94h], REG[95h], REG[96h], REG[97h], REG[98h],
REG[99h], REG[9Ah], REG[9Bh], REG[9Ch]
2. S1 [ hE22 47 2% £ [9Dh], REG[9Eh], REG[9Fh], REG[AOh], REG[A1h] , REG[A2h],
REG[A3h], REG[A4h], REG[A5h], REG[A6h]

3. D ftihi- 2247 % 5 REG [A7h], REG[A8h], REG[A%h], REG[AAh], REG [ABh], REG[ACHh],
REG[ADh], REG[AEh], REG[AFh], REG[BOh]

13.2 BEEER/NTF (Color Palette RAM)
RA8876 LA R (1 77, 1B 8 i 115 Wi A (alpha blend) Thf. %% 3| (LR Bt A 1E
T LU/ 5| 292 1% (real color) (3% [ 13-1), TIRAB876 J7 el 5% [ 13-2. 16 B {EvIth L e (e
RN LTS ] 13-3 AR,

12 bit

AL
R G B
4 bit 4 bit 4 bit

o

13-1: Palette Ram Diagram
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MPU
Palette ram

REG[02h]
Bit[1:0] = 2'b3

B 13-2: Palette Ram Initial Data Path

START

! '

SET REG[SEN] EMD

I

SET REG[02h]

|

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

I

SET REG[04h]

le

YES

NO

Write Data

MO

JUDGE Write 64 data

YES

13-3 : Palette Ram Initial Flow
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13.3 BTE #fE

13.3.1 FEMHRIERMPUEA
XA MPU 5 N BN A7 T RE AT ASE 5O (ROP) FaffE, BTE #24% 16 Fi ROP f#fE, 2l
BTE 51 %45 NEHs 2 H N AT, & B2t Etiiha H .

13.3.2 i iR IERINEER
WA I DhBE T LLSS & 16 ROttt (ROP) #E, Mt RS IR A A EE AR -

13.3.3 sERERE
FETE IR 2 BTE £FXF 85 1 H BN A7 54T A 5 (38l .

13.3.4 EREHENS
AR RS 10 BTE X838 [ 8X8/16X16 5 H I EIFE (pattern).

13.3.5 ZE&Chroma Key I EIREE W
XA R R AETRE 1) BTE [XIUH |- 8X8/16X16 B R I EIFE . H2FZEFE (pattern) MBI ST HTikE
[oCEk (e (key color), FRA R ARG AN 2 B 58T, i OCHEE B B e /F BTE T St (788, X IhfE
BH e (ROP)E:AE.

13.3.6 Z&Chroma KeyJMPUB A
EAMGAE SRR s th E 4505 2 SDRAM X, 4 4% 19 KIE 0 (S0) HdEita s T %5t (key
color), H2 H s i) A AF B FEASHE L, M (Key color) #lE(E BTE 1§ ST A7 4. A1)
REASCEEEME (ROP) #:1F

13.3.7 #5&Chroma KeyINTEE &
XA KR ) A4 5 AN REIE R A, TRIE-S H 80 2 2 SDRAM EAS I X 4. 4 KI5 04 0 (S0)
SO (key color), I H [ P AE R AN 2 B BEHT, I R (B 5 UAE BTE B St as . AThEEAR
SCEEM (ROP) #:1E.

13.3.8 I'B&E¥
IXAMERAE R T RN (S O S 8/16/24 bpp Bt B A% 1
SRIGHAE IR 17, W) BTE #8 Naite, mi st e Em Rk agmsih.
SRUGHAE RN 0", W) BTE ity e, WRENKEEY ROaZFRD.
R BB, ORI A0, B4 H AR R R S R
PE LR EGHEE BYTIRE, Mt ST REAM (DSh~D7h) AREAHF 1.
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13.3.9 FAay REXHAFER
XA RE A K A A7 B B (8 i A2 1l 8/16/24 bpp R (84l o SRIFEE G R 17 S HONFT B IE B
WA, TS EL I BOE AL AT S G AF s o RITER W2 0" S N SEOEEANATH, RGN
BOEATROEASET . MREFEPPERE, B DRBEEEZ 0, H KNS A AT 2
2E CWARHAEE FOEVIIIRE, ATt SR8 (DSh~D7h) AR BIAR [FIME.

13.3.10 ZEZEHERNEFEEH
XAERAE R A RIR 0 (S0) 5kiE 1 (S1) #di i AR A E SN WA IXANE I B A H A A
3 A LA - Picture #3055 Pixel #3{.
Picture #2451 BTE Ab¥ X 546 2 H A M [F ) alpha B SHUH, XA EE T A7 2 T 15 5.
Pixel #2072 R i BTE 4B X IR N BEAMME = BA AR alpha & HSHUH, X MEHMSHELKEFA
BEAH R EAL

KiE 0(S0)  : SDRAM
HKPE 1(S1)  : SDRAM
H 11(D) :SDRAM

13.3.11 ZEFEHERMPUSA
XAERAE R A HRYR 0 (S0) 5K 1 (S1)ER I IR & RS NH KN AE. X4 Alpha Blending A
WA AT {48 - Picture 5 Pixel #Ex.
Picture #2451 BTE AbHE [X 48 #5 2 H A HIFI ) alpha iB S50, XA EE T A7 A I AT 15 3.
Pixel #5302 H it BTE A EE X R 5 ME & A A AR alpha @ S5UE, X MEHNSHELRATA
BEAGH A,
K 0(S0)  : MPU

F5 1(S1)  : SDRAM
H (D) : SDRAM
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13.4 BTE FEUNEFE
TEWSE IR, BTE ) LA FH X i) 77 1 KB 5 0 1 A7 VR A7 B I T £ PR ol 2 3 A 7 B 1 7 1

SDRAM 50 WTH
R~
-
Source 0 start address —|
S0_X,S0.Y > 7
R —
RA8876 :
SwVTH
BTE Source 1 start address —»| ~
S1_X,S1.Y T
R —
BTE Process
direction
BTE_WTH
Destination start address —»
/—H
DT_X,DT_Y — HE)
R —
BTE_HIG

B 13-4 : Memory Access of BTE Function

13.5 BTEZHIXff (Chorma Key) Eb#
£ BTE iG55 to, (Chroma Key) WIS EALIE, BTE ¥4 kI8 0 (S0) 575 5 o 2217 2218
01 5 RO R R AN A E 1 I 7 R DAk R A 28 5

FEARIR TR 256 (i,
Source 0 red b REG[D5h] Bit [7:5],
Source 0 green [t#; REG [D6h] Bit [7:5],
Source 0 blue t# REG [D7h] Bit [7:6]

FEARYF IRy 65k ),
Source 0 red L% REG [D5h] Bit [7:3],
Source 0 green tt#; REG [D6h] Bit [7:2],
Source 0 blue Lb# REG [D7h] Bit [7:3]

TERIFEIRN 16.7TM T,
Source 0 red tt#: REG[D5h] Bit [7:0],
Source 0 green tt#; REG [D6h] Bit [7:0],
Source 0 blue [t#: REG [D7h] Bit [7:0]
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RAIO™ RA8876

Character/Graphic TFT LCD Controller

13.6 BTE IhgEitid
13.6.1 ZEAYAHRIEMBTES A

Dy RERT LS I MPU 5 A\ SDRAM I, 5 A B EE 7T LAAS &6 (ROP) #AEHE A H N £ .BTE
ARG 16 i ROP, K EAT LIFAISKIE 0 (S0) 42l MCU (MPU) #24H.

Source 1

MCU RABS78
BTE

Source 0

whée o

Destination

ROP register [91h]
Bitf7:4] = OxC

B 13-5: Hardware Data Flow
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RAIO’ RA8876

Character/Graphic TFT LCD Controller

SERIXAN DI RERIRE PR B a0 T

S1 memory start address

ragister Destination \'( position
[0n] [SERLISFRLIAO] register [AFH] [BOH]
l Check Write FIFO full
S1image width . l .
: BTE width register
register [A1h] [A2h]
[B1hE2N]
l l MPU write data
31 X position
BTE Height [B3n][B4h]

Register [A3h] ~ [Adh]
51 Y position l

Register [45h] ~ [A8h] 50,510 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

13-6 : Flow Chart

13.6.2 ZEE&EYEHERIERIBTEREEH
XA TBER £ TG E 1R PN AE SRR X I8 52 s e i 24 7 1 A G X e o 3 N4 1T LU MPU Ab #R (7]
BETTHETH A 7250 52 A% 11 3
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RAIO™

RA8876

Character/Graphic TFT LCD Controller

RA8876

BTE

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

&
(=
N

SDRAM

Source 0 image

Destination image

13-7 : Hardware Data Flow

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

l

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

l

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

l

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

l

Setting BTE width
REG [B1h] [B2h]

I

13-8 : Flow Chart

P

Setting BTE height
REG [B3h] [B4h]

l

Setting BTE ROP and
operation REG[91h]

l

BTE enable REG[90h]

END
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RAIO™ RA8876

Character/Graphic TFT LCD Controller

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

Setting BTE height
REG [B3h] [B4h]

Check Interrupt

A 4

Setting S1 parameter y

REG[9Dh]~[A6h] .
Setting BTE ROP and Clear Interrupt
Setting Destination
(DT) parameter Y ¥
REG[A7h]~[BOh] Interrupt Enable END

REG[0Bh] Bit[2] = 1

A

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

A4

BTE enable REG[90h]

A

Setting BTE width
REG [B1h] [B2h]

l

13-9 : Flow Chart — Check Int
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RAIO’ RA8876

Character/Graphic TFT LCD Controller

13.6.3 Z5&Chroma KeyIMPUG A
IDiRE A MPU BA7 R (U 5 N B D Re . HLThREFT LASE T+ MPU 5 X\ SDRAM H# . —{HIX A T)jRE
WeEREE, BTE 5| S4EFHT RORES BB A B s A A k.

5" BTE 5 N"IhREA /& 454 Chroma Key 1) MPU 5 N\ T e ANBEEUR I, 402 MPU 5 A% 5
K (Chroma key) MIA, WS AN SO ¥l < 205, 1 OC 8 ¢ & 4% % & /£ "BTE background
Color* ZEA7-as . 28110 I i ki R At 5 BA — AR, & dukBa e niEZzmarim, e
B T EE S ORI B — AN E AR, DENASE S ANNET . IR F R T:

Setting Destination Setting BTE ROP and ite dat b
parameter REG[A7 h}~[B0h] operation REG[91h] Kb SRR
BTE (width * height
h 4 Y
Setting S0DT

BTE enable REG[90h]
color depth REG[92h]

¥ 4
Sefting BTE width {

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

Setting BTE height
REG [B3h] [B4h]

Check STSR
wirite FIFO full 27

Setting Background Color
REG [D5h] ~[D7h]

Whrite Data

B 13-10: Flow Chart
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RAIO™ RA8876

Character/Graphic TFT LCD Controller

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

MCU RA8876
Source 0 BTE

@c - =

A Destination

13-11 : Hardware Data Flow

13.6.4 ZE&Chroma KeyHINEE &l(w/o ROP)
Wb TR TT DA S —Fie 5 1) PO AE SRR DX P A7 H 0 X35, 5 FLZE 52 85 1) o R v £ L ke s B4
55 (Chroma Key) [IFith, @i MHEIN, A5 ESAAF H Iom8dE, ROkt 2 5 s A (1
SWOFE LT, T SEHE (L E/E “BTE background color” ZE774%th . SVt 5 H O3 H5 2 N A7 Ak .
WL ThBEFE PR B

= 3
. Setting BTE Backgroung
Setting SO parameter END
REG[93h]~[9Ch] Color (transparency
color ) REG [D5h]~[D7h]

l

Setting Destination
parameter Setting BTE height

REG[A7h]~[BOh] REG [B3h] [B4h]

l l

Sefting S0,DT Setting BTE ROP and
color depth REG[22h] operation REG[91h]

l l

Setting BTE width BTE enable
REG [B1H] [B2h] REG[90H]
) »
v

Check STSR
BIT[ 3] 22

B 13-12: Flow Chart
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RAIO™ RA8876

Character/Graphic TFT LCD Controller

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

Source 0

RA8876

BTE

Destination

13-13 : Hardware Data Flow

13.6.5 SEEGiHRAE A ERAE TS
UL RERE—Fi 52 DXk B 4R 1 5E 1 8X8/16X16 K2, 1M 8x8/16x16 {5 R I [l S /& BL DI REHT L Tl
TN RADIIRER T LILE & 16 FOtH (ROP) #ifE. IXANTIRERT DAL —H5 %€ 1 X 48 s &2 11
FIRE. anpRod s Stk b

16
A
8 - A
/—/% !

I i

8 16 <
mn
N §

13-14 : Pattern Format
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RAIO™ RA8876

Character/Graphic TFT LCD Controller

Setting S0 parameter ¥
REG[93h]~[9Ch] . .
Setting BTE height
REG [B3h] [B4h]

Setting S1 parameter l

REG[9Dh]~[A6h
[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

B 13-15: Flow Chart

m‘if Source 0

RA8876

’4
are | | <=
N

[ Source 1

Destination

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

13-16 : Hardware Data Flow

RAIO TECHNOLOGY INC. 84/232 www.raio.com.tw



RAIO™ RA8876

Character/Graphic TFT LCD Controller

13.6.6 Z5&Chroma Key KB FEE
LD BE s — 45 58 PIAEIX I3 T 5 15 T (1 8X8/16X16 [ %, (EL RS 7E b J fry 5k 2 oo SRSkl P91 (2 5 o6
o, (Chroma key) HHRIAS 2% F HESGAME N, HUIE B0 R 2 2IEWI . MioC#E (Chroma
key) #:i% 7€ REG[D5h]~[D7h] 224785t .

% Source 0

&

RA8876

BTE

% Destination
B 13-17 : Hardware Flow
* }
. Setting BTE Background
Setting SO parameter END
REG[S3h]~[9Ch] Color (transparency
color ) REG [D5h]~[D7h]

i |

Setting Destination
parameter Setting BTE height
REG[A7h]~[BOh] REG [B3h] [B4h]

i i

Setting S0,DT Setting BTE ROP and
color depth REG[92h] operation REG[91h]

i i

Setting BTE width BTE enable
REG [B1h] [B2h] REG[S0h]

Check STSR
BIT[ 3] 72

B 13-18: Flow Chart
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RAIO™ RA8876

Character/Graphic TFT LCD Controller

13.6.7 &&¥ BEXHKIMPURA

BEIhEEN MPU K B 5N AE R, TEXANMRAERIFE RS2 6 (bit-map) %, £id BTE 2
B T LARE R 22 7 ) PR SCE S o SR B RS A bit 717 MG i, 4 SR B BRIRS ) bit 707 T %
AR XA TRELLAE I # 7 (s RGO (RS, SO EE BTE WAL T
(1, MR SER, B PR R e B A A . N AT ROBE U B — B R
4, S BRI NAR BRI SRR B MSB ALHEE] LSB. Wi MPU £ 1143 E A 16bit i,
A4 ROP (it fir aT LA B 15 3 0 BIFE—fr, MPU #3505 4 8bit, #4 ROP 4k T Lg%
N7 E0 BT, RIE 0 BiaiRE REG [92h] Bit[7:6] TELLIIREAH S % .

SDRAM

Source 0

MCU RA8876 Destination

Mono bit map image

DICE

Foreground color set blue.

Background color set yellow.

13-19 : Hardware Data Flow
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RAIO"

Destination memory
start address register
[ATH].[ASH] [A0h],[AAR]

]

Setting Destination
Color Depth [92h]

Destination image width
register [ABh][ACH]

BTE Function [91h]

Destaintion XY position
Register [ADh]~[BOH]

ETE Function [91h]

BTE width Register
[BE1h][B2h]

BTE Enable [90]

ETE Height [B3h][B4h]

SET REG [04h]

I

RA8876

Character/Graphic TFT LCD Controller

I

B 13-20: Flow Chart

heck Write FIFO full

NO

MPU write data

|

Check write data™ NO

BTE width * BTE high

Check Write STSK

e——————— BTE width=25 ——
ROP =7
(start bit = 7)
D1 D2 D3
l A A A A
v Y Y Y \

Color expansion

MCU interface 8 bit
BTE width = 25
ROP =7

13-21 :Start Bit Example 1
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RAIO’ RA8876

Character/Graphic TFT LCD Controller

F— 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

B 13-22: Start bit Exapmle 2

_\m

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

D4 8bit DO D1 D2 D3
—_—A A A A
m EEEEEEEE T 1111 In this case , MPU
H H sends data to RA8876
H and each data has 8-bit

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

T
11T

start bit =4 '
DO D1 D2 D3

Not Expansion "4k EEEEEEEE PP Y e— Not Expansion

Expansion BTE High REG [5Ah]
| | I | | | | [5Bh] setting

¢ BTE Width REG >

[58h] [59h] setting

B 13-23: Color Expansion Data Diagram
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RAIO™ RA8876

Character/Graphic TFT LCD Controller

13.6.8 AV BEF¥ 5Chroma keyIMPURE A
XA BTE #E 2 MPU 5 N OEdR 2 R GAdE, (H2 KI5 8 S B0 il 2881, (EHa
bit £ A" 1" A AR SR, AR bit i N"0" AL

Mono bit map image MCU RA8876

DEREES

Foreground color set blue.

13-24 : Hardware Data Flow

T

heck Write FIFO full

Destination memory

start address register Setting Destination

[ATH] [ASH] [ASh],[AAR] Color Depth [92h]
NO
4
Destination image width BTE Function [91h] WP wirite data
recister [ABh] [ACh]

I

¥

NO

Destaintion XY position ETE Function [91h]
Register [ADh}~[B0Oh]

BTE width * ETE high

BTE width Reqgister ETE Enable [90h]
[BAHEN] Check Write STSR
Bit[3]
¥y
ETE Height [B3h][B4h] SET REG [04h]

I e

13-25 : Flow Chart
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RAIO™ RA8876

Character/Graphic TFT LCD Controller

13.6.9 Z5EE IR FE R i

“Memory Copy with opacity” 7] AVRAKUE 0 Hidl 5ok I8 1 HHRA G HEANH AL XA DhReE A
A~ Picture R 5 Pixel 3. Picture #=Un] LAHi#/ELE 8 bpp/16bpp/24bpp i I BT 4K H A
H—MIEAEEHE (alpha level), JRATEM E XIE REG[B5h]. Pixel #iz0 X AW /EAERIE 1 o
8bpp/16bpp #EX, Ti&A> Pixel HA S HIREEE, 7E4KIR 1 Jy 16bpp (iR TR bit [15:12] 2i&
HHFE (alpha level), Fl4x 11 bit A€ FEHE ; ToRIR 1 4 8bpp GRS L N4 % bit [7:6] £EMHE (alpha
level), Bit [5:0] 2 ¥ FHTEZR 51 A €24 (palette color) BB,

Picture mode - Destination data = (Source 0 * (1 - alpha Level)) + (Source 1 * alpha Level);

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

[ Source 0
RA8876
BTE
Source 1
Palette RAM
Destination

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

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

Bit [7:6] Alpha Level
Oh 0
1h 10/32
2h 21/32
3h 1
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RAIO™ RA8876

Character/Graphic TFT LCD Controller

- Source 0

RA8876

&
BTE <:
=

Source 1

Destination

B 13-27 : 16bpp Pixel Mode Hardware Data Flow

%< 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
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RAIO™ RA8876

Character/Graphic TFT LCD Controller

)

Setting S0 parameter Setting BTE height
REG[93h]~[9Ch] REG [B3H] [B4h]
h 4 v
Setting S1 parameter Setting BTE ROP and
REG[9Dh]~[ABh] operation REG[91h]

¥

Setting Destination
parameter BTE enable REG[90h]
REG[ATh]~[BOh]

Setting S0,51,DT

color depth and alpha
blending REG[92h]

Check STSR
BIT[ 3] 22

Setting BTE width END
REG [B1h] [B2h]

.

13-28 : Pixel Mode Flow Chart

—— Source 0

RA8876

&
BTE <:
=

Source 1

Destination

B 13-29 : Picture Mode Hardware Data Flow
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RAIO™ RA8876

Character/Graphic TFT LCD Controller

L :

Setting S0 parameter Setting BTE height
REG[93h]~[9Ch] REG [B3h] [B4h]

i l

Setting S1 parameter Setting BTE ROP and
REG[9Dh]~[A6h] operation REG[91h]

l l

Setting Destination
parameter Setting Alpha blend
REG[A7h]~[BOh] weight REG [B5h]

i l

Setting 50,51,DT

color depth AND alpha BTE enable REG[90H]
blending REG[92h]

l

Setting BTE width
REG [B1h] [B2h]

|

END ’

13-30 : Picture Mode Flow Chart

13.6.10 Z&ZHEKMPUBA
“MPU Write with opacity” LifgiR& 12K 0 5kUE 1 EHR IS N B I ALE, TkIE 0 1% 2 A MPU
K1 MPU (MCU), kI8 1 240 5 SDRAM, HEf X T Alpha blending [ Picture 5 Pixel 5
“Memory Copy with opacity” #H 7.

Source 0 MCU RAB876

e o |-
iz |9

Palette RAM

"Destination

13-31 : Hardware Data Flow
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RAIO"

Character/Graphic TFT LCD Controller

S1 memaory start address
register
[9Dh] [9Eh],[9Fh],[ADR]

)

RA8876

S1 image width !
reqgister [A1h],[AZ2h] BTE width register
l [B1h][B2h]
S1 X position J’
S1Y position $0,51,DT Color Depth
Reqgister [A5h][ABh] and alpha blending [92h]

}

Destination memory start
address register
[ATh] [ABh],[ASh] [AAR]

:

}

BTE Function [91h]

.

Destination image width
register [ABh] [ACh]

BTE Enable [90h]

}

.

Destaintion x| Yposition
register [ADh]~[BEOh]

SET REG [04h]

F 3

Check Write FIFO full

WP wirite data

Check write data == MO

bte width * bte high

Check STSR Bit [3]

‘ EMD

]

B 13-32: Flow Chart

|

13.6.11 Z5&T REKKNFEH]
“Memory Copy w/ Color Expansion” £ . SDRAM 2HL[1)2KJ5 0 (S0) a3 44 (bit-map) ¥
BRAREHE, 'S\ SDRAM HI M. G s e HdE bit Jy 17, B4 S e linl R L R A7 1%
SEMZE . R EHE bit 0", TR AN Sl S A8 ROT M . S B B U e
REG[92h] K7 S, >R 0 F A0 76 B mT LAE XN 8bit/16bit. 55 (4 450405 95 & 58 S 8bit, 4 ROP
(start bit) FHBEE AT H bit7~bit0 K g ih i, Qi 5 (K 9 B e SO 16bit, A8 ROP (start bit) 7
W sE (E AT B bit15~bit0 SR 24 4A 1T .
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RAIO™ RA8876

Character/Graphic TFT LCD Controller

SDRAM
Byte 0 Byte 1

Source 0

RA8876 :
BTE
% P : Destination

T

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
[ [ |

B 13-34: Start Bit Example 1
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RA8876

Character/Graphic TFT LCD Controller

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

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

Check STSR
BIT[ 3] ??

END

B 13-36: Flow Chart

RAIO TECHNOLOGY INC. 96/232

www.raio.com.tw



RAIO™

13.6.12 #ay RE¥5Chroma keyFJHFE

“Memory Copy w/ Color Expansion and chroma key” 2 SDRAM B2EU K 0 (SO) H (s 5504
(bit-map) ¥ KR, JF H'S5 N SDRAM HEI WA . WA OHEE bit 4 “17, IR
A S EEAF A BOE MR . R B EHRE bit 80", A ASX H N AEMATA R E S, LOARE T

B

RAB8876

BTE

Foreground Color : yellow

=
=

RA8876

Character/Graphic TFT LCD Controller

SDRAM

Byte 0 Byte 1

13-37 : Hardware Data Flow

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

!

Setting Destination
(DT) parameter
REG[A7h]~[B0Oh]

l

Setting S0,0T

color depth and alpha
blending REG[92h]

!

Setting BTE width
REG [B1h] [B2h]

l

Setting BTE height
REG [B3h] [B4h]

A

¥

Setting Foreground
Color REG [D2h]~[D4h]

l

Setting BTE ROP and
operation REG[91h]

l

BTE enable REG[20h]

B 13-38: Flow Chart
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RAIO™ RA8876

Character/Graphic TFT LCD Controller

13.6.13 X IR
“Solid Fill BTE” £kt BTE $55% (6 70 P R B (O 5. 35/ T R Ml B PR 7E B — A K T X
W T b B2 7 BTE IR e (e i .

RA8876 Destination
BTE
13-39 : Hardware Data Flow
Setting Destination l
parameter

REG[ATh]~[B0h]

d

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

I

Setting BTE width
REG [B1h] [BZ2h]

}

Setting ETE Foreground
Color REG [D2h]~[D<h]
‘ EMD J

Setting BETE height
REG [E2h] [B4h]

Setting BETE ROP and
operation REG[91h]

BETE enable REG[30h]

Check STSR
BIT[ 3] #7

B 13-40: Flow Chart
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RAIO™ RA8876

Character/Graphic TFT LCD Controller

14. CF N
RA8876 A =F 3 FEE KiE:

1. AWM, 152 %E PERR! A FISHRAR -
2. SN RIROM, S H E T 14.2,
3. ﬁ)ﬂ%m)&%ﬂ(CGRAM), HSH TR IR SHRIF -

Foreground Il
Background [

FONT 12x24

14-1: Font Example

A G B T R AP A LR R A RSO (7254247 #4572 REG[CCh]~REGIDEh]), il bl
PR T CFE ] IERT S (5 st B Ao (REG[D2]~REGID7]).
Bl Lr 1 5N 64 D7, BT 2 5N 64 N

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

0-not full 0-not full
Wirite Font Code Write Font Code

rite Font1 == 64
Y

14-2

rite Font1 == 64
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RAIO’ RA8876

Character/Graphic TFT LCD Controller

14.1 NEFR

RA8876 [N 4 8x16,12x24,16x32 ASCII FA!ff) ROM, ix 1] LAk Ad Bl 1R 77 [ [ 2 i A\ ASCII DL~ S0
WIS FF ISO/IEC 8859-1/2/4/5 ZrtibruE, ILAME AT LLZE i T 5 4 REG[D2h~D4h] 5 5t 2e 47
#3(REG[D5]~REG[D7]) # &Rk L FHHE. M TFREFIRETLSE THE:

Character Control Full
Register 0 [CCh] A

Not full

Character Control =
Register 1 [CDh] Write Font Code

Foreground
[D2h]~[D5h]

Background
[D5h]~[D7h]

}

TEXT MODE [03h]
Bit[2]

SET REG [04h]

I

B 14-3: ASCIl Character ROM Programming Procedure

RAIO TECHNOLOGY INC. 100/232 www.raio.com.tw



RAIO™ RA8876

Character/Graphic TFT LCD Controller

#F 141 % IR ISO/IEC 8859-1 = 4#F 1) 4w 5% 77 0, 1SO ) & M /& "International Organization for
Standardization”. 1SO/IEC 8859-1 —fi#i#x A“Latin-1", X2 HISOK FE KK 8-bitE R A — ¥4 i
TR > B 1 OXAO-OxXFFALK . 5% F o B (EVEER - BIEREEIEEsE . kG MR EsE-
PHE. JEREERES FRETRE. IUFIPETERE. (EE. ASPERE. kS BRI, BAA. T ERE. R
HEST. BEA T BRISHEHRE. SRS, Wl - BXFE CHEEERHRTTLERISO /
IEC8859-1 - [t4h » Bt FHRBUNLIIMNIRF 258 - T LA s EE. BakPE il tkes

N EIFEME S, TS 0x80-0x9F S 4% Microsoft windows & X i1, ##k A~ CP1252 (WinLatin1).

%< 14-1: ASCII Block 1(ISO/IEC 8859-1)

(h [T

*

b2 )

»
i
L3
[ 3
b
i

oD = [ NS

D ATV AV A s F [ R e

X\D123455?89AECDEF
ﬂ olslalo[loS5[2 M
T[S [T T] |oli—olalw
2| [o]lgslod&] | (D [« H .|/
5 01112/345167(8/9): |3 [<[=|>[2
‘ @ABCDEIF/GH| I MINO
* PQRIS|TIUNVWIX[Y 1M
° | |a/blc|d|e|f|g|h|i m{n(o
' |plg|r[s|tiulviwlx]y 3
° i A

e

g [ = Gl | ] |8 [8]—[—|~ Al

7

7
SRHEEESHE -I®
o7 22]2] led -] 1] Dolalreile
“JAIAAAAABCERERT T
" PINOOOOO<AUU[UUY[P(B
© |a|a|alala|alelclelélela]i|i|i]T
" |0|h|o|o|o|o|dlslula[aliy|bl¥
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Character/Graphic TFT LCD Controller

#* 14-2 ZISO/IEC 8859-2 inif7~fF, ISO/IEC 8859-2 tpifR ALatin-2 , X ZISO/IEC 8859 8 fi i
PER)ES 8y . XA (A LT 7T LA T R ORISR e R 48, Inse DIEAE . $ESETE . S0 A, B
2 BNSARGCE . S SCR IR B R AT TS . SEORYENE . JEi . fETE . BT iR AT LS ISO/IEC 8859-2.
SEAh, e ENE T IERE F, SRR T E AN SR A 2 A

%< 14-2: ASCII Block 2 (ISO/IEC 8859-2)
Llof1]2]3|4|5]6]|7|[8]09

AlB|C|D|E|F

i v o|gy OB || P
T TIS ] T 7] L Sl felalw
TR B6& T (D R -/
- l0[1[2[3l4]5l6]7[8]9]: |3 <= >[2
" [@ABCDEFGHI|JKILMNO
° IPQRISITIUNVWX[Y|Z| L\
° | |alblc|dle|f|g|h|i| j|k[1|m|n|o]|
U Iplalr|s|thalviwlxly|z|{] ]} |~

-~ ARSI ISIsmZ] - 177
EROREEEENREBEENEE
< [RIAAAATCICICEERERTID
> BNNOOOOXRIU[UIUIUYTIB|
-« |7]alalz]a]l]e]c|elélelala]i]ild]
“|d|n|nfolo|slol+| Flalalilily| t|
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#* 14-3 ZISO/IEC 8859-4. ISO/IEC 8859-4 ¥ MLatin-4 5l;2“North European”, & 72ISO/IEC 8859 8-bit
TSR VA Sy o XA FEPAHAEZ W S WG Bz 215, fR4EWIE . SZPg5aiEMSami. I T5F
WSCFFPF 2 S, SR, . R TR IREGE . E% U AR A g i

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

X\D1234SE?89ABCDEF

[ CeveaalelomseHs
e AR e A T e e
OB (D RS - |/
1012134567189 : | |<|=[>]?
‘@ABICIDEIFIGH|I|J KILIMNO
* PQRISITIUVWIXIY|Z| L[\[1]]
"I~ lalblc|dle|f|glh|i] j|k|1|m|n|o
"Iplglr|s|thulv|wlx|y|z|{]| | |3 |~

Y AR TIILS| SIEGE|-|Z
| lal x| [T]1] ], [5le|gltDzn
‘IAAAIAAAR TICEEREET|I|T
> IBINIOIKIOOOX@UI0[000[0(B
‘lalalalalalale i|eleleldlelili|
“|d|n[olk|6|6|6|+|g|ulalalilala)
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RAIO™ RA8876

#* 14-4 FZISO/IEC 8859-5, ISO/IEC 8859-5 +&ISO/IEC 8859 8-bit A I Tuifl. XN FIFHEFE 2
SCREDRINAIE . R i % 7, 27K Gk VAN 5 i,

%< 14-4 : ASCII Block 4 (ISO/IEC 8859-5)

‘| claivielslalof ofgs]2 M
"N VST oA
R0 D) Rl . - |/
01234567189 < | |<|=[>]?
‘@ABICDIEFIGH| I |JKILMNO
TIPQRIS TIUVWXY|Z I LIN1[7—
"1~ |alblc|d|e|f|g|h|i] j|k|1|m|n|o
"Iplglr|s|tiulviwix|y|z|{] ||} |~

| [EBIIES|I|T ]I RBK - VL
* | AIBBICEXBMAKITIMH|O[T
“IPCTIVIOX LY BBIBDS
’|a|O|B|r | m|ef#| 3 [v|v|K|J1M[H|O|I1
" Iplc|Tly|®|X | LY b bl b [3[0| 9
"INelh(T|els| 11| ]k K8V
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Character/Graphic TFT LCD Controller

14.2 4MEFE ROM

RAB8876 {i FH 418 AT A A ROM S If AT XS AN [7] 9 R i {1 B %2 1) 77
RA8876 = #% It 1 5 4 GT21L16T1W, GT30L16U2W, GT30L24T3Y,
2wl AN )

3l o~ A R Tk T

1421 GT21L16TW

® Reg[CEh][7:5]: 000b
® ¥ x16
Bl RS

R .
GT30L24M1Z, GT30L32S4W, GT20L24F6Y, GT21L24S1W, 4
[T 16x16, 24x24, 32x32 5 4%

TE R/ EALAE P 3 183

TRAHH

k. XATRe

TifE

& EIE T FFROM,
A ASCRFANH

WS EEI 16.3.1,

GB12345
GB18030

BIG5

ASCII

UNI-jpn

JIS0208

Latin

Greek | Cyrillic | Arabic

Normal V

\'

\Y

Arial

\Y

Roman

Bold

<|<|<|<

*Arial & Roman 2 A] 48 55 & (1],

14.2.2 GT30L16U2W

® Reg[CEh][7:5]: 001b
® FH:x16
AN FH S 7%

UNICODE

ASCII

Latin

Greek

Cyrillic

Arabic

GB2312 Special

Normal |V

\Y

\Y

Arial

vV

Roman

< <<

Bold

*Arial & Roman 2 A] 48 55 JF (1],

1423 GT30L24T3Y

® Reg[CEh][7:5]: 010b
® ¥ x16
AN FH 575

GB2312

GB12345/GB18030

BIG5

UNICODE

ASCII

Normal | V

\Y

\Y

Arial

Roman

Bold

*Arial & Roman 2 A] 48 55 JF 1],

RAIO TECHNOLOGY INC.
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RAIO™

® T x24

CINE L RS ik

GB2312 GB12345/GB18030 | BIG5 | UNICODE
Normal | V V \% \%

Arial \%
Roman
Bold
*Arial & Roman & AJ 48 5 FE 1]

ASCII

14.2.4 GT30L24M1Z

® Reg[CEh][7:5]: 011b
® ¥ x24
Bl RS

GB2312
Extension

GB12345/
GB18030

ASCII

Normal

\

\Y

Arial V
Roman V
Bold

*Arial & Roman 2 AJ 48 55 JF (1],

1425 GT30L32S4W

® Reg[CEh][7:5]: 100b
® ¥ x16
WA 75
GB2312 (E55231.2 ASCI|
xtension

Normal |V \ \%
Arial V
Roman V
Bold
*Arial & Roman & A] 4% 5 FE 1]

® FiH:x24
A AL S
GB2312 (E35231.2 ASCII
xtension

Normal |V \ \%
Arial \%
Roman V
Bold

*Arial & Roman & AJ A8 % B 1) .

® Fi:x32

" FH S5
GB2312 | GB2312 | g0y,
Extension

Normal |V \% \Y
Arial V
Roman V
Bold
*Arial & Roman #& 1 28 % FE 1] .
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1426 GT20L24F6Y

® Reg[CEh][7:5]: 101b

® Fi=:x16
CN LR S
ASCII | Latin Greek | Cyrillic | Arabic Hebrew | Thai ISO-8859
Normal | V V \% \% V \% V
Arial \Y \% \Y% V \
Roman | V
Bold \Y
*Arial & Roman #& i] 28 %8 & (] .
® T x24
] 7S T v
ASCII | Latin Greek | Cyrillic Arabic
Normal V \% \
Arial V \
Roman
Bold

*Arial & Roman J& 1] A8 % 1)

1427 GT21L24S1W

® Reg[CEh][7:5]: 110b

® T H:x24
o] B S 5
GB2312 GB2312 ASCII
Extension
Normal \% V \%
Arial \%
Roman
Bold

*Arial & Roman 2 AJ 48 55 JF (1],
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Character/Graphic TFT LCD Controller

14.3 & & LFH

fi & P LA " User-defined Characters” 8 748, HThRERT LLSCREE A (8x16/12x24/16x32 dots)
54 (16X16/24X24/32X32 dots), MINRES HF 32,768 F 178 32,768 & /17, AT Iodmidiu &E
0000h~7FFFh, ifi4:ff 7 4mf i BN & 8000h~FFFFh, 4fd &4 N\ 74565, T RA8ST76 Ko &5 &
HhE SDRAM FR731], I HoM F R el 55 7 Ron WAE X 8] o T4 B n] LL AT 5 % REG[D2h~D4h]
57 5 REG[D5h~D7h] A7 8% Yo

14.3.1 CGRAM 8x16 FRIFHE R

CGRAM ADDRE CALCILATE = (CGRAM_START_ADDR)+ ((FOMT CODE )* 16)
ExehPLE :

CGRAM_START_ADDR =1000h

CHAR A0 TER_CODE = 000 h

THEM FCOMT 2DDR = 1010h

address =101 0h address =10200
address =1000h o L 4 L 4

i Bnte O Byte O Buyte 0
Brte 1 Byte 1 Byte 1
Ente 2 Biyte 2 Byte 2

9 @ [ ]

® e ®

@ L ] L ]

e L L ]
Bye1s Bye13 Bye 13
Bve14 Bye14 B 14
Byve1a Bye1s Be 15

Charader code = 0000h Character code = 0001h Charader code = 0002h
FOMT 5316 format

B 14-4: Font 8X16 Array in SDRAM
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Character/Graphic TFT LCD Controller

14.3.2 CGRAM 16x16 FRIFIHE R

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 _

Byte 0 Byte 1 Byte O Byte 1 Byte 0 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

(] (] (]

(] (] (]
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

14-5: Font Array 16x16 in SDRAM

14.3.3 CGRAM™ 12x24 FRIFHE =

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 HHH
address = 1000h address = 1030h address = 1060h
A
Byte 0 Byte 1 Byte 0 Byte 1 Byte 0 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 o
0 0 o
0 0 0
0 0 o
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

B 14-6 : Font Array 12x24 in SDRAM
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14.3.4  CGRAMH 24x24 R
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 ! !
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
B 14-7 : Font Array 24x24 in SDRAM
14.3.5 CGRAMH 16x32 FRIFIHER
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 0 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 (]
(] (] (]
(] (] (]
(] (] (]
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

B 14-8 : Font 16x32 Array in SDRAM
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14.3.6 GRAMH 32x32 ZRIFIHE R

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 = 1000 > 53 0T Byted | Byte2 | Byte3 | Byte0 | Byted | Byte2 | Byte3

Byte 4 Byte 5 | 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

14-9 : Font 32x32 Array in SDRAM

14.3.7 R FMPUHJEEILCGRAMKIHRFE

NO

Check Initial data number =
font data number

| REG[03h] = 00h |

}

| REG[5Eh] = 04h |

|

SET Canvas Address REG[50h]
~REG[53h]

Write Enable REG[04h] [
le

END ]

YES

NO

WRITE FONT DATA
| | Font data number : font byte number

ex: 8x16 font — Font data number = 16

14-10 : Initial CGRAM from MPU
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RAIO"

14.3.8  FTFFIHSerial Flash#1&4L.CGRAMEIFFE

Check DMA idle
REG[BSh] bit 0

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

Set Transfer Mumber REG
[CBh]~[C3h]

RA8876

Character/Graphic TFT LCD Controller

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

h 4

Serial flash control REG[BTh]

Serial flash clock REG [BBh]

h 4

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

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

14-11 : Initial CGRAM from Serial Flash

RAIO TECHNOLOGY INC.
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14.4 SCFTERE 90

PR SCF AN A B ARG i ERIR . 1 RA8ST6 ST v ligkb thfe, 4wl LA ik 90 fF,
I REAIE 2 75 B8 e 25 17 o5 REG[CDh] Bit4 = 1, 73 #M& 7 % IERi ¥ VDIR (REG[12h] Bit3), iX#£ LCD
B AT LR RER: 90 7 7F . TESCFEERM, A BOX AN ThRE T ZAE S NI &% 2 R ARG A R4,

I 909 -
e
WDIR =1, vertical flip
900 graphic write direction
—_— i-__.__—_::: —————— >
ht Panel display
1
1
I

90" font write

VOIR =0, normal scan
graphic write direction

I
e

(0,0) A==l oo >
Display RA

F A SN
90" font writ : ’!
direction :

1
Iy 1
o
LB

1
1
direction |
1

14-12: Rotation 90° Characters

20 2 e B s 9 S £ 90 JBE, K S B AR .

Fie]

=

E 14-13
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14.5 2K S5EH

RA8876 > fi+ ik (REG[CDh] Bit[3:0]), 5Z&W]Tife (REG[CDh] Bit6). M HixX & 1jHe ] LA A IS 43 {5 FH
T RIROK K37 B 7 B A

Horizontal x2

Vertical x2
—_—

I\
7\
*L‘\,',t

9

transparent

2.

i
P

fof

.

14-14 : Enlargement and Transparent Characters

RAIO TECHNOLOGY INC. 114/232 www.raio.com.tw



RAIO™ RA8876
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14.6 BE#HAT
RA8876 I E LT B AN, L brfi B E 2, 3 AEE N CEES TS Nh% e AahiiT. &
TR, BN CEAEEE S K TS OWEN, SEIRE T T, T HIRTiES TE:

Ly |
Auto move Horizontal range 'pf active window
FFHG- - > RAIO = = - - - - - JfilliEh -
N

Vertical rangT of active window

Sitiftifk 1 - -~

-_———

Active window

14-15 : Auto Line feed in Text Mode

14.7 FREXFF
RA8876 ZitF m ¥ TIAE » EETIAE T LEEHEHE S AR LR FE DR T ENE T - QHEE
REG[CDh] Bit7 = 1 » 5 ARYEFI S0 & 240 T A E Ry
g MEAEBTRNNARER TR, RO IR R RE .

Non full-alignment

<«—— Full-alignment

Display RAM

B 14-16: Full-Alignment Function
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14.8 bR
RA8876 S it flotibr. — AR BT Lhr— N 30 ehn. B thnfiiH 32X32 BRI EITE KL R, METE
JEHR AT DL s P WAL B, S BOE AL B SR, B MhRl e #ifesh. Cbbrag s c 5 A
I HJAH SR RR o ST ORI B8 BT 5 v BE AL T AR R FP AL IR o SCF0bm SR 2 S0 T AE NI B .
Y£1: 4 REG[12h] Bit3 VDIR =1, PIP &, ERGER. SCFhrElk 21 | 3h 2k e

PE2: o RAE R EE N R, PIP & IEARR.

14.8.1  CFMHHF
SR B T A BRI BRSNS . Jehs B s Sh DhREL AURAE TARE H N . HICFBAR, 708
W EERMB N AN CFRMARALE, MR ER S5 CFRANSTTRA K. S5 TR DR
G, SRR BB T 1T ATERRNT LB ZON AR BUE . 3% 14-5 FIHARIN A7 A5 1k
7 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
SCEPOEAR AT LLSCTE R T8 A0 ) ) IR EAS N R« 5811 224745 9 GTCCR (REG[3Ch]), IANHRIIAT N A
on (W W) 5 of f(ANRI L), AR IE] W] DARE AR 7 Ak kB A 0
Blink Time (sec) = BTCR[3Dh]x(1/Frame_Rate).

14-17 OEARINERIIB T AR AL B e e — N B AN FRIG T .

RAIO
Y S AN

AR

B 14-17: Cursor Blinking
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RAIO’ RA8876
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FetrEME (Cursor Attribute — Cursor Height and Width)
SCEE SRR IR AW AT LA R R AR, R AR bR I T S Ty . 45 22 47 4% /2 CURHS
(REGI[3Eh]) 5CURVS (REG[3Fh]). 3L thReE B AR 20 1 5 B 2 mT AR Ak, 1 v B2 DU e [ o o 1
BRm, EZE @ 14-18. WO E S RENE 5 TR EWBONE X (REG[CDh] Bit3~0), =
TBOKTREREBEN 1 16, YR TEE AT LA 5 WCURHS/CURVS 1~32 4% 4K IhAEA B 1 I,
TR i B B e B 2 A U G 14-18 R—A/KTFERBEVN 1 6T HER ST ehs
IS TR IE L . 6 F BRI iE S % NI B 14-19.

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

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

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

00000 ~ 11111 1~32

- = L = e :>:>:>.

1 pixel 2-pixel 3-pixel 32-pixel

14-18 : Text Cursor Height and Width Setting

RAIO
B PR HY =

14-19 : Text Cursor Movement (without rotate)
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Character/Graphic TFT LCD Controller

14.8.2  E®HtiR
B Hebn K/l 32x32 18K, BAME R 2-bit Lk, F8FI PUAH (% € (color 0. color 1. I 5t(h. ¥
FURIA), XERETEERRTE E 256 bytes (32x32x2/8) k7). RA8876 14t 4 NMEIKehrml itk $%, ff
P38 T LAZS B B AH G R APk £ hs . 4, BT ubnf B Al H1id&id GCHPO (REG[40h]), GCHP1
(REG[41h]), GCVPO (REG[42h]) 5 GCVP1 (REG[43h]) B2, Mgt Zeq7 & AP i) B2 T LTS
FFit 0 (REG[44h]). Fith 1 (REG[45N] )/ st/ St xnl, KT R MG 251,

2E - BIOUARRI A 7 A SRR 8-bi t A o A & A a6 A6 BT 6 b 5 A R AR KT 0 I e i
1225185 N\ 256 /> 8bt [t ; WIRAEG AL REH AR Busy JFH xnWait HLEIBRAEH101E, MEE
B i 5 N 2R 5 D RGA .

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

0 GCCO Color == »

i GCC1 Color ==
Background Color == %
~Background Color = = =

256 Bytes

r - - - 2Bits Represent 1 Pixel

255

A

"

14-20 : Relation of Memory Mapping for Graphic Cursor
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27

}

Set GCCO and GCC1 color Change W[';;:sitc'”gﬂ:’s”oﬁ?'ec“on 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

14-21 : The Display with Graphic Cursor
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15. Bk % W EEE (PWM Timer)
RA8876 EL A M 1M16-bit 1H4#s, 114ds 0 5 1 BEAMKE K ZIEE (PWM). THEER0 R A LIX = EThRe, #
SRR E IR F.

THAR05 150 A —AN8-bit FUGREEAE . /TG I PR AT o) LA~ AR 4Rh AR M BR AT Th G (1, 172, 1/4 &
1/8). FEATHEUX Py % E HIBRIIA =A% E AOSRAS S, BRATES A AT T2 e AL (1 8-t T 5 £ A5 17K
8-bit 7 Jlc £ H#5 AT B FE P AL, BT DURE I E R CCLK BRAN, XAMMHIRMZE/E# 2 PSCLR 5
PMUXR.

TR I Z 7% (TCNTBN) (ETHR B AEIE N Hoe i S BAMIIAE . THERS R RN & 5 B 217
#% (TCMPBn) oA, 4ILBAHSER 2 BEMEPIME. TCNTBn 5 TCMPBn XUZ i T RE RT LALL H 45
H 5 TAER MRS, H— A RuE i .

B ESRA S BRI EOT . AT EOARION, B ATHEER R T W AR L R CPU B fEsetE. 2
THERIA 2|0, TCNTBn {2 H N3 T Bt Fods oF HARSE T — kit . SR, Rk ik, s
R BT G PCFGR MTH 8 Eaesz, W TCNTBn KA goinait Fds .

TCMPBn #ffififE PWM L, F 2] DUE T i 2 ik ez 5 TCMPBN L. PRI H
FMAT A EEL TCMPBn BT LA H] PWM %t R SSIHE] (turn-on,turn-off time).

[ TCMPED I | TCNTED | PWIIO

XN LS

— l l *| Deadzone [™
Ganerater
g |
= Legich
COLK nd K
12 ™
g-Bit 14 | -
—  Prescater | [ Temeer | | TonTe |
18
l ¢ ﬁ PWM1
Clock -
Ciivider Contral :
Logic1

YYY VY

15-1: 16-bit PWM Timer Block Diagram
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15.1 HHH/PELREE

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

]

1

1

! :

TOUTh m I
I ]

. 1

TCMPn 1 0
1 1 ! i 1
1 I L I 1
TCNTn 3 M 3 X 2 1 X 0 X 2 X 1 0 HE
T | 1 'y 4 r'y 1
Lu—‘ I I
L I ]
TCNTBn=3 TCNTBn=2 Auto-reload H
TCMPBn=1 TCMPBn=0 .
Manual update=1 | | Manual update=0 llnlerrupt requestl Ilnlerrupt request]
T T
Auto-reload=1 Auto-reload=1

O command
[ status

15-2 : Timer Operations

H ¥ # HAHTCNTBn. TCNTn. TCMPBn 5TCMPn Z{7#%. (TCNTn 5 TCMPn &N #2E/E4%, TCNTn
Al LA i EXTCNTON 53)), 4 F%30kf, TCNTBn 5 TCMPBn £:## A\ TCNTn 5 TCMPn . ¥

eI ae, I H T EUEE] 0 IR A

15.2 HIERHSNEM
PWM %58 B B IhRE, T T — U5 00 25 B 4 — AN 0 B AR N A 38, X AN
()3 AR 2 RS BR HAS e o DRI ERARA S08 E  13 , (ELZ FLRTI PWM 14T A5 8%

STERPATE A

Start

Write
TCNTBn = 100

L

Write

TCNTBn = 200

Hlﬂ

Auto-reload

TCNTBn = 150 |

Interrupt

‘+—
150

e — e

200

|

15-3 : Example of Double Buffering Function
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15.3 #WHEM TSRS kAL

H 3 A D AR R AT FEEI0RII 5, HILAETT AR TR BT 55K TCNTn BUE T8k
I TP R B e o U g

1) 5\ TCNTBn 5 TCMPBn HI¥I4H1HE .
2) BEUUKIR T R ARG AL (AR A ).
3) W NI T A SR AT LA AL

R B A BRI 1L, TCNTn B9k Si- B B0FE 1L, WHRA B E e, BALE N IRIFGETHEC AT
TCNTBn HMES#INE .

2
4 PWMn [Fz A #Eon/off B, PWMn [ o5 AL, R A 38 B2 2 78 T Ga v 0T it o 1%
E BT SR -

15.4 HEHBREE

L
w

4 6 7

L
LU

50 | 110 140140 20 60

I

5

(=1

11

15-4 : Example of a Timer Operation

15-4 VA LL T HID 3R

1.

5
6.
7.
8
9

HAEEEHINAE, W& TCNTBn 4160 (50+110) 5 TCMPBn N110. #5E AL (on/off). SRJ5
¥ TCNTBn 4805 TCMPBn 440, PAukE F—PEIME.

VORI . RAEKGH . ABNEBIE, THEEES R — B G 20 T8

% TCNTn 5TCMPn {HAHEK, PWMn %t d Low | high.

%4 TCNTn FHEFIOKS, shir&plir= 43 H TCNTBn B 7aH . 78 F—4 clock kFHf, TCNTn
2 NGB G A745 h EEE (TCNTBn).

e E PP (ISR), TCNTBn 5 TCMPBNn #1580 (20+60) 560, AT F—kIiHEuU#EH .

% TCNTn HfH5 TCMPn HHEM{E, PWMn # 2 Low #| High.

4 TCNTn F#uk#] 0, TCNTn K< TCNTBn M=, I+ HEr=Ed.

e W & TR (ISR), HhEES Bk ae DU b 3es . .

24 TCNTn 5 TCMPn AR, PWMn £t low % high.

10. B{# TCNTn T#(FI0, TCNTn WASEEI B il @Sk, FOVESIERPZERE T .
1. B E 2R Ibng R =k,
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15.5 BkSEWEH (PWM)

v
|

y
g

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

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

15-5 : Example of PWM
PWM ZhEen LA TCMPBN 58, PWM 44 TCNTBn ¥, EEULH PWM K{Eth TCMPBn #
. BEAREEN PWM EH, FEw> TCMPBn (. ZEHEFKK PWM {EH, ZEj1 TCMPBn {E. XtTLL
FHEATTE, WS RAR RS, IR/ AT R . R h S e F VEAEAT R ] 5 2 R U, AR
Al ISR BRI E AR RN .

15.6 &% A M

=

Inverter off

Elipy
T [

Initial State ! Period 1 ! Period 2

Timer Stop

15-6 : Inverter On/Off

T HEAD BRI PWM AE P B T (R SRR R FA):

. RMBZNER, AEPWM it mEsr, I HirEEE TR0 THEEs 1 1k
2. IEBRAR A A DUE RS, W TCNTn < TCMPn % H 48 =i s F, % TCNTn > TCMPn,
T B A T
3. PWMn £ PCFGR JAANLF LABLE A AR, SXFETT AR BRSNS AH 25 L o

15.7 FEXF=4: 3%

UK = g8 PWM FIZERE I 2 B, XN ThAE LI A 025 8 5 6 D 12 S DA — AN [ 2 o 3 /i ]
5] DI G A B R T, B R D RO ). PWMO UG PWM {55, nPWMO U2 PWM
E 5O I B BE X B ERE, I PWMO 5 nPWMO ZM 2T PWMO_DZ 5 nPWMO_DZ. 1 H. nPWMO
/nPWMO_DZ fH PWM1 it 76 SR FIAEIX 4L FE |-, PWMO_DZ 5 nPWMO_DZ R4 [ i gl
Ji o
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nPtRAD L

Deadzaona
Interyal > |4_

PAMO_DZ

nFh0_DZ u_l H

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

15.8 FEXMNH
PWM ZEIX Thag K E8 3 w4 7 oo sC iR Ik s) b, o~ E:

D

-
-
nlllg
\ 2

F N

v

15-8

. PWM #ith HHA ON/OFF WfIRAS, HLE(A) i KHEETEON RE. HIEEOFF JRAZ0.

2. WIREHINT, ON MEfEND, 4 PWM ~FEJHEV = (D/T)*A. $#a)idist, AT LU= A AT o] Fa R 7S
0~A.

3. UM NRER, B a5 Sk B ) E g S . — RIS, AT N4KHZ~8KHzZ,
Sk A REIEN B, K AR DA AR &= A s E . BT AR IF MR S HE ], A4 TR R
AR LB

—AMRT A7, PWM D)4 HEE 177 B 91

OWDD
Py
PWM"‘{V:» Load
i el
Pt |
DD

15-9
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1. BRI A P A P YRS SO, AR TR DU ROE & 10 dn e TR .
2. PWM 55 RAIES AR PWM+ £l 1k i S @ s 3, PWM- £ 7 i i @ s 38
3. DA BRI T

P=0OFF / N=OFF : separate Load & power.

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

AL, PWM+ 5 PWM- 2 A, EAFTREFRHIT R . HRFRER power MOS Mt RN, 5
s A D% AT SIS TR R T S AR T IR IR T, DRI T e 2 A RTINS Sl R0, R A DU R 452

a. A T S B A R R
b. KM [A] B B VFIKEN S A AN LRSS, (H R R K 18] F B (AT Ja 27 A R AR Aube B o

FITEL PWM 42 il B i 06 Z008E 4 LA LA 0 -

Piid+ | [ | [,

Pyl ] [ [ L.

Switching Protection 0 ] o 1] o
B 15-10

. EARE, PWM- & PWM+ [1))AH.
2. AEVHREIES TR, DA R R Dy OFF FPIRAS, IXARYEAS R RIS S iR F e, W RERT ZE1us ~ dus.
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16. BT R HIT
16.1 FHLER

TIHLE AT N — /N B RS, BB DIRE R AEBCA AMB AL B AR RO OL R, AETT LN s i i B &
PATEAAAENAE R RE A . WERAESE DI RERBRE RIS T, FETT IS & B 3hHUT B2 INAF T IRE 7 AS
WOEEPAT, SRJE AT LUK EIEACE AN R E A RS . TT AL R Dy e R A AR 5 s i 0 U AEAE
RN TR R D REBH SRR 12 FidE<, $RSWT:

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. EX4B: 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. DJNZ: Decrement & Jump instruction (81h) -- five bytes instruction
AR A

® Exitinstruction (EXIT) — 00h | FFh | Undefined instructions
ATFEILESH, EXIT 152 Dhae ikt LR s D e of HAFEHIBUE 45 4M8 MPU.

® NOP instruction (NOP) — AAh
AHELESH, BMELASMEMSE, REPIT T M2,

® Enter 4-Byte mode instruction (EN4B) — B7h
AFREHLESH, XNMEL 4 RA8B876 N EL AL A XTSI INAE LA 32 ALk s, 1% ) 1)
RETT DM 7R RN A B (KT 128Mb), [FI2h RABB76 P4 HB 1AL F 4B xif 4035 MR N e Ak () b bk BRANAE
N 24bit, RO P AEI A2 LR A48 € . A =R J7E R LAk 32bit (4-byte) HihibE, $ATBEH
4-byte BiXFE4 (EX4B). RN, HKHLo

® Exit 4-Byte mode instruction (EX4B) — E9h
AFEHESH, EX4B 155 HAT A LABLH NTF 4-byte HihibA 3 [0 52 3] 3-bytes il A . —EH Bk 4-byte
MRS, BRI A RO BURS 202 24-bit Hihik K.

RAIO TECHNOLOGY INC. 126/232 www.raio.com.tw



RAIO™ RA8876

Character/Graphic TFT LCD Controller

AR

® Load repeat counter instruction (REPT) — 20h + param[0]
ZHON—> bye, ENSEHFERELIEEME, 7TELS DINZ 452450
®  Fetch attribute instruction (ATTR) — 30h + param[0]
ZHCON— byte, XMEMEFHAE U ATRE FP A 4 A SRR A7, S8 S5 Han

B bit [3:0]2 SPI FURERME, 128 o] RS RGUMF R IGE G 21 SPI A, BRIMER 0.

Fo= I:m/(divisor +1)x 2
B bit[4] [CPOL, CPHA] £ EEAEF, BEM ‘00 280, WEM 1 =283, BIMER 132
B 3,
B bit [5] & & X XnSFCS[1:0] ZEfE ] 2l AR A ik £ m B-F I [E] ((CSH), WEME ‘00 4 4 ARG
E, WEMEN 1 28 NMRGIE. BIMERE 8 MRGIIE,
B bit[7:6] =T EWEH, XFA bit BE 4 B BOEME 0. 1. 20 3XTR 0. 8. 16, 24 M
o BRERN O, S TR 2 INAF B HER 2 R 2] 03h,  Hee i %y 2 %] 0Bh.
®  Status read instruction (STSR) — 10h + param[0]
ZHON— byte, XANZHUE FREICIRZS 1, & BB AR FURME, B2 XAD LT 2K 2 = AT .
® Command write instruction (CMDW) — 11h + param[O0]
SHN— byte, ZANZHCK 2 CMDW 5 A\ RA8876 .
® Dataread instruction (DATR) — 12h + param[0]
ZHN— byte, WSHEIRFZ B PUIME, R B 0E S THMEAR, W& S EE AT
® Data write instruction (DATW) — 13h + param|[0]
ZHON— byte, HSHAEMNZ DATW 5 AK1E.

B VARH

® Jump instruction (JUMP) — 80h + param[3] + param[2] + param[1] + param[0]
5 4 4 byte K124, 2% 3~0 & N1F 28-bits Hihl{5 5., #eh)ikUl param[3] s2#h1k[27:24], param[2] /2
Hh1ik[23:16], param[1] Hhik[15:8] , param[0] A&Hbhk[7:0], /EHATIE, FAESHSREX MR IR E
Hudlk

® Decrement & Jump while not equal to zero (DJNZ) instruction — 81h + param[3] + param[2] +
param[1] + param[0]
7 dbyte 64, S84 3~0 2 NAFI 28-bits Hihk(5 /5, #A)iE U param[3] &Hitk[27:24], param[2] s
1k[23:16], param[1] Hihk[15:8] , param[0] &Hbhk[7:0]. i iH4Es T 0 W FANE A il 22 H /i 45
L HhE+5, IR ANME A (b 2R AR S E T R R

EHHEN G, LR RIIEE 245 RA88T6 F2 it i A~ SPI #2145, 11 0000h~0007h Hij 8 /> byte W4
#2“61h, 72h, 77h, 63h, 77h, 62h, 78h, 67h “, WIRIANAEE R B4 5 ZLAb BRI kb #2352 (0008h) 5 1)
M F 4 BE AN MPU. RA8876 P #B I AL B A MR INAC AR itk 0008h FHaA#ATHE 4, WA &
EXIT 84 8k € LR 2 A 2 IR 48 1) MPU.
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Example of initial display contents in serial flash:
It will display color bar on a 320x240 TFT panel.

/[ addr: 'h0000

617277 6377627867 /11D

AA /I NOP

30 03 /I ATTR('h03)

AA /I NOP

E9 /| EX4B

AA /I NOP

20 06 /| REPT(h0B)

/I addr: 'h0010

10 52 /I STS_RD(52)

1103 13 55 /I REG_WR('h03, 'h55);
1103 12 55 // REG_RD(h03, 'h55);
13 AA /I DAT_WR(hAA);

12 AA /| DAT_RD('hAA);

11 03 13 00 /I REG_WR(*h03, 'h00);
/I addr: 'h0022

AA /I NOP

8100 00 00 22 /I DINZ(32'h0000_0022);
80 00 00 00 30 /1 JUMP(32'h0000_0030);
78

78

78

/l addr: 'h0030
/I Chip configuration

110113 00 /I MPU.REG_WR('h01, 'h00); // normal, Key dis, TFT-24, i2cm dis, sf
dis, 8b mpu

11131303 /I MPU.REG_WR('h13, 'h03); // Panel polarity & Idle state

/I Enable color bar

11121360 /I MPU.REG_WR('h12, 'h60); // sync w/ pclk rising edge, display on/off,
color bar on/off, VDIR, RGB sequence

I/l hdwr

11141327 /I MPU.REG_WR('h14, 'h27); // H: 320; data16 = 'LCD_SEG_NO/8 - 1;
[/l vdhr

11 1A 13 EF /I MPU.REG_WR('h1A, 'hEF); // V: 240; data16[7:0] =
'LCD_COM_NO - 1;

11 1B 13 00 /I MPU.REG_WR('h1B, 'h00); // V: 240; data16[15:8]=
‘LCD_COM_NO - 1;

@0048

11 B9 1323 /I MPU.REG_WR('hB9, 'h33); // select nss[1]

00 /1 Exit

RR A 2 AF:

TEVLE RN RGPS 5 Bt . s e o e AU BT il ZE il L AU AEAE ] — AN A
fErf o RAE 3 5 ZEUN B o — AN A, AR IRE AU 5 B # A i ek 53 — AN A AR 21
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16.2 SPI Master .o
RA8876 1t SPI fefirtlidhirt, Hofii 2 nf AN teik SHallc. SATHER [SCK] #1 Piak S AT Bl e 2 [F) 0
BAL 5, master 237 clock edge i AN A JTBCEAH KA B AL slave % B ZHIUREHE . £ SPI HJ#%
B4 b, CPOL 55 CPHA 47 4 Rl IS 7 AT 6 4%, 10 master 15 slave 45 BLAGUR (/[ —

W .

sxieran L

SCK (CPOL=1), 0 T S S S N S S S R

MOSI(CPHA=O), [T S SR S T GENT GRS S S

MOSI(CPHA=1), ST I SR SR SR S S
B 16-1

Transmitting data bytes
FEREFP AR A7 35, SPI AR T LA antb . WIan it it i iy s R 8 5\ [SPIDR] 2474,
5\ SPIDR HI%E 5zbr L =B N BA 16 MNMAE K FIFO ##5 v Write FIFO. 4N5 A RISHE £ 1900 Write
FIFO [¥) data byte. 4 SS_ACTIVE #;1% A 1 3 H FIFO A2 M1EHL T, RA8876 &%t '5 N\ Write FIFO
FIEEE T a4y Slave.

Receiving data bytes

BRSO 5 R A R R = A 1. A A — S it & — S AR e I B DR A A R B
L ZE N 7 JE B Write FIFO H, 1X 43742 SPI AR EI BN, 0l 2 1% a2 ol 30 F) R] Nt 2 e S B0
ML, BRI R 2 9E Read FIFO Hi. Read FIFO 5 Write FIFO f&RIX Rif, 2 — 4
AT 16 MARFER) FIFO. FIFO WA FTLAM [SPDR] 2247 38 i3,

FIFO Overrun

T it /& Write FIFO i& /& Read FIFO #f/&f#i ] circular memories A — AN TERRHl K A7 . 247E FIFO &
LWL, SN FIFO f¥uif &tk M%) . 2o [SPDR] 224743 5 A\ Write FIFO fi1Ri%
Ji& Overflow {1, #toxid AR IHTIR, A SPI 3 LN 2 2 S A M W EdE, M2 i)a it
N FIFO ff%df .

WP
RP

WP = FIFO VWhte Pointer
RP =FIFO Read Pairter

Q=2 N|W

B Nfw

WP RP

16-2
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AT —Fh 7k ar LR AL Write 2B X . 2% [SS_ACTIVE] &N 0, LitsE Read FIFO it j& Write FIFO
e L. Read FIFO overruns AJ RESSH /NG E, il 2 SPI bus R FEA 0 I, itk
ik DAC. 4 [l B0 S0 ¥cdfE ol LA 2%, 3552 1 Read FIFO overruns /& B S E ). w4t SPI i
TEBAL L SRR, 54 Read FIFO Xf5¢ut &R EE), 115 H AT RFIFO (4R IR B 1K) )5 722 dummy
read % H 2T C4£3% transmitted FR L 16 LA %K.

Ndummy _reads = Ntransmitted _bytes mod 16

ZF . WRTE Read FIFO WA ZTHITEIL T, 617 16 50 0 & 253 il overwritten, [RILTERFZIN 16 ZE 504
Z R ZRE N Read FIFO AN 45 1) .

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

REG_WR ('hBB, 8'h1f); //Divisor, con [¥ SPI clock frequency
REG_WR ('hB9, 8'b0001_1111); // {1'b0, mask, nSS_sel, ss_active, ovfirqgen, 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.

o~ o~~~
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16.3 BT INfFEH] AT
RA8876 4 #t SPI master 4% [, It D)5 3= ZAE A 118 AN INAE/ROM, LRI 4-BUS (Normal Read).
5-BUS (FAST Read). Dual mode 0. Dual mode 1 5 Mode 0/Mode 3. [N17/ROM Ihfit o] LAl 3¢ 7 5
DMA Bz . SC IR RSB INAE/ROM fifi £ 1) 2 3071 bitmap EISCF. RA8876 SCF Hifgi ik
FRE P -ERIE A Al FH R . DMA BEUER IR A0 TR A7 47110 /2 DMA (Direct Memory Access) [1%£i#E,
T H A AEAF RS, I AT DS ] DMA IR m B (N AP A 1 = A7 b, X AN P R AN T3 2 MPU Y

AL PR o

XSCK .
XMOSI
< > SERIAL
RAS8876 | XMiso . ROM 0
XnSFCS0
XnSFCS1
> SERIAL
> ROM 1

16-3 : RA8876 Serial Flash/ROM System

KT INFROMIEH AT UHML, §SH T % 16-1:

%% 16-1 : Read Command Code & Behavior Selection

REG [B7h] BIT[3:0]

Read Command code

000xb

1x iy 4 55— 03h
T HCH B, Nf7EZE RA8876 [ %idiHi A A xmiso 5| .
TEHHE S8 s A T E 2 .

010xb

1x e 4725 0Bh
NPREEEUE T (fast read), [NAE%E RA8876 (K% #E%i A\ A xmiso 5| if .
fEH I SR 2 F 8 N .

1x0xb

X U 45S — 1Bh
NEEBOEE, N1EE RA8876 HIEdEH AN xmiso 31,
FEHuhE S E R R 2 16 A~ I

xx10b

2x ZH i 2 5%- 3Bh
N7 2 RA8B876 %t N 77 AR FI N, A 5~ xmiso 5 xmosi.
L 5E YRR SH 8 MW (mode 0).

xx11lb

2x Ay 44— BBh
RA8876 [yt it i 5 &b N\ B Ac e, A8 FH i % A N 51 A xmiso 5 xmosi.
EhE SEARE A 4 2 (mode 1) .
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XnSFCS

—

XSCKMMoDe3) I LI L /LI rererefnr
p @1 (( @] =1o) N [ [ )

XMOSI
XMISO

XnSFCS

e 8T —»

— 24T/32T

16-4 : Mode 0 and Mode 3 Protocol

8T

8T —

XSCK |

XMOS| W 03R

AGAT 2307

Addr [31:0]

XMISO

DO

D1

D2

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

& 16-5: Normal Read Command

RAIO TECHNOLOGY INC.

132/232

www.raio.com.tw



RAIO"

RA8876

Character/Graphic TFT LCD Controller

XnSFCS

e 8T — e 24T/32T

[8+]
4

8T

eSS S 1111 L

XMOS| « 0Bh

Addr[23:0F )/ Dummy
Addr [31:0] '

XMISO

Do

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

XnSFCS

B 16-6 : Fast Read Command

«  24T/32T 8T —

4T AT

4T

4T

XBCK

Addr[23:0]/ >« Dummy D0

XMOSI W 3Bh

Addr [31:0]

XMISO

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

state will be 24T

If REG[B7h] Bit5 setting
state will be 32T

B 16-7 : Dual Output Read Command Mode 0

1, Then Addr

SFOI (B8R -ED-ED’
sFDo [(B7><B5>B3> B

03—

3
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COMMAND  ADDRESS DUMMY DO  Di1~Dn-1  Dn
= BBh

e BT e 12THBT e dT e 4T v 4T

XnSFCS 7 A B

XscK jﬂﬂ _____ ﬂﬂfﬂﬂ _____ mnmmmw ffffffffffff NN
XMOS| 0@'2@ 69@@69@@09@ ------------ @9@@
XMISO @@ BRDDEINDERD (TYEX3NT)

3129

If REG[B7h] Bit 5 setting 0, Then Addr state will be 12T
If REG[B7h] Bit5 setting 1, Then Addr state will be 16T

B 16-8 : Dual — 1 Read (Reg need to modify)
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16.3.1 AMEBEITFERROM
RA8876 2 Hi S FrAE B /M 747 ROM, 7] LUK ZFh 7155 N A7 . 1 RA8876 FH ALl 7FF ROM (17
SF GT21L16TW/GT21H16T1W, GT30L16U2W, GT30L24T3Y/GT30H24T3Y, GT30L24M1Z, 5
GT30L32S4W/GT30H32S4W. XLtz RI41 24 T 16X16. 24X24. 32X32 AL 15K/ .

AN TR FAABEE T 3 FARMgwIL 7730, 1 byte/2bytes/dbytes FIgait /7=, AN R:

1byte F£Ffi%— ASCII code for all Character ROMs.

2~4bytes JuhE—4 GT30L24M1Z 1) GB18030 I4mhE /5 7.

2bytes F1Fid+2bytes & 51— HAH GT30L16U2W [#) Uni-code f# [
HEFMHEMKE SR 2bytes.

Ao N =

LEAR AN 74 ROM B, i FH 38 1 S0 2B 1 R gmid il o o 5 TV i 7 770 5 - s oy =X, il
HEESEANEIR

B A GT30L16U2W #its 15, uni-code F 14 5 £ 5140 2% “ZFindex Table” >Kit% ROM )74k
WIRAE F 4\ UNI-CODE ()74 7i# v 00A1h~33D5h 8k E76Ch~FFE5h, X & — MR 1 4 id vl
Fl, 25K 2bytes 74789 (high byte first) k2% %] “ZFindex table” Jfit ¥ fishhl. H'&
UNICODE #ifidti [l R & E AT /0. KT HEIEMU, 1§2% GT30L16U2W #iig 15.

Bl o fEH A GT30L16U2W %1 A UNI-CODE ‘¥ %74 (00A2) , [ N u Bl A~ 7E
00A1h~33D5h 2 [dl, #RJF MPU 205 NAi4H ) 2 bytes AfitE 5] ZFindex table % RA8876 i1 551
FRFHAE

1st Byte 00h

2nd Byte A2h

3rd Byte 00h ZFindex MSB

|

4th Byte 01h ZFindex LSB

B 16-9 : Uni-Code Zfindex

RA8876 H /M7 ROM I A sk LU #Ege 7%, X mT LASR (il F 3% 7T DL B R AT 5 41 ROM
. BT RIRE P I an T 1
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Text Mode l
; GTCh i
REG[O3h] Biti2] = 1 r:ontroIaI;aEc(':}e ECFh]
Serial flash
controller REG [B7h] GT Character
l control REG [04h]
[
Serial flash
controller REG [BBh] @» Full
Source address Nat Foll
REG [BCh]~[BFh] Write Font Code
Font control
Register 0 [CCh : No finish
l Character finish
Font control :
finish
Register 1 [CDh L
GT Character ROM Busy
Select REG [CEh

Idle

16-10 : External Character ROM Programming Procedure

16.3.2  AMERETHIEROM
ARSI AEIROM B AR ARy BERS S5, 62 mf AT LAAE R AR X T {3 FH DMA (Direct Memory Access) f7HX.
HATINAF/ROM H] DL /E 2 DMA D i)k, 1fi NAF/ROM AI B A K Bl fr i . 5347 N AE/ROM’s
N A% S i SDRAM FRS X —F. INA#/ROM A T

8bpp data
Addr [ Bit15 [ Bitl4 | Bit13 | Bit12 | Bit1l | Bit10 | Bit9 | Bit8 | Addr | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
0001h | RY R R | G/ | G° [ G° [[BY [ B [0000h [ R/ [ R | R | G’ | Go’ | Go | B | By

0003h Rs’ R’ Ry Gy’ Gs Gs By’ By [ 0002h | R [ Ry [ RS [ G | G | G [ By By

0005h Rs’ Rs’ Rs’ Gs' Gs° Gs® Bs' Bss [ 0004h | R/’ [ R [ RS [ G | G | G° [ B By

0007h R, R7° R, G/’ Gr G, B’ B | 0006h | R&’ [ R’ | Re. | Go' | G | Gs | Bs' Be

0009h Ro’ Ry’ Ry’ Gy’ Gy Gy By’ Bo° | 0008h | R [ R’ | Re | Gs’ [ G’ | Gs | Bs' Bs

000Bh | Rit" | Ri® | Ri® [ Gi" | Gir’ | Gu® [ Bio” [ Big’ [ 000Ah | Rio” [ Rio’ [ Rio” [ Gio" [ Gio® [ Gio® [ B | Buo®

Addr | Bitl5 | Bit14 | Bit13 | Bit12 | Bitll | Bit10 | Bit9 | Bit8 | Addr | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO

0001h Ro’ Ry’ Ry Ro’ Ro° Go’ Go | Gy [ 0000h | Go* | Go° | Gy | By By’ Bo. | Bo By

0003h R R, R, R, Ry’ G/’ G | G | 0002h | G | G° | Gy B’ B:° B° | B B:®

0005h R, Ry Ry Ry Ry’ G’ Gy | G | 0004h | G | G | G | BY By | By | By By’

0007h Ry’ R’ Rs’ Rs’ Rs’ Gy’ Gs | G;° | 0006h | Gs* | Gs Gy | By Bs’ B | Bs Bs’

0009h R, R, R, R, R, G, Gs | G | o0008h | G | G | Gy B’ By By | B B,

000Bh Rs’ Rs’ Rs’ Rs' Rs’ Gs' Gs | Gs° | 000Ah | Gs* | Gs° | Gs° | Bs Bs® Bs> | Bs' Bs’

Addr | Bitl5 | Bit14 | Bit13 | Bit12 | Bitll | Bit10 | Bit9 | Bit8 | Addr | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0

0001h Go’ Go Go Go' Gy’ Go~ Go | Gy | 0000h | By By By Bo' Bo’ Bo~ Bo' By

0003h B’ B:° B:° B:" B B4 By B [ 0002h | Ry’ [ Ry | R | Re' | Ry | Ro Ro' Ro.

0005h R R, R, R, R, R/ Ri' | R [0004h | Gi" [ G | G° | Gi' | G | Gy G | G

0007h Gy’ Gy [ Gy’ [ Gy’ G, | G, | 0006h | B, By By’ By’ By’ By’ By’ By

0009h B’ By B3 Bs" By Bs B By [0008h [ R [ Ry [ R | R | R’ [ Ry R, Ry

000Bh R,’ Ry’ Ry R, Ry’ Rs Rs' Ry’ | 000Ah | Gi" | Gs° [ G | Gs* [ G° | Gs Gs | Gy
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DMA S fs F 2 ] AP 1 SE 37 54516 K EHERE SR A . /£ RA8876 1 DMA [1)ME— KU A 2 SR 1)
INFE/ROM. % DMA 5 FifE 1651 7720, linear #3015 block 1z, X 7] LAFZ At FH & KR 4% v F 38
PEikd%. 1 DMA f£15 H R AR TAEE DA, (EIER 7758 byte —1 byte HIRE R th 48N
17IROM fi% 2 A7 . 76 DMA 5Eifki% )5, RABBT6 £ &t —A Pk LAAREE I Fa i . O T VELNAIERIE,
WSE A&,

16.3.3 &MHEATHERNFFRSIMT ST HIEROM

DMA linear HL3UH il FH A4S 5 AT N A7 FICGRAM 441445 SDRAM, i by T /F B 11 A EL R0 A B E &
8bpp, HZH% [E 16-11.

Serial Flash SDRAM

E 16-11

16.3.4 XHBEAXTHERNFFISIMT ST HIEROM

DX B 2 ) L2 A A A7 R BRI AR IR R M, XM AR R A AT 2 DL Pixel AEA AL, 3
Z2% N IFE iR A

Serial Flash SDRAM

16-12 : DMA Function
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RAIO"

[ START ]
DA serial flash address Color depth
REG [BCh~[BFh] REG[SER]EI]1:0]

DMA serial flash address
REG [BChl~[BFh]

Linear or Block Mode
REG[SER]BI[2]

serial flash image Serial flash control REG
WiWidth REG [CAR]-[CEh] [E7h]
destination address DA Enable RES [B6h]
REG [S0h]~[53h] Bit[0] = 1

v

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

J’ Check REG [BEh]
Destination >,v RES .
[COR]~[C3h] Bit[0]
DkAA process width high
[CBh]~[C9h] [ ErD ]

B 16-13: Enable DMA Procedure — Check Flag

REG[03h] Bit[7] = 0

-

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

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

!

v

Destination image

REG [B6H] Bit[0] = 1

wiidth REG [54h]~[55h]
¢ b4
Destination X% REG g
[COh]~[C3h] heck Hardware interrup
REG[O3N] Hardware
¢ 0 Bit[7] Interrupt
DMA process width high 3
[CBh]~[C9h] 0 Active low
| 1 Active high

[ START } + )
lv Color depth Wiyrite Clear Interrupt
DMA serial flash address REG[SEN]BIT1.0] REG [0Ch] Bit[2] = 1
REG [BCh]~[BFh] - i Jv
L Linear or Block Mode [ EMND J
DA serial flash address REGISEh]BIIZ]
REG [BCh]l~[BFh] i’
Serial flash control REG
! [B7H]
serial flash image
Width REG [CAh]~[CEh] l’

16-14 : DMA Enable Procedure —Check Hardware Interrupt pin -1
REG[03h] Bit[7] = 1
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[ START ! }
¢ Color depth Wirite Clear Interrupt
OhviAseralflashadarass REG[SER]BIt[1:0] REG [0Ch] Bit[Z] =1
REG [BCh]~[BFh] . l’ i
iv Linear ar Block Mode END
D4 serial flash address REGISENIEIZ]
REG [BCh]~[BFh] l‘
Serial flash control REG
l‘ [B7h]
serial flash image
Width REG [CAh]~[CBh] 1‘
L Interrupt Enable
destination address REG: QBB 2T =
REG [S0h]~[53h] J‘
L REG [BBh] Bit[0] = 1

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

¢ ¥

Destination X.¥ REG ]
[COh}~[C3h] heck Hardware interrup
REG[03h] Hardware
¢ Bit[7] Interrupt
DMA process width high -
[CBh]~[C8h] a Active low
| 1 Active high

B 16-15: DMA Enable Procedure —Check Hardware Interrupt pin -2
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16.4 1IC Master BjG

IIC Master & XX M B ATH 0, XIRHERIA A N ik 5B EdE. H30F 100K bps 5 400K bps
B, T2 IIC Master XSCL i# & A=

XSCL = CCLK / (5*(Pre-scale + 2))

2445 4ni XSCL 72 100 KHz 3 H. CCLK 7& 100 MHz, 84 pre-scalar (REG[E5h] & REG[E6N]) 24214
j 200, /£ Master 5 Slave ] (53152 48 i XSCL IA R[5 1, UL Bytes S #uA &N 44 byte /& 8-bi,
XA XSDA bit #RAG AR —A XSCL , JfHALN th MSB JFahft4, L4 byte JFIHI<H —1
acknowledge bit 1%, A bit #Z1E XSCL Jyrmy PSR ab#E, [Klitk XSDA HEe 7£ XSCL K HL~ i A2
1k, F£H XSDA AZiTE XSCL Ay H P R FsE ARG .

— BRI 12C TR EA 4 AN I AR
1. Start signal

2. Slave address transfer
3. Data transfer

4. STOP signal

m FROM Master TO Slave W/R O:WRITE, 1:READ

|:| FROM Slave TO Master A/A: ACKNOWLEDGE/NOT ACKNOWLEDGE

E 16-16

RAIO TECHNOLOGY INC. 140/232 www.raio.com.tw



RAIO’ RA8876

Character/Graphic TFT LCD Controller

%l 1. 5 1Byte BUERIBE I

Enable 12CM Enable
REG[01h] Bit 2

Wait for interrupt or
Transmitting in processing
REG[EAh] Bit 1

. J
(" l ™\
Enable 12CM Interrupt
REG[0Bh] Bit 5 NACK
L ) —— Read Received acknowledge from slave
l REG[EAhN] Bit 7
4 N\
Set prescale registers to specify XSCL rate - N

REG[ESh] & REG[E6N] Write Date to Transmit Register

~ d REG[E7h]
l - J
4 N\ l
Write slave address and wr bit to P N
Transmit Register .
REG[E7h] Generate write command and stop command
N J REG[E9h] Bit 4 & Bit 6
i \ J
4 N\

iGenerate start command and write command
REG[ESh] Bit 7 & Bit 4

Wait for interrupt or
Transmitting in processing
REG[EAhN] Bit 1

Finish

B 16-17 : Flow for Write 1 Byte Data to Slave

Example : Write a byte OxB4 to slave and slave address is 0x01

16-18 : Waveform for Write 1 Byte Data to Slave
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Bl 2. ME FiE 1 Byte $(3E

Enable 12CM Enable
REG[01h] Bit 2

Wait for interrupt or
Transmitting in processing

N J REG[EAhN] Bit 1
4 l N\
Enable I2CM Interrupt
REG[OBh] Bit 5 NACK
L ) —— Read Received acknowledge from slave
1 REG[EAh] Bit 7
4 1\

Set prescale registers to specify XSCL rate

REG[E5h] & REG[E6h] enerate read command, ack/nack command
L y, and stop command
l REG[E9h] Bit 5, Bit 3 and Bit 6
4 1\

Write slave address and rd bit to
Transmit Register
REG[E7h]

A J

'

( N\

Wait for interrupt o
Transmitting in processing
REG[EAh] Bit1

Generate start command and write command
REG[E9h] Bit 7 & Bit 4 Read data from

| I2CM Master Received Register
REG[E8h]

16-19 : Flow for Read 1 Byte Data from Slave

Example : Read a byte 0xB4 from slave and slave address is 0x01

16-20 : Waveform for Read 1 Byte Data from Slave
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17. B3 (Key-Scan Unit)
B S PR IR B B IR, B AL P 2 AR R U e A F 26 . X AN Thae v CARR LB N T, [ 17-1 2
TN FE A (PR R FE . RABBT6 NIRI N AN S TRk, TATEKIN[4:0] P i R,

{3 £ %L1

KINA —— o = —— - d

| KING

KIM2

<M1
KINO
RA8876

KOUTD =
| | N

KOUTY “gr Sgr
V| | N

KOUT2 “jr §r
V| .| N

-
| .| N

KOUT4 gy =R

b
7
h
r

17-1: Key-Pad Application

17.1 BEAMBIESR
RA8876 B At 4% | 28 HURE S AN T

1
2.
3.
4. SCRFZBRIFN 1%

o

% S HE 5x5 BEALAERE
Key-Scan EA A HE AL #0015 5 BURE I ]
AT (KA BRI [A]

VER: TR % 2 ME R EUR 2 % 3 MEHE (1H2 3 A A RE2 90 HES)
A B R M R R S

KSCR ZHETHMAPIREZAT 48, X NEAT WAL 7 W AIRIEIRS, WIS 1] ORI |
B KB M AR T, A ) U@ i3 50. 7E KSCR2 bit1~0 £25% H B 4% T A4 84 H .
SR A AT LB L 12 KSDR 153 21 # 2885 .

2 © *Normal key” f7E BIRURER IR A5 3ER F47 W 0K & K FHRBRAT . “Long Key” TILE K Hiefitit
B T ATREA SN AR 0 R BT A, %672 "Normal Key" A 4272 “Long Key” . 41 {E 32 i
EHESTE.

72 17-1 Z4E "Nnomal Key” TS SEEALFERERIN R, 2 N BH IS S WA7/E KSDRO~2. 1SR 2K
B N, MRIHE 22 "Long Key”, TiAHICH#EIGE £ 17-2.
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2% 17-1: Key Code Mapping % (Normal Key)
Kin0 | Kin1 | Kin2 | Kin3 | Kin4
Kout0 | 0O0h | 01h | 02h | 03h | 04h
Kout1 | 10h | 11h | 12h | 13h | 14h
Kout2 | 20h | 21h | 22h | 23h | 24h
Kout3 | 30h | 31h | 32h | 33h | 34h
Kout4 | 40h | 41h | 42h | 43h | 44h

2% 17-2: Key Code Mapping % (Long Key)
Kin0 | Kin1 | Kin2 | Kin3 | Kin4
KoutO | 80h | 81h | 82h | 83h | 84h
Kout1 | 90h | 91h | 92h | 93h | 94h
Kout2 | AOh | A1h | A2h | A3h | A4h
Kout3 | BOh | B1h | B2h | B3h | B4h
Kout4 | COh | C1h | C2h | C3h | C4h

MR ZHR, RE2E SRS 1 fEE KSDRO, KSDR1 5 KSDR2 =/NEfp8erh, vE AL MEAE T =X
b B e U S A O, SIS, 5SS NHT
TE A8 [FI R T 3% 4805 0x34, 0x00 and 0x22, 7F KSDRO~2 ffE AR :

KSDRO = 0x00
KSDR1 = 0x22
KSDR2 = 0x34

PAE P i B A R BUE A AR I R

% 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 REGI[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 REG[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]

HRe s AL D) e (Key-Scan), A1 AT LU A R 217 ks B ik &

1) Software check method: 7 Key-scan [FPIRZME (status), SRAFEIRTHIL T
2) Hardware check method: 1 H Wik A3 A& A 1814 T
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Fe e R IEEE (INTEN bit[3]) A1, IBAF#EAIZ Pt r=A k. m2arh = 2ER, Key-scan
FRIWRIRAS AR (bit[3] of INTF) SKi7kaz Ay 1, Joie i F I Ah o5 v, 4 A 3 A0 15 U BEERS i 06 200375 ok PP IR S AR

M BLE BAN 2 7 A T

Ak, RA8876 7i4s HIB R N 7 #:“Key-stroke wakeup ", & I & 58 m, ATl fi & %5 0] LA%S RA8876
A IEARAR S AP MR . Oy TR AN R A, MPU A] DLIE I B4R 7 256 1) RA88T6 [ 2 5774 .

AE R B G2 A e A e B A R A T

1. B3k

START

Enable Key Scan (KS)
(REG[01]B5=1)

Execute Function

v

Check REG[OChH]
Ba=1

Clear KS status
(REG [0Ch]B3 =0)

Read Key Press Number

Read Key Code —
REG [FDh],
REG [FEhR],
REG [FFh]

RAIO TECHNOLOGY INC. www.raio.com.tw
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RAIO™ RA8876

Character/Graphic TFT LCD Controller

2. HEEITE

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
Read Key Code
REG[FDh],REG[FEh] REG[FFh]

l

Execute Functions

l

Clear K3 status
REG[OCh] B3

I Ext.INT Event

Other Functions

17-3 : Key-Scan for Hardware Interrupt

17.2 BRI

Column# (KIN#)
co ©1 Ccz C3 C4

RO mh 02h | 03h | 04n
g1 | 100 [(11h @13h 14h

R2 § 20h | 21h | 22h | 23h | 24h

r3 | 30n | 31h @@ 34h

17-4

Rowd# (KOUTH)

AR 3 MEBELL 907 TR, KL EE A i B, B SiE B IR AT N
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18. 44 HAE

RA8876 HAWIMIRIEIRES, — MM, 5—MRE RS Bt RS IA TUMFE R, K
T HEH B/ N R £ Normal. Suspend. Standby. Sleep. 7£ NI 1) AR 78 & S N A i 2 o
7 RA8876 it N il I, RA8876 (1) LCD £ K At S, DIt N AT, o refift R4 L
%} LCD #ELf; display off 2% power off fIz1E, LLkE4 LCD Ak idk.

18.1 —RE
18.1.1  FRAEAER
A AR CPLL. MPLL. SPLL € & Zefran . MAEH & A 554y PLL SFAEE, X4
PUE I 2247 4% 01h bit[7] 4540 PLL A% £ B E .«

18.2 HHERE
18.2.1  HEAREA
NHEEREAR B, FrARMR (RER. WIEIR. FRIR) &5 a0k i,
BEN MEHR AR = 1) 20 SR U T

i WEE RO HEAR AR 2

i, HEANABBURES (REZAE4 DFh bit[714 1).

ii. SDRAM £ H 3t A power down #3El IR BIHH, TiX 2 HRIEEA74 EOh bit7 MIE (¥
EOh bit [7] 4 0, JI7F RA8876 # N4 Hiti= i}, SDRAM £ power down; #/& ¥ EOh bit 7
1, 1& RA886 it A4 HilH Ui, SDRAM & iE N HEMIHTHA. )

iv.  PIESHERENMEIRAE L (sleep state).

V. FARENEAIER SRR .

vi. Ul RGNEH CPLL 4l A OSC.

vii. @5 MPU #2002 38514: 0, I RA8876 2154+ OSC, Wi MPU I/F ;& 5174210, Ii4 RA8876
N4 11 OSC.

viii.  KHIFTA PLL L5 (CPLL/SPLL/MPLL).

ix. fEHEREIREZELEN power saving Az, Jf HAERAAR L 1, XA LA fR RAB876 L&t A
TN S

L NE BB AN RS, TR RAEEZ .

[en] SR A R 20 PR A T
i. = I power saving state (¥ & DFh bit[7] as 0).
i, WURAEREIRAL IS OSC #fs ik 17, WA ZiE E AE OSC.
ii. VI RGH% N OSC.
iv. [EIEFrE R PLL (CPLL/SPLL/MPLL).
v.  UERPTA IR (RGMFE. NAESUE. AR#HE) J PLL .
vi. ([ E SRS A 851 power saving bit I H 454 bit 284 0.
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18.2.2 RHRAES
FERIRAE S (suspend mode) 2K, ARG, WAAMR . FHBRKGSFIE, I AR 24U
#:3) OSC #i% .
BEARIRB AR P BRI T

i.
ii.
iii.
iv.
V.
Vi.
Vii.

viii.

R4 OSC M 2 &1 ) SDRAM il 7% .

W 44 U AN suspend mode.

BEANE R (B2 DFh bit[7] 4 1).

P L R ARG (suspend state).

HZh 2 Re I

B2V KRG0S N AESI#E H PLL %5 OSC.
H 22 RE R GARK

{7+ OSC 47

KA PLL IR (CPLL/SPLL/MPLL).

i # K AR AS 227 28 1K) power saving bit I+ HZF4 N 1, XA LU{R RA8876 CL4 i N H
(B

P HANERRAXEF RS, EMRED SR EZN.

[m] 3 A 2P 20 B A T

i.
.
iii.
iv.
V.

vi.

B2 JF power saving state (% DFh bit[7] as 0).

IR ERIREE A OSC #ifs 1k 7, L2 ZEEHE OSC.

Vi Z4uh0i%H OSC.

A & & § PLL (CPLL/SPLL/MPLL).

VIR A P (RGU%. WARIIE .. FHIE) 4 PLL i,
15 F B K6 2R A 2247 25 14 power saving bit 3 HL254% bit 285 0.

18.2.3 Standby Mode
BN standby )5, RGMER SEMMRGSITIE, AR 2 4k%:H MPLL clock #24t.
HEN standby 5P IR I T

i.
ii.
iii.
iv.
V.
Vi.
Vii.

viii.

wE A AN standby B0,

BN L (€ DFh bit[7] as 1).

PN B L E N standby #53

ARREAANA .

Vit Z4u8%h OSC, I H4ERe 475015 2 tH MPLL clock #2t.

{5 OSC 47 .

YERRATA 1) PLL 7EShEIRZS DME PR [ 5 .

i & R AR A7 451 power saving bit 3 HERA N 1, XA IR RA8876 L& NE HY
B

E EANEERAXERARANSES, EAREBIRTEAIEEZN.
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[ S BR A 2 A2 SR An R
i. = power saving state (% DFh bit[7] as 0).
i.  UIARGHR SHEMHR) PLL R,
ii. AR EIRESEFAT power saving bit I HZ£F bit 284 0.

18.3 HJEMHENALER

Iltem | Normal State Power Saving State
Normal mode Standby mode Suspend mode Sleep mode
Serial Parallel Serial Parallel Serial
PLL enable Parallel MPU MPU MPU MPU MPU MPU
MCLK | MPLL clock MPLL clock ';"lz('gl'; 0sC 0sC stop stop
CCLK CPLL clock OSC OSC stop OSC stop OSsC
PCLK SPLL clock stop stop stop stop stop stop
CPLL On On On Off Off Off Off
MPLL On On On Off Off Off Off
SPLL On On On Off Off Off Off
149/232 www.raio.com.tw
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Character/Graphic TFT LCD Controller

19. R UL
1ERAB876 )15t f LRt 4 ML, HHMIESH K 19-1, 1MRA8876 L7 a1k S it /& i id ix L&
JNAL R . RABBT6 & — MIRAEZAT#: SV IR GeArar o RS ZAF 5] LLIE DR B BRI R 5 B
W, HARGR N, i ZAamLligd “Command Write” A5 “Data Write” & 3125 2 il 4 K04y
fThEE . “Command Write” 155 17 #s Il (register number), #%% “Data Write” J& 5k a] LUKF &5 5 A
GeAr S o BRI A7 an Bl N, 4w LS £ “Command Write” J& 3, S35 FAE ] “Data read”
SR I CEE . “Command Write” /215 E 22 £ dxtidil, “Data Read” W& i U #7453 .

Z 19-1: Host Cycle Type

MPU_8080 MPU_6800
Cycle Type XnCS | XAO xnrRD XnWR XNnRD 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.

N HEPH R AF SR I REMIR, RANGAF SRR LT AR A AR BAR Sl . R GAF AR IR BN 8-bit, X
FR I LG AF A 5 B Th 2 VEL A IR BRONE 5 R k.
(RO: Read only, WO: Write only, RW: Read-able and Write-able)

19.1 REEFH

Status Register (STSR)
Bit Description Default Access

F IR Write FIFO full
0: WNAE Write FIFO %A full.
7 1: £ Write FIFO £ full. 0 RO
RALEWNAF Write FIFO 347 full (015N, MPU A/ LLE F—4
BE.

F 55 FE Write FIFO empty

0: W## Write FIFO % empty.

6 1: N1F Write FIFO 45 empty. 1 RO
XA Write FIFO & empty i, MPU 1] L5 N 8bpp %i#E 64 /M5
Z I 16bpp £dE 32 MG R B 24bpp FidE 16 MEER.

F IR Read FIFO full

0: W47 Read FIFO %4 full.

5 1: N7 Read FIFO A full. 0 RO
4N 77 Read FIFO # full i, MPU LA HX 8bpp %i#k 64 ME %
8¢ 16bpp % 32 ME ZEL 24bpp HidE 8 ME = .
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Bit Description Default Access
AN TE Read FIFO empty
4 0: W7 Read FIFO %1 empty. 1 RO

1: W% Read FIFO # empty.

Core task is busy (fontwr_busy)

SEHEEAR N T LR AZ O R A

BTE. JUA5I%. DMA, LS5 ANEEES .
0: 155 7€ BRELA & -

10 ARSI R,

3 2 E VI 5 BT AR S SR A OGO I, A 0 RO
fifiih RA8876 &N H .

2 BTE. JUT51% ., DMA tr] LA & L Dh REA S i dh . e
BT, AR SO . ATIIEE . FAFIRIRE . AT
SO BRO5XFIEE R ER, #4JUhL core_busy
(fontwr_busy) X4 bit 4 0.

SDRAM ready for access

0: SDRAM 335 i 4 U B A7 HY o

2 1: SDRAM L4 1] LABE A7 HL 0 RO
FEAR R A X AL IRPIRES AT, A 2 2058 R E “sdir_initdone”
KA1,

Operation mode status

0: Normal #:1F.

1: Inhibit 1.

1 Inhibit #:/EX/R RA8876 B IEFEREAT P & AL 82 FF AL R 5L 0 RO
FeREN T AT

e R, A S 4ERFTE 1 B3 PLL S gifs k. prblx /s
bit 5 REG([DFh]bit[7]) £ — s i[RI ] 22

Interrupt pin state

0 0: WAHWI™4. 0 RO
10 He A

2t . “RO” means read only.
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19.2

ICHES 75

REG[00h] Software Reset Register (SRR)

RA8876

Character/Graphic TFT LCD Controller

Bit

Description

Default

Access

7-5

NA

06h

RO

4-2

NA

05h

RO

1

NA

1

RO

Software Reset

0: Normal #1F .

1: Software Reset.

Software Reset A& NERIIREN., BT HRAABERARTE
BRI BT CARITA R A 22 A7 4% W] LA IME AR B I IaAE . FH 2
A I A DA E AR 2 R RS

YE 1 IX) bit 7F reset SERUG 23 H BBk IG iR .

WO

Warning condition flag

0: BAEE.

10 BEA,

FEEYH(E B #f REG[E4h] bit 3.

RO

REG[01h] Chip Configuration Register (CCR)

Bit

Description

Default

Access

Reconfigure PLL frequency

XTIXAS bit 5“17A] LE %€ PLL %

7

a. HFAFEN PLL X248, PLL MiEASD %, M
LW ICRIX A bit W E N 1, PLL A A 248

b. f# FH & AT DA (R 7 )iX 4> bit LLANE R4t 2 7 24 V) #: 2
PLL 5%, "1"3&R PLL Sl & mh 4 JF H U1 a2

RW

Mask XnWAIT on XnCS deassert

0: No mask

XnWAIT Rig7E XnCS assert /deassert [(1EE T, HE PN
TEAR ) XnWAIT = 4ERF assert, JF HULI ok T — M5 A
W nE MPU A& 1 IATCEAE XnWAIT KRR, £/
JA W LAZE R RABBT6 58 I, A4 M8 F & Rz 56 ) XnWAIT 1)
#EAL, I HAE XnWAIT iy i P A B AT T~ — IHIA7 B

1: Mask

2 XnCS Yt i 5] XnWAIT 2 iedst, Kl MPU fiH b 425
FiE XnWAIT K B 3h B IE K 3

RW

Key-Scan Enable/Disable

. o
0: %Hbo

1. #HE,

RW

RAIO TECHNOLOGY INC.
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Character/Graphic TFT LCD Controller

Bit Description Default Access

For RA8876 TFT Panel I/F Output pin Setting

00b: 24-bits TFT output,

01b: 18-bits TFT output.

10b: 16-bits TFT output.

11b: w/o TFT output.

FE AR R TFT fath 51 g e v GPIO S5 #dt T hE Key.

IIC master Interface Enable/Disable

0: %8¢ (GPIO function)s.

1: #HE (IIC master function).

IIC master 5 XKIN[0] & XKOUTI[0] 5|3t =.

XA bit # Key-Scan #ifg bit FA S = 5, Hb)ifuiin R
[IC master 5 Key-Scan [AJIf # e, 4 XKIN[0] /XKOUTI[O0]
Ko IC MIhhe, ETHER XKIN XKOUT 5 I 2= 4 £
Key-scan It .

Serial Flash or SPI Interface Enable/Disable

1 0: 254 (GPIO function)s. 0 RwW
1: #(fHE (SPI master function).
Host Data Bus Width Selection
0: 8-bit =k a2k .

0 1: 16-bit T4 HE 0 RW
A Serial host I/F 1% 45 B 7E T WL 7 1 #8 4F FEL A
RAB876 K 241X/ bit 1 0, JF H A fa i 8-bit % & (147 L.

4-3 01b RW

REG[02h] Memory Access Control Register (MACR)
Bit Description Default Access

Host Read/Write image Data Format

MPU &3 A7 12 5 Hidia g oK

Oxb:E#EE N, W LMEAR L T:
1. 8 bits MPU I/F
2. 16 bits MPU I/F with 8bpp data mode 1 & 2

7-6 3. 16 bits MPU I/F with 16/24-bpp data mode 1 0 RW
4. serial host interface

10b: XHAFEEEIE B Bk high byte(t 16 bit MPU I/F 15 FH 1 /&
8-bpp data mode 1 %+ ).

11b: XHEECEHE 57 il high byte(21 16 bit MPU I/F fd ] 24-bpp
data mode 2).

Host Read Memory Direction (Only for Graphic Mode)
00b: ZE>H A E>TF.

01b: ik AJs L>F.

10b: E>F AR5 A->%

11b: N> F e >4

WHR R B W e A2 linear - 1A% = B bit 7] 2085
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Bit

Description

Default

Access

NA

0

RO

Host Write Memory Direction (Only for Graphic Mode)
00b: >4 #J5 L->F. (Original).

01b: >4 %) LK. (Horizontal flip).

10b: E>F #RJ5 A ->4i. (Rotate right 90° & Horizontal flip).
11b: > 5 A->4. (Rotate left 90°).

W R B BOE 2 2 VE AR, U bit W] 28 .

RW

NA (must keep it as 0)

RO

REG[03h] Input Control Register (ICR)

Bit

Description

Default

Access

Output to MPU Interrupt pin’s active level
0 : active low.,
1 : active high.

RW

External interrupt input (XPS[0] pin) de-bounce
0 : A% % de-bounce.
1: #fE de-bounce (1024 OSC clock).

RW

External interrupt input (XPS[O] pin) trigger type
00 ARAERL i A o

01 NREIAZG A -

10 :reAEAL il A

11 ETHAG AR .

00b

RW

NA

RW

Text Mode Enable

0: B,

(HBEZ S

TEVLE IR bit Z /T, AUSEHE core task busy #& 75 IEFEAT- ik sk
WE T, 1fi core task busy &AREE4%.

WNARAE linear FHEAESAHT, XA bit 45205 0.

RW

1-0

Memory port Read/Write Destination Selection

00b: ¥ SDRAM 7y image/pattern/fsi Fi & H 1T =R 8 5 A
HHK, ¥ Read-modify-Write.

01b: ¥%&$% RGB i) Gamma table NEAHIM. &FNEEHH
#& 256 bytes. fif FH 3 75 B 46 2 75 25 A\ ) gamma table %A 5 Fi%
“5 N\ 256 bytes.

10b : EEEFRIINAE (R BEHEZ low 8-bits MPU #i#i, ZKfl—#k
A I EEIES), A3 Fr Graphic Cursor WIFIELELINRE. K
KA NAEEE 4 FHETE AR Bk E. B— 1R eEHEA
128x16 bits. i FI & 1 FH 1 I M6 55 2248 5 5 N\ H A5 graphic
cursor , )5 FFIESLE 256 bytes.

11b: ABFANG, X2 64x12 bits ff) SRAM. KN MPU k5

RW

RAIO TECHNOLOGY INC. www.raio.com.tw

154/232




RAIO™ RA8876
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Bit Description Default Access

N\ 8bit, KRR EIR S N, R low 4 bit # 451t 5 N RAM,
ANLFEFA AR N AR, (3 7 EELLS 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[03h][1:0]. £ KEHARMIZAET, v LMEHLESEE S A
2

a. Image data in SDRAM: £ MPU I/F 58 B €/ 8/16-bits,
A LABE 40 RIW image ik . I Boe X P R K
RS REAE R BE -

b. Pattern data for BTE operation in SDRAM: &% MPU I/F %
JEBE N 8/16-bits, AT LABE T 455 R/W image #dfitk . IFik
58 DX HUE 21 e ] R 5 G R AH R B0 « AR T AR RS 2 76 oK
%A T A 8x8 B 16x16 15 %K .

c. User-characters in SDRAM: &% MPU I/F % E % E N
8/16-bits, T LL¥E 0 R/W image #iEts . IF HikeEE
M linear #E,

d. Character code: H&E4:5% MPU ¥/ low 8-bits, f# /] 2%
AT A7 28135 7 10 A R T 47154 2byes , WISE%i A high bytes.
R H A, i5<8000h N fAF: Fi5>=8000h 4 fh
70 | - RW
e. Gamma table data: RAEEEZ MPU $#E /) low 8-bits. {# ¥
7 5% 5E “Select Gamma table ([3Ch] Bit6-5)" K i& & I &5 i)
Gamma table’s Hitibit 285, AJEA eI ME#AT S ANKEE. 1
FPMZE N 256 bytes B B A7 .

f. Graphic Cursor RAM data: X #£#:52 MPU ] low 8-bits %(#f
A AIBEE “Select Graphic Cursor sets” 2217 4% L& Graphic
Cursor RAM Hbtibit#ds, RJ5 T 5 ANKE1E.

g. Color palette RAM data: H#gg#:% MPU 5 A\ low 8-bits %X
. (8 EIE L5 Color palette RAM (64x12) #4425 K 128
byte MR, It HAES NIHE A GE ez A7 A ik

Read Function : Memory Read Data

i SN AR D Re, 28T REGIO3h][1:0], #2248 FHIELE
Bl e T RE, D)6 25 K B S ) B 26 A T

ZEL : AR read EHUAN [F A EGE, IR OTE K H A
W, B A R B — A S OO B Y, TR B R R 1%
BTN EOCER NAF 5 18 (5 A7 IR A SCRFEEIU I g
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Bit Description Default Access

YE2  AROIRIBOE, SR 2 DL 4 bytes MO FEHER .

YE3 SR B S NRAF AR L, (A 2 BT A e B R
P 2] SRAM H, I8 2 A8 FH 25 B iZ S il RA88T6 [F] core task busy
JEEAR 2 T o AN BRI BT T R A AR L

19.3 PLLAZZE#
REG[05h] SCLK PLL Control Register 1 (PPLLC1)

Bit Description Default Access
7 {58 0 RW
6 NA 0 RO

SCLK extra divider
xx1b: [ 16,

53 000b: & 1. 0 RW
010b: [ 2.

100b: % 4.

110b: Fk 8.

SCLK PLLDIVK][1:0]
SCLK PLL #yH B4R
o1 00b: Bx 1. 2 RW
01b: B 2.

10b: % 4.

11b: [ 8.
SCLK PLLDIVM

PCLK PLL Pre-driver parameter.

0 0 RW
Ob: Bx 1.
1b: B 2.
REG[06h] SCLK PLL Control Register 2 (PPLLC2)
Bit Description Default Access
7-6 NA 0 RO
5.0 SCLK PLLDIVN[5:0] ) 17h RW
SCLK PLL i ANZ¥, BUHMNZAE 1~63.  (Bfl 0 228 1E ).
*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
MCLK PLLDIVK[1:0]
21 PCLK PLL Output divider 1 RW
00b: & 1.
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Bit Description Default Access

01b: Bk 2.

10b: [ 4.

11b: & 8.

MCLK PLLDIVM

MCLK PLL Pre-driver parameter.

0 0 RwW
Ob: B& 1.
1b: [ 2.
REG[08h] MCLK PLL Control Register 2 (MPLLC?2)
Bit Description Default Access
7-6 NA 0 RO
5.0 MCLK PLLDIVN[!:S:O] ) ) \ 1Dh RW
MCLK PLLAAZ#, BUESIAE 1~63. (Bl 0 245 1R ).
*MCLK is used by SDRAM'’s clock
REG[09h] CCLK PLL Control Register 1 (SPLLC1)
Bit Description Default Access
7-3 NA 0 RO
CCLK PLLDIVK][1:0]
CCLK PLL it B4
21 00b: fx 1. 2 RW
01b: & 2.
10b: [ 4.
11b: B 8.
CCLK PLLDIVM
0 CCLK PLL Pre-driver parameter. 0 RW
Ob: B 1.
1b: & 2.
REG[0Ah] CCLK PLL Control Register 2 (SPLLC2)
Bit Description Default Access
7-6 NA 0 RO
5.0 CCLK PLLDIVN[?:O] ) ) ) 2Ah RW
CCLK PLLEIAZ %, BUENIZAE 1~63.  (BfH 0 &ZEIE).

*CCLK is used by core’s clock
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RA8876 [#5i% 2 i1 OSC K &R xCLK PLL FEE& =42 (. I FR T2 A5 P A2 () 144

XCLK =

2

(Fi%(xPLLDIVM) )X (XPLLDIVN +1)

PLLDIVK
2X

1. Wk REG[05h]~REG[OAN] #BE5E, A4 Ri% 245 fF PLL firthA20E, XM 1A lock time (< 30us).
2. FNK) OSC MR (Fin) LT & MR KTERE, JFH PLLDIVM 5 F BT 0T

3. WEBAE AL A Fveco =

500MHz. #a]if

19.4 HilriEh|Z7es

2PLLDIVM

10MHz < Fin <15MHz
&
10MHz < —™  _ 40MHz

2PLLDIVM -

x (PLLDIVN +1) 202 55 T 8K T 250 MHz, {H2 26 %0/0 T

250MHz < Fvco < 500MHz

rh AR S 224728 4 “Interrupt Enable”. Interrupt Event Flag” 5 ”Mask Interrupt Flag” Z517%%.

1 -- mask
interrupt mask

interrupt event

1 -- mask
interrupt mask

) interrupt flag

interrupt enable

interrupt enable

interrupt event ) interrupt flag : XnINTR
L] L] L ¢
L] L] L]
L] . L]
interrupt enable
1-- mask 4‘)—L
interrupt mask
. interrupt fla
interrupt event :)_p_g}
19-1
REG[OBh] Interrupt Enable Register (INTEN)
Bit Description Default | Access
Wakeup/resume Interrupt Enable
7 0: %EE. 0 RwW
10 B,
External Interrupt input (XPS[0] pin) Enable
6 0: %EE. 0 RW
10 $iE.

RAIO TECHNOLOGY INC.

158/232 www.raio.com.tw



RAIO™ RA8876
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Bit Description Default | Access

IIC Master Interrupt Enable

5 0: %tge. 0 RW

1: #AEE

Vsync time base interrupt Enable Bit
e rAsel T

4 10 BREH W, 0 RW

This interrupt event may provide the host processor with Vsync

signal information for tearing effect.

Key Scan Interrupt Enable Bit
3 0: ZEREHh 7. 0 RW
(GG

Serial flash DMA Complete | Draw task finished | BTE Process
Complete etc. Interrupt Enable

0: ZEREHh .

10 B .

PWM timer 1 Interrupt Enable Bit

1 0: ZEREHIT 0 RW
1: BREH .

PWM timer O Interrupt Enable Bit
0 0: ZEREAHINT 0 RW
10 B .

REG[OCh] Interrupt Event Flag Register (INTF)
* UL FCEI R, (R RBP4 ST L E LA SPI master IR A7 5
[ i hs REG[BAR].

Bit Description Default Access

Wakeup/resume Interrupt flag

Write Function=>Wakeup/resume Interrupt Clear Bit
0: EzhfE.

7 1: 15/ Wakeup/resume 17 HEF . 0 RW
Read Function=»Wakeup/resume Interrupt Status
0: %4 Wakeup/resume 124

1: Wakeup/resume A=A,

External Interrupt input (XPS[0] pin) flag

Write Function=>XPS[0] pin edge Interrupt Clear Bit
0: LEE.

6 1: JERR XPS[0] H TR 0 RW
Read Function=»XPS[0] pin Interrupt Status
0: &4 XPS[0] k=4

1: XPS[0] =k,
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Bit Description Default Access

[IC master Interrupt flag

Write Function=»1IC master Interrupt Clear Bit
0: LEE.

5 1: J5BR IIC master 1K xR . 0 RW
Read Function=»1IC master Interrupt Status
0: %4 1IC master =4,

1: 1IC master 1 i~ .

Vsync Time base interrupt flag

Write Function=>Vsync Interrupt Clear Bit
0: Lahfk.

1: JEFR vsync HITTERR .

Read Function=»Vsync Interrupt Status
0: %A vsync Hl =2,

1: H vsync =4,

XVsync N

LCD Panel Digital Interface

xnintr /] T

tive low(03h)

ﬂ 4,—11 ! Clear the interrupt , when vsync Interrupt Clear Bit = 1(Wite Function)
vsync_flag ki

Interrupt Event Flag Register(0Ch) |« _)]

Interrupt happens , when vsync Interrupt Status = 1(Read Function)

*if xvsync is low active.
Key Scan Interrupt flag

Write Function=»Key Scan Interrupt Clear Bit
0: LEE.

3 1: 75k Key Scan Hi i, 0 RW
Read Function=»Key Scan Interrupt Status

0: % Key Scan H1ii=44E .,

1: 4 Key Scan H =4,

Serial flash DMA Complete | Draw task finished | BTE
Process Complete etc. Interrupt flag

Write Function=»Interrupt Clear Bit
0: Lk,

10 BB IRTES .

Read Function=»Interrupt Status
0: &AW 4.

10 H WA

PWM 1 timer Interrupt flag

Write Function=»Interrupt Clear Bit
0: Tahfk.

1 1: JE kK PWM1 F iR 0 RW
Read Function=»Interrupt Status
0: %A PWM1 Hilr=/E,

1: 47 PWM1 b= A
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Bit Description Default Access

PWM 0 timer Interrupt flag

Write Function=»Interrupt Clear Bit
0: LEE.

0 1: 35K PWMO I i #7 o 0 RW
Read Function=>»Interrupt Status
0: #FH PWMO Hil=4.

1: 5 PWMO =4 .

REG[0Dh] Mask Interrupt Flag Register (MINTFR)

IR RO W RS, B4 RA8876 Ak tithiigs MPU, 1 MPU AN 2 24 2 b A
(Interrupt Flag). 1H& an S48 B X A S s v Wi i bR A 88 e, 04 MPU AU E|F i, (52 MPU 1] L%
TG BT R AR DAAS 0 e b A

Bit Description Default Access

Mask Wakeup/resume Interrupt Flag
7 0: A 0 RW
1: FFiflo

Mask External Interrupt (XPS[0] pin) Flag
6 0: ABEilo 0 RW
1. BFiflio

Mask IIC Master Interrupt Flag
S 0: A 0 RW
1: FFiflo

Mask Vsync time base interrupt Flag
4 0: A 0 RW
1: BFiflo

Mask Key Scan Interrupt Flag
3 0: ABFi - 0 RW
1: BFiflo

Mask Serial flash DMA Complete | Draw task finished | BTE
Process Complete etc. Interrupt Flag

0: ABFil.

1. BFiflio

Mask PWM timer 1 Interrupt Flag

1 0: A 0 RwW
1: FFiflo

Mask PWM timer O Interrupt Flag
0 0: APt 0 RW
1: FFiflo
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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: ke PHERE.

10 bhr s FHERE .

* WA 1E XPDAT #i% 5 GPIO Thig, A A= .
GPIO-E[7:0] Pull- high Enable (XPDAT[12:10, 7:3])

0: e PHEERE.

10 ERiHHERE

* WA TE XPDAT & GPIO g, A A= L.
GPIO-D[7:0] Pull- high Enable (XPDATI[18, 2, 17, 16, 9, 8,
1,0])

3 0: b PHE RE. 0 RwW
10 bhr i fHERE .

* A TE XPDAT #5i3fi% GPIO Thfg, A A A L.
GPIO-C[4:0] Pull- high Enable (XnSFCS1, XnSFCSO0, XMISO,
XMQOSI , XSCK)

0: kHiAiPHZERE.

1: FR A ERE

XDB[15:8] Pull- high Enable

1 0: v e PHEERE. 0 RW
1: FR I EGRE

XDB[7:0] Pull- high Enable
0 0: e PHEERE. 0 RW
10 FR I EGE

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 RwW
1: XKOUT[4]

XPDAT[17] —GPIO or Key function select
6 0: GPIO-D5 0 RwW
1: XKOUT[2]

XPDAT[16] —GPIO or Key function select
5 0: GPIO-D4 0 RwW
1: XKOUT[1]

XPDATI[9] —GPIO or Key function select
4 0: GPIO-D3 0 RwW
1: XKOUT[3]

XPDATI[8] —GPIO or Key function select
3 0: GPIO-D2 0 RwW
1: XKIN[3]
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Bit

Description

Default

Access

XPDAT[2] —GPIO or Key function select
0: GPIO-D6
1: XKIN[4]

RW

XPDAT[1] —GPIO or Key function select
0: GPIO-D1
1: XKIN[2]

RW

XPDAT[0] —-GPIO or Key function select
0: GPIO-DO
1: XKIN[1]

RW

19.5 LCD ER#%H|IZE75E

0,0)

Main Image Start Address

(HDWR)

(VDHR)

DISPLAY WINDOWS(PANEL)

PIP Image Start Address

19-2 LCD Display

Main Image Width

Main Window Upper-Left corner

X-coordinates (MWULX)
Main Window Upper-Left corner

AN
(PWDULX,.PWDULY) Y-coordinates (MWULY) .

Vertical Display Windows Height

' (VDHR)

<~\

(MIW)
Horizontal Display Windows Width
(HDWR)
PIP Window Display Upper-Left corner
AN X-coordinates (PWDULX)

'\ PIP Window Display Upper-Left corner
\. Y-coordinates (PWDULY)

PIP Image Width
(PIW)

//

-

SDRAM
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REG[10h] Main/PIP Window Control Register (MPWCTR)
Bit Description Default Access

PIP 1 window Enable/Disable
0:PIP 1 %kgE.

7 0 RwW
1:PIP1 #fg.
PIP 1 & HkKifE PIP2 @O E.
PIP 2 window Enable/Disable
. Fk ok
6 0:PIP2 %58, 0 RW

1:PIP 2 %8k,

PIP 1 & H7KIE PIP2 N2 .
3] NA 0 RO
Select Configure PIP 1 or 2 Window’s parameters

PIP WM T « (AR, iihihh, EBRERE. SoRPbs,
4 AR, B HTERE. WL, 0 RW
0: ATRLEE PIP 1 (34,

1: i LLE PIP 2 BIZ3L.

Main Image Color Depth Setting
00b: 8-bpp generic TFT, i.e. 256 t4.
01b: 16-bpp generic TFT, i.e. 65K &,

1xb: 24-bpp generic TFT, i.e. 1.67 .
1 NA 0 RW

3-2

To Control panel’s synchronous signals
0: Sync Mode: #fE XVSYNC, XHSYNC, XDE.

1: DE Mode: "5 XDE #ft, M XVSYNC. XHSYNC K Bk
&<

N o

REG[11h] PIP Window Color Depth Setting (PIPCDEP)
Bit Description Default Access
7-4 NA 0 RO
PIP 1 Window Color Depth Setting
00b: 8-bpp generic TFT, i.e. 256 .
01b: 16-bpp generic TFT, i.e. 65K .,
1xb: 24-bpp generic TFT, i.e. 1.67M &,
PIP 2 Window Color Depth Setting
00b: 8-bpp generic TFT, i.e. 256 4.
01b: 16-bpp generic TFT, i.e. 65K .,
1xb: 24-bpp generic TFT, i.e. 1.67M {1,

3-2

1-0
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REG[12h] Display Configuration Register (DPCR)

Bit

Description

Default

Access

PCLK Inversion
0: XPDAT, XDE, XHSYNC , Panel #llit XPDAT &£ XPCLK
A%,

HFPCLK

EE AR EE RN EE IR E R ERERED

XDE

UL

1: XPDAT, XDE, XHSYNC, Panel #lit XPDAT 7t PCLK "~ %%
M r+yrrrrrrryryrrrtrir

KPCLK

XDE

XPDAT X X X X X X ) @l

RW

Display ON/OFF
Ob: /R,
1b: BRI

RW

Display Test Color Bar
Ob: %%hE.

1b: FHE.

RW

XA Bit w2 0.

RO

VDIR

Vertical Scan direction
0: th kBRI,

1: HHEF.

RW

Parallel XPDAT[23:0] Output Sequence

000b :
001b :
010b:
011b:
100b :
101b :
110b :
111b:

2-0

RGB.
RBG.
GRB.
GBR.
BRG.
BGR.
KKy o
EHHERGE (AR N 0 (RE) 501 (HB), 57

%% REG[13h]).

RW

1. 4 VDIR=1,

PIP & 1. BIRthR. SO ehndilfs 24 B sh2ERE .

REG[13h] Panel scan Clock and Data Setting Register (PCSR)

Bit

Description

Default

Access

XHSYNC Polarity
0:Low k.
1: High zh{E.

RW

XVSYNC Polarity
0:Low #hfE.
1: High zhfE.

RW
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Bit Description Default Access
XDE Polarity

5 0 : High shE. 0 RW
1:Low BN1E.

XDE IDLE STATE
(in power saving mode or DISPLAY OFF )

4 0 RW
0 : Pin “DE” i N low.
1: Pin “DE” #ii°A high.
XPCLK IDLE STATE

3 (in power saving mode or DISPLAY OFF) 0 RW

0 : Pin “PCLK” #iHiH low.

1: Pin “PCLK” #ith /v high.

XPDAT IDLE STATE

(in Vertical/horizontal non-display period or power saving
2 mode or DISPLAY OFF) 0 RwW
0 : Pins “PDAT[23:0]" #ith A low.

1 : Pins “PDAT[23:0]" %ithi A high.
XHSYNC IDLE STATE

(in power saving mode or DISPLAY OFF)

1 1 RW
0 : Pin “HSYNC” #ith >N low.
1: Pin “HSYNC” %t/ high.
XVSYNC IDLE STATE

0 (in power saving mode or DISPLAY OFF) y RW

0 : Pin “VSYNC”#i Hi 4 low.
1 : Pin “VSYNC"%ii i A high.

VPW VND VDH VST
[ I I I

XVSYNC T T I—
wone [T
XPDATA @7 _________ (e NE' -

oe [ ] ]

—

XHSYNC

HPW  HND HDW HST

|

XPDATA Valid Data

B 19-3: Digital TFT Panel Timing
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RAIO™

REG[14h] Horizontal Display Width Register (HDWR)

Bit Description Default Access
Horizontal Display Width Setting Bit[7:0]
VEGA7 25 /KPR S R BOE , HARE IR LCD ikt #i%h 8
7-0 BEA—BITTHIE. 4Fh RW
Horizontal display width(pixels) = (HDWR + 1) * 8 + HDWFTR
KV 58 LR ORANTT LU 2048 5 %K.
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]
WG A7 2% 7K R B FE ORI T, A AE B e 1R K 1 58 B2 9 R
3-0 8 R b, AN PR 1 MEE 0 RW
Horizontal display width(pixels) = (HDWR + 1) * 8 + HDWFTR
K58 R ANE] LU IS 2048 153 .
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]
PGz A7 a8 K AR BoR XA ], XANG2 474516 7€ 1 horizontal
4-0 non-display fJJ& . K 4 Fr A back porch. 03h RW
Horizontal non-display period or Back porch (pixels) =
(HNDR + 1) * 8 + HNDFTR
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]
I AE 25 7K AR 7R X 380 B (back porch) TR T . 188 7 % A
3.0 MAERA SYNC #A e b, B0 R HEA AL BL 1-pixel o6h RW
AT
Horizontal non-display period or Back porch (pixels) =
(HNDR + 1) * 8 + HNDFTR

RAIO TECHNOLOGY INC.

167/232

www.raio.com.tw




RAIO™

REG[18h] HSYNC Start Position Register (HSTR)

RA8876

Character/Graphic TFT LCD Controller

Bit Description

Default Access
7-5 NA 0 RO
HSYNC Start Position[4:0]
IEZEA7- 3548 2 HSYNC [t datthhl, FHatkSrians S s XK
4-0 ()45 SR 8] & B JF 47725 HSYNC R A] f . MR B I S A B 1Fh RW
fir 4 8-pixel, XHE#x K front porch.
HSYNC Start Position or Front porch (pixels) = (HSTR + 1)x8
REG[19h] HSYNC Pulse Width Register (HPWR)
Bit Description Default Access
7-5 NA 0 RO
HSYNC Pulse Width(HPW) [4:0]
4-0 | HSYNC ffff Wisese. 0 RW
HSYNC Pulse Width (pixels) = (HPW + 1)x8
REGJ[1Ah] Vertical Display Height Register 0(VDHRO)
Bit Description Default Access
Vertical Display Height Bit[7:0]
7-0 IGAF- 35 T B s = P2 (A Line &), HoatHE AT DFh RW
Vertical Display Height (Line) = VDHR + 1
REG[1Bh] Vertical Display Height Register 1 (VDHR1)
Bit Description Default Access
7-3 NA 0 RO
Vertical Display Height Bit[10:8]
2-0 IGEAF- 3 2 B = 2 (A Line A fE), HatHE AT 01h RW
Vertical Display Height (Line) = VDHR + 1
REG[1Ch] Vertical Non-Display Period Register O(VNDRO)
Bit Description Default Access
Vertical Non-Display Period Bit[7:0]
7-0 A ds o EAE R A, Hoat R 15h RW
Vertical Non-Display Period (Line) = (VNDR + 1)
REG[1Dh] Vertical Non-Display Period Register 1(VNDR1)
Bit Description Default Access
7-2 NA 0 RO
Vertical Non-Display Period Bit[9:8]
1-0 A de o EAE R A, Hoat R e 0 RW
Vertical Non-Display Period (Line) = (VNDR + 1)
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REG[1Eh] VSYNC Start Position Register (VSTR)

Bit Description Default Access
VSYNC Start Position[7:0]
2.0 VSYN [1)Ja tE k72 B 27 X3 4 SR 8] 23 2 F 46 VSYNC 1 0Bh RW
1) £
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 VSYNC fikiH ) 56 5 - 0 RwW
VSYNC Pulse Width(Line) = (VPWR + 1)

& FIZE4E2% 20h~3Bh 724k i1 LSB 5 % MSB. %3417 E¥% & Main Image Start Address, it

SEAT A NHLhE 200 F] 23h, DAZIKIKE LSB[20h] 5 % MSB[23h], 34 REG[23h] # 5 AR, RA88876 7
2> REG[20h]~REG[23h] HME S 3| N #4728 1 o

REG[20h] Main Image Start Address 0 (MISAQ)

Bit Description Default Access
7.0 Main Ir‘nage Start Address[7:0] 0 RW
WIRREAE 4 TR, L Bit[1:0] /£ RA8876 Hi[HE N 0.
REG[21h] Main Image Start Address 1 (MISA1)
Bit Description Default Access
7-0 Main Image Start Address[15:8] 0 RwW
REG[22h] Main Image Start Address 2 (MISA2)
Bit Description Default Access
7-0 Main Image Start Address [23:16] 0 RwW
REG[23h] Main Image Start Address 3 (MISA3)
Bit Description Default Access
7-0 Main Image Start Address [31:24] 0 RwW
REG[24h] Main Image Width 0 (MIWO)
Bit Description Default Access
Main Image Width [7:0]
70 | E B . o 0 RW
WIBEYE 4 BB, MIW Bit [1:0] 7EA#BE 24 0.
EAMEREEEERE. WER KA 8188 5%
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RAIO"

REG[25h] Main Image Width 1 (MIW1)

Bit Description Default Access
7-5 NA NA NA
Main Image Width [12:8]
a0 | MO BRE 0 RW
WIRRERE 4 B
XAME AR LR IME . W s KA 8188 5% .
REG[26h] Main Window Upper-Left corner X-coordinates 0 (MWULXO0)
Bit Description Default Access
Main Window Upper-Left corner X-coordinates [7:0]
%2 % Main Image AL Fx
7-0 Bh B 0 RW
R ELREAS 4 BB, MWULX Bit [1:0]7E P4 B[ 2 407
X-fhi44 ¥r+Horizontal display width Ak T 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]
2% Main Image #4#x.
4-0 LA & 0 RW
WIRELRERE 4 Rk
X-fhi44 kr+Horizontal display width Ak T 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]
5S> i ABFR
20 1‘5 5 #% Main Image A bx 0 RW
LR VA&
PEHUE TSR Dy 0 £ 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]
52 i AR
4-0 HZ % Main Image */#7 0 RW
LA &
WOE G FEIAE 0 1 8191,
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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]
55 2:°% Main Window JEEAE,
B AR ER
7-0 WIE R 4 %Pk, PWDULX Bit [1:0] #B[E & 0. 0 RW
X-HA8 bR B % E /N T horizontal display width.
H#% REG[10h] (Select Configure PIP 1 or 2 Window) &%, iX
AN VE (BN AE K PIP IS -
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]
55 22°% Main Window JFERE,
LR VA&
4-0 AT REY: 4 #FR . PWDULX Bit [1:0] P #BE &N 0. 0 RwW
X-Th A58 % B /N T horizontal display width.
R #& REG[10h] (Select Configure PIP 1 or 2 Window) &%, X
NRGEAER AE R PIP (2 51E -
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]
55 2:°% Main Window JEEAE,
LXDAEES 8
70 Yo bRR %% T vertical display width. 0 RW
4 REG[10h] (Select Configure PIP 1 or 2 Window) 2%, X
N BOEEHF AHR PIP )2 4UA .
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]
552:7% Main Window JEE &,
40 AL 1%%% 0 RW
Y-l AL AR R Z /N T vertical display width.
R4 REG[10h] (Select Configure PIP 1 or 2 Window) &%, X
MEAER A S PIP S8 .
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Bit Description Default Access
PIP Image Start Address[7:0]
2.0 24 REG[10h] (Select Configure PIP 1 or 2 Window) &%, X 0 RW
M CEE K AE R PIP IS H8ME .
W RENE 4 BBk . Bit[1:0] PR E N 0.
REG[2Fh] PIP 1 or 2 Image Start Address 1 (PISA1)
Bit Description Default Access
PIP Image Start Address[15:8]
7-0 M4 REG[10h] (Select Configure PIP 1 or 2 Window) %, ix 0 RW
AN BEE K 9AE K PIP IS8 .-
REG[30h] PIP 1 or 2 Image Start Address 2 (PISA2)
Bit Description Default Access
PIP Image Start Address [23:16]
7-0 R4 REG[10h] (Select Configure PIP 1 or 2 Window) £, iX 0 RwW
AN BE BN 9AE K PIP IS .
REG[31h] PIP 1 or 2 Image Start Address 3 (PISA3)
Bit Description Default Access
PIP Image Start Address [31:24]
7-0 4 REG[10h] (Select Configure PIP 1 or 2 Window) &%, X 0 RW
AN BE BN AE K PIP IS5 -
REG[32h] PIP 1 or 2 Image Width 0 (PIW0)
Bit Description Default Access
PIP Image Width [7:0]
B AR ER
WIRE R 4 #FR. PIW Bit [1:0] P48 24 0.
7-0 EAEE R E G R 0 RW
XA 58 N iZE/NT horizontal display width.
4 REG[10h] (Select Configure PIP 1 or 2 Window) Z%{, X
AN VE BN AE K PIP IS8 -
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REG[33h] PIP 1 or 2 Image Width 1 (PIW1)

Bit

Description

Default

Access

7-5

NA

0

RO

4-0

PIP Image Width [12:8]

LEEDANEE &

WAELREN: 4 BBk, PIW Bit [1:0] A#5[E &4 0.
EAHE R FE RAE.

IXANTE N iZ /T horizontal display width.

R4 REG[10h] (Select Configure PIP 1 or 2 Window) Z%{, X
MBOEAE R A G PIP 2 HA .

RW

REG[34h] PIP 1 or 2 Window Image Upper-Left corner X-coordinates 0 (PWIULXO0)

Bit

Description

Default

Access

7-0

PIP 1 or 2 Window Image Upper-Left corner X-coordinates
[7:0]

ESE PIP Image FEfE,

LR VAE &

AR REY: 4 BB . PWIULX Bit [1:0] P #BHE E N 0.

X-#h AbFr+ PIP image width A2 % /N F o5 8187,

4 REG[10h] (Select Configure PIP 1 or 2 Window) &%, X
NRGEAER AE R PIP (B 5E

RW

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]
4% PIP Image J# 1%,

LA &

WAERERY 4 #EBR . PWIULX Bit [1:0] A #B[E &N 0.

X-% AtbR+ PIP image width 24208 /N F 855 T 8187.

R4 REG[10h] (Select Configure PIP 1 or 2 Window) &%, X
ANEAER AE R PIP (25

RW

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]
#2% PIP Image 2.

LA &8

Y- AkFr+ PIP window height WAZi % /N T80T 8191,

4% REG[10h] (Select Configure PIP 1 or 2 Window) &%, X
N RGEAER AE R PIP (B 5H

RW
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REG[37h] PIP 1 or 2 Window Image Upper-Left corner Y-coordinates 1 (PWIULY1)

Bit

Description

Default

Access

7-5

NA

0

RO

4-0

PIP Windows Image Upper-Left corner Y-coordinates [12:8]
4% PIP Image [ 12,

LA &

Y- AkFr+ PIP window height WAZi % /N T80T 8191,

RIE REG[10h] (Select Configure PIP 1 or 2 Window) Z%{, X
MCEE R A C PIP 2 3UH .

RW

REG[38h] PIP 1 or 2 Window Width 0 (PWWO0)

Bit

Description

Default

Access

7-0

PIP Window Width [7:0]

B AR

DR 4 BB . PWW Bit [1:0] W #BEE N 0.
XA EBRE. mREE 8188 K%

24 REG[10h] (Select Configure PIP 1 or 2 Window) &%, X
MREAE R A G PIP S 8UH .

RW

REG[39h] PIP 1 or 2 Window Width 1 (PWW1)

Bit

Description

Default

Access

7-3

NA

0

RO

2-0

PIP Window Width [10:8]

A AR

WL RERE 4 bR . XIMEUE Y BB ERE.

KA 8188 8%

R4 REG[10h] (Select Configure PIP 1 or 2 Window) &%, X
MBOEAE R A G PIP 2 5A .

RW

REG[3Ah] PIP 1 or 2 Window Height 0 (PWHO0)

Bit

Description

Default

Access

7-0

PIP Window Height [7:0]

LR VEE &

EANHERMHE G ERE. RRMERL 8191 BE=.

4% REG[10h] (Select Configure PIP 1 or 2 Window) Z:%§, X
M EEAEN AR PIP IS 8UA .

RW
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REG[3Bh] PIP 1 or 2 Windows Height 1 (PWH1)

Bit Description Default Access
7-3 NA 0 RO
PIP Window Height [10:8]
LA

2-0 EMBUE A EBRE. mKRERZE 8191 BER. 0 RwW
4 REG[10h] (Select Configure PIP 1 or 2 Window) &%, X
M EEAENS AR PIP IS 8UA .

ZE 1 PIP & HR/NSeIa A BAEAKCE 7 & BL 8 ME R Hre, 1 B 7 /3 HR 3 U2 1 4 line.

2 LI ZEA7 4% 20h~3Bh 2K K H LSB 5 2| MSB A x4 44

BRFRATFEEE Main Image Start Address, L2274 Al 20h | 23h, B4UKIKH LSB[20h] & %
MSB[23h], *4 REG[23h] #i’5 A\, RA88876 4 «F REG[20h] ~ REG[23h] HI{H 3 IFE S 2 N HLE A7 85 H .

REG[3Ch] Graphic / Text Cursor Control Register (GTCCR)
Bit Description Default Access

Gamma correction Enable

. o
7 0: %Hbo

1. #he.

Gamma correction is the last output stage.

Gamma table select for MPU write gamma data
00b: ¥ ) Gamma table.

6-5 01b: £¢fhff) Gamma table. 0 RW
10b: ZLf4[1) Gamma table.
11b: NA,

Graphic Cursor Enable

0 : Graphic Cursor %5t

1 : Graphic Cursor £(fE-

KB JehrfE VDIR B 1 1, S#ERe.
Graphic Cursor Selection Bit

M 4 TR ChR ik 1 b

00b : Graphic Cursor Set 1.

01b : Graphic Cursor Set 2.

10b : Graphic Cursor Set 3.

11b : Graphic Cursor Set 4,

Text Cursor Enable

0: gk,

1 1: FEE, 0 RW
SR 5 B GARToVE (RN B 3 e, 2 2 | I 45 B0 ae I B TR Ot
B I OL SBT3 hr .

Text Cursor Blinking Enable

0 0: %EgE, 0 RW

G
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REG[3Dh] Blink Time Control Register (BTCR)

RA8876

Bit Description Default Access
Text Cursor Blink Time Setting (Unit: Frame)
00h : 1 frame I ],
7.0 01h : 2 frames I [d]. 0 RW
02h : 3 frames 8]
FFh : 256 frames I [H].
REG[3Eh] Text Cursor Horizontal Size Register (CURHS)
Bit Description Default Access
7-5 NA 0 RO
Text Cursor Horizontal Size Setting[4:0]
po | B GE. ) o7h W
Zero-based M%7, HUE0" £ 1 MEE=.
ZE L TR, SCTehR B RN ROK .
REG[3Fh] Text Cursor Vertical Size Register (CURVS)
Bit Description Default Access
7-5 NA 0 RO
Text Cursor Vertical Size Setting[4:0]
wo | M EE. ) . W
Zero-based M#7, #{E"0" Fn 1 MEE=-
AT RORORES ST bR R RO .
REG[40h] Graphic Cursor Horizontal Position Register 0 (GCHPOQ)
Bit Description Default Access
7.0 Graphic Cursor Horizontal Location[7:0] 0 RW
5222 Main Window JFEAE,
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
55222 Main Window A,
REG[42h] Graphic Cursor Vertical Position Register 0 (GCVPO)
Bit Description Default Access
70 Graphic Cursor Vertical Location[7:0] 0 RW
527 Main Window JE& 12,
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REG[43h] Graphic Cursor Vertical Position Register 1 (GCVP1)

Bit Description Default Access
7-5 NA 0 RO
40 Graphic Cursor Vertical Location[12:8] 0 RW
A 2% Main Window J#
REG[44h] Graphic Cursor Color 0 (GCCO)
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

Character/Graphic TFT LCD Controller

Bit Description Default Access
7.9 Start address of Canvas [7f] ‘ 0 RW
R E K (canvas) & linear f&%, W4 Z20% .
1-0 Fix at 0 0 RO
REG[51h] Canvas Start address 1 (CVSSA1)
Bit Description Default Access
70 Start address of Canvas [15:8] ‘ 0 RW
W E K (canvas) & linear #5538, AT 200
REG[52h] Canvas Start address 2 (CVSSA2)
Bit Description Default Access
7.0 Start address of Canvas [2i:16] \ 0 RW
IR E K (canvas) & linear fa, w4k 205 .
REG[53h] Canvas Start address 3 (CVSSA3)
Bit Description Default Access
70 Start address of Canvas [31:24] ‘ 0 RW
W E K (canvas) & linear #5538, AT 200
REG[54h] Canvas image width 0 (CVS IMWTHO)
Bit Description Default Access
Canvas image width [7:2]
XL bits J2 )i &l (Canvas)f 58 & .
7-2 Bh RER, 24 MEERATHEE 0 RW
= EAE
W JE K (canvas) & linear #38, AT 200 .
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 RW
IR E K (canvas) & linear faX, T4k 205 .
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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]
£+ Canvas image J#1Z,
7-0 LXDANKES 8 0 RW
X-fliAk#R+ Active Window width 7] KT 8188.
WIRIERE (canvas) A linear B3, N T] 4% 205,
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]
%547 Canvas image &1,
40 | fr B, 0 RW
X-FhiAA 4R+ Active Window width /A~ 7] kT 8188.
WRJEE (canvas) A& linear &2, w4k 2%,
REG[58h] Active Window Upper-Left corner Y-coordinates 0 (AWUL YO0)
Bit Description Default Access
Active Window Upper-Left corner Y-coordinates [7:0]
%4 Canvas image J#1Z,
7-0 Bh B 0 RW
Y-#fiAkFr+ Active Window height, AT kT 8191,
WIRJERE (canvas) 2 linear iz, W] 4 20 .
REG[59h] Active Window Upper-Left corner Y-coordinates 1 (AWUL Y1)
Bit Description Default Access
7-5 NA 0 RO
Active Window Upper-Left corner Y-coordinates [12:8]
#52+°E Canvas image JEfZ.
4-0 | sl . 0 RW
Y-fliAkkR+ Active Window height A7 kT 8191,
WRJERE (canvas) 2 linear #iz0, W] 4 20 .
REG[5Ah] Active Window Width 0 (AW_WTHO)
Bit Description Default Access
Width of Active Window [7:0]
7o | i BE. . W
EAEE R EG R, BKERZ 8188 5%,
WA (canvas) #2 linear B, W] 4 Z0% .
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REG[5Bh] Active Window Width 1 (AW WTH1)

Bit Description Default Access
7-5 NA 0 RO
Width of Active Window [12:8]
po | I RE . W
RAHERME ERERRE. RAEZ 8188 B H.
WA (canvas) #2 linear B, I w] 4 Z0% .
REG[5Ch] Active Window Height 0 (AW HTO)
Bit Description Default Access
Height of Active Window [7:0]
o | R RE. . W
RABERDE ERERRE. RAEZ 8191 B XK.
WA (canvas) #2 linear Bz, I w] 4 20 .
REG[5Dh] Active Window Height 1 (AW HT1)
Bit Description Default Access
7-5 NA 0 RO
Height of Active Window [12:8]
po | RE . .
RABERME ERERRE. RAEZ 8191 B XK.
WRJEE (canvas) #& linear #i3%, I AJ 4k Z0% .
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 #i3t (X-Y A4k5 T4 I7). 0 RW
1: Linear %z,
Canvas image’s color depth & memory R/W data width
In Block Mode:
00: 8bpp-
01: 16bpp.
1-0 1x: 24bpp. 0 RW
2 BRI AT, AT AR AN R, RIS S
B B R, BIAT IERRARN o
In Linear Mode:
X0: 8-bits W AFEHE LS
X1: 16-bits WAEEH LS.
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< CVS_IMWTH _—
CVSSA ¢

(AWUL_X, AWUL_Y)

T

AW_HT|

l Active Window

<« AW WTH————>

Canvas image

B 19-4 : Active Window

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:

WA 125 kit [7:0].

A7 Bytes

When DPRAM In Block mode:

B 5K AL E 0 [7:0].

H£:7% Canvas image JB#1Z,

LEE VAEE &

2 . 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:

A7 RS ki [15:13].

7-5 | Hif: Byte. 0 RW
When DPRAM In Block mode: NA
#5472 Canvas image J&1Z,

LD &

Write: Set Graphic Read/Write position
When DPRAM In Linear mode:

WAF B S Hehik [12:8].

A7 Bytes

When DPRAM In Block mode:

KR 5 KA E 1 [12:8].

2% Canvas image J&1Z,

e VAEE &

2 . User should program proper active window related parameters before configure this register.
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REG[61h] Graphic Read/Write position Vertical Position Register 0 (CURVO0)

When DPRAM In Block mode:
e B E 0[7:0]
#%5£:°% Canvas image J&1Z,

AL B

Bit Description Default Access
Write: Set Graphic Read/Write position
When DPRAM In Linear mode:
PAZ IS Hu ke [23:16]

7.0 i Byte 0 RW

¥E: User should program proper active window related parameters before configure this register.

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:

A7 IR S Hhik [31:29].

Hifi: Byte.

When DPRAM In Block mode:NA

% £% Canvas image &,

A B

RW

Write: Set Graphic Read/Write position
When DPRAM In Linear mode:

A7 IS Huhik [28:24].

7 Bytes

When DPRAM In Block mode:

JiE e EE 1[12:8].

4% Canvas image J#1E,

AL BER

RW

¥E: User should program proper active window related parameters before configure this register.

REG[63h] Text Write X-coordinates Register 0 (F. CURXO0)

Bit

Description

Default

Access

Write: Set Text Write position
Read: Current Text Write position
Text Write X-coordinates [7:0]

B e B SR ARV KRR B
%4 Canvas image J#1Z,

LR VARE &N

RW
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REG[64h] Text Write X-coordinates Register 1 (F CURX1)

Bit Description Default

Access
7-5 NA 0 RO
Write: Set Text Write position
Read: Current Text Write position
Text Write X-coordinates [12:8]
4-0 0 RwW

B E SR A KR -
:E £+ Canvas image J#1Z,

AL B

REG[65h] Text Write Y-coordinates Register 0 (F CURY0)

Bit Description Default Access
Write: Set Text Write position
Read: Current Text Write position
Text Write Y-coordinates [7:0]
IR E ST R AN IR B AELE .
:E 5% Canvas image J#1Z,

LEVAEES

7-0

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
Text Write Y-coordinates [12:8]

o L ey s 0 RW
BT RE TS AR R E -

%4 Canvas image J#1Z.,

A B,

4:0

REG[67h] Draw Line / Triangle Control Register 0 (DCR0)
Bit Description Default

Access

Draw Line / Triangle Start Signal
Write Function

0: 112,

7 1 HaheKE. 0 RW
Read Function
0: K5,
1: BT,
6 NA 0 RO
Fill function for Triangle Signal
5 0: JGIHIH. 0 RW
1 JH.
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Bit Description Default Access
4-2 NA 0 RO
Draw Triangle or Line Select Signal
1 0: HZ. 0 RW
1 I =ff,
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]
é‘iz i A FE
7.0 ng?ﬁ% Canvas image JFEfE 0 RW
LA &
e AR, RIE R S SR AR B, i AE
S5 R AN [F) I 7R X-FlE Y-
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]
=2 5 i KA
4-0 Dg?% Canvas image JFEf& 0 RW
CXDHEL &
e MR, RS R AR A, RGN
S5O AN [E] I E X-HlEl Y-
REG[6Ah] Draw Line/Square/Triangle Point 1 Y-coordinates RegisterO (DLVSRO)
Bit Description Default Access
Draw Line/Triangle Point 1 Y-coordinates [7:0]
Square diagonal Point 1 Y-coordinates [7:0]
é‘i; i £y i
7.0 <% Canvas image JFEE 0 RW

AL BR
R 2 PV PG ) SRS A NG Y S VAT WG )
SR RN BT [ I AR Xl Y-l
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REG[6Bh] Draw Line/Square/Triangle Point 1 Y-coordinates Registerl (DLVSR1)

Bit Description Default Access
7-5 NA 0 RO
Draw Line/Triangle Point 1 Y-coordinates [12:8]
Square diagonal Point 1 Y-coordinates [12:8]
H2EC i PR o
40 & ‘ 2% Canvas image 2 0 RW
HAr AR R
e gk MUSRISEIVIN, ARAA S A SRR R — G, R A
G55 BN AT [N 76 X-He, Y-
REG[6Ch] Draw Line/Square/Triangle Point 2 X-coordinates RegisterO (DLHERO)
Bit Description Default Access
Draw Line/Triangle Point 2 X-coordinates [7:0]
Square diagonal Point 2 X-coordinates [7:0]
H2EC i PR o
2.0 ‘g \ 2% Canvas image 2 0 RW
A B R,
ok MR, ARG RS A N TR — B, A
5 45 5§ T [N 72 X-AR, Y4
REG[6Dh] Draw Line/Square/Triangle Point 2 X-coordinates Registerl (DLHER1)
Bit Description Default Access
7-5 NA 0 RO
Draw Line/Triangle Point 2 X-coordinates [12:8]
Square diagonal Point 2 X-coordinates [12:8]
55222 Canvas image JFEE,
40 | 727 Canvasimage JEf 0 RW
A B
g MR, A S R R — R, R
LA T A 7E Xk Y <A
REG[6Eh] Draw Line/Square/Triangle Point 2 Y-coordinates Register0Q (DLVEROQ)
Bit Description Default Access
Draw Line/Triangle Point 2 Y-coordinates [7:0]
Square diagonal Point 2 Y-coordinates [7:0]
%5 £% Canvas image 12,
7-0 . 0 RW
B BE.
R ASHIEIER, RIRE S SR AR A E, iR
5 85 s AT A 7E X-FlEl Y-
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REG[6Fh] Draw Line/Square/Triangle Point 2 Y-coordinates Registerl (DLVER1)

Bit Description Default Access
7-5 NA 0 RO
Draw Line/Triangle Point 2 Y-coordinates [12:8]
Square diagonal Point 2 Y-coordinates [12:8]
40 %£% Canvas image 12, 0 RW
A B
E L AR, B R SERAATERAE, IR
5 85 s AT A E X-FlEl Y-
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 5% Canvas image J%1E., 0 RwW
A B
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 4% Canvas image J%1E., 0 RwW
BA BER.
REG[72h] Draw Triangle Point 3 Y-coordinates Register 0 (DTPV0)
Bit Description Default Access
Draw Triangle Point 3 Y-coordinates [7:0]
7-0 4% Canvas image J#1%. 0 RW
B AR
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 4% Canvas image J%1Z., 0 RW
A B
L RTEMENERBOE: B A EEsE I EL . = A EEsE D
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: i1k,

1: MRz,

Read Function

0: K58,

1: KT,

Fill the Circle / Ellipse / Square / Circle Square Signal
0: .
1 3HIH,

5-4

Draw Circle / Ellipse / Square / Ellipse Curve / Circle Square
Select

00 : i [3/# 7 (Circle / Ellipse).

01 : i[5/ & (Circle / Ellipse Curve).

10 : H4EJE (Square).

11 : i [ %5 % (Circle Square).

NA

1-0

Draw Circle / Ellipse Curve Part Select(DECP)
00: % K5 HiZk(Ellipse Curve).
01: % 77 #hiZ(Ellipse Curve).
10: & _LJ7#iZk(Ellipse Curve).
11: 41 F /7 £k (Ellipse Curve).

(DLHSR, DLVSR) (DLHSR, DLVSR) (DLHSR, DLVSR)

(DLHER, DLVER) (DLHER, DLVER)

Draw Line Draw Square Draw Square fill

(DLHSR, DLVSR)

(DEHR, DEVR)

(DLHER, DLVER)  (DTPH, DPTV)

Draw Triangle

Draw Circle Draw Circle fill

(DLHER, DLVER)

(DLHSR, DLVSR)

(DLHER, DLVER)

Draw Triangle fill

(DTPH, DPTV)
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ELL_A

—

ELL B

(DEHR, DEVR)

Draw Ellipse

ELL_A y(DLHSR, DLVSR)
/di

ELL_A

ELLB ELLA

—

(DEHR, DEVR)

Draw Ellipse Fill

y' (DLHSR, DLVSR)
/gl

“~

(DLHER, DLVER)

“~

(DLHER, DLVER)

Draw Circle Square Draw Circle Square Fill

DECP = 2'b01 DECP = 2b10  DECP = 2b01 DECP = 2b10

DECP = 2'b00 DECP =2'b11 DECP =2’b00 DECP = 2b11

Draw Ellipse curve Draw Ellipse curve fill

19-6 : The Drawing Function

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 | L BE. 0 RW
1 [ 75 % 5 K (major) 45 (minor) i AF 4%

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 VDAL 0 RW
1H) 5 75 B2 1 5 K (major) %5 (minor) A% .
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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 | i R, 0 RW
1 [ 75 % 5 Ko (major) %5 (minor) ik,
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 LRDANE & 0 RW
) [5] 75 B 5 K (major) 45 (minor) kS .
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 £4% Canvas image J%1E., 0 RwW
BA B
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
40 | 128 0 RW
%5£% Canvas image 12,
A B
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 4% Canvas image J%1Z., 0 RW
B AR
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
40 | 1%8 0 RW
2% Canvas image J&1E,
LA
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REG[7Fh] — RESERVED
Bit Description

Access

RO

Default

7-0 NA 0

REG[D2h] Foreground Color Register - Red (FGCR)
Bit Description

Default Access

Foreground Color — Red;, for draw, text or color expansion
7.0 256 o, it ZE 4728 Bit[7:5]. FER
65K i, i L4748 Bit[7:3].

RW

16.7M 1, 1 F k2247 45 Bit[7:0].

REG[D3h] Foreground Color Register - Green (FGCG)

Bit

Description

Default

Access

Foreground Color - Green; for draw, text or color expansion
256 o, it ZE 4728 Bit[7:5].

65K t, i IL 24728 Bit[7:2].

16.7M 4, {fiFH L ZE 4745 Bit[7:0].

FFh

RW

REG[D4h] Foreground Color Register - Blue (FGCB)

Bit

Description

Default

Access

7-0

Foreground Color - Blue; for draw, text or color expansion
256 o, it ZE 4728 Bit[7:6].

65K b, f#i It 221748 Bit[7:3].

16.7M 1, f FH b2 745 Bit[7:0].

FFh

RW

19.7 ¥ AR T AT 45

REG[84h] PWM Prescaler Register (PSCLR)

Bit

Description

Default

Access

7-0

PWM Prescaler Register
Mg 4: N Timer 0 & Timer 1 [{] prescaler 1H..
FAiR: “Core_Freq/ (Prescaler + 1)’

RW

REG[85h] PWM clock Mux Register (PMUXR)

Bit

Description

Default

Access

7-6

Select 2" clock divider’s MUX input for PWM Timer 1
00=1,

01 =1/2.

10=1/4,

11=1/8,

RW
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Bit Description Default Access

Select 2" clock divider's MUX input for PWM Timer O
00 =1,

5>-4 01=1/2, 0 RW
10 =1/4.

11 =1/8.

XPWM][1] pin function control

0X: XPWM[1] fiith RSt A vREAR (Scan FIFO pop #HiREE A
peeaig i uEnss))

3-2 10: XPWM[1] i tHPWM THEE31 (K BOE BUZ PWM  THEE50 11 0 RW
M (dead zone F(fE).

11: XPWM[1] #itHoscillator #ii%.,

W RXTESTI0] Jyhigh, XPWMI] #2542 bt RE AR A .
XPWMIO0] pin function control

0X: XPWMIO0] ~NGPIO-C[7].

10: XPWMI[O] %i tHPWM 1H%(#50.

11: XPWMI[O] % th R 4G000%

REG[86h] PWM Configuration Register (PCFGR)

Bit Description Default Access

7 NA 0 RO

PWM Timer 1 output inverter on/off

THECER A 2 7 S

0= RAMHKH.

1= PWM1AHFIF S -

PWM Timer 1 auto reload on/off

TR 12 BB E

0= #ii (one-shot).

1= W (B3ER).

PWM Timer 1 start/stop

TR TR AL

0= f¥1k,

1= JHA.

- ENEEA (3 EE), HEEZFIEPWM tH8Es,
M50,

—-fEHi 7 (One-shot) DifieH, XA bit 2 HEIHIER.

fi I T A IBOX A bit,  DMEAGIPWMX 2 AT HId 245 1k
PWM Timer 0 Dead zone enable

Determine the dead zone operation.

— o
0= %@Hm

1= #HE.

0 RW
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Bit

Description

Default

Access

PWM Timer 0 output inverter on/off
THECER0 % S

0= AHRM.

1=PWMO =4

RW

PWM Timer 0 auto reload on/off
THEER0 K HBEBIT R 5K M.
0= i (One-shot).

1= N (B3VER).

RW

PWM Timer O start/stop

TR0 TR 5iF1k.

0= f#ik.

1= .

- FENEREE (FBhER), EHIF A S 2 EPWM 50, T
7 BOE X Abit ~0,

-- fEHil7 (One-shot) 13, X bitex HENHIE R

A2 AT LLEEOZ A bit,  DUEARR PWMx E $UAT s 2 1k

RW

REG[87h] Timer 0 Dead zone length register [DZ LENGTH]

Bit

Description

Default

Access

7-0

Timer 0 Dead zone length register
It 8bits 2y dead zone WKL, DATHEES O Mt Ee &M —AN
7 dead zone [)—ANFLALI A SE .

RW

REG[88h] Timer 0 compare buffer register [TCMPBOL]

Bit

Description

Default

Access

Timer 0 compare buffer register --- Low Byte

L O Z2A7- 4 il 3L 16bits, it ae 5 T2/ T Hu gzt 0
AP AR IME, JF BAE PWM THE3 O SOARSC IS SL T, PWMO %
H 4 high.

RW

REG[89h] Timer 0 compare buffer register [TCMPBOH]

Bit

Description

Default

Access

Timer 0 compare buffer register --- High Byte

FL T O E77-28 562 16bits, 4t M T BN T ELEE O
ZAF e ME, JF HAE PWM 1504} 0 SARSCHITEOL T, PWMO %
H°A high.

RW
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Default Access

Timer 0 count buffer register --- Low Byte

7.0 TR 0 217 3% B 3 16bit. 24118083455 T 01, I+ H.reload_en

mﬁm%%%?PWMAﬁﬁﬁﬁ%F0%@%%@@%@%*
2 PWM JTAGTH80A, AT BLE X AN G247 253 0] H i T S0 .

RW

REG[8Bh] Timer 0 count buffer register [TCNTBOH]

Bit

Description

Default

Access

Timer 0 count buffer register --- High Byte
TR 0 2725 B L 16bit. 1T 8285 T 0 Y, H reload_en

Eﬁ%%%%FPWMAEWﬁﬁ%WO%ﬁ%%EQﬁﬁ%¢
2 PWM TR U, W7 OB X AN G A A 35 8l H A A T30

RW

REG[8Ch] Timer 1 compare buffer register [TCMPB1L]

Bit

Description

Default

Access

Timer 1 compare buffer register --- Low Byte
FLE R 1 27 2% S5 2 16bits, TS T 8/ T HER S 1

SEAFSHE, JEHAE PWM HHE0E 1 SO T, PWMO %
H 4 high.

RW

Bit

REG[8Dh] Timer 1 compare buffer register [TCMPB1H]

Description

Default

Access

7-0

Timer 1 compare buffer register --- High Byte
PR 1 G247 48 L2 16bits, MiHEER S5 T 5/ Tt gz vl 1
DeAF AR, JF BAE PWM 503 1 SR HITE AL T, PWMO i

H°4 high.

RW

REG[8Eh] Timer 1 count buffer register [TCNTB1L]

Bit

Description

Default

Access

7-0

Timer 1 count buffer register --- Low Byte
THELZR PR 1 A7 2% 12 3L 16bit. 411 8#: % T O, Jf H.reload_en
mﬁm\%ﬁFPWMAiﬁﬁﬁ%@1%ﬁ%%ﬁﬁﬁﬁ%¢

2 PWM JTAGTH80n, AT BLE X AN G247 25 0l H i T S0 .

RW

REG[8Fh] Timer 1 count buffer register [TCNTB1F]

Bit

Description

Default

Access

7-0

Timer 1 count buffer register --- High Byte
THEGE M 1 G473 SR 16bit. 4 1H8E8 % T 0 1, IF H reload_en
BRI, PWM 2 E S b 1 A7 A BTH s

2 PWM JTAGTH 880G, AT B R AN A 232 m) H i T $UE .

RW
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19.8 XLt g|% (BTE) #&HlZ 748

REG[90h] BTE Function Control Register 0 (BTE_CTRLO)
Bit Description Default Access
7-5 NA 0 RO
BTE Function Enable / Status
Write

0: JTahfk.

1:BTE k.

4 Read 0 RW
0:BTE HE.

1:BTE Ir:fik.

w2 BTE #geit, MPU Xl (Canvas[ LAE®E H]) WAFKIAF
BORE A Fu ¥

3-1 NA 0 RO
PATTERN Format
0 0: 8X8. 0 RwW
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. ROPEMMHEENIAES, FLeBTERAE il L4 & ROPIERE .
(HZE=ET 2.7)

Code Description
0000b 0 ( Blackness )
0001b ~S0 - ~S1 or ~ ( S0+S1)
0010b ~S0 - S1
0011b ~S0
0100b SO - ~S1
0101b ~S1
0110b S07S1
7-4 0111b ~S0+~S1or~(S0-S1) 0 RwW
1000b SO - S1
1001b ~ (S07S1)
1010b S1
1011b ~S0+S1
1100b S0
1101b S0+~S1
1110b S0+S1
1111b 1 ( Whiteness )

b. 5 BTE #/E7E color expansion (08h / 09h / Eh / Fh). H4
XU bits 55 BT —% MPU 5N\ R EHHE 1R bit, X &
ITH BRI BTE & AN EdE. JFHH RS MPU
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Bit Description Default Access

BOBEEG O, B 27F 8-bits MPU #1101 |, HEUEMN %2 0
B 7, F727E 16-bits MPU #2101 &, M%{E N 0 F 15,

BTE Operation Code Bit[3:0]
RA8876 % 2D BTE 5% . ithThfen] LATRME 13 BTE #:1E. A4t
EAERT LLZE & ROP L.

Code Description

MPU Write with ROP

S0: i MPU % A\ %

S1: HNAFIRHEEE .

D: 2% ROP Ui SN HI A AT

0001b Reserved

Memory Copy with ROP

SO: N AFIRBEH .

S1: HNAFIRHEEE .

D: 2% ROP Iigt IS5 A HM M AZEH

0011b Reserved

MPU Write w/ chroma keying (w/o ROP)

S0: B MPU #i N5

45 MPU $#% 5 chroma key(background color 2247
&) BIEAHEE, BLABEHEHEAERAFT.
Memory Copy (move) w/ chroma keying (w/o
ROP)

0101p | SOEEHMAEK, HAATEST .

If SO data doesn’t match with chroma key color
(specified by background color) then SO data will
write to destination.

0110b Pathrn Fi]l \{vith ROP

3.0 SO Hiii KI5 Pattern. . 0 RW
Pattern Fill with chroma keying

SO # 4 KA Pattern.

s SO [ data 55 chroma key (background color) &
BAFEN, MEEEES A BN,

MPU Write w/ Color Expansion

1000b SO [ 75 B s 8diE th MPU 5N, BTE ¥4 1R
ERNBES OE, FFESAERAFY.

MPU Write w/ Color Expansion and chroma
keying

SO [ 7 Z 1 B O KRt MPU SN, SR st B 454 1)
100101 bt sty 1, gham s s A TR €5, A0S E KT A O,
WAFATN. BIESANH AT FHESEEIRE
SE o

Memory Copy with opacity

S0, S1&D: KIES HRSE RN

MPU Write with opacity

S0: i MPU i A\ $f

S1: WAL .

D: 2% Alpha blending #:1E 35 X\ H BN A7
Solid Fill

1100b HWHT . BAREANEFRREE, SEAKNEIRA
H M A7

1101b Reserved

Memory Copy w/ Color Expansion

S0&D T WAF, S1ARMEH.

SO [y B % 4% it MPU B DMA LA 8bpp X 16bpp
R T SFUIN B N A

0000b

0010b

0100b

0111b

1010b

1011b

1110b
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Bit Description Default Access
Memory Copy w/ Color Expansion and chroma
keying

S0&D fifWAF, S1ARMEH.

1111b SO KB - % 2 ik MPU 5k DMA LA 8bpp 5% 16bpp
BRI AP E N AF-

L SO Mz FidE=0 W D A5 N HHE. i SO
FIALE s =1 W 2K BT RSN D.

REG[92h] Source 0/1 & Destination Color Depth (BTE COLR)
Bit Description Default Access
7 N/A 0 RO
S0 Color Depth
6-5 00: 256 4 (8bpp)- 0 RW
01: 64k & (16bpp).
1x: 16M 2 (24bpp).
S1 Color Depth

000: 256 % (8bpp)-
001: 64k & (16bpp).
42 010: 16M & (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

10 00: 256 4 (8bpp)- 0 RW
01: 64k £ (16bpp).
1x: 16M £ (24bpp).

REG[93h] Source 0 memory start address 0 (SO _STRO)

Bit Description Default Access
7-2 Source 0 memory start address [7:2] 0 RW
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 (S0 STR2)
Bit Description Default Access

7-0 Source 0 memory start address [23:16] 0 RW
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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]
o | e E. . W
DAEREN: 4 BEFR. SO_WTH Bit [1:0] W #BIE E N 0.
EAEE R E G R
1-0 Fix at 0. 0 RO
REG[98h] Source 0 image width 1 (S0 WTH1)
Bit Description Default Access
7-5 NA 0 RO
Source 0 image width [12:8]
4-0 LR VAE & 0 RW
AR 4 #FR.  SO_WTH Bit [1:0] W #BEE N 0.
KAEUE R E G A
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
L fFas /2 Source 0 i /E FAHY X AR,
REG[9AN] Source 0 Window Upper-Left corner X-coordinates 1 (SO X1)
Bit Description Default Access
7-5 NA 0 RO
40 Source 0 Window Upper-Left corner X-coordinates [12:8] 0 RW
BEErFas 2 Source 0 /e FAHY X AL,
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
L Fas /2 Source 0 i /E FAHY Y AL,
REG[9Ch] Source 0 Window Upper-Left corner Y-coordinates 1 (SO Y1)
Bit Description Default Access
7-5 NA 0 RO
40 Source 0 Window Upper-Left corner Y-coordinates [12:8] 0 RW
L7 a5 2 Source 0 /e FAHY Y L.
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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]
7.0 WA source 1 WEE T EBE, WMABGAF R 21 E LN 0 RW
ST MBI, WG N By . Mg A745 4 source 1
HAFAEGAAI BT, bit [1:0] RiZgEN 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 2k source 1 I E AT EIIE, WA MEAF K 2HE N 0 RW
ST EHG, R ASREOSD .
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]
7-0 W5 source 1 i@ N HETIE, WA MBI AHs 2 plE UM 0 RW
ST BB, RGO
REG[AOh] Source 1 memory start address 3 (S1_STR3)
Bit Description Default Access
Source 1 memory start address [31:24]
7-0 A source 1 #BE A EBE, WA ILEAFEI 2408 A 0 RW
ST B . HAF G A NBERI) -
REG[A1h] Source 1 image width 0 (S1 WTHO)
Bit Description Default Access
Source 1 image width [7:2]
7o | . } . o
WAREEREN 4 #FR.  S1_WTH Bit [1:0] M E N 0.
EABUE A EE R
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]
o | P B } . o
WIREERER 4 #FR.  S1_WTH Bit [1:0] W[ E N 0.
EABUE A EE R
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REG[A3h] Source 1 Window Upper-Left corner X-coordinates 0 (S1 X0)

Bit Description Default Access
7.0 Source 1 Window Upper-Left corner X-coordinates [7:0] 0 RW
L7 25 = Source 1 e/ LAY X KEHT.
REG[A4h] Source 1 Window Upper-Left corner X-coordinates 1 (S1 X1)
Bit Description Default Access
7-5 NA 0 RO
40 Source 1 Window Upper-Left corner X-coordinates [12:8] 0 RW
L fFas/e Source 1 HIEG/E EAHY X BT,
REG[A5h] Source 1 Window Upper-Left corner Y-coordinates 0 (S1 Y0)
Bit Description Default Access
7.0 Source 1 Window Upper-Left corner Y-coordinates [7:0] 0 RW
IETFE5E Source 1 g/ EAHY Y JEAT.
REG[A6h] Source 1 Window Upper-Left corner Y-coordinates 1 (S1 Y1)
Bit Description Default Access
7-5 NA 0 RO
40 Source 1 Window Upper-Left corner Y-coordinates [12:8] 0 RW
IEET 7 e Source 1 /42 Y Y JFEAE.
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
REG[AAh] Destination memory start address 3 (DT STR3)
Bit Description Default Access
7-0 Destination memory start address [31:24] 0 RwW

£ . B ANAARIEHEEABETERIR 0 RIE 1 ALFEIX Hepy ((image_width)*(image_height)*([1]2|3]color
depth)), ARSH RIS Kot .
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REG[ABh] Destination image width 0 (DT WTHO)
Bit Description Default Access

Destination image width [7:2]

7.9 s 142, 0 RW
DAZRELRERE 4 %%, DT_WTH Bit [1:0] P #8[E EHN 0.
XA EUE R FE EIRGRE.

1-0 Fix at 0 0 RO

REGJACh] Destination image width 1 (DT_WTH1)

Bit Description Default Access

7-5 N/A 0 RO
Destination image width [12:8]

4-0 A B 0 RW
VB e 4 #Fr. DT_WTH Bit [1:0] PI#B[E 2 0.
EAKUE R E G R AE

REG[ADh] Destination Window Upper-Left corner X-coordinates 0 (DT X0
Bit Description Default Access

7-0 Destination Window Upper-Left corner X-coordinates [7:0] 0 Rw

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

REG[AFh] 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 Rw

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 RW

REG[B1h] BTE Window Width 0 (BTE_WTHO0)
Bit Description Default Access

BTE Window Width Setting[7:0]
LA

7-0 EAEE R ERERRE 0 RW
BTE Window Width will be ignored and auto set as 8 or 16 when

BTE’s all pattern fill operation enable.
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REG[B2h] BTE Window Width 1 (BTE_ WTH1)

Bit Description Default Access
7-5 NA 0 RO
BTE Window Width Setting [12:8]
LA &
4-0 EAEAE R ERER R A 0 RW
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 HIGO0)
Bit Description Default Access
BTE Window Height Setting[7:0]
HpL R K.
7-0 XAEE R EREERAE. 0 RW
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]
LA &
4-0 EAEE R EER R A 0 RW
BTE Window height will be ignored and auto set as 8 or 16 when
BTE’s all pattern fill operation enable.
REG|B5h] Alpha Blending (APB CTRL)
Bit Description Default Access
7-4 N/A 0 RO
Window Alpha Blending effect for SO & S1
% W24 alpha VL EE 0.0~1.0 1, 1M 1.0 RRHIETEEANE
W, JfH 0.0 ZoRm)taidEl,
00h: O
01h: 1/32
02h: 2/32
5-0 . 0 RwW
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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19.9 BATINFE S ESPIEHIZ /75

REG[B6h] Serial flash DMA Controller REG (DMA_CTRL)

RA8876

Character/Graphic TFT LCD Controller

Bit

Description

Default

Access

7-1

NA

0

RO

Write Function: DMA Start Bit

A4l MPU B AN 1, JFH S B HEERK 0.

WAL S PRGN FER AR, ALk DMA #3508 16 it Jo ik
B BOE NI A 775

Read Function: DMA Busy Check Bit

0: WHE.

10 R,

KT HRATINARE) DMA &4 7T, L AUREE IR, JF A
Jist e SDRAM Hiff] Canvas HIEHEA E . HIWHE . AR,
FHEEL

RW

REG[B7h] Serial Flash/ROM Controller Register (SFL_CTRL)

Bit

Description

Default

Access

Serial Flash/ROM I/F # Select
0: H4TINAZ/ROM 0 #ikFf.
1: HBATINA/ROM 1 k.

RW

Serial Flash /ROM Access Mode

0: ¥4~ i FI7£ CGROM.

1: DMAf X~ 18 Fii /£ CGRAM. pattern.boot start image =, OSD
ife o

RW

Serial Flash/ROM Address Mode

0: 24 bits FhbAE.

1: 32 bits FHEAE.

R A I Ay B2 32 bits T-hEAE X, A5 #F L A0 H 1T H N EX4B
4 (B7h) B ATINAE, JF HBOE I bit 9 1.

8 F 5t T DA B X AR AT 2 S E AL R D& E A 32bit
HuhkAR .

RW

RA8875 compatible mode

0: #rfE SPI AKX 0 stz 3 1P K.

1: K RA8875 15X 0 5L 3 timing.

7E RA8875 e 75 #5820 i, % 8 132 B () o B & AE AR 1 N B &%
(high->low), Ff HE W2 EMmZ L1 (high->low).

LN ER, % Mode 0, SPI #iHR{FIL7E low.

Y ER, T Mode 3, SPI #ii%/s1E7E high.

RW
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Bit Description Default Access
CPOL  CPHA shift in z{rﬁ? shift out
om0 0os [ LT LT LT L

o
@
><
>

Read Command code & behavior selection

000xb: 1x BLHL A4 03h. BHGHESZ AN Normal read 4% . £ &
FH xmiso Hi N o E bbb 50 () A 75 22

010xb: 1x iEHUAr4 0Bh. Jy faster read i# /& . ¥l /2 H xmiso
N, RAB8T6 {EHuhL 5 HH A 2 ZE N 8 4 i 1.

1x0xb: 1x #H#r 4 1Bh. A fastest read &, ##/2H xmiso
3.0 N . RABBT6 {EHLIL 5 K4 ] 22 FE N 16 A~ fH 0 RIW
xx10b: 2xiEHL 4 3Bh. fExmiso5xmosil A 2 s HRER N, 1E
bt 55 ] 2 %€ 8 N2 A (Dual mode 0,1 2% [& 16-7).
xx11b: 2xiH Ay 4 BBh. Hutikf -5 504 5 N i xmiso -5 xmosi
N, FFHE AR N . EHIE SEEE RS H B EN 4 A
JA (Dual mode 1, iEZ% [& 16-8).

YE: AT serial flash #SCRE LA b dn 4, TEHRHEAE A 1) serial
flash SR IE 0 (1B A 4

REG[B8h] SPI master Tx /Rx FIFO Data Register (SPIDR)
Bit Description Default | Access

SPI master Tx /Rx FIFO Data Register

EFEFFAL core 15278 5, SPI ] LT AL is Bk s dn 4. —
AME 1L 52 R % 11 [SPIDR]ZE A7 2% - 24 MPU % SPIDR 5 A\
B, gk Write FIFO SKik k. B4 5 A\ Write FIFO #5434
I 715 . 8 B Jes core EiRg SS_ACTIVE, £ Write FIFO
EARBHIE T N ENEYE, sl oS BiEmr s A, s
7-0 NI ARk 25 NA RW
FEAE S B (0 (R it s i, — N B AG IR A — 2B 4R B
PR T R ) A R A R B AR T — S S A
5 N Write FIFO v, X2 SEUT A SPI f&4, 1EA&HIFE
I A 2 B B . AT SR, BRI E £ /77F Read
FIFO 7. Read FIFO 5 Write FIFO /M, & BH 16 IRFEH
FIFO, Read FIFO (1% 7] A% B SPIDR 28474 5L HL
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REG[B9h] SPI master Control Register (SPIMCR2)
Bit Description Default Access
7 NA 0 RO
SPI Master Interrupt enable

0: ZERErIHT.

10 et .

e RS A A5 RE SPIM Hh AR, 84 RAB876 ANx kil
25 MPU, it LA & H i A & SPIMSR 2247 2% AR R A A
Tt 15 58 e

Control Slave Select drive on which xnsfcs

S 0: nSS i xnsfcs[0] BKX). 0 RW
1: nSS H xnsfcs[1] ¥zl

Slave Select signal active [SS_ACTIVE]
0: AENE (nSS KL%t high).

4 10 ZIE (nSS K2t low), 0 RW
£ SS_ACTIVE B NARFER, FIFO ¥4It Hol 4k ik
TE R B RS
& IS SS_ACTIVE sh{ERf, ANEH i CPOL/CPHA #iE .
Mask interrupt for FIFO overflow error [OVFIRQMSK]
3 0: NGt 1 RW
1. B
Mask interrupt for while Tx FIFO empty & SPI engine/FSM idle
5 [EMTIRQMSK] 1 RW
0: ABFEik.
10 BEii
SPI operation mode
M E L DMA 4k CGROM i, SPI H 3+ mode 0 5 mode 3.
mode CPOL: CPHA:
1:0 Clock Polarity bit Clock Phase bit 0 RW
0 0 0
1 0 1
2 1 0
3 1 1

e At CPOL=0, SCK #iRAERINER N 0.
o For CPHA=0, ¥ RAEMEN ETHZiE (low->high), I H A8 48 K P& 2% (high->low) 284k
o For CPHA=1, #ls /2 fEH 1 F T+ & (high->low), JF H & £ 7E 54K (low->high).

e AtCPOL=1, SCK#iZFmANER N 1(5 CPOL=0 [ 4H).
0 For CPHA=0, % £ EMZRM N T E (high->low), F H&dE 27 b 2221k (low->high).
o For CPHA=1, ¥l ZAEMR ) ETHE B (low->high), 3 H&d 2 7E T B& 2% (high->low) 281k
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ook CPOL=0 —uArumuruyru ey
JN U U U Y U U O O

CPoL=1
CcS m ~
Clock# i1z (I ya Ve 1710
CPHA =0 S0 B N EE KR N D S R
S0 T E 7
Clock # I N
CPHA =1 5O 7 i 5
Sho SN SN ERES D LD RS ENG
B 19-7

% 19-2: SPI MODES

SPI MODE CPOL CPHA
0 0 0
1 0 1
2 1 0
3 1 1

REG[BAhA] SPI master Status Register (SPIMSR)

Bit

Description

Default

Access

Tx FIFO empty flag
0: K= (not empty).
1. &7 (empty).

RO

Tx FIFO full flag
0: #i# (not full).
10 B (full).

RO

Rx FIFO empty flag
0: K= (not empty).
1. &7 (empty).

RO

Rx FIFO full flag
0: Ki% (not full).
1. Cf (full).

RO

1: Overflow interrupt flag
G 1K TE RIS .

RW

AR RS

1: Tx FIFO empty & SPI engine/FSM idle interrupt flag

RW

1-0

NA

RO
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REG[BBh] SPI Clock period (SPI DIVSOR)
Bit Description

Default
SPI Clock period
7o | BERGHE TSP L E SR LIBE R

3 RW
Feok = Feore/ .
(divisor +1)x 2

Access

REG[BCh] Serial flash DMA Source Starting Address 0 (DMA SSTRO)
Bit Description

Default Access

Serial flash DMA Source START ADDRESS [7:0]
7-0 LT 283 E BHIRPANEYfiriE address [7:0]. 0 RW
FLREAE E SRR B A ke da sk .

REG[BDh] Serial flash DMA Source Starting Address 1 (DMA SSTR1)
Bit Description

Default Access

Serial flash DMA Source START ADDRESS [15:8]
7-0 T esa e RA I PINERYfir il address[15:8]. 0 RW
FLAR E R YR B R R dR L .

REG[BEh] Serial flash DMA Source Starting Address 2 (DMA SSTR2)
Bit Description

Default

Access
Serial flash DMA Source START ADDRESS [23:16]
7-0

T 2R E B H I RPN FEAI ikl address[23:16]. 0 RW
BRI E A A b

REG[BFh] Serial flash DMA Source Starting Address 3 (DMA SSTR3)
Bit Description

Default

Access
Serial flash DMA Source START ADDRESS [31:24]
7-0

HEF e e BAIREINFRVALIE address[31:24]. 0 RW
LR SRR B iR sk

REG[COh] DMA Destination Window Upper-Left corner X-coordinates 0 (DMA_DXO0)
Bit Description

Default Access

When REG 5Eh (AW_COLOR) bit 2 = 0 (Block Mode)

7.0 B2 A7 &% XL DMA (R (Canvas) b H K8 M2 5 X[7:0]. 0
When REG 5Eh (AW_COLOR) bit 2 =1 (Linear Mode)

P2 A7 2% 52 L SDRAM {11 H i P A7 HLhE[7:2]

RW
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REG[C1h] DMA Destination Window Upper-Left corner X-coordinates 1 (DMA DX1)

Bit Description

Default Access

70 21725 € X DMA IS (Canvas) b H 8 H 4 1 X[12:8].

When REG 5Eh (AW_COLOR) bit 2 =0 (Block Mode)

0 RW
When REG 5Eh (AW_COLOR) bit 2 =1 (Linear Mode)
L2 A7-45 2 . SDRAM (¥ H ¥ I A7 bk [15:8].

REG[C2h] DMA Destination Window Upper-Left corner Y-coordinates 0 (DMA DYOQ)

Bit Description

Default Access

7-0

When REG 5Eh (AW_COLOR) bit 2 = 0 (Block Mode)

I ZEA7 8% 5€ L DMA [IJER (Canvas) b HRIE DA E £ Y[7:0]. 0 RW
When REG 5Eh (AW_COLOR) bit 2 = 1 (Linear Mode)

IR A7 2% 52 L SDRAM [f H ¥ 4 77 Hu 11k [23:16].

REG[C3h] DMA Destination Window Upper-Left corner Y-coordinates 1 (DMA DY1)

Bit

Description Default Access

7-0

When REG 5Eh (AW_COLOR) bit 2 = 0 (Block Mode)
A7 3% € L DMA IR (Canvas) & HME HA A Y[12:8]. 0 RW
When REG 5Eh (AW_COLOR) bit 2 =1 (Linear Mode)

I ZEA7 2% 2 L SDRAM ¥ H (19 4 f7 Hitik[31:24]

Bit

REG[C4h] — REG[C5h] : RESERVED

7-0

Description Default Access
NA

0 RO

Bit

REG[C6h] DMA Block Width 0 (DMAW WTHO)

Description Default Access

7-0

When REG 5Eh (AW_COLOR) bit 2 = 0 (Block Mode)
DMA [X B 5 FE[7:0].

0 RW
When REG 5Eh (AW_COLOR) bit 2 =1 (Linear Mode)
DMA &4 % H[7:0].

Bit

REG[C7h] DMA Block Width 1 (DMAW WTH1)

Description Default Access

70

When REG 5Eh (AW_COLOR) bit 2 =0 (Block Mode)
DMA [X 35 2 [15:8].

0 RW
When REG 5Eh (AW_COLOR) bit 2 =1 (Linear Mode)
DMA &5 %t H[15:8].
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Bit Description
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Default Access

When REG 5Eh (AW_COLOR) bit 2 =0 (Block Mode)
2.0 DMA [X 35 EE[7:0].

0 RW
When REG 5Eh (AW_COLOR) bit 2 =1 (Linear Mode)
DMA &5 % H[23:16].

REG[C9h] DMA Block Height 1 (DMAW HIGH1)
Bit Description

Default Access

When REG 5Eh (AW_COLOR) bit 2 = 0 (Block Mode)
-0 DMA X 35 BE[15:8].

0 RW
When REG 5Eh (AW_COLOR) bit 2 = 1 (Linear Mode)
DMA &5 % H [31:24].

REG[CAh] DMA Source Picture Width O(DMA_SWTHO)
Bit Description

Default Access

7.0 DI\/IA Source Picture Width [7:0] 0 RW
LEDAES 8

REG[CBh] DMA Source Picture Width O(DMA_ SWTH1)
Bit Description

Default Access
4-0 DMA Source Picture Width [12:8] 0 RW

Source serial flash ROM

SDRAM

" (Dra_DY, DMA_DX): physical address

(DMA_SSTR)

O TF3/201)

Linear mode

Source serial flash ROM

SDRAM

{Canvas)
(DhA_SSTR)

Dhda_Dvy, Dhdd,_Dix
< (OME_TFL, (DMA_DY, DMA_DX)

b - A 1

lae - (DME_SATH)_ |

Block mode

B 19-8 : DMA Linear and Block Mode
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REG[CCh] Character Control Register 0 (CCRO)

RA8876

Character/Graphic TFT LCD Controller

Bit

Description

Default

Access

7:6

Character source selection

00: #F CGROM N7 Kk o

01: #}# CGROM JFFFKIE (BRIBINTE).
10: & E LFFF .

11: NA.

RW

5-4

Character Height Setting for external CGROM & user-defined
Character
00b : 16;
01b : 24;
10b : 32;
7

1. AEHE O TR 9 57 745, 5h< 8000h I
N¥AT, N 8/12/16. HFih>=8000h 4T, TN
16/24/32,

2. LN TR ELMSHEFIFNARE, IFHEE GT
Font ROM (CEh, CFh) #3522 174%.

3. W CGROM I #F 8x16 / 12x24 | 16x32.

ex. 8x16 / 16x16 /255 x 16,
ex. 12x24 | 24x24 [1NE:58 x 24,
ex. 16x32 / 32x32 /4558 x 32,

RW

3-2

NA

RO

1-0

Character Selection for internal CGROM

1 FNCROB7 =0 5 B6 =0, ¥ 2N CGROM 7474,
HHA#H CGROM % 7 ISO/IEC 8859-1,2,4,5, HJ L7 RFd L
J R B B K 15 5

00b : ISO/IEC 8859-1.

01b : ISO/IEC 8859-2,

10b : ISO/IEC 8859-4,

11b : ISO/IEC 8859-5,

RW

REG[CDh] Character Control Register 1 (CCR1)

Bit

Description

Default

Access

Full Alignment Selection Bit

0: &X554ERE.

10 N FFEEE.
HAXSFEEEN, BRI T R TR R /2. SRR
MR FFFE LR DT HRETZHEE 12 Wame BR L EN
112 mfE, SN BoR e BEAH R 52 .

RW

Chroma keying enable on Text input
0: FRMEHE 0 & o e ERET.
1 FRIMEYE 0 2 5oR KK (Canvas)

RW

RAIO TECHNOLOGY INC. www.raio.com.tw

209/232




RA8876

Character/Graphic TFT LCD Controller

RAIO™

Bit Description Default Access
5 NA 0 RO
Character Rotation
0 : Normal
LA TT N B EE T .
4 1: Wilgr 90 i, JFHAEEFI. 0 RW
XFTTIRMN BB N E LR
(XRIZWE VDIR 4 1),
ZH BN PR SE, AR, A E A LA A
RS EH] core_busy SR & /& 75 A PLHEAT T 4.
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
7.5 010b: GT30L24T3Y 0 RW
011b: GT30L24M1Z
100b: GT30L32S4W
101b: GT20L24F6Y
110b: GT21L24S1W
4-0 N/A 0 RO
REG|CFh] GT Character ROM Control register (GTENT CR)
Bit Description Default Access
Character sets
XF TR E 14 CGROM, 47 =5 G 7 2 AT X R o
a. Single byte character code for following character sets:
7-3 00100b: ASCII only (00h-1Fh, 80-FFh will send “blank space”) 0 RwW
10001b: 1ISO-8859-1 + ASCII code
10010b: 1SO-8859-2 + ASCII code
10011b: 1SO-8859-3 + ASCII code
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Bit Description Default Access

10100b: 1SO-8859-4 + ASCII code

10101b: 1ISO-8859-5 + ASCII code

10110b: 1ISO-8859-7 + ASCII code

10111b: 1ISO-8859-8 + ASCII code

11000b: 1SO-8859-9 + ASCII code

11001b: 1ISO-8859-10 + ASCII code

11010b: 1ISO-8859-11 + ASCII code

11011b: 1ISO-8859-13 + ASCII code

11100b: 1ISO-8859-14 + ASCII code

11101b: 1ISO-8859-15 + ASCII code

11110b: 1ISO-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

YE: Ik bits % & A & 00011b, 00101b, 00110b, 00111b
(UNICODE, UNI-Japanese, JIS0208, Latin / Greek / Cyrillic /
Arabic / Thai / Hebrew) 545 —A~Fi3 a1 4E 80h LLR, <
WAL ASCII SRARHE,

2 N/A 0 RO
GT Character width setting

00b: X T[] & Be L I F AP 4L, R B2 mE ) —¥. Ex.
ISO-8859, GB2312, GB12345/GB18030, BIG5, UNI-Japanese,

1-0 0 RwW
JIS0208, Thai.
Others: UL NFFFHBA AT FFF: ASCII, Latin, Greek,
Cyrillic & Arabic.
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)
R o IF] 7€ B &
TE E
00b e L e NA (auto set by chip)
01b Arial N5 5 AT 0 A ARER NA
10b Roman A& % NA 2 B A& 58 NA
11b Bold NA NA NA
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REG[DOh] Character Line gap Setting Register (FLDR)

Bit Description Default Access
7-5 NA 0 RO
Character Line gap Setting
BOEFRTATER, BMATREER UGN BT —17. (B
4-0 fir ) 0 RwW

ITERRIBN S A SO 8 OE N T .
AT S 5 T RO REESD .

Active Window
| o | w5
Character Line gap

R a[1]o]

Bl 19-9: Character Line Gap

REG[D1h] Character to Character Space Setting Register (F2FSSR)
Bit Description Default Access

7-6 NA 0 RW

Character to Character Space Setting
00h : 0 pixel

01h : 1 pixel

02h : 2 pixels

3Fh : 63 pixels
TR ) PR 2 I
1) HKK%S?%EU(E%JJO

Active Window — r— Character to Character Space

RIAlI O

19-10: Character to Character Space
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REG[D2h] Foreground Color Register - Red (FGCR)

Bit

Description

Default

Access

7-0

Foreground Color - Red; for draw, text or color expansion
256 1, NULZZAEAR T Bit[7:5].

65K o, AILZZIEAEH Bit[7:3].

16.7M 4, JYIZEAF 2511 Bit[7:0].

FFh

RW

REG[D3h] Foreground Color Register - Green (FGCG)

Bit

Description

Default

Access

7-0

Foreground Color - Green; for draw, text or color expansion
256 4, NUILZATERIN Bit[7:5].

65K {1, NILZZAE AR Bit[7:2].

16.7M &, NILZEAF251 Bit[7:0].

FFh

RW

REG[D4h] Foreground Color Register - Blue (FGCB)

Bit

Description

Default

Access

7-0

Foreground Color - Blue; for draw, text or color expansion
256 1, NULZZAEARIT Bit[7:6].

65K o, UL Bit[7:3].

16.7M o, NILZEA7 451 Bit[7:0].

FFh

RW

REG[D5h] Background Color Register - Red (BGCR)

Bit

Description

Default

Access

Background Color - Red; for Text or color expansion

256 1, NULZZAEART Bit[7:5].

65K o, NILZZAEAEH Bit[7:3].

16.7M {1, N2 Bit[7:0].

POE L LW R OBV SRS L AERE ST R O RE,
T UG BT 2 DT U TR 7 ek, 78 BTE DhRg
JRIE], AN [FME .

00h

RW

REG[D6h] Background Color Register - Green (BGCG)

Bit

Description

Default

Access

7-0

Background Color - Green; for Text or color expansion

256 1, NULZZAEART Bit[7:5].

65K o, NILZZAEAR1 Bit[7:2].

16.7M &, NILZEAF251 Bit[7:0].

POME L LW R OBV S L AERE SHT R AR,
TN EHE BT 2 DTt TR 7 e, 78 BTE DhRg
JRIE], AN [FME .

00h

RW
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REG[D7h] Background Color Register - Blue (BGCB)
Bit Description Default Access

Background Color - Blue; for Text or color expansion
256 1, NULZZAEAR T Bit[7:6].

65K {1, JNILZEAFE% 1) Bit[7:3].

7-0 16.7M 1, NULZEAF 3311 Bit[7:0]. 00h RW
E L LW S OENR SR L AZERCE SETR M FERE,
B g B 7 1 2ot LT 7 TR 7 e R, 72 BTE TR
JRIF]),  ANA]BAH [FE

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]
oo | BEREE TR L. . W
{EHZ LA KK (Canvas) e KA CGRAM (144,

It HAEH CGRAM bl 22 17 #% K IMHL CGRAM 144 .

REG[DCh] CGRAM Start Address 1 (CGRAM STR1)
Bit Description Default Access

CGRAM START ADDRESS [15:8]
o | HEREE AL . -
(1% L AE IR (Canvas) 1844\ CGRAM %,

JF HAE T CGRAM [k 22 47 45 KA CGRAM ¥4 -

REG[DDh] CGRAM Start Address 2 (CGRAM STR2)
Bit Description Default Access
CGRAM START ADDRESS [23:16]

f8 3 7 S 4% 2 ) (R i

& B K E (Canvas) HIBE KA CGRAM 1%,
I HAEH CGRAM FyHshil 5747 45 K ITHL CGRAM % -

REG[DEh] CGRAM Start Address 3 (CGRAM STR3)
Bit Description Default Access

CGRAM START ADDRESS [31:24]

7.0 S 3 0 A s 1Al ) ik 0 RW

i FHLAUE KK (Canvas) 3EE KN\ CGRAM (1),

It HA5H CGRAM [Pk 2247 %5 KANEL CGRAM (144 .

R WURAE R R SUE MRS, dekE . A7EE. AEE. Arirfa. W, wrEEEsEREE, A
H Wi i€ core_busy (fontwr_busy) CIRZSZELE low.
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19.11  REVREHIEHIZ TS

REG[DFh] Power Management register (PMU)
Bit Description Default Access

Enter Power saving state
0: AriERE BN R A e i
10 BEANE A,
b
A =M IR DL F AR nge
7 SN TR | B AL R . B 0 RwW
XFIXA bit 5 0 A P AR Mg, 7 R ST f5 L bit A i
N0, FERGARTEAIFMER, BB bit 574 1. MPU 215 £ &
Grkth A A RE UV S A7 4% . 3 FH 3 m) DUk &5 it A i A
PR AL bit [1] (power saving) KM RS C 4 M
PR e T .
6-2 NA 0 RO
Power saving Mode definition
00: NA
01: Rl
1-0 CCLK & PCLK £xf5 1k, MCLK ¥ 45 i MPLL $24t. 3 RW
10: PRIRAE

CCLK & PCLK £:f%1k, MCLK N OSC #iR f it .
11: BEAR AL

FiE MRS PLL #8215 1k,

19.12 SDRAM¥ZHI|Z175s

REG[EOh] SDRAM attribute register (SDRAR)
Bit Description Default Access

SDRAM Power Saving type
7 0: 447 power down fir 4 LLIE N5 HERRE 0 RW
1: AT self refresh iy 4 LAIE N HIRR
SDRAM memory type (sdr_type)

6 Ob: SDR SDRAM 0 RW
1b: mobile SDR SDRAM

SDRAM Bank number (sdr_bank)
5 0b: 2 banks (column itk K/ H 57 KF 256 words) 1 RW
1b: 4 banks

SDRAM Row addressing (sdr_row)
00b: 2K (A0-A10)

01b: 4K (A0-A11)

1Xb: 8K (A0-A12)

4-3
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Bit

Description

Default

Access

2-0

SDRAM Column addressing (sdr_col)
000b: 256 (A0-AT7)

001b: 512 (A0-A8)

010b: 1024 (A0-A9)

011b: 2048 (A0-A9, A11)

1XXb: 4096 (A0-A9, A11-A12)

RwW

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

REG[E1h] SDRAM mode register & extended mode register (SDRMD)

Bit

Description

Default

Access

7-5

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: {#H

100b: {4

101b: One-eighth array (1/8)

110b: One-sixteenth array (1/16)

111b: 4H

RW

4-3

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

RW

2-0

SDRAM CAS latency (sdr-caslat)
010b: 2 SDRAM clock

011b: 3 SDRAM clock

Other: {48

03h

RW

*JE : This register was locked after sdr_initdone bit was set as 1.
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REG[E2h] SDRAM auto refresh interval (SDR _REF ITVLO)
Bit Description Default Access

Refresh interval (Low byte)

SDRAM W8 E s kilE i [E], H1 SDRAM S 145
xR RE SR 5E 5 0000h, SDRAM H SIRIET K S 2R RE .
PSRRI BT (2 AR 5% SDRAM’s Refresh (/A #I#IKS 5 row size
7-0 RPLE 00h RW
Ex. % SDRAM #ii% & 100MHz, SDRAM (1]l 1 Tref &
64ms, JfH row size Jy 8192, B4 PN IIHT I A] N 1% 2 /N T
64e-3 / 8192 * 100e6 ~= 781 = 30Dh, K ItItZE 7 [E2h][E3N]
/e € 30Dh

REG[E3h] SDRAM auto refresh interval (SDR_REF ITVL1)
Bit Description Default Access

Refresh interval (High byte)
7-0 SDRAM W &8 E FhlE (], i SDRAM iR i+%1. 00h RW
sk 1 B A2 17 824852 55 0000h, SDRAM HETRIETEG S B 2ERE .

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
S It bit MVEREE By O 0 RW

XMCKE pin state
N H T XMCKE 51 IR 25 o
0: SDR A fF A ZERE -
1: SDR WS BiE
Report warning condition
0: ZEREEIH bR & bR .
10 BUREE S AR
Bt A R SN A R SDRAM S kbl (R g2 i

° RO AR 2 512bytes) B R T T A7 BCAS v [ B 5 B ° R
SDRAM 55 BRAS b it 588 (¥ 2, 4 %¢$1¢4%%%)§2%ﬁ1m,
A I AT AR 2R IX AR E o« XA E AR ) LS B XA
bit 7y 0 RiG -
SDRAM timing parameter register enable
5 (SDR PARAMEN) 0 RW

0: Z%ft SDRAM N & S5 52 (7 %8
1: ﬁz H& SDRAM It 5 S 52 47 2%
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Bit Description Default Access
SDRAM enter power saving mode (sdr_psaving)
1 0 2 1 AL 23 N4 Ha A 2. 0 RW
1 3 0 AR AeRs itk Hh 4 r s
Start SDRAM initialization procedure (sdr_initdone)
0 #| 1 ¥4 21T SDRAM HIEAFET «
0 BN R~ SDRAM CAW#Iaa 1 FF BT I A7 L T . 0 RwW
—H#E 15, MAEHESH 0.
1 3 0 AT ZIE AT
=+ R%| SDRAM WP R A Y SDR_PARAMEN (REG[E4], b2) &R 1 KA.
REG[EOh] SDRAM timing parameter 1
Bit Description Default Access
7 NA 0 RO
6 NA 0 RwW
5 NA 0 RwW
4 NA 0 RwW
tMRD : Load Mode 174 %l Active B Refresh it 4[] ]
3-0 2 RW
00h — OFh: 1 ~ 16 SDRAM #i %,
REG[E1h] SDRAM timing parameter 2
Bit Description Default Access
. 5 2 ﬁ /ﬁ‘ o
4 | tRFC: EZHRIH A 8 W
00h — OFh: 1 ~ 16 SDRAM clock.
3.0 tXSR : Bk SELF REFRESH-to-ACTIVE command. 7 RW
00h — OFh: 1 ~ 16 SDRAM #ii %,
REG[E2h] SDRAM timing parameter 3
Bit Description Default Access
7.4 tRP : PRECHARGE 1T 4[] J& #1i [](15/20ns) . 9 RW
00h — OFh: 1 ~ 16 SDRAM #i %,
3.0 tWR : Time of WRITE recovery time. 0 RW
00h — OFh: 1 ~ 16 SDRAM #i %,
REG[E3h] SDRAM timing parameter 4
Bit Description Default Access
7.4 tRCD : ACTIVE-to-READ & WRITE HJ%EiR I [H] . 9 RW
00h — OFh: 1 ~ 16 SDRAM #i %,
30 tRAS : Time of ACTIVE-to-PRECHARGE. 6 RW

00h — OFh: 1 ~ 16 SDRAM i
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19.13  FEIIC ZHEH#
REG[E5h] IIC Master Clock Pre-scale Register 0 (IICMCPRO)
Bit Description Default Access
7.0 IIC Master Clock Pre-scale [7:0] 0 RW
XSCL = CCLK / (5*(Pre-scale + 2))
REG[E6h] IIC Master Clock Pre-scale Register 1 (ICMCPR1)
Bit Description Default Access
7.0 IIC Master Clock Pre-scale [15:8] 0 RW
XSCL = CCLK / (5*(Pre-scale + 2))
REG[E7h] IIC Master Transmit Register (ICMTXR)
Bit Description Default Access
7-0 IIC Master Transmit [7:0] 0 RW
REG[E8h] IIC Master Receiver Register (ICMRXR)
Bit Description Default Access
7-0 IIC Master Receiver [7:0] 0 RW
REG[E9h] IIC Master Command Register (ICMCMDR)
Bit Description Default Access
START
7 FEA(EE )R KA, I H bt B3R . 0 RW
YE 1 EHGXAN bit KiE A 0.
STOP
6 FEAEAT IR A, I B AL 2P B 35 RR 0 RW
& G bit KN 0.
READ(READ and WRITE can’t be used simultaneously)
S M slave S2EHfE, FF H A7 24 il B 205 R 0 RW
2 G bit KN 0,
WRITE(READ and WRITE can’t be used simultaneously)
4 %I Slave 5 N, I H A 2w 4F B 25 . 0 RW
& G bit Kt 0.
ACKNOWLEDGE
4 1IC master UK BRI .
3 0: Sent ACK. 0 RW
1: Sent NACK.
YE © EHGXA bit KiE A 0.
2-1 NA 0 RO
Noise Filter
0 02548, 0 RW
1: FHE.
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REG[EAhN] IIC Master Status Register (ICMSTUR)
Bit Description Default Access

Received acknowledge from slave

7 0 : Acknowledge # i % . 0 RO
1: %A Acknowledge %52,
IIC Bus is Busy

6 0: INEIRZ, 7E STOP {5 S5 #MINZIRS, I bit Jy 0. 0 RO
10 URRIRES, 7€ START 5S4 TI EIR, 1 bit 9 1.

5-2 NA 0 RO
Transfer in progress

1 0: HfE4E RN . 0 RO

10 SR IEEEAT

Arbitration lost

1 RA8876 k% arbitration i}, iXA™ bit 2% 1. Arbitration 2=
REHPIROA

—/> STOP {5 SR AT, (HRIFRAHENK, UL RA8876 I
master 23Xz} SDA 4 high, {H2&H &) master 2K SDA IRz
low,

19.14 GPI 5 GPO Z£7F%

REG[FOh] GPIO-A direction (GPIOAD)

Bit Description Default Access

General Purpose I/O, Port A
GPIO-A_dir[7:0] : General Purpose I/O direction control

7-0 FFh RwW
0: Hith.
10 FIN.

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

7.0 For Write, Port A’s General Purpose Output N NA RW
GPO-A[7:0] : A s il I Attt , 5 DB[15:8 3L =51 .
For Read, Port A’s General Purpose Input
GPI-A[7:0] : A s il % N\, 5 DB[15:83L = 51 Ji.
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REG[F2h] GPIO-B (GPIOB)

Bit

Description

Default

Access

7-5

NA

NA

NA

For Write. Port B’s General Purpose Output
A 5 KOUTIOL 5] .

For Read, Port B's General Purpose Input
NS KIN[OJH: = 5] Ji .

NA

RW

3-0

For Read, Port B's General Purpose Input
XA bit 7& R, WA AR A AT TR .
{XA0, XnWR, XnRD, XnCS}

NA

REG[F3h] GPIO-C direction (GPIOCD)

Bit

Description

Default

Access

General Purpose I/O, Port C

GPIO-C _dir[7:0] : General Purpose I/O direction control
0: #ithe

10 FN.

FFh

RW

REG[F4h] GPIO-C (GPIOC)

Bit

Description

Default

Access

7-0

General Purpose I/O, Port C

GPIO-C[7] & GPIO_C[4:0] : General Purpose Input / Output
5 {XPWMO0, XnSFCS1, XnSFCSO0, XMISO, XMOSI, XSCK} #t
1Y

GPIO Ljfig R A EAH BT REMEERERS A REAL I -

(ex. PWM, SPI master disabled).

*** GPIO_CI[6:5] & iz T,

NA

RW

REG[F5h] GPIO-D direction (GPIODD)

Bit

Description

Default

Access

7-0

General Purpose I/O, Port D

GPIO-D_dir[7:0] : General Purpose I/O direction control
0: ¥tk

(HE I

FFh

RW

REG[F6h] GPIO-D (GPIOD)

Bit

Description

Default

Access

General Purpose I/O, Port D

Only available on digital display package type
GPIO-DJ[7:0] : General Purpose Input/Output
5 PDAT[18, 2, 17, 16, 9, 8, 1, O3 =5 Jil.

NA

RW
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REG[F7h] GPIO-E direction (GPIOED)

Bit Description Default Access
General Purpose I/O, Port E
7.0 GPIO-E_dir[7:0] : General Purpose I/O direction control FEh RW
0: Hiho
10 HN.
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.
5 XPDAT[12, 11,10, 7, 6, 5, 4, 33L = 5] il
REG[F9h] GPIO-F direction (GPIOFD)
Bit Description Default Access
General Purpose I/O, Port F
7.0 GPIO-F_dir[7:0] : General Purpose I/O direction control FEh RW
0: Hith.
10 FAN.
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.
5 XPDAT[23, 22, 21, 20, 19, 15, 14, 13]3L 5| .,
19.15  @EEHIZFH
REG[FBh] Key-Scan Control Register 1 (KSCR1)
Bit Description Default Access
7 {‘%%f - 0 0
WA 0.
Long Key Enable Bit
6 1 SAE, KAH ) Wb KSCR2 bitd-2 #5E . 0 RW
0: %:ge.
Short Key de-bounce Times
TH B Rk 1], DA key-scan 33 JE A R
5.4 | 00b:4 0 RW
01b: 8
10b: 16
11b : 32
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Bit

Description

Default

Access

Repeatable Key enable
0: ZEREE B,
1) BREE .
ie, WIARERIRLHL T, JF BB AR RERITE LT, B Ad
A 2 B AT DR R PV R sER I Tt e v T, (ER A
ATEFE R WS, S SFE AR S rhibr, By
PRIRSTE L — R B h W 2D s B A T A R AL B BURE IR 4
R TR BT RIS T) S DARAZ B KA RIS T8], - [ A BRI ™ A2 )5
I A RS B R — R b, DA Z5 i B v T AT

RW

2-0

Row Scan Time
Period of Key scan controller to scan one row.

! x 2048

TKEYCLK =
SYSCLK

ROW _ SCAN _Time =T,gyc «
ROW _ SCAN _Time =T,y « X2
ROW _ SCAN _Time =T,y « x4
ROW _SCAN _Time =T,y « X8
ROW _ SCAN _Time =T,y « x16
ROW _ SCAN _Time =T,gyq « x32
110: ROW _SCAN _Time =T,gyc « X 64
111: ROW _SCAN _Time =T,gyc « X128

This key pad controller supports 5x5 keys. Total Key pad
scan time = Row Scan Time * 5

000:
001:
010:
011:
100:
101:

RW

REG[FCh] Key-Scan Controller Register 2 (KSCR2)

Bit

Description

Default

Access

Key-Scan Wakeup Function Enable Bit
0: Key-Scan Mt T e bl 26 .
1: Key-Scan Wi T fe i 2R

R/W

Key released interrupt enable
0: A RN, B 2
10 UFTA RO A Pk

RW

NA

RO

4-2

Long Key Recognition Factor

K daE KAZBA T IN [0], R e ol v R KAk A
", #E0H 7

LongKeyRecognitionTime

ES AN

=RowScanTime x 5 x
(LongKeyRecognitionFactor +-1) x 1024

RW
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Bit Description Default | Access

Numbers of Key Hit.

0: WHIBPILT.

1. —8¥#% F, REG[FDh]Z##AD .
1-0 2 Wi % N, REG[FEhZ 358 /Mg . 0 RO
3 =ANEEME T, REGIFFh]Z 358 =AM,

L AR I — AN B Sk s 18] Y A AR AT d e B A T, X ANr
ESEEIS

REG[FDh] Key-Scan Data Register (KSDRO)
Bit Description Default Access

Key Strobe Data0

2.0 XF LR O BEAZ T o TBD RO

FEMIE GBI 1) 3 BOA AR T s % PRIt NthgeAras &
5l ] FFh.

REG[FEh] Key-Scan Data Register (KSDR1)
Bit Description Default Access

Key Strobe Datal

7.0 X B 1 BEAZ T 1B RO

FEML NSRBI 5] 3 BOA AR L A% Pt WItkgeAras &=
5] 3] FFh.

REG[FFh] Key-Scan Data Register (KSDR?2)
Bit Description Default | Access

Key Strobe Data?

20 X N7 R 2 A% R o TBD RO

FEARTRL NI (5] Y BOA A P2 B2 FIfe, Wk as =
[ml £ FFh,

% 19-3: Key Code Mapping Table (Normal Key)
Kin0 Kin1 Kin2 Kin3 Kin4
Kout0 00h 01h 02h 03h 04h
Kout1 10h 11h 12h 13h 14h
Kout2 20h 21h 22h 23h 24h
Kout3 30h 31h 32h 33h 34h
Kout4 40h 41h 42h 43h 44h

2 19-4 : Key Code Mapping Table (Long Key)

Kin0 Kin1 Kin2 Kin3 Kin4
Kout0 80h 81h 82h 83h 84h
Kout1 90h 91h 92h 93h 94h
Kout2 AOh A1h A2h A3h Adh
Kout3 BOh B1h B2h B3h B4h
Kout4 COh C1h C2h C3h C4h
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20. RA8876 LB TFRIFIFR

= A-1
® : Supported, — : Not supported
GT21L16T1W supports font Supp?)'rAtg?i?gtatus Remarks
15X16 dots GB12345 font o
15X16 dots BIG5 basic font ([
The RA8876 can not support the particular fonts
which are illustrated in the ¥ A-2, caused by
15X16 dots JIS0208 basic font [ the designing bug from GENITOP, but this
problem could be solved through the software
modification when needed.
15X16 dots Unicode font (Japanese) o
5X7 dots ASCII font —_
7X8 dots ASCII font —_—
6X12 dots ASCII font —
8X16 dots ASCII font (]
8X16 dots bold ASCII font o
12 dots ASCII font (Arial) —_—
16 dots ASCII font (Arial) o
8X16 dots Latin font (]
8X16 dots Greek font o
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 o
16 dots Arabia extendable font (]
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2% A- 2: Character code for JIS0208 (RA8876 can not support)

| ==& [ vI]vY]olzx]x]#
0135 | 0169 | 0170 | 0173 | 0206 | 0207 | 0379 | 0413 | 0414 | 3344
i} 5 6 Je Al & 2 =t i
3436 | 3636 | 3680 | 3847 | 4038 | 4247 | 4347 | 4935 | 4948 | 4949
5 H nE = s # i il figt =
4974 | 5036 | 5093 | 5159 | 5229 | 5483 | 5660 | 5756 | 5847 | 5881
7 rs % &t & ] * i EQ
5969 | 6232 | 6823 | 6913 | 6962 | 7967 | 8035 | 8157 | 8406 | "8503
l = = 8 ¥
8565 | 8569 | 8570 | 8573 | 8579
&= A-3
RA8876
GT30L24M1Z supports font Supported Status Remarks
24X24 dots GB18030 basic font o
12X24 dots GB2312 extension font (]
12X24 dots ASCII font o
24 dots ASCII font (Arial) o
24 dots ASCII font °
(Times New Roman)
= A-4
GT30L32S4W supports font RAB876 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 Suppﬁ'ﬁtgg?gtatus Remarks
16 dots ASCII font (Arial) o
16 dots ASCII font P
(Times New Roman)
24 dots ASCII font (Arial) o
24 dots ASCII font °
(Times New Roman)
32 dots ASCII font (Arial) [
32 dots ASCII font °
(Times New Roman)
%= A-5
GT30L16U2W supports font RAB876 Remarks

Supported Status

11X12 dots Unicode font —

15X16 dots Unicode font

()
8X16 dots Special font o

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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*= A-6
GT30L24T3Y supports font 3upp§ﬁz§7§tatus Remarks
11X12 dots GB2312 basic font —_—
15X16 dots GB2312 basic font o
24X24 dots GB2312 basic font o
11X12 dots GB12345 basic font —_
15X16 dots GB12345 basic font o
24X24 dots GB12345 basic font o
11X12 dots BIG5 basic font —_
15X16 dots BIG5 basic font (]
24X24 dots BIG5 basic font (]
11X12 dots Unicode font —_
15X16 dots Unicode font o
24X24 dots Unicode font o
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) o
24 dots ASCII font (Arial) o
= 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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GT20L24F6Y supports font

RA8876
Supported Status

Remarks

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 1ISO8859-1

8x16 1SO8859-2

8x16 1ISO8859-3

8x16 1ISO8859-4

8x16 1ISO8859-5

8x16 1ISO8859-7

8x16 1ISO8859-8

8x16 1ISO8859-9

8x16 1ISO8859-10

8x16 1ISO8859-11

8x16 1ISO8859-13

8x16 1ISO8859-14

8x16 1ISO8859-15

8x16 1ISO8859-16

5x7 1SO8859-1

5x7 1SO8859-2

5x7 1SO8859-3

5x7 1S08859-4

5x7 1SO8859-5

5x7 1SO8859-7

5x7 1SO8859-8
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GT20L24F6Y supports font

RA8876
Supported Status

Remarks

5x7 1S08859-9

5x7 1SO8859-10

5x7 1SO8859-11

5x7 1SO8859-13

5x7 1SO8859-14

5x7 1SO8859-15

5x7 1SO8859-16

5x10 LCM Area 0

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

= A-8

GT21L24S1W supports font

RA8876
Supported Status

Remarks

24X24 dots GB2312 basic font

12X24 dots GB2312 extension font

12X24 dots ASCII font

24 dots ASCII font (Arial)
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H:
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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