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FUJITSU SEMICONDUCTOR CONFIDENTIAL
Notes

The specifications in this manual are subject to change without notice. Contact our Sales Department
before purchasing the product described in this manual.

Information and circuit diagrams in this manual are only examples of device applications, they are not
intended to be used in actual equipment. Also, Fujitsu accepts no responsibility for infringement of
patents or other rights owned by third parties caused by use of the information and circuit diagrams.

The contents of this manual must not be reprinted or duplicated without permission of Fujitsu.

Fujitsu’s semiconductor devices are intended for standard uses (such as office equipment (computers
and OA equipment), industrial/communications/measuring equipment, and personal/lhome equipment).
Customers using semiconductor devices for special applications (including aerospace, nuclear,
military and medical applications) in which a failure or malfunction might endanger life or limb and
which require extremely high reliability must contact our Sales Department first. If damage is caused
by such use of our semiconductor devices without first consulting our Sales Department, Fujitsu will
not assume any responsibility for the loss.

Semiconductor devices fail with a known probability. Customers must use safety design (such as
redundant design, fireproof design, over-current prevention design, and malfunction prevention
design) so that failures will not cause accidents, injury or death).

If the products described in this manual fall within the goods or technologies regulated by the Foreign
Exchange and Foreign Trade Law, permission must be obtained before exporting the goods or
technologies.

ACAUTION Burns  There is a danger of burns because the IC surface is heated
depending on the IC operating conditions. In this case, take
safety measures.

All Rights Reserved
*» The contents of this document are subject to change without notice.

Customers are advised to consult with sales representatives before ordering.

» The information, such as descriptions of function and application circuit examples, in this document are
presented solely for the purpose of reference to show examples of operations and uses of FUJITSU
SEMICONDUCTOR device; FUJITSU SEMICONDUCTOR does not warrant proper operation of the device with
respect to use based on such information. When you develop equipment incorporating the device based on
such information, you must assume any responsibility arising out of such use of the information. FUJITSU
SEMICONDUCTOR assumes no liability for any damages whatsoever arising out of the use of the information.

» Any information in this document, including descriptions of function and schematic diagrams, shall not be
construed as license of the use or exercise of any intellectual property right, such as patent right or copyright, or
any other right of FUJITSU SEMICONDUCTOR or any third party or does FUJITSU SEMICONDUCTOR
warrant non-infringement of any third-party's intellectual property right or other right by using such information.
FUJITSU SEMICONDUCTOR assumes no liability for any infringement of the intellectual property rights or other
rights of third parties which would result from the use of information contained herein.

» The products described in this document are designed, developed and manufactured as contemplated for
general use, including without limitation, ordinary industrial use, general office use, personal use, and
household use, but are not designed, developed and manufactured as contemplated (1) for use accompanying
fatal risks or dangers that, unless extremely high safety is secured, could have a serious effect to the public,
and could lead directly to death, personal injury, severe physical damage or other loss (i.e., nuclear reaction
control in nuclear facility, aircraft flight control, air traffic control, mass transport control, medical life support
system, missile launch control in weapon system), or (2) for use requiring extremely high reliability (i.e.,
submersible repeater and artificial satellite).
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Please note that FUJITSU SEMICONDUCTOR will not be liable against you and/or any third party for any
claims or damages arising in connection with above-mentioned uses of the products.

» Any semiconductor devices have an inherent chance of failure. You must protect against injury, damage or loss
from such failures by incorporating safety design measures into your facility and equipment such as redundancy,
fire protection, and prevention of over-current levels and other abnormal operating conditions.

« Exportation/release of any products described in this document may require necessary procedures in
accordance with the regulations of the Foreign Exchange and Foreign Trade Control Law of Japan and/or US
export control laws.

* The company names and brand names herein are the trademarks or registered trademarks of their respective
owners.
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First edition

2005.3.12

0.2
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The description of Video Capture is added.

2005.6.15

0.92
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The pin list and the description of modeis are added.

2005.7.14

0.93b

278

DC, AC characteristics are added.

The description of Memory Map, Dual Monitor, and
the capacity of SDRAM are updated.

The table of the pin multiplex is updated.

Other update.

2005.8.17

0.93c

278

The description of the unimplemented functions, the geometry registers
and the analog RGB output, were deleted.

2005.9.19

0.93d

278

Misprint correction.

2005.10.17

0.94

282

P.14 The pin list of thermal balls is added.

P.15-16 Several pins are renamed to "TESTH" or "TESTL".
P.26 "TESTL"is added in the table of test pins.

P.30 RDY_MODE, ENDIAN signals are added.

P.31 The table of GMODE is updated.

P.249 The lost character is displayed.

2006.1.18

0.95

281

P.18-19 The description "TOP VIEW" is inserted in Pin diagram.

P.28 The description was doubled about RDY_MODE and BS_MODE
is deleted.

P.29-30 "Connection to CPU" is updated.

P.31  The paragraph "Graphics memory interface" is moved from
Chapter 3.

P.64 The table of "Resolution and Display Frequency" is updated.

P.150-151 The LOWD field of MMR register is updated.

Other: Misprint correction.

2006.1.27

0.96

297

P.10 Connectable Memoey configuration is updated.

P.21 The description of the symbol regarding VDD/GND is added.
P.30 The connection between CPU and Lime is updated.

P.31 The pin information of serial host interface is added.

P.66 Connection with memory is updated.

P.81 Chapter 6.8 in previous version is removed.

P.153 The description of CCF register is added.

P.160 The description of I12C I/F register is added.

P.291 The note about AC timing specification of Host I/F is added.

Other: Misprint correction.
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0.97
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327

P.23 The description "TESTL" is updated.
P.47 The protocol for general call address is updated.
P.47 Misprint about Acknowledge in the protocol for SCI are corrected.
P.51 Line transfer of SCl is updated.
P.52 The description of 12C interface was added at ver.0.96.
P.138 SCI register list is added.
P.160 The description of SCI registers are added.
P.177 DCM,DCE,DCEE registers are changed to DCMO0/1/2/3 registers.
P.279 Timing chart of Host interface for SH3/4, V832, SPARCIite
are added.
P.295 Timing chart of Host interface for 16bit CPU, 16bit AD-MUX CPU,
32bit AD-MUX CPU are added.

Other: Misprint correction.

2006.6.5

1.0

P.28 Note of XRDY signal is updated.
P.33 Connection of XWE1 signal is updated.
P.47 Description of 16-bit CPU mode is added.

P.161 Host register descriptions are added, DMA_ST_ADR,
DMA_ED_ADR, ERR_ADR, ERR_DETECT, INT_MSK.

P.172 Add Revision Register :PIO Base + 0x84
P.316 Video Capture AC Timing Hold 2ns => Ons
P.321 Clear the meaning of tr,tf

2010.3.20

1.1

Remove spec of 12C slave

Add explanations and revise typos.
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1.1a

Clear the setting of reserverd area
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1 GENERAL

1.1 Features

CMOS 0.18um technology

Internal and memory frequency : 133MHz (generated by on-chip PLL)
Base-clock for display clocks : 400.9MHz (generated by on-chip PLL)
Display resolutions typically from 320x240 up to 1280x768

6 layers of overlay display (windows)

Alpha Plane and constant alpha value for each layer

Digital Video input (various formats including YUV,RGB)

Video Scaler (up/down scaling)

Brightness, Contrast, Saturation control for video input

RGB digital output (8bit x 3)

Built-in alpha blending, anti-aliasing and chroma-keying

Rendering Engine for various kinds of 2D graphic acceleration functions
Texture Mapping Unit for 2D polygon support up to 4096x4096 textures
Bit-BIt Unit for transfers up to 4096x4096 areas

Alpha Bit-Blt and ROP2 functions

External 32-bit SDRAM interface for up to 64MB graphic memory
Parallel host interface (FR,SH3,SH4,V850,SparcLite etc)

New additional serial control interface as host interface (12C based)
Internal and external DMA support

12C interface and GPIO inputs/outputs

Supply voltage 3.3V (I/0), 1.8V (Internal)

BGA-320 Package (1.27mm pitch)

Typical power consumption < 1.0W (estimated)

Temperature range -40..+85 °C
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1.2 Functional Overview

1.2.1 Host CPU interface

Supported CPU

LIME can be connected to SH3 and SH4 manufactured by RENESAS, V832 by NEC, CPU with
address and data multiplex bus like PowerPC by Freescale, FR and SPARCIite (MB86833) by Fujitsu.
External Bus Clock

Can be connected at max. 66 MHz (when using SH4 interface)

Ready Mode
Supports normal ready/not ready.

Endian
Supports little endian. Big endian is also available in 16bit mode.

Access Mode
SRAM interface

FIFO interface (transfer destination address fixed)

DMA transfer

Supports 1-double word (32 bits) /8-double word (32 bytes) (only SH4) for transfer unit.
ACK used/unused mode can be selected as protocol (only for DAM in dual address mode)
Supports dual address/mode single address mode (only SH4).

Supports cycle steel/burst.

Supports local display list transfer.

Interrupt

Vertical (frame) synchronous detection
Field synchronous detection

External synchronous error detection
Drawing command error

Drawing command execution end
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1.2.2 External memory interface

LIME can connect SDRAM that data bus width is 32 bits.

Max. 133 MHz is available for operating frequency.

Connectable memory configuration is as shown below.

External Memory Configuration

Type Data bus width | Use count | Total capacity
SDRAM 64 Mbits (x32 Bits) 32 Bits 1 8 Mbytes
SDRAM 64 Mbits (x16 Bits) 32 Bits 2 16 Mbytes
SDRAM 128 Mbits (x32 Bits) 32 Bits 1 16 Mbytes
SDRAM 128 Mbits (x16 Bits) 32 Bits 2 32 Mbytes
SDRAM 256 Mbits (x32 Bits) 32 Bits 1 32 Mbytes
SDRAM 256 Mbits (x16 Bits) 32 Bits 2 64 Mbytes
SDRAM 512 Mbits (x32 Bits) 32 Bits 1 64 Mbytes

Please note that EMRS of SDRAM is not supported by LIME.
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1.2.3 Display controller

Video data output
Only digital RGB video output is provided.

Screen resolution

LCD panels with wide range of resolutions are supported by using a programmable timing generator
as follows:

Screen Resolutions

Resolutions
1280 x 768
1024 x 768
1024 x 600
800 x 600
854 x 480
640 x 480
480 x 234
400 x 234
320 x 234

Note:

These resolutions are mentioned for the sake of giving examples. In practice, any resolution
corresponding to a pixel clock value of up to 80MHz can be supported. Note that higher resolution
increases memory bandwidth consumption.

Hardware cursor

The LIME GDC supports two hardware cursor functions. Each of these hardware cursors is specified
as a 64 x 64-pixel area. Each pixel of these hardware cursors is 8 bits and uses the same look-up
table as indirect color mode.

Double buffer method

Double buffer method in which drawing window and display window is switched in units of 1 frame
enables the smooth animation.

Flipping (switching of display window area) is performed in synchronization with the vertical blanking
period using program.

Scroll method

Independent setting of drawing and display windows and their starting position enables the smooth
scrolling.

Display colors

Supports indirect color mode which uses the look-up table (color palette) in 8 bits/pixels.

Entry for look-up table (color palette) corresponds to color code for 8 bits, in other words, 256. Color
data is each 6 bits of RGB. Consequently, 256 colors can be displayed out of 260,000 colors.

Supports direct color mode which specifies RGB with 16 bits/pixels.
Supports direct color mode which specifies RGB with 24 bits/pixels.
Note:

Rendering is not supported in 24bpp color mode. The host CPU will have to write directly to the
memory buffer in this color mode.

MB86276 'LIME' GDC Specifications 14
Rev1.1a




FUJITSU SEMICONDUCTOR CONFIDENTIAL

Overlay

Traditional compatibility mode

Up to four extra layers (C, W, M and B) can be displayed overlaid.

The overlay position for the hardware cursors is above/below the top layer (C).
The transparent mode or the blend mode can be selected for overlay.

The M- and B-layers can be split into separate windows.

Window display can be performed for the W-layer.

Two palettes are provided: C-layer and M-/B-layer.

The W-layer is used as the video input layer.

L0, L2, L4 (0,0) L1 (WX, WY) L3, L5 (HDB+1, 0)

Window mode
¢ Up to six screens (LO to 5) can be displayed overlaid.
¢ The overlay sequence of the LO- to L5-layers can be changed arbitrarily.
e The overlay position for the hardware cursors is above/below the LO-layer.
¢ The transparent mode or the blend mode can be selected for overlay.
e The L5-layer can be used as the blend coefficient plane (8 bits/pixel).
¢ Window display can be performed for all layers.
e Four palettes corresponded to LO to 3 are provided.
e The L1-layer is used as the video input layer.

¢ Background color display is supported in window display for all layers.

LO (LOWX, LOWY) L4 (LAWX, LAWY) L2 (L2WX, L2WY)

L5 (LSWX, |_5WY/ L1 (L1WX, L1WY)

/

-

L3 (L3WX, L3WY)
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124 2D Drawing

2D Primitives

The LIME GDC can perform 2D drawing for graphics memory (drawing plane) in direct color mode or
indirect color mode.

Bold lines with width and broken lines can be drawn. With anti-aliasing smooth diagonal lines also can
be drawn.

A triangle can be tiled in a single color or 2D pattern (tiling), or mapped with a texture pattern by
specifying coordinates of the 2D pattern at each vertex (texture mapping). At texture mapping,
drawing/non-drawing can be set in pixel units. Moreover, transparent processing can be performed
using alpha blending. When drawing in single color or tiling without Gouraud shading or texture
mapping, 2D Line with XY setup and 2D Triangle with XY setup can be used. Only vertex coordinates
are set for these primitives. 2D Triangle with XY setup is also used to draw polygons.

2D Primitives
Primitive type Description
Point Plots point
Line Draws line
Triangle Draws triangle
2D Line with XY setup Draws lines
Compared to line, this reduces the host CPU processing load.
2D Triangle with XY setup Draws ltriangles
Compared to tiangle, this reduces the host CPU processing
load.
Arbitrary polygon Draws arbitrary closed polygon containing concave shapes

consisting of vertices

Arbitrary polygon drawing

Using this function, arbitrary closed polygon containing concave shapes consisting of vertices can be
drawn. (There is no restriction on the count of vertices, however, the polygon with its sides crossed
are not supported.) In this case, as a work area for drawing, polygon drawing flag buffer is used on
the graphics memory. In drawing polygon, draw triangle for polygon drawing flag buffer using 2D
Triangle with XY setup. Decide any vertex as a starting point to draw triangle along the periphery. It
enables you to draw final polygon form in single color or with tiling.
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BLT/Rectangle drawing

This function draws a rectangle using logic operations. It is used to draw pattern and copy the image
pattern within the drawing frame. It is also used for clearing drawing frame and Z buffer.

BLT Attributes

Attribute Description

Raster operation Selects two source logical operation mode

Transparent processing Performs BLT without drawing pixel consistent with the
transparent color.

Alpha blending The alpha map and source in the memory is subjected to alpha

blending and then copied to the destination.

Pattern (Text) drawing
This function draws a binary pattern (text) in a specified color.

Pattern (Text) Drawing Attributes

Attribute Description
Enlarge Vertically x 2

Horizontally x 2

Vertically and Horizontally x 2
Shrink Vertically x 1/2

Horizontally 1/2

Vertically and Horizontally 1/2

Drawing clipping
This function sets a rectangle frame in drawing frame to prohibit the drawing of the outside the frame.

Hidden plane management (Optional function)
LIME GDC supports the Z buffer for hidden plane management as a optional function.
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125 Special effects

Anti-aliasing
Anti-aliasing manipulates line borders of polygons in sub-pixel units and blend the pre-drawing pixel
color with color to make the jaggies be seen smooth. It is used as a functional option for 2D drawing

(in direct color mode only).

Bold line and broken line drawing
This function draws lines of a specific width and a broken line.

Line Drawing Attributes

Attribute Description
Line width Selectable from 1 to 32 pixels
Broken line Set by 32 bit or 24 bit of broken line pattern

Not support the Anti-aliasing of dashed line patterns.

MB86276 'LIME' GDC Specifications 18
Rev1.1a




FUJITSU SEMICONDUCTOR CONFI
Alpha blending

DENTIAL

Alpha blending blends two image colors to provide a transparent effect. LIME GDC supports two
types of blending; blending two different colors at drawing, and blending overlay planes at display.
Transparent color is not used for these blending options.

Set a transparent coefficient to the register; the transparent coefficient is applied for transparency

processing of one plane.

In addition to the above, the following
significant bit of each texture cell is 1,

settings can be performed at texture mapping. When the most
drawing or transparency can be set. When the most significant

bit of each texture cell is 0, non-drawing can be set.

Alpha Blending

Type Description

Drawing Transparent ratio set in particular register
While one primitive (polygon, pattern, etc.), being drawn,
registered transparent ratio applied

Overlay display Blends top layer pixel color with lower layer pixel color

Transparent coefficient set in particular register

Registered transparent coefficient applied during one frame
scan

Gouraud Shading

Gouraud shading can be used in the direct color mode to provide real shading and color gradation.

MB86276 'LIME' GDC Specifications
Rev1.1a

19




FUJITSU SEMICONDUCTOR CONFIDENTIAL

Texture mapping

LIME GDC supports texture mapping to map an image pattern onto the surface of plane. The texture
pattern can be laid out in the graphics memory. In this case, max. 4096 x 4096 pixels can be used.

Drawing of 8-/16- direct color is supported for the texture pattern. For drawing 8-bit direct color, only
point sampling can be specified for texture interpolation; only de-curl can be specified for the blend

mode.
Texture Mapping
Function Description
Filtering Point sample
Bi-linear filter
Coordinates correction Linear
Blend De-curl
Modulate
Stencil
Alpha blend Normal
Stencil
Stencil alpha
Wrap Repeat
Clamp
Border
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2 Pins

2.1 Pin assignment diagram

1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19 20
N\
A VSS| VINFJVINVY BIO | BI3 | GIO | GI3 | RIO | RI3 | BO4| BOO| GO4| GOO| RO5 | RO2 PCLK( VSS |DCLKIVSYN(] VSS
B RGBCH VSS [VINHY BI1 | Bl4 | GI1 ] Gl4 | RI1 | RI4 | BO5| BO1] GO5| GO1| RO6 ] RO3 | RO0 HSYN(CSYN(Q VSS EMODO
C XPLL|XTSTp VSS| Bl2 | BI5 | GI2| GI5 | RI2 | RI5 | BO6 | BO2| GO6| GO2| RO7 | RO4 | RO1 | DISP| VSS EMODEMOD2
D XSM| SCL | SDA| VSS | VDDE| VDDE| VDDI|VDDE| VDDE|
E MDO | MD1| MD2 | VDDE]
F MD3 | MD4 | MD5 | VDDE]
G MD6 | MD7 | MD8 | VDDI VDDI| VSS
H MD9 | MD10j MD11] VDDE] VDDI| VSS
J MD12] MD13] MD14] VDDE VDDI| VSS
K MD15| MD16| MD17] MD18 VDDI| VSS
L MD19] MD20] MD21] VDDE VDDI| VSS
M MD22] MD23] MD24] VDDE VDDI| VSS
N MD25| MD26] MD27] VDDE VDDI| VSS
P MD28| MD29] MD30] VDDI VDDI| VDDI
R MD31MDQMMDQM] VDDE
T MCLKMDQMMDQM{ VDDE|
U VSS | MAO | MA1 | VSS | VDDE| VDDE] VDDI|PLLVS VDDE|
\4 MCLK{ MA2] VSS | MA9 | MA12| MRASCLKS( XRST
W MA3 | VSS | MA6 | MA8 | MA11| MA14] MWE| CKM
Y VSS | MA4] MA5 | MA7 | MA10] MA13]MCAS] CLK
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N\

A 1 76| 75| 74| 73| 72| 71| 70 | 69 | 68 | 67 | 66 | 65 | 64 | 63 ] 62 | 61 | 60 | 59 | 58
B 2 77 | 144] 143 | 142 | 141 | 140 | 139 | 138 | 137 | 136 | 135 134 | 133 | 132 ] 131 | 130 | 129 | 128 | 57
C 3 78 | 145] 204 | 203 | 202 | 201 | 200 | 199 | 198 | 197 | 196 | 195 | 194 | 193 ] 192 | 191 | 190 | 127 | 56
D 4 79 | 146 | 205 | 256 | 255 | 254 | 253

E 5 80 | 147 | 206

F 6 81 | 148 | 207

G 7 82 | 149 | 208 257 | 284

H 8 83 | 150 | 209 258 | 285

J 9 84 | 151 ] 210 259 | 286

K 10 | 85 | 152 ] 211 260 | 287

L 11 | 86 | 153 212 261 | 288

M 12 | 87 | 154 213 262 | 289

N 13 | 88 | 155 214 263 | 290

P 14 | 89 | 156 | 215 264 | 265

R 15 | 90 | 157 | 216

T 16 | 91 | 158 | 217

U 17 | 92 | 159 | 218 | 219 | 220 | 221 | 222

A% 18 | 93 | 160 | 161 | 162 | 163 | 164 | 165

w 191 94| 95 ] 96 | 97 | 98 | 99 | 100

Y 20 | 21| 22| 23| 24| 25| 26 | 27
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2.2 Pin assignment table

Pin JEDEC Pin JEDEC Pin JEDEC Pin JEDEC
Number] Number Name Number] Number Name Number] Number Name Numberl Number Name
1 A1 VSS 65 A 113 GO0 129 B | 18 | CSYNC 193 c 15 RO4
2 B 1 JRGBCK 66 A 12 GO4 130 B i 17 | HSYNC 194 CcC:i14 RO7
3 C 1 | XPLLT 67 A 11 BOO 131 B i 16 ROO0O 195 Cc {13 GO2
4 D: 1 XSM 68 A 10 BO4 132 B i 15 RO3 196 Cc 12 GO6
5 E 1 MDO 69 A9 RI3 133 B i 14 RO6 197 c: 1 BO2
6 F 1 MD3 70 A 8 RIO 134 B {13 GO1 198 Cc {10 BO6
7 G 1 MD6 71 A7 GI3 135 B {12 GO5 199 ci9 RI5
8 H 1 MD9 72 A:i 6 GIO 136 B : 11 BO1 200 Cc: 8 RI2
9 J 1 MD12 73 Ai b BI3 137 B :10 BO5 201 c i 7 GI5
10 K 1 MD15 74 Ai 4 BIO 138 B: 9 RI4 202 CcCi: 6 GI2
11 L 1 MD19 75 A 3 | VINVS 139 B i 8 RI1 203 ci5 BI5
12 M 1 MD22 76 Ai 2 VINF 140 Bi7 Gl4 204 Ci: 4 BI2
13 N 1 MD25 77 B 2 VSS 141 B i 6 GI1 205 D: 4 VSS
14 P 1 | MD28 78 c:i 2 XTST 142 Bi 5 Bl4 206 E { 4 | VDDE
15 R 1 MD31 79 D: 2 SCL 143 B i 4 BI1 207 F:i4 VDDE
16 T 1 | MCLKI 80 E: 2 MD1 144 B i 3 | VINHS 208 Gi 4 VDDI
17 ) 1 VSS 81 F:2 MD4 145 ci 3 VSS 209 Hi 4 VDDE
18 \Y/ 1 |MCLKO 82 Gi 2 MD7 146 Di{ 3 SDA 210 J 4 VDDE
19 Wi A1 MA3 83 H 2 MD10 147 E: 3 MD2 211 Ki 4 MD18
20 Y 1 VSS 84 J 2 MD13 148 F 3 MD5 212 L {4 VDDE
21 Y i 2 MA4 85 K: 2 MD16 149 G: 3 MD8 213 M 4 VDDE
22 Y 3 MAS5 86 L: 2 MD20 150 H 3 MD11 214 N 4 VDDE
23 Y : 4 MA7 87 M: 2 MD23 151 J 3 MD14 215 P: 4 VDDI
24 Y i 5] MA10 88 N i 2 MD26 152 Ki 3 MD17 216 R i 4 | VDDE
25 Y 6 | MA13 89 P 2 MD29 153 L 3 MD21 217 T 4 VDDE
26 Y 7 | MCAS 90 R { 2 | MDQMO 154 M 3 MD24 218 Ui 4 VSS
27 Y 8 CLK 91 T 2 | MDQM2 155 N 3 MD27 219 U 5 VDDE
28 Y 9 VSS 92 ) 2 MAO 156 P 3 MD30 220 U 6 VDDE
29 Y i 10 | BCLKI 93 Vi 2 MA2 157 R { 3 | MDQM1 221 U 7 VDDI
30 Y : 11 |MODE1 94 W: 2 VSS 158 T 3 | MDQM3 222 U 8 | PLLVS
31 Y : 12 | DREQ 95 Wi 3 MA6 159 U 3 MA1 223 U 9 | PLLVD
32 Y : 13] XBS 96 Wi 4 MAS8 160 Vi3 VSS 224 U : 10 | MODEO
33 Y i 14 A2 97 W: 5 MA11 161 Vid4 MA9 225 uin XINT
34 Y i 15 A5 98 W: 6 MA14 162 Vi5b MA12 226 U i 12| VDDE
35 Y : 16 A8 99 W: 7 MWE 163 Vie6 MRAS 227 U { 13 ] VDDE
36 Y 17 ] A11 100 wW: 8 CKM 164 V i 7 | CLKSO 228 U i 14| VvDDI
37 Y {18 A14 101 Wi 9 S 165 Vi 8 XRST 229 U : 15| VDDE
38 Y {19 A16 102 W i 10 | RDY_M 166 V i 9 | CLKS1 230 U i 16| VDDE
39 Y :20] VSS 103 W i 11 | MODE2 167 VvV i10]| BS M 231 U i17 VSS
40 W : 20 A17 104 W i 12 XCS 168 VvV i 11 ] XRDY 232 T {17 ] VDDE
41 V 20 A18 105 W i13 AOQ 169 Vv i12 XRD 233 R {17 | VDDE
42 U :20 A20 106 Wi 14 A3 170 VvV 13 A1 234 P : 17| VvDDI
43 T :20 A23 107 Wi 15 A6 171 VvV i14 A4 235 N : 17 ] VDDE
44 R i 20 | XWE2 108 Wi 16 A9 172 VvV i15 A7 236 M i 17 | VDDE
45 P i 20 | DRACK 109 W i 17 A12 173 VvV i16 A10 237 L {17 D11
46 N {20 D2 110 W 18 A15 174 vV 17 A13 238 K {17 | VDDE
47 M i 20 D5 111 W i19 VSS 175 VvV {18 VSS 239 J {17 | VDDE
48 L 20 D8 112 VvV {19 A19 176 U 18 A22 240 H {17 ] VDDE
49 K 20 D12 113 u:19 A21 177 T : 18] XWE1 241 G : 17| VvDDI
50 J 20 D15 114 T : 19 ] XWEO 178 R { 18 | DTACK 242 F {17 ] VDDE
51 H 20 D18 115 R {19 XWES3 179 P 18 D1 243 E : 17| VDDE
52 G : 20 D21 116 P 19 DO 180 N {18 D4 244 D 17 VSS
53 F {20 D24 117 N {19 D3 181 M 18 D7 245 D 16| VDDE
54 E {20 D27 118 M 19 D6 182 L {18 D10 246 D i 15| VDDE
55 D :20 D30 119 L 19 D9 183 K {18 D14 247 D : 14| VvDDI
56 C | 20 |GMOD2 120 K 19 D13 184 J 18 D17 248 D :13 GO3
57 B : 20 |GMODO 121 J 19 D16 185 H {18 D20 249 D12 GO7
58 A 20| VSS 122 H 19 D19 186 G 18 D23 250 D11 BO3
59 A i 19 | VSYNC 123 G 19 D22 187 F 18 D26 251 D :10 BO7
60 A i 18 | DCLKI 124 F {19 D25 188 E {18 D29 252 D: 9 VDDE
61 A 17| VSS 125 E {19 D28 189 D {18 GV 253 D! 8 VDDE
62 A {16 | DCLKO 126 D :19 D31 190 Cc 18 VSS 254 D:7 VDDI
63 A : 15] RO2 127 C : 19 | GMOD1 191 c 17 DISP 255 D: 6 VDDE
64 A : 14 ] RO5 128 B : 19 VSS 192 C : 16 RO1 256 D: 5 VDDE
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Group Symbol description

GND group: VSS/PLLVSS/Low Ground
TESTL Connect Ground.

1.8V group: VDDL/VDDI 1.8-V power supply
PLLVDD PLL power supply (1.8 V)

3.3V group: VDDH/VDDE 3.3-V power supply
TESTH Input a 3.3 V-power supply

Pin JEDEC

Number] Number Name
257 Gi 7 VDDI
258 H 7 VDDI
259 J 7 VDDI
260 K 7 VDDI
261 L 7 VDDI
262 M7 VDDI
263 N 7 VDDI
264 P 7 VDDI
265 P 8 VDDI
266 P 9 VDDI
267 P : 10| VvDDI
268 P :11] VvDDI
269 P i12] VSS
270 P :13] VSS
271 P :14] VSS
272 N {14 ] VSS
273 M i14] VSS
274 L i14] VSS
275 K 14 ] VSS
276 J 14 ] VSS
277 H {14] VSS
278 G 14| VSS
279 G (13| VvSSs
280 G 12| VSSs
281 Gi11 VSS
282 G 10| Vvss
283 G 9 VSS
284 G 8 VSS
285 Hi 8 VSS
286 J 8 VSS
287 K i 8 VSS
288 L 8 VSS
289 M 8 VSS
290 Ni 8 VSS
291 N 9 VSS
292 N i 10] VSS
293 N {11 VSS
294 N i12] VSS
295 N {13] VSS
296 M i 13] VSS
297 L :13] VSS
298 K i 13] VSS
299 J 13| VSS
300 H {13] VSS
301 H {12] VSS
302 H {11 VSS
303 H{10] VSS
304 H 9 VSS
305 J 9 VSS
306 K 9 VSS
307 L 9 VSS
308 Mi 9 VSS
309 M 10| VSS
310 M 11 VSS
311 Mi12] VSS
312 L i12] VSS
313 K 12| VSS
314 J 12| VSS
315 J i VSS
316 J :10] VSS
317 K i10]| VSS
318 L :i10] VSS
319 L i1 VSS
320 K11 VSS
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2.3 Pin mutiplex table

: DISFIC AP MU X Host VF MODE[Z:0]

Piﬁi_ PAD Ha. (GMFIl_‘IIrII}rllEa[Zn?;]=Dj Fune | L0 GMOD E[2:0] 6Lt | ABbit | E2bit

1 T AD-MU X AD- WU
Az 1] _1_[WINFID CAP |
A3 2| 2 [VINVSTHC CAP |
B 3 3 [WINHSYNE CAP |
B1 5| 4 |RGBCLK CAF |

C 5| 5 |TESTH TEST | | | WDDE |WVDDE |[WDDE | WDDE | WDDE | WDDE

G ol & |TESTH TEST | | | VDDE |VDDE |[WDDE | WDDE | VDDE | VDDE

D1 10| 7 |TESTH TEST | | | VDDE [VDDE |[WDDE | WDDE | WDDE | VDDE
Dz 1] & [scL 2C 10
b3 12[ o [spa 2C o
E 16| 10 [MDo MEC | 10
Ez 17| 11 |hip1 MEC | 10
E3 12 1z |MDz MEC | 10
F1 FIRERTEE MEC | 10
Fz 73| 14 |mMpa MEC__| 10
F3 24| 15 |MD5 MEC | 10
51 25| 16 _|MDB MEC__| 1O
5z 6] 17 _|MD7 MEC | 10
53 27 & [Moa MEC | 10
H Z5| 10 Moo MEC | 100
Hz za| 20 [Mp10 MEC | 100
Hz 0] 21 |[MD11 MEC | 10
J1 31| 22 [Mpiz MEC | 1O
iz 2| 23 [MD1z MEC | 10
J3 34| 24 |[mMp14 MEC | 10
K1 25| 25 [MD15 MEC | 10
Kz =] 26 |[MD1E MEC | 10
K3 7] 27 |MDAT MEC__| 10
) =| 28 [MD1E MEC | 10
L1 20| 2o |[MD1g MEC__| 1O
Lz ;| 20 [mozo MEC | 10
L3 4| 31 [MDz21 MEC | 10
a1 2| 2z M2z MEC | 10
bz 43| 23 |mpzs MEC | 100
bz | 24 [Mo24 MEC | 10
N1 43| 35 |mozs MEC | 10
Nz 2| 25 |Mo2s MEC | 10
N3 50| 37 |moz7 MEC | 10
F 51] 38 |[MD2E MEC | 100
Fz 52| 30 |mpza MEC | 10
F3 53] a0 [mpa0 MEC__| 10
R 54| a1 |[MD31 MEC | 10
T1 52| az |MCLKI MEC |
W1 f0] 4z [MCLKOD MEC 0
Rz £z a4 [MDOMO MEC o
R3 3] 45 [MDONI MEC 0
Tz 84| as (Moo MEC o
T3 85 47 [MDOME MEC o
uz 5] 4 [men MEC 0
IE 67 4o [med MEC 0
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. D15 P/C AP- MUY, Host UF_ MODE[Z:0]
Piﬁi_ PAD Ha. (GMFIl_‘IIrII}rllEa[Zn?;]=Dj Fune | L0 GMOD E[2:0] 16t | ABbit | E2bit
01 02| o AD- MU | AD- MUK
Wz Ea| 50 WA MEC 0
Wi Fa| 51 |MAZ MEC 0
"z 72| 52 |MAa MEC 0
3 73| 53 |MAS MEC 0
e 74| 54 |MAs MEC 0
i 75| 55 |MAT MEC 0
e 76| 56 |MAR MEC o
Vi 77| 57 |mAg MEC 0
G 73| 53 |MAID MEC o
s 70| 50 [MAlT MEC 0
\E 21| 60 [Malz MEC 0
" 2| 61 |MAlz MEC 0
W &3] 62 [MAala MEC 0
W 55| 63 |MRAS MEC 0
7 &7 | 64 |MCAS MEC 0
W7 55| 65 |MNE MEC o
Vi 01| 66 |CLKSELD CLOCK| |
e | 67 |Ckm cLock| |
e o3| B3 |[XRST HostlF | |
Uz 24| 59 [PLLWES CLOCK| |
= o5 70 |CLk cLock| |
g @] 71 s CLOCK| |
ug oF| 72 [PLLVDD CLock| |
Vo g3 73 |CLKSEL1 cLock| |
W10 10| 74 |RDY MODE __ |HostleF| | Low | Low | Low
W10 101] 75 |B5 MODE HostlF ||
0 10| 76 |TESTL TEST I | wss | wss | wss | wss | wss | wiE
u10 104] 77 |MODED HostlF | | Low | High | Low
11 05| 75 |MODET HostlF || Low | Low | High
Wi 106| 70 [MODEZ HostlF || High | High | High
Y11 108| 20 [XRDY Host1fF | O(T)
IEE 110] 21 [AMT HostlF| 0O
12 111] g2 |PREQ HostlF| 0
10 114] 22 |BELKI HostleF | |
W1z 196 24 [xCS HostlF ||
12 117| 25 |*RD HostlF| |
13 118 86 |xXBS Huost IPF | Input Lovewhen unus ad.
e 19| =7 |A0 HostlfF || A Low | Low
E 120 88 [Ad HostlF | | A2 Low | Low
14 121 20 |Az HostlF || A5 Low | Low
[EE! 172| oo |Az HostlF || A Low | Low
14 26| 91 |Ad HostlF | 10 A5 | ADIE | ADIG
15 127 | oz |as HostlsF | 100 A | AD17 | ADIT
W15 128] 93 |A6 HostldF | 100 A7 | ADis | AD1s
W15 120] 04 |A7 HostldF | 100 A5 | AD1D | ADID
1 120 95 |A8 HostlsF | 100 A5 | Apz0 | Apzo
WiH1E 121] 05 |A0 HostlsF | 100 A10_ | AD21 | ADZ1
Y16 1732| 97 |A10 HostldF | 100 A11 | AD2Z | ADZZ
17 13| o8 |All HostlsF | 100 A1z | ADES | ADZE
W17 134] o9 A1z HostlsF | 100 A13 | Low | ADZ4
1T 136 100 [A13 HostlF | 100 A14 | Low | ADZS
18 120 101 |A14 HostlsF | 100 A15 | Low | ADZE
WS 10| 10z |A15 HostliF | 10 A16 | Low | ADZT
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. DISPIC AR MU X H ozt UF MODE[Z:0]

Piﬁl\i_ FAD Nao. (GMFI'IIIFI;FIIE?;;]=DJ Func | O GMOD E[2:0] 1Gbit | 16bit | a2bit
i 032 [ A0 - bl AT LY,

19 11| 103 |16 HostliF | 10 AT Low | ADZE
= 142] 104|247 HostltF | 10 XE Low | ADZD
W20 142] 105 [a1= HostliF | 10 A19 Low | AD30
/19 144] 106|219 HostliF | 10 A0 Low | AD3
Lz0 17 | 107|220 HostliF [ | A1 Lo Lty
19 148 | 108 A2 HostliF | | AEE Low Lowy
g 140] 109 [azz HostliF [ 1 AR Lo L
T20 180| 110 |42 HostlF | | Ly Loy Loy
Tig 151] 1141 [*'ED HostlWF | |
Ti& 1562 | 112 [ X E1 HostliF | |
R20 152] 1413 [MiwEZ Hostl/F | | RLovgn | RO | R0y S
F19 154| 114 [XirES HostliF | | END SN | ENDIAN] Lo
R18 155) 115 |DTACK Host IFF | Input Low when unus ed.
P20 156 | 116 [DRACK Huost I'F | Input Lowwwhen unus ed.
F19 160] 117 [po HostliF [ 10 o] AR A0
Fi18 161] 118 |01 HostliF [ 10 o] Al AL
HZ0 16z | 119 |DZ HostliF | 1D Lz ADZE ADZ
M1 162] 120 [p= HostliF | 10 [ ADE D3
H1g 164| 121 |4 HostliF [ 10 D} ADd | ADg
hiz0 165] 122 [Ds HostliF [ 10 [ ADS DS
hi19 166 | 123 | D HostliF [ 10 D ADE ADR
e 167 124 (07 HostlfF | 10 L7 ADT ADT
Lz0 171| 125 |D& HostliF [ 10 [ ADE ADE
Lig 172] 126 Do HostliF [ 10 [ A0 A0
L1& 173| 127 |10 HostliF | 10 p10 | Apio | Apio
Li7 174] 128 (D14 HostltF | 10 41 | apdd [ Aapdd
k20 175] 120 |01z HostliF | 10 L1z | apiz | apiz
K19 176] 130 |01z HostliF [ 10 L1z | apis | Apis
K18 172] 131 [D14 HostliF [ 10 o1 | apid | apig
J20 179| 1232 |15 HostliF [ 10 015 | AD1S | AD1S
J1g 124] 123 |16 HostliF | 10 |06 SRO0 |SROZ
J1g 185| 134|017 HostliF [ 10 017 SRO1 |SROS
HZ0 126] 135 [= HostlF | 10 o= SROZ SR04
H19 187 | 136 |19 HostliF [ 10 |r19 SROZ |SROS
H1g 122] 137 [p20 HostlWF [ 10 oo SR04 |SROE
=20 189 | 138 |02 HostliF | 10 |p21 SRO5 |SRO7
=14 101] 130 ez HostliF | 10 pez SROG  |SG02
18 19z | 140 | D23 HostliF | 10 D23 SRO7T  |S¢03
Fz0 10z ] 141 (D24 HostliF | 10 [D2g SEO0 [5G0
F1g 104] 14z D25 HostliF | 10 [pes SE01  |SG0S
Fig 105] 143 [pe6 HostlF | 10 oes Se0Z  |SG06
EZ0 106 ] 144 [pe7 HostliF | 10 D27 Se02  |SG07
E19 197 | 145 |p2s HostlF | 10 |p2s S04 |spOz
E1g 102] 145 [Dp2g HostliF [ 10 [ozg 505 [SRO3
D20 20z | 147 | a0 HostliF [ 10 |pE0 SE06  |SEOG
L9 20z 142 (0= HostliF | 10 [o=4 Se07  |SROS
czo 206 149 [ FMODb EZ Others I [Low Lo Loy
C19 207 | 150 [ GO0 E1 Others | | [Low High High
B0 208] 151 | GO0 ED Others | | |High Lo High
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: D ISFIC AP MU Haost VF MODE[Z:0]
Piﬁi_ FAD No. (GMF;%"I'E?;E]:DJ Fune | LD MO D E[2:0] 16bit | 16bit | =zbit
bl | O | e AD - bl D WU
e 70| 152 |ew DISF_ | ©
£17 iz | 153 |DISFE DISF_ | O
B2 213 | 154 [CovHC DISF_| O
A1 214| 155 [WSTHE DISF_ | IO
B17 215] 156 [HSYNC DISF_ | o
A8 215] 157 |DELKI DISF |
A1 20| 155 |DELKD DISF | O
B16 272|150 |ROO DISF_| 0 |roo  |sB00 |SBOE
16 z24] 160 |RO1 DISF_ | o |rO1_ |sB01|SBO7
A15 zo6] 161 |ROZ DISF_| 0 |roz  |sB0z  |ROZ
B15 257 | 162 |ROS DISF_| 0 |ros  |sB03  |ROS
15 225|163 |RO4 DISF_| 0 |[rO4  |sB04 |RO4
514 z20| 164 |[ROS DISF_ | 0 |ROs  |5B05  |ROS
B14 20| 165 |ROE DISF | O |ROs  |5B0B RO
c1g zx3| 166 |ROT DISF_| 0 |rO7_ |sB07 |ROT
e 234] 167 |00 DISF | 0 |eoo  |rRoz  |eoz
B13 =% | 168 |G DISF | 0 |01 |[ro3 o=
c13 237 | 160 |G0z DISF_| 0 |eoz_ |rD4_ |eoa4
D13 z35| 170 |G03 DISF_| 0 |eoz  |ros _ |eos
212 230] 171 |04 DISF | 0 |eoa  |RDE |0
B1Z 20| 172 |GOS DISF_| 0 |eos  |rO7 _ |eo7
£z = | 173 |G06 DISF_| o0 |eos  |soz  |BOZ
D12 24| 174 |GO7 DISF_| 0 |eo7r  |s03  |BOZ
A11 245|175 |BO0 DISF_| 0 |poo  |so4 604
B11 245 | 176 [BO1 DISF_| 0 |Bo1  |605  |BOS
£11 = | 177 |BOzZ DISF | 0 |poz  |s06  |BO6
D11 240 172 |pO3 DISF_| 0 |eoz  |s07 _ |BO7
A0 250|170 B4 DISF_| 0 |pog  |Boz
B0 251] 120 |BOS DISF | 0 |B05  |BD=
10 252|181 |BOE DISF_| 0 |pos  |B04
D10 253|132 |BO7 DISF_| 0 |po7_ |BDS
to 20| 153 |RIS CAF | VO |GFIOD |BOE  |RE
BQ z60| 124 R4 CaF | vo [eFi01 |Bo7  |Re
AD 261 125 |RIZ CAP | Vo [eFloz |GFPIO0 |RE
Ce 26z | 196 |RIZ CAF | Vo [GFIOE |eFI01 |RE
BE 263 | 127 [RIA CAP | Vo [eFioa |ePloz |RNA
A8 266 | 155 |RIO CAF | RID
7 267 | 120 | @15 T AP | 315
BT Z65 | 190 |Gld CAF | G4
AT 260 101 [&I3 AP | Glz
cE 270 19z |Gz CAF | Gz
BE 27a] 1932 |&H CAP |_[winF__|[wiN7__|&i
AE 275] 104 | &I CAF T = T
cs 276] 195 [BIS T AP I [WING [wiINs |BIS
BS 277|106 [BI CAP L [viNg__|[viNa _ |Bia
a5 z70] 197 [BE CAF L[Nz [viNE B2
ca ze0 103 [BE AP | [Nz [wiNz_ [BIZ
B4 z81] 192 |BN CAF e P R
£ 2ez | 200 [BO T AP I [wviND _ [wiND__ |BI0
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2.4 Host CPU interface

1) Parallel interface mode

Table 2-1 Host CPU Interface Pins

Pin name I/0 Description

MODEO0-2 Input Host CPU mode select

RDY_MODE Input Normally ready, Not ready select

BS_MODE Input BS signal with/without select

XRST Input Hardware reset (“L"=Reset, Set to low level when power-on)

DO0-31 In/Out Host CPU bus data

AO0-A23 Input Host CPU bus address (In the V832 mode, A[24] is
connected to XMWR.)

BCLKI Input Host CPU bus clock

XBS Input Bus cycle start signal

XCS Input Chip select signal

XRD Input Read strobe signal

XWEO Input Write strobe for DO to D7 signal

XWE1 Input Write strobe for D8 to D15 signal

XWE2 Input Write strobe for D16 to D23 signal

XWE3 Input Write strobe for D24 to D31 signal

XRDY Output Wait request signal (In the SH3 mode, when this signal is

Iq'State “0”, it indicates the wait state; in the SH4, V832 and
(1 SPARCIite modes, when this signal is “1”, it indicates the
wait state.)

DREQ Output DMA request signal (This signal is low-active in both the SH
mode and V832 mode.)

DRACK/DMAAK Input Acknowledge signal in response to DMA request (DMAAK is
used in the V832 mode; this signal is high-active in both the
SH mode and V832 mode.)

DTACK/XTC Input DMA transfer strobe signal (XTC is used in the V832 mode.
In the SH mode, this signal is high-active; in the V832 mode,
it is low-active.)

XINT Output Interrupt signal issued to host CPU (In the SH mode, and
SPARCIite this signal is low-active; in the V832 mode, it is
high-active)

With regard to BCLKI and XRST, the details, please refer “14.3.2 Note at power-on”.

*(1) Tri-state output of XRDY is valid in SH3, SH4, V832, and SPARCIite. In 16-bit SRAM I/F,
16-bit AD I/F, and 32-bit AD I/F, it drives “High” or “Low”. When more than two devices are
connected to 16-bit SRAM I/F, 16-bit AD I/F, and 32-bit AD I/F, insert the tri-state buffer between
XRDY of LIME and the CPU. Refer to the following note.

Case 1:

If there is no peripheral device to drive the hardware wait and it is possible for the CPU to ignore
the XRDY signal in other than from Lime, then it is not necessary to account for this problem.
Simply connect the XRDY of Lime to the XRDY of the CPU.
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Case 2:
If the condition is other than the above, put the tri-state buffer between Lime’s XRDY and CPU’s

XRDY as shown below.

CPU Lime
XCSx XCS
XCSn

®
Pull-

Lin/down

Peripheral device

XCS
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LIME can be connected to the Renesas SH4 (SH7750), SH3 (SH7709) NEC V832 and Fuijitsu
SPARCIite (MB86833) without external circuit. In the SRAM interface mode, LIME can be used
with any other CPU as well. The host CPU is specified by the MODEDO to 2 pins.

MODE 2 MODE 1 MODE 0 CPU
L L L SH3
L L H SH4
L H L V832
L H H SPARCIite
General-purpose  16bit CPU with SRAM
H L L .
interface
General-porpose 16bit CPU with address and
H L H . :
data multiplex interface
General-purpose 32bit CPU with address and
H H L . :
data multiplex interface
H H H Reserved

24.1 Ready signal mode

The MODE2 pin can be used to set the ready signal level when the bus cycle of the host CPU
terminates. For the normally not ready mode, set the software wait to 0 or 1 cycles. When using this
device in the normally ready mode, set the software wait to 2 cycles. When using this device in the
normally not ready mode, set the software wait to one cycle. (When BS_MODE = H, three cycles are
needed for the software wait.)

The ‘normally not ready mode’ is the mode in which the LIME XRDY signal is always in the wait state
and Ready is returned only when read/write is ready.

The ‘normal ready mode’ is the mode in which the LIME XRDY signal is always in the Ready state and
it is put into the wait state only when read/write cannot be performed immediately.

Ready Signal Mode

RDY_ MODE Ready signal operation

L Recognizes XRDY signal as ‘not ready level’ and terminates bus cycle
(normally not ready mode)

Recognizes XRDY signal as ‘ready level’ and terminates bus cycle (normally
ready mode)

H

RDYSW is for an active signal level on 16bit SRAM I/F, 16bit A/D multiplexed I/F, and 32bit A/D
multiplexed I/F modes. High active or low active can be selected.

Active level of ready signal for 16bit CPU and A/D multiplexed CPU

RDYSW RDYSW signal operation
L Recognizes XRDY signal as ‘not ready level’ and terminates bus cycle
(normally not ready mode)
H Recognizes XRDY signal as ‘ready level’ and terminates bus cycle (normally
ready mode)
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2.4.2 BS signal mode
Connection to a CPU without the BS signal can be made via the BS_MODE signal. This setting can

be performed for all CPU modes. To connect to a CPU without the BS signal, set the BS_MODE
signal to “High” level.

When not using the BS signal, fix the BS pin of LIME at “High” level.
When using the BS_MODE signal as “High” level, with the normally ready mode established, set the

CPU software wait to three cycles.

BS Signal Mode

BS MODE Operation of BS signal
L Connects to CPU with BS signal
H Connects to CPU without BS signal

2.4.3 Endian

LIME has bi-endian mode for a halfword ordering of 16bit CPU.

ENDIAN signal is for 16bit SRAM I/F and 16bit A/D multiplexed I/F modes.The half word ordering of
Lime can be selected from either little or big.

In the case of CPUs with the byte swapping, please note it.

LIME operates in little-endian mode. All the register address descriptions in the specifications are byte
address in little endian. When using a big-endian CPU, note that the byte-or word-addresses are
different from these descriptions.

Endian Mode for 16-bit CPU

ENDIAN Operation of BS signal
L Little endian for the halfword ordering
H Big endian for the halfword ordering
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24.4 Note about the connection to CPU

The data signal is 32 bits (fixed).

The address signal is 32 bits (per one double-word) x 24, and has a 64-Mbyte address field. (16-
MByte address space is provided for V832 and SPARCIite.)

The external bus operating frequency is up to 66 MHz.

In the SH4, V832, and SPARCIite modes, when the XRDY signal is low, it is in the ready state.
However, in the SH3 mode, when the XRDY signal is low, it is in the wait state. This signal is a tri-
state output that is synchronized with the rising edge of BCLKI.

DMA data transfer is supported using an external DMA controller.

An interrupt signal is generated to the host CPU.

The XRST input must be kept low for at least 300 us after setting the S (PLL reset) signal to high.
In the V832 mode, LIME signals are connected to the V832 CPU as follows:

LIME Pins V832 Signals
A24 XMWR
DTACK XTC
DRACK DMAAK
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How to connect between Lime and CPUs is shown as the following table.

Pinname | In/Out | SH4(SH7750) | SH3(SH7709) | V832 V832
BCLKI | | ckio CKIO CLKOUT CLKOUT
A3-A0 || A5-A2 A5-A2 A5-A2 A5-A2
A11-A4 || A13-A6 A13-A6 A13-A6 A13-A6
A19-A12 || A21-A14 A21-A14 A21-A14 A21-A14
A21-A20 || A23-A22 A23-A22 A23-A22 A23-A22
A22 || A24 A24 . .
A23 | | A2s5 A25 ] ]
XCS | CSn CSn CSn CSn
D15-0 0 | D15-DO D15-D0 D15-D0 D15-D0
D31-16 I0 | D31-D16 D31-D16 D31-D16 D31-D16
XRD | | RD RD IORD/MRD IORD/MRD
XWEOQ |
XWE1 L1 wen WEn IOWR/XXBEN/MWR | IOWR/XxBEN/MWR
XWE?2 |
XWE3 |
XBS | | Bs BS BCYST BCYST
XRDY o |RDY WAIT READY READY
DREQ o | DREQ DREQ DMARQ DMARQ
DRACK | | DRAK DRAK DMAAK DMAAK
DTACK | | back DACK TC TC
XINT 0
MODEO-2 |
RDY MODE | |
BS_MODE |
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Pin name in/out | MBOOF334 | MBIOFa7x | MPRITSX Moty |
BCLKI | SYSCLK SYSCLK
A3-AO ! A04-AO A04-AQ1
A11-A4 | A12-A05 A12-A05
A19-A12 ! A20-A13 A20-A13
A21-A20 | A22-A21 A22-A21
A22 | A23 A23
A23 | i -
XCS ! Ccsnx CSnX
D15-0 0 D31-D16 D31-D16
D31-16 10 : -
XRD ! IORDX IORDX
XWEQ ! IOWRX IOWRX
XWET | i i
XWE2 | i i
XWE3 | i i
XBS ! ASX ASX
XRDY 0 RDY RDY
DREQ 0 : :
DRACK ! i i
DTACK ! i i
XINT 0
MODEQ-2 |
RDY_MODE | |
BS_MODE |
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MB90F38x
Pin name In/Out 16-bit
non-MUX

BCLKI [ CLK
A0 | Open
A8-A1 | P11 7-P11 0
A15-A9 | P12 6-P12 0
A20-A16 [ P03 _3-P03 0
A23-A21 [ P08 6-P08 4
XCS [ CS3
D7-D0 10 P00 _7-P00 0
D15-D8 10 P02 7-P02 0
XRD | RDX
XWEO | WRLX
XWE1 [ WRHX
XWE2 [ -
XWE3 | -
XBS [ ALE / ASX
XRDY (0] RDY
DREQ (0] -
DRACK | -
DTACK | -
XINT (0] -
MODEQ [ GND
MODE1 [ GND
MODE?2 | VCC
RDY MODE [ GND
BS MODE [ GND
ENDIAN [ GND
RDTSW | VCC
Notes:
Not supported:

=  ARM7

= MPC5200

= M16C
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2.5 Graphics memory interface

Graphics memory interface pins

Pin name 1/0 Description
MD31 - MDO 1/0 Graphics memory bus data
MA14 - MAO Output Graphics memory bus data
MRAS Output Row address strobe
MCAS Output Column address strobe
MWE Output Write enable
DQM3 - DQMO Output Data mask
MCLKI Input Graphics memory clock input
MCLKO Output Graphics memory clock output

Connect the interface to the external memory used as memory for image data. The interface can be
connected to 64-/128-/256-Mbit SDRAM (16- or 32-bit length data bus) without using any external
circuit.

Connect MCLKI to MCLKO.
Connect XCS of SDRAM to GND.
Connect CKE of SDRAM to VCC 3V3.

Important:

The length of each PCB trace connecting Lime's MCLKI and MCLKO pins and SDRAM's CLK pin
together should be the same. Please note that there could be just one piece of SDRAM used. The
recommendation should be followed in that case as well. Please see below for a graphical description.

Also, take note of the AC spec of graphics memory interface.

CLE
MCLEO [~~| I
~— — SDEAM
_,.,--""'-\:.:""ﬁ-.._
T
MCLET CLE

Lime

The length of each PCB trace connecting Lime's MCLKI and MCLKO pins and SDRAM's CLK pin
together should be the same. Please note that there could be just one piece of SDRAM used.
The recommendation should be followed in that case as well.
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2.6 Video output interface

Video Output Interface Pins

Pin name 1/0 Description
DCKI Input Dot clock signal input
DISPE Output Display Enable
DCLKI Input Display Clock Input
DCLKO Output Display Clock Output
HSYN I/0 Horizontal sync signal output
Horizontal sync input <in external sync mode>
VSYN I/0 Vertical sync signal output
Vertical sync input <in external sync mode>
CSYN Output Composite sync signal output
GV Output Graphics/video switch

Additional setting of external circuits can generate composite video signal.
Synchronous to external video signal display can be performed.

Either mode which is synchronous to DCLKI signal or one which is synchronous to dot clock, as for
normal display can be selected.

Since HSYNC and VSYNC signals are set to input state after reset, these signals must be pulled up
LSI externally.

The GV signal switches graphics and video at chroma key operation. When video is selected, the
“Low” level is output.
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2.7 Video capture interface

1) ITU-656 Input Signals

Table 2-3 Video Capture Interface Pins

Pin name 1/0 Description

Digital video input clock signal input
(CCLK) INput | s pin is multiplexed RGBCLK. Please see RGBCLK.
ITUG56 Digital video data input. These pins are multiplexed MD63-
MD56.

VINFID Input | Field Input (Pullup/Pulldown)

VIN7-0 Input

Inputs ITU-RBT-656 format digital video signal

2)RGB Input Signals

The signals used for video capture are not assigned on dedicated pins but share the same pins with
other functions. There is a set of signals corresponding to the RGB capture modes.

There is a possibility of sharing these pins with other pins. (TBD)

Direct Input Mode

Pin name 1/0 Description
RGBCLK Input | Clock for RGB input.

This pin is multiplexed CCLK.
RI5-0 Input | Red component value.
GI5-0 Input | Green component value.
B15-0 Input | Blue component value.
VINSYNC Input | Vertical sync for RGB capture.
HINSYNC Input | Horizontal sync for RGB capture.

Note :
- the RGB bhit of VCM(video capture mode) register enables RGB input mode of video capture.

MB86276 'LIME' GDC Specifications 39
Rev1.1a




FUJITSUZSEMICONDUCTOR CONFIDENTIAL
2.8 I°Cinterface

Pin name 1/0 Description
SDA 110 I°C serial data line.
SCL /10 I2C serial clock line.

Note)
Input voltage level is 3.3V. Please be careful, it does not support to 5V input.
(The device whose output voltage is 5V is not connectable.)

2.9 GPIO interface

Pin name I/0 Description

GPI04-0 I/0 General-purpose 10 pin.

pin.
These pins are pull-up in the chip.

A direct value is controlled and read by the inside register.
Moreover, interruption can be generated with the value of a

2.10 General purpose mode pins

GMODE | GMODE | GMODE PIN Multiplex
2 1 0

L L L 32bit CPU RGB88S - gggg% -

L L H 32bit CPU RGB888 - RBT656/601 GPIO[4:0]
L H L 16bit CPU RGB888 RGB666 RBT656/601 GPI0[2:0]
L H H 16bit CPU RGB666 RGB666 Native -

RGB666

H L L Reserved Reserved Reserved Reserved Reserved
H L H Reserved Reserved Reserved Reserved Reserved
H H L Reserved Reserved Reserved Reserved Reserved
H H H Reserved Reserved Reserved Reserved Reserved
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2.11 Clock input

Pin name 1/0 Description
CLK Input Clock input signal
S Input PLL reset signal
CKM Input Clock mode signal
CLKSEL [1:0] Input Clock rate select signal

Inputs source clock for internal operation clock and display dot clock. Normally, 4 Fsc (= 14.31818
MHz: NTSC) is input. An internal PLL generates the internal operation clock of 133 MHz/100 MHz
and the display base clock of 400 MHz. Even if don’t use an internal PLL (use BCLKI as internal clock
and use DCLKI as dot clock), don’t stop the PLL (Not fixed the S pin to low level).

CKM Clock mode

Output from internal PLL selected

H BLCKI clock selected

When CKM = L, selects input clock frequency when built-in PLL used according to setting of CSL pins

csL1 CSLO Input clock Multiplication Display
frequency rate reference clock

L L Inputs 13.5-MHz | x 29 391.5 MHz
clock frequency

L H Inputs 14.32-MHz | x 28 400.96 MHz
clock frequency

H L Inputs 17.73-MHz | x 22 390.06 MHz
clock frequency

H H Inputs 33.33-MHz %12 399.96
clock frequency

Please connect the crystal oscillator directly with the terminal CLK. CLK value to -1% of it is
supported.
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2.12 Test pins

Table 2-5 Test Pins

Pin name 1/0 Description
TESTL Input Input 0-V power.
TESTH Input Input 3.3-V power.

2.13 Reset sequence

See 14.3.2 Note at power-on.

2.14 How to switch internal operating frequency

Switch the operating frequency immediately after a reset (before rewriting MMR mode register of
external memory interface).

Any operating frequency can be selected from the combinations shown in Table 2-6.

Table 2-6 Frequency Setting Combinations

Clock for Rendering Engine and
Memory interface

133 MHz
100 MHz
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3 PROCEDURE OF THE HARDWARE INITIALIZATION

3.1 Hardware reset
1.Do the hardware reset.

2.After the hardware reset, set the CCF(Change of Frequency) register (section 12.1 Host
interface registers).

In being unstable cycle after the hardware reset, keep 32 bus cycles open.

3.Set the graphics memory interface register, MMR (Memory I/F Mode Register).
After setting the CCF register, take 200 us to set the MMR register.
In being unstable memory access cycle, keep 32 bus cycles open.

4.Other registers, except for the CCF register and the MMR register, should be set after
setting the CCF register.
In case of not using memory access, the MMR register could be set in any order after
the CCF register is set.

3.2 Re-reset
1. Reset XRST signal.

2. See section x.x for registers setting after the procedure of re-reset.

3.3 Software reset
1. Set the value of the SRST register for re-reset.

2. Itis not necessary to reset the CCF register and the MMR register again.
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4 HOST INTERFACE

Select the host CPU by setting the MODEO to MODE2 signals as follows:

Table 4-1 CPU Type Setting

MODE 2 MODE 1 MODE 0 CPU
L L L SH3
L L H SH4
L H L V832
L H H SPARCIite
H L L General 16bit CPU with SRAM interface
General 16bit CPU with address and data
H L H ) .
multiplex interface
General 32bit CPU with address and data
H H L ) .
multiplex interface
H H H Reserved
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4.1 Access Mode

4.1.1 SRAM interface

Data can be transferred to/from LIME using SRAM access protocol. LIME internal registers and
graphics memory are all mapped to the physical address area of the host processor.

LIME uses hardware wait based on the XRDY signal, enabling the hardware wait setting of the host
CPU. When using the normally not ready mode, set the software wait to “1”. When using the normally
ready mode, set the software wait to “2”. (When using the BS_MODE signal as “High” level, with the
normally ready mode established, set the CPU software wait to three cycles.) Switch the ready mode
using the RDY_MODE signal.

CPU Read

The host processor reads data from internal registers and memory of LIME in double-word (32 bit)
units. Valid data is output continuously while XRD and XCS are being asserted at a “Low” level after
XRDY has been asserted.

CPU Write

The host CPU writes data to internal registers and memory of LIME in byte, word(16 bit) and double-
word( 32 bit) units.

4.1.2 FIFO interface (fixed transfer destination address)

This interface transfers display lists stored in host memory. Display list information is transferred
efficiently using a single address mode DMA transfer. Data can be transferred to FIFO in relation to
FIFO buffer area mapped in memory area using SRAM interface or dual address mode.

MB86276 'LIME' GDC Specifications 45
Rev1.1a




FUJITSU SEMICONDUCTOR CONFIDENTIAL
4.2 DMA Transfer

4.2.1 Data transfer unit

DMA transfer is performed in double-word (32 bits) units or 8 double-word (32 bytes) units. Byte and
word access is not supported.

Note: 8 double-word transfer is supported only in the SH4 mode.

4.2.2 Address mode

Dual address mode (mode using ACK)

DMA is performed at memory-to-memory transfer between host memory and registers mapped in
memory space or graphics memory (destination). Both the host memory address and LIME is used.
In the SH4 mode, the 1 double-word transfer (32 bits) and 8 double-word transfer (32 bytes) can be
used.

When the CPU transfer destination address is fixed, data can also be transferred to the FIFO interface.
However, in this case, even the SH4 mode supports only the 1 double-word transfer.

DREQ and DRACK pins and SRAM interface signals are used. In V832, the DREQ, DMAAK, and
XTC pins and SRAM interface signals are used.

Note: The SH3 mode supports the direct address mode; it does not support the indirect address
mode.
Dual address mode (mode not using ACK)

When not using the ACK signal with the dual address mode established, set bit3 at HostBase+0004h
(DNA: Dual address No Ack mode) to 1.

When the ACK is not used, the DREQ signal is in the edge mode and the DREQ signal is negated per
transfer and then reasserted it in the next cycle. If processing cannot be performed immediately inside
LIME, the DREQ signal remains negated.

The transfer count register (DTC) of LIME is not used, so in order to end DMA transfer, write “1” to the
DMA transfer stop register (DTS) from the CPU.

Note 1: In the dual DMA mode (mode without ACK), the destination address can be used only for
the FIFO.

In DMA transfer to the graphics memory, etc., use the dual DMA mode.
Note 2: DMA read is not supported.

Single address mode (FIFO interface)

Data is transferred between host memory (source) and FIFO (destination). Only the address output
from the host memory is used, and the data is transferred to the FIFO. This mode does not support
data write to the host memory. When the FIFO is full, the DMA transfer is suspended.

The 1 double-word transfer (32 bits) and the 8 double-word transfer (32 B) can be used.
DREQ, DTACK, and DRACK signal are used.
Note: The single-address mode is supported only in the SH4 mode.
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4.2.3 Bus mode

LIME supports the DMA transfer cycle steal mode and burst mode according to setting of external
DMA mode.
Cycle steal mode (In the V832 mode, the burst mode is called the single transfer mode.)

In the cycle steal mode, the right to use the bus is obtained or released at every data transfer of 1 unit.
The DMA transfer unit can be selected from between the 1 double-word (32 bits) and 8 double-words
(32 B).

Burst mode (In the V832 mode, the burst mode is called the demand transfer mode.)

When DMA transfer is started, the right to use the bus is acquired and the transfer begins. The data
transfer unit can be selected from between 1 double-word (32 bits) and 8 double-words.

Note: When performing DMA transfer in the dual-address mode, a function for automatically
negating DREQ is provided based on the setting of the DBMbit in DSU register.

4.2.4 DMA transfer request

Single-address mode
DMA is started when the LIME issues an external request to DMAC of the host processor.
Set the transfer count in the transfer count register of the LIME and then issue DREQ.
Fix the CPU destination address to the FIFO address.

Dual-address mode

DMA is started by two procedures: LIME issues an external request to DMAC of the host processor,
or the CPU itself is started (auto request mode, etc.). In Ack use mode, set the transfer count in the
transfer count register of LIME and then issue DREQ.

Note: In the Ack unused mode and the V832 mode requires no setting of the transfer count register.

425 Ending DMA transfer

SH3/SH4
When the LIME transfer count register is set to 0, DMA transfer ends and DREQ is negated.

V832

When the XTC signal from the CPU is low-asserted while the DMAAK signal to S LIME is high-
asserted, the end of DMA transfer is recognized and DREQ is negated.

The end of DMA transfer is detected in two ways: the DMA status register (DST) is polled, and an
interrupt to end the drawing command (FD000000y) is added to the display list and the interrupt is
detected.

In the dual address mode (mode not using ACK), the DMA transfer count register (DTC) is not used,
so the DMA ending cannot be determined. The DREQ signal can be negated to end DMA by writing
1 from the CPU to the DMA transfer stop register (DTS) of LIME at DMA transfer end.
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4.3 Transfer of Local Display List

This is the mode in which the LIME internal bus is used to transfer the display list stored in the
graphics memory to the FIFO interface.

During transfer of the local display list, the host bus can be used for CPU read/write.

How to transfer list: Store the display list in the local memory of LIME, set the transfer source local
address (LSA) and the transfer count (LCO), and then issue a request (LREQ). Whether or not the
local display list is currently being transferred is checked using the local transfer status register (LSTA).

= 7\
CPU ( ) FIFO
L
/]_ = /1_'\
N :'O: \ '
L__N| Memory IF
SDRAM = SDRAM
\— N
~_ NZ
CPU Bus Internal Bus
Transfer Path for Local Display List
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4.4 Interrupt

LIME issues interrupt requests to the host CPU. Following shows the types of interrupt factor and they
can be enabled/disabled by IMASK (Interrupt Mask Register).

Vertical synchronization detect

Field synchronization detect
External synchronization error detect
Drawing command error

Drawing command execution end

GPIO pinmonitoring

4.4.1 Address Error Interrupt

Certain addresses are invalid depending on operation. For example the Burst Controller cannot
access the Host Interface internal registers. If an attempt is made to do this then the access will be
terminated and an Address Error Interrupt triggered.

45 SH3 Mode

In the SH3 mode, operation is assured under the following conditions:

Normally not ready mode

BCLK (CPU bus clock) is 50 MHz or less.
The XWAIT setup time is 9.0 ns or less.
Normally ready mode

Three cycles or more are set for the software wait.

4.6 Wait

Software wait

The software wait is a wait performed on the CPU side; this wait specifies how many cycles of the
ready signal (XRDY) sampling timing is ignored.

Hardware wait

The hardware wait is a wait on the LIME side that occurs when LIME itself cannot read/write data
immediately.

4.7 16-bit CPU mode
In the 16-bit CPU mode (16-bit SRAM I/F, 16-bit AD I/F), the data is accessed in the following rules.
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1. The data is accessed in the following order, lower 16-bit of 32-bit and upper 16-bit of 32-bit
continuosly.
2. The address is accessed ountinuosly.

If those rules are not kept, it returns an error. Refer to the related Host Interface register in details.
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5 1?C Interface Controller

5.1 Features

- Master transmission and receipt

- Slave transmission and receipt

- Arbitration

- Clock synchronization

- Detection of slave address

- Detection of general call address

- Detection of transfer direction

- Repeated generation and detection of START condition

- Detection of bus error

- Correspondence to standard-mode (100kbit/s ) / high-speed-mode (400kbit/s)

MB86276 'LIME' GDC Specifications 51
Rev1.1a




FUJITSU SEMICONDUCTOR CONFIDENTIAL

5.2 Block diagram

5.2.1 Block Diagram
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5.2.2 Block Function Overview

START condition / STOP condition detecting circuit
This circuit performs detection of START condition and STOP condition from the state of SDA
and SCL.

START condition / STOP condition generating circuit
This circuit performs generation of START condition and STOP condition by changing the state of
SDA and SCL.

Arbitration Lost detecting circuit

This circuit compares the data output to the SDA line with the data input into the SDA line at the
time of data transmission, and it checks whether the data is identical. If not identical, the circuit
detects this as an arbitration lost state.

Shift Clock generating circuit
This circuit performs generating timing count of the clock for serial data transfer, and output
control of SCL clock by setup of a clock control register.

Comparater
Comparater compares whether the received address and the self-address appointed to be the
address register is in agreement, and whether the received address is a global address.

ADR
ADR is the 7-bit register which appoints a slave address.

DAR
DAR is the 8-bit register used by serial data transfer.

BSR

BSR is the 8-bit register for the state of 12C bus etc. This register has following functions:
- detection of repeated START condition

- detection of arbitration lost

- storage of acknowledge bit

- data transfer direction

- detection of addressing

- detection of general call address

- detection of the 1st byte

BCR

BCR is the 8-bit register which performs control and interruption of 12C bus. This register has
following functions:

- request / permission of interruption

- generation of START condition

- selection of master / slave

- permission to generate acknowledge
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CCR

CCR is the 7-bit register used by serial data transfer. This register has following functions:
- permission of operation

- setup of a serial clock frequency

- selection of standard-mode / high-speed-mode

Noise filter

This noise filter consists of a 3 step shift register. When all three value that carried out the
continuation sampling of the SCL/SDA input signals is “1”, the filter output is “1”. Conversely
when all three value is “0”, the filter output is “0”. To other samplings it holds the state before 1
clock.

5.3 Example application

5.3.1 Connection Diagram

3.3V
Slave Device GDC
SDA ¢ SDA
SCL ¢ "l scL
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5.4 Function overview

Two bi-directional buses, serial data line (SDA) and serial clock line (SCL), carry information at 12C-
bus. Scarlet I12C interface has SDA input (SDAI) and SDA output (SDAO) for SDA and is connected to
SDA line via open-drain 1/O cell. And this interface also has SCL input (SCLI) and SCL output (SCLO)
for SCL line and is connected to SCL line via open-drain 1/O cell. The wired theory is used when the
interface is connected to SDA line and SCL line.

5.3.2 START condition

If “1”7 is written to MSS bit while the bus is free, this module will become a master mode and will
generate START condition simultaneously. In a master mode, even if a bus is in a use state (BB=1),
START condition can be generated again by writing “1” to SCC bit.

There are two conditions to generate START condition.
- “1” writing to MSS bit in the state where the bus is not used (MSS=0 & BB=0 & INT=0 & AL=0)
- “1” writing to SCC bit in the interruption state in a master mode (MSS=1 & BB=1 & INT=1 & AL=0)

If “1” writing is performed to MSS bit in an idol state, AL bit will be set to “1”. “1” writing to MSS bit
other than the above is disregarded.

o\ N
T N

START condition

5.3.3 STOP condition

If “0” is written to MSS bit in a master mode (MSS=1), this module will generate STOP condition and
will become a slave mode.

There is a condition to generate STOP condition.

- “0” writing to MSS bit in the interruption state in a master mode (MSS=1 & BB=1 & INT=1 & AL=0)
“0” writing to MSS bit other than the above is disregarded.

SDA———\ / \ [—
s\ /o /

STOP condition
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5.34 Addressing

In a master mode, it is set to BB="1" and TRX="0" after generation of START condition, and the
contents of DAR register are output from MSB. When this module receives acknowledge after
transmission of address data, the bit-0 of transmitting data (bit-0 of DRA register after transmission) is

reversed and it is stored in TRX bit.
- Transfer format of slave address
A transfer format of slave address is shown below:

MSB LSB

| A6 | A5 A4 | A3 | A2 A1 | A0 | RIW

|ACK |

slave address

- Map of slave address

A map of slave address is shown below:

slave address R/W Description
0000 00O 0 General call address
0000 00O 1 START byte
0000 001 X CBUS address
0000 010 X Reserved
0000 011 X Reserved
0000 1XX X Reserved
0001 XXX
' E X Available slave address
1110 XXX
1111 0XX X 10-bit slave addressing*1
1111 1XX X Reserved

*1 This module does not support 10-bit slave address.

5.3.5 Synchronization of SCL

When two or more 12C devices turn into a master device almost simultaneously and drive SCL line,
each devices senses the state of SCL line and adjusts the drive timing of SCL line automatically in

accordance with the timing of the latest device.
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5.3.6 Arbitration

When other masters have transmitted data simultaneously at the time of master transmission,
arbitration takes places. When its own transmitting data is “1” and the data on SDA line is “0”, the
master considers that the arbitration was lost and sets “1” to AL. And if the master is going to generate
START condition while the bus is in use by other master, it will consider that arbitration was lost and
will set “1” to AL.

When the START condition which other masters generated is detected by the time the master actually
generated START condition, even when it checked the bus is in nonuse state and wrote in MSS="1", it
considers that the arbitration was lost and sets “1” to AL.

When AL bit is set to “1”, a master will set MSS="0" and TRX= “0” and it will be a slave receiving mode.
When the arbitration is lost (it has no royalty of a bus), a master stops a drive of SDA. However, a
drive of SCL is not stopped until 1 byte transfer is completed and interruption is cleared.

5.3.7 Acknowledge

Acknowledge is transmitted from a reception side to a transmission side. At the time of data reception,
acknowledge is stored in LRB bit by ACK bit.

When the acknowledge from a master reception side is not received at the time of slave transmission,
it sets TRX="0" and becomes slave receiving mode. Thereby, a master can generate STOP condition
when a slave opens SCL.

5.3.8 Bus error

When the following conditions are satisfied, it is judged as a bus error, and this interface will be in a
stop state.

- Detection of the basic regulation violation on 12C-bus under data transfer (including ACK bit)

- Detection of STOP condition in a master mode
- Detection of the basic regulation violation on 12C-bus at the time of bus idol

V4N
/D7XD6/XXD5X

e U Fa W VPR VP
W

SDA changed under data transmission (SCL=H). It becomes bus error.
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5.3.9 Initialize

[ sm ]
v
ADR: write setup of slave address
CCR: write v
CS[4:0]: write setup of clock frequency
EN: 1write setup of macro enable
v
BCR: write ¢ fint i
BER: Owrite setup of interruption
BEIE: 1write
INT: Owrite
INTE: 1write v
[ End ]
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5.3.10  1-byte transfer from master to slave

master Start slave
DAR: write A 4
MSS: 1write START condition
BB set TRX set BB set,TRX reset
\ 4
Transfer of address data
AAS set
\ 4
Acknowledge
LRB reset
v INT set, TRX reset
INT set, TRX set ACK: 1write
DAR: write Interruption INT: Owrite
INT: Owrite
4
data transfer
\ 4
acknowledge
LRB reset
INT set
v DAR: read
INT set interruption INT: Owrite
MSS: Owrite . it BB reset, TRX reset
INT reset Qon ition AAS reset
BB reset, TRX reset L
[ End
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5.3.11  1-byte transfer from slave to master

master Start slave
DAR:write L
M SS:1write START condition
TRX
BB set, TRX set l BB set, TRX reset
Transfer of address data
AAS set
\ 4
Acknowledge
LRB reset
v INT set, TRX reset
INT set, TRX set DAR: write
ACK: Owrite Iterruption INT: Owrite
INT: Owrite
\ 4
Data transfer
Neggative acknowledge LRB set, RTX set
L 4 INT set
INT set .
Interruption )
DAR: read INT: Owrite
MSS: Owrite 4 BB reset, TRX reset
INT reset STOP condition AAS reset
BB reset, TRX reset
\ 4
End
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5.3.12 Recovery from bus error

 w
BCR: write l
BER: Owrite Cancellation of error flag
BEIE: 1write l
CCR: write
CS[4:0]: write Setup of clock frequency
EN: 1write Setup of macro enable
BCR: write . .
BER: Owrite Setup of interruption
BEIE: 1write [
INT: Owrite l
INTE: 1write _
End
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5.4 Note

A ) About a 10-bit slave address
This module does not support the 10-bit slave address. Therefore, please do not specify the slave
address of from 78H to 7bH to this module. If it is specified by mistake, a normal transfer cannot be
performed although acknowledge bit is returned at the time of 1 byte reception.

B ) About competition of SCC, MSS, and INT bit
Competition of the following byte transfer, generation of START condition, and generation of STOP
condition happens by the simultaneous writing of SCC, MSS, and INT bit. At this time the priority is
as follows.
1) The following byte transfer and generation of STOP condition
If “0” is written to INT bit and “0” is written to MSS bit, priority will be given to “0” writing to MSS
bit and STOP condition will be generated.
2) The following byte transfer and generation of START condition
If “0” is written to INT bit and “1” is written to SCC bit, priority will be given to “1” writing to SCC
bit and START condition will be generated.
3) Generation of START condition and generation of STOP condition
The simultaneous writing of “1” in SCC bit and “0” to MSS bit is prohibition.

C ) About setup of S serial transfer clock
When the delay of the positive edge of SCL terminal is large or when the clock is extended by the
slave device, it may become smaller than setting value (calculation value) because of generation of
overhead.
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6 Graphics Memory
6.1 Configuration

The LIME GDC uses local external memory (Graphics memory) for drawing and display
management. The configuration of this Graphics memory is described as follows:

6.1.1 Data type

The LIME GDC handles the following types of data. Display list can be stored in the host (main)
memory as well. Texture/tile pattern and text pattern can be defined by a display list as well.

Drawing Frame

This is a rectangular image data field for 2D drawing. The LIME GDC is able to have plural
drawing frames and display a part of these area if it is set to be bigger than display size. The
maximum size is 4096x4096 pixel in 32 pixel units. And both indirect color ( 8 bits / pixel) and
direct color ( 16 bits / pixel) mode are applicable.

Display Frame
This is a rectangle picture area for display. The LIME GDC is able to set display layer up to 6
layers.

Z Buffer
Z buffer is required for eliminating hidden surfaces. In 16 bits modes, 2 bytes and in 8 bits
mode, 1 byte are required per 1 pixel. This area has to be cleared before drawing.

Polygon Drawing Flag Buffer
This area is used for polygon drawing. It requires 1 bit of memory per 1 pixel and 1 x-axis line
area both before and after it. Initially, this area has to be cleared.

Frame buffer, Z buffer,
Displaylist and etc

By XRES size

Base Address of Polygon By drawing frame sizy Polygon drawing flag area
Drawing Buffer(PFBR) => (Y resolution + 2) * X resolution

By XRES size

Frame buffer, Z buffer,
Displaylist and etc

Specially, when you use Polygon with Shadow, required area is depending on geometory view
volume clip parameter. (Normally depending on drawing clipping parameter) Above “Y
resolution” is “Possible_view_clipped_Max_Ydc-Possible_view_clipped_Min_Ydc+1+6”. (+6
mergin must be needed)

Displaylist Buffer
The displaylist is a list of drawing commands and parameters.

Texture Pattern
This pattern is used for texture mapping. The maximum size is up to 4096 x 4096 pixels.

Cursor Pattern
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This is used for hardware cursor. The data format is indirect color ( 8 bits / pixel) mode. And the
LIME GDC is able to display two cursor of 64 x 64 pixel size.

6.1.2

Memory Mapping

A graphics memory is mapped linearly to host CPU address field. Each of these above data is
able to be allocated anywhere in the Graphics memory according to the respective register
setting. ( However there are some restrictions of an addressing boundary depending on a data

type.)

The following shows the memory map of LIME to the host CPU memory space. The address is
mapped differently in SH3, SH4 , V832, 16bit CPU etc.

64 MB Space (SH3/SH4)

16 MB Space (V832, 16bit CPU)

Graphics
memory
area

A

0000000 to OFBFFFF

\ 4

4 A A
Graphics
32 MB to 256 KB memory 0000000 to 1FBFFFF 16 MB to 256 KB
A 4 A 4 \ 4
256 KB | Register area 1FC0000 to 1FFFFFF 256 KB T
A 4 A 4 A 4
y y
Graphics
32 MB memory 2000000 to 3FFFFFF
area
A 4 A 4

Register area

1 0FC0000 to OFFFFFF
A 4

Fig. 5.1 Memory Map

Table 5-1 Address Space in SH4, SH3 Mode

Size Resource Base address (Name)
32 MB to 256 KB 00000000
64 KB Host interface registers 01FCO0000 (HostBase)
32 KB Display registers 01FDO0000 (DisplayBase)
32 KB Capture registers 01FD8000 (CaptureBase)
32 KB Drawing registers 01FF0000 (DrawBase)
32 KB Peripheral 1/O registers 01FF8000 (P1OBase)
32 MB Graphics memory 02000000

Table 4-5 Address Space in V832, 16bit CPU Mode

Size Resource Base address (Name)
16 MB to 256 KB Graphics memory 00000000
64 KB Host interface registers 00FCO0000 (HostBase)
32 KB Display registers 00FDO0000 (DisplayBase)
32 KB Capture registers 00OFD8000 (CaptureBase)
32 KB Drawing registers O0OFF0000 (DrawBase)
32 KB Peripheral I/O registers 00FF8000 (PIOBase)
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When the SH3 or SH4 mode is used, the register area can be moved by writing 1 to bit 0 at HostBase
+ 005Ch (RSW: Register location Switch). In the initial state, the register space is at the center
(1FCO0000) of the 64 MB space; access LIME after about 20 bus clocks after writing 1 to RSW.

64 MB space (SH3/SH4)

A A
32MB Graphics memory 0000000 to 1FFFFFF
area
A 4 \ 4
A A

Graphics memory

32 MB to 256 KB area

2000000 to 3FBFFFF

256 KBt v Register area v i 3FC0000 to 3FFFFFF

Fig. 4.2 Memory Map

Table 4-6 Address Mapping in SH3/SH4 Mode

Size Resource Base address (Name)
64 MB to 256 KB Graphics memory 00000000
64 KB Host interface registers 03FC0000 (HostBase)
32 KB Display registers 03FDO0000 (DisplayBase)
32 KB Capture registers 03FD8000 (CaptureBase)
32 KB Drawing registers 03FF0000 (DrawBase)
32 KB Peripheral 1/0O registers 03FF8000 (PlIOBase)
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6.1.3 Data Format

Direct Color ( 16 bits / pixel )
This data format is described RGB as each 5 bit. Bit15 is used for alpha bit of layer blending.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LA ] R | G | B |

Indirect Color ( 8 bits / pixel )
This data format is a color index code for looking up table (palette).

7 6 5 4 3 2 1 0
| Color Code |

Z Value(Optional function)
It is possible to use Z value as 8 bits or 16 bits. These data format are unsigned integer.

1) 16 bits mode
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| Unsigned Integer

2 ) 8 bits mode
7 6 5 4 3 2 1 0
| Unsigned Integer

Polygon Drawing Flag
This data format is 1 bit per 1 pixel.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
P15 | P1a|P13|P12|[P11|[P10] P9 | P8 | P7 | P6 | P5 | Pa | P3| P2]P1]PO]
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| P31 | P30 | P29 [ P28 | P27 | P26 | P25 | P24 [ P23 | P22 [ P21 | P20 | P19 [ P18 | P17 | P16 |

Texture / Tile Pattern
It is possible to use a pattern as direct color mode ( 16 bits / pixel) or indirect color mode ( 8 bits
/ pixel).

1) Direct color mode ( 16 bits / pixel)
This data format is described RGB as each 5 bit. Bit15 is used for alpha bit of stencil or stencil
blending. ( Only texture mapping)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LA R | G |

2) Indirect color mode ( 8 bits / pixel)
This data format is a color index code for looking up table (palette).
7 6 5 4 3 2 1 0
| Color Code |

Cursor Pattern
This data format is a color index code for looking up table (palette).

7 6 5 4 3 2 1 0
| Color Code |
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6.2 Frame Management

6.2.1 Single Buffer
The entire or partial area of the drawing frame is assigned as a display frame. The display field
is scrolled by relocating the position of the display frame. When the display frame crosses the
border of the drawing frame, the other side of the drawing frame is displayed, assuming that the
drawing frame is rolled over (top and left edges assumed logically connected to bottom and
right edges, respectively). To avoid the affect of drawing on display, the drawing data can be
transferred to the Graphics Memory in the blanking time period.

6.2.2 Double Buffer
Two drawing frames are set. While one frame is displayed, drawing is done at the other frame.
Flicker-less animation can be performed by flipping these two frames back and forth. Flipping is
done in the blanking time period. There are two flipping modes: automatically at every scan
frame period, and by user control. The double buffer is assigned independently for the L2, L3,
L4, L5 layers.

6.3 Memory Access

6.3.1 Priority of memory accessing
The priority of Graphics memory accessing is the follows:
1. Refresh
2. Video Capture
3. Display processing
4, Host CPU accessing
5. Drawing accessing
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6.4 Connection with memory
6.4.1 Connection with memory

The memory controller of LIME GDC supports simple connection with SDRAM by setting
MMR(Memory Mode Register).

If there is N(=11 to 13) address pins in SDRAM, please connect the SDRAM address(A[n]) pin
to the LIME’s memory address(MA[n]) pin and SDRAM bank pin to the LIME’s next
address(MA[N]) pin. Then please set MMR by a number and type of memory.

The follows are the connection table between LIME pin and SDRAM pin.

64M bit SDRAM(x16 bit) 64M bit SDRAM(x32 bit)

LIME pins SDRAM pins LIME pins SDRAM pins

MA[11:0] A[11:0] MA[10:0] A[10:0]
MA12 BAO MA11 BAO
MA13 BA1 MA12 BA1

128M bit SDRAM(x16 bit) 128M bit SDRAM(x32 bit)

LIME pins SDRAM pins LIME pins SDRAM pins

MA[11:0] A[11:0] MA[11:0] A[11:0]
MA12 BAO MA12 BAO
MA13 BA1 MA13 BA1

256M bit SDRAM(x16 bit) 256M bit SDRAM(x32 bit)

LIME pins SDRAM pins LIME pins SDRAM pins

MA[12:0] A[12:0] MA[11:0] A[11:0]
MA13 BAO MA12 BAO
MA14 BA1 MA13 BA1

512M bit SDRAM(x32 bit)

LIME pins SDRAM pins

MA[12:0] A[12:0]
MA13 BAO
MA14 BA1
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/ DISPLAY CONTROLLER

7.1 Overview

Display control
Window display can be performed for six layers. Window scrolling, etc., can also be performed.

Backward compatibility

Backward compatibility with previous products is supported in the four-layer display mode or in the
left/right split display mode.

Video timing generator

The video display timing is generated according to the display resolution (from 320 x 240 to 1280x768).

Color look-up
There are two sets of color look-up tables by palette RAM for the indirect color mode (8 bits/pixel).

Cursor
Two sets of hardware cursor patterns (8 bits/pixel, 64 x 64 pixels each) can be used.
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7.2 Display Function

7.2.1 Layer configuration
Six-layer window display is performed. Layer overlay sequence can be set in any order. A four-layer

display mode and left/right split display mode are also provided, supporting backward compatibility
with previous products.

LO (Lowx,Lowy) L4 (LawxLawy) L2 (Lawx,L2wy) LO.L2.L4 (00) L1 (wxwy) L3,L5 (HDB+1,0)

L5 (stvx,sty)/ L1 (Liwx,L1wy) /

/

I Ay

- |
¥ N
\ L3 (L3WX,L3WY) L-f—background color

(a) Six layerd window display (b) Four layered display for downward compatibility

Configuration of Display Layers

The correspondence between the display layers for this product and for previous products is shown
below.

Layer Coordinates of starting point Width/height
correspondence | \yindow mode Comn;])g;ile)ility Window mode Compatibility mode
LO C | (Lowx, Lowy) | (0,0) (LOWW, LOWH + 1) | (HDP + 1, VDP + 1)

L1 W | LIWX, LIWY) | (WX, WY) (LAWW, LIWH + 1) | (WW, WH + 1)

L2 ML (L2WX, L2WY) | (0, 0) (L2WW, L2WH + 1) | (HDB + 1, VDP + 1)

L3 MR (L3WX, L3WY) | (HDB, 0) (L3WW, L3WH + 1) | (HDP - HDB, VDP + 1)
L4 BL (LAWX, L4WY) | (0, 0) (L4AWW, L4WH + 1) | (HDB + 1, VDP + 1)

L5 BR | (LBWX, L5WY) | (HDB,0) (LSWW, L5WH + 1) | (HDP — HDB, VDP + 1)

C, W, ML, MR, BL, and BR above are layers provided for compatibility to previous products. The
window mode or the compatibility mode can be selected for each layer. It is possible to set window
mode or compatibility mode in layer base.

However, if high resolutions are displayed, the count of layers that can be displayed simultaneously
and pixel data may be restricted according to the graphics memory ability to supply data.
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7.2.2 Overlay

(1) Overview
Image data for the six layers (LO to L5) is processed as shown below.

LO(C) data I = |—\
k l:") ) )
Cursor0 data I: Pallet-0 / Y Y
Cursor1 data I:
L1W)data ) | L
L2(ML) data ) - J o I_'f \
L3(MR) data )\ D y _ »
2 o
3 g N
L4(BL) data ) ores ﬁ 8 z
n [0)
L5(BR) data :;_ > ks
Pallet-2 ) T
L2 data " v )
Pallet-3 )
L3 data E aner v P y
A A
L4 data | ) )
L5data | ) )
| 4 S— | 4 S—

The fundamental flow is: Palette — Layer selection — Blending. The palettes convert 8-bit color
codes to the RGB format. The layer selector exchanges the layer overlay sequence arbitrarily. The
blender performs blending using the blend coefficient defined for each layer or overlays in accordance
with the transparent-color definition.

The LO layer corresponds to the C layer for previous products and shares the palettes with the cursor.
As a result, the LO layer and cursor are overlaid before blend operation.

The L1 layer corresponds to the W layer for previous products. To implement backward compatibility
with previous products, the L1 layer and lower layers are overlaid before blend operation.

The L2 to L5 layers have two paths; in one path, these layers are input to the blender separately and
in the other, these layers and the L1 layer are overlaid and then are input to the blender. When
performing processing using the extended mode, select the former; when performing the same
processing as previous products, select the latter. It is possible to specify which one to select for each

layer.
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(2) Overlay mode
Image layer overlay is performed in two modes: simple priority mode, and blend mode.

In the simple priority mode, processing is performed according to the transparent color defined for
each layer. When the color is a transparent color, the value of the lower layer is used as the image
value for the next stage; when the color is not a transparent color, the value of the layer is used as the
image value for the next stage.

Dyiew = Dpew (When Dy, does not match transparent color)
= Diower (When Dy, matches transparent color)

When the L1 layer is in the YCbCr mode, transparent color checking is not performed for the L1 layer;
processing is always performed assuming that transparent color is not used.

In the blend mode, the blend ratio “r’ defined for each layer is specified using 8-bit tolerance, and the
following operation is performed:

Dview = Dnew*r + Dlower*(1 - I’)

Blending is enabled for each layer by mode setting and a specific bit of the pixel is set to “1”. For 8
bits/pixel, the MSB of RAM data enables blending; for 16 bits/pixel, the MSB of data of the relevant
layer enables blending; for 24 bits/pixel, the MSB of the word enables blending.

(3) Blend coefficient layer

In the normal blend mode, the blend coefficient is fixed for each layer. However, in the blend
coefficient layer mode, the L5 layer can be used as the blend coefficient layer. In this mode, the blend
coefficient can be specified for each pixel, providing gradation, for example. When using this mode,
set the L5 layer to 8 bits/pixel, widow display mode and extend overlay mode.
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7.2.3 Display parameters

The display area is defined according to the following parameters. Each parameter is set
independently at the respective register.

< HTP >
HSP

A\ 4

A

HSW
HDP > >

A

[&—— HDB —»

Lnwy

LnwX
l—— LnWW

A 4

VDP —»
Y
y
>

VSP

LnWH

VTR
<—

<>l
P

VSW

Display Parameters

Note: The actual parameter settings are little different from the above. The details, please refer
“14.3.1 Interlaced mode”.

HTP Horizontal Total Pixels

HSP Horizontal Synchronize pulse Position
HSW Horizontal Synchronize pulse Width
HDP Horizontal Display Period

HDB Horizontal Display Boundary

VTR Vertical Total Raster

VSP Vertical Synchronize pulse Position
VSW Vertical Synchronize pulse Width
VDP Vertical Display Period

LnWX Layer n Window position X

LnwWy Layer n Window position Y

LnWW Layer n Window Width

LnWH Layer n Window Height

When not splitting the window, set HDP to HDB and display only the left side of the window. The
settings must meet the following relationship:

0 < HDB < HDP < HSP < HSP + HSW + 1 < HTP
0 < VDP < VSP < VSP + VSW + 1 < VTR
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7.24 Display position control

The graphic image data to be displayed is located in the logical 2D coordinates space (logical graphics
space) in the Graphics Memory. There are six logical graphics spaces as follows:

LO layer

L1 layer

L2 layer

L3 layer

L4 layer

L5 layer

The relation between the logical graphics space and display position is defined as follows:

Origin Address (OA) Display Address (DA)
Display Position X,Y (DX,DY)

i |
: |<— Stride (W) // q

Logical Frame

/
V/
|
T I <
i i p: > Display Frame
= VDP >
iy I
[0
T lt\\\‘ g €:£\§;//1£/
2
V4
L7
€—— HDP 4
SA /™
Display Position Parameters
OA Origin Address Origin address of logical graphics space. Memory address of top left
edge pixel in logical frame origin
w Stride Width of logical graphics space. Defined in 64-byte unit
H Height Height of logical graphics space. Total raster (pixel) count of field
DA Display Address Display origin address. Top left position address of display frame
origin
DX Display Position Display origin coordinates.
DY Coordinates in logical frame space of display frame origin
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MB86276 scans the logical graphics space as if the entire space is rolled over in both the horizontal
and vertical directions. Using this function, if the display frame crosses the border of the logical
graphics space, the part outside the border is covered with the other side of the logical graphics space,
which is assumed to be connected cyclically as shown below:

Logical Frame Origin

l¢ 64 w |

I >
A %77/%/%
™ I [ SN Previous display
Additionally === | origin
drawn area New display origin
L ‘ L/
i |
— g NV /:;
j a
\'
i 7 N
= 7

Wrap Around of Display Frame

The expression of the X and Y coordinates in the frame and their corresponding linear addresses (in
bytes) is shown below.

A(x,y) = X x bpp/8 + 64wy (bpp = 8 or 16)

The origin of the displayed coordinates has to be within the frame. To be more specific, the
parameters are subject to the following constraints:

0<DX<w x64 x8/bpp (bpp =8 or 16)
0<DY<H

DX, DY, and DA have to indicate the same point within the frame. In short, the following relationship
must be satisfied.

DA = OA + DX x bpp/8 + 64w x DY (bpp = 8 or 16)
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7.3 Display Color

Color data is displayed in the following modes:

Indirect color (8 bits/pixel)

In this mode, the index of the palette RAM is displayed. Data is converted to image data consisting of
6 bits for R, G, and B via the palette RAM and is then displayed.

Direct color (16 bits/pixel)
Each level of R, G, and B is represented using 5 bits.

Direct color (24 bits/pixel)
Each level of R, G, and B is represented using 8 bits.

YCbCr color (16 bits/pixel)

In this mode, image data is displayed with YCbCr = 4:2:2. Data is converted to image data consisting
of 8 bits for R, G, and B using the operation circuit and is then displayed.

The display colors for each layer are shown below.

Layer Compatibility mode Extended mode
LO Direct color (16, 24), Indirect color (P0O) Direct color (16, 24), Indirect color (PO)
L1 Direct color (16, 24), Indirect color (P1), YCbCr | Direct color (16, 24), Indirect color (P1), YCbCr
L2 Direct color (16, 24), Indirect color (P1) Direct color (16, 24), Indirect color (P2)
L3 Direct color (16, 24), Indirect color (P1) Direct color (16, 24), Indirect color (P3)
L4 Direct color (16, 24), Indirect color (P1) Direct color (16, 24)
L5 Direct color (16, 24), Indirect color (P1) Direct color (16, 24)

“Pn” stands for the corresponding palette RAM. Four palettes are used as follows:

Palette 0 (PO)

This palette corresponds to the C-layer palette for previous products. This palette is used for the LO
layer. This palette can also be used for the cursor.

Palette 1 (P1)

This palette corresponds to the M/B layer palette for previous products. In the compatibility mode, this
palette is common to layers L1 to 5. In the extended mode, this palette is dedicated to the L1 layer.

Palette 2 (P2)
This palette is dedicated to the L2 layer. This palette can be used only for the extended mode.

Palette 3 (P3)
This palette is dedicated to the L3 layer. This palette can be used only for the extended mode.
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7.4 Cursor

7.4.1 Cursor display function

LIME GDC can display two hardware cursors. Each cursor is specified as 64 x 64 pixels, and the
cursor pattern is set in the Graphics Memory. The indirect color mode (8 bits/pixel) is used and the LO
layer palette is used. However, transparent color control (handling of transparent color code and code
0) is independent of LO layer. Blending with lower layer is not performed.

7.4.2 Cursor control

The display priority for hardware cursors is programmable. The cursor can be displayed either on
upper or lower the LO layer using this feature. A separate setting can be made for each hardware
cursor. If part of a hardware cursor crosses the display frame border, the part outside the border is
not shown.

Usually, cursor 0 is preferred to cursor 1. However, with cursor 1 displayed upper the LO layer and
cursor 0 displayed lower the LO layer, the cursor 1 display is preferred to the cursor 0.

MB86276 'LIME' GDC Specifications 77
Rev1.1a




FUJITSU SEMICONDUCTOR CONFIDENTIAL
7.5 Display Scan Control

7.5.1 Applicable display

The following table shows typical display resolutions and their synchronous signal frequencies. The
pixel clock frequency is determined by setting the division rate of the display reference clock. The
display reference clock is either the internal PLL (400.9 MHz at input frequency of 14.318 MHz), or the
clock supplied to the DCLKI input pin. The following table gives the clock division rate used when the
internal PLL is the display reference clock:

Resolution and Display Frequency

Division rate : Horizontal ; Vertical :
Resolution of rglfggtla(nce frezﬁ(eerllcy totce(t)lup#[(el Eggﬁgﬂg totg:)La:]siter fr\égﬁ:acn%y
320 x 240 1/60 6.7 MHz 424 15.76 kHz 263 59.9 Hz
400 x 240 1/48 8.4 MHz 530 15.76 kHz 263 59.9 Hz
480 x 240 1/40 10.0 MHz 636 15.76 kHz 263 59.9 Hz
640 x 480 1/16 25.1 MHz 800 31.5 kHz 525 59.7 Hz
854 x 480 112 33.4 MHz 1062 31.3kHz 525 59.9 Hz
800 x 600 1/10 40.1 MHz 1056 38.0 kHz 633 60.0 Hz
1024 x 768 1/6 66.8 MHz 1389 48.1 kHz 806 59.9 Hz

Pixel frequency = 14.318 MHz x 28 x reference clock division rate (when internal PLL selected)

= DCLKI input frequency x reference clock division rate (when DCLKI selected)
Horizontal frequency = Pixel frequency/Horizontal total pixel count
Vertical frequency = Horizontal frequency/Vertical total raster count
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7.5.2 Interlace display

LIME GDC can perform both a non-interlace display and an interlace display.

When the DCM register synchronization mode is set to interlace video (11), images in memory are
output in odd and even rasters alternately to each field, and one frame (odd + even fields) forms one
screen.

When the DCM register synchronization mode is set to interlace (10), images in memory are output in
raster order. The same image data is output to odd fields and even fields. Consequently, the count of
rasters on the screen is half of that of interlace video. However, unlike the non-interlace mode, there
is a distinction between odd and even fields depending on the phase relationship between the
horizontal and vertical synchronous signals.

Non-Interlace Interlace Video Interlace

Display Difference between Synchronization Modes
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7.6 The external synchronous signal

The display scan can be performed by synchronizing horizontal/vertical synchronous signal from
the external.

In selecting the external synchronization mode, LIME is sampling the HSYNC signal and displays
the synchronizing the external video signal. Either the internal PLL clock or the DCLKI input
signal could be selected for the sampling clock. Also, the superimposed analog output is
performed by the chroma key process. The following diagram shows an example of the external
synchronization circuit.

External Sync ESY bit
Enable HSYNC T<}|:‘
| > » Display Timming
Hsync In
Generator
Vsync In VSYNC I
3 states L1
buffer L2 a Lo
L3 3 ”
L4 g =
L5 O o M
Hsync Out Cursor 0
4— <7
Vsync Out ity 4
— | CKM bit
LIME KEYC Compare
register
GV
A 4
Latency compensation for DAC |D-FFs
Analog : :T| E 11
RGB In | " i !
Video SW Superimposed
(Pedestal Clump Input) Analog
RGB Out

7.7 An example of the external synchronization circuit

The external synchronization mode is performed by setting the ESY bit of the DCM register. In
setting the external synchronization mode, HSYNC, VSYNC, and EO pin of LIME is changed to
the input mode. After that it needs to be provided the synchronous signal by using the 3 state
buffer from the external. When turning off the external synchronization mode, LIME internal ESY
bit needs to be switched OFF after disconnecting the synchronous input signal from the external.
The buffer of the external synchronization signal must not be switched ON when the synchronous
output signal of LIME is ON. Follow the previous instruction to prevent simultaneous ON from
occurring.

In using the external synchronous signal with the display clock based on the internal PLL, LIME
extends the clock period and fits the clock phase with the horizontal synchronous signal phase
after inputting the horizontal synchronous pulse. The following caution is necessary. In case of
connecting the high speed transmit signal, such as LVDS, with the digital RGB output, PLL with a
built-in the high speed serial transmission is temporally unstable due to this connection.
Therefore, the external synchronous signal based on the internal PLL must not be used with high
speed synchronous transmit signal.
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The synchronization of the horizontal direction is controlled by the following state diagram.

otherwise otherwise

( : Disp Fporch : ,

\ 4

The horizontal resolution counter

1 = HDP 5
5
o
(7]
5 <
5 55
] I
ﬂmJ _8 n
SE 2
c T o >
g . . £ 8
S 5 detecting the external horizontal
ﬁ § synchronous signal or
£ 8 the horizontal synchronous pulse v
counter = HSW
Bporch |« sync [ )
otherwise otherwise
When the horizontal resolution counter The horizontal resolution counter is
matches the HTP, it is initialized. is halted, starts to count the horizontal

synchronous pulse counter.

The finite state diagram is controlled by the horizontal resolution counter. The period of
outputting the signal is assigned the Disp state. When the value of the horizontal resolution
counter matches that of the HDP register, it ends to output the signal and the current state is
transmitted from Disp state to Fporch state (front porch). In the Fporch state, when the value of
the vertical resolution register matches that of the HSP register, the current state is transmitted to
the Sync state. In this state, it waits for the horizontal synchronous signal from the external.
LIME detects the negative edge of the horizontal synchronous pulse from the external and
synchronizes it. In detecting the horizontal synchronous signal from the external, the current
state is transmitted to the Bporch state (back porch). The horizontal resolution register does not
count in the Sync state, instead the horizontal synchronous counter is incremented from zero.
When the value of this counter matches the setting value of the HSW register, the current state is
transmitted to the Bporch state without detecting the horizontal synchronous signal form the
external. When the value of the horizontal resolution counter matches that of the HTP register in
the Bporch state, the horizontal resolution counter is reset, and also the current state is
transmitted to the Disp state and it begins to display the next cluster.
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The synchronization of vertical direction is controlled by the following state diagram.

otherwise otherwise

( 5| Disp Fporch :’D

7'y The cluster counter = VDP

A 4

detecting the external
vertical synchronous
pulse to be asserted

detecting the negative edge
of the external vertical
synchronous pulse

VTR

! v

Sync S

otherwise otherwise

When the cluster counter matches the
VTP, itis initialized.

A

; ; The cluster counter

Bporch

The state diagram of the vertical direction is controlled by the value of the cluster counter. The period
of outputting the signal is assigned the Disp state. When the value of the cluster counter matches the
value of the VDP register, it ends to output the signal and the current state is transmitted from the Disp
state to the Fporch state. In the Fporch state, it waits the external synchronous pulse to be asserted.
In detecting the external synchronous pulse to be asserted, the current state is transmitted to the Sync
state. In the Sync state, it waits for the negative edge of the external synchronous signal. In detecting
the negative edge, the current state is transmitted to the Bporch state. When the value of the cluster
counter matches the values of the VTR register, the cluster counter is reset, and also the current state
is transmitted to the Disp state and it starts to display the next field.
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7.8 Programmable YCbCr/RGB conversion for L1-layer display

L1-layer can display video data in YCbCr format but RGB conversion coefficients are hard-wired and
fixed about previous products. LIME can program RGB conversion coefficients by registers.

YCbCr data is converted by following expression.
R = a;*Y + a;,*(Cb-128) + a13*(Cr—128) + by
G = ax™Y + ax*(Cb-128) + a53*(Cr-128) + b,
B = a3*Y + a3*(Cb-128) + a33*(Cr-128) + b

a; --— 11bit signed real ( lower 8bit is fraction, two's complement )

b; ----- 9bit signed integer ( two's complement )

It is represended by matrix operation.

R Y ann  an
G |=A|Cb-128 | +Db where A =|azx ax
B Cr-128 as1  as

These parameters are set on registers shown bellow.

L1YCRO (a15,a11), LIYCR1(b; ar5)
L1YCGO (azzyam), L1YCG1(b2'az3)
L1YCBO (a3 as1), L1YCBA (b5 as)

ais
azs
ass

b1
, b = b2
b3

Same conversion with previous products is applied by initial values of these registers after reset.

The register values just after reset is as follow.

a; = 0x12b (299/256) , as, = 00, a3 = 0x198 (408/256)

ap1 = 0x12b (299/256), az, = 0x79c (-100/256), ay; = 0x72f (-209/256)

as; = 0x12b (299/256), az, = 0x204 (516/256), a; = 00

b1= b2= b3= 0x1f0 (-16)

It is possible to control brightness, contrast, hue , color saturation by change these parameters.

Addition of a constant value into b means inclease of brightness.

Multiplication of a constant scalar value greater than one into A means increase of contrast.

Two dimentional rotation of Cb-128 and Cr-128 means change of hue.

Color saturation is intensity of color, relative to Y-component.

New coefficients including these changes can be got by following expression.
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1 0 0 100 C1 0 0
A=ciAg| 0 cost) sin(t) || 0 c2 0 [=Ag| 0 cos(t)cica sin(t)cice
0 -sin(t) cos(t)|{ 0O 0 c2 0 -sin(t)cicc  cos(t)cicz
C3
b=bo+|cs
C3

Ao, bo :initial value

cq: contrast parameter, 1 is standard. 1.2 is stronger, for example.

C: color saturation parameter, 1 is standard. 0 means mono chrome image.
Cs: brightness parameter, 0 is standard.

t: hue rotation parameter, 0-deg is standard

Note: new ajand b;should be clipped in valid range of value for corresponding registers.
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7.9 DCLKO shift

1) Delay

DCLKO delay function is available if internal PLL is used for DCLK. DCKD field in DCM3 register
defines delay value by internal PLL clock cycle.

DCKD delay

000000 | No additional delay
000010 | +2 PLL clock
000100 | +3 PLL clock
000110 | +4 PLL clock

111110 | +33 PLL clock

2) Inversion

DCLKO inversion is also available with/without delay function. This function is effective with no
relation to DCLK clock source.

CKinv-bit of DCM3 enables this function.

7.10 Syncronous register update of display

To update position related parameters without disturbing display, it is need to update synchronously
with VSYNC interrupt and finish at a time.

This synchronous register update mode eases this limitation. In this mode, written parameters are hold
in intermediate registers and update at once synchronously with VSYNC.

RUM-bit of DCM2 register enables this mode.

RUF-bit of DCM2 register controls start of update and shows whether update is done or not.
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7.11 Dual Display

7.11.1 Overview

This function enables to display two screens on two display devices. It is possible to control which
layer is included in a screen. It is assumed here that display device "0" has screen "0" and display
device "1" has screen "1".

wn | | display
screen"0 device"0"
MB86276
screen"1" dISp.laX, "
device"1

7.11.2 Destination Control

A layer or cursor can be included in both screens or one screen. If a layer is NOT included into a
screen, this layer is treated as "transparent” . If all bits of a screen are set "0", then background color
is displayed on the screen.

This destination control can be thought virtually as crosspoint switch shown next

background |aver 0 layer 1 layer 5 cur0  cur1
color '
Yy
N
a a a a a scr:en 0
LS:OenO LiOem LiOenS LiOenG LSjOeM
a a a a a scr:en 1

SC1en0 SC1en1 SC1en5 SC1en6 SC1en7

MDen (multi display enable) bit of MDC(multi display control) register enables this function.

SCOen (screen"0" enable) field of MDC register defines which layers and cursors are included in
screen “0”.

SC1en (screeen"" enable) field of MDC register defines which layers and cursors are included in
screen “17.

bit-0 ---- LO is included
bit-1 ---- L1 is included

bit-5 ---- L5 is included
bit-6 ---- Cursor0 is included
bit-7 ---- Cursor1 is included
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7.11.3

Output Signal Control

There are two modes to output two screens. In parallel mode, one screen is output at digital RGB1
while another screen is output at digital RGB2. In multiplex mode, two screens are multiplexed and

output at digital RGB1.

(1) parallel output mode

DCLKO (SE)

DCLKO (BE)

DE

Digital RGB1

Digital RGB2

(2) multiplex output mode

DCLKO (SE)

DCLKO (BE)

DE

Digital RGB1 |

avataV

AUAURUAUATANAUAN
L
/
[ e 0w
T ST ST G

i /scO Xsc1

X sc0

X sc1

X sc0

Xsc1 ;

In BE (bi-edge) DCLKO mode, two ouput phases can be identified both edge of DCLKO.
In SE (single-edge) DCLKO mode, two output phases cab be identified an edge of HSYNC or DE.

DCLKO (SE)

HSYNC

Digital RGB

DE

aVaVaWalalalaWalalalal
1\ o ref edge /f i :
_\ / /s/cO is first
”i \,A/ sc0 X sct X:
B e
< even clocks —>| | '

POM(parallel output mode) bit in DCM3 register defines which output mode is used, parallel or
multiplex. POM=0 means multiplex, POM=1 means parallel, respectively.

DCKed( clock edge) bit in DCM3 register defines which DCLKO clock mode is used, BE(bi-edge) or
SE(single-edge). DCKed=0
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7.11.4  Output Circuit Example

There are three types of output circuit for dual display, primalry.
Parallel, Digital Multiplex(SE), Digital Multiplex(BE)
Here these three examples are described.

(1) Parallel output
Two screens are given as digital signals in this example.

MB86276 (pallarel output)

(BE mode)
DCLKO >DCLKO  ~
DR[7:2] »R0 _
DG[7:2] > GO dlsp.la)fl )
DB[7:2] » B0 device"0
——>——>HSYNCO
HSYNC —D>——>VS¥YNCo
VSYNC
DR[7:2] »R1 R
DG[7:2] > G1 display
DB[7:2] »B1 device"1"
>——>HSYNC1
(POM=1,DCKed=1) —LD>——VswNCt

(2) Multiplexed digital output with SE mode DCLKO

In this case, CPLD can be used to demultiplex two digital streams of each screen. In following
example, one economical CPLD demultiplexes RGB 6bit/component video data stream.

MB86276 (musx output) XC9572XL-TQ100
(SE mode) N
DCLKO »>DCKi DCKO — DCLKO
HSYNC » HSi HSO0 — HSYNCO display
VSYNC » VSi VSO > VSYNCO | gevice "0"
DE > Di[18] Do[18] — DEO
DRJ[7:2] N DO[17:0
DG[7:2] )| D70l 1701 == R0,G0.B0 J
DB[7:2] DCK1 — DCLK1 )

(POM=0,DCKed=0) HST —> HSYNC1 | Gigplay
VS1 —» VSYNC1 device ""
D1[18] — DE1

D117:01——) R1,G1,B1 y
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module XC9572XL ( DCKIi, HSi,VSi,Di, DCKO0,HS0,vS0,D0, DCK1,HS1,VS1,D1);

input DCKi,HSi,VSi;
input[18:0] Di;

output[18:0] DO,D1;

reg[18:0] DO,D1;

always @(posedge DCKi) begin

HSO0 <= HSi; HS1 <= HSO;

VSO0 <= VSi; VS1 <= VS0;

output DCKO,HS0,VS0, DCK1,HS1,VS1;

reg HS0,HS1, VS0,VS1, DCKO,DCK1;

DCKO <= (HS0&!HSi)? 0: IDCKO; // sync to ref edge : flip

DCK1 <= DCKO;
if(DCKO0) DO <= Di;
if(DCK1) D1 <= Di;

end

endmodule

DCLKi
HSi

Di

DCKO

DO0[18:0]

DCK1

D1[18:0]
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(3) Multiplexed digital output with BE mode DCLKO

If a receiving device can select data strobe edge, it can be used to demultiplex two screens
with rising and falling edge of DCLKO.

pos edge mode

MB86276 (mux outpuut) 1 N
(BEmode) 7| mode L
DCLKO >
VSYNC > device"0"
DE > ——
DR[7:2] | A —
DG[7:2] v —
DB[7:2] >/
(POM=0,DCKed=1) neg edge mode
0 — \
= mode .
> display
> — . nqn
> device"1
> L
N m—
4 —
e )

7.11.5 Display Clock and Timing

It is need to supply display clock of twice frequency for dual display function to work. VGA display
uses 25MHz display clock, typically in single display mode while 50MHz display clock is need for dual
display mode. The timing parameters such as HTP except scaling ratio (SC) are same.

Maximum display clock frequency determines maximum available resolution. It is 800 x 480. 66MHz
DCLK clock is need for it.

7.11.6 Limitation

Two display devices has same scan rate and resolution with common sync signals.
The external sync mode can not be used in dual display mode.
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8 Video Capture

8.1 Video Capture function

8.1.1 Input data Formats

The digital video stream of ITU RBT-656 or RGB666 format conformity is inputted (for details refer to
8.5 external video signal input conditions).

8.1.2 Capturing of Video Signal

“LIME” becomes effective when VIE of a video capture mode register (VCM) is 1, and it is CCLK.
Synchronizing with a clock, video stream data is captured from 8-bit VI pin or 20-bit RGB input pin.

8.1.3 Non-interlace Transformation

Captured video graphics can be displayed in non-interlaced format. Two modes (BOB and WEAVE)
can be selected at non-interlace transformation.

- BOB Mode

In odd fields, the even-field raster generated by average interpolation are added to produce one frame.
In even fields, the odd-field raster generated by average interpolation are added to produce one frame.

In order to choose BOB mode, while enable vertical interpolation in VI bit of a VCM (Video Capture
Mode) register, the L1IM bit of L1M (L1-layer Mode) register is set as 0.

- WEAVE Mode

Odd and even fields are merged in the video capture buffer to produce one frame. Vertical resolutions
in the WEAVE mode are higher than those in the BOB mode but raster dislocation appears at moving
places.

In order to choose WEAVE mode, while disable vertical interpolation in VI bit of a VCM (Video Capture
Mode) register, the L1IM bit of L1M (L1-layer Mode) register is set as 1.
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8.2 Video Buffer

8.2.1 Data Form
The video capture unit of MB86276 “LIME” accepts YUV422 video data primarily, but RGB video
data is also accepted via an internal RGB preprocessor which converts RGB to YUV422.

Captured pixels are stored in YCbCr format in graphics memory, 16 bits per pixel. The video data is
converted to RGB when it is displayed.

31 24 23 16 15 8|7 0
[ Y1 [ Cr I YO [ Cb ]
7 6 5 4 3 2 1 0
YO0,Y1 lyzlvs|vys|valvs][vy2]vy1]vo]
Cr,Cb lc7|ce|cs5]|calc3|ca2]ct]|col

8.2.2 Synchronous Control

Writing to the graphics memory of video image data and scan for a display are performed
independently. The graphics memory for video captures is controlled by the ring buffer system. It
displays the frame, when the image data for one frame can be preparing on a memory. When the
frame rate of a video capture differs from the frame rate of a display, the continuation display of top
omission or the same frame occurs.

8.2.3 Area Allocation

Allocate an area of about 2.2 frames to the video capture buffer. The size of this area is equivalent to
the size that considers the margin equivalent to the double buffer of the frame. Set the starting
address and upper-limit address of the area in the CBOA/CBLA registers. Here, specify the raster start
position as the upper-limit address.

To allocate n rasters as the video capture buffer, set the upper-limit value as follows:
CBLA = CBOA + 64 (n-2) x CBW

In addition, the head addresses of n+1 raster are 64nxCBW, and CBLA+2 raster becomes a buffer
domain. For reduced display, allocate the buffer area of the reduced frame size.
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8.24 Window Display

The captured video picture is displayed using L1 layer. The whole or a part captured picture can be
displayed as the whole screen or a window.

When performing a capture display, L1 layer is set as capture synchronous mode (L1CS=1). In this
mode, L1 layer display displays the newest frame in a video capture buffer. Usually, the display
address used in the mode is disregarded.

The stride of L1 layer needs to be in agreement with the stride of a video capture buffer. When not in
agreement, the picture distorted aslant is displayed.

The display size of L1 layer is made in agreement with the picture size after reduction of a video
capture. Invalid data will be displayed if the display size of L1 layer is set up more greatly than capture
picture size.

Although selection of a RGB display and a YCbCr display can be performed in L1 layer, in performing
a video capture, it chooses YcbCr form (L1YC=1).

8.2.5 Interlace Display

It is possible to display the picture taken in to the video capture buffer in WEAVE mode in an interlace.
A setup confirms WEAVE mode and chooses an interlace & video display with display scan.

However, when display scan is asynchronous, flicker will come out in a scene with a motion. In order
to prevent this, OO (Odd Only) bit of a CBM (Capture Buffer Mode) register is set as 1.

When synchronizing display scan with a capture, a capture input and a display output can be made to
correspond to 1 to 1. In this case, the difference of flicker of an input and an output is lost. Please refer
to "8.8 Capture synchronous display."

8.2.6 RGB555 Mode

As an alternative method, a special RGB555-mode can be used which is dedicated for applications
where grabbed pictures should be processed further. In this mode, a single buffer is used instead of a
ring buffer. In addition, data is directly stored in LIME's RGB555 format in the L1-Layer (see settings of
the CBM register). This makes it possible to copy rectangular areas from the L1-layer directly to the
texture buffer or to other memory locations using the BitBIt function. Note that the input and output
frame rate should be identical if a single buffer method is used and that the lower bits are ignored to
form the RGB555 format.
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8.3 Scaling

8.3.1 Down-scaling Function

When the CM bits of the video capture mode register (VCM) are 11, LIME reduces the video screen
size. The reduction can be set independently in the vertical and horizontal scales. The reduction is set
per line in the vertical direction and in 2-pixel units in the horizontal direction. The scale setting value is
defined by an input/output value. It is a 16-bit fixed fraction where the integer is represented by 5 bits
and the fraction is represented by 11 bits. Valid setting values are from 0800+ to FFFFu. Set the
vertical direction at bit 31 to bit 16 of the capture scale register (CSC) and the horizontal direction at
bits 15 to bit 00. The initial value for this register is 08000800+ (once). An example of the expressions
for setting a reduction in the vertical and horizontal directions is shown below (note 2048 is a fixed
value):

Reduction in vertical direction 576 -> 490 lines 576/490 = 1.176
1.176x2048=2408 -> 0968+

Reduction in horizontal direction 720 -> 648 pixels 720/648 = 1.111
1.111x2048=2275 -> 08E3n

Therefore, 096808E3H is set in CSC.

The capture horizontal pixel register (CHP) is used to limit the number of pixels processed during
scaling. It is not used to set scaling values. Clamp processing is performed on the video streaming
data outside the values set in CHP. Usually, the defaults for these registers are used.

8.3.2 Up-scaling Function

LIME is able to enlarge the size of a video capture picture by the factor of 2 in both the horizontal and
vertical directions. This feature can be used to realize full-screen modes of video input streams which
have a resolution less than actual display size. In order to use magnify (up-scaling) mode, the
horizontal and vertical factor must be less than one. Do not specify different scaling ways
(reduction/enlargement) for horizontal and vertical factors ! Also initialize the following registers as
follows :

Set the magnify flag in the L1-layer mode register of the display controller.

Set the picture source size (before magnification) into CMSHP and CMSVL.
Set the final picture size (after magnification) into CMDHP and CMDVL.

An example of the expressions for setting an enlargement in the vertical and horizontal directions is
shown below :

If the input picture size is 480x360 and the display picture size is 640x480, then the parameters for
each register are as follows.

HSCALE=(480/640)*2048=0x0600
VSCALE=(360/480)*2048=0x0600
CMSHP=0x00f0

CMSVL=0x0168

CMDHP=0x0140

CMDVL=0x01e0

L1WW=0x0280

L1WH=0x01df
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Note:

- Smooth continuation operation to Down Scaling mode and Up Scaling mode cannot be performed.
The picture disorder of some arises at the time of a change. This is the restrictions for Up Scaling

mode and Down Scaling mode using the same interpolate circuit.
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8.3.3 Flow of image processing

As for the capture image displayed on L1 layer window, image processing is performed by the

following flow.

* YUV /RGB
Video- Color conversion YUva22 M886276
|nput RGB matrix RGB Non-interlace |
(656/RGB) interpolation
GBBY UVA22)
On/ Off
RGB
| horizontal horizontal vertical vertical |
LPF down scaling LPF down scaling i)
° .
9 g Video
o
’ Line ) ©
horizontal || vertical 5 % Output
interpolator Buffer [ interpolator 3 >
(4]
2 2 .
IS
IS
horizontal vertical ©
Scaler
up scaling up scaling
Display Controller

Figure 8.1 Flow of image processing

Non-interlace interpolation processing

When VI of a video capture mode register (VCM) is 0, an interlace screen is
interpolated vertically using the data in the same field. A screen is doubled
vertically. When Vl is 1, it is not interpolated vertically.

Horizontal low-pass filter processing

As a preprocessing when scaling down a picture horizontally, a low-pass filter can
be covered horizontally. Regardless of scaling up and scaling down of a picture,
ON/OFF is possible for a level low path filter (LPF).

The horizontal low-pass filter consists of FIR filters of five taps. A coefficient is
specified in the following register.

CHLPF_Y Horizontal LPF Luminance element and RGB element
coefficient code

CHLPF_C Horizontal LPF chrominance element coefficient code

The coefficient is specified by the coefficient code in two bits independently by
luminance (Y) signal and chrominance (Cb and Cr) signals. The coefficient is a
symmetric coefficient.
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CHLPF_x KO K1 K2 K3 K4
00 0 0 1 0 0

01 0 1/4 2/4 1/4 0

10 0 3/16 10/16 3/16 0

11 3/32 8/32 10/32 10/32 3/32

Horizontal LPF becomes turning off (through) because of the setting of the
coefficient code "00".

Note:

- In the case of Native RGB mode (NRGB=1), only a setup of CHLPF_Y code
becomes effective.

Down and Up scaling processing of horizontal direction

Please set bit15-00 of capture scale register (CSC) to do the down and up scaling
processing of horizontal direction.

Horizontal direction is scaled down before writing in VRAM. Horizontal direction is
scaled up after reading from VRAM.

The interpolation filter processing of luminance (Y) signal is done by cubic
interpolation (Cubic Interpolate) method. The interpolation filter processing of
chrominance (Cb and Cr) signal is done by BiLinear interpolation (BiLinear
Interpolate) method. The interpolation filter processing of Native-RGB signal is
done by cubic interpolation (Cubic Interpolate) method.

Vertical low-pass filter processing

The low-pass filter can be put on the vertical direction as a preprocessing when the
image is scaled down to the vertical direction. Vertical low-pass filter (LPF) can be
set to turning on regardless of the scaling up or down of the vertical direction.

A vertical low-pass filter is composed of the FIR filter of three taps. The coefficient
is specified by the following register.

CVLPF_Y Vertical LPF Luminance element and RGB element coefficient
code

CVLPF_C Vertical LPF chrominance element coefficient code

The coefficient is specified by the coefficient code in two bits independently by
luminance (Y) signal and chrominance (Cb and Cr) signals. The coefficient is a
symmetric coefficient.
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CVLPF_x KO K1 K2
00 0 1 0
01 1/4 2/4 1/4
10 3/16 10/16 3/16
1" Prohibition

of setting

Vertical LPF becomes turning off (through) because of the setting of the coefficient
code "00".

Note:

- In the case of Native RGB mode (NRGB=1), only a setup of CVLPF_Y code
becomes effective.

Down and up scaling processing of Vertical direction

Please set bit31-16 of capture scale register (CSC) to do the down and up scaling
processing in the vertical direction.

The vertical direction is scaled down before writing in VRAM. The vertical direction
is scaled up after reading from VRAM.

The interpolation filter processing of luminance (Y) signal is done by cubic
interpolation (Cubic Interpolate) method. The interpolation filter processing of
chrominance (Cb and Cr) signal is done by BilLinear interpolation (BiLinear
Interpolate) method. The interpolation filter processing of Native-RGB signal is
done by cubic interpolation (Cubic Interpolate) method.
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8.4 External video signal input conditions

8.4.1 RTB656 YUV422 input format

The ITU R.BT-656 format is widely used for digital transmission of NTSC and PAL signals. The
format corresponds to YUV422. Interlaced video display signals can be captured and displayed non-
interlaced with linear interpolation.

When the VIE bit of the video capture mode register (VCM) is 1, LIME is able to capture video
stream data from the 8-bit VI pin in synchronization with the CCLK clock. In this mode, only a digital
video stream conforming to ITU-RBT656 can be processed. For this reason, a Y,Cb,Cr 4:2:2 format
to which timing reference codes are added is used. The video stream is captured according to the
timing reference codes; LIME automatically supports both NTSC and PAL. However, to detect error
codes, set NTSC/PAL in the VS bit of VCM. If NTSC is not set, reference the number of data in the
capture data count register (CDCN). If PAL is not set, reference the number of data in the capture
data counter register (CDCP). If the reference data does not match the stream data, bit 4 to bit 0 of
the video capture status register (VCS) will be values other than 00000.

1) RTB656 input format VI[7:0]

Synchronous code and image data (Cb,Y,Cr,Y) are input as data of eight multiple bits synchronizing
with 27MHz clock, and an valid pixel is transmitted while placed between a synchronous code named
SAV and EAV.

4T 4T
A
VI[7:0] EAV Blanking data SAV Multiplexed video data EAV
8 bit 80,10,80,10,80,. Cb,Y,Cr,Y,Cb,Y,Cr,Y,.....
A
H-BLANK ACTIVE-VIDEO
P 276T [288T] P 1440T [1440T] -
ACTIVE-VIDEO -LINE
B 1716T [1728T] _
SAV : Beginning code of active video data (4 Byte)
EAV : End code of active video data (4 Byte)
T : 27TMHz
[ 1 : 625/50 series (PAL)
BLANKING TIMING - TIMING BLANKING
PERIOD | REF-CODE 720 PIXELS YUVA4:2:2 DATA REF.CODE | PERIOD
...|80] 10| FF[o0] 00| SAV|CbO|YO[Cro| Y1 [ Cb2]Y2]...][Cr718] Y719 [FF] 00| 00 [EAV[80] 10] ...
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2) RTB656 synchronous code (4 Byte) format

Word SYNC code (static) EAV/SAV
Bit first second third forth

7 1 0 0 1 (static)

6 1 0 0 F Ofirstfield 1:second field

5 1 0 0 V  0:ACTIVE-VIDEO 1:VBI

4 1 0 0 H 0:SAV 1:EAV

3 1 0 0 P3 Guard bit

2 1 0 0 P2 Guard bit

1 1 0 0 P1 Guard bit

0 1 0 0 PO Guard bit

3) SAV/EAV timing base signal
Bit 7 6 5 4 3 2 1 0
Function | static F V H P3 P2 P1 PO

80 1 0 0 0 0 0 0 0
9D 1 0 0 1 1 1 0 1
AB 1 0 1 0 1 0 1 1
B6 1 0 1 1 0 1 1 0
Cc7 1 1 0 0 0 1 1 1
DA 1 1 0 1 1 0 1 0
EC 1 1 1 0 1 1 0 0
F1 1 1 1 1 0 0 0 1

80:
9D :
AB :
B6 :
C7:

DA

F1

SAV code of first field valid pixel period (Active-video)
EAV code of first field valid pixel period (Active-video)
SAV code of first field vertical retrace line period

EAV code of first field vertical retrace line period

SAV code of second field valid pixel period (Active-video)

: EAV code of second field valid pixel period (Active-video)
EC:

SAV code of second field vertical retrace line period

: EAV code of second field vertical retrace line period
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8.4.2 RGB input format

There are the two data-processing methods in RGB input video capture function. One is the method of
processing with Native RGB. Another is the method of converting RGB into YUV422 by the internal
RGB pre processor.

RGB input function is suitable for relatively high speed non-interlaced video signals but the de-
interlacing operation is not available in this mode. The maximum input rate is 66Mpixel/sec. RGB
component data is 6bit.

Note:
- In Native RGB mode, NRGB=1 is set up.
1) RGB Input Signals

The signals used for RGB video capture are not assigned dedicated terminals but share same pins
with other functions.

Name I/1O Function

RGBCLK Input | Clock for RGB input

RI5-0 Input | Red component value

GI5-0 Input | Green component value

B15-0 Input | Blue component value

VSYNCI Input | Vertical sync for RGB capture
HSYNCI Input | Horizontal sync for RGB capture

Note :

- input pins are shared with the ITU656 input and memory data bus.
- the VIS bit of the VCM (video capture mode) register selects which mode (ITU656 or RGB) is used.

2) Captured Range

Instead of embedded sync code method used in ITU656 mode, the capture range in RGB mode is
specified by the following register parameters:

a) RGB input mode of capture: Set RGB666 input flag(VIS) in VCM.
In Native RGB mode, NRGB in VCM =1 is set up.
b) HSYNC Cycle: Set the number of HSYNC Cycles in RGBHC.
c) Horizontal Enable area: Set enables area start position and
enable picture size into RGBHST and RGBHEN.

d) Vertical Enable area: Set enables area start position and
enable picture size into RGBVST and RGBVEN.

The Captured area is defined according to the following parameters. Each parameter is set
independently at the respective register.:
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RGBHC
et
RGBEHST RGBHEM(~5840)
F S
reBvsT | | MSHHC
v
[ 3
FEGENEN o captured
(~4095) =
T
L 4
RGBHC RGB input Hsync Cycle
RGBHST RGB input Horizontal enable area STart position
RGBHEN RGB input Horizontal enable area size
RGBVST RGB input Vertical ENable area STart position
RGBVEN RGB input Vertical ENable area size

Note: The actual parameter settings are little different from the above. The details, please refer

“Explanation of Registers”.
e) Convert Matrix Coefficient

In order to change the color conversion matrix, set up RGBCMY, RGBCb, RGBCr and RGBCMb.

Note:

The maximum horizontal enable area size(RGBHEN) which can be captured is 840 pixels. This is the
restriction by line buffer size in a video capture module.
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3) Input Operation

At the time of a RGB input, the synchronization of data is taken by VSYNC and SYNCI, which are
inputted with Data RI, Gl and BI.

Input rule of HSYNCI

The positive or negative edge of VINHSYNC is considered as a horizontal synchronization by register
setup(HP). Input the signal of 1 or more RGBCLKs —(840+a)RGBCLK cycle.

I

HSYNCI More than 1 RGBCLK 7 T |
HSYNC(internal | _l
RGB input I I | I_
) L ~840RGBCLK+ o (HBLANK) J
function) K S
Note:

The maximum horizontal enable area size(RGBHEN) which can be captured is 840 pixels. This is
the restriction by line buffer size in a video capture module.

Valid data input rule to HSYNC
The valid image data input rule to HSYNC is shown.

Input data is inputted synchronizing with HSYNC of each line. (The synchronization of data needs to
make a synchronization establish by HSYNC in each line unit. Since the sampling clock of image data
is generated from HSYNC, it is because a clock may have jitter per line.)

Ao S 1 [ I I I
HSYNCI ‘\ / ]
) RGBHST L cdptured -
Ris-0 : 1) Y ) ) ) ) ) )
GI5-0 ) ) ) ) ) ) ) O
BI5-0 ) ) ) G ) () ) () G,
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Input rule of VINVSYNC

A VSYNCI signal is synchronizing with HSYNCI. Moreover, VSYNCI is sampled by HSYNCI , and it
considers as a VSYNC signal. Width is made into at least one line or more although a VSYNCI signal
does not need to synchronize with HSYNC at this time. The positive or negative of VSYNCI is set to
VSYNC by register setup(VP).

~840RGBCLK+aRGBCLK

S

HSYNC(interal RGB | /— 1RGBQLK

input functiLFl rl ﬂ rl rl ﬂ rl rl

VSYNCI | | More than 1 line | |

Valid line input rule to VSYNC
The valid image data input rule to VSYNC is shown.

HsYNCI || I I I I I I | |
vsynel | |

I: RGBVST >| » start to capture
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4) Conversion Operation

RGB input data is converted to YCbCr by the following matrix operation :

Y= al1*R+al12*G + a13"B + b1
Cb= a21"R +a22*G + a23"B + b2
Cr= a31"R+a32*G + a33*"B + b3

Note:
- registers can define each coefficient.

aij :

bi:

10bit signed real ( lower 8bit is fraction )

8bit unsigned integer

- Cb and Cr components are reduced to half after this operation to form in 4:2:2 format.
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8.5 Input Video Signal Parameter Setup

A parameter setup of an input video signal changes with video formats inputted. A register to be set
up is shown in the following figure.

Y RGB666
VIS
0 1
ITU R.BT656 w
0 1
RGB->YUV422 Native-RGB
Vs RGBHC RGBHC
RGBHST RGBHST
RGBHEN RGBHEN
RGBVST RGBVST
RGBVEN RGBVEN
RM RM
VP VP
HP HP
RGBCMY RGBCMY
RGBCMCb
RGBCMCr
RGBCMb
v
Figure 8.2 A register required for a setup according to format
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O DRAWING PROCESSING
9.1 Coordinate System

9.1.1 Drawing coordinates

LIME GDC draws data in the drawing frame in the graphics memory that finally uses the drawing
coordinates (device coordinates).

Drawing frame is treated as 2D coordinates with the origin at the top left as shown in the figure below.
The maximum coordinates is 4096 x 4096. Each drawing frame is located in the Graphics Memory by
setting the address of the origin and resolution of X direction (size). Although the size of Y direction
does not need to be set, Y coordinates which are max. at drawing must not be overlapped with other
area. In addition, at drawing, specifying the clip frame (top left and bottom right coordinates) can
prevent the drawing of images outside the clip frame.

X (max. 4096) >
Origin D — Drawing frame size X —»
. (Xmin, Ymin)
.g Clip frame
()
— 1S
© 0
(o] (=
g 2
5 &
E a
>
* (Xmax, Ymax)
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9.1.2 Texture coordinates

Texture coordinate is a 2D coordinate system represented as S and T (S: horizontal, T: vertical).
Any integer in a range of —-8192 to +8191 can be used as the S and T coordinates. The texture
coordinates is correlated to the 2D coordinates of a vertex. One texture pattern can be applied to up
to 4096 x 4096 pixels. The pattern size is set in the register. When the S and T coordinates exceed
the maximum pattern size, the repeat, Clamp or border color option is selected.

= S (max. £8192) B
N
@
%9 max. 4096 pixels
X >
£ NG 3R . >
- Origin !. oy L 1.-'“??1,. °
F  Texture e
‘-. pattern §
Ty e o R i
.-'11-.-" L ..,r' P
it .II""."&::?‘ g
A 4 A 4

9.1.3 Frame buffer

For drawing, the following area must be assigned to the Graphics Memory. The frame size (count of
pixels on X direction) is common for these areas.

Drawing frame

The results of drawing are stored in the graphical image data area. Both the direct and indirect color
mode are applicable.

Z buffer (Optional function)

Z buffer is required for eliminating hidden surfaces. In 16 bits mode, 2 bytes and in 8 bits mode, 1
byte are required per 1 pixel.

Polygon drawing flag buffer

This area is used for polygon drawing. 1 bit is required per 1 pixel.
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9.2 Figure Drawing

9.2.1 Drawing primitives

LIME GDC is supported the rendering command that is compatible with the LIME. The following types
of figure drawing primitives are compatible with the LIME.

Point

Line

Triangle

2DLine with XY setup

2DTriangle with XY setup

Polygon

9.2.2 Polygon drawing function

An irregular polygon (including concave shape) is drawn by hardware in the following manner:

1. Execute PolygonBegin command.
Initialize polygon drawing hardware.

2. Draw vertices.

Draw outline of polygon and plot all vertices to polygon draw flag buffer using 2D Triangle with XY
setup.

3. Execute PolygonEnd command.

Copy shape in polygon draw flag buffer to drawing frame and fill shape with color or specified tiling
pattern.
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9.2.3 Drawing parameters

The triangles (Right triangle and Left triangle) are distinguished according to the locations of three
vertices as follows (not used for 2D Triangle with XY setup):

VO VO
Upper edge Upper edge
Long edge Upper triangle Upper triangle Long edge
N\ =
V1 V1
Lower edge Lower edge -7
V2 ) . V2
Lower triangle Lower triangle
Right-hand triangle Left-hand triangle

The following parameters are required for drawing triangles (for 2D Triangle with XY setup, X and Y
coordinates of each vertex are specified).

Ys Xs,Zs,Rs,Gs,Bs,Ss,Ts,Qs XUs

N

Upper edge start
Y coordinates
dXudy

dXdy \

dzdy _— USN

dRdy dZdx,dRdx,dGdx,dBdx,

dGdy dSdx,dTdx,dQdx

gzg;/ Lower edge start

dTdy XI_?\ Y coordinates

dQdy

«— dXLdy LSN
—

Note: Be careful about the positional relationship between coordinates Xs, XUs, and XLs.
For example, in the above diagram, when a right-hand triangle is drawn using the parameter
that shows the coordinates positional relationship Xs (upper edge start Y coordinates) > XUs
or Xs (lower edge start Y coordinates) > XLs, the appropriate picture may not be drawn.
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Ys
Xs
XUs
XLs
Zs
Rs

Bs
Ss
Ts

dXdy
dXUdy
dXLdy
dZdy
dRdy
dGdy
dBdy
dSdy
dTdy
dQdy
USN
LSN
dZdx
dRdx
dGdx
dBdx
dSdx
dTdx
dQdx

Y coordinates start position of long edge in drawing triangle
X coordinates start position of long edge corresponding to Ys
X coordinates start position of upper edge

X coordinates start position of lower edge

Z coordinates start position of long edge corresponding to Ys
R color value of long edge corresponding to Ys

G color value of long edge corresponding to Ys

B color value of long edge corresponding to Ys

S coordinate of textures of long edge corresponding to Ys

T coordinate of textures of long edge corresponding to Y's

Q perspective correction value of texture of long edge corresponding to Ys
X DDA value of long edge direction

X DDA value of upper edge direction

X DDA value of lower edge direction

Z DDA value of long edge direction

R DDA value of long edge direction

G DDA value of long edge direction

B DDA value of long edge direction

S DDA value of long edge direction

T DDA value of long edge direction

Q DDA value of long edge direction

Count of spans of upper triangle

Count of spans of lower triangle

Z DDA value of horizontal direction

R DDA value of horizontal direction

G DDA value of horizontal direction

B DDA value of horizontal direction

S DDA value of horizontal direction

T DDA value of horizontal direction

Q DDA value of horizontal direction

9.24 Anti-aliasing function

LIME GDC performs anti-aliasing to make jaggies less noticeable and smooth on line edges. To use

this function at the edges of primitives, redraw the primitive edges with anti-alias lines.

(The edge of line is blended with a frame buffer color at that time. Ideally please draw sequentially

from father object.)
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9.3 Bit Map Processing

9.3.1 BLT

A rectangular shape in pixel units can be transferred. There are following types of transfer:
1. Transfer from host CPU to Drawing frame memory
2. Transfer between Graphics Memories including Drawing frame

Concerning 1 and 2 above, 2-term logic operation is performed between source and destination data
and its result can be stored.

Setting a transparent color enables a drawing of a specific pixel with transmission.

If part of the source and destination of the BLT field are physically overlapped in the display frame, the
start address (from which vertex the BLT field to be transferred) must be set correctly.

9.3.2 Pattern data format
LIME GDC can handle three bit map data formats: indirect color mode (8 bits/pixel), direct color mode
(16 bits/pixel), and binary bit map (1 bit/pixel).

The binary bit map is used for character/font patterns, where foreground color is used for bitmap = 1
pixel, and background color (background color can be set to be transparent by setting) is applied for
bitmap = 0 pixels.
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9.4 Texture Mapping

9.4.1 Texture size
LIME GDC reads texel corresponding to the specified texture coordinates (S, T), and draws that data

at the correlated pixel position of the polygon. For the S and T coordinates, the selectable texture
data size is any value in the range from 4 to 4096 pixels represented as an exponent of 2.

9.4.2 Texture color
Drawing of 8-/16-bit direct color is supported for the texture pattern. For drawing 8-bit direct color, only

point sampling can be specified for texture interpolation; only de-curl can be specified for the blend
mode.

9.4.3 Texture Wrapping
If a negative or larger than the specified texture pattern size is specified as the texture coordinates (S,

T), according to the setting, one of these options (repeat, Clamp or border) is selected for the ‘out-of-
range’ texture mapping. The mapping image for each case is shown below:

[ T[]
Repeat Cramp Border

Repeat

This just simply masks the upper bits of the applied (S, T) coordinates. When the texture pattern size
is 64 x 64 pixels, the lower 6 bits of the integer part of (S, T) coordinates are used for S and T
coordinates.

Clamp

When the applied (S, T) coordinates is either negative or larger than the specified texture pattern size,
Clamp the (S, T) coordinate as follows instead of texture:

S<0 S=0
S > Texture X size — 1 S = Texture X size — 1

Border

When the applied (S, T) coordinate is either negative or larger than the specified texture pattern size,
the outside of the specified texture pattern is rendered in the ‘border’ color.
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9.4.4 Filtering

LIME GDC supports two texture filtering modes: point filtering, and bi-linear filtering.

Point filtering

This mode uses the texture pixel specified by the (S, T) coordinates as they are for drawing. The
nearest pixel in the texture pattern is chosen according to the calculated (S, T) coordinates.

05 1.0 15 20

0.0 ;
0.5 o Y 44444444444444444444
s A~ s
A R
2.0 H

Bi-linear filtering

The four nearest pixels specified with (S, T) coordinate are blended according to the distance from
specified point and used in drawing.

0.0
o5 LS A
ARUMA
1.0 < \
~
1 O1®
20 C01 C11

9.4.5 8.4.5 Texture blending

LIME GDC supports the following three blend modes for texture mapping:

Decal

This mode displays the selected texture pixel color regardless of the polygon color.

Modulate

This mode multiplies the native polygon color (Cp) and selected texture pixel color (Ct) and the result
is used for drawing. Rendering color is calculated as follows (Co):

Co =CrxCp

Stencil

This mode selects the display color from the texture color with MSB as a flag.
MSB = 1: Texture color
MSB = 0: Polygon color
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9.5 Rendering

9.5.1 Tiling

Tiling reads the pixel color from the correlated tiling pattern and maps it onto the polygon. The tiling
determines the pixel on the pattern read by pixel coordinates to be drawn, irrespective of position and
size of primitive. Since the tiling pattern is stored in the texture memory, this function and texture
mapping cannot be used at the same time. Also, the tiling pattern size is limited to within 64 x 64
pixels. (at 16-bit color)

L N

Example of Tiling

9.5.2 Alpha blending

Alpha blending blends the drawn in frame buffer to-be-drawn pixel or pixel already according to the
alpha value set in the alpha register. This function cannot be used simultaneously with logic operation
drawing. It can be used only when the direct color mode (16 bits/pixel) is used. The blended color C
is calculated as shown below when the color of the pixel to be drawn is Cp, the color of frame buffer is
Ck, and the alpha value is A:

C=CpxA+(1-A) x C

The alpha value is specified as 8-bit data. 00h means alpha value 0% and FFh means alpha value
100%. When the texture mapping function is enabled, the following blending modes can be selected:

Normal

Blends post texture mapping color with frame buffer color

Stencil

Uses MSB of texel color for ON/OFF control:
MSB = 1: Texel color
MSB = 0: Frame buffer color

Stencil alpha

Uses MSB of texel color for a/OFF control:
MSB = 1: Alpha blend texel color and current frame buffer color
MSB = 0: Frame buffer color

Note: MSB of frame buffer is drawn MSB of texel in both stencil and stencil alpha mode.

Therefore in case MSB of texel is MSB=0, a color of frame buffer is frame buffer, but MSB of frame
buffer is set to 0.
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9.5.3 Logic operation

This mode executes a logic operation between the pixel to be drawn and the one already drawn in
frame buffer and its result is drawn. Alpha blending cannot be used when this function is specified.

Type ID Operation Type ID Operation
CLEAR 0000 0 AND 0001 S&D
COPY 0011 S OR 0111 S|D
NOP 0101 D NAND 1110 1(S&D)
SET 1111 1 NOR 1000 1(S|D)
COPY INVERTED 1100 IS XOR 0110 S xor D
INVERT 1010 D EQUIV 1001 ! (S xor D)
AND REVERSE 0010 S&!D AND INVERTED 0100 IS&D
OR REVERSE 1011 S|!D OR INVERTED 1101 IS|D

9.5.4 Hidden plane management (Optional function)

LIME GDC supports the Z buffer for hidden plane management.

This function compares the Z value of a new pixel to be drawn and the existing Z value in the Z buffer.
Display/not display is switched according to the Z-compare mode setting. Define the Z-buffer access
options in the ZWRITEMASK mode.

The Z compare operation type is determined by the Z compare mode.

Either 16 or 8 bits can be selected for the Z-value.

ZWRITEMASK 1 Compare Z values, no Z value. write overwrite
0 Compare Z values, Z value write

Z Compare mode Code | Condition

NEVER 000 Never draw

ALWAYS 001 Always draw

LESS 010 Draw if pixel Z value < current Z buffer value

LEQUAL 011 Draw if pixel Z value < current Z buffer value

EQUAL 100 Draw if pixel Z value = current Z buffer value

GEQUAL 101 Draw if pixel Z value > current Z buffer value

GREATER 110 Draw if pixel Z value > current Z buffer value

NOTEQUAL 111 Draw if pixel Z value ! = current Z buffer value
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9.6 Drawing Attributes

9.6.1 Line drawing attributes

In drawing lines, the following attributes apply:

Line Drawing Attributes

Drawing Attribute Description

Line width Line width selectable in range of 1 to 32 pixels
Broken line Specify broken line pattern in 32-bit data
Anti-alias Line edge smoothed when anti-aliasing enabled

9.6.2 Triangle drawing attributes

In drawing triangles, the following attributes apply (these attributes are disabled in 2DTriangle with XY
setup). Texture mapping and tiling have separated texture attributes:

Triangle Drawing Attributes

Drawing Attribute Description

Shading Gouraud shading or flat shading selectable

Alpha blending Set alpha blending enable/disable per polygon

Alpha blending coefficient Set color blending ratio of alpha blending
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9.6.3 Texture attributes

In texture mapping, the following attributes apply:

Texture Attributes

Drawing Attribute

Description

Texture mode Select either texture mapping or tiling

Texture filter

Select either point sampling or bi-linear filtering

Texture coordinates correction

Select either linear or perspective correction

Texture wrap

Select either repeat or Clamp of texture pattern

Texture blend mode

Select either decal or modulate

9.6.4 BLT attributes

In BLT drawing, the following attributes apply:

BLT Attributes

Drawing Attribute

Description

Logic operation mode

Specify two source logic operation mode

Transparency mode

Set transparent copy mode and transparent color

Alpha map mode

Blend a color according to alpha map

9.6.5 Character pattern drawing attributes

Character Pattern Drawing

Drawing Attribute

Description

Character pattern enlarge/shrink

Vertical and Horizontal x 2,
Horizontal x 2,

Vertical and Horizontal x 1/2,
Horizontal x 1/2

Character pattern color

Set character color and background color

Transparency/non-transparency

Set background color to transparency/non-transparency
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10 DISPLAY LIST

10.1 Overview

Display list is a set of display list commands, parameters and pattern data. All display list commands
stored in a display list are executed consequently.

The display list is transferred to the display list FIFO by the following method:

Transfer from graphics memory to display FIFO by register setting

Display list Command-1
Data 1-1
Data 1-2
Data 1-3

Display list Command-2
Data 2-1
Data 2-2
Data 2-3

Display List
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10.1.1 Header format

The format of the display list header is shown below.

Format List
Format 31: I 24123- - - - o I 16]15: R -0
Format 1 Type Reserved Reserved
Format 2 Type Count Address
Format 3 Type Reserved Reserved Vertex|
Format 4 Type Reserved Reserved | Flag [Vertex
Format 5 Type Command Reserved
Format 6 Type Command Count
Format 7 Type Command Reserved Vertex|
Format 8 Type Command Reserved Flag |Vertex
Format 9 Type Reserved Reserved Flag
Format 10 Type Reserved Count
Format 11 Type Reserved Reserved
Count
Description of Each Field
Type Display list type
Command Command
Count Count of data excluding header
Address Address value used at data transfer
Vertex Vertex number
Flag Attribute flag peculiar to display list command
Vertex Number Specified in Vertex Code
Vertex Vertex number (Line) Vertex number (Triangle)
00 VO VO
01 VA1 V1
10 Setting prohibited V2
11 Setting prohibited Setting prohibited
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10.2 Rendering Command

10.2.1 Command list

The following table lists LIME GDC rendering commands and their command codes.

Type Command Description
Nop — No operation
Interrupt — Interrupt request to host CPU
Sync — Synchronization with events
SetRegister — Sets data to register
Sets data to 2D Triangle with XY setup vertex
Normal register
SetVertex2i g _ . -
. Initializes border rectangle calculation of multiple
PolygonBegin .
vertices random shape
b PolygonEnd Clears polygon flag after drawing polygon
raw
Flush_FB/zZ Flushes drawing pipelines
DrawPixel Pixel Draws point
DrawPixelZ PixelZz Draws point with Z
Xvector Draws line (principal axis X)
Yvector Draws line (principal axis Y)
DrawLine X X - — X — -
AntiXvector Draws line with anti-alias option (principal axis X)
AntiYvector Draws line with anti-alias option (principal axis Y)
Draws 2D Line with XY setup (with vertex 0 as
. ZeroVector . .
DrawLine2i starting point)
DrawLine2iP OneVector Dravys 2D !_ine with XY setup (with vertex 1 as
starting point)
TrapRight Draws right triangle
DrawTrap
TrapLeft Draws left triangle
DrawVertex2i TriangleFan Draws 2D Triangle with XY setup
DrawVertex2iP FlagTriangleFan Drayvs 2D Triangle with XY setup for multiple
vertices random shape
BItFill Draws rectangle with single color
DrawRectP
ClearPolyFlag Clears polygon flag buffer
BltDraw Draws BIt (16-bit)
DrawBitmapP - - -
Bitmap Draws binary bit map (character)
DrawBitmapLargeP BltDraw Draws BIt (32-bit)
TopLeft Blt transfer from top left coordinates
BltCopyP - - -
BItC TopRight Blt transfer from top right coordinates
0 -
by BottomLeft Blt transfer from bottom left coordinates
AlternateP - - -
BottomRight Blt transfer from bottom right coordinates
LoadTexture Loads texture pattern
LoadTextureP
LoadTILE Loads tile pattern
LoadTexture Loads texture pattern from local memory
BltTextureP
LoadTILE Loads tile pattern from local memory
BltCopyAlt- o Alpha blending is supported (see the alpha map).
AlphaBlendP BltCopyAlternateP
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Type Code Table

Type Code
DrawPixel 0000_0000
DrawPixelZ 0000_0001
DrawLine 0000_0010
DrawLine2i 0000_0011
DrawLine2iP 0000_0100
DrawTrap 0000_0101
DrawVertex2i 0000_0110
DrawVertex2iP 0000_0111
DrawRectP 0000_1001
DrawBitmapP 0000_1011
BitCopyP 0000_1101
BitCopyAlternateP 0000_1111
LoadTextureP 0001_0001
BltTextureP 0001_0011
BltCopyAltAlphaBlendP 0001_1111
SetVertex2i 0111_0000
SetVertex2iP 0111_0001
Draw 1111_0000
SetRegister 1111_0001
Sync 1111_1100
Interrupt 1111_1101
Nop 1111_1111
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Command Code Table (1)

Command Code
Pixel 000_00000
Pixelz 000_00001
Xvector 001_00000
Yvector 001_00001
XvectorNoEnd 001_00010
YvectorNoEnd 001_00011
XvectorBlpClear 001_00100
YvectorBlpClear 001_00101
XvectorNoEndBIpClear 001_00110
YvectorNoEndBIpClear 001_00111
AntiXvector 001_01000
AntiYvector 001_01001
AntiXvectorNoEnd 001_01010
AntiYvectorNoEnd 001_01011
AntiXvectorBlpClear 001_01100
AntiYvectorBlpClear 001_01101
AntiXvectorNoEndBIpClear 001_01110
AntiYvectorNoEndBIpClear 001_01111
ZeroVector 001_10000
Onevector 001_10001
ZeroVectorNoEnd 001_10010
OnevectorNoEnd 001_10011
ZeroVectorBlpClear 001_10100
OnevectorBlpClear 001_10101
ZeroVectorNoEndBIpClear 001_10110
OnevectorNoEndBIpClear 001_10111
AntiZeroVector 001_11000
AntiOnevector 001_11001
AntiZeroVectorNoEnd 001_11010
AntiOnevectorNoEnd 001_11011
AntiZeroVectorBlpClear 001_11100
AntiOnevectorBlpClear 001_11101
AntiZeroVectorNoEndBIpClear 001_11110
AntiOnevectorNoEndBIpClear 001_11111
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Command Code Table (2)

Command Code
BItFill 010_00001
BltDraw 010_00010
Bitmap 010_00011
TopLeft 010_00100
TopRight 010_00101
BottomLeft 010_00110
BottomRight 010_00111
LoadTexture 010_01000
LoadTILE 010_01001
TrapRight 011_00000
TrapLeft 011_00001
TriangleFan 011_00010
FlagTriangleFan 011_00011
Flush_FB 110_00001
Reserved 110_00010
PolygonBegin 111_00000
PolygonEnd 111_00001
ClearPolyFlag 111_00010
Normal 111_11111
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10.2.2 Details of rendering commands

All parameters belonging to their command are stored in relevant registers. The definition of each
parameter is explained in the section of each command.

Nop (Formatl)
31 24 23 16 15 0
| Nop | Reserved | Reserved

No operation

Interrupt (Format1)
31 24 23 16 15 0
| Interrupt | Reserved | Reserved

The Interrupt command generates interrupt request to host CPU.

Sync (Format9)
31 24 23 16 15 4 0
| Sleep | Reserved | Reserved | flag |

The Sync command suspends all subsequent display list processing until event set in flag detected.

Flag:

Bit number 4 3 2 1 0
Bit field name | Reserved | Reserved | Reserved | Reserved | VBLANK

Bit 0 VBLANK
VBLANK Synchronization
0 No operation
1 Wait for VSYNC detection
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SetRegister (Format?2)
31 24 23 16 15 0
SetRegister | Count | Address
(Val 0)
(Val 1)

(Val n)

The SetRegister command sets data to sequential registers.
Count: Data word count (in double-word unit)

Address: Register address

Set the value of the address for SetRegister given in the register list.
When transferring two or more data, set the starting register address.

SetVertex2i (Format8)

31 24 23 16 15 4 3210
SetVertex2i | Command Reserved | flag |vertex
Xdc
Ydc

The SetVertex2i command sets vertices data for 2D Line with XY setup or 2D Triangle with XY setup
to registers.

Commands:
Normal Sets vertex data (X, Y).
PolygonBegin Starts calculation of circumscribed rectangle for random shape to be

drawn. Calculate vertices of rectangle including all vertices of
random shape defined between PolygonBegin and PolygonEnd.

Flag: Not used

SetVertex2iP (Format8)
31 24 23 16 15 4 3210
SetVertex2i | Command Reserved | flag |vertex
Ydc Xdc

The SetVertex2iP command sets vertices data for 2D Line with XY setup or 2D Triangle with XY
setup to registers.

Only the integer (packed format) can be used to specify these vertices.

Commands:
Normal Sets vertices data.
PolygonBegin Starts calculation of circumscribed rectangle of random shape to be

drawn. Calculate vertices of rectangle including all vertices of
random shape defined between PolygonBegin and PolygonEnd.

Flag: Not used
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Draw (Format5)
31 24 23 16 15 0
| Draw | Command | Reserved |

The Draw command executes drawing command. All parameters required for drawing command
execution must be set at their appropriate registers.

Commands:

PolygonEnd Draws polygon end.
Fills random shape with color according to flags generated by
FlagTriangleFan command and information of circumscribed rectangle
generated by PolygonBegin command.

Flush_FB Flushes drawing data in the drawing pipeline into the graphics memory. Place
this command at the end of the display list.
Flush_Z Flushes Z value data in the drawing pipeline into the graphics memory. When

using the Z buffer, place this command together with the Flush_FB command
at the end of the display list.

DrawPixel (Format5)

31 2423 1615 0
DrawPixel | Command Reserved

PXs

PYs

The DrawPixel command draws pixel.

Command:
Pixel Draws pixel without Z value.

DrawPixelZ (Formatb)

31 24 23 16 15 0
DrawPixel | Command Reserved

PXs

PYs

PZs

The DrawPixelZ command draws pixel with Z value.

Command:
PixelZ Draws pixel with Z value.
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DrawLine (Format5)

31 24 23 16 15 0
DrawLine | Command | Reserved
LPN
LXs
LXde
LYs
LYde
The DrawLine command draws line. It starts drawing after setting all parameters at line draw
registers.
Commands:
Xvector Draws line (principal axis X).
Yvector Draws line (principal axis Y).
XvectorNoEnd Draws line (principal axis X, and without end point drawing).
YvectorNoEnd Draws line (principal axis Y, and without end point drawing).
XvectorBlpClear Draws line (principal axis X, and prior to drawing, broken line
pattern reference position cleared).
YvectorBlpClear Draws line (principal axis Y, and prior to drawing, broken line
pattern reference position cleared).
XvectorNoEndBIpClear Draws line (principal axis X, without end point drawing and prior
to drawing, broken line pattern reference position cleared).
YvectorNoEndBIpClear Draws line (principal axis Y, without end point drawing and prior
to drawing, broken line pattern reference position cleared).
AntiXvector Draws anti-alias line (principal axis X).
AntiYvector Draws anti-alias line (principal axis Y).
AntiXvectorNoEnd Draws anti-alias line (principal axis X, and without end point
drawing).
AntiYvectorNoEnd Draws anti-alias line (principal axis Y, and without end point
drawing).
AntiXvectorBlpClear Draws anti-alias line (principal axis X and prior to drawing,
broken line pattern reference position cleared).
AntiYvectorBlpClear Draws anti-alias line (principal axis Y and prior to drawing,

broken line pattern reference position cleared).

AntiXvectorNoEndBIpClear Draws anti-alias line (principal axis X, without end point drawing

and prior to drawing, broken line pattern reference position
cleared).

AntiYvectorNoEndBIpClear Draws anti-alias line (principal axis Y, without end point drawing

and prior to drawing, broken line pattern reference position
cleared).
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DrawLine2i (Format7)

31 24 23 16 15 0
DrawLine2i | Command Reserved [vertex
LFXs 0
LFYs 0

The DrawLine2i command draws 2DLine with XY setup. It starts drawing after setting parameters at
the 2DLine with XY setup drawing registers. Integer data can only be used for coordinates.

Commands:
ZeroVector Draws line from vertex 0 to vertex 1.
OneVector Draws line from vertex 1 to vertex 0.
ZeroVectorNoEnd Draws line from vertex O to vertex 1 (without drawing end
point).
OneVectorNoEnd Draws line from vertex 1 to vertex 0 (without drawing end

ZeroVectorBlpClear

OneVectorBlpClear

ZeroVectorNoEndBIpClear

OneVectorNoEndBIpClear

AntiZeroVector
AntiOneVector
AntiZeroVectorNoEnd

AntiOneVectorNoEnd

AntiZeroVectorBlpClear

AntiOneVectorBlpClear

AntiZeroVectorNoEndBIpClear

AntiOneVectorNoEndBIpClear
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point).

Draws line from vertex 0 to vertex 1 (principal axis X, and
prior to drawing, broken line pattern reference position
cleared).

Draws line from vertex 1 to vertex O (principal axis Y, and
prior to drawing, broken line pattern reference position
cleared).

Draws line from vertex 0 to vertex 1 (principal axis X, without
end point drawing and prior to drawing, broken line pattern
reference position cleared).

Draws line from vertex 1 to vertex 0 (principal axis Y, without
end point drawing and prior to drawing, broken line pattern
reference position cleared).

Draws anti-alias line from vertex 0 to vertex 1.

Draws anti-alias line from vertex 1 to vertex 0.

Draws anti-alias line from vertex 0 to vertex 1 (without end
point).

Draws anti-alias line from vertex 1 to vertex 0 (without end
point).

Draws anti-alias line from vertex 0 to vertex 1 (principal axis
X and prior to drawing, broken line pattern reference position
cleared).

Draws anti-alias line from vertex 1 to vertex 0 (principal axis
Y and prior to drawing, broken line pattern reference position
cleared).

Draws anti-alias line from vertex 0 to vertex 1 (principal axis
X, without end point drawing and prior to drawing, broken line
pattern reference position cleared).

Draws anti-alias line from vertex 1 to vertex O (principal axis
Y, without end point drawing and prior to drawing, broken line
pattern reference position cleared).
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DrawLine2iP (Format7)
31 2423
DrawLine2iP |
LFYs

16 15 0
Reserved |vertex
LFXs

Command

The DrawLine2iP command draws high-speed 2DLine. It starts drawing after setting parameters at
high-speed 2DLine drawing registers. Only packed integer data can be used for coordinates.

Commands:
ZeroVector Draws line from vertex 0 to vertex 1.
OneVector Draws line from vertex 1 to vertex 0.
ZeroVectorNoEnd Draws line from vertex 0 to vertex 1 (without drawing end
point).
OneVectorNoEnd Draws line from vertex 1 to vertex 0 (without drawing end

ZeroVectorBlpClear

OneVectorBlpClear

ZeroVectorNoEndBIpClear

OneVectorNoEndBIpClear

AntiZeroVector
AntiOneVector
AntiZeroVectorNoEnd

AntiOneVectorNoEnd

AntiZeroVectorBlpClear

AntiOneVectorBlpClear

AntiZeroVectorNoEndBIpClear

AntiOneVectorNoEndBIpClear
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point).

Draws line from vertex 0 to vertex 1 (principal axis X, and
prior to drawing, broken line pattern reference position
cleared).

Draws line from vertex 1 to vertex O (principal axis Y, and
prior to drawing, broken line pattern reference position
cleared).

Draws line from vertex 0 to vertex 1 (principal axis X, without
end point drawing and prior to drawing, broken line pattern
reference position cleared).

Draws line from vertex 1 to vertex O (principal axis Y, without
end point drawing and prior to drawing, broken line pattern
reference position cleared).

Draws anti-alias line from vertex 0 to vertex 1.

Draws anti-alias line from vertex 1 to vertex 0.

Draws anti-alias line from vertex 0 to vertex 1 (without end
point).

Draws anti-alias line from vertex 1 to vertex 0 (without end
point).

Draws anti-alias line from vertex 0 to vertex 1 (principal axis
X and prior to drawing, broken line pattern reference position
cleared).

Draws anti-alias line from vertex 1 to vertex 0 (principal axis
Y and prior to drawing, broken line pattern reference position
cleared).

Draws anti-alias line from vertex 0 to vertex 1 (principal axis
X, without end point drawing and prior to drawing, broken
line pattern reference position cleared).

Draws anti-alias line from vertex 1 to vertex 0 (principal axis
Y, without end point drawing and prior to drawing, broken
line pattern reference position cleared).
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DrawTrap (Format5b)

31 24 23 16 15 0
DrawTrap | Command Reserved
Ys 0
Xs
DXdy
XUs
DXUdy
XLs
DXLdy
USN 0
LSN 0

The DrawTrap command draws Triangle.
Drawing registers (coordinates).

It starts drawing after setting parameters at the Triangle

Commands:
TrapRight Draws right triangle.
TrapLeft Draws left triangle.

DrawVertex2i (Format7)

31 24 23 16 15 0
DrawVertex2i | Command Reserved [vertex
Xdc 0
Ydc 0
The DrawVertex2i command draws 2D Triangle with XY setup
It starts triangle drawing after setting parameters at 2D Triangle Drawing registers.
Commands:
TriangleFan Draws 2D Triangle with XY setup.
FlagTriangleFan Draws 2D Triangle with XY setup for polygon drawing in the flag
buffer.
DrawVertex2iP (Format7)
31 24 23 16 15 0
DrawVertex2iP | Command Reserved [vertex
Ydc Xdc

The DrawVertex2iP command draws 2D Triangle with XY setup.
It starts drawing after setting parameters at 2D Triangle with XY setup Drawing registers
Only the packed integer format can be used for vertex coordinates.

Commands:
TriangleFan Draw 2D Triangle with XY setup.
FlagTriangleFan Draws 2D Triangle with XY setup for polygon drawing in the flag
buffer.
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DrawRectP (Format5)

31 24 23 16 15 0
DrawRectP | Command Reserved
RYs RXs
RsizeY RsizeX

The DrawRectP command fills rectangle. The rectangle is filled with the current color after setting
parameters at the rectangle registers. Please set XRES(X resolution) to in 8 byte units when using this
command.

Only the BitBIt command allows XRES to be in 8-byte units or boundary. For all other purposes, XRES
has to be in 64-byte units. Therefore, unless BitBIt is the only rendering engine function being used,
XRES must be set in 64-byte units. In general, it is also recommended for XRES to be in 64-byte units.

Commands:
BItFill Fills rectangle with current color (single).

ClearPolyFlag Fills polygon drawing flag buffer area with 0. The size of drawing

frame is defined in RsizeX,Y.
Must set RXs[3:0] and RsizeX[3:0] as 0000. (16pixel aligned)

Drawing clipping is not work for this command.

DrawBitmapP (Format6)

31 24 23 16 15 0
DrawBitmapP | Command Count
RYs RXs
RsizeY RsizeX

(Pattern 0)
(Pattern 1)

(Pattern n)

The DrawBitmapP command draws rectangle patterns. Please set XRES(X resolution) to in 8 byte

units when using this command.

Commands:
BltDraw Draws rectangle of 8 bits/pixel or 16 bits/pixel.
DrawBitmap Draws binary bitmap character pattern. Bit 0 is drawn in transparent

or background color, and bit 1 is drawn in foreground color.

DrawBitmapLargeP (Format11)

31 24 23 16 15 0
DrawBitmaplLargeP | Command | Reserved
Count
Rys Rxs
RsizeY RsizeX

(Pattern 0)
(Pattern 1)

(Pattern n)

The DrawBitmapP command draws rectangle patterns.

The parameter(count field) could be used up to 32-bit(*1) unlike DrawBitmapP.

(*1: The data format of counter field is signed long. Thus actually it is possible to use up to 31-bit.)
Please set XRES(X resolution) to in 8 byte units when using this command.

Commands:
BltDraw Draws rectangle of 8 bits/pixel or 16 bits/pixel.
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BltCopyP (Format5)

31 24 23 16 15
BltCopyP | Command Reserved
SRYs SRXs
DRYs DRXs
BRsizeY BRsizeX

The BItCopyP command copies rectangle pattern within drawing frame. Please set XRES(X
resolution) to in 8 byte units when using this command.

Only the BitBIt command allows XRES to be in 8-byte units or boundary. For all other purposes, XRES
has to be in 64-byte units. Therefore, unless BitBIt is the only rendering engine function being used,
XRES must be set in 64-byte units. In general, it is also recommended for XRES to be in 64-byte units.

Commands:
TopLeft Starts BitBIt transfer from top left coordinates.
TopRight Starts BitBIt transfer from top right coordinates.
BottomLeft Starts BitBIt transfer from bottom left coordinates.
BottomRight Starts BitBIt transfer from bottom right coordinates.

BltCopyAlternateP (Format5)

31 24 23 16 15 0
BltCopyAlternateP | Command | Reserved
SADDR
SStride
SRYs | SRXs
DADDR
DStride
DRYs DRXs
BRsizeY BRsizeX

The BltCopyAlternateP command copies rectangle between two separate drawing frames.

Please set XRES(X resolution) to in 8 byte units when using this command. And please set SStride
and DStride to in 8 byte units.

Command:
TopLeft Starts BitBIt transfer from top left coordinates.
Drawing clipping is not wok for this command.
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BltCopyAltAlphaBlendP (Format5s)

31 24 23 16 15 0
BltCopyAlternateP | Command | Reserved
SADDR
SStride
SRYs | SRXs
BlendStride
BlendRYs BlendRXs
DRYs DRXs
BRsizeY BRsizeX

The BltCopyAltAlphaBlendP command performs alpha blending for the source (specified using
SADDR, SStride, SRXs, SRXy) and the alpha map (specified using ABR (alpha base address),
BlendStride, BlendRXs, BlendRYs) and then copies the result of the alpha blending to the destination
(specified using FBR (frame buffer base address), XRES (X resolution), DRXs, and DRYSs).

Please set XRES(X resolution) to in 8 byte units when using this command. And please set SStride
and BlendStride to in 8 byte units.

Only the BitBIt command allows XRES to be in 8-byte units or boundary. For all other purposes, XRES
has to be in 64-byte units. Therefore, unless BitBIt is the only rendering engine function being used,
XRES must be set in 64-byte units. In general, it is also recommended for XRES to be in 64-byte units.

Command:
reserved Set 0000_0000 to maintain future compatibility.
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11 GDC Register MAP

Terms appeared in this chapter are explained below:

1.

2.

Register address

Indicates address of register

Bit number

Indicates bit number

Bit field name

Indicates name of each bit field included in register

R/W

Indicates access attribute (read/write) of each field

Each symbol shown in this section denotes the following:

RO “0” always read at read. Write access is Don’t care.
WO  Only “0” can be written.

R Read enabled

w Write enabled

RX  Read enabled (read values undefined)

RW  Read and write enabled

RWO Read and write 0 enabled

Initial value

Indicates initial value of immediately before the reset of each bit field.
Handling of reserved bits

Reserved bits should write “0”.
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11.1 Local memory register list

1111 Host interface register list

Base = HostBase

Offset 31;30;29;28 27;26;25;24 23;22;21;20 19;18;17;16 15;14;13;12 11;10!9;8 7;6;5;4 3;2;1:0
DTC
000
DTC
DST DRM DSU
004
~ = <| =2 =2
8 g 215183
LTS DTS
008 "
5 5
LSTA
010 <
9
DRQ
018
¢}
5
IST
020
IST
IMASK
024
IMASK
SRST
02C -
:
CCF
038 -
3
LSA
040 LSA
LCO
044 LCO
LREQ
048 g
z
RSW
05C =
o
DMA_ST ADR
500 DMA_ST_ADR
DMA ED ADR
504 DMA_ED _ADR
ERR_ADR
508 ERR_ADR
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Offset 31!30}29!28 27!26!25!24 23!22!21!20 19!18!17!16 15!14!13!12 11!10!9!8 7!6!5!4 3!2!
ERR DETECT
50C
INT_MSK
510
XINT_ACT
514
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11.1.2

I°C interface register list

Base = I’CBase

Offset | 31{30|29| 28| 27| 2625|2423} 22{21}20| 19} 18| 17| 16|15} 14} 13} 12| 11} 10 403
000 Reserved BSR
004 Reserved BCR
008 Reserved CCR
0oC Reserved ADR
010 Reserved DAR
014 Access Prohibitation
018 Access Prohibitation
01C Access Prohibitation
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11.1.3 GPIO register list

Base = PIOBase

Offset 31530529528 27526525524 23522521520 195 185 175 16 155 145 135 12 115 105 95 8 7 65 5 4 3 2 1 0
GPIOC1
40 , _
GPIO_is_out GPIO_inout
GPIOC2
44
GPIO_force GPIO_xor
PIC1
4C OIZ2(B|w
m 6' ol= GPIO_INT_enable
PIC2
50 ]
GPIO_INT polarity
PIC3
54
GPIO_INT_mode
PIST
80 ols|=®
m 6! 6' @ GPIO_INT_status

11.1.4  Graphics memory interface register list

Base = HostBase

Offset |31{30}29|28(27]{26}25{24(23{22}21{20[19}18}17{16|15{ 14} 13{12(11{10{ 98| 7/6{5}/4|3{211}]0
MMR
FFFC o 9 S
2 - £ | TRC E|TRAS | 2| 5| RIS | sw |3 oL
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11.1.5

Base = DislplallyBlase

Display controller register list

Offset 315305 29528 275265 255 24 235 22521520| 195 185 175 16| 155 145 135 12| 11 1059 Es |7 56 5 54 3 2 1 Eo
DCMO (Display Control Mode 0)
000 E : § <§ Sl % SC % 5 |2 | sywe
DCM1 (Display Control Mode 1)
DCM2 (Display Control Mode 2)
- HEEEEEE NN
DCM3 (Display Control Mode 3)
108 : : : : : : B = 3 E
S5 IS DCKD
: : : - : : o |Q
004 HTP (H Total Pixels) Reserved
008 HDB (H Display Boundary) HDP (H Display Period)
00C VSW HSW HSP (H Sync pulse Position)
010 VTR (V Total Rasters) Reserved
014 VDP (V Display Period) VSP (V Sync pulse Position)
018 WY (Window Y) WX (Window X)
01C WH (Window Height) WW (Window Width)
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Offset 31530529528 27526525524 23522521520|19§ 185175 16|15§ 145 13512|11§1o§9 Es |7 Ee 5 54 |3 2 1 o
LOM (LO Mode)
020 | .
3 LOW (LO memory Width) LOH (LO Height)
024 LOOAO (LO Origin Address 0)
028 LODAO (LO Display Address 0)
02C LODY (LO Display V) | | | Lobx (Lo Display X)
LOEM (LO Extend Mode)
110 I A o 2
LOEC : ¢ 1 |LoPB I . g
14 LOWY (LO Window Y) LOWX (LO Window X)
118 LOWH (LO Window Height) LOWW (LO Window Width)
L1M (L1 Mode)

030 1o SIIE] © 0 |uUwUimemorywidy | i oo | oo | i il il
034 L10AOQ(L1 Origin Address 0) / CBDAOQO(Capure Buffer Display Address 0)
038 CBDA1 ( Capture Buffer Display Address 1)

L1EM (L1 Extend Mode)
120

L1EC tiom | L1PB - ol

124 L1WY (L1 Window Y) L1WX (L1 Window X)
128 L1WH (L1 Window Height) L1WW (L1 Window Width)

L2M (L2 Mode)
040 |

S| LorLe L2W(L2 memory Width) L2H (L2 Height)

044 L20AO0 (L2 Origin Address 0)
048 L2DAO (L2 Display Address 0)
04C L20A1 (L2 Origin Address 1)
050 L2DA1 (L2 Display Address 1)
054 L2DY (L2 Display Y) e | L2DX (L2 Display X)

L2EM (L2 Extend Mode)
130 L2EC L2PB ERE EE § %
134 L2WY (L2 Window Y) L2WX (L2 Window X)
138 L2WH (L2 Window Height) L2WW (L2 Window Width)
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Offset [31]30]29|28|27{26{25{24|23{22{21/20(19{18{17|16|15{14{13{12|11{10{ 9| 8| 7|65 4|32 1|0
L3M (L3 Mode)
058 |
@ | LaFLp L3W (L3 memory Width) L3H (L3 Height)
05C L30AO (L3 Origin Address 0)
060 L3DAO (L3 Display Address 0)
064 L30A1 (L3 Origin Address 1)
068 L3DA1 (L3 Display Address 1)
06C L3DY (L3 Display Y) ' L3DX (L3 Display X)
L3EM (L3 Extend Mode)
140 S N s o
L3EC L3PB 8 %
144 L3WY (L3 Window Y) L3WX (L3 Window X)
148 L3WH (L3 Window Height) L3WW (L3 Window Width)
L4M (L4 Mode)
070 |5 —
3| wre L4W (L4 memory Width) L4H (L4 Height)
074 L40AO0 (L4 Origin Address 0)
078 L4DAO (L4 Display Address 0)
07C L40A1 (L4 Origin Address 1)
080 L4DA1 (L4 Display Address 1)
084 L4DY (L4 Display Y) ' L4DX (L4 Display X)
L4EM (L4 Extend Mode)
150 . N s|a
L4EC % %
154 L4WY (L4 Window Y) L4WX (L4 Window X)
158 L4WH (L4 Window Height) LAWW (L4 Window Width)
L5M (L5 Mode)
088 5 T
S| LsFLP L5W (L5 memory Width) L5H (L5 Height)
08C L50A0 (L5 Origin Address 0)
090 L5DAO (L5 Display Address 0)
094 L50A1 (L5 Origin Address 1)
098 L5DA1 (L5 Display Address 1)
09C L5DY (L5 Display Y) ' L5X (L5 Display X)
L5EM (L5 Extend Mode)
160 I T s| o
L5EC % %
164 L5WY (L5 Window Y) L5WX (L5 Window X)
168 L5WH (L5 Window Height) L5WW (L5 Window Width)
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Offset | 31]30]29|28|27|26{25|24|23|22{21{20(19{18]{17{16|15{14|13}{12{11{10{ 9{ 8| 7|65 4[3{2{1]0
CPM CUTC (Cursor Transparent Control)
OAO =] —-| o : : : ~
IERREE R 5| outc
0A4 CUOAO (CUrsor0 Origin Address)
0A8 CUYO (Cursor0 Position Y) CUXO (Cursor0 Position X)
0AC CUOAT1 (CUrsor1 Origin Address)
0BO CUY1 (Cursor1 Position Y) CUX1 (Cursor1 Position X)
MDC (Multi Display Control )
170 5 : : H
= SC1en SCOen
DLS (Display Layer Select)
180
DLS5 DLS4 DLS3 DLS2 DLS1 DLSO
184 DBGC (Display Back Ground Color)
LOBLD (LO Blend)
0B4 wl o] =] o
818 88 LOBR
L1BLD (L1 Blend)
188 ul o] =] o T
of 2| & @ L1BR
L2BLD (L2 Blend)
18C : wl| ol =| o : : H
: a2l g §| 8§ ol L2BR
L3BLD (L3 Blend)
190 ul o] =] & A
g2l 21 8| 3 N L3BR
L4BLD (L4 Blend)
194 wl ol 5] &
SAEABMES L4BR
L5BLD (L5 Blend)
198 ul ol =
gl 8| 8 L5BR
MB86276 'LIME' GDC Specifications 143

Rev1.1a




FUJITSU SEMICONDUCTOR CONFIDENTIAL

Offset |31]30|29]{28|27|26|25|24|23]22|21/20|19{18]17[16|15{14]{13[12(11{10{ 9| 8|7 |6| 5|43
0BC LOTC (LO Transparent Control)
E LOTC (LO Transparent Color)
L2TC (L2 Transparent Control) L3TC (L3 Transparent Control)
0Co
g L2TC (L2 Transparent Color) g L3TC(L3 Transparent Color)
LOETC (LO Extend Transparency Control)
1A0 =
% LOETC (LO Extend Transparent Color)
L1ETC (L1 Transparent Extend Control)
1A4 IS
o L1ETC (L1 Extend Transparent Color)
L2ETC (L2 Transparent Extend Control)
1A8 N
h L2ETC (L2 Extend Transparent Color)
L3ETC (L3 Transparent Extend Control)
1AC =
% L3ETC (L3 Extend Transparent Color)
L4ETC (L4 Extend Transparent Control)
1B0 N
Q L4ETC (L4 Extend Transparent Color)
L5ETC (L5 Extend Transparent Control)
1B4 N
Eg L5ETC (L5 Extend Transparent Color)
1E0 L1YCRO (L1 YC to Red Coefficient 0)
B a12 | 1] ] alt
1E4 L1YCR1 (L1 YC to Red Coefficient 1)
HEREER bt [T T T T] a13
1E8 L1YCGO (L1 YC to Green Coefficient 0)
B a22 | 1] ] a21
1EC L1YCG1 (L1 YC to Green Coefficient 1)
ERREEN 2 EEREN 23
1E0 L1YCBO (L1 YC to Blue Coefficient 0
BEER a32 BEEE a3
1F4 L1YCB1 (L1 YC to Blue Coefficient 1
HEREEN b3 BEEN a33
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Offset [31{30]29{28|27{26{25{24|23{22{21{20|19{18{17{16|15{14{13} 12| 11{10
LOPALO
ORI R | 1] o
| I I I I I
404 LOPAL1
7FC LOPAL255
L1PALO
800 ,
Al R[] e
804 L1PALA1
BFC L1PAL255
L2PALO
1000 T
Al R | [ o
1004 L2PALA1
13FC L2PAL255
L3PALO
1400 :
Al R |1 e
1404 L3PAL1
17FC L3PAL255
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11.1.6  Video capture register list

Base = CaptureBase

Offset 31;30;29%28 27526525524 23522521520|19518517516|15E14E13512|11E105958 7565554 3525150
VCM (Video Capture Mode)
000 * w - N @
S CcM > 0 R g 2
004 CSC (Capture SCale)
vscl | VSCF |  Hscl | HSCF
008 T 1 T T :VCS:(Vi:de(:) Capt:ure: St:atUS): T
e
CBM (Capture Buffer Mode)
010 9 % g 2 . | | CBW (stride) 5 @ % sss SSM % %
014 CBOA (Capture Buffer Origin Address)
018 CBLA (Capture Buffer Limit Address)
01C CIVSTR CIHSTR
020 CIVEND CIHEND
CVCNT
300
EEEEEEEEEEEEEEEEEER CVCNT
028 I T ] — :CHP (ICaE)tUII’e Hon}zovtal} Plxel):
HEEEEEEEEEEEEEEEEEEEE CHP
CVP (Capture Vertical Pixel)
02C
HEEEE cvPP HEEEEE CVPN
40 CLPF
| [P lovwer [ [ [ [ leuee | [ [T LTI ITITLT]]
048 CMSS (Capture Magnlfy Source Size)
BER CMSHP | CMSVL
04C _ CMDS (Capture Magnlfy D|splay Size)
BN CMDHP R CMDVL
080 RGBHC(RGB mput HSYNC CycIe)/VIN HSSIZE
: : ¢ | RGBHC
084 . RGBHEN(RGB |nput Horizontal Enable Area)
HERER RGBHST | ][] RGBHEN
088 RGBVEN(RGB input Vertlcal Enable Area)
BERER RGBVST HER RGBVEN
RGBS(RGB input SYNC)
090 | ¢ ¢ i oo
I8 0 I O O O L O O x| >
0C0o RGBCMY(RGB Color convert Matrix Y coefficient)
all | | a12 | | a13
0c4 RGBCMCb(RGB Color convert Matrix Cb coefficient)
a21 | | a22 | | a23
0cs RGBCMCr(RGB Color convert Matrix Cr coefficient)
a31 | | a32 | | a33
0CC RGBCMb(RGB Color convert Matrix b coefficient)
b1 | ] b2 | b3
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Offset 31|30|29|28|27|26| 25|24|23|22|21|20| 19| 18| 17| 16| 15| 14| 13| 12| 11| 10| 9| 8| 7| 6| 5| 4| 3| 2

1|0

CDCN(Capture Data Count for NTSC)
4000
L[ BDCN HEN VDCN
CDCP(Capture Data Count for PAL)
4004
| | | BDCP HEE VDCP
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11.1.7

Drawing engine register list

The parenthesized value in the Offset field denotes the absolute address used by the SetRegister

command.

Base = DrawBase

Offset 31530529528 27526525524 23522521520 19518517516 15514513512 115105 95 8 7 65 5 4 3 2 1 0
000 Ys

(000) | s|s|s|s Int Frac
004 Xs

(001) |[s|s|s]|s Int Frac
008 dXdy

(002) [ s|s|s|s Int Frac
00C XUs

(003) [ s|s|s|s Int Frac
010 dXUdy

(004) | s|s|s]|s Int Frac
014 XLs

(005) [ s|s|s|s Int Frac
018 dXLdy

(006) | s|s|s]|s Int Frac
01C USN

(007) [o|o|ofo Int 0
020 LSN

(008) [o|ofofo Int 0
040 Rs

(010) [o|o|oflofo]lo]o]oO Int Frac
044 dRdx

(011) | s|s|s|s|s|s|s|s Int Frac
048 dRdy

(012) | s|s|s|s|s|s|s|s Int Frac
04C Gs

(013) [o|o|ofofo|ojo]oO Int Frac
050 dGdx

(014) | s|s|s|s|s]|s]|s]|s Int Frac
054 dGdy

(015) | s|s|s|s|s]|s]|s]|s Int Frac
058 Bs

(016) [o|o|oflofo]o]o]oO Int Frac
05C dBdx

017) | s|s|s|s|s|s|s|s Int Frac
060 dBdy

(018) | s|s|s|s|s|s|s|s Int Frac
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Offset | 31130129 28|27{26| 25| 24|23|22{21{20|19] 18] 17| 16| 15|14} 13/ 12[11{10{ 98 |7{6i 54|31 2{1]0

080 Zs
(020) | o Int Frac
084 dZdx
(021) | s Int Frac
088 dzdy
(022) | s Int Frac
0Co Ss
(030) | s|s]|s Int Frac
0C4 dSdx
(031) | s|s|s Int Frac
ocs dSdy
(032) | s|s]|s Int Frac
occ Ts
(033) | s|s]|s Int Frac
0D0 dTdx
(034) | s|s]|s Int Frac
0D4 dTdy
(035) | s|s]|s Int Frac
0D8 Qs
036) |ofo|olo|o|o|o|E Frac
oDC dQdx
(037) |s|s|s|s|s]|s]|s z Frac
0EO dQdy
(038) [s|s|s|s|s|s]|s = Frac
140 LPN
(050) |o|o|ofo Int 0
144 LXs
(051) | s|s|s|s Int Frac
148 LXde
(052) | s|{s|s|s|s|s|s|s|s|s|s|s|s|s]|s|E Frac
14C LYs
(053) | s|s|s|s Int Frac
150 LYde
(054) | s|s|s|s|s|s|s|s|s|s|s|s|s|s|s|E Frac
154 LZs
(055) | s Int Frac
158 LZde
(056) | s Int Frac
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Offset |31/30{29]28|27]26!25! 24|23} 22! 21{20(19] 18} 17} 16| 15| 14} 13} 1211} 10 gl7i6|5/4|32/1/0
180 PXdc

(060) s| s| s| s| Int | Frac
184 PYdc

061) |s|s|s]s] Int | Frac
188 PZdc

(062) | s | Int | Frac
200 RXs

(080) s|s|s|s| Int | 0
204 RYs

(081) s|s|s|s| Int | 0
208 RsizeX

(082) | s|s|s]|s Int 0
20C RsizeY

(083) | s|s|s]|s Int 0
240 SADDR

(090) o|o|o|0|o|0|o| Address

244 SStride

(091) o|o|0|o| Int | 0
248 SRXs

(092) o|o|0|o| Int | 0
24C SRYs

(093) o|0|0|0| Int | 0
250 DADDR

(094) o|o|0|o|0|0|0| Address

254 DStride

(095) o|0|o|0| Int | 0
258 DRXs

(096) o|0|0|0| Int | 0
25C DRYs

(097) o|o|0|o| Int | 0
260 BRsizeX

(098) o|0|o|0| Int | 0
264 BRsizeY

(099) o|o|0|o| Int | 0
280 TColor

(0A0) | Color
3EO BLPO

o | VPP PP PP PP TP PP PPl seR
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Offset | 31{30}29!28(27i26{25!24(23{22{21,20|19}18{17{16]|15!14}13{12|11/10} 9| 8 6:5:1413:2:1:0
400 CTR
(100) 2l |6 FCNT Skt ss DS PS
404 IFSR
) 74 ] ks
408 IFCNT
) FCNT
40C SST
-) Ss
410 DST
() DST
414 PST
-) PS
418 EST
o 2 |8
420 MDRO
(108) N CF ol 3 BSV | BsH
424 MDR1/MDR1S/MDR1B/MDR1TL
(109) LW % @ LOG BM [J| zcL | S
428 MDR2/MDR2S/MDR2TL
(10a) TT LOG BM | R zcL |[R| |3
42C MDRS3
(10b) TAB TBL Tws | TWT E (=
430 MDR4
(10c) LOG BM =
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Offset [ 31130]29]28|27!126}25|24(23}{22{21{20(19{18{17{16|15{14{13{12[11{10{ 98| 765|432
440 FBR

ao) | [ ||| ] ] FBASE

444 XRES

e ] LTI XRES
448 ZBR

(112) | | | | | | ZBASE

44C TBR

ay | [ [ ][] ]] TBASE

450 PFBR

a | [ ] ] ]] PFBASE

454 CXMIN

(115) CLIPXMIN
458 CXMAX

ae | LTIl CLIPXMAX
45C CYMIN
GIlEEEEEEERENENEENENEN CLIPYMIN
460 CYMAX

a) | [ PP CLIPYMAX
464 TXS

a19) | | | | TXSN BN TXSM
468 TIS
= I Y
46C TOA

(11b) | | | | | | | | | | | | | | | | | | | XBO
474 ABR

ao) | [ [ | ] ] ] ABASE

480 FC

(120) ! FGC8/16/24

484 BC

e | |1 | Bocsied

488 ALF

oz2) | [ Q[P A
48C

123 BLP

494 TBC

ao) | [ [ ]]] ' BC16/24
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Offset |31]30]{29 28|27/26|25{24|23122121!20|19} 18] 17| 16|15} 14} 13} 12|11} 10
540 LX0dc
(150) |o|ofo]o Int

544 LYOdc
(151) Jo]ofo]o Int

548 LX1dc
(150) |o|o]ofo Int

54C LY1dc
(151) J|oofo]o Int

580 X0dc
(160) Jo|ofofo Int

584 YO0dc
(161) JoJofo]o Int

588 X1dc
(162) |o|ofo]o Int

58C Y1dc
(163) |[o|o]ofo Int

590 X2dc
(164) |o|ofo|o Int

594 Y2dc
(165) |o|ofo|o Int

4A0 DFIFO
(128) DFIFO
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12 Explanation of GDC Registers

Terms appeared in this chapter are explained below:

6. Register address
Indicates address of register
7. Bit number
Indicates bit number
8. Bit field name
Indicates name of each bit field included in register
9. R/W
Indicates access attribute (read/write) of each field
Each symbol shown in this section denotes the following:

RO “0” always read at read. Write access is Don’t care.
WO  Only “0” can be written.

R Read enabled

w Write enabled

RX  Read enabled (read values undefined)

RW  Read and write enabled

RWO Read and write 0 enabled

10. Initial value
Indicates initial value of immediately before the reset of each bit field.

6. Handling of reserved bits
“0” is recommended for the write value so that compatibility can be maintained with future
products.
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12.1 Host interface registers

DTC (DMA Transfer Count)

Register HostBaseAddress + 00H
address
Bit number ||31:30:29:28:27:26:25:24(23:22:21:20:19:18:17:16:15:14:13:12:111:10:9:8:7:6:5:4:3:2:1:0
Bit field name Reserved DTC
R/W RO RW
Initial value 0 Don't care

DTC is a readable/writable 32-bit register which sets the transfer count in either one long-word (32
bits) or 32 bytes units. When “1h” is set transfer is performed once. However, when “Oh” is set, it

indicates the maximum transfer count and 16M (16,777,216) data are transferred.

transfer, the remaining transfer count
DMA transfer is completed.

During DMA
is shown, therefore, the register value cannot be overwritten until

Note: This register need not be set in a mode in which Dual DMA ACK is not used, or the V832 mode.

DSU (DMA Set Up)

Register HostBaseAddress + 04+
address
Bit number 7 | 6 5 | 4 E 2 1 0
Bit field name Reserved DAM DBM DW
R/W RO RW RW RW
Initial value 0 0 0 0
Bit0 DW (DMA Word)

Specifies DMA transfer count

0:

1-double word (32 bits) per DMA transfer

1: 8-double words (32 bytes) per DMA transfer (only SH4)

Bit1  DBM (DMA Bus request Mode)

Selects DREQ mode used in DMA transfer in dual-address mode

0: DREQ is not negated during DMA transfer irrespective of cycle steal or burst mode.

1: DREQ is negated irrespective of cycle steal or burst mode when CORAL cannot receive
data (that is, when Ready cannot be returned immediately). When CORAL is ready to
receive data, DREQ is reasserted (When DMA transfer is performed in the single-address
mode, DREQ is controlled automatically).

Bit2 DAM (DMA Address Mode)

Selects DMA address mode in issuing external request

0: Dual address mode

1: Single address mode (SH4 only)

Bit3 DNA (Dual address No Ack mode)

This bit is selected when using the dual-address-mode DMA that does not use the ACK signal.

0:

Uses dual-address-mode DMA that uses ordinary ACK signal

1: Uses dual-address-mode DMA that does not use ACK signal

Detection of the DREQ edge is supported; DREQ is negated per transfer. When data
cannot be received irrespective of the Bit1 setting, DREQ continues being negated.
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DRM (DMA Request Mask)

Register HostBaseAddress + 05+
address
Bit number 7 : 6 : 5 4 : 3 : 2 : 1 0
Bit field name Reserved DRM
R/W RO RW
Initial value 0 0

This register enables the DMA request. Setting “1” to this register to temporarily stop the DMA request

from the CORAL. The external request is enabled by setting “0” to this register.

DST (DMA STatus)

Register HostBaseAddress + 06H
address
Bit number 7 : 6 : 5 4 : 3 : 2 : 1 0
Bit field name Reserved DST
R/W RO R
Initial value 0 0

This register indicates the DMA transfer status. DST is set to “1” during DMA transfer. This state is

cleared to “0” when the DMA transfer is completed.

DTS (DMA Transfer Stop)

Register HostBaseAddress + 08+
address
Bit number 7 : 6 : 5 4 : 3 : 2 : 1 0
Bit field name Reserved DTS
R/W RO RW
Initial value 0 0

This register suspends DMA transfer.

An ongoing DMA transfer is suspended by setting DTS to “1”.

In the dual-address without ACK mode, to end the DMA transfer, write “1” to this register after CPU

DMA transfer.

LTS (display Transfer Stop)

Register HostBaseAddress + 09+
address
Bit number 7 : 6 : 5 4 : 3 : 2 : 1 0
Bit field name Reserved LTS
R/W RO RW
Initial value 0 0
This register suspends DisplayList transfer.
Ongoing DisplayList transfer is suspended by setting LTS to “1”.
LSTA (displayList transfer STAtus)
Register HostBaseAddress + 10+
address
Bit number 7 : 6 : 5 4 : 3 : 2 : 1 0
Bit field name Reserved LSTA
R/W RO R
Initial value 0 0

This register indicates the DisplayList transfer status from Graphics Memory. LSTA is set to “1” while
DisplayList transfer is in progress. This status is cleared to 0 when DisplayList transfer is completed
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DRQ (DMA ReQquest)

Register HostBaseAddress + 18+
address
Bit number 7 : 6 : 5 : 4 : 3 : 2 : 1 0
Bit field name Reserved DRQ
R/W RO RW1
Initial value 0 0

This register starts sending external DMA request.

DMA transfer using the external request handshake is triggered by setting DRQ to “1”. The external
DREQ signal cannot be issued when DMA is masked by the DRM register. This register cannot be
written “0”. When DMA transfer is completed, this status is cleared to “0”.

IST (Interrupt STatus)

Register HostBaseAddress + 20+
address
Bit number |31:30:29:28:27:26:25:24:23:22:21:20:19:18 17!16 15:14:13:12:11:10:9:8:7:6:5 | 4 i 3 i 211 i 0
Bit field name Reserved Resv Reserved IST IST
R/W RO ROWO RO RWO RWO
Initial value 0 0 0 0 0

This register indicates the current interrupt status. It shows that an interrupt request is issued when
“1” is set to this register. The interrupt status is cleared by writing “0” to this register.

Bit 0 CERR (Command Error Flag)

Indicates drawing command execution error interrupt
Bit 1 CEND (Command END)

Indicates drawing command end interrupt
Bit 2 VSYNC (Vertical Sync.)

Indicates vertical interrupt synchronization
Bit 3 FSYNC (Frame Sync.)

Indicates frame synchronization interrupt
Bit 4 SYNCERR (Sync. Error)

Indicates external synchronization error interrupt
Bit 5 REGUD (Register update)

Indicates register update interrupt
Bit17 and 16  Reserved

This field is provided for testing.

Normally, the read value is “0”, but note that it may be “1” when a drawing command
error (Bit 0) has occurred.

IMASK (Interrupt MASK)
Register HostBaseAddress + 24+
address
Bit number [[31:30:29:28:27:26:25:24:23:22:21:20:19:18[17116/15:14:13:12:111:10:9:8:7:6:5 [ 41312[ 110
Bit field name Reserved Resv Reserved IMASK  |IMASK
R/W RO ROWO RO RW RW
Initial value 0 0 0 0 0

This register masks interrupt requests. Even when the interrupt request is issued for the bit to which
“0” is written, interrupt signal is not asserted for CPU.

Bit 0 CERRM (Command Error Interrupt Mask)
Masks drawing command execution error interrupt
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Bit 1 CENDM (Command Interrupt Mask)
Masks drawing command end interrupt
Bit 2 VSYNCM (Vertical Sync. Interrupt Mask)
Masks vertical synchronization interrupt
Bit 3 FSYNCH (Frame Sync. Interrupt Mask)
Masks frame synchronization interrupt
Bit 4 SYNCERRM (Sync Error Mask)
Masks external synchronization error interrupt
Bit 5 REGUD (Register update)

Masks register update interrupt

SRST (Software ReSeT)

Register HostBaseAddress + 2CH
address
Bit number 7 : 6 : 5 : 4 : 3 : 2 : 1 0
Bit field name Reserved SRST
R/W RO WA
Initial value 0 0

This register controls software reset. When “1” is set to this register, a software reset is performed.

CCF (Change of Clock Frequency)

Register HostBaseAddress + 00384
address
Bit number 31230229228227226225224|232222212202192182172162152142132122112102 9:8:7:6:5:4:322:1:0
Bit field name Reserved COoT Reserved
R/W RWO RwW RWO
Initial value 0 00 0

This register changes the operating frequency.

Bit 17 and 16  COT (Clock select for GDC)
Selects the clock for GDC
1 Reserved

10 Reserved

01 133 MHz
00 100 MHz
Notes:
1. Write “0” to the bit field other than the above ([31:18], [15:00]).
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LSA (displayList Source Address)

Register HostBaseAddress + 40H
address
Bit number |[31:30:29:28:27:26:25:24(23:22:21:20:19:18:17:16:15:14:13:12:11:10:9:8:7:6:5:4:3:2:1:0
Bit field name Reserved LSA
R/W RO RW RO
Initial value 0 Don'’t care 0

This register sets the DisplayList transfer source address.

When DisplayList is transferred from

Graphics Memory, set the transfer start address of DisplayList stored in Graphics Memory. Since the
lower two bits of this register are always treated as “0”, DisplayList must be 4-byte aligned. The
values set at this register do not change during or after transfer.

LCO (displayList Count)

Register HostBaseAddress + 44+
address
Bit number |[31:30:29:28:27:26:25:24(23:22:21:20:19:18:17:16:15:14113:112:111210:9:8:7:6:5:4:322:1:0
Bit field name Reserved LCO
RIW RO RW
Initial value 0 Don’t care

This register sets the DisplayList transfer count. Set the display list transfer count by the long word.
When “1h” is set, 1-word data is transferred. When “0” is set, it is considered to be the maximum
count and 16M (16,777,216) words of data are transferred. The values set at this register do not
change during or after transfer.

LREQ (displayList transfer REQuest)

Register HostBaseAddress + 48+
address
Bit number 7 . 6 : 5 i 4 i 3 I 2 i A 0
Bit field name Reserved LREQ
R/W RO RW1
Initial value 0 0

This register triggers DisplayList transfer from the Graphics Memory. Transfer is started by setting
LREQ to “1”. The DisplayList is transferred from the Graphics Memory to the internal display list FIFO.
Access to the display list FIFO by the CPU or DMA is disabled during transfer.

The reserved area in the register area in the host interface excluding the above-
mentioned. Please write ALLO when you write to the Reserved area. A read will
produce undefined results.

RSW (Register location Switch)

Register HostBaseAddress + 5Cx
address
Bit number 7 : 6 : 5 : 4 ! 3 : 2 : 1 0
Bit field name Reserved RSW
R/W RO RW
Initial value 0 0

In SH3 or SH4 mode, set this register when moving the register area from the center (1FC0000) to the end of the
GDC area (3FC0000). This move can be performed when “1” is written to this register.

Set this register at the first access after reset. Access GDC after about 20 bus clocks after setting the register.
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DMA_ST ADR
Register HostBaseAddress + 500y
address
Bit number [[31:30:29:28:27:26:25:24[23:22:21:20:19:18:17:16:15:14:13:12:11:10: 9: 8 1 7:6:5:4:3:2:1:0
Bit field name DMA ST ADR
R/W RW
Initial value 26'h3FFFFFF

DMA start address (*address width, 16-bit CPU:[23:0], 32-bit CPU[25:0])
When DMA_ST_ADRZ=[input address]=DMA_ED_ADR, it is DMA transfer.
When [input address]>DMA_ST_ADR, it is normal access.

DMA_ED_ADR
Register HostBaseAddress + 504y
address
Bit number 31230229228227226225224|232222212202192182172162152142132122112102 9:8:7:6:5:4:3:2:1:0
Bit field name DMA ED_ADR
R/W RW
Initial value 26'h0

DMA end address (*address width, 16-bit CPU:[23:0], 32-bit CPU[25:0])
When DMA_ST_ADRZ=[input address]=DMA_ED_ADR, it is DMA transfer.
When [input address]>DMA_ED_ADR, it is normal access.

ERR_ADR
Register HostBaseAddress + 508y
address
Bit number 31230329228227226325224|232222212202193183172162153142132122113102 9:8:7:6:5:4:3:2-1:-0
Bit field name ERR_ADR
R/W R
Initial value 26’h0

This register keeps the address, when the below interrupt request occurs.

It accesses the following order, upper address of 32-bit and lower address of 32-bit in 16-bit CPU
mode.

It accesses the randam address in 16-bit CPU mode.

ERR_DETECT
Register HostBaseAddress + 50Cy
address
Bit number ||31:30:29:28:27:26:25:24|23-22:21:20:19:18:17:16:15:14:113:12:11:10:9:8 :7:6:5:4:3:2:1:0
Bit field name (I
R/W RW[RW,
Initial value 0|0

Bit0: 16-bit CPU interrupts status register
When “1” is set on the bit0, it shows the following interrupt request.
It accesses the following order, upper address of 32-bit and lower address of 32-bit in 16-bit
CPU mode.
It clears the status by writing “0” on the bitO.

Bit1: 16-bit CPU interrupts status register
When “1” is set on the bit0, it shows the following interrupt request.
It accesses the randam address in 16-bit CPU mode. (It accesses the following order, lower
address of 32-bit and upper address of 32-bit, but it is not a continuance address.)
It clears the status by writing “0” on the bit1.
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INT_MSK
Register HostBaseAddress + 5104
address
Bit number [31:30:29:28:27:26:25:24/23:22:21:20:19:18:17:16:15:14:13:12:11:10: 928 1 7:6:5:4:3:2:1:0
Bit field name [ L)
R/W RW|RW
Initial value 0|0

Bit0: 16-bit CPU interrupts request mask register (It accesses the following order, upper address of 32-
bit and lower address of 32-bit in 16-bit CPU mode.)

It masks 16-bit CPU interrupts.

When “0” is set on the bit0, it does not assert interrupts signal even if the interrupts request occurs.

Bit1: 16-bit CPU interrupts request mask register (It accesses a randam address in 16-bit CPU mode.)
It masks 16-bit CPU interrupts.
When “0” is set on the bit1, it does not assert interrupts signal even if the interrupts request occurs.

INT_MSK
Register HostBaseAddress + 514y
address
Bit number ||31:30:29:28:27:26:25:24|23:22:21:20:19:18:17:16:15:14:13:12:11:10:9:8 :7:6:5:4:3:2:1:0
Bit field name [
R/W RW
Initial value 0

XINT polarity change signal
“0” is Low Active, “1” is High Active.
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12.1.1  GPIO control registers

GPIO control 1 (GPIOC1)

Register address PlOBaseAddress+40h
Bit number 31-30-29-28-27-26-25-24-23-22-21-20-19-18-17-16-15-14-13-12-11-10-9-8 -7-6-5-4-3-2-1-0
Bit field name GPIO _is_out GPIO _inout
RW ROW R/W
Initial value 0000_0000 XXXX_XXXX (*1)

The register controls the GPIO pins. Each bit can be set correspondingly from MSB to LSB by couple
1 in each bit.

(*1) The value of the GPIO pin is reflected longer than the fixed time.

(*2) Changes to the GPIO pin are not immediately reflected in the register. It takes time more than
constancy (system clock cycle order) to mutual reflection with the GPIO pin.

Bit15-0 GPIO_inout (GPIO input/output data ) (*2)

The data of the GPIO pin is read and written.

At read The value of external pin GPIO15-0 can be read about the bit to which ‘0’ is set with
GPIO_is_out.
However, the bit reversing value of external pin GPIO15-0 is read about the bit that
GPIOC2.GPIO_xor is set to ‘1".
When GPIOC2.GPIO_force is set to ‘1’, the value in which the write is compulsorily
done to GPIO_inout is read as it is (*3).
The value in which the write is done to GPIO_inout is read as it is (*3) about the bit to
which ‘1" is set with GPIO_is_out. (*3 The influence of GPIO_xor is not undertaken.)
inout (at read) = (is_out || force) ? inout (at write) : (xor * GPIO pin)

At write The written value is disregarded about the bit to which ‘0’ is set with GPIO_is_out.
The write value is output to external pin GPIO15-0 about the bit to which ‘1’ is set with
GPIO_is_out.
However, the bit reversing value is output about the bit that GPIOC2.GPIO_xor is set to
1.
GPIO pin = (is_out) ? (xor * inout (at write)) : Hi-Z

Bit31-16 GPIO_is_out (GPIO direction)
The direction of each bit of the terminal GPIO /O is specified.
Atread: O is always read.

At write :  The corresponding bit of ‘1’ is an output of this.
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GPIO control 2 (GPIOC2)

Register address PIOBaseAddress +44h
Bit number 31-30-29-28-27-26-25-24-23-22-21-20-19-18-17-16-15-14-13-12-11-10-9-8 -7-6-5-4-3-2-1-0
Bit field name GPIO_force GPIO_xor
RW RW R/W
Initial value 0000_0000 0000_0000

The register controls the GPIO pin. Each set bit can be set corresponding from MSB to LSB by couple
1 in each bit. Refer to the paragraph of GPIOC1 for details.

Bit15-0

Bit31-16

MB86276 'LIME' GDC
Rev1.1a

GPIO_xor (GPIO_inout read/write data invert)

Bit of GPIO_inout="0’

‘0’ : An untouched value of external pin GPIO15-0 is read from GPIO_inout.
‘1’ : Areversed value of external pin GPIO15-0 is read from GPIO_inout.

Bit of GPIO_inout="1’

‘0’ : The value in which the write is done to GPIO_inout is reflected in external pin GPIO15-0 as it is.
‘1’ : The reversing value in which the write is done to GPIO_inout is reflected in external pin GPIO15-0
asitis.

GPIO_force (GPIO_inout force enable for input port read)
It is set whether to force the read value of GPIO_inout set to the input.
‘0’ : not force

‘1’ : The read value of a bit of GPIO_inout concerned is forced to the value in which the write is done to
GPIO_inout.
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12.1.2

Peripheral Interrupt related registers

Peripheral Interrupt controll (PIC1)

Register address PIOBaseAddress +4Ch
Bit number 31-30-29-28-27-26-25-24-23-22-21-20-19-18-17-16-15-14-13-12-11-10-9-8 -7-6 -5-4-3-2-1-0
Bit field name : Reserve A @ GPIO_INT_enable
. m|o|o
i 22|22
RW : ROWO N I = RW
Initial value E 0000_0000 olefe|e 0000_0000

The register controls the interrupt which relates to peripheral logic.

The one of GPIO reacts without regard to input and output in the situation of the setting.

Each set bit can be set corresponding from MSB to LSB by couple 1 in each bit.

Bit15-0 GPIO_INT_enable (GPIO interrupt enable)
It is set whether the generation of interrupt of each bit by the value in which external pin GPIO15-0 is
sampled with the internal clock.
Interrupt is not generated for ‘0’.
Interrupt is generated for ‘1’ based on the following register setting.

Bit16 S1 (Serial1 Interrupt Enable)
Interrupt when data is abandoned is set because of word not read by input FIFO of serial 1CH.
O:Interrupt is not generated.
1:Interrupt is generated.

Bit17 RTO (Internal bus timeout interrupt Enable for read)
It is specified whether interrupt is generated when input FIFO Read Wait time of an internal bus
becomes more than a set cycle. (This bit does not work if it is not TE bit = 1 of SPC2 registers.)
O:Interrupt is not generated.
1:Interrupt is generated.

Bit18 WTO (Internal bus timeout interrupt Enable for write)
It is specified whether interrupt is generated when input FIFO Read Wait time of an internal bus
becomes more than a set cycle. (This bit does not work if it is not TE bit = 1 of SPC2 registers.)
O:Interrupt is not generated.
1:Interrupt is generated.

Bit19 OFE (Output FIFO empty interrupt Enable)
It is specified whether interrupt is generated when output FIFO becomes empty.
O:Interrupt is not generated.
1:Interrupt is generated.
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Peripheral Interrupt control2 (PIC2)

Register address PlOBaseAddress +50h
Bit number 31-30-29-28-27-26-25-24-23-22-21-20-19-18-17-16-15-14-13-12-11-10-9-8 -7-6-5-4-3-2-1-0
Bit field name Reserve GPIO_INT_polarity
RW ROWO RW
Initial value 0000_0000 0000_0000

The register controls interrupt concerning GPIO.

It reacts without regard to input and output in the situation of the setting.
Each set bit can be set corresponding from MSB to LSB by couple 1 in each bit.

Bit15-0

GPIO_INT_polarity (GPIO interrupt polarity)
Interrupt is generated for the following values.

0: When you detect Level ‘0’ or negative edge (Depend on GPIO_INT_mode)
1: When you detect Level ‘1’ or positive edge (Depend on GPIO_INT_mode)

Peripheral Interrupt control3 (PIC3)

Register address PIOBaseAddress +54h
Bit number 31-30-29-28-27-26-25-24-23-22-21-20-19-18-17-16-15-14-13-12-11-10-9 -8 -7-6-5-4-3-2-1-0
Bit field name Reserve GPIO_INT_mode
RW ROWO R/W
Initial value 0000_0000 0000_0000

The register controls interrupt concerning GPIO.
It reacts without regard to input and output in the situation of the setting.

Each set bit can be set corresponding from MSB to LSB by couple 1 in each bit.

Bit15-0 GPIO_INT_mode (GPIO interrupt mode)
0: level sensitive (‘0’ or ‘1’ depends on GPIO_INT_polarity)
1: edge sensitive (‘pos’ or ‘neg’ depends on GPIO_INT_polarity)
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Peripheral Interrupt Status (PIST)

Register address PIOBaseAddress +80h

Bit number 31-30-29-28-27-26-25-24-23-22-21-20-19-18-17-16-15-14-13-12-11-10-9 -8 -7-6-5-4-3-2-1-0
e o g o
Bit field name Reserve Reserve a1 3 a @ GPIO_INT _status

Py Py Py
RIW ROWO ROWO 212122 RIWO
o o o
Initial value 0000_0000 00000000 |[o|o|o|o 0000_0000

The register shows the state of the interrupt which relates to peripheral logic. It clears by 0 Write.
This state is consolidated and it is reflected in bit17 of host interface register IST.

Bit15-0 GPIO_INT_status (GPIO interrupt status)
Shows that interrupt is generated by the bit of the correspondence of GPIO.
0: interrupt is not generated
1: interrupt is generated

Bit16 S1 (Serial1 port interrupt status)
In Seriallcommunication, It is shown that interruption which notifies that input data was thrown away
occurred.
0: interrupt is not generated
1: interrupt is generated

Bit17 RTO (Internal bus timeout interrupt Status for read)
It is shown that interruption when the input FIFO Read Wait time of an internal bus becomes more
than a setting cycle occurred.
0: interrupt is not generated
1: interrupt is generated

Bit18 WTO (Internal bus timeout interrupt Status for write)
It is shown that interruption when the output FIFO Read Wait time of an internal bus becomes more
than a setting cycle occurred.
0: interrupt is not generated
1: interrupt is generated

Bit19 OFE (Output FIFO empty interrupt Status)
It is shown that interruption when Output FIFO becomes empty occurred.
0: interrupt is not generated
1: interrupt is generated
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Revision
Register address PIOBaseAddress +84h
Bit number 31-30-29-28-27-26-25-24-23-22-21-20-19-18-17-16-15-14-13-12-11-10-9 -8 -7-6-5-4-3-2-1-0
Bit field name YEAR VERSION REVISION
RW
Initial value 0x2005 0x01 0x00

The register shows the chip version.

MB86276 'LIME' GDC Specifications
Rev1.1a

167




FUJITSU SEMICONDUCTOR CONFIDENTIAL

12.1.3  I°C Interface Registers

BSR (Bus Status Register)

Register address|[ 12C Base Address + 000h

Bit No 7 6 5 4 3 2 1 0
Bit field name  |BB RSC AL LRB TRX IAAS GCA FBT
R/W R R R R R R R R
Default lo 0 0 0 0 0 0 0

All bits on this register are cleared while bit EN on CCR register is “0”.

Bit7 BB (Bus Busy)
Indicate state of 12C-bus
0: STOP condition was detected.
1: START condition (The bus is in use.) was detected.
Bit6 RSC (Repeated START Condition)
Indicate repeated START condition
This bit is cleared by writing “0” to INT bit, the case of not addressed in a slave mode, the
detection of START condition under bus stop, and the detection of STOP condition.
0: Repeated START condition was not detected.
1: START condition was detected again while the bus was in use.
Bit5 AL(Arbitration Lost)
Detect Arbitration lost
This bit is cleared by writing “0” to INT bit.
0: Arbitration lost was not detected.
1: Arbitration occurred during master transmission, or “1” writing was performed to MSS bit
while other systems were using the bus.
Bit4 LRB (Last Received Bit)
Store Acknowledge
This bit is cleared by detection of START condition or STOP condition.
Bit3 TRX (Transmit / Receive)
Indicate data receipt and data transmission.
0: receipt
1: transmission
Bit2 AAS (Address As Slave)
Detect addressing
This bit is cleared by detection of START condition or STOP condition.
0: Addressing was not performed in a slave mode.
1: Addressing was performed in a slave mode.
Bit1 GCA (General Call Address)
Detect general call address (00h)
This bit is cleared by detection of START condition or STOP condition.
0: General call address was not received in a slave mode.
1: General call address wad received in a slave mode.
Bit0 FBT (First Byte Transfer)
Detect the 1st byte
Even if this bit is set to “1” by detection of START condition, it is cleared by writing “0” on
INT bit or by not being addressed in a slave mode.
0: Received data is not the 1st byte.
1: Received data is the 1st byte (address data).
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BCR (Bus Control Register)

Register address|| 12C Base Address + 0004h
Bit No 7 6 5 4 3 2 1 0
Bit field name BER BEIE SCC MSS ACK GCAA INTE INT
R/W R/WO R/W RO/W1 R/W R/W R/W R/W R/W
Default lo 0 0 0 0 0 0 0
Bit7 BER (Bus Error)
Flag bit for request of bus error interruption
When this bit is set, EN bit on CCR register will be cleared, this module will be in a stop
state and data transfer will be discontinued.
write case
0: A request of buss error interruption is cleared.
1: Don'’t care.
read case
0: A bus error was not detected.
1: Undefined START condition or STOP condition was detected while data transfer.
Bit6 BEIE (Bus Error Interruption Enable)
Permit bus error interruption
When both this bit and BER bit are “1”, the interruption is generated.
0: Prohibition of bus error interruption
1: Permission of bus error interruption
Bit5 SCC (Start Condition Continue)
Generate START condition
write case
0: Don’t care.
1: START condition is generated again at the time of master transmission.
Bit4 MSS (Master Slave Select)
Select master / slave mode
When arbitration lost is generated in master transmission, this bit is cleared and this
module becomes a slave mode.
0: This module becomes a slave mode after generating STOP condition and completing
transfer.
1: This module becomes a master mode, generates START condition and starts transfer.
Bit3 ACK (ACKnowledge)
Permit generation of acknowledge at the time of data reception
This bit becomes invalid at the time of address data reception in a slave mode.
0: Acknowledge is not generated.
1: Acknowledge is generated.
Bit2 GCAA(General Call Address Acknowledge)
Permit generation of acknowledge at the time of general call address reception
0: Acknowledge is not generated.
1: Acknowledge is generated.
Bit1 INTE (INTerrupt Enable)
Permit interruption
When this bit is “1” interruption is generated if INT bit is “1”.
0: Prohibition of interrupt
1: Permission of interrupt
Bit0 INT (INTerrupt)
Flag bit for request of interruption for transfer end
When this bit is “1” SCL line is maintained at “L” level. If this bit is cleared by being
written “0”, SCL line is released and the following byte transfer is started. Moreover, it is
reset to “0” by generating of START condition or STOP condition at the time of a master.
write case
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0: The flag is cleared.
1: Don'’t care.
read case
0: The transfer is not ended.
1: It is set when 1 byte transfer including the acknowledge bit is completed and it
corresponds to the following conditions.
- Itis a bus master.
- Itis an addressed slave.
- It was going to generate START condition while other systems by which arbitration lost
happened used the bus.

Competition of SCC, MSS and INT bit

Competition of the following byte transfer, generation of START condition and generation of STOP
condition happens by the simultaneous writing of SCC, MSS and INT bit. The priority at this case is as
follows.

1) The following byte transfer and generation of STOP condition
If “0” is written to INT bit and “0” is written to MSS bit, priority will be given to “0” writing to MSS bit
and STOP condition will be generated.

2) The following byte transfer and generation of START condition
If “0” is written to INT bit and “1” is written to SCC bit, priority will be given to “1” writing to SCC bit
and START condition will be generated.

3) Generation of START condition and STOP condition
The simultaneous writing of “1” to SCC bit and “0” to MSS bit is prohibition.
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CCR (Clock Control Register)

Register address|[ 12C Base Address + 0008h
Bit No 7 6 5 4 3 2 1 0
Bit field name |- HSM EN CS4 CS3 CS2 CS1 CS0
R/W R1 R/W R/W R/W R/W R/W R/W R/W
Default I 0 0 I A A A I
Bit7 Nonuse
“1” is always read at read.
Bit6 HSM (High Speed Mode)
Select standard-mode / high-speed-mode
0: Standard-mode
1: High-speed-mode
Bit5 EN (Enable)

Permission of operation
When this bit is “0”, each bit of BSR and BCR register (except BER and BEIE bit) is
cleared. This bit is cleared when BER bit is set.
0: Prohibition of operation
1: Permission of operation
Bit4 CS4 - 0 (Clock Period Select4 - 0)

Set up the frequency of a serial transfer clock

Frequency fscl of a serial transfer clock is shown as the following formula.

Please set up fscl not to exceed the value shown below at the time of master operation.
standard-mode: 100KHz
high-speed-mode: 400KHz

standard-mode

fscl= A
(2 x m)+2

high-speed-mode

fscl= A
int(1.5 x m)+2

A: 12C system clock = 16.6MHz

<Notes>

+2 cycles are minimum overhead to confirm that the output level of SCL terminal changed. When the
delay of the positive edge of SCL terminal is large or when the clock is extended by the slave device, it
becomes larger than this value.

The value of m becomes like the following page to the value of CS 4-0.
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Cs4 CS3 CS2 CS1 CSso m
standard high-speed
0 0 0 0 0 65 inhibited
0 0 0 0 1 66 inhibited
0 0 0 1 0 67 inhibited
0 0 0 1 1 68 inhibited
0 0 1 0 0 69 inhibited
0 0 1 0 1 70 inhibited
0 0 1 1 0 71 inhibited
0 0 1 1 1 72 inhibited
0 1 0 0 0 73 9
0 1 0 0 1 74 10
0 1 0 1 0 75 11
0 1 0 1 1 76 12
0 1 1 0 0 77 13
0 1 1 0 1 78 14
0 1 1 1 0 79 15
0 1 1 1 1 80 16
1 0 0 0 0 81 17
1 0 0 0 1 82 18
1 0 0 1 0 83 19
1 0 0 1 1 84 20
1 0 1 0 0 85 21
1 0 1 0 1 86 22
1 0 1 1 0 87 23
1 0 1 1 1 88 24
1 1 0 0 0 89 25
1 1 0 0 1 90 26
1 1 0 1 0 91 27
1 1 0 1 1 92 28
1 1 1 0 0 93 29
1 1 1 0 1 94 30
1 1 1 1 0 95 31
1 1 1 1 1 96 32
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Address Register(ADR)

Register address|[ 12C Base Address + 000Ch
Bit No 7 6 5 4 3 2 1 0
Bit field name |} A6 A5 A4 A3 A2 A1 AO
R/W R1 R/W R/W R/W R/W R/W R/W R/W
Default I A I I I A I I
Bit7 Nonuse

“1” is always read at read.
Bit6 - 0 A6 - 0 (Address6 - 0)

Store slave address

In a slave mode it is compared with DAR register after address data reception, and
when in agreement, acknowledge is transmitted to a master.

Data Register(DAR)

Register address|[ 12C Base Address + 0010h
Bit No 7 6 5 4 3 2 1 0
Bit field name D7 D6 D5 D4 D3 D2 D1 DO
RIW lRew RIW RIW RIW RIW RIW RIW RIW
Default "— - - - - - - -
Bit7 - 0 D7 - 0 (Data7 - 0)
Store serial data
This is a data register for serial data transfer. The data is transferred from MSB. At
the time of data reception (TRX=0) the data output is set to “1”.
The writing side of this register is a double buffer. When the bus is in use (BB=1),
the write data is loaded to the register for serial transfer for every transfer. At the
time of read-out, the receiving data is effective only when INT bit is set because
the register for serial transfer is read directly at this time.
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12.2 Graphics memory interface registers

MMR (Memory I/F Mode Register)

Register HostBaseAddress + FFFCy
address
Bit number |31:30:29:28:27:26:25:24:23:22:21:20:19:18:17:16:15:14:13:12:11210: 9:8:7:6:5:4:3-2:1:0
Bit field name |[*1 |wr| Reserved | *1 | *1 | TRRD TRC TRP | TRAS |[TRCD|LOWD| RTS SAW |[asw| CL
R1
R/W RWIRW| R Wo R| RW RW RW RW RW | RW RW RW [|Rw| RW
Initial value | 0| O |Dontcare[ 1|0 | 00 0000 00 000 00 00 000 000 0 000

*1: Reserved

This register sets the mode of the graphics memory interface. A value must be written to this register
after a reset. (When default setting is performed, a value must also be written to this register.) Only
write once to this register; do not change the written value during operation.

This register is not initialized at a software reset.

Bit2to 0 CL (CAS Latency)
Sets the CAS latency. Write the same value as this field, to the mode register for SDRAM
011 CL3
010 CL2
Other than  Setting disabled
the above

Bit 3 ASW (Attached SDRAM bit Width)
Sets the bit width of the data bus (memory bus width mode)
1 Reserved
0 32 bit

Bit 6 to 4 SAW (SDRAM Address Width)
Sets the bit width of the SDRAM address
001 15 bit BANK 2 bit ROW 13 bit COL 9 bit SDRAM
111 14 bit BANK 2 bit ROW 12 bit COL 9 bit SDRAM
110 14 bit BANK 2 bit ROW 12 bit COL 8 bit SDRAM
101 13 bit BANK 2 bit ROW 11 bit COL 8 bit SDRAM
100 12 bit BANK 1 bit ROW 11 bit COL 8 bit FCRAM
Other than  Setting disabled
the above

Bit9to7 RTS (Refresh Timing Setting)
Sets the refresh interval
000 Refresh is performed every 384 internal clocks.
111 Refresh is performed every 1552 internal clocks.
001to 110 Refresh is performed every ‘64 x n’ internal clocks in the 64 to 384 range.
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Bit11and 10 LOWD
Sets the count of clocks secured for the period from the instant the ending data is
output to the instant the write command is issued.
It is able to adjust the internal timing of memory interface by the setting.
11 3 clocks
10 2 clocks
01 1 clocks
Other than  Setting disabled
the above

Bit 13and 12 TRCD
Sets the wait time secured from the bank active to CAS. The clock count is used to
express the wait time.
11 3 clocks
10 2 clocks
01 1 clock
00 0 clock

Bit 16 to 14 TRAS
Sets the minimum time for 1 bank active. The clock count is used to express the
minimum time.
111 7 clocks
110 6 clocks
101 5 clocks
100 4 clocks
011 3 clocks
010 2 clocks
Other than  Setting disabled
the above

Bit18and 17 TRP
Sets the wait time secured from the pre-charge to the bank active. The clock count is
used to express the wait time.
11 3 clocks
10 2 clocks
01 1 clock

Bit 22 to 19 TRC
This field sets the wait time secured from the refresh to the bank active. The clock
count is used to express the wait time.
1010 10 clocks
1001 9 clocks
1000 8 clocks
0111 7 clocks
0110 6 clocks
0101 5 clocks
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0100 4 clocks

0011 3 clocks

Other than  Setting disabled
the above

Bit24 and 23 TRRD

Sets the wait time secured from the bank active to the next bank active. The clock
count is used to express the wait time.

11 3 clocks
10 2 clocks
Bit 26 Reserved

Always write “0” at write.

“1” is always read at read.

Bit 30 TWR

Sets the write recovery time (the time from the write command to the read or to the pre-
charge command).

1 2 clocks
0 1 clock
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12.3 Display control registers

DCMO/1 (Display Control Mode 0/1)

Register .
DisplayBaseAddress + 00y ( DCMO
address play H( )
Bit number 31130120128 | 27126125124 [ 23122121120 19318} 17} 161511 13} 12[ 11010} 0 {8 [ 7i6isiaaial1}o
o z wiwt yl wl o e} ol 2] w
Bit field name | & Reserve 2 & S| 3| 8| Resv sc ol | 8| 2| 6| Bl svwe
R/W RW, RX Rw[rw[rw[rwW|rRW| RO RW Rw|  [Rw|Ro[rRW|rRW| RW
Initial value || o X olojofofo]| o 11110 0 ofofofol| oo
Register || by slayBaseAddress + 100y (DCM1)
address
Bit number |31 30i29i28|27i26i25i24|23i22 21120 19118117116 15114 13i12 11i1oi9i8 7161514312 1io
e z w| ow| w|wlw|w|az (] ol 2 >
Bit field name || & Reserve IS BRI EIRE: sC w8l &| 5| B se
R/W R RW Rw|Rw[RwW[RW|RW|RW|RW| RO RW rRw|  [Rw|Ro[rRW|rRW| RW
Initial value || o X ololo]o]ofofofo 11101 0 ofolo]o]| oo

This register controls the display count mode. It is not initialized by a software reset. This register is
mapped to two addresses but it is one substance. The differences between the two registers are the

format of the frequency division rate setting (SC) and layer enable. The two formats exist to maintain
backword compatibility with previous products.

Bit1to 0 SYNC (Synchronize)
Set synchronization mode
X0 Non-interlace mode
10 Interlace mode

11 Interlace video mode

Bit 2 ESY (External Synchronize)
Sets external synchronization mode
0:  External synchronization disabled

1:  External synchronization enabled

Bit 3 SF (Synchronize signal format)
Sets format of synchronization (VSYNC, HSYNC) signals
0:  Negative logic

1:  Positive logic

Bit 7 EEQ (Enable Equalizing pulse)
Sets CCYNC signal mode
0:  Does not insert equalizing pulse into CCYNC signal

1:  Inserts equalizing pulse into CCYNC signal

Bit13to 8  SC (Scaling)

Divides display reference clock by the preset ratio to generate dot clock

Offset=0 Offset = 1004
x00000 Frequency not divided 000000  Frequency not divided
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Bit 15

Bit 16

Bit 17

Bit 18

Bit 19

x00001  Frequency division rate = 1/4 000001  Frequency division rate = 1/2
x00010  Frequency division rate =1/6 000010  Frequency division rate = 1/3
X00011  Frequency division rate = 1/8 000011  Frequency division rate = 1/4

x11111  Frequency division rate = 1/64 111111  Frequency division rate = 1/64
When n is set, with Offset = 0, the frequency division rate is 1/(2n + 2).
When m is set, with Offset = 100h, the frequency division rate is 1/(m + 1).

Basically, these are setting parameters with the same function (2n +2=m + 1).
Because of this, m = 2n + 1 is established. When n is set to the SC field with Offset =
0, 2n + 1 is reflected with Offset = 100h.

Also, when PLL is selected as the reference clock, frequency division rates 1/1 to 1/5
are non-functional even when set; other frequency division rates are assigned.

CKS (Clock Source)

Selects reference clock

0: Internal PLL output clock
1:  DCLKI input

LOE (LO layer Enable)

Enables display of the LO layer. The LO layer corresponds to the C layer for previous
products.

0: Does not display LO layer
1:  Displays LO layer

L1E (L1 layer Enable)

Enables display of the L1 layer. The L1 layer corresponds to the W layer for previous
products.

0: Does not display L1 layer
1: Displays L1 layer

L23E (L2 & L3 layer Enable) ------ DCMO

Enables simultaneous display of the L2 and L3 layers. These layers correspond to the
M layer for previous products.

0: Does not display L2 and L3 layer
1: Displays L2 and L3 layer

L2E (L2 layer Enable) ------ DCM1
Enables L2 layer display

0: Does not display L2 layer

1: Displays L2 layer

L45E (L4 & L5 layer Enable) ------ DCMO

Enables simultaneous display of the L4 and L5 layers. These layers correspond to the
B layer for previous products.

0: Does not display L4 and L5 layer
1:  Displays L4 and L5 layer
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L3E (L3 layer Enable)) ------ DCM1
Enables L3 layer display
0: Does not display L3 layer
1: Displays L3 layer

Bit 20 L4E (L4 layer Enable)
Enables L4 layer display
0: Does not display L4 layer
1:  Displays L4 layer

Bit 21 L5E (L5 layer Enable)
Enables L5 layer display
0: Does not display L5 layer
1:  Displays L5 layer

Bit 31 DEN (Display Enable)
Enables display
0:  Does not output display signal

1:  Outputs display signal
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DCM2 (Display Control Mode 2)

Register .
address DisplayBaseAddress + 1044
Bit number 31!30!29!28|27!28! i17i16|15!14i13i12 1it0i9i8|7i6is51 4 i 1 0
Bit field name Reserve Reserv Reserv RUF | RUM
R/W RO RO RO RW [ Rw
Initial value 0 0 0 0 0
Bit0 RUM (Register Update Mode)
The mode reflects the register value synchronizing with vertical synchronization is
selected.

0: The register update is in real time reflected in the internal control circuit. The
display falls into disorder when updating it for the display period.

1: It value of the register spreads to the internal control circuit synchronizing with
vertical synchronization. The simultaneity is controlled with the following RUF
flags.

Bit1 RUF (Register Update Flag)

The value is directed to be updated in the following vertical synchronization in writing 1

in this flag. If the update ends, it becomes 0.

0: Initial or update end

1:  Vertical synchronous waiting
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DCM3 (Display Control Mode 3)

I:ggizt;r DisplayBaseAddress + 1084
Bit number |[31i30i29} i17i16|15!14i13i12 1" 10 9 8 7 1 6 321414
Bit field name reserve resv | POM |DCKed|DCKinv|  Reserve DCKD
R/W RO RO | RW [ RW [ RW | Rwo | Ro RW
Initial value 0 0 0 0 0 0 0 000000
Bit5-0 DCKD ( Display Clock Delay)
This defines additional delay time by internal PLL clock period.
000000 No additional delay
000010 +2 PLL clock
000100 +3 PLL clock
000110  +4 PLL clock
111110  +33 PLL clock
xxxxx1  reserve
Bit8 DCKinv (Display Clock inversion )
0: DCLKO output signal is not inverted
1: DCLKO output signal is inverted.
Bit9 DCKed ( Display clock edge )
This defines which edge mode is used.
0: single edge mode in which positive edge is used for digital RGB output.
1: bi-edge mode in which positive edge and negative edge are used for digital RGB
output to identify two data streams.
Bit10 POM (Parallel output Mode)
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0: multiplex output mode in which two data streams are multiplexed and goes to the
digital RGB output.

1: parallel output mode in which one data stream go to the digital RGB output and
another data stream goes to the analog RGB output.
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HTP (Horizontal Total Pixels)

I:gg:zt;r DisplayBaseAddress + 064
Bitnumber [ 15 1 14 | 13 {12 [ 11 :10: 9 : 8 : 7 : 6 : 5
Bit field name Reserved HTP
R/W RO RW
Initial value 0 Don't care

This register controls the horizontal total pixel count. Setting value + 1 is the total pixel count.

HDP (Horizontal Display Period)

:gg:zt:; DisplayBaseAddress + 08y
Bitnumber || 151 14 {13 {12 |11 :10: 9 : 8 2 7 : 6 : 5
Bit field name Reserved HDP
R/W RO RW
Initial value 0 Don'’t care

This register controls the total horizontal display period in unit of pixel clocks. Setting value + 1 is the
pixel count for the display period.

HDB (Horizontal Display Boundary)

zggztse; DisplayBaseAddress + 0A4
Bitnumber || 15 1 14 {13 112 |11 :10:-9 : 8 -7 6 : 5
Bit field name Reserved HDB
R/W RO RW
Initial value 0 Don'’t care

This register controls the display period of the left part of the window in unit of pixel clocks. Setting
value + 1 is the pixel count for the display period of the left part of the window. When the window is

not divided into right and left before display, set the same value as HDP.

HSP (Horizontal Synchronize pulse Position)

:gg;ztse; DisplayBaseAddress + 0Cx
Bitnumber || 15 1 14 {13112 |11 :10:9 : 8 : 7 6 : 5
Bit field name Reserved HSP
R/W RO RW
Initial value 0 Don'’t care

This register controls the pulse position of the horizontal synchronization signal in unit of pixel clocks.
When the clock count since the start of the display period reaches setting value + 1, the horizontal

synchronization signal is asserted.

HSW (Horizontal Synchronize pulse Width)

:gg:ztg DisplayBaseAddress + OEq
Bit number 7 ' 6 | 5 4 :
Bit field name HSW
R/W RW
Initial value Don't care

This register controls the pulse width of the horizontal synchronization signal in unit of pixel clocks.
Setting value + 1 is the pulse width clock count.
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VSW (Vertical Synchronize pulse Width)

I:gg:zt;r DisplayBaseAddress + OFy
Bit number 7 ! 6 5 4 : 2 1 0
Bit field name Reserved VSW
R/W RO RW
Initial value 0 Don't care

This register controls the pulse width of vertical synchronization signal in unit of raster. Setting value +
1 is the pulse width raster count.

VTR (Vertical Total Rasters)

:gg;ztse; DisplayBaseAddress + 12y
Bitnumber [ 15 {1 14 {1 13 § 12 | 11 110 : 9 6 15 1 4 1312 1 0
Bit field name Reserved VTR
R/W RO RW
Initial value 0 Don't care

This register controls the vertical total raster count. Setting value + 1 is the total raster count. For the
interlace display, Setting value + 1.5 is the total raster count for 1 field; 2 x setting value + 3 is the total
raster count for 1 frame (see Section 8.3.2).

VSP (Vertical S

ynchronize pulse Position)

:gg:ztg DisplayBaseAddress + 14y
Bitnumber | 15 | 14 { 13 1 12 [ 11 1 10 : 9 6 5 4 :3:2:1:0
Bit field name Reserved VSP
R/W RO RW
Initial value 0 Don't care

This register controls the pulse position of vertical synchronization signal in unit of raster. The vertical
synchronization pulse is asserted starting at the setting value + 1st raster relative to the display start

raster.

VDP (Vertical Display Period)

zggztse; DisplayBaseAddress + 16y
Bitnumber || 15 ! 14 {1 13 1 12 [ 11 Z 10 1 9 6 5 -4 -3 :2:1°:0
Bit field name Reserved VDP
R/W RO RW
Initial value 0 Don'’t care

This register controls the vertical display period in unit of raster.

raster to be displayed.
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LOM (LO layer Mode)

Register .
address DisplayBaseAddress + 204
Bit number ||31/30129|28i27126i25124|23:22:21:20:19:18:17:16/15{14i13112|11:110: 9:8:7:6:5:4:3:2:1:0
Bit field name [[Loc|reserved| Reserved LOW Reserved LOH
R/W Rw| RO RO RW RO RW
Initial value [[0] © 0 Don't care 0 Don't care
Bit 11 to 0 LOH (LO layer Height)
Specifies the height of the logic frame of the LO layer in pixel units. Setting value + 1 is
the height
Bit23to 16  LOW (LO layer memory Width)
Sets the memory width (stride) of the logic frame of the LO layer in 64-byte units
Bit 31 LOC (LO layer Color mode)

Sets the color mode for LO layer
0
1 Direct color (16 bits/pixel) mode

Indirect color (8 bits/pixel) mode

LOEM (LO-layer Extended Mode)

Register .
address DisplayBaseAddress + 1104
Bit number |31:30:29:28:27:26:25:24:23:22:21:20:19:18:17:16:15:14:13:12:11:10:  -—--- 4:3:2:1:0
Bit field name |[LOEC Reserved LOPB Reserved LowP
R/W RW RO RW RO RW
Initial value 0 0 0
Bit 0 LO WP (LO layer Window Position enable)
Selects the display position of LO layer
0 Compeatibility mode display (C layer supported)
1 Window display
Bit 23 to 20 LOPB (LO layer Palette Base)
Shows the value added to the index when subtracting palette of LO layer. 16 times of
setting value is added.
Bit 31 and 30  LOEC (LO layer Extended Color mode)

MB86276 'LIME' GDC Specifications
Rev1.1a

Sets extended color mode for LO layer

00 Mode determined by LOC
01  Direct color (24 bits/pixel) mode
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LOOA (LO layer Origin Address)

I:gg:zt;r DisplayBaseAddress + 24y
Bit number |[31130129i28127i26(25:24123:22:21:20:19:18:17:16:15:14:13:12:11210: 9:8:7:6:5:4:3:2:1:0
Bit field name Reserved LOOA
R/W RO RW RO
Initial value 0 Don't care 0000

This register sets the origin address of the logic frame of the LO layer. Since lower 4 bits are fixed at
“0”, address 16-byte-aligned.

LODA (LO-layer Display Address)

zggzt:sr DisplayBaseAddress + 28y
Bit number [31130129128127126|25:24:23:22:21:20:19:18:17:16:15:14:13:12:11:10:9:8: 7:6:5:4:3:2:1:0
Bit field name Reserved LODA
R/W RO [Rwo RW
Initial value 0 Don't care

This register sets the display origin address of the LO layer. For the direct color mode (16 bits/pixel),

the lower 1 bit is “0”, and this address is treated as being aligned in 2 bytes.

LODX (LO-layer Display position X)

I:gg:zt;r DisplayBaseAddress + 2Cy
Bitnumber || 15 { 14 | 13 {1 12 | 11 10 : 9 17 16 :5 0
Bit field name Reserved LODX
R/W RO RW
Initial value 0 Don’t care

This register sets the display starting position (X coordinates) of the L0 layer on the basis of the origin
of the logic frame in pixels.

LODY (LO-layer Display position Y)

:gg;ztse; DisplayBaseAddress + 2E4
Bitnumber || 15 1 14 { 13 1 12 [ 11 10 : 9 17 16 : 5 0
Bit field name Reserved LODY
R/W RO RW
Initial value 0 Don'’t care

This register sets the display starting position (Y coordinates) of the LO layer on the basis of the origin
of the logic frame in pixels.
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LOWX (LO layer Window position X)

I:gg:zt;r DisplayBaseAddress + 114
Bitnumber [ 15 [ 14 [ 13 | 12 [ 1110 o [ 8| 7|6 [ 5] 4]3[2]1]o
Bit field name Reserved LOWX
R/W RO RW
Initial value 0

This register sets the X coordinates of the display position of the LO layer window.

LOWY (LO layer Window position Y)

:gg:zt:; DisplayBaseAddress + 1164
Bitnumber || 15 [ 14 [ 13 |12 [ 1110 o[ 8] 7|6 [5]4a]3[2]1]o
Bit field name Reserved LOWY
R/W RO RW
Initial value 0

This register sets the Y coordinates of the display position of the LO layer window.

LOWW (LO layer Window Width)

zggztg DisplayBaseAddress + 1184
Bitnumber | 15 [1a [ 13| 2] 1110 o [s ] 76 [5]a]s[2]1]o0o
Bit field name Reserved LOWW
R/W RO RW
Initial value 0 Don'’t care

This register controls the horizontal direction display size (width) of the LO layer window. Do not

specify “0”.
LOWH (LO layer Window Height)
Register .
address DisplayBaseAddress + 11Ay
Bitnumber || 15 [ 14 [ 13 |12 [ 1110 o[ 8] 7|6 [5]4a]3][2]1]o
Bit field name Reserved LOWH
R/W RO RW
Initial value 0 Don't care

This register controls the vertical direction display size (height) of the LO layer window. Setting value +

1 is the height.
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L1M (L1-layer Mode)

Izgg:g DisplayBaseAddress + 304
Bit number |131|30|29|28 27!26!25!24 23:22:21:20:19:18:17:16 15!14!13!12 11102 ——— 15:4:3:2:1:0
Bit field name [[uic|uive|uics|iim] Reserved L1wW Reserved
R/W RO
Initial value 0

Bit23to 16  L1W (L1 layer memory Width)

Sets the memory width (stride) of the logic frame of the W layer in unit of 64 bytes

Bit 28 L1IM (L1 layer Interlace Mode)
Sets video capture mode when L1CS in capture mode
0: Normal mode

1: For non-interlace display, displays captured video graphics in WEAVE mode

For interlace and video display, buffers are managed in frame units (pair of odd
field and even field).

Bit 29 L1CS (L1 layer Capture Synchronize)
Sets whether the layer is used as normal display layer or as video capture
0: Normal mode

1: Capture mode

Bit 30 L1YC (L1 layer YC mode)

Sets color format of L1 layer
The YC mode must be set for video capture.

0: RGB mode

1: YC mode
Bit 31 L1C (L1 layer Color mode)
Sets color mode for L1 layer
0: Indirect color (8 bits/pixel) mode
1: Direct color (16 bits/pixel) mode
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L1EM (L1 layer Extended Mode)

Register .
address DisplayBaseAddress + 1204
Bit number [|31:30:29:28:27:26:2524:23:22:21:20:19:18:17:16:15:14:13:12:11210: ——— :4:3:2: 1 : 0
Bit field name [|L1EC| Reserved | DM L1PB Reserved
R/W RW RO RW RO
Initial value 0 0
Bit23t0o 20 L1PB (L1 layer Palette Base)
Shows the value added to the index when subtracting palette of L1 layer. 16 times of
setting value is added.
Bit25to 24  L1DM (L1 layer Display Magnify Mode)
00 Normal Mode (no scaling or shrink scaling)
01  Reserved
10  Magnify Scaling
11 Reserved
Bit 31t0 30  L1EC (L1 layer Extended Color mode) Sets extended color mode for L1 layer

00 Mode determined by L1C
01  Direct color (24 bits/pixel) mode

1x  Reserved

L1DA (L1 layer Display Address)

I:gg:zt;r DisplayBaseAddress + 34y
Bit number [|31:30129128127126(25:2423:22:21:20:19:18:17:16:15:14:13:12:11:10: 9: 8 : 7:6:5:4:3:2:1:0
Bit field name Reserved L1DA
R/W RO RW
Initial value 0 Don't care

This register sets the display origin address of the L1 layer. For the direct color mode (16 bits/pixel),
the lower 1 bit is “0”, and this register is treated as being aligned in 2 bytes. Wraparound processing
is not performed for the L1 layer, so the frame origin linear address and display position (X
coordinates, and Y coordinates) are not specified.

CBDAL1 (Capture Buffer Display Address 1)

]zgiirset;r DisplayBaseAddress + 0x38
Bit No.  |[31{30i29i28[27i26125124[23i22121120[ 1911811 7116]15¢14f 1801211110 9 18 [ 716 E5 4321110
Bit field name || Reserve CBDA1
RIW RO R
Initial value 0 Undefined

This register is a read-only register which is only enabled when the L1CS bit is 1 and the
L1IM bit is also 1. This register indicates the starting address of an even field of the capture
screen.
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L1WX (L1 layer Window position X)

zggztse; DisplayBaseAddress + 124y (DisplayBaseAddress + 18y)
Bitnumber | 15 [1a [ 13121110 o [s ] 76 [5]a]s][2]1]o
Bit field name Reserved L1WX
R/W RO RW
Initial value 0 Don't care

This register sets the X coordinates of the display position of the L1 layer window. This register is
placed in two address spaces. The parenthesized address is the register address to maintain
compatibility with previous products. The same applies to L1WY, L1WW, and L1WH.

LIWY (L1 layer Window position Y)

:gg;ztse; DisplayBaseAddress + 126y (DisplayBaseAddress + 1An)
Bitnumber || 15 [ 14 [ 13 ] 1211 ]J1w0] 9] 8] 7]e6]5[a]s3]2]1]o
Bit field name Reserved L1WY
R/W RO RW
Initial value 0 Don't care

This register sets the Y coordinates of the display position of the L1 layer window.

MB86276 'LIME' GDC Specifications 189
Rev1.1a




FUJITSU SEMICONDUCTOR CONFIDENTIAL

LIWW (L1 layer Window Width)

I:gg:zt;r DisplayBaseAddress + 128y (DisplayBaseAddress + 1Cy)
Bitnumber [ 15 [ 14 [ 13 | 12 [ 1110 o [ 8| 7|6 [ 5] 4]3[2]1]o
Bit field name Reserved L1WW
R/W RO RW
Initial value 0 Don't care

This register controls the horizontal direction display size (width) of the L1 layer window. Do not

specify “0”.
L1WH (L1 layer Window Height)
Register DisplayBaseAddress + 12Ay ((DisplayBaseAddress + 1Ey)
address
Bitnumber || 15 [ 14 [ 13 ] 1211 ]J1w0] 98] 7]e6]5[a]s3]2]1]o0
Bit field name Reserved L1WH
R/W RO RW
Initial value 0 Don't care

This register controls the vertical direction display size (height) of the L1 layer window. Setting value +

1 is the height.
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L2M (L2 layer Mode)

Register .
address DisplayBaseAddress + 404
Bit number |31/30i29|28i271 — - 124|23:22:21:20:19:18:17:16]15114i13112|11:10:9:8:7:6:5:4:3:2:1:0
Bit field name ||2c| L2FLP| Reserved L2W Reserved L2H
R/W RW| RW RO RW RO RW
Initial value 0 Don't care 0 Don't care
Bit 11 to 0 L2H (L2 layer Height)
Specifies the height of the logic frame of the L2 layer in pixel units. Setting value + 1 is
the height
Bit 23 to 16 L2W (L2 layer memory Width)
Sets the memory width (stride) of the logic frame of the L2 layer in 64-byte units
Bit 30 and 29  L2FLP (L2 layer Flip mode)
Sets flipping mode for L2 layer
00 Displays frame 0
01 Displays frame 1
10  Switches frame 0 and 1 alternately for display
11 Reserved
Bit 31 L2C (L2 layer Color mode)
Sets the color mode for L2 layer
0 Indirect color (8 bits/pixel) mode
1 Direct color (16 bits/pixel) mode
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L2EM (L2 layer Extended Mode)

Register .
address DisplayBaseAddress + 1304
Bit number [[31:30:29:28:27:26:25:24:23:22:21:20:19:18:17:16:15:14:13:12:11:10:  ----- 4:3:2:1:0
Bit field name |[L2EC Reserved L2PB Reserved L20M|L2wP
R/W RW RO RW RO RW|RW
Initial value 00 0 0 0 0|0
Bit 0 L2 WP (L2 layer Window Position enable)
Selects the display position of L2 layer
0 Compatibility mode display (ML layer supported)
1 Window display
Bit 1 L20OM (L2 layer Overlay Mode)

Selects the overlay mode for L2 layer
0 Compatibility mode

1 Extended mode

Bit 23 to 20 L2PB (L2 layer Palette Base)

Shows the value added to the index when subtracting palette of L2 layer. 16 times of

setting value is added.

Bit 31 and 30 L2EC (L2 layer Extended Color mode)
Sets extended color mode for L2 layer
00  Mode determined by L2C
01 Direct color (24 bits/pixel) mode

1x Reserved
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L20AO0 (L2 layer Origin Address 0)

Izgg:z’f; DisplayBaseAddress + 44y
Bit number ||31130i29i28127126|25:24:23:22:21:20:19:18:17:16:15:14:13:12:11:10:9:8:7:6:5:4:3:2:1:0
Bit field name Reserved L20A0
R/W RO RW RO
Initial value 0 Don't care 0000

This register sets the origin address of the logic frame of the L2 layer in frame 0. Since lower 4 bits
are fixed to “0”, this address is 16-byte aligned.

L2DAO0 (L2 layer Display Address 0)

':gg:sefsr DisplayBaseAddress + 48y
Bit number (31130129128127126|25:24:23:22:21:20:19:18:17:16:15:14:13:12:11:10: 9: 8:7:6:5:4:3:2:1:0
Bit field name Reserved L2DA0
R/W RO RW
Initial value 0 Don't care

This register sets the origin address of the L2 layer in frame 0. For the direct color mode (16 bits/pixel),
the lower 1 bit is “0” and this address is 2-byte aligned.

L20A1 (L2 layer Origin Address 1)

Izgg:z’f; DisplayBaseAddress + 4Cy
Bit number [|31{30{291281{27126|25:24:23:22:21:20219:18:17:16:15:14:13:12:11:10:9: 8:7:6:5:4:3:2:1:0
Bit field name Reserved L20A1
R/W RO RW RO
Initial value 0 Don’t care 0000

This register sets the origin address of the logic frame of the L2 layer in frame 1. Since lower 4-bits
are fixed to “0”, this address is 16-byte aligned.

L2DA1 (L2 layer Display Address 1)

zggzt:sr DisplayBaseAddress + 504
Bit number [[3130}2912812712625:24:23:22:21:20:19:18:17:16215:14:13:12:11:10:9 : 8 : 7:6:5:4:3:2:1:0
Bit field name Reserved L2DA1
R/W RO RW
Initial value 0 Don't care

This register sets the origin address of the L2 layer in frame 1. For the direct color mode (16 bits/pixel),
the lower 1 bit is “0” and this address is 2-byte aligned.

L2DX (L2 layer Display position X)

I:gg:zt;r DisplayBaseAddress + 54y
Bitnumber || 15 ! 14 {13 ! 12 |11 :10:9 : 8 : 7 :6 : 5 : 4 : 3 :2 :1:0
Bit field name Reserved L2DX
R/W RO RW
Initial value 0 Don'’t care

This register sets the display starting position (X coordinates) of the L2 layer on the basis of the origin
of the logic frame in pixels.
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L2DY (L2 layer Display position Y)

I:gg:zt;r DisplayBaseAddress + 56y
Bitnumber || 15 1 14 1 13 112 | 11 10 : 9 © 8 1 7 1 6 : 5 1 4 1312 :11:0
Bit field name Reserved L2DY
R/W RO RW
Initial value 0 Don't care

This register sets the display starting position (Y coordinates) of the L2 layer on the basis of the origin
of the logic frame in pixels.

L2WX (L2 layer Window position X)

:gg;ztse; DisplayBaseAddress + 1344
Bitnumber || 15 [ 14 [ 13 ] 1211 ]J1w0] 98] 7]e6]5[a]s3]2]1]o0
Bit field name Reserved L2WX
R/W RO RW
Initial value 0 Don't care

This register sets the X coordinates of the display position of the L2 layer window.

L2WY (L2 layer Window position Y)

zggztse; DisplayBaseAddress + 1364
Bitnumber | 15 [14a [ 13| 121110 o [s ] 76 [5]a]s[2]1]o0o
Bit field name Reserved L2WY
RIW RO RW
Initial value 0 Don't care

This register sets the Y coordinates of the display position of the L2 layer window.

L2WW (L2 layer Window Width)

:gg:zt:; DisplayBaseAddress + 1384
Bitnumber || 15 [ 14 [ 13 |12 [ 1110 o[ 8] 7|6 [5]4a]3][2]1]o
Bit field name Reserved L2WW
R/W RO RW
Initial value 0 Don't care

This register controls the horizontal direction display size (width) of the L2 layer window. Do not

specify “0”.
L2WH (L2 layer Window Height)
Register .
address DisplayBaseAddress + 13An
Bitnumber | 15 [1a [ 13|12 1110 o [s ] 76 [5]a]s3[2]1]o0o
Bit field name Reserved L2WH
R/W RO RW
Initial value 0 Don'’t care

This register controls the vertical direction display size (height) of the L2 layer window. Setting value +

1 is the height.
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L3M (L3 layer Mode)

Register .
address DisplayBaseAddress + 584
Bit number |31 30!29 28227226225224523222|21i20i19i18i17i16 15!14!13!12 11:110:9:8:7:6:5:4:3:2:1:0
Bit field name ||sc| L3FLP| Reserved L3W Reserved L3H
R/W Rw| RO RO RW RO RW
Initial value [0 0 0 Don'’t care 0 Don't care
Bit11to 0 L3H (L3 layer Height)
Specifies the height of the logic frame of the L3 layer in pixel units. Setting value + 1 is
the height

Bit 23 to 16 L3W (L3 layer memory Width)
Sets the memory width (stride) of the logic frame of the L3 layer in 64-byte units

Bit30 and 29  L3FLP (L3 layer Flip mode)
Sets flipping mode for L3 layer
00 Displays frame 0
01  Displays frame 1
10  Switches frame 0 and 1 alternately for display

11 Reserved

Bit 31 L3C (L3 layer Color mode)
Sets the color mode for L3 layer
0 Indirect color (8 bits/pixel) mode
1 Direct color (16 bits/pixel) mode
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L3EM (L3 layer Extended Mode)

Izgg:g DisplayBaseAddress + 1404
Bit number (|31:30:29:28:27:26:25:24:23:22:21:20:19:18:17:16:15:14:13:12:11:10: ——— :4:3:2: 1 - 0
Bit field name |[|L3EC Reserved L3PB Reserved L30M|L3WP
R/W RW RO RW RO RW [RW
Initial value 00 0 0 0 0
Bit 0 L3 WP (L3 layer Window Position enable)
Selects the display position of L3 layer
0 Compatibility mode display (MR layer supported)
1 Window display
Bit 1 L3OM (L3 layer Overlay Mode)
Selects the overlay mode for L3 layer
0 Compatibility mode
1 Extended mode
Bit 23 to 20 L3PB (L3 layer Palette Base)

Shows the value added to the index when subtracting palette of L3 layer. 16 times of

setting value is added.

Bit 31 and 30  L3EC (L3 layer Extended Color mode)
Sets extended color mode for L3 layer
00 Mode determined by L3C
01  Direct color (24 bits/pixel) mode

1x  Reserved
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L30OAO (L3 layer Origin Address 0)

I:gg:zt;r DisplayBaseAddress + 5Cx
Bit number |[31130129i28127i26(25:24123:22:21:20:19:18:17:16:15:14:13:12:11210: 9:8:7:6:5:4:3:2:1:0
Bit field name Reserved L30A0
R/W RO RW RO
Initial value 0 Don't care 0000

This register sets the origin address of the logic frame of the L3 layer in frame 0. Since lower 4 bits
are fixed to “0”, this address is 16-byte aligned.

L3DAO (L3 layer Display Address 0)

:gg;ztse; DisplayBaseAddress + 604
Bit number [31130129128127126(25:2423:22:21:20:19:18:17:16:15:14:13:12:111:10: 9:8:7:6:5:4:3:2:1:0
Bit field name Reserved L3DAO0
R/W RO RW
Initial value 0 Don't care

This register sets the origin address of the L3 layer in frame 0. For the direct color mode (16 bits/pixel),
the lower 1 bit is “0” and this address is 2-byte aligned.

L30OA1 (L3 layer Origin Address 1)

I:gg:zt;r DisplayBaseAddress + 644
Bit number [[31130{20128127126|25:24:23:22:21:20:19:18:17:16:15:14:13:12:11:10: 9: 81 7:6:5:4:322:1:0
Bit field name Reserved L30A1
R/W RO RW RO
Initial value 0 Don'’t care 0000

This register sets the origin address of the logic frame of the L3 layer in frame 1. Since lower 4-bits
are fixed to “0”, this address is 16-byte aligned.

L30OA1 (L3 layer Display Address 1)

:gg;ztse; DisplayBaseAddress + 684
Bit number [[31]30{20{28127126[25:24:23:22:21:20:19:18:17:16:15:14:13:12111:10: 9:8:7:6:5:4:3-2:1:0
Bit field name Reserved L3DA1
R/W RO RW
Initial value 0 Don't care

This register sets the origin address of the L3 layer in frame 1. For the direct color mode (16 bits/pixel),
the lower 1 bit is “0” and this address is 2-byte aligned.

L3DX (L3 layer Display position X)

I:gg:zt;r DisplayBaseAddress + 6Chx
Bitnumber || 15 1 14 {13 ! 12 |11 :10:9 : 8 : 7 :6 :5 : 4 : 3 :2 :1:0
Bit field name Reserved L3DX
R/W RO RW
Initial value 0 Don'’t care

This register sets the display starting position (X coordinates) of the L3 layer on the basis of the origin
of the logic frame in pixels.
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L3DY (L3 layer Display position Y)

I:gg:zt;r DisplayBaseAddress + 6E4
Bitnumber || 15 1 14 1 13 112 | 11 10 : 9 © 8 1 7 1 6 : 5 1 4 1312 :11:0
Bit field name Reserved L3DY
R/W RO RW
Initial value 0 Don't care

This register sets the display starting position (Y coordinates) of the L3 layer on the basis of the origin
of the logic frame in pixels.

L3WX (L3 layer Window position X)

:gg;ztse; DisplayBaseAddress + 144
Bitnumber | 15 [ 14 [ 13| 121110 o[ 8] 76 [5]a]s][2]1]o
Bit field name Reserved L3WX
R/W RO RW
Initial value 0 Don't care

This register sets the X coordinates of the display position of the L3 layer window.

L3WY (L3 layer Window position Y)

zggztse; DisplayBaseAddress + 146
Bitnumber | 15 [14a [ 13| 121110 o [s ] 76 [5]a]s[2]1]o0o
Bit field name Reserved L3WY
R/W RO RW
Initial value 0 Don't care

This register sets the Y coordinates of the display position of the L3 layer window.

L3WW (L3 layer Window Width)

:gg:zt:; DisplayBaseAddress + 1484
Bitnumber || 15 [ 14 [ 13 |12 [ 1110 o[ 8] 7|6 [5]4a]3][2]1]o
Bit field name Reserved L3WW
R/W RO RW
Initial value 0 Don't care

This register controls the horizontal direction display size (width) of the L3 layer window. Do not

specify “0”.
L3WH (L3-layer Window Height)
Register .
address DisplayBaseAddress + 14Ay
Bitnumber | 15 [1a [ 13|12 1110 o [s ] 76 [5]a]s3[2]1]o0o
Bit field name Reserved L3WH
R/W RO RW
Initial value 0 Don'’t care

This register controls the vertical direction display size (height) of the L3 layer window. Setting value +

1 is the height.
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L4M (L4 layer Mode)

Register .
address DisplayBaseAddress + 704
Bit number ||3130i29|28127126125{24|23:22:21:20:19:18:17:16|15114{13{12|11:10:9 :8:7:6:5:4:3:2:1:0
Bit field name ||ac| L4FLP| Reserved L4W Reserved L4H
R/W RW| RW RO RW RO RW
Initial value 0 Don't care 0 Don't care
Bit 11 to 0 L4H (L4 layer Height)
Specifies the height of the logic frame of the L4 layer in pixel units. Setting value + 1 is
the height
Bit 23 to 16 L4W (L4 layer memory Width)
Sets the memory width (stride) logic frame of the L4 layer in 64-byte units
Bit 30 and 29  L4FLP (L4 layer Flip mode)
Sets flipping mode for L4 layer
00 Displays frame 0
01 Displays frame 1
10  Switches frame 0 and 1 alternately for display
11 Reserved
Bit 31 L4C (L4 layer Color mode)
Sets the color mode for L4 layer
0 Indirect color (8 bits/pixel) mode
1 Direct color (16 bits/pixel) mode
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L4EM (L4 layer Extended Mode)

Izgg:g DisplayBaseAddress + 150
Bit number (|31:30:29:28:27:26:25:24:23:22:21:20:19:18:17:16:15:14:13:12:11:10: ——— :4:3:2: 1 - 0
Bit field name [|L4EC Reserved Reserved L4OM|L4WP
R/W RW RO RO RW [RW
Initial value 00 0 0 0
Bit 0 L4 WP (L4 layer Window Position enable)
Selects the display position of L4 layer
0 Compatibility mode display (BL layer supported)
1 Window display
Bit 1 L40OM (L4 layer Overlay Mode)
Selects the overlay mode for L4 layer
0 Compatibility mode
1 Extended mode
Bit 31 and 30  L4EC (L4 layer Extended Color mode)
Sets extended color mode for L4 layer
00 Mode determined by L4C
01  Direct color (24 bits/pixel) mode
1x  Reserved
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L40OAO (L4 layer Origin Address 0)

I:gg:zt;r DisplayBaseAddress + 74y
Bit number |[31130129i28127i26(25:24123:22:21:20:19:18:17:16:15:14:13:12:11210: 9:8:7:6:5:4:3:2:1:0
Bit field name Reserved L40A0
R/W RO RW RO
Initial value 0 Don't care 0000

This register sets the origin address of the logic frame of the L4 layer in frame 0. Since lower 4 bits
are fixed to “0”, this address is 16-byte aligned.

L4DAO (L4 layer Display Address 0)

:gg;ztse; DisplayBaseAddress + 78y
Bit number [31130129128127126(25:2423:22:21:20:19:18:17:16:15:14:13:12:111:10: 9:8:7:6:5:4:3:2:1:0
Bit field name Reserved L4DAO
R/W RO RW
Initial value 0 Don't care

This register sets the origin address of the L4 layer in frame 0. For the direct color mode (16 bits/pixel),
the lower 1 bit is “0” and this address is 2-byte aligned.

L40A1 (L4 layer Origin Address 1)

I:gg:zt;r DisplayBaseAddress + 7Cq
Bit number [[31130{20128127126|25:24:23:22:21:20:19:18:17:16:15:14:13:12:11:10: 9: 81 7:6:5:4:322:1:0
Bit field name Reserved L40A1
R/W RO RW RO
Initial value 0 Don'’t care 0000

This register sets the origin address of the logic frame of the L4 layer in frame 1. Since lower 4-bits
are fixed to “0”, this address is 16-byte aligned.

L4DAL (L4 layer Display Address 1)

:gg;ztse; DisplayBaseAddress + 80y
Bit number [[31]30{20{28127126[25:24:23:22:21:20:19:18:17:16:15:14:13:12111:10: 9:8:7:6:5:4:3-2:1:0
Bit field name Reserved L4DA1
R/W RO RW
Initial value 0 Don't care

This register sets the origin address of the L4 layer in frame 1. For the direct color mode (16 bits/pixel),
the lower 1 bit is “0” and this address is 2-byte aligned.

L4DX (L4 layer Display position X)

I:gg:zt;r DisplayBaseAddress + 84y
Bitnumber || 15 1 14 {13 ! 12 |11 :10:9 : 8 : 7 :6 :5 : 4 : 3 :2 :1:0
Bit field name Reserved L4DX
R/W RO RW
Initial value 0 Don'’t care

This register sets the display starting position (X coordinates) of the L4 layer on the basis of the origin
of the logic frame in pixels.
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L4DY (L4 layer Display position Y)

I:gg:zt;r DisplayBaseAddress + 86y
Bitnumber || 15 1 14 1 13 112 | 11 10 : 9 © 8 1 7 1 6 : 5 1 4 1312 :11:0
Bit field name Reserved L4DY
R/W RO RW
Initial value 0 Don't care

This register sets the display starting position (Y coordinates) of the L4 layer on the basis of the origin
of the logic frame in pixels.

L4WX (L4 layer Window position X)

:gg;ztse; DisplayBaseAddress + 1544
Bitnumber || 15 [ 14 [ 13 ] 1211 ]J1w0] 98] 7]e6]5[a]s3]2]1]o0
Bit field name Reserved L4WX
R/W RO RW
Initial value 0 Don't care

This register sets the X coordinates of the display position of the L4 layer window.

L4WY (L4 layer Window position Y)

zggztse; DisplayBaseAddress + 156
Bitnumber | 15 [14a [ 13| 121110 o [s ] 76 [5]a]s[2]1]o0o
Bit field name Reserved L4WY
RIW RO RW
Initial value 0 Don't care

This register sets the Y coordinates of the display position of the L4 layer window.

LAWW (L4 layer Window Width)

:gg:zt:; DisplayBaseAddress + 1584
Bitnumber || 15 [ 14 [ 13 |12 [ 1110 o[ 8] 7|6 [5]4a]3][2]1]o
Bit field name Reserved L4WW
R/W RO RW
Initial value 0 Don't care

This register controls the horizontal direction display size (width) of the L4 layer window. Do not

specify “0”.
L4WH (L4 layer Window Height)
Register .
address DisplayBaseAddress + 15Ay4
Bitnumber | 15 [1a [ 13|12 1110 o [s ] 76 [5]a]s3[2]1]o0o
Bit field name Reserved L4WH
R/W RO RW
Initial value 0 Don'’t care

This register controls the vertical direction display size (height) of the L4 layer window. Setting value +

1 is the height.
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L5M (L5 layer Mode)

I::gzt;r DisplayBaseAddress + 88y
Bit number |31 30!29 28!27!26!25!24 23:22:21:20:19:18:17:16 15!14!13!12 11110:9:8:7:6:5:4:3:2:1:0
Bit field name ||.sc| LsFLP|  Reserved L5W Reserved L5H
R/W Rw| RW RO RW RO RW
Initial value 0 Don't care 0 Don't care

Bit11to 0 L5H (L5 layer Height)

Specifies the height of the logic frame of the L5 layer in pixel units. Setting value + 1 is
the height

Bit 23 to 16 L5W (L5 layer memory Width)
Sets the memory width (stride) logic frame of the L5 layer in 64-byte units

Bit 30 and 29  L5FLP (L5 layer Flip mode)
Sets flipping mode for L5 layer
00 Displays frame 0
01 Displays frame 1
10  Switches frame 0 and 1 alternately for display

11 Reserved

Bit 31 L5C (L5 layer Color mode)
Sets the color mode for L5 layer
0 Indirect color (8 bits/pixel) mode
1 Direct color (16 bits/pixel) mode
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L5EM (L5 layer Extended Mode)

Register .
address DisplayBaseAddress + 110y
Bit number [[31:30:29:28:27:26:25:24:23:22:21:20:19:18217:16:15:14:13:12:11:10: ——— :14:3:2: 1 - 0
Bit field name [[L5EC Reserved Reserved L50M|L5WP
R/W RW RO RO RW | RW
Initial value 00 0 0 0
Bit 0 L5 WP (L5 layer Window Position enable)
Selects the display position of L5 layer
0 Compatibility mode display (BR layer supported)
1 Window display
Bit 1 L50M (L5 layer Overlay Mode)

Selects the overlay mode for L5 layer
0 Compatibility mode

1 Extended mode

Bit 31to 30 L5EC (L5 layer Extended Color mode)
Sets extended color mode for L5 layer
00 Mode determined by L5C
01  Direct color (24 bits/pixel) mode

1x  Reserved

MB86276 'LIME' GDC Specifications 204
Rev1.1a




FUJITSU SEMICONDUCTOR CONFIDENTIAL

L50AO0 (L5 layer Origin Address 0)

I:gg:zt;r DisplayBaseAddress + 8Ch
Bit number |[31130129i28127i26(25:24123:22:21:20:19:18:17:16:15:14:13:12:11210: 9:8:7:6:5:4:3:2:1:0
Bit field name Reserved L50A0
R/W RO RW RO
Initial value 0 Don't care 0000

This register sets the origin address of the logic frame of the L5 layer in frame 0. Since lower 4 bits
are fixed to “0”, this address is 16-byte aligned.

L5DAO0 (L5 layer Display Address 0)

:gg;ztse; DisplayBaseAddress + 90y
Bit number [31130129128127126(25:2423:22:21:20:19:18:17:16:15:14:13:12:111:10: 9:8:7:6:5:4:3:2:1:0
Bit field name Reserved L5DA0
R/W RO RW
Initial value 0 Don't care

This register sets the origin address of the L5 layer in frame 0. For the direct color mode (16 bits/pixel),
the lower 1 bit is “0” and this address is 2-byte aligned.

L50A1 (L5 layer Origin Address 1)

I:gg:zt;r DisplayBaseAddress + 94y
Bit number [[31130{20128127126|25:24:23:22:21:20:19:18:17:16:15:14:13:12:11:10: 9: 81 7:6:5:4:322:1:0
Bit field name Reserved L50A1
R/W RO RW RO
Initial value 0 Don'’t care 0000

This register sets the origin address of the logic frame of the L5 layer in frame 1. Since lower 4-bits
are fixed to “0”, this address is 16-byte aligned.

L5DA1 (L5 layer Display Address 1)

:gg;ztse; DisplayBaseAddress + 98y
Bit number [[31]30{20{28127126[25:24:23:22:21:20:19:18:17:16:15:14:13:12111:10: 9:8:7:6:5:4:3-2:1:0
Bit field name Reserved L5DA1
R/W RO RW
Initial value 0 Don't care

This register sets the origin address of the L5 layer in frame 1. For the direct color mode (16 bits/pixel),
the lower 1 bit is “0” and this address is 2-byte aligned.

L5DX (L5 layer Display position X)

I:gg:zt;r DisplayBaseAddress + 9Cq
Bitnumber || 15 1 14 {13 ! 12 |11 :10:9 : 8 : 7 :6 :5 : 4 : 3 :2 :1:0
Bit field name Reserved L5DX
R/W RO RW
Initial value 0 Don'’t care

This register sets the display starting position (X coordinates) of the L5 layer on the basis of the origin
of the logic frame in pixels.
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L5DY (L5 layer Display position Y)

I:gg:zt;r DisplayBaseAddress + 9E4
Bitnumber || 15 1 14 1 13 112 | 11 10 : 9 © 8 1 7 1 6 : 5 1 4 1312 :11:0
Bit field name Reserved L5DY
R/W RO RW
Initial value 0 Don't care

This register sets the display starting position (Y coordinates) of the L5 layer on the basis of the origin
of the logic frame in pixels.

L5WX (L5 layer Window position X)

:gg;ztse; DisplayBaseAddress + 1644
Bitnumber | 15 [ 14 [ 13| 121110 o[ 8] 76 [5]a]s][2]1]o
Bit field name Reserved L5WX
R/W RO RW
Initial value 0 Don't care

This register sets the X coordinates of the display position of the L5 layer window.

L5WY (L5 layer Window position Y)

zggztse; DisplayBaseAddress + 1664
Bitnumber | 15 [14a [ 13| 121110 o [s ] 76 [5]a]s[2]1]o0o
Bit field name Reserved L5WY
RIW RO RW
Initial value 0 Don't care

This register sets the Y coordinates of the display position of the L5 layer window.

L5WW (L5 layer Window Width)

:gg:zt:; DisplayBaseAddress + 1684
Bitnumber || 15 [ 14 [ 13 |12 [ 1110 o[ 8] 7|6 [5]4a]3][2]1]o
Bit field name Reserved L5WW
R/W RO RW
Initial value 0 Don't care

This register controls the horizontal direction display size (width) of the L5 layer window. Do not

specify “0”.
L5WH (L5 layer Window Height)
Register .
address DisplayBaseAddress + 16Ay
Bitnumber | 15 [1a [ 13|12 1110 o [s ] 76 [5]a]s3[2]1]o0o
Bit field name Reserved L5WH
R/W RO RW
Initial value 0 Don'’t care

This register controls the vertical direction display size (height) of the L5 layer window. Setting value +

1 is the height.
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CUTC (Cursor Transparent Control)

Register .
address DisplayBaseAddress + AOy
Bitnumber || 15 1 14 1 13 112 | 11 :10: 9 : 8 : 7 : 6 : 5 : 4 : 3 :2 :1:0
Bit field name Reserved CUZT CUTC
R/W RO RW RW
Initial value 0 Pon't Don'’t care
care
Bit7to 0 CUTC (Cursor Transparent Code)
Sets color code handled as transparent code
Bit 8 CUZT (Cursor Zero Transparency)

Defines handling of color code 0

0 Code 0 as non-transparency color

1 Code 0 as transparency color

CPM (Cursor Priority Mode)

Sggz;esr DisplayBaseAddress + A2y
Bit number 7 | 6 5 4 3 2 1 0
Bit field name Reserved CEN1 CENO Reserved CUO1 CUQo0
R/W RO RW RwW RO RW RW
Initial value 0 0 0 0 0 0

This register controls the display priority of cursors. Cursor 0 is always preferred to cursor 1.

Bit O

Bit 1

Bit 4

Bit 5

CUOO (Cursor Overlap 0)
Sets display priority between cursor 0 and pixels of Console layer
0 Puts cursor 0 at lower than LO layer.

1 Puts cursor 0 at higher than LO layer.

CUO1 (Cursor Overlap 1)
Sets display priority between cursor 1 and C layer
0 Puts cursor 1 at lower than LO layer.

1 Puts cursor 1 at lower than LO layer.

CENO (Cursor Enable 0)

Sets enabling display of cursor 0
0 Disabled

1 Enabled

CEN1 (Cursor Enable 1)

Sets enabling display of cursor 1
0 Disabled

1 Enabled
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CUOAQO (Cursor-0 Origin Address)

I::g:zt;r DisplayBaseAddress + Ady
Bit number [31130{29128127126(25:24:23:22:21:20:19:18:17:16:15:14:13:12:11:10:9:8:7:6:5:4:3:2:1:0
Bit field name Reserved CUOAOQ
R/W RO RW RO
Initial value 0 Don't care 0000

This register sets the start address of the cursor 0 pattern. Since lower 4 bits are fixed to “0”, this
address is 16-byte aligned.

CUXO (Cursor-0 X position)

:gg;ztse; DisplayBaseAddress + A8y
Bitnumber [ 15 {14 1 13 12 |11 :10: 9 - 8 © 7 16 1 5 14 13 :12:11:0
Bit field name Reserved CUX0
R/W RO RW
Initial value 0 Don't care

This register sets the display position (X coordinates) of the cursor 0 in pixels. The reference position
of the coordinates is the top left of the cursor pattern.

CUYO0 (Cursor-0 Y position)

I:gg:zt;r DisplayBaseAddress + Aay
Bithumber [ 15 { 14 1 13112 [ 11 :10: 9 : 8 : 7 6 15 : 4 :3 :2 :11:0
Bit field name Reserved CUYO0
R/W RO RW
Initial value 0 Don’t care

This register sets the display position (Y coordinates) of the cursor 0 in pixels. The reference position
of the coordinates is the top left of the cursor pattern.
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CUOA1 (Cursor-1 Origin Address)

I:gg:zt;r DisplayBaseAddress + ACy
Bit number ||31130i29128127i26|25:24:23:22:21:20:19:18:17:16:15:14:13:12:11:10:9:8:7:6:5:4:3:2:1:0
Bit field name Reserved CUOA1
R/W RO RW RO
Initial value 0 Don't care 0000

This register sets the start address of the cursor 1 pattern. Since lower 4 bits are fixed to “0”, this
address is 16-byte aligned.

CUX1 (Cursor-1 X position)

:gg;ztse; DisplayBaseAddress + B0y
Bitnumber [ 15 {14 1 13 12 |11 :10: 9 - 8 © 7 16 1 5 14 13 :12:11:0
Bit field name Reserved CUX1
R/W RO RW
Initial value 0 Don't care

This register sets the display position (X coordinates) of the cursor 1 in pixels. The reference position
of the coordinates is the top left of the cursor pattern.

CUY1 (Cursor-1Y position)

I:gg:zt;r DisplayBaseAddress + B2y
Bithumber [ 15 { 14 1 13112 [ 11 :10: 9 : 8 : 7 6 15 : 4 :3 :2 :11:0
Bit field name Reserved CuUY1
R/W RO RW
Initial value 0 Don’t care

This register sets the display position (Y coordinates) of the cursor 1 in pixels. The reference position
of the coordinates is the top left of the cursor pattern.
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MDC (Multi Display Control)

I:gg:zt;r DisplayBaseAddress + 1704
Bit number 31 30!29!28| |24523521520|1951si17i16 15!14!13!12 11!10!9!8 7!6!5!4 3!2!1!0
Bit field name || MDen reserve SC1en SCOen
R/W RW RO RW RW
Initial value 0 0 X X

This register controls dual display mode.

Bit 0 SCO0en0 ( screen 0 enable 0)

0: LO is not included into screen 0

1: LO is included into screen 0

Bit 1 SCO0en1 ( screen 0 enable 1)

0: L1 is not included into screen 0

1: L1 is included into screen 0

Bit 5 SCO0en5 ( screen 0 enable 5)

0: L5 is not included into screen 0

1: L5 is included into screen 0

Bit 6 SCO0en6 ( screen 0 enable 6)

0: Cursor0 is not included into screen 0

1: Cursor0 is included into screen 0

Bit 7 SCOQ0en7 ( screen 0 enable 7)

0: Cursor1 is not included into screen 0

1: Cursor1 is included into screen 0

Bit 8 SC1en0 ( screen 1 enable 0)

0: LO is not included into screen 1

1: LO is included into screen 1

Bit 9 SC1en1 ( screen 1 enable 1)

0: L1 is not included into screen 1

1: L1 is included into screen 1

Bit 13 SC1en5 ( screen 1 enable 5)

0: L5 is not included into screen 1

1: L5 is included into screen 1

Bit 14 SC1en6 ( screen 1 enable 6)
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0: Cursor 0 is not included into screen 1

1: Cursor 0 is included into screen 1

Bit 15 SC1en7 ( screen 1 enable 7)
0: Cursor 1 is not included into screen 1

1: Cursor 1 is included into screen 1

Bit 31 MDen ( multi display enable )
This enables multi or dual display mode
0:  Single display mode
1: Dual display mode
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DLS (Display Layer Select)

I::gzt;r DisplayBaseAddress + 1804
Bit number ||31:30:29: ----- :125:24:23:22:21:20:19:18:17:16:15:14:13:12:11:10: 9:8:7:6:5:4:3:2:1:0
Bit field name Reserved DLS5 DLS4 DLS3 DLS2 DLS1 DSLO
R/W RO RO RW [Ro|] RW [Ro] RW |R0|] RW |Ro|] RW [Ro|] RW
Initial value 101 100 011 010 001 000

This register defines the blending sequence.

Bit3to 0 DSLO (Display Layer Select 0)
Selects the top layer subjected to blending.
0000 LO layer
0001 L1 layer

0101 L5 layer
0110 Reserved

0110 Reserved
0111 Not selected

Bit 7 to 4 DSL1 (Display Layer Select 1)

Selects the second layer subjected to blending. The bit values are the same as DSLO.

Bit11to 8 DSL2 (Display Layer Select 2)

Selects the third layer subjected to blending. The bit values are the same as DSLO.

Bit15to 12 DSL3 (Display Layer Select 3)

Selects the fourth layer subjected to blending. The bit values are the same as DSLO.

Bit 19to 16  DSL4 (Display Layer Select 4)
Selects the fifth layer subjected to blending. The bit values are the same as DSLO.

Bit 23t0 20 DSLS5 (Display Layer Select 5)

Selects the bottom layer subjected to blending. The bit values are the same as DSLO.
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DBGC (Display Background Color)

I::gzt;r DisplayBaseAddress + 1844
Bit number |[31:30:29: ----- :25:24:23:22:21:20:19:18:17:16:15:14:13:12:11:10: 9:8:7:6:5:4:3:2:1:0
Bit field name Reserved DBGR DBGG DBGB
R/W RO
Initial value

This register specifies the color to be displayed in areas outside the display area of each layer on the
window.

Bit7to 0 DBGB (Display Background Blue)

Specifies the blue level of the background color.

Bit 15to0 8 DBGG (Display Background Green)

Specifies the green level of the background color.

Bit23to 16 DBGR (Display Background Red)

Specifies the red level of the background color.
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LOBLD (LO Blend)

I::g:zt;r DisplayBaseAddress + B4y
Bit number ||31:30:29:28: ----- :20:19:18:17| 16 15 14 13 1211!10!9!8 7:6:5:4:3:2:1:0
Bit field name Reserved LOBE([LOBS| LOBI |[LOBP| Reserved LOBR
R/W
Initial value

This register specifies the blend parameters for the LO layer. This register corresponds to BRATIO or

BMODE for previ

Bit7to 0

Bit 13

Bit 14

Bit 15

Bit 16

Before blending,
LO layer display

ous products.

LOBR (LO layer Blend Ratio)

Sets the blend ratio. Basically, the blend ratio is setting value/256.

LOBP (LO layer Blend Plane)
Specifies that the L5 layer is the blend plane.
0 Value of LOBR used as blend ratio

1 Pixel of L5 layer used as blend ratio

LOBI (LO layer Blend Increment)

Selects whether or not 1/256 is added when the blend ratio is not “0”.
0 Blend ratio calculated as is

1 1/256 added when blend ratio = 0

LOBS (LO layer Blend Select)
Selects the blend calculation expression.
0 Upper image x Blend ratio + Lower image x (1 — Blend ratio)

1 Upper image x (1 — Blend ratio) + Lower image x Blend ratio

LOBE (LO layer Blend Enable)
This bit enables blending.

0 Overlay via transparent color
1 Overlay via blending

the blend mode must be specified using LOBE, and alpha must also be enabled for
data. For direct color, alpha is specified using the MSB of data; for indirect color,

alpha is specified using the MSB of palette data.
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L1BLD (L1 Blend)

I::g:zt;r DisplayBaseAddress + 1884
Bit number |[31:30:29:28: ----- :20:19:18:17| 16 15 14 13 1211!10!9!8 7:6:5:4:3:2:1:0
Bit field name Reserved L1BE[L1BS|L1BI |[L1BP| Reserved L1BR
R/W
Initial value

This register specifies the blend parameters for the L1 layer.

Bit7to0 L1BR (L1 layer Blend Ratio)

Sets the blend ratio. Basically, the blend ratio is setting value/256.

Bit 13 L1BP (L1 layer Blend Plane)
Specifies that the L5 layer is the blend plane.
0 Value of L1BR used as blend ratio

1 Pixel of L5 layer used as blend ratio

Bit 14 L1BI (L1 layer Blend Increment)
Selects whether or not 1/256 is added when the blend ratio is not “0”.
0 Blend ratio calculated as is
1 1/256 added when blend ratio = 0

Bit 15 L1BS (L1 layer Blend Select)
Selects the blend calculation expression.
0 Upper image x Blend ratio + Lower image x (1 — Blend ratio)

1 Upper image x (1 — Blend ratio) + Lower image x Blend ratio

Bit 16 L1BE (L1 layer Blend Enable)
This bit enables blending.
0 Overlay via transparent color
1 Overlay via blending
Before blending, the blend mode must be specified using L1BE, and alpha must also be enabled for

L1 layer display data. For direct color, alpha is specified using the MSB of data; for indirect color,
alpha is specified using the MSB of palette data.
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L2BLD (L2 Blend)

I::g:zt;r DisplayBaseAddress + 18Ch
Bit number |[31:30:29:28: ----- :20:19:18:17| 16 15 14 13 1211!10!9!8 7:6:5:4:3:2:1:0
Bit field name Reserved L2BE(L2BS| L2BI |[L2BP| Reserved L2BR
R/W
Initial value

This register specifies the blend parameters for the L2 layer.

Bit7to0 L2BR (L2 layer Blend Ratio)

Sets the blend ratio. Basically, the blend ratio is setting value/256.

Bit 13 L2BP (L2 layer Blend Plane)
Specifies that the L5 layer is the blend plane.
0 Value of L2BR used as blend ratio

1 Pixel of L5 layer used as blend ratio

Bit 14 L2BI (L2 layer Blend Increment)
Selects whether or not 1/256 is added when the blend ratio is not “0”.
0 Blend ratio calculated as is
1 1/256 added when blend ratio = 0

Bit 15 L2BS (L2 layer Blend Select)
Selects the blend calculation expression.
0 Upper image x Blend ratio + Lower image x (1 — Blend ratio)

1 Upper image x (1 — Blend ratio) + Lower image x Blend ratio

Bit 16 L2BE (L2 layer Blend Enable)
This bit enables blending.
0 Overlay via transparent color
1 Overlay via blending
Before blending, the blend mode must be specified using L2BE, and alpha must also be enabled for

L2 layer display data. For direct color, alpha is specified using the MSB of data; for indirect color,
alpha is specified using the MSB of palette data.
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L3BLD (L3 Blend)

I::g:zt;r DisplayBaseAddress + 1904
Bit number |[31:30:29:28: ----- :20:19:18:17| 16 15 14 13 1211!10!9!8 7:6:5:4:3:2:1:0
Bit field name Reserved L3BE(L3BS| L3BI |[L3BP| Reserved L3BR
R/W
Initial value

This register specifies the blend parameters for the L3 layer.

Bit7to 0 L3BR (L3 layer Blend Ratio)

Sets the blend ratio. Basically, the blend ratio is setting value/256.

Bit 13 L3BP (L3 layer Blend Plane)
Specifies that the L5 layer is the blend plane.
0 Value of L3BR used as blend ratio

1 Pixel of L5 layer used as blend ratio

Bit 14 L3BI (L3 layer Blend Increment)
Selects whether or not 1/256 is added when the blend ratio is not “0”.
0 Blend ratio calculated as is
1 1/256 added when blend ratio = 0

Bit 15 L3BS (L3 layer Blend Select)

Selects the blend calculation expression.

0 Upper image x Blend ratio + Lower image x (1 — Blend ratio)

1 Upper image x (1 — Blend ratio) + Lower image x Blend ratio
Bit 16 L3BE (L3 layer Blend Enable)

This bit enables blending.

0 Overlay via transparent color

1 Overlay via blending

Before blending, the blend mode must be specified using L3BE, and alpha must also be enabled for
L3 layer display data. For direct color, alpha is specified using the MSB of data; for indirect color,
alpha is specified using the MSB of palette data.
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L4BLD (L4 Blend)

I::g:zt;r DisplayBaseAddress + 194y
Bit number |[31:30:29:28: ----- :20:19:18:17| 16 15 14 13 1211!10!9!8 7:6:5:4:3:2:1:0
Bit field name Reserved L4BE([L4BS| L4BI |L4BP| Reserved L4BR
R/W
Initial value

This register specifies the blend parameters for the L4 layer.

Bit7to 0 L4BR (L4 layer Blend Ratio)

Sets the blend ratio. Basically, the blend ratio is setting value/256.

Bit 13 L4BP (L4 layer Blend Plane)
Specifies that the L5 layer is the blend plane.
0 Value of L4BR used as blend ratio

1 Pixel of L5 layer used as blend ratio

Bit 14 L4BI (L4 layer Blend Increment)
Selects whether or not 1/256 is added when the blend ratio is not “0”.
0 Blend ratio calculated as is
1 1/256 added when blend ratio = 0

Bit 15 L4BS (L4 layer Blend Select)
Selects the blend calculation expression.
0 Upper image x Blend ratio + Lower image x (1 — Blend ratio)

1 Upper image x (1 — Blend ratio) + Lower image x Blend ratio

Bit 16 L4BE (L4 layer Blend Enable)
This bit enables blending.
0 Overlay via transparent color
1 Overlay via blending
Before blending, the blend mode must be specified using L4BE, and alpha must also be enabled for

L4 layer display data. For direct color, alpha is specified using the MSB of data; for indirect color,
alpha is specified using the MSB of palette data.
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L5BLD (L5 Blend)

Register DisplayBaseAddress + 198h
address
Bit number |[31:30:29:28: ----- :21:20:19:18:17| 16 15 14 13!12!11!10!9!8 7:6:5:4:3:2:1:0
Bit field name Reserved L5BE(|L5BS| L5BI Reserved L5BR
R/W RO RW | RW | RW RO RW
Initial value 0 0 0

This register specifies the blend parameters for the L5 layer.

Bit7to 0 L5BR (L5 layer Blend Ratio)

Sets the blend ratio. Basically, the blend ratio is setting value/256.

Bit 14 L5BI (L5 layer Blend Increment)
Selects whether or not 1/256 is added when the blend ratio is not “0”.
0 Blend ratio calculated as is
1 1/256 added when blend ratio = 0

Bit 15 L5BS (L5 layer Blend Select)
Selects the blend calculation expression.
0 Upper image x Blend ratio + Lower image x (1 — Blend ratio)

1 Upper image x (1 — Blend ratio) + Lower image x Blend ratio

Bit 16 L5BE (L5 layer Blend Enable)
This bit enables blending.
0 Overlay via transparent color
1 Overlay via blending
Before blending, the blend mode must be specified using L5BE, and alpha must also be enabled for

L5 layer display data. For direct color, alpha is specified using the MSB of data; for indirect color,
alpha is specified using the MSB of palette data.
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LOTC (LO layer Transparency Control)

I:gg:zt;r DisplayBaseAddress + BCy
Bitnumber || 15 | 14 1 13 112 |11 :10: 9 : 8 : 7 : 6 : 5 : 4 : 3 :2 :1:0
Bit field name [|LOZT LOTC
R/W RW RW
Initial value 0 Don'’t care

This register sets the transparent color for the LO layer. Color set by this register is transparent in
blend mode. When LOTC =0 and LOZT = 0, color 0 is displayed in black (transparent).

This register corresponds to the CTC register for previous products.

Bit14to 0  LOTC (LO layer Transparent Color)

Sets transparent color code for the LO layer. In indirect color mode (8 bits/pixel) bits 7 to
0 are used.

Bit 15 LOZT (LO layer Zero Transparency)
Sets handling of color code 0 in LO layer

0: Code 0 as transparency color

1:  Code 0 as non-transparency color

L2TC (L2 layer Transparency Control)

:gg:ztg DisplayBaseAddress + C2y
Bitnumber || 15 | 14 { 13 112 [ 11 :10:9 : 8 : 7 16 15 :4:3:12:1:0
Bit field name ||L2ZT L2TC
R/W RW RW
Initial value 0 Don't care

This register sets the transparent color for the L2 layer.
When L2TC = 0 and L2ZT = 0, color 0 is displayed in black (transparent).
This register corresponds to the MLTC register for previous products.

Bit14to 0  L2TC (L2 layer Transparent Color)

Sets transparent color code for the L2 layer. In indirect color mode (8 bits/pixel) bits 7 to
0 are used.

Bit 15 L2ZT (L2 layer Zero Transparency)
Sets handling of color code 0 in L2 layer
0  Code 0 as transparency color

1 Code 0 as non-transparency color
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L3TC (L3 layer Transparency Control)

I:gg:zt;r DisplayBaseAddress + COy
Bitnumber || 15 | 14 1 13 112 |11 :10: 9 : 8 : 7 : 6 : 5 : 4 : 3 :2 :1:0
Bit field name ||L3ZT L3TC
R/W RW RW
Initial value 0 Don'’t care

This register sets the transparent color for the L3 layer. When L3TC = 0 and L3ZT = 0, color 0 is
displayed in black (transparent).

This register corresponds to the MLTC register for previous products.

Bit14to 0  L3TC (L3 layer Transparent Color)

Sets transparent color code for the L3 layer. In indirect color mode (8 bits/pixel) bits 7 to
0 are used.

Bit 15 L3ZT (L3 layer Zero Transparency)
Sets handling of color code 0 in L3 layer
0  Code 0 as transparency color

1 Code 0 as non-transparency color

LOETC (LO layer Extend Transparency Control)

';{jgztsesr DisplayBaseAddress + 1A0y
Bit number | 31 :30:20:28:---:24:23:22:21:20:19:18:17:16:15:14113:112:111:10:9:8:7:6:5:4:3:2:1:0
Bit field name |[LOEZT| Reserved LOETC
RIW RW RO RW
Initial value 0 0

This register sets the transparent color for the LO layer. The 24 bits/pixel transparent color is set using
this register. The lower 15 bits of this register are physically the same as LOTC. Also, LOETZ is
physically the same as LOTZ.

When LOETC = 0 and LOEZT = 0, color 0 is displayed in black (transparent).

Bit23to 0  LOETC (LO layer Extend Transparent Color)

Sets transparent color code for the LO layer. In indirect color mode (8 bits/pixel) bits 7 to
0 are used.

Bit 31 LOEZT (LO layer Extend Zero Transparency)
Sets handling of color code 0 in LO layer
0  Code 0 as transparency color

1 Code 0 as non-transparency color
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L1ETC (L1 layer Extend Transparency Control)

I::gzt;r DisplayBaseAddress + 1A4y
Bit number 31 30:29:28:---124:23:22:21:20:19:18:17:16:15:14:13:12:111110:9:827:6:5:4:3:2:1:0
Bit field name |L1EZT| Reserved L1ETC
R/W RW RO RW
Initial value

This register sets the transparent color for the L1 layer. When L1ETC =0 and L1EZT = 0, color 0 is
displayed in black (transparent).

For YCbCr display, transparent color checking is not performed; processing is always performed
assuming that transparent color is not used.

Bit23to 0 L1ETC (L1 layer Extend Transparent Color)

Sets transparent color code for the L1 layer. In indirect color mode (8 bits/pixel) bits 7 to
0 are used.

Bit 31 L1EZT (L1 layer Extend Zero Transparency)
Sets handling of color code 0 in L1 layer
0  Code 0 as transparency color

1 Code 0 as non-transparency color

L2ETC (L2 layer Extend Transparency Control)

l:jgztsesr DisplayBaseAddress + 1A8y
Bit number 31 :30:29:28:---224:23:22:21:20:19:18:17:16:15:14:13:12:11:10:9:8:7:6:5:4:3-2:1:0
Bit field name ||L2EzT| Reserved L2ETC
R/W RW RO RwW
Initial value

This register sets the transparent color for the L2 layer. The 24 bits/pixel transparent color is set using
this register. The lower 15 bits of this register are physically the same as L2TC. Also, L2ETZ is
physically the same as L2TZ.

When L2ETC =0 and L2EZT = 0, color 0 is displayed in black (transparent).

Bit23to 0 L2ETC (L2 layer Extend Transparent Color)

Sets transparent color code for the L2 layer. In indirect color mode (8 bits/pixel) bits 7 to
0 are used.

Bit 31 L2EZT (L2 layer Extend Zero Transparency)
Sets handling of color code 0 in L2 layer
0  Code 0 as transparency color

1 Code 0 as non-transparency color
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L3ETC (L3 layer Extend Transparency Control)

I::gzt;r DisplayBaseAddress + 1ACH
Bit number 31 30:29:28:---124:23:22:21:20:19:18:17:16:15:14:13:12:111110:9:827:6:5:4:3:2:1:0
Bit field name ||L3EZT| Reserved L3ETC
R/W RW RO RW
Initial value 0 0

This register sets the transparent color for the L3 layer. The 24 bits/pixel transparent color is set using
this register. The lower 15 bits of this register are physically the same as L3TC. Also, L3ETZ is
physically the same as L3TZ.

When L3ETC = 0 and L3EZT = 0, color 0 is displayed in black (transparent).

Bit23to 0  L3ETC (L3 layer Extend Transparent Color)

Sets transparent color code for the L3 layer. In indirect color mode (8 bits/pixel) bits 7 to
0 are used.

Bit 31 L3EZT (L3 layer Extend Zero Transparency)
Sets handling of color code 0 in L3 layer
0  Code 0 as transparency color

1 Code 0 as non-transparency color

L4ETC (L4 layer Extend Transparency Control)

l:jgztsesr DisplayBaseAddress + 1B0y
Bit number 31 :30:29:28:---224:23:22:21:20:19:18:17:16:15:14:13:12:11:10:9:8:7:6:5:4:3-2:1:0
Bit field name ||L4EZT| Reserved L4ETC
R/W RW RO RwW
Initial value 0 0

This register sets the transparent color for the L4 layer. This register sets the transparent color for the
L4 layer. When L4AETC =0 and L4EZT = 0, color 0 is displayed in black (transparent).

Bit23to 0  L4ETC (L4 layer Extend Transparent Color)

Sets transparent color code for the L4 layer. In indirect color mode (8 bits/pixel) bits 7 to
0 are used.

Bit 31 L4EZT (L4 layer Extend Zero Transparency)
Sets handling of color code 0 in L4 layer
0  Code 0 as transparency color

1 Code 0 as non-transparency color
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L5ETC (L5 layer Extend Transparency Control)

I::gzt;r DisplayBaseAddress + 1B4y
Bit number 31 30:29:28:---124:23:22:21:20:19:18:17:16:15:14:13:12:111110:9:827:6:5:4:3:2:1:0
Bit field name ||L5EZT| Reserved L5ETC
R/W RW RO RW
Initial value 0 0

This register sets the transparent color for the L5 layer. This register sets the transparent color for the
L5 layer. When L5ETC =0 and L5EZT = 0, color 0 is displayed in black (transparent).

Bit23to 0  L5ETC (L5 layer Extend Transparent Color)

Sets transparent color code for the L5 layer. In indirect color mode (8 bits/pixel) bits 7 to
0 are used.

Bit 31 L5EZT (L5 layer Extend Zero Transparency)
Sets handling of color code 0 in L5 layer
0  Code 0 as transparency color

1 Code 0 as non-transparency color
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L1YCRO (L1 layer YC to Red coefficient 0)

Register address

DisplayBaseAddress + 0x1EO0

Bit No. 31{30!2012827126!25124[23122121120[ 1911811 7116] 15114118012 11110 9 {8 [ 716§ 5 14 3121110
Bit field name Reserved al2 Reserved all
RIW RO RW RO RW
Tnitial value 0 000 0000 0000 0 001 0010 1011

This register defines the parameter for the red component at YCbCr/RGB conversion.

Bit 10-0 all
11-bit signed fixed-point value. The lower 8 bits of the value are placed after the decimal point.
The value is complement representation for 2.

Bit 26-16 al2

11-bit signed fixed-point value. The lower 8 bits of the value are placed after the decimal point.
The value is complement representation for 2.

L1YCR1 (L1 layer YC to Red coefficient 1)

Register address DisplayBaseAddress + 0x1E4
Bit No. 31130129128[27126125124] 23122121120 1911811 711615114 }18112]11T0 9 T8 [ 76 i 5 4 [ 3] 21110
Bit field name Reserved bl Reserved al3
RIW RO RW RO RW
Tnitial value 0 11111 0000 0 001 1001 1000

This register defines the parameter for the red component at YCbCr/RGB conversion time.

Bit 10-0 al3
11-bit signed fixed-point value. The lower 8 bits of the value are placed after the decimal point.
The value is complement representation for 2.

Bit 24-16 bl

9-bit signed integer. The value is complement representation for 2.
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L1YCGO (L1 layer YC to Green coefficient 0)

Register address

DisplayBaseAddress + 0x1E8

Bit No. 31130129128 [27126125 124 23122121120 (19118 7he[15l14lizhzfnlol B 1 s bl 32 1 o
Bit field name Reserved a22 Reserved a2l
RIW RO RW RO RW
Tnitial value 0 111 1001 1100 0 0010010 1011

This register defines the parameter for the green component at YCbCr/RGB conversion time.

11-bit signed fixed-point value. The lower 8 bits of the value are placed after the decimal point.

Bit 10-0 a2l
The value is complement representation for 2.
Bit 26-16 a22

11-bit signed fixed-point value. The lower 8 bits of the value are placed after the decimal point.
The value is complement representation for 2.

L1YCG1 (L1 layer YC to Green coefficient 1)

Register address DisplayBaseAddress + 0x1EC
Bit No. 31130120128(27126125 124 |23 122121120 [1911811 7H6[15 114 h13H211410l0 8 |7 ¥6 5 4 3 2 f1 lo
Bit field name Reserved b2 Reserved a23
RIW RO RW RO RW
Tnitial value 0 11111 0000 0 1110010 1111

This register defines the parameter for the green component at YCbCr/RGB conversion time.

11-bit signed fixed-point value. The lower 8 bits of the value are placed after the decimal point.

Bit 10-0 a23
The value is complement representation for 2.
Bit 24-16 b2

9-bit signed integer. The value is complement representation for 2.
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L1YCBO (L1 layer YC to Blue coefficient 0)

Register address

DisplayBaseAddress + 0x1F0

Bit No. 31130129128 [27126125 124 23122121120 (19118 7he[15l14lizhzfnlol B 1 s bl 32 1 o
Bit field name Reserved a32 Reserved a3l
RIW RO RW RO RW
Tnitial value 0 010 0000 0100 0 0010010 1011

This register defines the parameter for the blue component at YCbCr/RGB conversion.

11-bit signed fixed-point value. The lower 8 bits of the value are placed after the decimal point.

Bit 10-0 a3l
The value is complement representation for 2.
Bit 26-16 a32

11-bit signed fixed-point value. The lower 8 bits of the value are placed after the decimal point.
The value is complement representation for 2.

L1YCBI1 (L1 layer YC to Green coefficient 1)

Register address DisplayBaseAddress + 0x1F4
Bit No. 31130120128(27126125 124 |23 122121120 [1911811 7H6[15 114 h13H211410l0 8 |7 ¥6 5 4 3 2 f1 lo
Bit field name Reserved b3 Reserved a33
RIW RO RW RO RW
Tnitial value 0 11111 0000 0 000 0000 0000

This register defines the parameter for the blue component at YCbCr/RGB conversion.

11-bit signed fixed-point value. The lower 8 bits of the value are placed after the decimal point.

Bit 10-0 a33
The value is complement representation for 2.
Bit 24-16 b3

The value is a 9-bit signed integer. The value is complement representation for 2.
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LOPALO-255 (LO layer Palette 0-255)

Register DisplayBaseAddress + 4004 -- DisplayBaseAddress + 7FChy
address
Bit number [|31130129{28127126|25:24123:22:21:20:19:18:17:16:15:14:13:12:11:10: 9 : 8 :7:6:5:4:3:2:1:0
Bit field name || A | R G B
R/W RW RO RW RO RW RO RW RO
Initial value [ 0000000 Don't care 00 Don't care 00 Don't care 00

These are color

palette registers for LO layer and cursors. In the indirect color mode, a color code in

the display frame indicates the palette register number, and the color information set in that register is
applied as the display color of that pixel. This register corresponds to the CPALn register for previous

products.
Bit 7 to 2 B (Blue)
Sets blue color component
Bit 15t0 10 G (Green)
Sets green color component
Bit23t0 18 R (Red)
Sets red color component
Bit 31 A (Alpha)
Specifies whether or not to perform blending with lower layers when the blending mode
is enabled.
0 Blending not performed even when blending mode enabled
Overlay is performed via transparent color.
1 Blending performed
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L1PALO-255 (L1 layer Palette 0-255)

Register DisplayBaseAddress + 8004 -- DisplayBaseAddress + BFCy
address
Bit number [|31130129{28127126|25:24123:22:21:20:19:18:17:16:15:14:13:12:11:10: 9 : 8 :7:6:5:4:3:2:1:0
Bit field name || A | R G B
R/W RW RO RW RO RW RO RW RO
Initial value [ 0000000 Don't care 00 Don't care 00 Don't care 00

These are color palette registers for L1 layer and cursors. In the indirect color mode, a color code in
the display frame indicates the palette register number, and the color information set in that register is
applied as the display color of that pixel. This register corresponds to the MBPALnN register for
previous products.

Bit 7 to 2

Bit 15 to 10

Bit 23 to 18

Bit 31

B (Blue)

Sets blue color component

G (Green)

Sets green color component

R (Red)

Sets red color component

A (Alpha)

Specifies whether or not to perform blending with lower layers when the blending mode
is enabled.

0 Blending not performed even when blending mode enabled
Overlay is performed via transparent color.

1 Blending performed
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L2PALO-255 (L2 layer Palette 0-255)

Register DisplayBaseAddress + 10004 -- DisplayBaseAddress + 13FCy
address
Bit number |[31 30!29!28!27!26|25224523222221220219218217216215214213212211 10:9:8:7:6:524:3:2:1:0
Bit field name || A R G B
R/W RW RO RW RO RW RO RW RO
Initial value | 0000000 Don't care 00 Don't care 00 Don't care 00

These are color palette registers for L2 layer and cursors. In the indirect color mode, a color code in
the display frame indicates the palette register number, and the color information set in that register is

applied as the display color of that pixel.

Bit 7 to 2 B (Blue)

Sets blue color component

Bit15t0 10 G (Green)

Sets green color component

Bit23t0 18 R (Red)

Sets red color component

Bit 31 A (Alpha)

Specifies whether or not to perform blending with lower layers when the blending mode

is enabled.

0 Blending not performed even when blending mode enabled
Overlay is performed via transparent color.

1 Blending performed
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L3PALO-255 (L3 layer Palette 0-255)

Register DisplayBaseAddress + 14004 -- DisplayBaseAddress + 17FCy
address
Bit number |[31 30!29!28!27!26|25224523222221220219218217216215214213212211 10:9:8:7:6:524:3:2:1:0
Bit field name || A R G B
R/W RW RO RW RO RW RO RW RO
Initial value | 0000000 Don't care 00 Don't care 00 Don't care 00

These are color palette registers for L3 layer and cursors. In the indirect color mode, a color code in
the display frame indicates the palette register number, and the color information set in that register is
applied as the display color of that pixel.

Bit 7 to 2 B (Blue)

Sets blue color component

Bit15t0 10 G (Green)

Sets green color component

Bit23t0 18 R (Red)

Sets red color component

Bit 31 A (Alpha)

Specifies whether or not to perform blending with lower layers when the blending mode
is enabled.

0 Blending not performed even when blending mode enabled
Overlay is performed via transparent color.

1 Blending performed
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12.4 Video capture registers

VCM (Video Capture Mode)

Register address CaptureBaseAddress + 00h
Bit number 31]30129128127126[25[24[23122121[20[19:18:17:16:15:14:13:12:11:10: 9 =8 :7:6:5:4: 3 :2[1] 0
Re vic | Reserv ) Rs
Bit field name IE|VIS|ser| & e CM Reserve | VI Reserve 8 VS v
ve P4
R/ R/ R/ R/ RI|R/
RW wlw IR wl RX | RW RX W RX wlw [RX
Initial value 0J]0]X]O X 00 X 0 X 0f0]X
This register sets the video capture mode. This register is not initialized by software reset.
Bit1 VS (Video Select)
NTSC or PAL is selected for the code error detection (only RBT656 is input)
0 NTSC
1 PAL
Bit2 NRGB (Native RGB input on)
Native RGB mode is set up.
0 RGB video data is accepted via an internal RGB preprocessor which converts RGB to
YUV422
1 Native RGB
Bit20 VI (Vertical Interpolation)
Sets whether to perform vertical interpolation
0 Performs vertical interpolation. The graphics are enlarged vertically by two times
1 Does not perform vertical interpolation

Bit25-24 CM (Capture Mode)
Sets video capture mode. To capture vides, set these bits to “11”.

00 Initial value
01 Reserved
10 Reserved
11 Capture
Bit28 VICE (Video Input Clock Enable)
Capture clock enable
0 Enable
1 Disable
Bit30 VIS (Video Input Select)
0 RBT656/601
1 RGB
Bit31 VIE (Video Input Enable)
Enables video capture function
0 Does not capture video
1 Captures video

- Procedure of video capture clock Stop
1) 0 is written in bit31 (VIE) of the VCM register, and the video capture function is invalidated.
2) 1 is written in bit28 (VICE) of the VCM register, and Stop does video capture clock.

- Procedure of video capture clock beginning
1) 0 is written in bit28 (VICE) of the VCM register, and video capture clock is made effective.

2) 1 is written in bit31 (VIE) of the VCM register, and the video capture function is made
effective.
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CSC (Capture SCale)

Register address CaptureBaseAddress + 04h
Bit number 31130129128127 (26125124 {23122121120119118117116[15114113112111[101 91817 1615141312110
Bit field name VSCI VSCF HSCI HSCF
R/W R/W R/W R/W R/W
Initial value 00001 00000000000 00001 00000000000

This register sets the video capture upscaling/downscaling ratio.

Bit10-0 HSCF (Vertical SCale Fraction)

The decimal part of a horizontal upscaling/downscaling ratio is set.

Bit15-11 HSCI (Horizontal Scale Integer)

The integer part of a horizontal upscaling/downscaling ratio is set.

Bit26-16 VSCF (Vertical SCale Fraction)

The decimal part of a vertical upscaling/downscaling ratio is set.

Bit31-27 VSCI (Vertical SCale Integer)

The integer part of a vertical upscaling/downscaling ratio is set.

Note:

It is not possible to smoothly transition from downscaling mode to upscaling mode. Picture

artefacts will occur at transition time. The reason for this hardware limitation is that the

downscaling and upscaling modules share the same interpolation unit.
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CBM (video Capture Buffer Mode)

Register address CaptureBaseAddress + 10h
Bit number 31 130 | 29 | 28 [27..124]23}22]..{17{16]15{14{ 13 {12 |11 [10{9 (8|7 {615 4 [3{2i1 0
Bit field name 00 BSU'F R%'B PAU | Reserve CBW e ciz BED|CSW|resv| SSS SSM  |HRV| reserve B%'T
RW RW | RW | RW | RW RX RW RX \Ff\; RW|RW|RX | RW RW |RW RX RW
Initial value o [ x[xJo X X x[olo]o]X 000 000 0 X 0
Bit0 CBST (Capture Burst)
The burst-length at the capture Write is specified. Because long burst-length is good the access
efficiency, 1 is recommended to be set.
0 Normal burst write (4word)
1 Long burst write (8word)
Bit4 HRV (H-reverse)
The horizontal reversing mode specification
0 Normal operation mode
1 Horizontal reversing mode
Bit7-5 SSM (Single Shot Mode)
Single shot mode
000  Normal operation mode
001 Single shot/odd field mode
010  Single shot/even field mode
011 Single shot/both field mode (with field distinction)
111 Single shot/both field mode2 (without field distinction)
Bit10-8 SSS (Single Shot Status)
The state of single shot operation is shown.
000 Initial state
001 Odd field mode / under capture
010  Even field mode / under capture
100 Both field mode / under first field capture
101 Both field mode / under second field capture
Bit12 CSW (Color Swap)
The byte position of a color ingredient is replaced.
0 Without exchange
1 With exchange
Bit13 BED (Big EnDian)
Endian is reversed
0 Little endian (enable display)
1 Big endian (disable display)
Bit14 C24 ( Color 24bit/pixel )
It specifies wherther 24bit/pixel or 16bit/pixel is used in RGB capture.
It is effective in native RGB capture (NRGB=1) or converted RGB capture(CRGB=1).
0 16bit/pixel
1 24bit/pixel
Bit23-16 CBW (Capture Buffer memory Width)
Sets memory width (stride) of capture buffer in 64 bytes
Bit28 PAU (PAUse)
It is shown that capture operation is Stop temporarily. 0 can be written and it can cancel.
0 Under operation
1 Stop temporarily
Bit29 CRGB ( Capture RGB write)
It specifies whether YCbCr to RGB conversion is applied or not before writing into the capture buffer.
There are two formats of RGB or RGB=5:5:5 (16 bits/pixel) and RGB = 8:8:8 (24 bit/pixel) format,
depending to C24-bit value described above.
0 YCbCr (without conversion)
1 RGB
Bit30 SBUF (Single Buffer)
It specifies managing a capture buffer by the single buffer system.
0 Normal mode (ring buffer)
1 Single buffer mode
Bit31 0O (Odd Only mode)
Specifies whether to capture odd fields only
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0 Normal mode
1 Odd only mode

Note: This register is not initialized by software reset.

CBOA (video Capture Buffer Origin Address)

Register address CaptureBaseAddress + 14h
Bit number 31-30-29-28-27-26-25-24:23-22-21-20-19-18-17-16-15-14-13-12-11-10- 9 -8 -7-6-5-4-3- 2 -
Bit field name Reserved CBOA
R/W RX RW RO
Initial value Don't care Don't care 0

This register specifies the starting (origin) address of the video capture buffer.

CBLA (video Capture Buffer Limit Address)

Register address CaptureBaseAddress + 18h
Bit number 31-30-29-28-27-26-25-24:23-22-21-20-19-18-17-16-15-14-13-12-11-10-9 -8 -7 -6 -5 -4 -
Bit field name Reserved CBLA
R/W RX RW RO
Initial value Don'’t care Don't care 0
This register specifies the end (limit) address of the video capture buffer.
CBLA must be larger than CBOA.
CIHSTR (Capture Image Horizontal STaRt)
Register address ICaptureBaseAddress + 1Ch
Bit number 15 [ 14 [ 13 ] 12 [ 11| 10 | [ s 5 |
Bit field name Reserved CIHSTR
RW RX RW
Initial value Don't care Don't care

This register sets the range of the images to be written (captured) to the video capture buffer. Specify
the X coordinates located in the top left of the image range as the count of pixels from the top left of
the image. For downscaling, apply this setting to the post-reduction image coordinates.

CIVSTR (Capture Image Vertical STaRt)

Register address ICaptureBaseAddress + 1Eh
Bit number 15 | 14 | 13 ] 12 11 | 10 | [ 6 | s |
Bit field name Reserved CIVSTR
RW RX RW
Initial value Don’t care Don’t care

This register sets the range of the images to be written (captured) to the video capture buffer. Specify
the Y coordinates located in the top left of the image range as the count of pixels from the top left of
the image. For downscaling, apply this setting to the post-reduction image coordinates.

MB86276 'LIME' GDC Specifications 235
Rev1.1a




FUJITSU SEMICONDUCTOR CONFIDENTIAL

CIHEND (Capture Image Horizontal END)

Register address ICaptureBaseAddress + 20h
Bit number 15 | 14 | 13 ] 12 1m0 ] o [ 8] 7 [ 6] 5 [ 4] 3] 2]:1
Bit field name Reserved CIHEND
RW RX RW
Initial value X X

This register sets the range of the images to be written (captured) to the video capture buffer. Specify
the X coordinates located in the bottom right of the image range as the count of pixels from the top left
of the image. For downscaling, apply this setting to the post-reduction image coordinates.

If the pixel at the right end of the image is not aligned on 64 bits/word boundary, extra data is written
before 64 bits/word boundary.

If the width of the input image is less than the range set by this command, data is written only at the
size of input image.

CIVEND (Capture Image Vertical END)

Register address ICaptureBaseAddress + 22h
Bit number 15 [ 14 [ 13 [ 12 1m0 ] o] 8] 7] 6] 5] a] s ] 271
Bit field name Reserved CIVEND
R/W RX R/W
Initial value X X

This register sets the range of the images to be written (captured) to the video capture buffer. Specify
the Y coordinates located in the bottom right of the image range as the count of pixels from the top left
of the original image to be input. For downscaling, apply this setting to the post-reduction image
coordinates.

If the count of rasters of the input image is less than the range set by this command, data is written
only at the size of the input image.

CVCNT (Capture Vertical Count)

Register address CaptureBaseAddress + 300h
Bit number 15 1 14 1 13 1 12 11 1T 10 T 9 T 8 [ 7 T 6 1T 5 1T 4 [ 3 1T 2 11
Bit field name Reserved CVCNT
RW RO R
Initial value 0 Don't care

Y coordinates of the raster which is carrying out the capture are shown. The register is read-only.
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CHP (Capture Horizontal Pixel)

Register address CaptureBaseAddress + 28h
Bit number 31-30-29-28-27-26-25-24:23-22-21-20-19-18-17-16-15-14-13-12-11-10-9 -8 -7 -6-5-4-3-2-1-0
Bit field name Reserved CHP
RW RX RW
Initial value X 0x168 (360)

CVP (Capture Vertical Pixel)

This register sets the count of horizontal pixels of the image output after scaling. Specify the count of
horizontal pixels in 2 pixels. Maximum is 840 pixels (setting value is 0x1A4)

Register CaptureBaseAddress + 2cy
address
Bit number |[31:30:29:28:27:26:25:24:23:22:21:20:19:18:17:16:15:14:13:12:11:10:9:8:7:6:5:4:3:2:1:0
Bit field name Reserved CVPP Reserved CVPN
R/W RX RW RX RW
Initial value X 271y (625p) X 20Dy (525p)

CVPP (Capture Vertical Pixel for PAL)

Set count of vertical pixels of output image in PAL format used

CVPN (Capture Vertical Pixel for NTSC)

Set count of vertical pixels of output image in NTSC format used
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Register address

CaptureBaseAddress + 40h

Bit number

31-30-29-28-27 -26-25-24:23-22-21-20-19-18-17-16-15-14-13-12-11-10-9 -8 -7 -6 -5-4 -3 -2 - 1

-0

Bit field name

Reserved

CVLPF

Reserved

CHLPF

Reserved

RW

RX

R/W

RX

RW

RX

Initial value

0

0

0

0

X

This register sets the Low Pass Filter Coefficient. The vertical low pass filter consists of FIR filters of
three taps. The horizontal low pass filter consists of FIR filters of five taps. It specifies independently in
2-bit coefficient code with a luminance signal (Y) and a chrominance signal (Cb and Cr) . A low
pass filter is OFF (through) in a setup of each coefficient code “00”.

Bit 17 to 16 CHLPF_C (Capture Horizontal LPF coefficient C)
CHLPF_C KO K1 K2 K3 K4
00 0 0 1 0 0
01 0 1/4 2/4 1/4 0
10 0 3/16 10/16 3/16 0
11 3/32 8/32 10/32 10/32 3/32
Bit 19 to 18 CHLPF_Y (Capture Horizontal LPF coefficient Y)
CHLPF_Y KO K1 K2 K3 K4
00 0 0 1 0 0
01 0 1/4 2/4 1/4 0
10 0 3/16 10/16 3/16 0
11 3/32 8/32 10/32 10/32 3/32
Bit 25 to 24 CVLPF_C (Capture Vertical LPF coefficient C)
CVLPF_C KO K1 K2
00 0 1 0
01 1/4 2/4 1/4
10 3/16 10/16 3/16
11 Reserved
Bit 27 to 26 CVLPF_Y (Capture Vertical LPF coefficient Y)
CVLPF_Y KO K1 K2
00 0 1 0
01 1/4 2/4 1/4
10 3/16 10/16 3/16
11 Reserved

Note:

- In the case of Native RGB mode (NRGB=1), only a setup of CVLPF_Y code becomes

effective.
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CMSS (Capture Magnify Source Size)

Register address CaptureBaseAddress + 48h
Bit number 31-30-29-28-27-26-25-24:23-22-21-20-19-18-17-16-15-14-13712-11-10-9 - 8 -7 -6-5-4-3-2-1-0
Bit field name Reserved CMSHP Reserved CMSVL
RIW RX RIW RX RIW
Initial value X X X X
Bit11-0 CMSVL (Capture Magnify Source Vertical Line)
This register sets the number of vertical lines of the image input before Magnify scaling.
Bit27-16 CMSHP (Capture Magnify Source Horizontal Pixel)
This register sets the number of horizontal pixels of the image input before Magnify scaling. Specify the
number of horizontal pixels in 2-pixel units.
CMDS (Capture Magnify Display Size)
Register address CaptureBaseAddress + 4Ch
Bit number 31-30-29-28 -27-26-25-24:23-22:21-20-19-18-17-16-15-14-13-12-11-10-9 - 8 -7 - 6 -5-4-3-2-1-0
Bit field name Reserved CMDHP Reserved CMDVL
RIW RX RW RX RIW
Initial value X X X X
Bit11-0 CMDVL (Capture Magnify Display Vertical Line)
This register sets the number of vertical lines of the image output after Magnify scaling.
Bit27-16 CMDHP (Capture Magnify Display Horizontal Pixel)

This register sets the number of horizontal pixels of the image output after Magnify scaling. Specify the
number of horizontal pixels in 2-pixel units.
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RGBHC (RGB input Hsync Cycle)

Register address
Bit number

CaptureBaseAddress + 80h
31-30-29-28-27-26-25-24:23-22-21-20-19-18-17-16-15-14-13-12-11-10-9-8-7-6-5-4-3-2-1-0

Bit field name Reserved RGBHC
R/W RX R/W
Initial value X X

RGBHC
This register sets number of HSYNC cycles of the RGB input. . It is used when it is made a setup
which samples VSYNC. The setting value +1 is a level cycle.

Bit13-0

RGBHEN (RGB input Horizontal Enable area)

Register address CaptureBaseAddress + 84h
Bit number 31-30-29-28-27-26-25-24:23-22-21-20-19-18-17-16-15-14-13-12-11-10-9-8-7 -6-5-4-3-2-1-0
Bit field name Reserved RGBHST Reserved RGBHEN
R/W RX RW RX RW
Initial value X X X X

It is a parameter for determining effective pixel data.

Bit12-0 RGBHEN(RGB input Horizontal Enable area Size)
Effective pixel data size is set up per pixel. Specify the number of horizontal pixels in 2-pixel units
Bit25-16 RGBHST(RGB input Horizontal Enable area Start position)
The start position of effective pixel data is set up. The setting value -4 is a start position.
Note:

- The maximum horizontal enable area size (RGBHEN) which can be captured is 840

pixels. This restriction is due to the line buffer size in the video capture module.

RGBVEN (RGB input Vertical Enable area)

Register address CaptureBaseAddress + 88h
Bit number 31-80-29 -28-27 -26-25-24:23-22-21-20-19-18-17-16-15-14:13-12-11-10- 9 - 8 - 7 -6-5-4-3-2-1-0
Bit field name Re:;” Reserved RGBVST Reserved RGBVEN
RIW RX RIW RIW RX RIW
Initial value X X X X X

This parameter determines the effective pixel data.

Bit12-0 RGBVEN(RGB input Vertical Enable area Size)
Set effective line size
Bit25-16 RGBVST(RGB input Vertical Enable area Start position)
The start position of effective line is set up. The setting value -1 is a start position.
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RGBS (RGB input Sync)

Register address CaptureBaseAddress + 90h
Bit number 31-30-29-28-27-26-25-24:23-22-21-20-19-18-17-16-15-14-13-12-11-10-9 -8 -7 -6-5-4-3-2-1-0
Bit field name Reserved RM Reserved HP|VP
R/ R/| R/
RW RX W RX wlw
Initial value X 1 X 0]0

Edge detection of a synchronized signal is set up. It is used at the time of RGB input format.

Bit0 VP (VSYNCI Polarity)
0 Negative edge of VINVSYNC is set to VSYNC.
1 Positive edge of VINVSYNC is set to VSYNC.

Bit1 HP (HSYNCI Polarity)
0 Negative edge of VINHSYNC is set to HSYNC.
1 Positive edge of VINHSYNC is set to HSYNC.

Bit16 RM (RGB Input Mode select)
Sets Direct RGB input mode
0 reserved
1 RGB666 Direct input Mode
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Conversion Operation
RGB data is converted to YUV by the following matrix expression :

Y= alt*R+al12*G +a13*B + b1
Cb= a21*R + a22*G + a23*B + b2 aij 10bit signed real ( lower 8bit is fraction )
Cr= a31*R +a32*G + a33*B + b3 bi 8bit unsigned integer

Each coefficients can be defined by following registers.
Cb and Cr components are reduced half after this operation to form the 4:2:2 format.

RGBCMY (RGB Color convert Matrix Y coefficient)

Register CaptureBaseAddress + COy
address
Bit number [[31130129128 127(26:25:24:23:22:21:20:19:18:17:16[15114{13112111[10:9:8:7:6 :5:4:3:2:1:0
Bit field name al1 Re al2 Re al3
R/W RW R RW R RW
Initial value 0001000010 , 0 0010000000 , 0 0000011001

This register sets the RGB color convert matrix coefficient.

Bit31t022 a1

10bit signed real (the lower 8bit are the fraction part)
Bit20to 11 a12

10bit signed real (the lower 8bit are the fraction part)
Bit9to 0 a13

10bit signed real (the lower 8bit are the fraction part)

RGBCMCb (RGB Color convert Matrix Ch coefficient)

Register CaptureBaseAddress + C4y
address
Bit number [[31{30{29}28 127(26:25:24:23:22:21:20:19:18:17:16/15{14{13{12{11]10:9:8:7:6:5-4:3:2:1:0
Bit field name a21 Re a22 Re a23
R/W RW R RW R RW
Initial value 1111011010, 0 1110110110 , 0 0001110000 ,

This register sets the RGB color convert matrix coefficient.

Bit31t0 22 A21

10bit signed real (the lower 8bit are the fraction part)
Bit20to 11 A22

10bit signed real (the lower 8bit are the fraction part)
Bit9to 0 A23

10bit signed real (the lower 8bit are the fraction part)

RGBCMCr (RGB Color convert Matrix Cr coefficient)

Register
address
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Bit number [31130i29128127]26:25:24 :23:22:21:20:19:18:17:16[15114113112111[10:9:8: 716 :5:4:3:2:1:0
Bit field name A31 Re A32 Re A33
R/W RW R RW R RW
Initial value 0001110000 , 0 1110100010 , 0 1111101110 ,

This register sets the RGB color convert matrix coefficient.

Bit31t022 A31

10bit signed real (the lower 8bit are the fraction part)
Bit20to 11 A32

10bit signed real (the lower 8bit are the fraction part)
Bit9to 0 A33

10bit signed real (the lower 8bit are the fraction part)

RGBCMb (RGB Color convert Matrix b coefficient)

Register CaptureBaseAddress + CCy
address
| Bit number [[31130{29128127]26:25:24:23:22:21:20:19:18- 17:16]15114{13112111[10: 9 : 8 :7:6:5:4:3:2:1:0
Bit field name ||R B1 Res b2 Res b3
R/W R RW R RW R RW
Initial value [0 000010000 0 010000000 0 010000000 ,
This register sets the RGB color convert matrix coefficient.
Bit30to 22 B1
9bit unsigned integer
Bit19to 11 B2
9bit unsigned integer
Bit8to 0 B3
9bit unsigned integer
CINT (Capture Interrupt)
Register address || CaputureBaseAddress + 178
Bit No. 31:30:29:28:27:26: .. © .. i .. 221:20119:18:17:16:15:14113:12:11:10:9:8:7:6:5:4:3:2% 1 :0
Bit field name Reserved VS
R/W R RWO
Initial value 0 0
This register is the video synchronization signal interrupt status register. This register is cleared by
writing “0” to it.
Bit 1 VS (VSYNC)
1: VSYNC 0: No VSYNC
CINTMASK (Capture Interrupt Mask)
Register address || CaputureBaseAddress + 17Cy
Bit No. 31:30:29128227:26: 121720719718117:16115:14113112:11:110:9:8:726:5:4:3:127 1 10
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Bit field name Reserved VS
R/W R RW
Initial value 0 0

This register masks the video synchronization signal interrupt

Bit 1 VS (VSYNC)
1: Does not mask interrupt.
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[656 Code error detect]

< RBT656 format input only>
CDCN (Capture Data Count for NTSC)

Register address CaptureBaseAddress + 4000h
Bit number 31-30-29-28-27-26-25-24:23-22-21-20-19-18-17-16-15-14-13-12-11-10-9-8-7-6-5-4-3-2-1-0
Bit field name Reserved BDCN Reserved VDCN
R/W RX RW RX RW
Initial value X 0x10f(271) X 0x5A3(1443)

This register sets the count of data of the input video stream in NTSC format.

Bit12-0 VDCN (Valid Data Count for NTSC)
Sets count of data processed during valid period in NTSC format. The setting value +1 is a data number
Bit28-16 BDCN (Blanking Data Count for NTSC)
Sets count of data processed during blanking period in NTSC format. The setting value +1 is a data
number

4T 4T 4T
y
VI[7:0] EAV Blanking data SAV Multiplexed video data EAV
80,10,80,10,80,. Cb,Y,Cr,Y,Cb,Y,Cr,Y,.....
A
H-BLANK ACTIVE-VIDEO
276T [525] 1440T [525]
B 288T [625] Ll 1440T [625] .
272T(BDCN:271T) 1444T(VDCN:1443T)
| 284T(BDCP:283T) P 1444T(VDCP:1443T)
[« > >

The range of VDCN and BDCN is shown in the following figure.

SAV: start of active video timing reference code
EAV: end of active video timing reference code

T: clock period 37 ns nom.
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CDCP (Capture Data Count for PAL)

Register address CaptureBaseAddress + 4004h
Bit number 31-30-29-28-27 -26-25-24:23-22-21-20-19-18-17-16-15-14-13-12-11-10-9-8 -7 -6-5-4-3-2-1 -
Bit field name Reserved BDCP Reserved VDCP
R/W RX RW RX RW
Initial value X 0x11B(283) X 0x5A3(1443)

This register sets the count of data of the input video stream in PAL format.

Bit12-0 VDCP (Valid Data Count for PAL)
Sets count of data processed during valid period in PAL format. The setting value +1 is a data number

Bit28-16 BDCP (Blanking Data Count for PAL)

Sets count of data processed during blanking period in PAL format. The setting value +1 is a data
number
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VCS (Video Capture Status)

Register address CaptureBaseAddress + 08h
Bit number 31-30-29-28-27-26-25-24:23-22-21-20-19-18-17-16-15-14-13-12-11-10-9-8 -7 -6-5-4-3-2-1-0
Bit field name Reserve CE
R/W RX RWO
Initial value X 00000

This register indicates the ITU-RBT656 SAV and EAV status.

To detect error codes, set NTSC/PAL in the VS bit of VCM. If NTSC is set, reference the
number of data in the capture data count register (CDCN). If PAL is set, reference the
number of data in the capture data counter register (CDCP). If the reference data does not
match the stream data , or undefined Fourth word of SAV/EAV codes are detected, bits 4 to
0 of the video capture status register (VCS) will be values as follows.

Bits 6-0 CEO (Capture Error 0)

Bit0 1: RBT.656 undefined error (Code Bit7) 0:true

Bit1 1: RBT.656 undefined error (Code Bit7-4) 0 : true

Bit2 1: RBT.656 undefined error (Code Bit7-0) 0: true

Bit3 1: RBT.656 long term H code error (SAV) 0:true

Bit4 1: RBT.656 long term H code error (EAV) 0:true
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12.5 Drawing registers

1251 Drawing control registers

CTR (Control Register)

Register DrawBaseAddress + 4004
address
Bit number [[31130120128127126125|24(23|22|21(20119118117116115|14|13[12[11110[ 918 | 716|514 312|110
Bit field name FO[ |cE FCNT NF|FF|FE Ss DS PS
R/W RW| |RwW, R R|R[R R R R
Initial value ol |o 011101 0]0]1 00 00 00

This register indicates drawing flags and status information. Bits 24 to 22 are not cleared until 0 is set.

Bit 1 and 0 PS (Pixel engine Status)
Indicate status of pixel engine unit
00 Idle
01  Busy
10 Reserved

1 Reserved

Bit 5 and 4 DS (DDA Status)
Indicate status of DDA

00 Idle
01  Busy
10 Busy

1" Reserved

Bit 9 and 8 SS (Setup Status)
Indicate status of Setup unit
00 Idle
01  Busy
10 Reserved

1" Reserved

Bit 12 FE (FIFO Empty)

Indicates whether data contained or not in display list FIFO

0 Valid data
1 No valid data

Bit 13 FF (FIFO Full)
Indicates whether display list FIFO is full or not
0 Not full
1 Full

Bit 14 NF (FIFO Near Full)

Indicates how empty the display list FIFO is

0 Empty entries equal to or more than half
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1 Empty entries less than half

Bit20to 15  FCNT (FIFO Counter)
Indicates count of empty entries of display list FIFO (0 to 100000,) 32 entries deep

Bit 22-23 CE (Display List Command Error)

Indicates command error occurrence (Not all error can detect. Need software reset or
hardware reset for recovery)

00 Normal

1" Command error detected

Bit 24 FO (FIFO Overflow)
Indicates FIFO overflow occurrence
0 Normal
1 FIFO overflow detected
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IFSR (Input FIFO Status Register)

Register DrawBaseAddress + 404y
address
Bit number ||31:30:29:28:27:26:25:24:23:22:21:20:19:18:17:16:15:14:13:12:11:10: 9:8:7:6 :5:4:3 (2|10
Bit field name NF|FF|FE
R/W RIR|R
Initial value 001

This is a mirror register for bits 14 to 12 of the CTR register.
IFCNT (Input FIFO Counter)

Register DrawBaseAddress + 4084
address
Bit number [[31:30:29:28:27:26:25:24:23:22:21:20:19:18:17:16715:14:13:12:11:10:9:8:7:6 | 514 13121110
Bit field name FCNT
R/W R
Initial value 011101

This is a mirror register for bits 20 to 15 of the CTR register.

SST (Setup engine Status)

Register DrawBaseAddress + 40C
address

Bit number [[31:30:29:28:27:26:25:24:23:22:21:20:19:18:17:16:15:14:13:12:11:10: 9:8:7:6:5:4:3:2 (110

Bit field name SS

R/W R

Initial value 00

This is a mirror register for bits 9 to 8 of the CTR register.

DST (DDA Status)

Register DrawBaseAddress + 4104
address
Bit number |[31:30:29:28:27:26:25:24:23:22:21:20:19:18:17:16:15:14:13:12:11:10:9:8:7:6:5:4:3:2 | 1 i 0
Bit field name DS
R/W RW
Initial value 00

This is a mirror register for bits 5 to 4 of the CTR register.

PST (Pixel engine Status)

Register DrawBaseAddress + 414y
address
Bit number (|31:30:29:28:27:26:25:24:23:22:21:20:19:18:17:16:15:14:13:12:11:10: 9:8:7:6:5:4:3:2 (1 i 0
Bit field name PS
R/W R
Initial value 00

This is a mirror register for bits 1 to 0 of the CTR register.

EST (Error Status)

Register DrawBaseAddress + 4184
address
Bit number |[[31:30:29:28:27:26:25:24:23:22:21:20:19:18:17:16:15:14:13:12:11:10: 9:8:7:6:5:4:3 (2|10
Bit field name FO| CE
R/W rRw| Rw
Initial value of o

This is a mirror register for bits 24 to 22 of the CTR register.
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12.5.2  Drawing mode registers

When write to the registers, use the SetRegister command. The registers cannot be accessed from

the CPU.
MDRO (Mode Register for miscellaneous)
Register DrawBaseAddress + 4204
address
Bit number [[31]30:29:28:27:26:25:24:23:22:21:20:19:18:17[16[15]14{13}12}11{10[ 9 [ 8 [ 7 {6 1 5 {4 [ 3} 2] 10
Bit field name zpP CF cv|cx BSV | BSH
R/W W0 rRw| WO RW W0 RW[RW, W0 RW | RW
Initial value 0 00 0|0 00 | 00
Bit1to 0 BSH (Bitmap Scale Horizontal)
Sets horizontal zoom ratio of bitmap draw
00 x1
01 x2
10 x1/2
01  Reserved
Bit 3 to 2 BSV (Bitmap Scale Vertical)
Sets vertical zoom ratio of bitmap draw
00 «x1
01 x2
10 x1/2
01 Reserved
Bit 8 CX (Clip X enable)
Sets X coordinates clipping mode
0 Disabled
1 Enabled
Bit 9 CY (Clip Y enable)
Sets Y coordinates clipping mode
0 Disabled
1 Enabled
Bit 16 and 15  CF (Color Format)
Sets drawing color format
00 Indirect color mode (8 bits/pixel)
01  Direct color mode (16 bits/pixel)
Bit 20 ZP (Z Precision)
Sets the precision of the Z value used for erasing hidden planes
16 bits/pixel
8 bits/pixel
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MDR1 (Mode Register for LINE)

Register DrawBaseAddress + 424y
address
Bit number 31!30!29 28!27!26!25!24 23!22!21 20|19 18!17!16!15!14!13 12!11!10! 918 : 7165 i4 : 312
Bit field name LW BP|BL LOG BM [zw| ZCL |zc
R/W RW RW|RW RW RW |rw| RW |rw
Initial value 00000 0fo0 0011 0O (0] 0000 (O

This register sets the mode of line and pixel drawing.
Please set ZC bit ( bit 2 ) to 0 when draw BltCopyAltAlphaBlendP command.

Bit 2 ZC (Z Compare mode)
Sets Z comparison mode
0 Disabled
1 Enabled
Bit5to 3 ZCL (Z Compare Logic)

Selects type of Z comparison
000 NEVER
001 ALWAYS

010 LESS
011 LEQUAL
100 EQUAL

101 GEQUAL
110 GREATER
111 NOTEQUAL

Bit 6 ZW (Z Write mode)
Sets Z write mode
0 Writes Z values.
1 Not write Z values.
Bit8to 7 BM (Blend Mode)
Sets blend mode
00 Normal (source copy)
01 Alpha blending
10 Drawing with logic operation
11 Reserved

Bit12to 9 LOG (Logical operation)

Sets type of logic operation

0000 CLEAR

0001 AND

0010  AND REVERSE
0011 COPY

0100  AND INVERTED

MB86276 'LIME' GDC Specifications 252
Rev1.1a




FUJITSU SEMICONDUCTOR CONFIDENTIAL

0101 NOP
0110  XOR
0111 OR
1000 NOR
1001 EQUIV

1010 INVERT

1011 OR REVERSE
1100  COPY INVERTED
1101 OR INVERTED

1110  NAND
1111 SET

Bit 19 BL (Broken Line)
Selects line type
0 Solid line
1 Broken line

Bit 20 BP (Broken line Period)
Selects broken line cycle
0: 32 bits
1: 24 bits

Bit 28 to 24 LW (Line Width)
Sets line width for drawing line
00000 1 pixel
00001 2 pixels

11111 32 pixels
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MDR2 (Mode Register for Polygon)

Register DrawBaseAddress + 428y
address
Bit number 31!30 29!28 27:26:25:24:23:22:21:20:19 18!17!16!15!14 13 12!11!10! 918 : 7165 i4 : 312 0
Bit field name TT LOG BM [zw| ZCL |[zc| |sm
R/W WO | RW RW RW |rw| RW [rw| [rRw
Initial value 00 0011 0 |0]| 0000 |O 0

This register sets the polygon drawing mode.

Bit 0 SM (Shading Mode)
Sets shading mode
0 Flat shading
1 Gouraud shading
Bit 2 ZC (Z Compare mode)
Sets Z comparison mode
0 Disabled
1 Enabled
Bit5to 3 ZCL (Z Compare Logic)
Selects type of Z comparison
000 NEVER
001 ALWAYS
010 LESS
011 LEQUAL
100 EQUAL
101 GEQUAL
110 GREATER
111 NOTEQUAL
Bit 6 ZW (Z Write mask)
Sets Z write mode
0 Writes Z values
1 Not write Z values
Bit8to 7 BM (Blend Mode)
Sets blend mode
00 Normal (source copy)
01 Alpha blending
10 Drawing with logic operation
11 Reserved
Bit12to 9 LOG (Logical operation)
Sets type of logic operation
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0000 CLEAR

0001 AND

0010  AND REVERSE
0011 COPY

0100  AND INVERTED
0101 NOP

0110 XOR

0111 OR

1000 NOR

1001 EQUIV

1010  INVERT

1011 OR REVERSE
1100  COPY INVERTED
1101 OR INVERTED
1110  NAND

1111 SET

Bit29t0 28  TT (Texture-Tile Select)
Selects texture or tile pattern
00 Neither used
01 Enabled tiling
10 Enabled texture

1 Reserved
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MDR3 (Mode Register for Texture)

Register DrawBaseAddress + 42Cy

address

Bit number [31130129128{27126125|24[23122(21120|19{18[17{16[15}14{13{12]11{10{ 9 {8 | 7i6 [ 5|4 [3[211]0
Bit field name TAB TBL TWS | TWT TF| (TC

R/W RW RW RW [ RW RW|  |RwW|
Initial value 00 00 00 | 00 0 0
This register sets the texture mapping mode.
Bit 3 TC (Texture coordinates Correct)

Sets texture coordinates correction mode

0 Disabled
1 Reserved
Bit 5 TF (Texture Filtering)

Sets type of texture interpolation (filtering)

0 Point sampling

1 Bi-linear filtering

Bit 9 and 8 TWT (Texture Wrap T)

Sets type of texture coordinates T direction wrapping

00 Clamp
01  Repeat
10 Border

11 Reserved

Bit 11 and 10  TWS (Texture Wrap S)

Sets type of texture coordinates S direction wrapping

00 Clamp
01 Repeat
10 Border

11 Reserved

Bit 17 and 16  TBL (Texture Blend mode)

Sets texture blending mode

00 De-curl
01 Modulate
10  Stencil

11 Reserved

Bit 21 and 20 TAB (Texture Alpha Blend mode)

Sets texture blending mode

The stencil mode and the stencil alpha mode are enabled only when the MDR2
register blend mode (BM) is set to the alpha blending mode. If it is not set to the alpha
blending mode, the stencil mode and stencil alpha mode perform the same function as

the normal mode.
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00
01
10
11

Normal
Stencil
Stencil alpha

Reserved
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MDR4 (Mode Register for BLT)

Register DrawBaseAddress + 430y
address
Bit number |[31:30:29:28:27:26:25:24:23:22-21:20:19:18:17:16:15:14:13 12!11!10! 918 : 716 : 5 i4 : 3 : 211
Bit field name LOG BM TE
R/W RW RW RW
Initial value 0011 00 0

This register controls the BLT mode.

Bit 1

Bit8to 7

Bit12to 9

TE (Transparent Enable)

Sets transparent mode

0:
1:

Not perform transparent processing

Not draw pixels that corresponds to set transparent color in BLT (transparancy

copy)

Note: Set the blend mode (BM) to normal.

BM (Blend Mode)

Sets blend mode

00
01
10
11

Normal (source copy)

Reserved

Drawing with logic operation

Reserved

LOG (Logical operation)

Sets logic operation

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

CLEAR

AND

AND REVERSE
COPY

AND INVERTED
NOP

XOR

OR

NOR

EQUIV

INVERT

OR REVERSE

COPY INVERTED

OR INVERTED
NAND
SET
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FBR (Frame buffer Base)

Register DrawBaseAddress + 440y
address
Bit number (131130129i28127126|25:24:23:22:21:20:19:18:17:16:15:14:13:12:11:10:9:8:7:6:5:4:3:2:1:0
Bit field name FBASE
R/W RW RO
Initial value Don't care 0

This register stores the base address of the drawing frame.

XRES (X Resolution)

Register DrawBaseAddress + 444
address
Bit number |[31:30:29:28:27:26:25:24:23:22:21:20:19:18:17:16:15:14:13:12|11:10:9:8 1 7:6 :5:4:3:2 | 1 i 0
Bit field name XRES
R/W RW
Initial value Don'’t care

This register sets the drawing frame horizontal resolution.

ZBR (Z buffer Base)

Register DrawBaseAddress + 448
address
Bit number [[31130129128127126(25:24:23:22:21:20:19:18:17:16:15:14:13:12:11210: 91 8:7:6 :5:4:3:2:1:0
Bit field name ZBASE
R/W RW RO
Initial value Don'’t care 0

This register sets the Z buffer base address.

TBR (Texture memory Base)

Register DrawBaseAddress + 44Cy
address
Bit number ||31{30120128127126(25:24:23:22:21:20:19:18:17:16:15:14:13:12:11:10: 9 8 1 7:6:5:4:3:2:1:0
Bit field name TBASE
R/W RW RO
Initial value Don'’t care 0

This register sets the texture memory base address.

PFBR (2D Polygon Flag-Buffer Base)

Register DrawBaseAddress + 450y
address
Bit number [131{30{20{28{27{26|25:24:23:22:21:20:19718:17:1671514:13:12:11310:9 18 716 5343332310
Bit field name PFBASE
R/W RW RO
Initial value Don't care 0

This register sets the polygon flag buffer base address.
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CXMIN (Clip X minimum)

Register DrawBaseAddress + 454
address
Bit number |[31:30:29:28:27:26:25:24:23:22:21:20:19:18:17:16:15:14:13:12|11:10:9:8:7:6 :5:4:3:2:1:0
Bit field name CLIPXMIN
R/W RW
Initial value Don'’t care
This register sets the clip frame minimum X position.
CXMAX (Clip X maximum)
Register DrawBaseAddress + 458
address
Bit number (|31:30:29:28:27:26:25:24:23:22:21:20:19:18:17:16-15:14:13:12|11:10:9:8:7:6 :5:4:3:2:1:0
Bit field name CLIPXMAX
R/W RW
Initial value Don'’t care
This register sets the clip frame maximum X position.
CYMIN (Clip Y minimum)
Register DrawBaseAddress + 45Cy
address
Bit number |[31:30:29:28:27:26:25:24:23:22:21:20:19:18:17:16:15:14:13:12|11:10:9:8:7:6 :5:4:3:2:1:0
Bit field name CLIPYMIN
R/W RW
Initial value Don't care
This register sets the clip frame minimum Y position.
CYMAX (Clip Y maximum)
Register DrawBaseAddress + 460y
address
Bit number |[31:30:29:28:27:26:25:24:23:22:21:20:19:18:17:16:15:14:13:12|11:10:9:8 :7:6:5:4:3:2:1:0
Bit field name CLIPYMAX
R/W RW
Initial value Don’t care

This register sets the clip frame maximum Y position.
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TXS (Texture Size)

Register DrawBaseAddress + 464y
address
Bit number [[31{30i291281271{26125(24:23:22:21:20:19:18:17:16[15114{13112111{10i 9 [ 8 {716 1514 {312 |1 10
Bit field name TXSN TXSM
R/W RW RW
Initial value 000010000000 000010000000

This register specifies the texture size (m, n).

Bit12to 0

Bit 28 to 16
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TXSM (Texture Size M)

Sets horizontal texture size. Any power of 2 between 4 and 4096 can be used. Values

that are not a power of 2 cannot be used.

0_0000_0000_0100  M=4
0_0000_0000_1000  M=8

0_0000_0001_0000  M=16
0_0000_0010_0000  M=32
0_0000_0100_0000  M=64
0_0000_1000_0000  M=128
0_0001_0000_0000  M=256

TXSN (Texture Size N)

0_0010_0000_0000
0_0100_0000_0000
0_1000_0000_0000
1_0000_0000_0000

Other than the above

M=512

M=1024
M=2048
M=4096

Setting disabled

Sets vertical texture size. Any power of 2 between 4 and 4096 can be used. Values

that are not a power of 2 cannot be used.

0_0000_0000_0100  N=4
0_0000_0000_1000  N=8

0_0000_0001_0000  N=16
0_0000_0010_0000  N=32
0_0000_0100_0000  N=64
0_0000_1000_0000  N=128
0_0001_0000_0000  N=256

261

0_0010_0000_0000
0_0100_0000_0000
0_1000_0000_0000
1_0000_0000_0000

Other than the above

N=512

N=1024
N=2048
N=4096

Setting disabled
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TIS (Tile Size)
Register DrawBaseAddress + 4684
address
Bit number ||31:30:29:28:27:26:25:24:23 22!21!20!19!18!17!16 15:14:13:12:11210:9:8:7 | 6 : 5 i4 : 3 : 2(1 : 0
Bit field name TISN TISM
R/W RW RW
Initial value 1000000 1000000

This register specifies the tile size (m, n).

Bit6to 0

Bit 22 to 16

TISM (Title Size M)

Sets horizontal tile size. Any power of 2 between 4 and 64 can be used. Values that are
not a power of 2 cannot be used.

0.000100 M=4
0001000 M=8
0010000 M=16
0100000 M=32
1000000 M=64

Other than  Setting disabled
the above

TISN (Title Size N)

Sets vertical tile size. Any power of 2 between 4 and 64 can be used. Values that are
not a power of 2 cannot be used.

0000100 N=4
0001000 N=8
0010000 N=16
0100000 N=32
1000000 N=64

Other than  Setting disabled
the above

TOA (Texture Buffer Offset address)

Register DrawBaseAddress + 46Cy
address
Bit number ||31:30:29:28:27:26:25:24:23:22:21:20:19:18:17:16:15:14:13|12-11210: 9:8:7:6:5:4:3:2:1:0
Bit field name XBO
R/W RW
Initial value Don'’t care

This register sets the texture buffer offset address. Using this offset value, texture patterns can be
referred to the texture buffer memory.

Specify the word-aligned byte address (16 bits). (Bit O is always “0”.)

MB86276 'LIME' GDC Specifications 262

Rev1.1a




FUJITSU SEMICONDUCTOR CONFIDENTIAL

ABR (Alpha map Base)

Register DrawBaseAddress + 474y
address
Bit number |[31130129i28127126|25:24:23:22:21:20:19:18:17:16:15:14:13:12:11:10: 9:8:7:6:5:4:3:2:1:0
Bit field name ABASE
R/W RwW RO
Initial value Don't care 0

This register sets the base address of the alpha map.

FC (Foreground Color)

Register DrawBaseAddress + 480y
address
Bit number ||31:30:29:28:27:26:25:24:23:22:21:20:19:18:17:16|15:14:13:12:11:10:9:8:7:6:5:4:3:2:1:0
Bit field name FGC
R/W RW
Initial value 0

This register sets the drawing foreground color. This color is for the object color for flat shading and
foreground color for bitmap drawing and broken line drawing. All bits set to “1” are drawn in the color
set at this register.

8 bit color mode:
Bit7to0 0 FGC8 (Foreground 8 bit Color)

Sets the indirect color for the foreground (color index code).

Bit31to 8 These bits are not used.

16 bit color mode:
Bit 15to 0 FGC16 (Foreground 16 bit Color)
This field sets the 16-bit direct color for the foreground.
Note that the handling of bit 15 is different from that in ORCHID.

Up to ORCHID, bit 15 is “0” for other than bit map and rectangular drawing, but starting
with LIME GDC, the setting value is reflected in memory as is. This bit is also reflected
in bit 15 of the 16-bit color at Gouraud shading.

Bit 31 to 16  These bits are not used.

MB86276 'LIME' GDC Specifications 263
Rev1.1a




FUJITSU SEMICONDUCTOR CONFIDENTIAL

BC (Background Color)

Register DrawBaseAddress + 484y
address
Bit number 31230229228227226225224223222221220219218217216|15|142132122112102 9:18:7:6:5:4:322:1:0
Bit field name BGC8/16
R/W RW
Initial value 0

This register sets the drawing frame background color. This color is used for the background color of
bitmap drawing and broken line drawing. At bitmap drawing, all bits set to “0” are drawn in the color
set at this register.

BT bit of this register allows the background color of be transparent (no drawing).

8 bit color mode:
Bit7to 0 BGC8 (Background 8 bit Color)

Sets the indirect color for the background (color index code)
Bit 14 to 8 Not used
Bit 15 BT (Background Transparency)

Sets the transparent mode for the background color

0 Background drawn using color set for BGC field

1 Background not drawn (transparent)
Bit31to 16  Not used

16 bit color mode:

Bit14to 0 BGC16 (Background 16 bit Color)
Sets 16-bit direct color (RGB) for the background

Bit 15 BT (Background Transparency)
Sets the transparent mode for the background color
0 Background drawn using color set for BGC field
1 Background not drawn (transparent)

Bit 31to 16  Not used
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ALF (Alpha Factor)

Register DrawBaseAddress + 488
address
Bit number |[[31:30:29:28:27:26:25:24:23:22:21:20:19:18:17:16:15:14:13:12:11:10:9:8 [ 7:6 :5:4:3:2:1:0
Bit field name A
R/W RW
Initial value 0

This register sets the alpha blending coefficient.

BLP (Broken Line Pattern)

Register DrawBaseAddress + 48Cy
address
Bit number |[31:30:29:28:27:26:25:24:23:22:21:20:19718:17:16:15:14:13:12:11210: 91 8:7:6:5:4:3:2:1:0
Bit field name BLP
R/W RW
Initial value 0

This register sets the broken-line pattern. The bit 1 set in the broken-line pattern is drawn in the
foreground color and bit 0 is drawn in the background color. The line pattern for 1 pixel line is laid out
in the direction of MSB to LSB and when it reaches LSB, it goes back to MSB. The BLPO register
manages the bit numbers of the broken-line pattern. 32 or 24 bits can be selected as the repetition of
the broken-line pattern by the BP bit of the MDR1 register. When 24 bits are selected, bits 23 to 0 of
the BLP register are used.

TBC (Texture Border Color)

Register DrawBaseAddress + 494y
address
Bit number 31230229228227226225224223222221220219218217216|15|142132122112102 9:8:7:6:5:4:322:1:0
Bit field name BC8/16
R/W RW
Initial value 0

This register sets the border color for texture mapping.

8 bit color mode:
Bit7to 0 BC8 (Border Color)
Sets the 8-bit direct color for the texture border color

16 bit color mode:
Bit15to0 0 BC16 (Border Color)
Sets the 16-bit direct color for the texture border color
Bit15 is used for controlling a stencil and stencil alpha

BLPO (Broken Line Pattern Offset)

Register DrawBaseAddress + 3EQy
address
Bit number ||31:30:29:28:27:26:25:24:23:22:21:20:19:18:17:16:15i14:13i12{11i10; 98 i7:6 5[4 1312|110
Bit field name BCR
R/W RW
Initial value 11111

This register stores the bit number of the broken-line pattern set to BLP registers, for broken line
drawing. This value is decremented at each pixel drawing. Broken line can be drawn starting from
any starting position of the specified broken-line pattern by setting any value at this register.

When no write is performed, the position of broken-line pattern is sustained.
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12.5.3

Triangle drawing registers

Each register is used by the drawing commands. The registers cannot be accessed from the CPU or
using the SetRegister command.

(XY coordinates register)

Register | Address||31:3029:28:27-26:25:24:23:22:21:20:19:18:17:16:15:14:13:12:11:10: 9:8:7:6:5:4:3:2:1:0
Ys |00004[[SiSIS|S Int Frac
Xs |00044[[SiSiSiS Int Frac
dXdy |00084|[SiSiSiS Int Frac
XUs |000cu|[Si1SiS1S Int Frac
dXUdy|00104(|SiS!S!S Int Frac
XLs |00144][SiSiSiS Int Frac
dXLdy |00184[|SiSiSiS Int Frac
USN [001bnx)|0:0:0!0 Int 0
LSN [00204 010010 Int 0
Address Offset value from DrawBaseAddress
S Sign bit or sign extension
0 Not used or 0 extension
Int Integer or integer part of fixed point data
Frac Fraction part of fixed point data

Sets (X, Y) coordinates for triangle drawing

Ys Y coordinates start position of long edge

Xs X coordinates start position of long edge corresponding to Ys

dXdy X DDA value of long edge direction

XUs X coordinates start position of upper edge

dXUdy X DDA value of upper edge direction

XLs X coordinates start position of lower edge

dXLdy X DDA value of lower edge direction

USN Count of spans of upper triangle. If this value is “0”, the upper triangle is not drawn.

LSN Count of spans of lower triangle. If this value is “0”, the lower triangle is not drawn.
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(Color setting register)

Register|Address||31:30:29:28227:26:25:24:23:22221:20:19:18:17:16:15:14:13:12:11:10: 9:8:7:6:5:4:3:2:1:0
Rs [00404|{0:0:0:0:0:0:0:0 Int Frac
dRdx [0044,(S:S:S:5:5:S:S:S Int Frac
dRdy [00484(S:S:S:5:5:S:S:S Int Frac
Gs |004Cy[[0:0:0:0:0:0:0:0 Int Frac
dGdx [00504)S:S:S:S:8S:S:S:S Int Frac
dGdy [00544)S:S:S:S:S:S:S:S Int Frac
Bs [00584)0:0:0:0:0:0:0:0 Int Frac
dBdx |005¢cH[|S:S:S:S:S:S:S:S Int Frac
dBdy |00604(|S:S:S:S:S:S:S:S Int Frac
As |00644(0:0:0:0:0:0:0:0 Int Frac
dAdx |00684[|S:S:S:S:S:5:S:8 Int Frac
dAdy [006cq|SiSiSiSISiSISIS Int Frac
Address Offset from DrawBaseAddress
S Sign bit or sign extension
0 Not used or 0 extension
Int Integer or integer part of fixed point data
Frac Fraction part of fixed point data

Sets color parameters for triangle drawing. These parameters are enabled in the Gouraud shading

mode.
Rs R value at (Xs, Ys, Zs) of long edge corresponding to Ys
dRdx R DDA value of horizontal direction
dRdy R DDA value of long edge
Gs G value at (Xs, Ys, Zs) of long edge corresponding to Ys
dGdx G DDA value of horizontal direction
dGdy G DDA value of long edge
Bs B value at (Xs, Ys, Zs) of long edge corresponding to Ys
dBdx B DDA value of horizontal direction
dBdy B DDA value of long edge
As Alpha value at (Xs, Ys, Zs) of long edge corresponding to Ys
dAdx Alpha DDA value of horizontal direction
dAdy Alpha DDA value of long edge
(Z coordinates register)
Register |Address|| 31:30:29:28:27:26:25:24:23:22:21:20:19:18:117:16:15:14:113:12:11:10: 9:8:7:6:5:4:3:2:1:0
Zs |0080h|l 0 Int Frac
dZdx |0084h| S Int Frac
dZdy [008ch| S Int Frac
Address Offset from DrawBaseAddress
S Sign bit or sign extension
0 Not used or 0 extension
Int Integer or integer part of fixed point data
Frac Fraction part of fixed point data

Sets Z coordinates for 3D triangle drawing

Zs Z coordinate start position of long edge
dZdx Z DDA value of horizontal direction
dZdy Z DDA value of long edge

(Texture coordinates-setting register)
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Register | Address||31:30:29:28:27:26:25:24:23:22:21:20:19:18:17:16:15:114:13:112:11:10: 9:8:7:6:5:4:3:2:1:0
Ss |00cOx|SiSiS Int Frac
dSdx |00c4u|[S:S:S Int Frac
dSdy | 00c84|[SiS!S Int Frac
Ts [00cch||SiS}S Int Frac
dTdx |00dO4||SiSiS Int Frac
dTdy [00d44|[S:iS:iS Int Frac
Qs |00d84|[0:0:0:0:0:-0:0:Int] Frac
dQdx | 00dcy][S:S:5:5:5:S:S:Int Frac
dQdy [00e0u][SiSiSiSiSiS!Sint Frac
Address Offset from DrawBaseAddress
S Sign bit or sign extension
0 Not used or 0 extension
Int Integer or integer part of fixed point data
Frac Fraction part of fixed point data

Sets texture coordinates parameters for triangle drawing

Ss S texture coordinates (Xs, Ys, Zs) of long edge corresponding to Ys

dSdx S DDA value of horizontal direction

dSdy S DDA value of long edge direction

Ts T texture coordinates (Xs, Ys, Zs) of long edge corresponding to Ys

dTdx T DDA value of horizontal direction

dTdy T DDA value of long edge direction

Qs Q (Perspective correction value) of texture at (Xs, Ys, Zs) of long edge corresponding to Ys
dQdx Q DDA value of horizontal direction

dQdy Q DDA value of long edge direction
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12.5.4 Line drawing registers

Each register is used by the drawing commands. The registers cannot be accessed from the CPU or
by using the SetRegister command.

(Coordinates setting register)

Register |Address|| 31:30:29:28:27:26:25:24:23:2221:20:19:18:17:16:15:14:13:12:11:10: 9: 8:7:6:5:4:3:2:1:0
LPN [01404) 0101010 Int 0
LXs [01444]S1SiSIS Int Frac
LXde [01484] S :S:S:S:S:S:S:S:S:S:S:S:S:S:S|Int Frac
LYs [014cu|SiSisSiS| Int Frac
LYde [01504] S :S:S:S:S:S:S:S:S:S:S:S:S:S:S|Int Frac
LZs |01544f S Int Frac
LZde [01584] S Int Frac

Address Offset from DrawBaseAddress

S Sign bit or sign extension

0 Not used or 0 extension

Int Integer or integer part of fixed point data
Frac Fraction part of fixed point data

Sets coordinates parameters for line drawing

LPN Pixel count of principal axis direction

LXs X coordinates start position of draw line
(In principal axis X) Integer value of X coordinates rounded off

(In principal axis Y) X coordinates in form of fixed point data

LXde Inclination data for X coordinates
(In principal axis X) Increment or decrement according to drawing direction
(In principal axis Y) Fraction part of DX/DY

LYs Y coordinates start position of draw line
(In principal axis X) Y coordinates in form of fixed point data

(In principal axis Y) Integer value of Y coordinates rounded off

LYde Inclination data for Y coordinates
(In principal axis X) Fraction part of DY/DX
(In principal axis Y) Increment or decrement according to drawing direction

LZs Z coordinates start position of line drawing line
LZde Z Inclination
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12.5.5 Pixel drawing registers

Each register is used by the drawing commands. The registers cannot be accessed from the CPU or
using the SetRegister command.

Register | Address||31:30:29:28:27:26:25:24:23:2221:20:19:18:17:16:15:14:13:12:11:10: 9: 8:7:6:5:4:3:2:1:0
PXdc |[01804([0101010 Int 0
PYdc |01844][010i0i0 Int 0
PZdc |01884[|0i0i0i0 Int 0
Address Offset from DrawBaseAddress
S Sign bit or sign extension
0 Not used or 0 extension
Int Integer or integer part of fixed point data
Frac Fraction part of fixed point data

Sets coordinates parameter for drawing pixel. The foreground color is used.

PXdc Sets X coordinates position
PYdc Sets Y coordinates position
PZdc Sets Z coordinates position

12.5.6  Rectangle drawing registers

Each register is used by the drawing commands. The registers cannot be accessed from the CPU or
using the SetRegister command.

Register |Address||31:30:29:28:27:26:25:24:23:22:21:20:19:18:17:16:15:14:13:12:11:10: 9:8:7:6:5:4:3:2:1:0
RXs |02004xf| 0:10i0i0 Int 0
Rys [02044x| 0101010 Int 0
RsizeX|0208u(| 0i0i0140 Int 0
RsizeY|020cy|| 01010130 Int 0
Address Offset from DrawBaseAddress
S Sign bit or sign extension
0 Not used or 0 extension
Int Integer or integer part of fixed point data
Frac Fraction part of fixed point data

Sets coordinates parameters for rectangle drawing. The foreground color is used.

RXs Sets the X coordinates of top left vertex
Rys Sets the Y coordinates of top left vertex
RsizeX Sets horizontal size
RsizeY Sets vertical size
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12.5.7

Blt registers

Sets the parameters of each register as described below:

Set the Tcolor register with the SetRegister command.

Note that the Tcolor register cannot be set at access from the CPU and by drawing commands.

Each register except the Tcolor register is set by executing a drawing command.

Note that access from the CPU and the SetRegister command cannot be used.

Register | Address[|31:3029:28:27:26725:24:23:22221:20:19:1817:16:15:14:1312:11710: 9:8:7:6:5:4:3:2:1:0
sADDR] 02404 | 0[o]o]o]o]o]0] Address
SStride| 02444||0:0:0:0 Int 0
SRXs | 02484[ 0101010 Int 0
SRYs | 024cy|| 010100 Int 0
DADDR| 02504 [ 0[0[0]0[o0]0]0] Address
DStride | 0254110101010 Int 0
DRXs | 02584[ 0101010 Int 0
DRYs [ 025¢c4 || 01000 Int 0
BRsizeX | 02604[[0101010 Int 0
BRsizeY| 02644[[0101010 Int 0
TColor | 0280n 0 Color

Address Offset from DrawBaseAddress

S Sign bit or sign extension

0 Not used or 0 extension

Int Integer or integer part of fixed point data

Frac Fraction part of fixed point data

Sets parameters for Blt operations

SADDR Sets start address of source rectangle area in byte address

SStride Sets stride of source

SRXs Sets X coordinates start position of source rectangle area

SRYs Sets Y coordinates start position of source rectangle area

DADDR Sets start address of destination rectangle area in byte address

DStride Sets stride of destination

DRXs Sets X coordinates start position of destination rectangle area

DRYs Sets Y coordinates start position of destination rectangle area

BRsizeX Sets horizontal size of rectangle

BRsizeY Sets vertical size of rectangle

Teolor Set§ tr::.lnsparent color . '

For indirect color, set a palette code in the lower 8 bits.
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12.5.8 2D line with XY setup drawing registers

Each register is used by the drawing commands. The registers cannot be accessed from the CPU.

Register |Address||31:30:29:28:27:26:25:24:23:22:21:20:119:18:17:16:15:114:13:112:111:10: 9:8:7:6:5:4:3:2:1:0

LX0dc | 05404 0 Int

LYOdc | 05444 Int

0
0
0
0

o|o|o|o
o|o|o|o
o|o|o|o

0
LX1dc | 05484 0 Int
LY1dc | 054cH 0 Int

Address Offset from DrawBaseAddress

S Sign bit or sign extension

0 Not used or 0 extension

Int Integer or integer part of fixed point data
Frac Fraction part of fixed point data

Sets coordinates of line end points for 2D Line with XY setup drawing

LX0dc Sets X coordinates of vertex VO

LYOdc Sets Y coordinates of vertex VO

LX1dc Sets X coordinates of vertex V1

LY1dc Sets Y coordinates of vertex V1
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12.5.9 2D triangle with XY setup drawing registers

Each register is used by the drawing commands. The registers cannot be accessed from the CPU or
using the SetRegister command.

Register | Address [[31:30:29:28:27:26:25:24:23:2221:20:19:18:17:16:15:14:13:12:11:10: 9: 8:7:6:5:4:3:2:1:0
X0dc |0580h|[0{01{0}0 Int 0
YO0dc |0584h|[0{01{0}{0 Int 0
X1dc |[0588h[0i0i0i0 Int 0
Y1dc |058ch||0:0:0:0 Int 0
X2dc [0590h[|0i0!i00 Int 0
Y2dc |[0594h[|0i101010 Int 0

Address Offset from DrawBaseAddress

S Sign bit or sign extension

0 Not used or 0 extension

Int Integer or integer part of fixed point data

Frac Fraction part of fixed point data

Sets coordinates of three vertices for 2D Triangle with XY setup drawing

X0dc Sets X coordinates of vertex VO

YO0dc Sets Y coordinates of vertex VO

X1dc Sets X coordinates of vertex V1

Y1dc Sets Y coordinates of vertex V1

X2dc Sets X coordinates of vertex V2

Y2dc Sets Y coordinates of vertex V2
MB86276 'LIME' GDC Specifications 273

Rev1.1a




FUJITSU SEMICONDUCTOR CONFIDENTIAL

12.5.10 Display list FIFO registers

DFIFO (Displaylist FIFO)

Register

DrawBaseAddress+ 4A0y
address
Bit number ||31:30:29:28:27:26:25:24:23:22-21:20:19:18:17:16:15:14:13:12:11:10: 9:8:7:6:5:4:3:2:1:0
Bit field name DFIFO
R/W W
Initial value Don'’t care

FIFO registers for Display List transfer. The Display List FIFO is 32 entries deep.
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13 TIMING DIAGRAM

13.1 Graphics Memory Interface

The LIME GDC access timing and graphics memory access timing are explained here.

13.1.1  Timing of read access to same row address

MCLKO L

MRAS

TRCD
MCAS < >

MWE
MA X RCW>< ><C)L><COL><C)L><C)L><
CL
4“—>r
MD

< DATA >< DATA >< DATA >< DATA >——
DQM \ /

ROW: Row Address TRCD: RAS to CAS Delay Time
COL: Column Address CL: CAS Latency *Timing when CL2 operating
DATA: READ DATA

Timing of Read Access to Same Row Address

The above timing diagram shows that read access is made four times from LIME to the same row
address of SDRAM. The ACTV command is issued and then the READ command is issued after
TRCD elapses. Then data that is output after the elapse of CL after the READ command is issued is
captured into LIME.
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13.1.2  Timing of read access to different row addresses

MCLKO

JEREEEEEEE NN

TRAS TRP

MRAS

"y
I\A
v
L

L
L

TRCD TRCD
MCAS < > < >
MWE

MA:><RCW>< ><C)L>< ><RCW>< ><C)L

CL CL
< » —>
MD { DATA ) DATA
7/
DaM \ / \

ROW: Row Address TRAS: RAS Active Time TRP: RAS Precharge Time

COL: Column Address TRCD: RAS to CAS Delay Time — .
DATA: READ DATA CL: CAS Latency Timing when CL2 operating

Timing of Read Access to Different Row Addresses

The above timing diagram shows that read access is made from LIME to different row addresses of
SDRAM. The first and next address to be read fall across an SDRAM page boundary, so the Pre-
charge command is issued at the timing satisfying TRAS, and then after the elapse of TRP, the ACTV
command is reissued, and then the READ command is issued.
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13.1.3  Timing of write access to same row address

MCLKO L

MRAS 1
TRCD
MCAS < >
MWE

><\\

COL >< COL >< COL >< COL

MA :><Rcw><

MD < DATA /< DATA >< DATA >< DATA >
DQM \ /
ROW: Row Address TRCD: RAS to CAS Delay Time

COL: Column Address
DATA: READ DATA

Timing of Write Access to Same Row Address

The above timing diagram shows that write access is made form times form LIME to the same row
address of SDRAM.

The ACTV command is issued, and then after the elapse of TRCD, the WRITE command is issued to
write to SDRAM.
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13.1.4  Timing of write access to different row addresses

woo| L LD LD LD L L L L L

TRAS TRP
S " " J
TRCD TRCD
»l » i »
MCAS — ' — w
MWE

/
MA :><RCW>< ><C)L>< XRCWX ><C)L

MD { DATA ) { DATA
n_/ N
bDamM \ / \
ROW: Row Address TRAS: RAS Active Time
COL: Column Address TRCD: RAS to CAS Delay Time
DATA: READ DATA TRP: RAS Precharge Time

Timing of Write Access to Different Row Addresses

The above timing diagram shows that write access is made from LIME to different row addresses of
SDRAM. The first and next address to be write fall across an SDRAM page boundary, so the Pre-
charge command is issued at the timing satisfying TRAS, and then after the elapse of TRP, the ACTV
command is reissued, and then the WRITE command is issued.
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13.1.5 Timing of read/write access to same row address

wol L L L LD L L L

MRAS

TRCD

A

MCAS

J
MWE J

MA:><RCW>< ><C)L>< ><C)L><

cL LOWD
< > < \ » \
MD DATA DATA
_—/ _/
\ \
ROW: Row Address TRAS: RAS Active Time TRP: RAS Precharge Time
COL: Column Address TRCD: RAS to CAS Delay Time LOWD: Last Output to Write Command Delay . .
DATA: READ DATA CL: CAS Latency Timing when CL2 operating

Timing of Read/Write Access to Same Row Address

The above timing diagram shows that write access is made immediately after read access is made
from LIME to the same row address of SDRAM.

Read data is output from SDRAM, LOWD elapses, and then the WRITE command is issued.
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13.1.6  Delay between ACTV commands

JEREREEEENRN
=

-

MCLKO

MRAS

v
L

MCAS

MWE

MA:><RCW>< ><RCW><

ROW: Row Address
TRRD: RAS to RAS Bank Active Delay Time

Delay between ACTV Commands

The ACTV command is issued from LIME GDC to the row address of SDRAM after the elapse of
TRRD after issuance of the previous ACTV command.

13.1.7 Delay between Refresh command and next ACTV command

JEREEEEE NS

TRC

MCLKO

MRAS

MCAS

J
A
-

MWE

MA ><RCW><

ROW: Row Address
TRC: RAS Cycle Time

Delay between Refresh Command and Next ACTV Command

The ACTV command is issued after the elapse of TRC after issuance of the Refresh command.
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13.2 Display Timing

13.2.1 Non-interlace mode

l«—— VTR+1 rasters »

«——VSP+1 rasters > VSW+1 rasters

¢« VDP+1 rasters

wee 0 1010100 [

L | | | O

VSYNC I—I—
Assert Frame Interrupt

Assert Vsync Interrupt

Ri/Gi/Bi [ | [
—

DISPE | |
HSYNC Latency= 13 clocks |_|
> le HDP+1clocks 3]
< HSP+1 clocks > >

HSW+1 clocks

<4¢—HTP+1 clocks >

oo [ LML inlpiniinl

Ri/Gi/Bi [o Y1 2] 2 Y n1 n=HDP+1

DISPE / U

Non-interlace Timing

In the above diagram, VTR, HDP, etc., are the setting values of their associated registers.

The VSYNC/frame interrupt is asserted when display of the last raster ends. When updating display
parameters, synchronize with the frame interrupt so no display disturbance occurs. Calculation for the
next frame is started immediately after the vertical synchronization pulse is asserted, so the

parameters must be updated by the time that calculation is started.
VSYNC is output 1 dot clock faster than HSYNC.
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13.2.2 Interlace video mode

[ —VTR+1 rasters (odd field)

——VSP+1 rasters

| ¢—  VDP+1 rasters

Ri/Gi/Bi C10 1010 10111

»
>

VSW+1 rasters

wsvwe U U U0 10 U0 0 1T [T 1

VSYNC

Ri/Gi/Bi

[ I e B N

Assert Vsync Interrupt

|
wswwe T U

VSYNC

—VDP+1 rasters

A 4

< VSP+1 rasters

>l »
L »|

VSW+1 rasters

< VTR+1 rasters (even field)

A 4

Assert Frame Interrupt

Assert Vsync Interrupt

Interlace Video Timing

In the above diagram, VTR, HDP, etc., are the setting values of their associated registers.

The interlace mode also operates at the same timing as the interlace video mode. The only difference

between the two modes is the output image data.
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13.2.3 Composite synchronous signal

When the EEQ bit of the DCM register is “0”, the CSYNC signal output waveform is as shown below.

even field odd field

CSYNC

VSYNC

. odd field . . even field

CSYNC —u

VSYNC

Composite Synchronous Signal without Equalizing Pulse

When the EEQ bit of the DCM register is “1”, the equalizing pulse is inserted into the CSYNC signal,
producing the waveform shown below.

even field : : odd field
T T UL T T T
VSYNC i i
i odd field C even field
cswe ] T T T UL T
N

Composite Synchronous Signal with Equalizing Pulse

The equalizing pulse is inserted when the vertical blanking time period starts. It is also inserted three
times after the vertical synchronization time period has elapsed.
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13.3 Host interface Timing

13.3.1

CPU read/write timing diagram in SH3 mode (Normally Not Ready Mode)

( MODE[2:0]=000, RDY_MODE=0, BS_MODE=0)

T1  Tswl Thwl T2 T1  Tswl Thwl |Thw2 |Thw3 | T2
CPE P PP P PP PP
SO A I I
Al24:2]
xcs — | /] Y
XBS ] ]
3 { XRD T\ /T \ /ST
o . Hi-Z _ _ Hi-Z
z D[31:0] >< Valid Data — Valid Data
2 XWE[3:0] |\ /T \ Y
= _ .
= D[31:.0] — Valid Data IN X Valid Data IN
yan
XWAIT Hi-Z /L /_?'\ [Hi-Z] A J\ S / T \ Hi-Z
o R —O—O—O" T
SoftWait HardWait NotWait SoftWait HardWait HardWait HardWait  Not Wait
O: XWAIT sampling in SH3 mode
x . Soft Wait (1 cycle) in SH3 mode
T1: Read/write start cycle (XRDY in wait state)
Tsw™: Software wait insertion cycle (1 cycle setting)
Thw*:  Hardware wait insertion cycle (XRDY cancels the wait state after the preparations)
T2: Read/write end cycle (XRDY ends in wait state)
Fig. Read/Write Timing Diagram for SH3 (Normally Not Ready Mode)
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13.3.2 CPU read/write timing diagram in SH3 mode (Normally Ready Mode)

( MODE[2:0]=000, RDY_MODE=1, BS_MODE=0)

T1 Tswl Tsw2 T2 T1 Tswl Tsw2 | Thwl | Thw2 T2
<€ > < > < > < > < > < > < > < > < > < >
X O N I S I
A[24:2]
xcs | /] Y
XBS
B xRD [\ /T \ /S
i _ Hi-Z _ : H-Z
z D[31:0] — X Valid Data < Valid Data
,g XWE[3:0] —_\ /_ _\ /_ I
=
z D[31:0] ———— Valid Data IN X Valid Data IN
JanY A
XWAIT H-Z] | 0 >l< > Hi-Z K A A~/ WV [[H-z
N N
SoftWait SoftWait NotWait SoftWait SoftWait HardWait HardWait NotWait
O: XWAIT sampling in SH3 mode
x: Soft Wait (2 cycles) in SH3 mode
T1: Read/write start cycle (XRDY in not wait state)

Tsw*:  Software wait insertion cycle (2-cycle setting required)
Thw*:  Hardware wait insertion cycle (In hardware state when the immediate accessing is disabled)

T2: Read/write end cycle (XRDY ends in not wait state)

Fig. Read/Write Timing Diagram for SH3 (Normally Ready Mode)
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13.3.3 CPU read/write timing diagram in SH4 mode (Normally Not Ready Mode)

( MODE[2:0]=001, RDY_MODE=0, BS_MODE=0)

T1 Tswl Thwl T2 Tswl Thwl | Thw2: Thw3; T2
BCLKI | | | [
Al24:2]
XCS
XBS ,
§ { XRD \ /
Y Hi-Z
- D[31:0 i Valid Data OUT
z (31:0] > Valid Data OU > __Valid Data
o XWE[3:0] \ /
= .
b D[31:0] Valid Data IN Valid Data IN
JEAY C JaA)
XRDY Hi-Z2_ | K— \ o / N NN A/ Hi-Z
N\
SoftWaiit HardWait Ready SoftWait HardWait HardWait HardWait Ready
O: XRDY sampling in SH4 mode
x: Soft Wait (1 cycle) in SH4 mode
T1: Read/write start cycle (XRDY in the not ready state)

Tsw*:  Software wait insertion cycle (1 cycle)

Twh*:  Hardware wait insertion cycle (XRDY asserts Ready after the preparations)

T2: Read/write end cycle (XRDY ends in not ready state)

Fig. Read/Write Timing Diagram for SH4 Mode (Normally Not Ready Mode)
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13.3.4 CPU read/write timing diagram in SH4 mode (Normally Ready Mode)
( MODE[2:0]=001, RDY_MODE=1, BS_MODE=0)

T1 Tswl Tsw2 T2 T1 Tswl Tsw2 | Thwl | Thw2 | T2
PP P P I I PP
U N I N
A[24:2]
XCS
XBS
o
8 XRD \ /N /T
< D[31:0] H-z >< Valid Data OUT Valid Data OUT
2 XWH3:0] \ / \ /]
i D[31:0] Valid Data IN C>< Valid Data IN
N N
XRDY H-z | A NP NCANIPS [Hz
X ¢
SoftWaiit SoftWait Ready SoftWait SoftWait HardWait HardWait Ready
O: XRDY sampling in SH4 mode
x: Soft Wait (2 cycles) in SH4 mode
T1: Read/write start cycle (XRDY in ready state)

Tsw*:  Software wait insertion cycle (2-cycle setting required)
Twh*:  Hardware wait insertion cycle (XRDY asserts Ready after the preparations)

T2: Read/write end cycle (XRDY ends in ready state.)

Fig. CPU Read/Write Timing Diagram for SH4 Mode (Normally Ready Mode)
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13.3.5 CPU read/write timing diagram in V832 mode (Normally Not Ready Mode)

( MODE[2:0]=010, RDY_MODE=0, BS_MODE=0)

T1 Tswl Thwil T2 T1 Tswl Thwil | Thw2 | Thw3 T2
D ) Emm ) Emm ) mmm ) mmm ) mmme ) mmm ) mmm ) mmm ) mmmy
O I A I I I
A[23:2]
XCS
XB1CYST
3 Doroxors |\ /T N\ /T
; D31:0] HZ > ValidData Valid Data H-2
o [xmonR) O\ /1T \ /ST
§ XXXBEN3:0] _\ /_ _\ /_ —
<
D[31:0] Valid Data IN Valid Data IN N
XREADY D \/ O——
HZ \ 1 \ 9_/_[ HZ
Soft\Waiit HardWait  Ready SoftWait HardWait HardWait HardWait  Ready

O: XREADY sanrpling in V832 mode
T1: Read/write start cycle (XREADY in not ready state) x: Soft Wait (1 cycle) in V832 mode
Tsw™: Software wait insertion cycle
Twh*:  Hardware wait insertion cycle (XREADY asserts Ready after the preparations)
T2: Read/write end cycle (XREADY ends in not ready state)

Notes: 1.The XxxBEN signal is used only for a write from the CPU,; it is not used for a read from
the CPU.

2.The CPU always inserts one cycle wait after read access.

Fig. Read/Write Timing Diagram in V832 Mode (Normally Not Ready Mode)
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13.3.6 CPU read/write timing diagram in V832 mode (Normally Ready Mode)

( MODE[2:0]=010, RDY_MODE=1, BS_MODE=0)

T1 Tswl Tsw2 T2 T1 Tswl Tsw2 | Thwl | Thw2 | T2
CFC PP PP PP PP
o U I S I
A[23:2]
XCS
XBCYST
§ XMRD(XIORD) \ /1T \ /]
4 X -
Z D[31:0] H-2 > Valid Data Valid Data Hz
° XMWR(XIOWR) /1T \ /]
= J XXXBEN[3:0]) T\ /]
<
D31:0] Valid Data IN Valid Data IN ——
M M _
XREADY HZ ] A U NZANPS [[HZz
| >|< >|< (N >|< (N
SoftWaiit SoftWait Ready SoftWait SoftWait HardWait HardWait Ready
O: XREADY sanpling in V832 mode
x . Soft Wait (2 cycles) in V832 mode
T1: Read/write start cycle (XREADY in ready state)

Tsw™: Software wait insertion cycle (2-cycle setting required)
Twh*:  Hardware wait insertion cycle (XREADY asserts Ready after the preparations)
T2: Read/write end cycle (XREADY ends in ready state)

Notes: 1.The XxxBEN signal is used only for a write from the CPU,; it is not used for a read from
the CPU.

2.The CPU always inserts one cycle wait after read access.

Fig. Read/Write Timing Diagram in V832 Mode (Normally Ready Mode)
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13.3.7

At Read
r—H

At Write

T1:
Tsw*:
Twh*:
T2:

CPU read/write timing diagram in SPARCIite (Normally Not Ready Mode)

( MODE[2:0]=011, RDY_MODE=0, BS_MODE=0)

T1 Tswl Thwl T2 T1 Tswl Thwil | Thw2 | Thw3 T2
¢ 1 gl > < >« >« 1 gl > < >« >« L gl 1 g

L N B

ADR[23:2]

CS#

ASH#

RDWR# J

D[31:0]

Hi-Z

> Valid Data > Valid Data

RDWR##

BE[3:0#

D[31:0] ——— Valid Data IN — Valid Data IN —

>k R X R M Y
READY# Hi-Z U\ 9/ Hi-ZJ € € U\ EE/ Hi-Z

SoftWaiit HardWait Ready SoftWait HardWait HardWait HardWait Ready

JaAY

O: READY# sampling in SPARClite
x: Soft Wait (1 cycle) in SPARClite

Read/write start cycle (READY# in not ready state)
Software wait insertion cycle
Hardware wait insertion cycle (READY# asserts Ready after the preparations)

Read/write end cycle (READY# ends in not ready state)

Note: BE# signal is used only for a write from the CPU; it is not used for a read from the CPU.

Fig. Read/Write Timing Diagram in SPARCIite (Normally Not Ready Mode)
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13.3.8 CPU read/write timing diagram in SPARCIlite (Normally Ready Mode)

( MODE[2:0]=011, RDY_MODE=1, BS_MODE=0)

T1 Tswl Tswl T2 T1 Tswl Tswl | Thwl | Thw2 T2
C PP P P I P PP
% A S A I I
ADR[23:2]
cst | ] ]
AS#
?3{ rowre _/
o Hi-Z - - Hi-Z
% D[31:0] > Valid Data > Valid Data
RDWR# ——— — —
o
= BE#{3:0]
<
D[31:0] — % Valid Data IN ¥ Valid Data IN N
Jan Jan
READY# H-Z | A [H7] NN N Hi-Z
| >|< >|< (N (N
SoftWaiit SoftWait Ready SoftWait HardWait HardWait HardWait Ready
O: READY# sampling in SPARClite
x: Soft Wait (1 cycle) in SPARClite
T1: Read/write start cycle (READY# in ready state)

Tsw™: Software wait insertion cycle (2-cycle setting required)
Twh*:  Hardware wait insertion cycle (READY# asserts Ready after the preparations)
T2: Read/write end cycle (READY# ends in ready state)
Note: BE# signal is used only for a write from the CPU; it is not used for a read from the CPU.

Fig. Read/Write Timing Diagram in SPARCIite (Normally Ready Mode)
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13.3.9 SH4 single-address DMA write (transfer of 1 long word)

soen [ L L L L L L L L L L L L
D[31:0]
////—F/////?_r\
DREC ] panwl /Y Y\
N N N
DRACK Acceptance / |\, Acceptance /1T\ Acceptance /I L
DTACK / T\ /T\
Bus cycle CPU DYAC *1 DYAC CPY *1
| |
O: DREQ sampling and channel priority determination for SH mode (DREQ = level detection)
*1: In the cycle steal mode, even when DREQ is already asserted at the 2nd DREQ sampling,

the right to use the bus is returned to the CPU temporarily. In the burst mode, DMAC
secures the right to use the bus unless DREQ is negated.

Fig. SH4 Single-address DMA Write (Transfer of 1 Long Word)

CORAL writes data according to the DTACK assert timing. When data cannot be received, the DREQ
signal is automatically negated. And then the DREQ signal is reasserted as soon as data reception is
ready.
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13.3.10 SH4 single-address DMA write (transfer of 8 long words)

sen MLy yyuyuyyyyuyyu
D[31:0) — PO D PP ED ] gl
DREG \ L I el o~~~ A~ A A A O\ s ] [
roee | et o
DTACK / \ [
Bus cycle CPU ) DVMA G X CRU |l
O: DREQ sampling and channel priority determination for SH mode (DREQ = level detection)

Fig. SH4 Single-address DMA Write (Transfer of 8 Long Words)

After the CPU has asserted DRACK, CORAL negates DREQ and receives 32-byte data in line with
the DTACK assertion timing. As soon as the next data is ready to be received, CORAL reasserts
DREQ but the reassertion timing depends on the internal status.
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13.3.11 SH3/4 dual-address DMA (transfer of 1 long word)

s [ L L L L L L L L L
DREC |
Source address Destination address Source address Destination address
A[24:2] X X X X
Read Write Read Write

o310 XX XX XX XX
For the CORAL, the read/write operation is performed according to the SRAM protocol.

Fig. SH3/4 Dual-address DMA (Transfer of 1 Long Word)

In the dual-address mode, the DREQ signal is kept asserted until the transfer ends by default.
Consequently, when CORAL cannot return the ready signal immediately, in order to negate the DREQ
signal set the DBM register.

13.3.12 SH3/4 dual-address DMA (transfer of 8 long words)

seen [ L L L L L L L L L Ly L
DREQ |
Source address Destination address
A[24:2] X ......... X |
Read 1 Read2 ......... Read 8 Write 1 Write 2 ......... Write 8

D[31:0] X_X X:X ......... X_X X_X X_X ......... X_X

For the CORAL, the read/write operation is performed according to the SRAM protocol.

Fig. SH3/4 Dual-address DMA (Transfer of 8 Long Words)

In the dual-address mode, the DREQ signal is kept asserted until the transfer ends by default.
Consequently, when CORAL cannot return the ready signal immediately, in order to negate the DREQ
signal set the DBM register.
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13.3.13 V832 DMA transfer

socn L[ L L L YLy L L
DMARQ |
DMAAK
Source address Destination address Source address Destination address
A[23:2] X X X X
Read Write Read Write
DI31:0] X KX KX XK

For the CORAL, the read/write operation is performed according to the SRAM protocol.

Fig. V832 DMA Transfer

In the dual-address mode, the DREQ signal is kept asserted until the transfer ends by default.
Consequently, when CORAL cannot return the ready signal immediately, in order to negate the DREQ
signal set the DBM register.
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13.3.14 SHA4 single-address DMA transfer end timing

soen [ L L) L L L L L L L L L L L
D[31:0] < i
DREC P P /
U U
DRACK Acceptance /——\ Acceptance /——\
DTACK / T\ / 1T\
Last data
O: DREQ sampling and channel priority determination for SH mode (DREQ = level detection)

Fig. SH4 Single-address DMA Transfer End Timing

DREQ is negated three cycles after DRACK is written as the last data.

13.3.15 SH3/4 dual-address DMA transfer end timing

e ) I A O O B

DREC /

DRACK / T\

Source address Destination address

A[24:2] X X X

Read Write

DI31:0] X KX XX

DTACK /T\

For the CORAL, the read/write operation is performed according to the SRAM protocol.

Fig. SH3/4 Dual-address DMA Transfer End Timing

DREQ is negated three cycles after DRACK is written as the last data.
Note: When the dual address mode (DMA) is used, the DTACK signal is not used.
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13.3.16 V832 DMA transfer end timing

souen [ L L L L L L L L L L L

DMARQ /
Source address Destination address
Al24:2) X X
D[31:0] XF%X % Write
N
DMAAK \
XTC

For the CORAL, the read/write operation is performed according to the SRAM protocol.

Fig. V832 DMA Transfer End Timing

DMMAK and XTC are logic ANDed inside CORAL to end DMA.
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13.3.17 SH4 dual DMA write without ACK

CLK

/DREQ

UL

UYL

LU

When CORAL can not receive

¢\_‘ data immediately, DREQ

negation continues.

/BS

/RD

\/ While DREQ is issued at each

/WE[3:0]

write access to CORAL, DREQ
is negated at every four
cycles..

ADDRESS

SAR

DAR

JCS(CORAL)

Right to use bus

CPU

DMAC

Fig. DREQ Negate Timing for Each Transfer

At each DMA transfer, DREQ is negated and then reasserted at the next cycle.

Only the FIFO address can be used as the destination address.

When CORAL cannot receive data immediately, DREQ negation continues. At that time, the negate
timing is not only above diagram.
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13.3.18 Dual-address DMA (without ACK) end timing

/DREQ |_| |_|
Right to use bus CPU >< DMAC>< CPU >< DMAC>< CPU

Fig. Dual-address DMA (without ACK) End Timing

Example: DMA operation when DMA transfer performed twice

(1) The CPU accesses the DREQ issue register (DRQ) of Coral to issue DREQ.
(2) The right to use bus is transferred from the CPU to the DMAC.

(3) In the first DMAC cycle, write is performed to CORAL and DREQ is negated; DREQ is reasserted
in the next cycle.

(4) The right to use bus is returned to the CPU and the DREQ edge is detected, so the right to use
bus is transferred to the DMAC.

(5) The second write operation is performed and DREQ is negated, but DREQ is reasserted because
CORAL does not recognize that the transfer has ended.

(6) The right to use bus is transferred to the CPU, so the CPU writes to the DTS register of CORAL to
negate DREQ.
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13.3.19 CPU write timing diagram in 16bit CPU mode (Normally Not Ready Mode)
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13.3.20 CPU read timing diagram in 16bit CPU mode (Normally Not Ready Mode)
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13.3.21 CPU write timing diagram in 16bit AD-MUX CPU mode (Normally Not Ready Mode)
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13.3.22 CPU read timing diagram in 16bit AD-MUX CPU mode (Normally Not Ready Mode)
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13.3.23 CPU write timing diagram in 32bit AD-MUX CPU mode (Normally Not Ready Mode)
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13.3.24 CPU read timing diagram in 32bit AD-MUX CPU mode (Normally Not Ready Mode)
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14 ELECTRICAL CHARACTERISTICS
14.1 Introduction

The values in this chapter are the final specification for LIME.

14.2 Maximum Rating

Maximum Rating

Parameter Symbol Maximum rating Unit
VooL ! -0.5<VppL <2.5

Power supply voltage Voor 0.5 < Vppy < 4.0 Vv
Input voltage \ -0.5 <V, < Vpput+0.5 (<4.0) \Y
Output current lo +13 mA
Ambient for storage TST 55 < TST < +125 oC
temperature

*1 Includes PLL power supply

<Notes>

® Semiconductor devices can be permanently damaged by application of stress (voltage, current,
temperature, etc) in excess of absolute maximum ratings. Do not exceed these ratings.

® Do not directly connect output pins or bidirectional pins of IC products to each other or VDD or
VSS to avoid the breakdown of the device. However direct connection of the output pins or
bidirectional pins to each other is possible, if the output pins are designed to avoid a conflict in a
timing.

® Because semiconductor devices are particularly susceptible to damaged by static electricity, you
must take the measure like ground all fixtures and instruments.

® In CMOS ICs, a latch-up phenomenon is caused when an voltage exceeding Vcc or an voltage
below Vss is applied to input or output pins or a voltage exceeding the rating is applied across
Vcce and Vss. When a latch-up is caused, the power supply current may be dramatically increased
causing resultant thermal break-down of devices. To avoid the latch-up, make sure that the
voltage does not exceed the maximum rating.
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14.3 Recommended Operating Conditions

14.3.1 Recommended operating conditions
Recommended Operating Conditions
Rating .
Parameter Symbol - Unit
Min. Typ. Max.
Voo ! 1.65 1.8 1.95
Supply voltage \%
PRy voTag Voon 3.0 3.3 36
Input voltage (High level) ViH 2.0 Vpopr+0.3 \%
Input voltage (low level) Vi -0.3 0.8 \Y
Ambient temperature for operation TA -40 85 °C
*1 Includes PLL power supply
<Note>

® Recommended operating conditions are normal operating ranges for the semiconductor device.
All the device’s electrical characteristics are warranted when operated within these ranges.
Always use semiconductor devices within the recommended operating conditions. Operation
outside these ranges may adversely affect reliability and could result in device failure. No
warranty is made with respect to uses, operating conditions, or combinations not represented on
the manual. Users considering application outside the listed conditions are advised to contact
their FUJITSU representative beforehand.
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14.3.2 Note at power-on

e There is no restriction on the sequence of power-on/power-off between Vpp. and Vppy. However, do
not apply only Vppy for more than a few seconds.

¢ Do not input HSYNC and VSYNC signals when the power supply voltage is not applied. (See the
input voltage item in Maximum rating.)

e Immediately after power-on, please reset immediately because CMOS IC is in an unstable state.
1) Immediately after power-on, input the “Low” level to the S and XRST pins.

2) Immediately after power-on, input clock to the BCLKI pin. It is necessary to input 10 clk or more in
order that “Low” level signal reach to the whole internal circuit completely.

3) Immediately after power-on, input clock to the CLK pin.

It is necessary to supply the stable clock before S pin is changed “Low” level to “High” level in
order that PLL is oscillated stably.

e There is a reset sequences as described below.

VD DL There is no restriction on the sequence of power on.
The recommendation is the order of VDDL and VDDH.
1

VDDH /

Note: Clock shows the image and is not an actual cycle.

System reset starts in 10 cycles. \

UL JUUUU T, L

1
1
Immediately after
BCLKI o I
1
[]
) 1
. 1
. 1
| diately aft 1
CLK mmediately after ! !
power-on, please input | S S - | S S !
| L
1
1
1
1
1
1
1
1
1
1
1

power-on, please input

clock.

Please input L level signal
S in the case of a power on.

—

XRST Please input L level signal :

|
1
1
1
1
1
1
in the case of a power on. 1 :
1
I
1
1
1
1
|
[

< >

More than 500ns More than 300us

Immediately after power-on, input the “Low” level to the S and XRST pins. After 500ns or more,
input the “High” level to S pin. After the S pin is set to “High” level, input the “Low” level to the
XRST pin for 300us or more.

Immediately after power-on, input clock to the BCLKI and CLK pins.
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14.4 DC Characteristics

14.4.1 DC Characteristics

Measuring condition: Vpp. =1.8+1.5V, Vppy=3.3+£0.3V, Vss=0.0V, Ta =-40 to +85°C

- Ratin Unit
Parameter Symbol Condition - 9
Min. Typ. Max.
Output voltage
VOH |o|—|=-1 O0OuA VDDH'0-2 VDDH Vv
(“High” level)
Output voltage
VoL lo.=100uA 0.0 0.2 \Y,
(“Low” level)
Output current
-- VppH=3.3V£0.3V *1) mA
(“High” level)
Output current
-- Vppr=3.3V+0.3V *1) mA
(“Low” level)
Input leakage current IL +5 MA
Pin capacitance C 16 pF

*1: Please refer “V-| characteristics diagram”.

L Type: Output characteristics of MD0-31 and MDQMO-3 pins
M Type: Output characteristics of pins other than signals indicated by L type and H type
H Type: Output characteristics of XINT, DREQ, XRDY pins
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V-l characteristics diagram

14.4.2

85°C, VDD=3.0V

Slow, Ta=

Condition MIN: Process

Typical, Ta=25°C, Vpp=3.3V
Fast, Ta=-40°C, Vpp=3.6V

TYP: Process

MAX: Process

WOH-WD D []

| S S [ R B
1 1

Lol

-10a
-120

TTTT
-
LLLL
RN
|||||| T
rrrer

P bl e

AT TrvTaTITrTAaAT|;TrTAcT
AT T ETAT|ITRTOT
ot S e e e e e e e e

TS
T
T
T

210 an 4.0
WOL []

.

an

Fig. V-l characteristics L, M type

85°C, VDD=3.0V

Slow, Ta=

Condition MIN: Process

Typical, Ta=25°C, Vpp=3.3V
Fast, Ta=-40°C, Vpp=3.6V

TYP: Process

MAX: Process

VO H-VDD [V]

-3.0 -2.0

-4.0

i1l
=80

TTTT
i+ 1
L]

m17 i

TTTT
FiA+ -
LiaL

L1 Ld

.y I
[N}

| ]

TIn
1 rm
1 -1
1L

= 1ol rTa"

i+ 1
111

14 Fi
111

an an 4.0

wOL [w]

.a

an

Fig. V-l characteristics H type
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14.5 AC Characteristics

14.5.1 Host interface

Clock
- Rating .
Parameter Symbol | Condition - Unit
Min. Typ. Max.
BCLKI frequency feciki 66 MHz
BCLKI H-width tHBCLKI 1 ns
BCLKI L-width tLecLki 1 ns

Host interface signals based on BCLK

(Operating condition: external load = 20 pF)

Parameter Symbol | Condition - Rating Unit
Min. Typ. Max.

Address set up time taps 3.0 ns
Address hold time taDH 0.0 ns
XBS Set up time tess 3.0 ns
XBS Hold time tBsH 0.0 ns
XCS Set up time tcss 3.0 ns
XCS Hold time tcsH 0.0 ns
XRD Set up time tros 3.0 ns
XRD Hold time trRoH 0.0 ns
XWE Set up time twes 5.0 ns
XWE Hold time twen 0.0 ns
Write data set up time twps 3.5 ns
Write data hold time twoH 0.0 ns
DTACK Set up time tpaks 3.0 ns
DTACK Hold time tbAKH 0.0 ns
DRACK Set up time torks 3.0 ns
DRACK Hold time tDRKH 0.0 ns
Read data delay time (for XRD) | tgppy 45 10.5 ns
Read data delay time troD *2 4.5 9.5 ns
XRDY Delay time (for XCS) trovDZ 3.5 7.0 ns
XRDY Delay time trovD 2.5 6.0 ns
XINT Delay time tinTD 3.0 7.0 ns
DREQ Delay time tbarp 3.5 7.0 ns
MODE Hold time tmopH *1 20.0 ns

*1 Hold time required for canceling reset

*2 Valid data is output at assertion of XRDY and is retained until XRD is negated.
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Serial Control interface signals

TBD
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1452  I°C Interface
I°C bus timing
symbol MIN MAX unit
Tsospal SDA(]) setup time standard 250 ns
high-speed | 100 ns
Thospal SCL(l) hold time standard 0 ns
high-speed | 0 ns
Tescui SCL(l) cycle time standard 10.0 us
high-speed | 2.5 us
TwhscL SCL(l) H period standard 4.0 us
high-speed | 0.6 us
Twiscu SCL(l) L period standard 4.7 us
high-speed | 1.3 us
Tesclo SCL(O) cycle time standard 2*m+2(-5) PCLK:
high-speed | int(1.5*m)+2 PCLK-,
TwhscLo | SCL(O) H period standard m+2+2) PCLK4
high-speed | int(0.5*m)+2( PCLK-,
Twisclo | SCL(O) L period standard M2 PCLK:
high-speed | my PCLK-,
Twascu SCL(l) setup time standard 4.0 us
high-speed | 0.6 us
ThascL SCL(l) hold time standard 47 us
high-speed | 1.3 us
Tweri bus free time standard 47 us
hirh-speed 1.3 us
TsoscLo SCL(O) set up time standard m+2-5) PCLK:
high-speed | int(0.5*m)+2 PCLK:,
ThoscLo SCL(O) hold time standard m-2(2) PCLK4
high-speed | int(0.5*m)-2= PCLK-,
TH2SDAO SDA(O) hold time 5 PCLK*1

*1 PCLK is an internal clock of 12C module. (16.6MHz)

*2 Refer to the clock control register (CCR) for the value of m.
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145.3 Video interface

(1) Clock
. Rating )
Parameter Symbol Condition - Unit
Min. Typ. Max.
CLK Frequency fok 14.318 MHz
CLK H-width thelk 25 ns
CLK L-width tLck 25 ns
DCLKI Frequency focLki 80 MHz
DCLKI H-width tHpcLKI 5 ns
DCLKI L-width tLpcLki 5 ns
DCLKO frequency focLko 80 MHz
(2) Input signals
. Rating )
Parameter Symbol Condition - Unit
Min. Typ. Max.
f *1 3 clock
HSYNC Input pulse width YHEYNCD
twHsynet *2 3 clock
HSYNC Input setup time tsHsyNe *2 6 ns
HSYNC Input hold time tHHSYNC *2 1 ns
VSYNC Input pulse width fwHsYNGT 1 vl

*1 Applied only in PLL synchronization mode (CKS=0), reference clock output from internal PLL
(cycle = 1/14*fCLK)

*2 Applied only in DCLKI synchronization mode (CKS=1), reference clock = DCLKI

(3) Output signals (standard)
This definition is applied for followig mode operations
1) single display & non-inverting DCLKO
(MDen=0) & (DCKinv=0)
2) dual display & single-edge & non-inverting DCLKO
(MDen=1) & (DCKed=0) & (DCKinv=0)

(Operating condition: external load = 20 pF)

Parameter Symbol Condition - Rating Unit
Min. Typ. Max.
RGB Output delay time 1 Trea1 2 9 ns
DISPE Output delay time 1 toeo1 2 9 ns
HSYNC Output delay time 1 toHsYNCH 2 9 ns
VSYNC Output delay time 1 tovsyNct 2 9 ns
CSYNC Output delay time 1 tocsynct 2 10 ns
GV Output delay time 1 toevi 1.5 9 ns
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(4) Output signals (inverting)
This definition is applied for followig mode operations
1) single display & inverting DCLKO
(MDen=0) & (DCKinv=1)
2) dual display & single-edge & inverting DCLKO
(MDen=1) & (DCKed=0) & (DCKinv=1)

(Operating condition: external load = 20 pF)

Parameter Symbol Condition - Rating Unit
Min. Typ. Max.
RGB Output delay time 2 TreB2 2 9 ns
DISPE Output delay time 2 toeo2 2 9 ns
HSYNC Output delay time 2 toHsYNC2 2 9 ns
VSYNC Output delay time 2 tovsyne2 2 9 ns
CSYNC Output delay time 2 tocsync2 2 10 ns
GV Output delay time 2 toev2 1.5 9 ns

(5) Output signals (bi-edge)
This definition is applied for followig mode operations
dual display & bi-edge
(MDen=1) & (DCKed=1)

(Operating condition: external load = 20 pF)

Parameter Symbol Condition - Rating Unit
Min. Typ. Max.
RGB Output delay time 3 Tree3 15 9 ns
DISPE Output delay time 3 toeos 1.5 9 ns
HSYNC Output delay time 3 toHsYNC3 1.5 9 ns
VSYNC Output delay time 3 tovsynes 15 9 ns
CSYNC Output delay time 3 tocsynes 15 10 ns
GV Output delay time 3 toevs 1.5 9 ns
RGB Output delay time 4 TreBa 1.5 9 ns
DISPE Output delay time 4 toeo4 1.5 9 ns
HSYNC Output delay time 4 toHsYNCa 15 9 ns
VSYNC Output delay time 4 tovsynca 15 9 ns
CSYNC Output delay time 4 tbcsynca 1.5 10 ns
GV Output delay time 4 toeva 1.5 9 ns
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1454  Video capture interface

clock
Rating
parameter Symbol Condition Unit
Min. Typ. Max.
CCLK (RGBCLK) frequency feolk 27" MHz
CCLK (RGBCLK) H-width tHCCLKI 5 ns
CCLK (RGBCLK) L-width tLcoik 5 ns
*1: Max buffer size of horizontal direction is 840.
Input signals
Rating
parameter Symbol Condition Unit
Min. Typ. Max.
VI setup time tsvi 6 ns
VI hold time thvi 0 ns
HSYNCI setup time tshsi 6 ns
HSYNCI hold time thmsi 0 ns
VSYNCI setup time tsvsi 6 ns
VSYNCI hold time thvsi 0 ns
RI setup time tsri 6 ns
RI hold time thri 0 ns
Gl setup time tsal 6 ns
Gl hold time thal 0 ns
Bl setup time tsei 6 ns
Bl hold time tul 0 ns
1455 Graphics memory interface
An assumed external capacitance
Parameter An assumed external capacitance Unit
Min Typ Max
Board pattern 5.0 15.0 pF
SDRAM (CLK) 2.5 4.0 pF
SDRAM (D) 4.0 6.5 pF
SDRAM (A, DQM) 2.5 5.0 pF
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Clock
Parameter Symbol Condition - Rating Unit
Min. Typ. Max.

MCLKO Frequency fucLko "1 MHz
MCLKO H-width tumcLko 1.0 ns
MCLKO L-width tumeLko 1.0 ns
MCLKI Frequency fmeLki *1 MHz
MCLKI H-width tumcLki 1.0 ns
MCLKI L-width tumewk 1.0 ns

*1  For the bus-asynchronous mode, the frequency is 1/3 of the oscillation frequency of the
internal PLL. For the bus-synchronous mode, the frequency is the same as the frequency of

BCLKI.
Input signals
. Rating .
Parameter Symbol Condition - Unit
Min. Typ. Max.
MD Input data setup time tmoips *2 2.0 ns
MD Input data hold time tmpioH *2 0.7 ns
*2 It means against MCLKI.
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There are some cases regarding AC specifications of output signals.

The following tables shows typical twelve cases of external SDFAM capacitance.

(1) External SDRAM capacitance case 1

External SDRAM capacitance

SDRAM x1 Total capacitance Unit
MCLKO 9.8pF (DRAM CLK 2.5pF, Board pattern 5pF) pF
MA,MRAS,MCAS,MWE | 7.5pF (DRAM A.DQM 2.5pF, Board pattern 5pF) pF
MD,DQM 9.0pF (DRAM D 4pF, Board pattern 5pF) pF
Output signals
. Rating *1 .
Parameter Symbol Condition - Unit
Min. Typ. Max.
MCLKI signal delay time against
MCLKO ? y 9 toio 0 4.2 ns
MA, MRAS, MCAS, MWE
Access time tmap 1.0 5.0 ns
MDQM Access time tmpamp 1.1 5.4 ns
MD Output access time tmpop 1.1 5.4 ns
(2) External SDRAM capacitance case 2
External SDRAM capacitance
SDRAM x1 Total capacitance Unit
MCLKO 24 .8pF (DRAM CLK 4.0pF, Board pattern 15pF) pF
MA,MRAS,MCAS,MWE | 20.0pF (DRAM A.DQM 5pF, Board pattern 15pF) pF
MD,DQM 21.5pF (DRAM D 6.5pF, Board pattern 15pF) pF
Output signals
. Rating *1 .
Parameter Symbol Condition - Unit
Min. Typ. Max.
MCLKI signal delay time against
MCLKO ? Y ? too 0 35 ns
MA, MRAS, MCAS, MWE
Access time tmap 1.0 5.2 ns
MDQM Access time tMpbavp 1.2 5.5 ns
MD Output access time tmpon 1.2 55 ns
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(3) External SDRAM capacitance case 3

External SDRAM capacitance

SDRAM x2 Total capacitance Unit
MCLKO 12.3pF (DRAM CLK 2.5pF x2, Board pattern 5pF) pF
MA,MRAS,MCAS,MWE | 10.0pF (DRAM A.DQM 2.5pF x2, Board pattern 5pF) pF
MD,DQM 9.0pF (DRAM D 4pF, Board pattern 5pF) pF
Output signals
. Rating *1 .
Parameter Symbol Condition - Unit
Min. Typ. Max.
mgtﬁlosgnal delay time against o 0 41 ns
MA, MRAS, MCAS, MWE
Access time tmap 1.0 5.0 ns
MDQM Access time tMpbavp 1.1 5.2 ns
MD Output access time tmpob 1.1 52 ns
(4) External SDRAM capacitance case 4
External SDRAM capacitance
SDRAM x2 Total capacitance Unit
MCLKO 28.8pF (DRAM CLK 4.0pF x2, Board pattern 15pF) pF
MA,MRAS ,MCAS,MWE | 25.0pF (DRAM A.DQM 5pF x2, Board pattern 15pF) pF
MD,DQM 21.5pF (DRAM D 6.5pF, Board pattern 15pF) pF
Output signals
. Rating *1 .
Parameter Symbol Condition - Unit
Min. Typ. Max.
MCLKI signal delay time against
MOLKO yAme aganst| o 0 34 | ns
MA, MRAS, MCAS, MWE
Access time twap 1.1 54 ns
MDQM Access time tmpamp 1.1 55 ns
MD Output access time tmpop 1.1 55 ns
MB86276 'LIME' GDC Specifications 319

Rev1.1a




FUJITSU SEMICONDUCTOR CONFIDENTIAL

145.6 PLL specifications
Parameter Rating Description
Input frequency (typ.) 14.31818 MHz
Output frequency 400.9090 MHz x 28
Duty ratio 101.6 t0 93.0% H/L Pulse width ratio of PLL output
Jitter 60 to -60 ps Frequency tolerant of two consecutive
clock cycles
CLKSEL1 CLKSELO Input frequency Assured operation range (*1)
L L 13.5 MHz 13.365 to 13.5 MHz
L H 14.32 MHz 14.177 to 14.32 MHz
H L 17.73 Hz 17.553 to0 17.73 MHz
H H 33.33 Hz 32.997 to 33.33 MHz

*1

Assured operation input frequency range: Standard value —1%
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14.6 AC Characteristics Measuring Conditions

t f

—> «
80 % 80 %
(VIH+VIL> 2
Input 20 % 7 \ 20 %
P tpHL g P tpLH N
| -

W

Output l

; VDD 12 7 VDD/Z
d tpz'—; a tp LZ
< <4

Output disabled l
(pullup) V12
Output enabled (L) 7/

tozn

toHz

Output enabled (H) \ 05V

Output disabled Vool2
( pull down )

t, tt < 5ns :All input signals have to change within
V,,=2.0 V, \PN$-0.8V (3.3-V CMOS interface inpuf)
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14.7 Timing Diagram

14.7.1 Host interface

Host interface based on BCLKI
(1)Clock

1/fcLki

A

BCLK

(2)MODE hold time

XRESET

A 4

tHBCLKI tLBoLKi

MODE

(3)XINT output delay times

BCLK

tmopH

XINT
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(4)Host bus AC timing (Normally Not Ready)

— T1 —e—Tswl] —>¢—Thwi —>¢— T2 —>
BCLKI
tabH tabs
" X
tasH tess tesH | tBss
XBS \
tesH tcss
XCS \
tros trOH
XRD
(RDXWR) /
troDZ trop troDZ
D(output) Hi-Z Output data | Hi-Z
twes twen
XWE
(XMWE)
twos twor
D(Input)
trovDZ troYD trovD trovDZ
Hi-Z
XRDY
troYDZ troYD troYD
‘ . g N — trOYDA .
XWAIT Hi-Z < , Hi-Z
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(5)Host bus AC timing (Normally Ready)

4 T1 — >4 —Tswl — P4 —Tsw2 —»<¢—Thwl —>¢— T2 —>
BCLKI
tADH tADS
' X
tas tass tBSHE tass
XBS \
tesw
XCS / \
tRDS tRDH
XRD /
(RDXWR)
tropz trop tronz
. Hi-Z
D(output) Hi-Z Output data ‘
twes twen
XWE
(XMWE)
twos twor
D(Input)
trovoz
f < trovo T trovoz ;
Hi-Z / Hi-Z
XRDY D < >
t trovp
RDYDZ
XWAIT Hi-Z ’ trovp . Hi-Z
tovo |\ | trovoz
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(6)DMA AC timing

BCLKI
twoH twbs twoH
D(Input)
toakH tbaks toakHi toaks
DTACK
(XTC)
tRRKH torks trRreHi  tDRKS
DRACK
(DMAAK
) toraD torap,
DREQ

*: The above timing diagram for the D pin is that of when a single DMA is used.
When a dual DMA is used, see the host bus-timing diagram.
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Serial Control interface
TBD
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14.7.2 Video interface

(1) Clock

1/feLk

CLK

(2) HSYNC signal setup/hold

1/fociki
tHDCLKI tLocLki
DCLKI
HSYNC
(input)

tshsyn  tHHSYN

(3) Output signal delay ( standard )

DR7-2, DG7-2

DB7-2
HSYNC (output)
VSYNC (output)

A

CSYNC, DE
GV
treB , tbEO, toHsYNC,
tovsyne, tbesyne, toay
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(4) Output signal delay (inverted )

DCLKO

DR7-2, DG7-2

DB7-2

HSYNC (output)
VSYNC (output)
CSYNC, DE

GV

treB2 , tbEO2, tDHSYNC?,
tovsynce, tbesynez, tbavz

(5) Output signal delay ( bi-edge)

DCLKO

DR7-2, DG7-2

DB7-2
HSYNC (output)
VSYNC (output)

CSYNC, DE
GV
treB3 , tbEO3, tDHSYNCS, treB4, tDEO4, tDHSYNCA,
tovsynes, tbesynes, tbevs tovsynes, tbesynes, tbeva
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14.7.3  Video capture interface

clock

Video input

CCLK
RGBCLK

VI

RI,GI,BI
VSYNCI
HSYNCI

tSVI
tSRI tSGI
tSVSI tSHSI
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14.7.4  Graphics memory interface

Clock

1/fmeLko, 1/fumcLk

»

&
l

tHmeLko, tHvcLki

MCLKO,
MCLKI

Input signal setup/hold time

tLmeLko, timeLk

MD

Input data

L

tmpips

MCLKI signal delay

MCLKO

L
Mcm_ ﬂ

top
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Output signal delay

MCLKO

MA, MRAS,
MCAS, MWE,
MD,

MDQM

tmap, tmpob, tMpamp
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