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Preface

With the recent advent of home video-game machines that offer a fast, responsive man-mac
interface and high-resolution graphics at a low price, there is a demand for a similar revolutic
graphics quality in the entire home information market, covering such products as car naviga
systems and Internet TVs.

In addition to the need for a powerful and simple means of handling the necessary processin
there are growing demands for the preservation of upward-compatibility of software and date
bases. At the same time, there is the question of how best to handle the increasingly comple
graphics algorithms required for these applications.

In response to this demand, Hitachi has developed the Q Series of graphics accelerators, off
high-speed rendering and display processing in a chip set that includes a SuperH family
microcomputer.

The Q (“Quick”) Series is designed for use in a chip set with a SuperH family microcomputer
provide a compact system capable of the high-speed geometric, rendering, and display proc
required by graphics display systems.

Q Series devices perform rendering and display processing compatible with the SuperH fam
based on the concepts of simplicity, realtime operation, and upgradability.

The HD64413A (Q2SD) is a 2D graphics renderer for Q Series minimum system configuratic
use, featuring minimized graphics memory (one 16-Mbit memory), unified handling of graphi
and natural images, realtime software 3D graphics drawing, and improved system bus utiliza
The Q2SD makes it possible to implement a compact graphics processing system with high-
drawing capabilities for a wide range of multimedia terminals, including car navigation systen
medium-definition OA products such as Internet computers, display systems in industrial
equipment, and AV products such as Internet TVs and karaoke systems.

For examples of the use of this LSI, see Q Series Application Notes—HD64413A Q2SD.
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Section 1 Overview of Q2SD (Quick 2D Graphics Renderer
with Synchronous DRAM Interface)

1.1 Q2SD Overview

The Q2SD (Quick 2D Graphics Renderer) isa 2D graphics renderer for minimum system
configuration use in the SH microcomputer graphics accelerator “ Quick” series (Q Series), based
on the concepts of simplicity, realtime operation, and upgradability.

The use of unified graphics memory (UGM) and a double-buffering system that switches drawing
and display buffersin frame units, providing a high-speed drawing performance of 60 screens per
second, has made possible minimization of graphics memory (with the use of asingle 16-Mbit
memory), unified handling of graphics and natural images, and realtime software 3D graphics
drawing. The clear separation of geometric operations (handled by the CPU) and rendering
operations (handled by the Q2SD) has also resulted in improved system bus utilization.

The Q23D is a high-performance graphics rendering LS| for multimedia applications, which
provides both drawing and display functions integrated into a single chip.

A sample Q2SD system configuration is shown in figure 1.1.
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Figure1l.1 Sample System Configuration

12 Block Diagram

Figure 1.2 shows a block diagram of the Q2SD. The functions of the various blocksin figure 1.2
are asfollows.

Rendering unit
Performs fetching and interpretation of the display list in the UGM, references the source data
in the UGM, and outputs drawing data to the drawing-side frame buffer in the UGM.

Rendering buffer unit

Buffers data and addresses between the rendering unit and the UGM, and outputs them
efficiently.

CPU interface unit

Performs control relating to connection to the CPU bus.

Memory interface unit

Performs control relating to connection to the UGM bus.

Display unit

Controls the control signals sent to the CRT device.
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Display buffer unit

Reads data to be displayed on the CRT from the display-side frame buffer, and outputs the
display datain accordance with the display timing.

Color palette (6 bits per color)

When using 8 bits/pixel, performs conversion to display data of 256 colors out of 262,144,
based on the color conversion table.

DYUV (YUV) ® RGB conversion

Convertsinput data DY UV (262,144 colors) or YUV (262,144 colors) to RGB data (65,536
colors), and storesit in the UGM.

Video unit

Fetches 4:2:2 YUV dataand storesit in the UGM in Y C or RGB format.

tLK CLK A
| |

CPGA

Rerdering
urit Fa.
o

Dzl 2 unit

1
o bufler

I

i e i

| Cdopaere |

Wideourit

L

Rerdering
buffer unit Diisplay burfer urit

CPU data bus
17 1 T T 11T T 1 I

CPU wddress bus

U L1l [

Il ory datu b=

HIN ST [’”‘

PO baafier
o bufier

=== [~

o8, cortral | | YW < RGEE comver sion Chp -
2L 4 BEE conersion

Mleri oy irber face unit

Tivares e

CPUirderfaze unit

Figure 1.2 Internal Block Diagram
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13 Concepts

131 Simplicity (Optimization of System Configuration)
Use of Unified Graphics Memory Architecture:

Unified handling of image data (unified graphics memory (UGM) architecture)

Datain various formats can be stored and managed in the same unified graphics memory (see
figure 1.3).

Minimum necessary UGM
Minimum UGM configuration: One 16-bit-data-bus type 16-Mbit synchronous DRAM

honochrome
[brirary source]

2 PRI Configurestion: 160bit smchonous
% CRAR

[Bitvary woaH: ae s

POLYGOM. .
Displany list [16-bit inshucions)

Figure 1.3 Reduced System Size Through Use of UGM Ar chitecture
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Unified system businterface

A CPU interface circuit isincorporated to provide a unified interface. This enables unified
graphics memory to be alocated in the CPU’ s memory space (see figure 1.4).

The & PU can aczess the LGM divectly a the G250

Figure1.4 Unified System BusInterface

132 Realtime Operation

Use of Double-Buffering Architecture: The use of a double-buffering architecture that allows
switching between the drawing buffer and display buffer in frame or field units, together with the
use of synchronous DRAM for the UGM, enables realtime operation by alternating display
processing with high-speed drawing processing (see figure 1.5).

Double-buffer control

Kinds of double-buffer control:
¥ Auto display change mode

Mode in which priority is given to a display frame change. Can be used when drawing ends
during aframeinterval.

¥ Auto rendering mode
Mode in which display switching is not performed until drawing ends. If drawing does not

end within one frame, drawing is continued without interruption and a frame change is
performed at the frame boundary after drawing is completed.

¥ Manual display change mode

Mode in which display frame changes and the start of drawing are controlled by software.
When the display area change bit (DC bit) is set after drawing is completed, aframe
change is performed at the next frame boundary.
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Double-buffer switching timing:
% Non-interlace mode

Scanning system in which one frame is composed of one field. Double-buffer switching is
performed in units of aframe.

% Interlace mode

Scanning system in which one frame is composed of two fields. Double-buffer switching is
performed in units of aframe.

¥ Interlace sync & video mode

Scanning system in which one frame is composed of two fields. Double-buffer switching is
performed in units of afield.

Drawing buffer Dizplany buffar

D oublebuffer contral

Figure 1.5 Double-Buffering Architecture

Support for Synchronous DRAM: Synchronous DRAM can be used for the UGM. This enables
the Q2SD to use burst access to the UGM and perform high-speed drawing.

Use of Write-Only Drawing: Write-only drawing (a drawing method using only write operations)
is used to improve drawing performance.
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133 Upgradability

Algorithm Upgrading: Inthe Q2SD’s drawing system, algorithms for coordinate conversion,
etc., are executed by the CPU, using a systematized data base containing coordinates and other
data, and the results are represented in graphical form. Thus, the graphics for avariety of shapes
can be implemented simply by upgrading the algorithms, without having to modify the data base
(seefigure 1.6).

Crata base
[coordinate wedice =,
ehi, |

30 algavithim
[sofwane ]

Crraming by @250

.XKKKKKKKKKKKK;’C e

Crrzon b Figuine

Figure1.6 Data Flow when Using a 3D Algorithm

Drawing System Upgrading: The Q2SD has been devel oped as a member of the Q Series,
enabling the user to select the most appropriate model from the series for a particular application.
The user’ s drawing system can a so be upgraded as necessary by changing the Q2SD or CPU
combination.

Consistency of Application Interface: The Q2SD’s carefully selected drawing commands are of
four kinds: four-vertex surface drawing, line drawing, work surface drawing, and work line
drawing. This makes it possible to reduce the parts dependent upon drawing commands within an
application, and so achieve a more consistent interface between applications.
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14

Summary of Functions

Table 1.1 summarizes the functions of the Q2SD.

Tablel.l Summary of Q2SD Functions

ltem Function/Performance

Maximum Drawing system 66 MHz ~ 1,33 MHz ~ 2, 16.5 MHz ~ 4 (using multiplier)
clock internal operation

frequency (operating frequency)

Display system internal
operation

Operating frequency/2 (max. 33 MHz)

Drawing performance

Polygon drawing performance (20~ 25 pixels):
90,000/sec (2-screen composite mode: 60,000/sec)

Line drawing performance (10 pixels): 1200,000/sec
(2-screen composite mode: 400,000/sec)

Display Sample screen sizes 320" 240,400 " 240,480 240,640 480, NTSC, PAL,
functions etc.
CRT scanning system Non-interlace, interlace, interlace sync & video
External synchronization Master, TV synchronization
Built-in color palette Simultaneous display of 256 colors out of 260,000
Cursors Two cursors, 32~ 32 pixels, display color selectable from
color palette
Video 8-bit multiplexed YUV 4:2:2 digital input
Drawing Drawing commands 4-vertex surface drawing, line drawing, work surface
functions drawing, work line drawing
Color representation Source: 1/8/16 bits/pixel; drawing: 8/16 bits/pixel;
work: binary
Register setting Current pointer setting, local offset setting, clipping,
specific address-mapped register setting
Sequence control Jump, subroutine, vertical retrace line interval wait
8
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Tablel.l Summary of Q2SD Functions (cont)

Item Function/Performance
Interfaces SH Command/ DMA transfer (single address, dual address), or

data transfer performed by SuperH

YUV ® RGB 16-bit input, 4:2:2 (8 bits each for Y, U, V)

conversion 16-bit output (R: 5, G: 6, B: 5 bits)

DYUV ® RGB 8-bit input (4 bits each for d-Y, d-U, d-V)

conversion 16-bit output (R: 5, G: 6, B: 5 bits)

Interrupt output TV sync signal error flag, frame flag, DMA flag, command
error flag, vertical blanking flag, trap flag, command
suspend flag, drawing break flag

Supported Can be connected to 3.3-V-operation SuperH

SuperH

Unified 32/16-bit- Minimum 16 Mbits (choice of one 16-Mbit (" 16) memory,
graphics  bus-width two parallel 16-Mbit (" 16) memories, one 64-Mbit (" 16)
memory synchronous memory, or one 64-Mbit (" 32) memory)
DRAM
Display = Analog RGB 6-bit resolution for each of R, G, and B (8-bit resolution
output for each of R, G, and B for video stored in UGM in YC
format)
Process/package 0.35-micron CMOS/176-pin LQFP

Power supply voltage/temperature
range

3.3V 0.3 V/0°C to 70°C
(Details of a —40°C to 85°C special-specification model
are also available from Hitachi sales representatives)

HITACHI



15 Basic Functions

151 I nterface Functions

DMA Transfer Function: Data can be transferred between memory connected to the CPU bus
and the graphics memory using the DMAC. DMA transfer can be used for display list, YUV data,
and DY UV datatransfer. In DMA transfer, the Q2SD controls graphics memory addresses with its
internal address counter, enabling high-speed transfer in single address mode or dual address
mode.

YUV ® RGB Conversion: Datacomprising 8 bitsfor each of Y, U, and V, in a4:2:2 format, is
converted to RGB data (R: 5 bits, G: 6 bits, B: 5 hits).

DYUV ® RGB Conversion: Data comprising 4 bits for each of DY, U, and V is converted to
RGB data (R: 5 hits, G: 6 hits, B: 5 hits).

Interrupt Output Function: Interrupt output to the CPU can be generated based on the vertical
retrace line interval and by command. This feature is used for display list and source data transfer
to the UGM, and blinking control.

Synchronous DRAM Support: 32/16-bit-bus-width synchronous DRAM can be used as the
UGM.

Multiplication Function: The Q2SD allows duty free designation of the external input clock
(CLKO).

Video Input: An 8-hit data stream with aY UV4:2:2 format istaken in and stored in the UGM in
Y C or RGB 16-bit format.

Analog RGB Output: The Q2SD performs 18-bit/pixel analog RGB output (6-bit resolution for
each of R, G, and B).

152 Rendering Functions

Coordinate Systems. The Q2SD has four 2-dimensional coordinate systems (screen coordinates,
rendering coordinates, multi-valued source coordinates, and work coordinates), and one 1-
dimensional coordinate system (binary source coordinates).

Screen coordinates are display control coordinates. Screen coordinate X corresponds to the
horizontal dimension of the display screen, and Y to the vertical dimension, and the originis at the
upper left of the display screen. The screen coordinate positive directions are right for the X-axis
and down for the Y -axis. Either 16 bits (16 bits/pixel) or 8 bits (8 bits/pixel) can be selected as the
data width of one screen coordinate.

10
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Rendering coordinates are drawing control coordinates. Rendering coordinates are shifted
horizontally and vertically with respect to screen coordinates by the offset amounts specified in
drawing commands. Drawing commands perform drawing operations using these coordinates.
However, drawing commands that specify clipping use screen coordinates. Either 16 bits (16
bits/pixel) or 8 bits (8 bits/pixel) can be selected as the data width of one rendering coordinate.

Multi-valued source coordinates are drawing control coordinates. When a drawing command is
executed, these are the source (rectangl€e) coordinates specified by the command. Either 16 bits (16
bits/pixel) or 8 bits (8 bits/pixel) can be selected as the data width of one multi-valued source
coordinate.

Binary source coordinates are drawing control coordinates. When a drawing command is
executed, these are the source data (1-dimensional) coordinates specified by the command. The
data width of one binary source coordinate is 1 bit (1-bit/pixel). For one binary source, one
physical address (top-left) and the horizontal width and vertical height of the binary source are
specified.

Work coordinates are drawing control coordinates that correspond one-to-one with the screen
coordinates. When a drawing command is executed, these are the work coordinates specified by
the command. The data width of one work coordinateis 1 bit.

The maximum screen coordinate values are X = 1023, Y = 511.

Min. setting M=z, seting
511 noEs  — X
Mz, seting
211
g S eat coordrae space
rnermony -iretalled s pacs)
v Display space or 350 x 240

somEsn configurion
[=y=Emn clipping spacs)

Figurel.7 Screen Coordinates
11
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Figure1.8 Rendering Coordinates
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Drawing Functions: Drawing is performed at rendering coordinates or work coordinates by
means of drawing commands. Whether or not source referencing is possible, and the drawing
destination (rendering or work coordinates), depend on the individual drawing command.
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Source coordinakes F endering coordinakes
[B] Palwgon
CHL
F
i
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A.//’/\
o
=

Fi endering coordinakes

Figure1.12 Drawing Functions

Jump: Changes the address specifying the display list (linked drawing command list) fetch
destination (JUMP command).

Subroutines: Subroutines down to one nesting level can be used in display list control (GOSUB
command).

15
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Interrupts: Aninterrupt is sent to the CPU when the internal state of the chip changes.

Clipping: Two kinds of clipping can be specified: system clipping (SCLIP command) and user
clipping (UCLIP command).

No Operation: No operation is performed. The next instruction is simply fetched, without any
processing being executed (NOP3 command).

Drawing Suspension and Resumption: The Q2SD supports a drawing suspend/resume function,
synchronized with the W3¥HC signal between the CPU and Q2SD. This function is mainly used
when aternately using frame buffers and the background screen to execute drawing.

w1 |

Fran = bufier dransing
cesh
drawing Itarnapt gerermied by G250 I muptgenerated by IS0
pros=sang Emackgourd =x==n drwing --F Exchground seen drawing
---;; -l | -—
IIE n I::-; 1] 'ﬁ
i & = I
¥ ¥
cry H-H |- H |-
processing =
5
5
B
c c
R a
HHERE
T
1HHE
AN EAREE
el F| 2] .
2llell®] |B)| &
| Lll=jle] [E]]la]

Figure 1.13 Example of Timing for Suspending and Resuming Background Screen Drawing
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153 Display Functions
Display Size: Standard 480 ~ 240, display size settable by register
CRT Scan Modes. There are three scan modes:

Non-interlace (vertical scan cycle examples. 1/60 sec, 1/30 sec)
Interlace (vertical scan cycle example: 1/30 sec)
Interlace sync & video (vertical scan cycle example: 1/30 sec)

External Synchronization Mode (TV Sync Mode): In TV sync mode, the Q2SD is synchronized
and operated using the horizontal and vertical sync signals of aTV, video, or other external
asynchronous system

In this mode, the TV, video, or other asynchronous system is treated as the master, and the Q2SD
asthe slave. The Q2SD can synchronize its display output with the external system.

Synchronization is performed every horizontal scan with the EXHEYHC input signal, and every
vertical scan with the EXAEYHT input signal (see section 3.3.4, Display Functions).

Built-In Color Palette: The Q2SD has a built-in color palette that enables simultaneous display of
256 colors out of 262,144. The palette is mapped onto the Q2SD’ s register space, with 6 bits used
for each of R, G, and B. The color palette isonly valid in 8-hit/pixel mode.
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211

Section2 Pins

Pin Arrangement and Functions

Overview of Pins

Figure 2.1 shows an overview of the Q2SD’ s pins. Unused input pins should be made inactive by
pulling them up or down.
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Figure2.1 Overview of Q2SD Pins
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212 Pin Arrangement

Figure 2.2 shows the pin arrangement of the Q2SD.
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Figure2.2 Pin Arrangement
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2.1.3 Pin Functions

Table 2.1 summarizes the functions of the Q2SD’ s pins.

Table2.1 Pin Functions

Type Symbol Pin No. /O Function
System control MODEO 45 Input Operating mode pin 0
MODE1 46 Input Operating mode pin 1
MODE2 47 Input Operating mode pin 2
CLKO 48 Input Q2SD operating clock
CLK1 138 Input Display dot clock
FERET 44 Input Reset
CAP1 51 Output Multiplication circuit external capacitance pin
CAP2 52 Output Multiplication circuit external capacitance pin
CPU interface Al 18 Input CPU address 1
A2 19 Input CPU address 2
A3 20 Input CPU address 3
A4 21 Input CPU address 4
A5 22 Input CPU address 5
A6 23 Input CPU address 6
A7 24 Input CPU address 7
A8 26 Input CPU address 8
A9 28 Input CPU address 9
A10 29 Input CPU address 10
All 30 Input CPU address 11
Al12 31 Input CPU address 12
A13 32 Input CPU address 13
Al4 33 Input CPU address 14
Al15 34 Input CPU address 15
Al6 35 Input CPU address 16
Al7 36 Input CPU address 17
Al18 37 Input CPU address 18
A19 39 Input CPU address 19
A20 41 Input CPU address 20

21
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Table2.1 Pin Functions (cont)

Type Symbol Pin No. I/O Function
CPU interface A21 42 Input CPU address 21
A22 43 Input CPU address 22
DO 173 I/0 CPU data 0
D1 174 110 CPU data 1
D2 175 /0 CPU data 2
D3 176 I/0 CPU data 3
D4 1 110 CPU data 4
D5 2 /0 CPU data 5
D6 4 I/0 CPU data 6
D7 6 110 CPU data 7
D8 7 110 CPU data 8
D9 8 I/0 CPU data 9
D10 9 110 CPU data 10
D11 10 /0 CPU data 11
D12 11 110 CPU data 12
D13 13 110 CPU data 13
D14 15 /0 CPU data 14
D15 16 I/0 CPU data 15
[#:1] 162 Input Chip select 0 (UGM)
o&T 163 Input Chip select 1 (internal registers)
R 164 Input Read strobe
WES 165 Input Write pulse O (lower)
=) 166 Input Write pulse 1 (upper)
167 Input DMA acknowledge
OBRED 168 Output DMA request
WA 169 Output CPU wait
IRC 171 Output Interrupt request
Display interface CBU 150 Output DAC external capacitance pin
CBL 151 Output DAC external capacitance pin
REXT 152 Output DAC external reference pin
R 145 Output Display data output R
22
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Table2.1 Pin Functions (cont)

Type Symbol Pin No. /O Function
Display interface G 146 Output Display data output G

B 148 Output Display data output B

CAYNC 157 Output Composite sync output signal

AITHC/ 140 /0 Horizontal sync output/external horizontal

EXHETHE sync input

VEYHD 142 1/0 Vertical sync output/external vertical sync

EXVETHD input

DISP 159 Output Signal indicating display interval (high during

display interval)
CDE 161 Output Color detection (high in case of specific
color output)

4]0’ ¥ 155 110 Signal indicating odd field (low when odd)
Video interface  VINO 125 Input Video input data 0

VIN1 126 Input Video input data 1

VIN2 127 Input Video input data 2

VIN3 128 Input Video input data 3

VIN4 129 Input Video input data 4

VINS 130 Input Video input data 5

VING 131 Input Video input data 6

VIN7 132 Input Video input data 7

YHE 134 Input Video horizontal sync input

VW 135 Input Video vertical sync input

YOG 136 Input Signal indicating video input odd field

VQCLK 137 Input Video input valid data incorporation clock
UGM interface MAO 103 Output Memory address 0

MA1 101 Output Memory address 1

MA2 99 Output Memory address 2

MA3 98 Output Memory address 3

MA4 95 Output Memory address 4

MA5 94 Output Memory address 5

MAG 92 Output Memory address 6

MA7 90 Output Memory address 7
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Table2.1 Pin Functions (cont)

Type Symbol Pin No. I/O Function

UGM interface MAS8 89 Output Memory address 8
MA9 88 Output Memory address 9
MA10 87 Output Memory address 10
MA11 86 Output Memory address 11
MA12 85 Output Memory address 12
MA13 83 Output Memory address 13 (also functions as

UDQM1)

MDO 54 1/0 Memory data 0
MD1 55 110 Memory data 1
MD2 57 1/0 Memory data 2
MD3 59 1/0 Memory data 3
MD4 60 110 Memory data 4
MD5 62 1/0 Memory data 5
MD6 63 1/0 Memory data 6
MD7 65 110 Memory data 7
MD8 76 1/0 Memory data 8
MD9 74 1/0 Memory data 9
MD10 72 110 Memory data 10
MD11 71 1/0 Memory data 11
MD12 70 1/0 Memory data 12
MD13 69 110 Memory data 13
MD14 68 110 Memory data 14
MD15 67 1/0 Memory data 15
MD16 113 110 Memory data 16
MD17 112 110 Memory data 17
MD18 110 1/0 Memory data 18
MD19 108 110 Memory data 19
MD20 107 110 Memory data 20
MD21 106 1/0 Memory data 21
MD22 105 110 Memory data 22
MD23 104 110 Memory data 23
MD24 114 1/0 Memory data 24

24
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Table2.1

Pin Functions (cont)

Type Symbol Pin No. /O Function
UGM interface  MD25 116 /0 Memory data 25
MD26 117 /0 Memory data 26
MD27 119 1/0 Memory data 27
MD28 121 /0 Memory data 28
MD29 122 /0 Memory data 29
MD30 123 1/0 Memory data 30
MD31 124 1/0 Memory data 31
MCE 77 Output Memory chip select
HWE 78 Output Memory write pulse
MRAE 96 Output Row select signal
MCAE 97 Output Column select signal
LDQMO 79 Output Lower word, lower byte 1/0O mask
LDQM1 80 Output Lower word, upper byte 1/0 mask
ubQMO 81 Output Upper word, lower byte 1/0O mask
ubQM1 83 Output Upper word, upper byte 1/O mask (also
functions as MA13)
MCLK 49 Output Memory clock
Power supply  VCC 3 Power supply Buffer/internal VDD
VCC 12 Power supply Buffer/internal VDD
VCC 25 Power supply Buffer/internal VDD
VCC 38 Power supply Buffer/internal VDD
VCC 56 Power supply Buffer/internal VDD
VCC 64 Power supply Buffer/internal VDD
VCC 73 Power supply Buffer/internal VDD
VCC 82 Power supply Buffer/internal VDD
VCC 91 Power supply Buffer/internal VDD
VCC 100 Power supply Buffer/internal VDD
VCC 109 Power supply Buffer/internal VDD
VCC 118 Power supply Buffer/internal VDD
VCC 139 Power supply Buffer/internal VDD
VCC 158 Power supply Buffer/internal VDD
VCC 170 Power supply Buffer/internal VDD

HITACHI
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Table2.1 Pin Functions (cont)

Type Symbol Pin No. I/O Function
Power supply  GND 5 Ground Buffer VSS
GND 14 Ground Buffer VSS
GND 27 Ground Buffer VSS
GND 40 Ground Buffer VSS
GND 58 Ground Buffer VSS
GND 66 Ground Buffer VSS
GND 75 Ground Buffer VSS
GND 84 Ground Buffer VSS
GND 93 Ground Buffer VSS
GND 102 Ground Buffer VSS
GND 111 Ground Buffer VSS
GND 120 Ground Buffer VSS
GND 141 Ground Buffer VSS
GND 160 Ground Buffer VSS
GND 172 Ground Buffer VSS
GND 17 Ground Internal VSS
GND 61 Ground Internal VSS
GND 115 Ground Internal VSS
GND 156 Ground Internal VSS
PLLVCC 50 Power supply Multiplication circuit VDD
PLL GND 53 Ground Multiplication circuit VSS
DACVCC 144 Power supply DAC VDD
DAC VCC 147 Power supply DAC VDD
DAC VCC 153 Power supply DAC VDD
DAC GND 143 Ground DAC VSS
DAC GND 149 Ground DAC VSS
DAC GND 154 Ground DAC VSS
NC 133 No-connection (leave open)
26
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2.2 System Interface Pins

221 Operating M ode Pins

These pins determine the Q2SD’ s operating mode. The mode is fixed in a reset-startup.

1. MODE2=L,MODE1=L,MODEO=L
Normal operation state. Multiplication on. The external input clock is duty-free.
Theinternal operating clock has the same frequency as the external input clock.

2. MODE2=L,MODE1=L, MODEO=H
Normal operation state. Multiplication on. The external input clock is duty-free.
Theinternal operating clock has twice the frequency of the external input clock.

3. MODE2=L, MODE1=H, MODEO=L
Normal operation state. Multiplication on. The external input clock is duty-free.
Theinternal operating clock has four times the frequency of the external input clock.

4. MODE2 =L, MODE1 =H, MODEO = H: Setting prohibited

5. MODE2 =H, MODEL1 =*, MODEO = *: Setting prohibited

Notes: H: High level
L: Low level

*: Either high or low level

222 Clock Pins

The operating clock isinput to CLKO, and the display clock to CLK1.

CAP1 and CAP2 are external capacitance pins for the multiplication circuit. Figure 2.3 shows a

sample circuit.
PLLYe | | J_ = System power supply
20 | |(FOpF
B | |FOF
CAFZ| | 'llu,ll.lu'rllhl | | 04 pF
wesp 2k | [FOpF
capt [ RS
PLLEMD | ] - B Spstem ground

Figure2.3 Exampleof Circuit for Connection to CAP1 and CAP2 Pins
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2.2.3 Reset Pin

A hardware reset signal isinput to thispin.

224 D/A Converter
The D/A converter converts display datato linear format.
Connect the specified resistances or capacitances to REXT, CBU, and CBL.

Connect resistive load RL to the R, G, and B output pins. If the current flowing in resistive load
RL isdesignated lout, then Vout = lout ~ RL.

The following relationship also applies: REXT =2.842/lout © DACVcc.
Therefore, to obtain Vout = IVpp when RL = 330 Wand DACVcc = 3.3V, REXT = 3.1 kW.
The maximum output current is 3.0 mA.

The D/A converter has 8-bit resolution, but the dynamic settling error is determined by resistive
load RL, output pin load C, and CLK1 frequency f.

For example, when RL = 330 W, C = 20 pF, and f = 33 MHz, the value of n when the following
equation is satisfied is the D/A converter precision.

-1 i
exp | RLGT)S2n  (Whemn is an integer)

Since nis 6 in this case, the D/A converter has 6-bit precision. (The dynamic settling error is 1/2°
= 1.56% full-scale.)
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Figure2.4 Example of Circuit for Connection to REXT, CBU, and CBL Pins
2.3 CPU Interface Pins

231 CPU Writes

The CPU can access the UGM or aQ2SD internal register. InaUGM access, alow-level signdl is
input toC%d; in a Q2SD internal register access, alow-level signal isinput toC%1 . C% and C%1
must not be driven low at the same time. The UGM or Q2SD internal register addressisinput to
A22to Al. The addressis a byte address. Only word (2-byte) access can be used in the Q2SD for
registers, while word access or byte access can be used for the UGM. In word access, input a low-
level signal to both WH and WHI ; in byte access, drive WBID |low for an access to bits 7 to 0, or
drive WBI low for an accessto bits 15t0 8.

The Q2SD uses theWAIT signal to notify the CPU of adelay in CPU access due to an internal
Q2SD operation. However, because of the high-level width specification for the Bl and WHL
signals, the CPU external bus operating frequency should be set equal to or lower than the Q2SD’s
internal operating frequency. Following detection of alow level of C%k or©%1 and alow level of
RD, WBO, or WHI , thereis amaximum interval of 3 cycles, followed by an output buffer delay
(max. 15 ns), before the Q2SD’sWAIT signal is asserted. The number of software waits should be
adjusted by software according to the frequency ratio between the CPU and Q2SD, and system
specifications such as synchronous or asynchronous operation.
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In some SuperH RISC engine family products, the@% pin isinitially set asan input port. If this
signal is connected directly to the 80 or ©81 signal of the Q2SD, pull up the SuperH’sC% pin
externally to prevent the voltage level from becoming unstable in a reset.

When using a CPU that uses an BIY signal for interfacing, invert the Q2SD’s WAIT signal and
useit astheEDY signal.

TheWAIT signal isoutput for aminimum of 1 tcycO when accessing the Q2SD.

232 CPU Reads

A read operation is basically the same as awrite operation. Reads are performed in word units.

233 DMA Writes

The CPU can perform write DMA access, using cycle stealing, to the UGM or a Q2SD address-
mapped register (the image data entry register (IDE)). To perform DMA access, DMA transfer
start address, DMA transfer word count, and system control register DMA mode and DMA
address mode settings must be made. After the DMA mode settings are made, the Q2SD dives the
LREX] signa low as soon asits preparations are completed. When the DMA controller receives
thissignal, it drives the ACK signal low and begins DMA access. DMA accessis performed in
word units.

Use a DMA mode setting of 01 when performing DMA writeswith aY UV mode (YUV2, YUV,
Y UVO0) setting of 000, and a DMA mode setting of 11 when performing DMA writeswitha YUV
mode setting other than 000. Other address-mapped registers cannot be accessed. The destination
address (UGM address) is set asthe DMA transfer start address (DMSARH, DMSARL), and the
number of words set as the DMA transfer word count (DMAWRH, DMAWRL) are transferred.

When DMA address mode bits DAA1 and DAAQ in the system control register (SY SR) are is set
to 00 or 01, transfer is performed using single address transfer timing.

When the DMA address mode (DAA1, DAAQ) is set to 10, transfer is performed using dual
address transfer timing. In this case, access to the Q2SD should be performed by driving ACK
low. C%i isignored. The DMA mode is set to 01 for UGM access, and to 11 for Q2SD address-
mapped register (image data entry register (IDE)) access. Other address-mapped registers cannot
be accessed. The destination address (UGM address) is set as the DMA transfer start address
(DMSARH, DMSARL), and the number of words set as the DMA transfer word count
(DMAWRH, DMAWRL) are transferred. Addresses input from off-chip are not used.

When making another DMA mode setting after DMA transfer ends, first check that the DMF bit is
set to 1in the status register.
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In DMA transfer from synchronous DRAM to the Q2SD, the D15-DO0 setup time (tyyrpre) relative
to the rise of theRI: signal must be at least two Q2SD system operating clock cycles, and
therefore the external bus operating frequency must be no higher than 1/2 the system operating
clock frequency.

When using the DMAC, make the following DMAC settings.

For DMA transfer in dual address mode
% DrACK output in write cycle

¥ Active-lowACK output

¥ Fixed destination address (set any UGM address)
¥ Source address incremented

¥, External request, dual address mode
% DREA} falling-edge detection

¥ Cycle stealing

For DMA transfer in single address mode
% DACK output in read cycle

% Active-low DACK output

¥ Fixed destination address

¥ Source address incremented

¥, External request, single address mode
% DREA} falling-edge detection

¥ Cycle stealing

The SuperH family includes modelsin which theinitial DACK pin setting is active-high. In this
case, leavethe DACK pin at itsinitial setting (active-high) and use an external circuit to invert the
DACK pin signal before connection to the Q2SD’ srACK pin.

234 Interrupts

The Q2SD interrupts the CPU by means of internal sources. Interrupt sources are set in the
interrupt enable register (IER).
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2.4 Power Supply Pins

241 Normal Power Supply, DAC Power Supply, and PLL Power Supply

The normal power supply, DAC power supply, and PLL power supply are connected to 3.3 V.

2.5 Display Interface Pins

The signals output from the display interface pins are all synchronized with the display operating
clock.

251 Display Signal Output

RGB analog display signals are output synchronized with the internal dot clock. The pixel data
resolution is 6 bitsfor each of R, G, and B. Outside the display period, the image data (R, G, B)
goes to the level corresponding to O.

252 Video Encoder Interface

Outputs the composite sync signal (CEYMWT). In master mode, equalizing pulses can also be added
to the composite sync signal .

253 CRT Interface

Outputs the horizontal sync signal and vertical sync signal, the DISP signal indicating the display
interval, the CDE signal for color detection, and the DDIF signal that indicates whether the
current field is even or odd for interlace control. When synchronization is coordinated with an
external device (TV or video recorder), the horizontal sync, vertical sync, andDDDF signals are
input. In areset, the HAYHC, WAYHC, and ODDF pins go to input mode, and therefore these pins
must be fixed in a non-significant direction (pulled up).
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2.6 UGM Interface Pins

2.6.1 UGM Access

The Q2SD alows synchronous DRAM to be used as the UGM, and has a direct interface for
synchronous DRAM.

When connecting only one synchronous DRAM with a data bit width of 16, use pins MDO to
MD15, and leave pins MD16 to MD31 open.

The operating mode of the synchronous DRAM (write mode, T8 latency, burst type, and burst
length) is set automatically by the Q2SD.

For refreshing, auto-refresh mode is used. The synchronous DRAM’ s CKE pin should be fixed
high.

Synchronous DRAM precharging is carried out using the Precharge All Banks (PALL) command.
2.7 States

271 State Transitions

Figure2.5 State Transition Diagram
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272 Initial States (when Specified Power is Supplied)
Initial states are undefined.

Registers:  Undefined
1/O pins: Undefined
Output pins: Low/high-level output

273 Reset State (when Low Level isInput at REFET Pin)
Pins: Table 2.2 shows the Q2SD pin states after areset.

Table2.2 Pin States After Reset

I/O Pins Input state DO-D15*, VETHD/ EXVETHL,
FAAYNC/ EXHETHE, DDOr

Output state (low-level output) MD0-MD31

Output Pins  Low-level output DISP, CDE, R, G, B
High-level output EREG, IRC, WA
Low/high-level output OHNLE, MAO-MAL3, MWE, NRAR MCAE

LDQMO, LDQM1, UDQMO, UDQM1, MCLK

Note: * However, pins DO0-D15 go to the output state when FI¥ is a low-level input.
UGM Refreshing: UGM refreshing is not performed when theRESRET pinislow.

274 Normal Operating State

In the normal operating state, the Q2SD executes drawing commands and performs display
control.
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Section 3 Unified Graphics Memory (UGM)
and Display Functions

31 Clocks

There are two Q2SD clocks, CLKO and CLK1. The clock used as the base for the system
operating clock isinput at the CLKO pin, and the clock used as the display operating clock isinput
at the CLK1 pin.

The system operating clock is the base clock for performing drawing operations, and is also used
as the base clock for UGM access. The Q2SD includes an operating clock multiplication circuit
that enablesa” 1, " 1/2, or * 1/4 multiple of the operating clock to be selected for input at the
CLKO pin.

The display operating clock is the base clock for display operations, and is used to control display
data output and generate horizontal and vertical sync signals.

The relationship between the clocks and operating frequenciesis summarized in table 3.1.

Table3.1 Input Clocksand Operating Frequencies

Clock Input Pin Clock Type Operating Mode
CLKO One of the clocks on the right Clock with the CLKO frequency, and
is the system operating clock. duty adjusted to 50%

Clock with twice the CLKO frequency,
and duty adjusted to 50%

Clock with four times the CLKO
frequency, and duty adjusted to 50%

CLK1 The clock on the right is the Clock with the CLK1 frequency
display operating clock.

The system operating clock and display operating clock frequencies can be set to any values
within the following range:

System operating clock 3 2 display operating clock
(where display operating clock £ 33 MH2z)

Drawing operations can therefore be performed at maximum speed without being influenced by
the characteristics of the display device. When a SuperH that operates on synchronous input is
used as the CPU, input a clock synchronized with the CPU’ s operating clock to the CLKO pin to
perform synchronous interfacing between the CPU and the Q2SD.
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3.2 UGM (Unified Graphics Memory)

321 Overview
The memory connected to the Q2SD (graphics memory) is used for the following purposes.

1. Frame buffers, background screen
Q2SD drawing area and display area.

2. Display list (command list)
Areathat storesthe Q2SD drawing command list. The Q2SD fetches commands from this area
while carrying out drawing operations.

3. Source areas, work areas, €tc.
Used as the source area that stores painting patterns and font data, the FTRAP command
drawing area, and so on.

4. Video area
Stores data taken from the video input data.

The UGM can be allocated to part of the CPU’s main memory area, enabling it to be used as CPU
work areas as well as for the above purposes. Figure 3.1 shows a sample system configuration
using the UGM, and figure 3.2 shows an example of UGM mapping onto the CPU memory space.

ZPU
CPUbus i
1 |
Mzib ey a2sh —— [Displavy data,
sk

Figure3.1 Exampleof System Configuration Using UGM
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Frame buffer 0

Gk Fram e buffer 1

Source pattems

Display list

Trpical uses of LGk

q4GE

CPU memory space

Figure3.2 Exampleof UGM Mapping onto CPU Memory Space

322 Memory Access
The priority order for control of UGM accessis as follows:

Refreshing

Display

Video incorporation

CPU

Other (command fetches, drawing, source referencing, etc.)

ok wDNPRE

To enable these different kinds of processing to be performed in parallel, after performing access
for afixed period, the Q2SD passes the access right to another source. So if three sources are
requesting access, for example, they will perform accesses alternately.

UGM Access by the CPU: The CPU can access the UGM in two ways, via CPU software or via
DMA transfer by the DMAC. When the CPU accesses the UGM, the UGM addressisinput
directly to Q2SD pins A1 to A22, and the C& pin is driven low. A UGM address within the range
specified by the memory mode register (MEMR) should therefore be input to Q2SD pins Al to
A22. When using a single 16-Mbit memory, for example, wire pins A21 and A22 so that they go
low.

If aSuperH is used as the CPU, the UGM should be mapped onto “ SuperH normal space.” Data
transfer between the CPU and Q2SD is synchronized with the Q2SD’ s system operating clock.
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Access by software

In access by software, the UGM is accessed as part of the main memory.

In awrite operation, access is possible with a minimum number of wait cyclesif thereis empty
space in the Q2SD’ s built-in 32-byte FIFO buffer.

In aread operation, a number of wait cycles are inserted. The number of wait cycles varies
greatly depending on the relationship between the system operating clock and the display
operating clock, and the screen size.

Access by DMA

With a CPU that has a built-in DMAC, datain the memory connected to the CPU can be
transferred to the UGM using the DMAC. DMA transfer can be used to transfer display list or
YUV data.

Single address mode or dual address mode can be used in DMA transfers, since graphics
memory addresses are controlled by the Q2SD’ s built-in address counter. However, only
cycle-steal mode can be used as the bus mode.

UGM Access by Q2SD: Synchronous DRAM can be connected directly to the Q2SD asthe
UGM. Use of this memory enables the Q2SD to perform memory access in one-cycle (operating
clock) units.

Synchronous DRAMSs that can be used for the UGM are those that have a power supply voltage of
3.3V and meet the cycle specification of MCLK output by the Q2SD. The following memory
configurations can be used:

64-Mbit capacity (1-Mbit~ 16~ 4-bank configuration)
64-Mbit capacity (512-kbit~ 32~ 4-bank configuration)
16-Mbit capacity (512-kbit~ 16~ 2-bank configuration)

The type of memory is set in the memory mode register (MEMR).

323 Memory Map

The Q2SD performs UGM address control. The UGM includes the display list area, binary source
area, work area, 8-bit/pixel source or 16-bit/pixel source area, 8-bit/pixel rendering or 16-bit/pixel
rendering area, and video area. The UGM is configured in 512-byte units, and a different memory
configuration is used for each area. The memory configuration for each of the areasis shownin
figure 3.3.

Area settings are made according to the respective start addresses (see section 5.4, Memory
Control Registers).
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1. 1-bit/pixel (work, binary source, display list)

. 1 word o
H'an H'an H'an H'0q H'FF H'FF H'FF
Eit 0 Eit 1 BitF Bit 0 Eit 0 Bit 1 BitF
" 40495 hbits o

Figure 3.3 Configuration of One Memory Unit (512 Bytes) (1)

2. 8 bits/pixel (multi-valued source, multi-valued destination)

H1O H0 Hod | H'OF
Litwwer bare | Uppoer byoe | Lowser biyie Upper
H'FD H'Fo HH | . H'FF
Lowweer by | Uppoar byre | Loweer byoe Upper byre
22 byres

by __fﬂ"’# 15 lires
ﬁ

Figure 3.3 Configuration of One Memory Unit (512 Bytes) (2)

3. 16 hitg/pixel (multi-valued source, multi-valued destination, video)

H'an

H11

H'OF

HFO

HF1

HFF

16 words

L

=

16 lines

Mote: b the Wdeo data srrangement, sn S-bit YI8-hit Cr configuration alkemates with an 8-hit
Yi8-bit Chb configuration.

Figure 3.3 Configuration of One Memory Unit (512 Bytes) (3)
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The UGM consists of addresses that are consecutive within one memory unit (linear addresses), as
shownin figure 3.4 (a).

S12or 1024 bits

— - —_—
16 lines I —— / : /: _—

16 lire=s

YT YTy

e mEnony unit

Figure3.4 (a) UGM Address Transitions

Figure 3.4 (b) shows amemory map of the UGM. A combination of 8-bit/pixel and 16-bit/pixel
areas can be used in the UGM, but area allocation must be carried out so that areas do not overlap.
For this purpose, 8-hit/pixel and 16-bit/pixel areas should ideally be considered as shown in figure
3.4 (c) when performing area allocation. In terms of the number of Y -direction dots, thereis a 2-
to-1 relationship between the 8-bit/pixel and 16-bit/pixel memory maps.
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A LW

Figure3.4 (b) Sample Memory Map

(Corresponding to 640~ 480 Screen Size, with 16 Bits/Pixel )
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[WSAH, WSAL]: Address corresponding to “positive multiple of 16 dotsin Y -direction”
[SSAH, SSAL]: Address corresponding to “X = 0 dots and positive multiple of 16 dotsin Y-
direction”

[DSAQ], [DSA1]: Address corresponding to “X = 0 dots and positive multiple of 256 dotsin
Y -direction”

[DLSAH, DLSAL]: Arbitrary word (16-bit) address)

[VSAHN, VSALN]: Address corresponding to “positive multiple of 32 dotsin X-direction and
positive multiple of 16 dotsin Y -direction when UGM isviewed as 16 bitsg/pixel” (n=0, 1, 2)

=
:l:l I:I¥ ________ a I:I_:
=3
= ,_?_ e — (=
(e A
W] 13000 0a2
TIE TR

S U
H2 2y

Figure3.4 (c) Relationship between 8-Bit/Pixel and 16-Bit/Pixel Memory Maps
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Figures 3.4 (d) and (€) show the correspondence between memory physical addresses (bytes) and
the coordinates shown in the sample memory map in section 3.2, Memory Map. The X upper
coordinate and X lower coordinate refer to the values when the X values in the sample memory
map are divided into the respective bit widths. Similarly, the Y upper coordinate and Y lower
coordinate are the valueswhen the Y values are divided.

shithized, MWX = 0 (512 pixeds)

Azlez 0o {9l 42 (e 7lad el Sl Ha 2 (2| 1ped0) pa | a2 | A7 | a5 | aS) ad | 82 |82 | A | a0

W Upper coordnyie H L= ook clrede | ™ [3eer e oohdrede o bowar coordirmie

Shitdiced, MW =1 1024 pixes)

Azlez 0o {9l 42 (e 7lad el Sl Ha 2 (2| 1ped0) pa | a2 | A7 | a5 | aS) ad | 82 |82 | A | a0

¥ upper coordnaie ¥upper coordrrie |~ I0uetcookdrede| X lower coordinaie

15 bits il , MW = 0 (512 pixels)

Azlez 0o {9l 42 (e 7lad el Sl Ha 2 (2| 1ped0) pa | a2 | A7 | a5 | aS) ad | 82 |82 | A | a0

Y upper coordinzie Xupper coordinmie | [0esk coondrete | X I0oet cootdrede | g

15 bitsixed, MW = 1 {1024 pixels)

Azlez 0o {9l 42 (e 7lad el Sl Ha 2 (2| 1ped0) pa | a2 | A7 | a5 | aS) ad | 82 |82 | A | a0

W upper coordinzie Xupper coordnaie = [0uet cookdrede | E oot cooedrEde | 0

Upper lire: Wam ory phipsical addresses (bybes) 022 0 81, 20

Loweer lire: Logical coordinaies (3, W)

hoe:  ADis an LSlintemal sigral, indcating theleast significant bit of the bvie addness.
Theleast sigrificart bit of the bvie addres:s iz decoded and ouwput 2t pire LOCMO and
LEZam .

Figure3.4 (d) Correspondence between Memory Physical Addresses (Bytes) and
Rendering Coordinates and Multi-Valued Sour ce Coor dinates (16-Bit Bus)
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5 bitsdixad, WMWY = O (512 pixals)

o

B 0o, 1900, 42 0] Tled GRod Slod do 42 2] e e 0] g ) ag | A7 | A [ aS) ad ) el | a2 ad | an

W P pesr coordinyie H LEY=Er coociede | ™ [oeer cooRdrRde | o [oamser coordin e

5 bitsdicad, WWE = 1 (1024 pixdds)

o

B 0o, 1900, 42 0] Tled GRod Slod do 42 2] e e 0] g ) ag | A7 | A [ aS) ad ) el | a2 ad | an

¥ upper coordinae Xupper coordirte | IOuebcooadrede | X lower coordinate

15 bitsixed, MW = 0 (512 pixdds)

o

B 0o, 1900, 42 0] Tled GRod Slod do 42 2] e e 0] g ) ag | A7 | A [ aS) ad ) el | a2 ad | an

¥ upper coordnae Xupper coordirmie | IOeer coDndrede | I0wet codkokede |

15 bitsbixed, MW = 1 {1024 pixdls)

o

B 0o, 1900, 42 0] Tled GRod Slod do 42 2] e e 0] g ) ag | A7 | A [ aS) ad ) el | a2 ad | an

W upper coordinaie Hupper coordraie ™ 10oet coobrede | & et cooedkede | 0

Upper ine: Meman physical sddracces (e s) 022 40 02 04 80

Lewar ine: Logicd coordraes (0,

Pote:  AQis an Lalinemal sigral, indcaing te least sigridcant bitof e byvte address, Ad s

always ouput as O fiom the pin. [tindcates te least signiicant bit of e word addess.
The least sigrifcant b of the byie addness and word addness & e dectdsd arnd output =t
pire LOCmWo, LE2MA | LECi0, and LD
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Figure3.4 (e) Correspondence between Memory Physical Addresses (Bytes) and
Rendering Coordinates and Multi-Valued Sour ce Coor dinates (32-Bit Bus)
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If @ 1024-pixel memory width configuration is used when the horizontal screen sizeis 512 pixels
or less (e.g. 320~ 240 equivalent), frame buffer F1 can be set from position X = 512 by setting the
HDIS bit to 1 in display mode register 2. In this case, the same valueis set in DSAO and DSA1.
When the HDIS bit is set to 1, use the following settings: GBM2 = 0, GBM1 = 0, RSAE = 0.

¥=0 =512
F rame buffer Fram e buffer
Fo F1
=5 -
1024 pizels

Figure 3.5 Exampleof Frame Buffer F1 Location from X =512
3.3 Display and Display Control

331 Overview

The Q2SD has two screens, a drawing screen and a display screen, managed by means of
rendering coordinates. Display is performed for both these screens in accordance with double-
buffering control designated by the user.

The Q2SD aso has display functions for controlling the display timing, allowing coordination
with the display timing of the display device to which datais output from the Q2SD.

When 16-bit/pixel modeis set with the GBM bit in the Q2SD’ s rendering mode register (REMR),
afunction can be used that converts YUV or DY UV data color images to RGB data. When 8-
bit/pixel mode is set, the color palette can be used, enabling 256 colors to be specified out of a
total of 262,144.
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332 Double-Buffering Control

The Q2SD uses double-buffering control to alternately switch the display and drawing areas
located in the UGM. An area switching operation is called aframe change. There are three modes
for double-buffering control: auto display change mode, auto rendering mode, and manual display
change mode. In auto display change mode, a frame change is performed each time the Q2SD
detects the frame change timing. In auto rendering mode, a frame change is performed once only
when the Q2SD detects the frame change timing after drawing is completed. In manual display
change mode, the Q2SD performs a frame change once only at the frame change timing following
issuance by the CPU of aframe change directive to the Q2SD. These modes are specified by the
double-buffering mode bits (DBM) in the system control register. The start of drawing is specified
by the RS bit.

When double-buffering control is performed, frame changes are performed in frame units when
the Q2SD is operating in non-interlace or interlace mode, and in field units when operating in
interlace sync & video mode.

When the Q2SD is operated in interlace mode, the frame flag (FRM) in the status register is used
for WIYHC synchronization pulse detection by the CPU. When the Q2SD is operated in non-
interlace mode, synchronization pulses are detected using the vertical blanking flag (VBK). When
the Q2SD is operating in interlace sync & video mode, since the first frame corresponds to the
even field and the second frame to the odd field, synchronization pulses are detected using VBK
or FRM.

The same results can also be achieved by using the VBKEM command. See the description of the
VBKEM command for details.

Examples are given below for Q2SD non-interlace operation, with a description of the operation in
each mode.

Auto Display Change Mode: In auto display change mode, display frame changes have priority.
If drawing isin progress when the frame is changed, drawing is aborted midway through that
display list . It istherefore essentia for drawing to be finished before the arrival of aWAYHE
synchronization pulse.

An outline of operation in this mode is shown in figure 3.6. Drawing cannot be started with the
VBKEM command in this mode, so the VBK or FRM flag must be used.
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Figure3.6 Operation in Auto Display Change Mode

Auto Rendering Mode: In auto rendering mode, display switching is not performed until
execution of a TRAP command is completed. If drawing does not end within one frame, it is
continued without interruption. An outline of operation in this mode is shown in figure 3.7.
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Figure3.7 Operation in Auto Rendering Mode
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Manual Display Change Mode: In manual display change mode, display frame changes and the
start of drawing are controlled independently by software. Frame changes can be performed by
software by switching between FO and F1 according to the setting of the DC bit in SY SR, or by
using the WPR command to set the FO or F1 start addressin the display start address register
indicated by DBF in the status register. The start of drawing is controlled by the RS bit in the
system control register. Interrupts by means of the VBKEM command or the TRA flag are used
for the control timing. An outline of operation in this mode when using the DC bit is shown in
figure 3.8 (a). When changing from this mode to another double-buffering control mode, first
check that the DC bit has been set to 1 and has then returned to O. If thisis not done, aframe
change will occur at atiming coordinated with VSYNC during display processing.

Confirm that the DC hit is cleared to O before setting it to 1.

Control by Means of VBKEM and WPR Commands. The VBKEM command holds fetching
and execution of the display list waiting following this command. With the VBKEM command ,
the waiting stateis cleared at the next VSY NC in non-interlace mode display or interlace sync &
video mode display, and at the start of the next frame in interlace sync mode display. Use of this
command allows drawing processing to be started without using a VBK or FRM interrupt. Control
is carried out by a combination of the WPR command, which performs drawing-related register
setting, and the VBKEM command, which ends in synchronization with VBK, as shown in figure
3.8 (b). The CPU only hasto monitor drawing end interrupts; monitoring of VBK interruptsis no
longer necessary.

Thiskind of double-buffering control can be used only in auto-rendering mode and manual display
change mode.
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3.33 Color Data Formats

Input Color Data Configurations: Input color data configurations are shown below.

1. 1-bit/pixel data

[ 15-00 — 15 14
Pizel . — (15 (14
- 1 word >

Mobe: The pizel number mins fom O upward o the left o rght side of the screen,

2. 8-bit/pixel data
[ 15-00 — 15 g7 0

Pizel no. — 1 0

1 word
- s I

Note: Set the same values for D15-D8 and D7-DO.

3. RGB data (16-bit/pixel data)

[ 15-00 — 15 11 10 5 4 I
R (5 bits) G [ bits) E (5 bitz)

1 word
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5. YUV data
YUV datausesa4:2:2 format. The U and V datais horizontally reduced data.

D500 — {5 g7 o
baage dat { istword) — | ¥ | U |
Di5-00 —* 45 2 7 0
mage dota(2nd word) —* | ‘e | W |
D500 —= 15 g 7 0 Dot 0w
knage data (3rd ward) — | ¥2 | Uz |
Di5-00 — {5 2 7 0
Image dota (4 word) — | ¥z | we |
|
1
1
H
Di5-00 —* 15 g7 0
Image data jnh word) —Fl Wred Win2 b
1 word n: Evan ramnbar
- -
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6. DYUV data

DY UV data uses araster as the basic unit. The data configuration for one raster consists of the
initial value in the first two words and compressed image data in the remaining words.

000 ¥ 43 27 a0
Irida vabe (1 stword) 0 W
- 1 waard »
0{%-00 —a= 15 27 n
idal wlue (2nd word) —= u W
- 1 word »>
0{%-00 —= 15 12 11 27 4 2 n [t o
Image data (2rdword) — = Al A0 EAn &
1 word
- I
0i-00 —* 13 12 11 2T 3 2 n
i age darta o Hhoward) —!'rl All2 A2 2 A2
- 1 word >
E
1
1
1
1
i
1
0{%-00 % 15 12 11 27 4 2 n
mage data (rthword) | allee2 A2 A2 A%n-1 |
1 word
- » Y
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Color Palette Register Color Data Configuration: The color palette register color data
configuration is shown below.

Register addess DHS-00 —3m {5 g7 21 0
Ever verd Vi Vo Y T Vi Vi
WZE =B
15 io0a ¢ 7 2 1 0
Odd werd S {6 bits) E £ ki)
MSE L= WmSE LSE
- 1 word -

Configurations of Datain UGM: The UGM data configuration is shown below (first foraUGM
16-bit bus, then for a 32-bit bus).

1. 16-bit data
Oi%-00 - 15 0
i d
< Ll >
Mo 16135 14 2
Bddress d9n + 2 Bddress d9n
-« 1 word . 1 word >
2. 1-bit/pixel data
0Dis-D0 - {514 0
Fi=ed mia. —!'|‘|5|1‘1'| |D|
___ 1 weord
L »
Mo 1615 14 0
R 1151 4] [o]
- 1 werd - 1 word -
Mt : The pisad rum ber rures Fom 0 upeard Fom e lafto right side of e 2oeen.
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3. 8-bit/pixel data

D15-D0 = 45 27 1]
Pixed o, —= 1 1]
- 1 word >
| 24 22 16 15 27 1]
2 | 2 1 0
- 1 weord o 1 word >

4. RGB data (16-bit/pixel data)

DH5-D0 === 45 1110 5 4 0

| Resbrs | Giebim) | ESbeg |

- 1 word -
o 2T Em 21 & 16 15 1110 5 4 0
| migseimt | cigsbie | Eiiskie | moiseim | cogbe | oogseis |
- 1 weard - 1 weard -
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5. YCdata
Y C datauses a4:2:2 format. Cr and Cb datais horizontally reduced data.

DiS-00 —= 1S g7 0
b age dava 15t word) — | i | b0 |
Di5-00 = 1S g7 0
W2ge data (2nd word) — | 2 | Cro |
Di5-00 == 1S g7 0
n2ge duta (Ird word) — | w2 | ch2 | Dt e
Di5-00 == 1S g7 0
b age data (+h vord) | ¥ | 2 |
1
1
1
i
D15-00 = {5 27 i
I age data b word) —a= | Yred | Cra |«
_ 1 veord n: Even roum ber
R ; »
ke data (st kongword)
ey 2422 151s 27 0
| W | il | W0 [ ki) |
ki 2ge data (2nd largweard)
el 2422 1515 27 0
| V32 | o2 | WE [ [ | N
i
1
k2= data (rh longeord) !
ey 2422 151s 27 0
| en-1 | Crired Wen-2 Cr2red |
1 weord 1 weord

k-
3

¥
|
¥
o
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Output Color Data Configurations (Q2SD ® On-Chip DAC): Output color data configurations
are shown below.

1. RGB data
a. When the frame buffer is 16 bits/pixel and the color paletteis not used

LOA7-0D00 —= 17 121 b 3 0

Risbits) [0| Grebis) | BEbia [0]
MSE LSE MEE 5B WEE LGB

12 bits
- e

b. When the frame buffer is 8 bits/pixel and the color palette is used

DD 17-DO0 —* 17 1211 6 5 0
R [6 bits) G (6 bits) B [6 bits)
MSE LSE MSE LS MSE LGB
1% bits
- -

DD17 to DDO are internal signals. Q2SD analog output is the result of D/A conversion of the
above data.

Color Data Format Conversion: The specifications of the function for converting DY UV or
YUV datain main memory to RGB data are shown in figure 3.9.

The Q2SD converts DYUV or YUV data transferred from the SuperH to RGB data and storesit in
the UGM. The converted RGB data can be used as source data for quadrilateral-drawing
commands.

Also, RGB data on the SuperH side can be transferred to the UGM source area without being
converted.

Q2SD registers that should be set by the SuperH are as follows. Make the register settingsin the
order shown in figure 3.10.
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Figure3.9 DYUV/YUV-to-RGB Conversion Function Specifications

| B) DSX, ¥iinoge doas -

Set the following:

[2] IEAR @ image data ransfer start address

] DSRX,Y:image datasize

[=] Set [EMRA [bits YUY2, 1, 0]: input dats conversion mode

The zeting procedure is shown in the following table.

“alyes to Be Setin

MUNYE YUY YUY Setting Procedura

...................................

0§ T [ 0 [Set(0,T,0)n[¥YUve, 1,0, |

1 1 1 [ Set(0,0,0)in [¥UYE, 1,1], fen

[d] 'Write to IDER :image data eny

Figure3.10 Register Setting Procedurefor DYUV/YUV-to-RGB Conversion

1. Sample settings for YUV-RGB and DY UV-RGB conversion by DMA transfer

When performing YUV-RGB or DY UV-RGB conversion by DMA transfer, ensure that the

number of pixels corresponding to DMA transfer word count registers H and L (DMAWRH,
DMAWRL) isthe same as the total number of pixels specified by image data size registers X
andY (IDSRX, IDSRY).
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If these two values are not the same, DMA transfer will end at the smaller of the two values,
and then bits YUV 2, YUV 1, and YUVO will be cleared to 000, and bits DMA1 and DMAO
will be cleared to 00 again.

Therefore, if the total transfer word count of the YUV sourceis larger than the DMA transfer
word count, DMAWR, the DMA setting must be divided into a number of stages. The YUV
image data transfer start address, |SAR, must be set each time this conversion is performed.
An example of the settings for transferring 320 " 240 YUV source data by means of four DMA
operations is shown below.

HOO0000
=0 220 =0
240 w1 240
YN source 50 e e P T =R
oy
ol I

. Sample settings for YUV-RGB conversion

Conditions. ¢ YUV sourcesize: 320" 240 dots
¢ Number of setting stages: 4
¢ UGM transfer destination address. H'000000
¢ YUV mode: YUV-RGB conversion

1st time

(1) Image datatransfer start address setting
ISAR = H'000000

(2) Image datatransfer size register settings™
IDSRX =320
IDSRY =60

(3) DMA transfer word count setting'
DMAWR = 19200

(4) YUV mode setting
IEMR =H'01

(5) DMA mode setting
DMA inSYSR=H'11

(6) Wait until the DMF bit in the status register (SR) changesto 1.

2nd time onward
(7) Image data transfer start address re-setting™
ISAR = current ISAR + transfer word count (Y) = H'C180
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Notes: 1. Where IDSRX and IDSRY satisfy the following conditions:
e Thetransfer unitisaline.
e Onetransfer is within the DMAWR range.

2. Set thetransfer word count corresponding to IDSXR/IDSYR.

3. Inthe Q2SD, the frame buffer area address allocation is as shown in section 3.2.3,

Memory Map, in the Target Specification. Therefore, set the drawing data transfer start
addressin | SAR with reference to the relationship between memory physical addresses
and coordinates shown in figure 3.4 (d) or 3.4 (e).
In this setting example, the start position of the second image data transfer is at the [ X
=0, Y = 60] dot position. This position is divided into the upper and lower coordinates
of X and Y, respectively, and the value assigned in figure 3.4 (d) or 3.4 (e) isthe value
set in ISAR the second time.

Example: Method of calculating second ISAR, with memory width of 512
(from figure 3.4 (d))

W Wl
upper et R

IS4 Eiiing 87 & £ 4ls &40
ofafalofafal 4] 1]4] 1]o]o] 1DEYR =50

¥

& i 514 o £ I
[o]aolafa]al 1] 1]o]ofa]a]ofa 1|4 |a]a]o]afa]o |of IDSYR 1024 vaue

+ |ofofo]ofofa]ofofa]afo{a]a] ofaja]e|a]a]o| o] ]| Curentizar

[alaloTo]alel 4T 4]a]ofo el ol af 1]4 Jo afa]a] afa o] Calodzdon ramlt= H21

Example: Method of calculating second | SAR, with memory width of 1024
(from figure 3.4 (d))

W upper N bower

EH-iGLEHiIZID 5T E £+|3 = 1 l:l|

v= I leleleloTelo[ [ [ 1[e[o] 165¥R = o0

22 a0 H‘@mmu/n’j,ﬁ:ylj:l
ofe]a]afo]ol el [4]ao] oo el 14 o] oo o] o] o] 1DsvR 512 vabe

+ |o]ofo[ofofofa]alala]a[a]a[o[ofofof afafa] ala] o] Cumentisak

[oTefele]o]o] o] 1]4]e]e]o]o]o] 1]1]o] o]o] o] o] o] o] Cakeleten raslt= HY: 420

(8) Image datatransfer size register settings™
IDSRX =320
IDSRY =60

(99 DMA transfer word count setting®
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DMAWR = 19200
(10) YUV mode setting
IEMR =H'01
(11) DMA mode setting
DMA in SYSR=H'11

Steps (6) to (11) are then repeated until the end of the YUV transfer source. Settings for
DY UV-RGB conversion are also made as shown in the above example.

Notes: 4. Same setting conditions as for (2).
5. Same setting conditions as for (3).

334 Display Functions

The Q2SD has functions for outputting image data, drawn in the UGM, in synchronization with
externally or internally generated display timing.

Registersand Display Screen: In the Q2SD, horizontal and vertical display timing for the display
screen is set in the display control registers (see section 5.5, Display Control Registers).

The display control register settings depend on the scanning and synchronization systems used.
The calculations shown in table 3.2 should therefore be carried out before making the display
control register settings.

Figure 3.11 shows the display timing in non-interlace mode. The display screen is defined by the
variables shown in table 3.3. Set the number of rasters within oneW3¥HC cycle for each of vc,
vaw, ys, and yw, regardless of the display mode register scan mode.

For the dot clock frequency, use the value obtained by dividing the number of pixelsto be
displayed in the xw interval by the duration of the xw interval. Input the dot clock to the CLK1

pin.
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Table3.2

Register Settings

Register .
No. Operating Mode
(Address) Register Name Bit Name Master Mode TV Sync Mode
008 Display size register X DSX XW* XW*
(DSRX)
009 Display size register Y DSY yw yw
(DSRY)
013 Display  Horizontal display HDS hsw + xs — 11*° hsw + xs — 14%>*3
window  start position
register
(DSWR-HDS)
014 Horizontal display HDE hsw + xs — 11 + xw hsw + xs — 14 + xw**
end position
register
(DSWR-HDE)
015 Vertical display VDS ys — 2% ys — 2**
start position
register
(DSWR-VDS)
016 Vertical display VDE ys —2 +yw ys —2 +yw
end position
register
(DSWR-VDE)
017 Horizontal sync pulse width HSW hsw -1 hsw -1
register (HSWR)
018 Horizontal scan cycle register HC hc-1 hc
(HCR)
019 Vertical sync position register VSP ve—vsw—1 vec—vsw—1
(VSPR)
01A Vertical scan cycle register VvC vc—-1 vCc + 2
(VCR)
Notes: 1. In all scanning modes the settings of the VDS, VDE, VSP, and VC bits are made for a
one-field unit.
2. The HDS and HDE specifications are the values from the fourth rise of CLK1 after the
low level of EXHETHL is detected at the rise of CLK1.
P 1
LA U R S B U U P O P Y T T U Y W
e — | 7 i
— — i
3. The setting for the lower limit of the HDS bits is as follows: when MCLK =2~ CLK1,
HDS 3 64~ (CLK1/MCLK); when MCLK > 2" CLK1, HDS 3 (64 + 80) © (CLK1/MCLK).
64
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The unit for MCLK and CLK1 is MHz. When MCLK =2~ CLK1, use a clock with which
MCLK and CLK1 are synchronized. With a multiplication factor of N, MCLK is N
CLKO.

4. Ininterlace and interlace sync & video modes, the setting is: VDS 3 1.
5. Use a value of 4 or more for DSX.

If Cursor 1 Horizontal Display Start Position (HCS1) and Cursor 2 Horizontal Display
Start Position (HCS2) in the cursor registers are DSX, DSX-1, DSX-2, DSX-3, DSX-4,
DSX-5, then set DSX = XW+6.

Table3.3 Variables Defined by Display Screen

Variable Description Unit

hc Horizontal scan cycle Dot clock
hsw Horizontal sync pulse width Dot clock
XS Interval between HETML rise and display screen horizontal Dot clock

display start position

XW Display screen display width per raster Dot clock
Ve Vertical scan cycle Raster lines
VSwW Vertical sync pulse width Raster lines
ys Interval between YETHI rise and display screen vertical Raster lines

display start position

yw Display screen vertical display interval Raster lines

Screen Display: Inthe Q2SD, the DEN (display enable) bit in the system control register (SY SR)
can be used to select whether or not display datais to be output to the screen. When display datais
not output, the display off output register (DOOR) settings are displayed.

The frame flag (FRM) and vertical blanking flag (VBK) in the status register (SR) indicate the
detected position of the fall of the vertical sync signal (W3¥HC) determined by the set value
(VSP) in the vertical sync position register (V SPR), regardless of the synchronization method.

Scanning Systems. The Q2SD allows selection of non-interlace mode, interlace mode, or
interlace sync & video mode as the scanning system. The mode setting is made in the SCM (scan
mode) bitsin the display mode register (DSMR). In non-interlace mode, one frame is composed of
onefield. In interlace mode, one frame is composed of two fields, even and odd, in which the
same datais displayed. In interlace sync & video mode, also, one frame is composed of two fields,
even and odd, but in this mode different datais displayed in these two fields. When the ODEV hit
iscleared to 0 in display mode register 2 (DSMR2), theODDF pin signal functions as follows. In
master mode, the Q2SD outputs a high-level signal from the DDDF pin during even field display,
and alow-level signal during odd field display. In TV sync mode, a high-level signal isinput at
the DDOF pin to display the even field, and alow-level signal to display the odd field. When the
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ODEV hitissetto 1in DSMR2, the polarity of theDIDIF pin is the opposite of that described
above. Figure 3.12 shows examples of raster scan control display.

on og ---- ---
01 =} =3 01 ———e o T 00
= - = =
0z = P 02 comeeeft b
i - £ = 0z
1 '
. - - e it = 03
014 ——EEEEEEEaE— 04— EEEEEEEEn
P s S e oo e
05 = = 05 = = 05
0F £ e 0 e Sy
o7 = P 07 cmmmeefy R
IE: 0g ---- -—-
0s
04 0d ---- -—-
09
Man-nbe Hace mode htedace moda
oo —_ —
0z o — o f— o
= b 03
04 ----- o i e e o e el fo I ERE
= = 03 Raster scanned in odd field
1] -—- -—--
= = 07
ns A o
0d
0 --- ———- .
e e i g - Raster scannead in even fisld
e o i —
hat o ap
0E - = S
= =) OF
10 S Uu -—--
: ..‘Jf o 1
12 - -—--
13
htedace e & video mode
Figure3.12 Examplesof Raster Scan Control Display
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Synchronization Systems. The Q2SD is provided with a TV sync function in addition to master
mode to simplify synchronization with an external device.

The TVM (TV sync mode) bitsin the display register (DSMR) are used to select master mode or
TV sync mode.

Internal Synchronization Mode (Master Mode)

Setting the horizontal and vertical sync signal (HIYHC and WIYHC) cycles and pulse widths
in the display control register outputs the corresponding waveforms, and display datais output
in synchronization with these signals.

In interlace mode and interlace sync & video mode, asignal indicating odd field or even field
is output at the DDDIF pin.

External Synchronization Mode (TV Sync Mode)

In TV sync mode, display datais output in synchronization with vertical and horizontal sync
signals (EXHESYHC and EXVWEYHLT) input from an external source. The Q2SD outputs
display data on the basis of the fall of the EXRHEEYHMC signal and the rise of the EXWEYHC
signal.

In this mode, the horizontal sync signal, vertical sync signal, and clock from the sync signal
generator should be input at the EXHEYHC, EXWEYHC, and CLK1 pins, respectively. The
CYSIMNC pin outputs a high-level signal. Signals without equalizing pulses should be used for
EXHEYHWC andEXVEYNC.

In interlace mode and interlace sync & video mode, asignal indicating odd field or even field
should be input at the OGDF pin.

When the Q2SD is operated in TV sync mode, display control register HSWR, HCR, VSPR,
and VCR settings are essential.

In non-interlace mode, the DDIF pin should be fixed high or low to prevent an unstable input
level at this pin.

The Q2SD performs UGM refreshing based on EXEEYHC and EXVEYHC. Therefore,
EXHEYHT and EXWEYHC must beinput to enable UGM refreshing to be carried out.
Thesignal flow in TV sync mode is shown in figure 3.13.

In this mode, the CDE pin can be controlled by the Q2SD by comparing the colors displayed
by the Q2SD with the colors set in color detection registers H and L (CDERH, CDERL), and
master R/G/B output and slave R/G/B output can be switched in pixel units by external
circuitry.
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Figure3.13 Signal Flow in TV Sync Mode

TV Sync Mode Change Procedure

When B'0l is set in the TV sync mode (TVM) bitsin the display mode register (DSMR) and a
transition is made to synchronization system switching mode, set the display reset bit (DRES)
to 1 and clear the display enable bit (DEN) to 0 in the system control register before making
the transition to synchronization system switching mode.

This procedure provides for the HD64413A to perform UGM refreshing in synchronization
system switching mode. This procedure must only be carried out when the Q2SD is not
performing drawing.

The procedure is shown below. Steps 1 to 3 must be carried out in that order.
1. SetBG=0,VWE=0,CE1=0, and CE2=0.

2. Set DRES=1and DEN =0.

3. SetTVM1=0and TVMO=1.

The procedure for switching from synchronization system switching modeto TV sync mode is

shownin 4 to 7 below.

4. Input the clock to CLK1. When TVM1 =1 and TVMO = 0, also input signalsto the
EXHSYHC  EXWSYNC, and ODDF pins.

5. If thedisplay size isto be changed, set valuesin the Q2SD's address-mapped registers.

6. SetTVM1=0and TVMO=0, or TVM1=1and TVMO = 0, to enable clock input from the
CLK2 pin. If necessary, dsoset BG=1, VWE=1,CE1=1,and CE2 = 1.

7. Set DRES=0and DEN = 1. When an internal update is performed, the Q2SD begins
display.
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Refresh Control: The number of refresh cycles for the UGM connected to the Q2SD is set in bits
REF3 to REFO (refresh cycle count) in the display mode register (DSMR).

Bit 3: Bit 2: Bit 1: Bit O: Operation

REF3 REF2 REF1 REFO

0 0 0 0 Refresh timing is not output.

* * * * Refresh timing is set to any value from 1 to 15

cycles, and output.

The setting made in bits REF3 to REFO is the number of refreshes per raster.

For example, if the refreshing specification of the memory used is 1/60 sec for one field at 4096
cycles/64 ms, the necessary number of cyclesin onefield is 1067. The number of refresh cycles
(times/raster) should be set so that the number of cyclesrequired for onefield is the number of
lines.

The number of refresh cycles should therefore be set so that the following expression is satisfied:
1067 £ number of lines” number of refresh cycles

The Q2SD supports CAS-before-RAS refresh mode.

The number of refreshes set in bits REF3 to REFO are executed from the fall of the DISP signal.

Table 3.4 shows sample settings.

Table3.4 Sample Estimations of Number of Refresh Cycles

Display Frame Number of Number of Refreshes Required REF Set
Screen Size Rate Rasters Per Raster Value
320" 240 1/60 sec 525/2 lines (1/60) (2/525) (4096/0.064) = 4.06 5
480" 240 1/60 sec 525/2 lines  (1/60) (2/525) (4096/0.064) = 4.06 5
640~ 480 1/60 sec 525/line (1/60) (1/525) (4096/0.064) = 2.03 3
69
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Superimposed Display: The Q2SD is provided with functions for performing superimposed
display. The screen types and their features are described below.

Superimposed screen types

¥ Frame screen (FBO or FB1)
¥ Video window

¥ Background screen

¥ Cursors

The frame screens, video windows, and background screens that can actually be superimposed
depend on the UGM bus width, the Q2SD operating frequency, and the display operating clock
frequency. See appendix E.

Priority order of superimposed screens

Screens are displayed in the priority order shown below. With the cursors, display can be
performed according to the priority order set in the window priority bits (PRI) in display mode
register 2 (DSMR2).

Frame screen > video window > background screen (in front-to-rear order)

Features of each screen

¥ Frame screen (FG)
If the data for aframe screen pixel is0, alow-priority screen such as the video window is
displayed through that pixel.

¥ Video window (VW)
In the video window, all display dataincorporated in the video is displayed.Therefore, the
video window is displayed as arectangle, and is not transparent to alow-display-priority
screen such as a background screen. When VIE = 0, thiswindow can also be used as an
independent window for displaying the video area defined by the video area start address
registers (VSAROH, VSAROL).

¥ Background screen (BG)
The display start position can be set in background coordinate display start registers X and
Y (BGSX, BGSY) in pixel units from address UGMO. The background screen is suitable
for performing scroll display. This screen can only be used when the frame screen is set to
8-bit/pixel mode with bits GBM2 to GBMO in the rendering mode register (REMR). When
displaying the background screen, ensure that the frame screen and background screen
locations in the UGM do not overlap.

% Cursors
Two 32~ 32-pixel cursors with a hardware blink function can be displayed. If the cursor
pixel datais 0, alow-priority screen is displayed through that pixel.
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Display on/off control

The bits that control whether or not each screen is displayed are shown below. With the frame
screen and background screen, set either or both to be displayed. When the frame screen is set
to 16-bit/pixel mode with bits GBM2 to GBMO, the Q2SD’ s internal display data increases and
other screens cannot be displayed. Therefore, to disable display of the video window,
background screen, and cursors, the bits controlling whether or not each screen isto be
displayed should be cleared to 0. In this case, also, clear the VIE bit to 0 in the video
incorporation mode register (VIMR) to disable video incorporation.
Can be set with the FBD bit in display mode register 2 (DSMR2).
Can be set with the VWE bit in display mode register 2 (DSMR?2).
Can be set with the BG bit in the display mode register (DSMR).
Can be set with bits CE1 and CE2 in display mode register 2

% Frame screen:

% Video window:

¥ Background screen:
% Cursors:

(DSMR2).

Register updating for each screen should be carried out in the register update interval shown in
section 5.2, Register Updating. The display contents differ according to the setting of the
background screen wraparound mode (WRAP) bit.

Table3.5 Background Screen Related Register Settings

Register Field
Address Name Bit No. Name Set Value Notes
H'005 DSMR 10 BG 1/0 Combination
on/off
11 WRAP 1/0 Wraparound
on/off
H'006 REMR 2-0 GBM 000-111 8orl6
bits/pixel
H'026 BGSRX 9-0 BGSX BG starting Coordinate
point X origin is start
coordinate of UGM
H'027 BGSRY 13-0 BGSY BG starting
point Y
coordinate
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212 or 1024
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Figure3.14 Example of Background Screen Simple Scroll (WRAP = 0)

12 or 1024

M Display screen

—
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e BGSY[tmoe]
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Figure3.15 Example of Background Screen Wraparound Scroll (WRAP = 1)
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Display Timing: The relationship between the display control register settings and the display
signalsis shownin figure 3.16.
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Figure3.16 Display Timing
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Video Incorporation and Video Display: The Q2SD can incorporate a YUV 4:2:2 8-hit data
stream obtained by digital encoding of NTSC signals. The signals needed for incorporation are
VINO to VIN7, ¥HSE, ¥¥'5%, WODLr, and VQCLK.

Video incorporation is performed at the rising edge of the VQCLK signal. The 8-bit data stream
corresponding to the number of pixels set in the VSIZEX field in the video window size register
(VSIZER) isincorporated for each VHS signal and transferred to one of three video storage areas
determined by video area start address registers 0—2H/L (VSARO—2H/L). These areas are used
sequentially in frame units. The video window status bits (VIDO, VID1) arevalid when O issetin
the video incorporation enable bit (VIE) and indicate the most recent video areain which video
incorporation has been completed. The size of the video storage areas is determined by VSIZEX
and VSIZEY . Use afrequency not exceeding 1/2 the system operating clock frequency for
VQCLK (the system operating clock should be in the range 64 to 66 MHz). A number of VQCLK
cycles equal to twice the number of luminous pixels are necessary per VHS. WW's, WHS, VODD,
and VQCLK are accepted following hardware reset release, and video incorporation is started by
setting VIE to 1, having the first VV S signal sync signal input, then having the first VHS signal
sync signal input.

Asthe video storage areaincorporation line number is incremented each time a VHS signal sync
signal isinput, VQCLK must not be input during the VHS signal sync signal period.

For video incorporation, select aUGM bus width of 32 bits by setting MES1 and MESO in the
memory mode register (MEMR).

The relationship between video input signalsis shown in figure 3.17.

L o Y Cha 2

Rl G e 40 I N 7 A W A 757 W 175
wook —F o VSV Y L

Figure3.17 Video Incorporation Signals

For VSIZEX and VSIZEY, set the values (with fractions truncated) obtained by multiplying the
number of effective pixelsin the horizontal and vertical directions output from the digital encoder
by the video incorporation reduction (thinning-out) ratio specified by the video incorporation
reduction ratio bits (VSIZ4 to VSIZ0).

When handling interlace video input, field handling can be specified. When ODEN1, ODENO = 0,
1, aone-frame screen is created by combining even and odd fields. Motion interpolation is not
performed. In the case of moving pictures with violent motion, the screen may be difficult to see
asadtill picture. This mode is suitable for interlace display under conditions in which the frame
rate and the number of scanning linesin the vertical direction are both the same as for the input
video. Note that even and odd lines are reversed between the original signal and the UGM.
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Therefore, incorporation begins with an odd field (VINM = 0) when an even field is displayed first
within aframe (ODEV = 1), and with an even field (VINM = 1) when an odd field is displayed
first within aframe (ODEV = 0).

Data stored in avideo storage areais displayed when video window enable (VWE) issetto 1in
display mode register 2 (DSMR2). The display start position at thistimeis set in the video display
position register (VPR). Therefore, before VWE is set to 1, theinitial value must first be set in the
video display position register. The display sizeis set by VSIZEX and VSIZEY, and display is
performed as an independent window (video window).

When ODEN1, ODENO =1, 0, or 1, 1, aone-field image is treated as a one-field image. At this
time, the number of vertical scanning linesis halved. Original-size display is not possible. To
preserve the vertical/horizontal ratio, the horizontal multiplication factor should be adjusted. This
mode is used for non-interlace (SCM1, 0 = 0:0) display.

The figure below shows the relationship between the various parameters in video incorporation.
The video display area must be set so that it does not extend beyond the frame buffer display area.
The video window is the same size as the video storage area.

Set the value of VACTIVE according to the setting of ODEN1 and ODENQO in the video
incorporation mode register (VIMR).

When performing video incorporation, input the video stream data to the VIN pin, without having
scaling processing (thinning-out processing) performed by the video stream decoder.

1. When ODEN1=0and ODENO=1

Make the value of VACTIVE the total number of effective display linesin the vertical
direction intwo VVSintervals.

For example, with 240 effective display linesin the vertical direction in one VVSinterval, the
setting should be:

VACTIVE=240" 2 =480

2. For settings other than ODEN1 = 0, ODENO =1

Make the value of VACTIVE the number of effective display linesin the vertical directionin
oneVVSinterval.
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Flow of Data Used in Video Window: The Y CbCr data captured from pins VINO to VIN7
undergoes the transitions shown in the figure below and is converted to RGB data. In order to
make these data transitions, the setting in 1 or 2 below must be made.

1. WhenRGB =1, set VWRY =0
2. WhenRGB =0, set VWRY =1

P=th when FGSE = 4 Fatwhen viWEY = 1
— — -
Lk

YoRGT dat L= ot ot IS =V
e | — A

Path when RGEE =0 Fath whan WWhY =0 Wide O windo
[ -_—

FesE:  Eit 4 of'wimF
WiRY: Et100orDSME2
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Figure3.18 Interlace Video Input Field Handling Specification
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CEYMNC Generation Method: When performing display is master mode, the Q2SD outputs a
composite sync signal. The signal waveform is based on the fall of ¥a¥HLC. The low-level width
of egualizing pulses and separation pulses can be set in the equalizing pulse width register

(EQWR) and the separation pulse width register (SPWR), respectively.
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Figure3.19 CAYMNC Output Waveform
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Section4 Display List

4.1 Overview

The Q2SD performs drawing on the basis of a group of drawing commands located in the UGM.
This group of drawing commandsis called a display list. Drawing commands comprise four-
vertex surface drawing and line drawing commands which draw at rendering coordinates, and
work surface drawing and work line drawing commands which draw at work coordinates. There
are also parameter register setting, sequence control, and drawing end commands.

Line drawing, trapezoid fill, and current pointer setting commands include absolute coordinate and
relative coordinate specification commands.

Table 4.1 lists the drawing commands.

Table4.1 Drawing Commands

Type Command Name Function
Four-vertex POLYGON4 Draws quadrilateral with four coordinates as vertices.
surface Quadrilateral paint Painting can be performed with source tiling and specified
drawing color.
POLYGON4A Four-vertex surface drawing with multi-valued source as
transfer source
POLYGON4B Four-vertex surface drawing with binary source as transfer
source
POLYGON4C Four-vertex surface drawing using specified color
Line drawing  LINE Draws solid polygonal line from start coordinates through
Polygonal line nodal coordinates.
LINE Polygonal line drawing (absolute coordinate specification)
RLINE Polygonal line drawing (relative coordinate specification)
PLINE Draws polygonal line with line type (pattern) from start
Polygonal line with coordinates through nodal coordinates.

line-type specification

PLINE Pattern-reference polygonal line drawing (absolute
coordinate specification)

RPLINE Pattern-reference polygonal line drawing (relative
coordinate specification)
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Table4.1

Drawing Commands (cont)

Type Command Name Function
Work surface  FTRAP Performs binary EOR painting of trapezoid with left side
drawing Trapezoid paint parallel to Y-axis.
FTRAP Binary EOR trapezoid fill (absolute coordinate
specification)
RFTRAP Binary EOR trapezoid fill (relative coordinate specification)
CLRW Performs zero-painting of rectangle with diagonal
Rectangle zero-clear designated by two coordinate points.
Work line LINEW Draws solid polygonal line from start coordinates through
drawing Polygonal line nodal coordinates.
LINEW Binary polygonal line drawing (absolute coordinate
specification)
RLINEW Binary polygonal line drawing (relative coordinate
specification)
Register MOVE Current pointer setting (absolute coordinate specification)
setting RMOVE Current pointer setting (relative coordinate specification)
LCOFS Local offset value setting (absolute coordinate
specification)
RLCOFS Local offset value setting (relative coordinate specification)
SCLIP Sets rectangle with diagonal designated by origin and
specified coordinate point as clipping area.
UCLIP Sets rectangle with diagonal designated by two coordinate
points as clipping area.
WPR Sets a specific address-mapped register.
Sequence JUMP Command sequence jump (branch)
control GOSUB Subroutine call (branch)
RET Subroutine return
NOP3 No operation: no processing executed.
VBKEM Waits until vertical retrace line interval.
Drawingend TRAP Ends drawing processing and generates CPU interrupt.

The following items (basic functions) are available for drawing command parameter
specifications. The items that can be specified depend on the command.

Rendering coordinate system
The position of all coordinate system origins, excluding binary source coordinates, can be
assigned to the pixel position at which x = 0 and y isamultiple of 128, counting from the start
of the unified graphics memory (UGM) in pixel units.

82

HITACHI



Y4

Y

E7Z7

Y

Rendering coordinates (2-dimensional coordinate system)

These are the coordinates at which the Q2SD performs drawing. Asthe size for drawing in
the UGM, a512-pixel © 512-pixel or 1024-pixel © 512-pixel coordinate system can be
selected according to the size of the UGM.

Multi-valued source coordinates (2-dimensional coordinate system)

These are the coordinates for natural image and other color map data. A maximum of 1024
"~ 1024 size positive coordinates can be used. The size of the coordinates that can be used is
determined by the size of the UGM. Also, the maximum number of colorsthat can be
handled with multi-valued source coordinates is normally the same as for rendering
coordinates. Multi-valued source coordinates can be superimposed on rendering
coordinates.

Work coordinates (2-dimensional coordinate system)

These are the coordinates for managing graphics used when rendering attribute work
specification is performed. Work coordinates are managed by the Q2SD so that thereisa
one-to-one correspondence for each rendering coordinate pixel. Clipping processing is also
handled in the same way as for rendering coordinates.

Binary source coordinates (1-dimensional coordinate system)
These are coordinates for storing character patterns and line patterns. Character patterns
and line patterns are stored in order from any address in the UGM, and pattern sizes are

managed with a 2-dimensional coordinate system using command parameters TDX and
TDY.

Rendering reference data

Y4

Y

In drawing that references the transfer source, the referenced data format may be multi-
valued source data or binary source data, defined as individual multi-valued source
coordinates and binary source coordinates.

In drawing that does not reference the transfer source, specified color data may be
referenced.

¥ With aPOLY GON4 type command, work data may be referenced.

Rendering attributes
¥ Twelve kinds of attribute specifications can be made: work (WORK), clipping (CLIP),

transparent (TRNS), source style (STYL), net drawing (NET), source half (HALF),
even/odd select (EOS), bold line drawing (FWUL, W2UL, FWDR, W2DR), source linear
address (LNi), 4-pixel-unit processing (FST), source coordinate relative address (REL),
and edge (EDG). The attributes that can be specified depend on the command.
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4.2 Command Fetching

The Q2SD carries out drawing operations while performing fetches from the display list stored in
the UGM. The display list consist of a number of linked Q2SD drawing commands.

The Q2SD performs sequential fetches in low-to-high address order, starting at the address set in
the display list start address register (DL SAR). The fetch address can be changed midway, using a
JUMP or GOSUB command. Q2SD fetching can be terminated by placing a TRAP command at
the end of the display list.

The Q2SD has a dedicated command buffer, and an equivalent area of the UGM is accessed at one
time. When processing of the commands in this buffer is completed, another command fetch is
performed.

If the commands include a JUMP, GOSUB, or other command that changes the flow, the Q2SD
starts fetching again from the new address indicated by that command.

Figure 4.1 shows an example of the display list.

DLSAR

Command
sequence 1

JIhAF

C;___,,_)

Coommand
2
SEquUence /_,_,-7 Subroulifa
i SHE
R RET
[Subroutine depth is
limmited to ane lewvel]
TRAF

Figure4.1 Exampleof Display List
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The Q23D is provided with a drawing suspension facility to support execution control. This
allows prioritized parallel execution of a number of drawing processes. An outline of the operation
of thisfacility is given below.

Suspension Processing:

1. Set BRCL to1inthe statusclear register (SRCR), clear the BRK bit to 0 in the status register
(SR), and set the drawing suspension directive bit (Rendering Break: RBRK) to 1 in the system
control register (SY SR).

2. Next, monitor the BRK bit and TRA hit.

3. When BRK is observed to be set to 1, this means that the currently executing drawing
command processing has ended and the drawing unit has halted (drawing has been suspended)
at the point at which the next drawing command was fetched. Information required for
software processing in anticipation of resumption processing should be read from the address-
mapped registers and saved in memory. At thistime, the RBRK bit is cleared to O.

When TRA is observed to be set to 1, this means that a TRAP command has been executed and
Q2SD drawing processing has ended. Therefore, ensure that no subsequent resumption
processing is carried out. If drawing is to be performed after suspension processing, wait until
the TRA flag is observed to be set to 1.

Resumption Processing:

1. The parameters saved immediately after suspension are restored. Some are written directly to
the registers, and some are set by command. The former include the subroutine return address
(which can also be set with the WPR command), and the latter, clip area, local offset, current
pointer, and execution restart addresses. Of the latter, the execution restart addressis restored
by setting the command status register value at the time of the suspension as the jump
destination of a JUMP command. For the other parametersin the latter group, settings should
be made to provide for recovery by means of the appropriate command before execution of this
JUMP command.

2. After performing awrite for the purpose of subroutine return address restoration, and creating
acommand list to restore the other parameters, drawing can be resumed by setting the address
of thiscommand list in DLSAR and implementing a rendering start.
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4.3 Basic Functions

431 Rendering Coor dinate Systems

The Q2SD controls three 2-dimensional coordinate systems, for rendering coordinates, 8-bit/pixel
or 16-bit/pixel (multi-valued) source coordinates, and work coordinates, and one 1-dimensional
coordinate system, for 1-bit/pixel (binary) source coordinates.

Rendering Coor dinates: Thisisthe coordinate system used for drawing processing; it has afixed
size as shown in figure 4.2. The correspondence to the frame buffersis also fixed, but depends on
the installed memory capacity and screen size. Make the appropriate selection with the mode
selection register. In an area other than one containing a frame buffer, although drawing operations
are performed, nothing is written. The bit configuration of these coordinates is the drawing bit
configuration indicated by the combination of the graphic bit mode 2 to 0 bits (GBM2 to GBMO0)
in the rendering mode register (REMR). When drawing is performed using the LCOFS command,
coordinates after addition of offset values XO and Y O set by the LCOFS command must be within
the range shown in the following expressions.

(When bold line attribute is specified)

—2045 £ X + XO £ 2044
—2045 £Y + YO £ 2044

(When bold line attribute is not specified)

—2048 £ X + XO £ 2047
—2048 £Y + YO £ 2047

—2042

Wi ires llation
§11 1pa _ X
0 -

if R ..... MExrurm installzon

T'"" ‘When offsst= 0

207

Figure4.2 Rendering Coordinates
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Multi-Valued Source Coordinates. The Q2SD can use two kinds of multi-valued source
coordinates according to the value of linear attribute LNi. When LNi = 0, the coordinate origin is
specified by the multi-valued source area start address. Figure 4.3 shows the multi-valued source
coordinates when LNi = 0. As shown in this figure, the maximum coordinate system sizeis
represented by 1024~ 1024 positive coordinates, but the size depends on the installed memory
capacity, screen size, and multi-valued source area start address. Depending on the multi-valued
source start address, this coordinate system may entirely or partially overlap another coordinate
system.

When LNi = 0, multi-valued source coordinates are configured based on the memory unit shown
in section 3.2.3, Memory Map.

When LNi = 1, it is possible to use multi-valued source arranged in linear fashion in the UGM.
The size of the multi-valued source in this case is determined by the TDX and TDY parameters of
the POLY GON4A command. Figure 4.4 shows the multi-valued source coordinates when LNi =
1. When this coordinate system is used, address conversion must be carried out as shown in the
figures 3.4 (d) and (€) in section 3.2.3, Memory Map.

(M&3] 1023

UD -

(MAX] 1023

Figure4.3 Multi-Valued Source Coordinates (L Ni = 0)
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TDX

Source :
addresz ':,..-
[brpte)

TOY

'hﬁ

Figure4.4 Multi-Valued Source Coordinateswith LNi = 1 Specified (Linear Address)

Binary Sour ce Coordinates: The binary (1-bit/pixel) source coordinate system is mapped
directly onto 1-dimensional memory space. Any area and location can be used, and can be
intermixed with the display list space. However, the start address of a source figureis alwaysa
byte address. The size of the figure is specified by POLY GON4B command parameters TDX and
TDY.

TDH
Source w{ :
address ':,..-
[Erpte)

TO

'n__ﬂfﬂm—_h_—

Figure4.5 Binary Source Coordinates
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Binary Work Coordinate System: The work coordinate system corresponds on a one-to-one
basis to the rendering coordinate system, as shown in figure 4.6. Therefore, clipping is also

handled in the same way as for the rendering coordinate system.

-2

mirirourn irs@ll=tio

255

n] S 10 x

M= irsalEti

=i

T*.f

iy

When aest=10
2047

Figure4.6 Work Coordinate System

Relationship between Binary Work Coordinates and Addresses. Work coordinates are linear
coordinates that start from the work area start address. Work coordinates comprise 2-dimensional
coordinates reflected at each pixel (512 or 1024 pixels) specified by the MWX bit in the rendering

mode register (REMR).

The memory capacity required for the binary work areais (the number of pixels specified by the

MWX bit) © (SCLIP command YMAX + 1)/8 [bytes]. In general, one less than the number of
display linesin the vertical direction should be set as YMAX in the SCLIP command.
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512 b — Work area sta address: 40000H
L L w1l Dizplavy list start address: 44000H
344 Conditions: & bitsipizel
Displany list S12-pizel memory width
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Figure4.7 Example of Relationship between Work Coordinates and Physical Addresses
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Figure4.8 Relationship between Work Coordinates and Addr esses
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432 Source Data

Q2SD drawing operations can be broadly divided into those that reference the source data and
those that do not. Drawing commands that reference the source data are POLY GON4A,

POLY GON4B, PLINE, and RPLINE. Drawing commands that do not reference the source data
are POLY GONA4C, LINE, RLINE, FTRAP, RFTRAP, CLRW, LINEW, and RLINEW.

With drawing operations that reference the source data, there are two reference data formats:
multi-valued source data and binary source data.

Of the commands that do not reference source data, POLY GON4C, LINE, RLINE, LINEW, and
RLINEW reference the specified color data belonging to the command.

With POLY GON4 commands, it is possible to reference a combination of multi-valued source
data and binary source data, binary source data and binary work data, or specified color data and
binary work data (see figure 4.9).
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Transparent mode
POLY GOM4B
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B coLor % A POLY GON4C

b

Figure4.9 Exampleof POLYGON4 Transfer Data Combinations

Multi-Valued Source Data: Multi-valued source datais defined as multi-valued source
coordinates (2-dimensional coordinates).

However, the horizontal width (TDX) is specified as a value of 8 pixels or more. The
configuration of multi-valued source dataiis shown in figure 4.10.

A linear arrangement (LNi = 1) isalso possible, in which case a multiple of 8 pixels should be set
asthe TDX value.
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Figure4.10 Multi-Valued Source Data Configuration

Binary Source Data: Binary source datais arranged in linear fashion in the binary source areain
the UGM, and is managed as 2-dimensional coordinates (binary source coordinates) by TDX and
TDY inthe POLY GON4B command. The left-hand screen pixel must be located at the LSB of the
binary source data when the binary source data areais viewed from the Q2SD.

However, the horizontal width (TDX) is specified as a multiple of 8 pixels. An example of binary
source datais shown in figure 4.11.

A binary source is used for the definition of character data and line-type data. When drawing, 0s
are converted to COLORO data, and 1sto COLOR1 data (in transparent mode, only 1sare
converted to COLORL datafor drawing).

DX

MSE LSE
il )

Example of kanji fant 25 binary sourcs
TOH = 24, TO'W = 24

Craka

H'1<oo, HOEDF,  H930C,
HOs1c, H'DEEZ, H'FFFF,
H'OCo0,  HOooz,  HO30C,
HO140, H'471%, H'3IFFF,
H'636E, H'2C18, H'1E63,
H'&320, H'301%, HIFFF,
H'&310, H'1g00,  H1860,
H'FF98, H'OIF,  H'O060,
H'G00F, H'ECEO, H'FFFF,
H'BOOGC, HOC01,  H'O33E,
HYCoS, HOCOE, H'3COE,
HO3%:, HECFS, H'G000

Figure4.11 Exampleof Kanji Font asBinary Source (TDX =24, TDY = 24)
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Binary Work Data: Binary work datais defined as work coordinates (2-dimensional
coordinates). Work data is used to implement polygon painting. Polygon outline datais created
with the FTRAP command, etc., and the created figure datais used to delineate the rendering
figure. If, for example, the POLY GON4C command is used jointly for work, the work area
polygon can be drawn in the rendering area with the specified color value. The configuration of
binary work datais shown in figure 4.12.

Mumber of pirels specified by BAWH bit

— .:_H_H_H_H_H_, ______

-

“
[ S
SRR NN

L ]I
|||

-
ras

Figure4.12 Binary Work Data Configuration

Specified Color Data: Specified color datais defined directly by drawing parameter color
specifications (COLOR, COLORO, COLOR1, LINE COLORO, and LINE COLOR1). When the
Q2SD is used for 8-hit/pixel operation, the same color palette number is defined in the upper 8 bits
and lower 8 bitsin the drawing parameter color specification. When the Q2SD is used for 16-
bit/pixel operation, the R, G, and B values are defined directly by the drawing parameter color
specification.

However, with LINEW and RLINEW, the value to be drawn at work coordinates is defined by the
rendering attribute EOS bit.
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Q2SD Internal Buffers: The Q2SD hasthree internal buffers—a command buffer, source buffer,
and work buffer—as shown in figure 4.13.

Lz S0
Cornnn and bufier t B, . Tt n'ﬂ'u'a:dé:uﬁer
. . E-F.0
Display list Eamm and buffr = |
E-F.0
Einzry sooros o b
Sounce bufier r . dres r
coordraies . t * |
o
-l d Source bufer t 0 | |
source coordinaie s
Work busther t E m|  Workbufier
Einary work Hze i E—+F
coordinaies Work boffer E ;
Siza

Figure4.13 Updating of Q2SD’sInternal Buffers

These buffers are used by the Q2SD to temporarily store data held in the UGM. The Q2SD uses
the data stored in these buffers when executing drawing. The functions of these buffers are as
follows:

1. Command buffer (32 bytes” 2)
Used by the Q2SD to store adisplay list held in the UGM. The buffer size is 64 bytes.

2. Source buffer (32 bytes” 2)
Used by the Q2SD to store a binary source or multi-valued source held in the UGM. The
buffer sizeis 64 bytes.

3. Work buffer (16 bytes)

Used by the Q2SD when performing drawing at binary work coordinatesin the UGM. The
buffer sizeis 16 bytes.

When buffer contents are not updated, (when the same address is referenced by data of or below
the capacity of the buffer, or areference ends at alocation at or bel ow the capacity of the buffer
from the previous reference start location), the previous buffer contents will be used even though
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the datain the UGM is rewritten. To intentionally update buffer contents, the address of alocation
exceeding the buffer capacity should be referenced.

433 Rendering Attributes

With the Q2SD, 12 rendering attributes can be specified. The rendering attributes are embedded in
the commands, and can be specified on an individual command basis. Figure 4.14 shows the bit
arrangement for rendering attributes.

1 h Iy h 1 === 1 e b -
. H 1 - H . H .. . H . . H .

- S— CODOE e ﬁ+ — ; i3 LT L] R — e
. ) . . i . : . . _ . . : .

ProaLvieashd da
ProaLveaiopd dify
PoLya2h dE

MHMET

MET

MET

POl EOMAE
IR e T T
FTR&F, RFTRAF
LMEM, ELMEWM
LME, RLME
PLME, RPLHME
JUM P, s UE

= LRIM

[a¥r R PETIET Y SRR S

Mote: Shaded wreae sboudd b daared & 0.
BMUL WL FMOR, W2DF: Baold line dr2aing bile
REL: Relzfire addrees epecificion
EDv5: Edge dravasireg bit

Figure4.14 Rendering Attribute Bit Arrangement

Transparency Specification (TRNS): When color expansion of binary source data is performed,
transparency or non-transparency can be selected on an individual drawing command basis with
the TRNS bit. When transparency is selected, a0 in the binary source datais transparent and a 1
has the value of the COLOR1 parameter. When non-transparency is selected, a binary data 0 has
the value of the COLORO parameter, and a 1 has the value of the COLOR1 parameter. With multi-
valued source data, all-0 data becomes a transparent color, and those pixels are not drawn. The
transparency specification can be used with the POLY GON4A, POLY GON4B, PLINE, and
RPLINE commands; in other commands, the TRNS bit should be cleared to 0.
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Sour ce Style Specification (STYL): When drawing arectangle, the STYL bit can be used to
select, on an individual drawing command basis, whether the source dataisto be enlarged or
reduced, or referenced repeatedly. If no style specification is made, the source datais enlarged or
reduced in proportion to the size of the rendering area. When a style specification is made, the
source data is referenced repeatedly in proportion to the size of the rendering area. This attribute is
therefore used when drawing repeated patterns such as hatch patterns. The source style
specification can be used with the POLY GON4A, POLY GON4B, PLINE, and RPLINE
commands; in other commands, the STYL bit should be cleared to 0. When a source style
specification is used, do not make a source half specification.

An example of asource style specification is shown in figure 4.15.

Mo ztvde specification [STYL =0)

Enlarged by Factor of 2

— @

—o0e
@

= e00

18800

Shde specification used [STYL = 1]

CJ
@

0008 LSO 0C
@ 0@0 —=00ee00

oS0 008
@080 |~e00000

L 1 1
LI

e

80080 |~000009

pattl OIS 0

| Fefernoad wicz
Source daks, Crrauming daka

Figure4.15 Example of Source Style Specification
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Clipping Specification (CLI1P): The Q2SD can perform clipping area management. There are
two kinds of clipping area: a system clipping area designated by the SCLIP command, and a user
clipping area designated by the UCLIP command.

The system clipping area has a fixed drawing range. The system clipping areais always valid,
regardless of attribute specifications.

A user clipping area can be designated as desired within the system clipping area. Whether or not
clipping is performed in that area can be selected on an individual command basis with the
rendering attribute CLIP bit. The boundary is drawn.

Clipping is set with screen coordinates.

An example of aclipping specification is shown in figure 4.16.

.
ATy
(0,0) ~ CLIPbit=1
a - ra ,"'::.\
- CLIP bit=10

[ .

Snetemn clipping ares
Fa
o
L ezsignated user clipping aves

(359 239)

Figure4.16 Example of Clipping Specification
[Specified system clipping areais (0, 0) to (359, 239)]

Net Drawing Specification (NET): The NET hit can be used to select, on an individual drawing
command basis, whether or not net drawing is to be performed. Net drawing is afunction for
drawing only pixels at coordinates for which the condition “rendering coordinates X + Y = EOS
(O: even number, 1: odd number)” istrue. For example, if EOS = 0, drawing will only be
performed at coordinatesY =0,X =0,2,4,6,8,..,Y=1,X=1,3,5,7,9, ...

This function enables the drawn figure and ground to be mutually semi-superimposed.

The net drawing specification can be used with the POLY GON4 commands, and the LINE,
RLINE, PLINE, and RPLINE commands; in other commands, the NET bit should be cleared to 0.
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Even/Odd Select Specification (EOS): Even pixels are selected when EOS = 0, and odd pixels
when EOS = 1.

The even/odd select specification is used together with the net specification or source half
specification.

With the LINEW and RLINEW commands, drawing is performed at the work coordinates with O
when EOS = 0, and with 1 when EOS = 1.

Examples of even/odd select specifications are shown in figure 4.17.

Even-tumber referencing with half deawing specificaton [HALF = 1, EQS = 10]

0008800 2,90

Cdd-um ber referencing with half drawing specification [HALF = 1, EQS = 1]

Sourca daka, L rauwing daka

Starting point

Figure4.17 Examplesof Even/Odd Select Specifications

Sour ce Half Drawing Specification (HALF): The HALF bit can be used to select whether al or
only half of the source datais to be referenced. When the source half drawing specification is
selected, only EOS (0: even number, 1: odd number) datais referenced from the source starting
point. Thus only half of the source data in the horizontal direction is referenced.

The source half drawing specification can only be used with the POLY GON4B (binary source)
command; in other commands, the HALF bit should be cleared to 0. When a source half
specification is used, do not make a source style specification.
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Work Specification (WORK): When drawing is performed at rendering coordinates with
POLY GON4 commands, the WORK bit can be used to select, on an individual drawing command
basis, whether or not binary work dataisto be referenced.

When binary work data referencing is selected, drawing is performed if the work data for the pixel
corresponding to the rendering coordinatesis 1, but not if the work datais 0. The same shape as
that drawn at work coordinates can thus be drawn at rendering coordinates. Drawing at work
coordinates can be performed either by means of the FTRAP command or else by the SuperH.
Ensure that UGM drawing access by command and UGM drawing access by the SuperH are not
performed simultaneously. The work specification can be used with the POLY GON4A,

POLY GON4B, and POLY GON4C commands; in other commands, the WORK bit should be
cleared to O.

With the PLINE and RPLINE commands, this attribute is specified but work references are not
performed.

Bold Line Drawing Specification: Taking individual line segments of a polygonal line specified
by parameters as reference lines, this specification makes the reference lines bold linesin the
upper-left direction and lower-right direction, independently. Whether or not this attribute is
enabled is specified by the FWUL bit and FWDR bit, while the width of abold lines can be
selected from line widths 1 to 5 by a combination of bits W2UL and W2DR. The FWUL bit
enables bold-line implementation in the upper-left direction, while the FWDR bit enables bold-
line implementation in the lower-right direction. The W2UL bit isvalid when FWUL = 1, and the
W2DR bit when FWDR = 1.

Thisfunction isvalid for each segment of a polygonal line. Using the segment line main scanning
axes, lines with the same slope in the up (left) and down (right) directions, and of the same length,
are drawn repeatedly. Therefore, the shape of the segment linkage partsis not considered. This
function can be used with the LINE and RLINE commands; in other commands, the FWUL,
W2UL, FWDR, and W2DR bits should all be cleared to 0.

When performing bold line drawing, set the vertex coordinates so that the entire bold line area
does not extend beyond the drawing area (both x and y in the range —2045 to 2044).
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Table4.2 Bold Line Drawing Settings

FWUL W2UL FWDR W2DR Line Width (Direction, Magnification)
0 0 0 0 1 (no magnification)
1 1 (no magnification)
1 0 2 (lower right 1)
1 3 (lower right 2)
1 0 0 1 (no magnification)
1 1 (no magnification)
1 0 2 (lower right 1)
1 3 (lower right 2)
1 0 0 0 2 (upper left 1)
1 2 (upper left 1)
1 0 3 (upper left 1, lower right 1)
1 4 (upper left 1, lower right 2)
1 0 0 3 (upper left 2)
1 3 (upper left 2)
1 0 4 (upper left 2, lower right 1)
1 5 (upper left 2, lower right 2)
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1. Upperdeft magnification 1 [W2UL = 0], lower+ight magnification 2 [W20R = 1]

.

Reference line

dy
PR B
1 d}i 1
[2] Whendxz dy [b] When d:= < dy

2. Upperdeft magnification 2 [W2UL = 1], lower+ight magnification 1[W20F = 0]

dy
d
lr‘ dx = ¥ |
' 1 | i
[2] Whend:x:z dy [b] When d:= < dy

Figure4.18 Examples of Bold Line Drawing
(LineWidth 4 Drawing) (FWUL =1, FWDR =1)

Source Address Linear Specification (LNi): Use of a2-dimensional virtual address or alinear
address as the source address can be selected, on an individual drawing command basis, by means
of the LNi bit. To use alinear address, set this bit to 1.

This function can be used with the POLY GON4A command; in other commands, the LNi bit
should be cleared to 0. For details of command operation, see section 4.4.1, POLY GON4A.

4-Pixel-Unit Processing (FST): Whether or not 4-pixel unit processing is performed can be
specified for individual drawing commands by means of the FST bit. To perform 4-pixel unit
processing, set the FST bit to 1. In this case, no other rendering attributes except CLIP can be
used. This function can be used with the POLY GON4A and POLY GON4C commands; in other
commands, the FST hit should be cleared to 0.

When using this attribute, set the command parameters as indicated in the individual command
descriptions.
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Sour ce Coordinate Relative Addr ess Specification (REL): Setting the REL bitto 1in

POLY GON4A, POLY GON4B, JUMP, and GOSUB commands enables source referencing and
branching to be performed at an address relative to (before or after) the command code. The
source address must be alinear address. Also, for reasons relating to referencing of a multi-valued
source arranged in linear fashion, the LNi bit must be set to 1 when using POLY GON4A;
operation cannot be guaranteed if the LNi bitisO.

The command code addressis the relative address origin.

Edge Drawing (EDG): With the FTRAP and RFTRAP commands, setting the EDG bit to 1
enables edge lines to be drawn after completion of trapezoid painting. Whether edge line drawing
is performed with 0 or with 1 is specified by the EOS bit.

Line Drawing Edge Specification (EDG1, EDG2): Whether or not edge drawing is performed
for a polygonal line with line type can be specified for individual drawing commands by means of
the EDGL1 hit.

Thisfunction isvalid for each segment of a polygonal line. Using the segment line main scanning
axes, solid lines with the same slope and of the same length, are drawn either vertically or
horizontally. Therefore, the shape of the polygonal line linkage partsis not considered. The solid
edge lines have the value of COLOR1.

This function can be used with the PLINE and RPLINE commands; in other commands, the EDG1
bit should be cleared to 0. A source size of 8 or 16 can be used. Set 8 or 16 for source size
parameter TDX.

BEdoe dewing 1 specification (EDGH = 1)

Rekerencaline

A-axis rainscan deEving ‘-axs mainscan drRwing

Whether or not edge drawing is performed for a polygonal line with line type can be specified for
individual drawing commands by means of the EDG2 hit.
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Thisfunction isvalid for each segment of a polygonal line. Here, each segment of the polygonal
line specified by the parameter is considered as a reference line. This function isimplemented for
each segment of a polygonal line, using the following procedure. First, the reference lineis drawn
asalinewith line type. Next, using the segment line main scanning axes, solid lines with the same
dope and of the same length, are drawn either vertically or horizontally. Finaly, the reference line
isdrawn as asolid line. Therefore, the shape of the polygonal line linkage partsis not considered.
The solid line drawn last has the value of COLORL.

This function can be used with the PLINE and RPLINE commands; in other commands, the EDG2
bit should be cleared to 0.

Edos drwing 2 specification (EDG2= 1)

Referer= line

A-axis mainscan drRving -azis main scandrRwing

Do not set both EDG1 and EDG2 to 1 at the same time.

Color Offset (COOF): This function can be used with the POLY GON4A command. In 16-
bit/pixel drawing, if the rendering attribute COOF bit is set to 1, the result of adding the valuein
the COLOR register to the value of the multi-valued source datais drawn. The operationis
performed by saturation processing. In 8-bit/pixel drawing, the COOF bit must be cleared to O.
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4.4 Drawing Commands

44.1 POLYGON4A

Function

Performs any four-vertex drawing at rendering coordinates while referencing a multi-valued (8- or

16-bit/pixel) source.

Command Format LNi=0
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1. Code
B'00000

2. Rendering Attributes

Reference Data

Drawing Destination

Multi-Valued | Binary Source | Binary Work | Specified Color| Rendering Work
Source
e} A e}
DRAW MODE

Reserved| TRNS | STYL | CLIP REL NET EOS FST LNi | COOF | WORK

Fixed * * o z * * o * o

ato
O: Can be used
V: Can be used (specified color is binary EOS bit value)
A: Referenced depending on mode (valid when WORK = 1)
* .

N

Blank Cannot be used (clear to 0)

3. Command Parameters
TXS, TYS: Source starting point
ABSOLUTE/RELATIVE SOURCE ADDRESS H: Source start upper address (byte address)
ABSOLUTE/RELATIVE SOURCE ADDRESS L : Source start lower address (byte address)
TDX, TDY: Sourcesize
DXn, DYn (n=1to 4): Absolute values, rendering coordinates, negative numbers expressed as

two's complement

HITACHI

Referenced depending on mode (clear to 0 when FST = 1)
Referenced depending on mode (clear to 0 when LNi =
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Description

Transfers multi-valued (8- or 16-bit/pixel) source datato any quadrilateral rendering coordinates.
The source is aways scanned horizontally, but diagonal scanning may be used in the drawing,
depending on the shape. In diagonally-scanned drawing, double-writing occursto fill in gaps.

When LNi =1, set amultiple of 8 pixelsasthe TDX value.
When LNi =0, set 8 pixelsor more asthe TDX vaue.

If the TDX setting is less than 8 pixels, multi-valued source references will not be performed
normally.

1. When repeated source referencing is selected as a rendering attribute (STYL = 1), the sourceis
not enlarged or reduced, but is referenced repeatedly.

2. When work referencing is selected as a rendering attribute (WORK = 1), only places where the
work coordinate pixel is 1 are drawn at rendering coordinates while referencing work
coordinates for the same coordinates as the rendering coordinates.

3. When LNi =0, make TXSand TY S settingsin pixel units.

4. When LNi = 1, the linear address space in the UGM can be used for multi-valued source
coordinates. See section 4.3.1 for a description of multi-valued source coordinates.
When LNi = 1, set the upper bits of the source addressin SOURCE ADDRESS H, and the
lower bitsin SOURCE ADDRESS L. When REL = 0, the source address can be specified as
an absolute address. When REL = 1, the source address can be specified as arelative address
with respect to the UGM address at which the POLY GON4A command code is located.
Absolute addresses and relative addresses must be even numbers. If arelative addressis
negative, its two's complement should be used.
In 16-bit/pixel drawing, if the rendering attribute COOF bit is set to 1, the result of adding the
value in the COLOR register to the value of the multi-valued source datais drawn. The
operation is performed by saturation processing. In 8-bit/pixel drawing, the COOF bit must be
cleared to O.

Noteon FST Mode

When the register attribute FST bit is set to 1, processing is carried out in 4-pixel units. However,
operation will be executed normally only if all the following conditions are satisfied; in other
cases, operation cannot be guaranteed. Evaluation of these conditions is not performed internally.

Make settings so that the source and destination are rectangles of the same size, with DX1 =
DX4=4j—-4,DX2=DX3=4k-1,DY1=DY2,DY3=DY4, DX2-DX1=32n-1 (where
j, k, and n are natural numbers).

When FST = 1, no other rendering attributes except CLIP can be used.
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When this command is used with FST = 1, first use the MOVE, RMOVE, LCOFS, or
RL COFS command to change the clipping range and local offset values to the values given in
the descriptions of the individual commands.

Set amultiple of 4 for TXSand TYS.
Operation isvalid in 8-bit/pixel and 16-bit/pixel modes.
The local offset values set by the LCOFS and RLCOFS commands must be non-negative.

Example
i 153, TV, TO ¥ i D)
(D2, DV
TI:I"|"I M waork speadicit
MNORE = 0)
(DE4, O Doz, vy
Mudd-valued source coordinates Fendering coordirmies
Work specdcdion provided (WO RE = 1)
¥ (DA, DY) ¥ (0xd, D)
(02, 0va) ; (D2, 0V
"
1
L |fi|l_
(D34, DY (D, D3 T i LR
Wok coordinae s Rendering coordirmies

109
HITACHI



4.4.2 POLYGON4B

Function

Performs any four-vertex drawing at rendering coordinates while referencing a binary (1-bit/pixel)
source.

Command Format REL =0
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1. Code
B'00001

2. Rendering Attributes

Reference Data Drawing Destination
Multi-Valued | Binary Source | Binary Work [ Specified Color| Rendering Work
Source
0] A 0]
DRAW MODE
Reserved] TRNS | STYL CLIP REL NET EOS | Reserved| Reserved| HALF | WORK
Fixed (0] o* (0] (0] (0] (0] Fixed | Fixed o* (0]
at0 at0 at0
O: Can be used
V: Can be used (specified color is binary EOS bit value)
A: Referenced depending on mode (valid when WORK = 1)
*: Referenced depending on mode (clear to 0 when FST = 1)
Z: Referenced depending on mode (clear to 0 when LNi = 1)

Blank: Cannot be used (clear to 0)

Note: * The STYL bit and HALF bit cannot both be set to 1 at the same time.

3. Command Parameters

ABSOLUTE/RELATIVE SOURCE ADDRESS H: 1-bit/pixel source start upper address (byte
address)

ABSOLUTE/RELATIVE SOURCE ADDRESS L : 1-hit/pixel source start lower address (byte
address)

TDX, TDY: Source size

DXn, DYn (n=1to 4): Absolute values, rendering coordinates, negative numbers expressed as
two's complement

COLORO, COLORI: 8- or 16-hit/pixel color specifications
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Description

Draws binary (1-bit/pixel) source datain any quadrilateral rendering area, using the colors
specified by parameters COLORO and COLOR1. For the COLORO and COLOR1 data formats,
see section 3.3.3, Color Data Format Input Color Data Configuration. The sourceis always
scanned horizontally, but diagonal scanning may be used in the drawing, depending on the shape.
In diagonally-scanned drawing, double-writing occurs to fill in gaps.

A multiple of 8 pixels must be set asthe TDX value.

Binary source datais|ocated in an areain the UGM. When REL = 0, the source address can be
specified as an absolute address. When REL = 1, the source address can be specified as arelative
address with respect to the UGM address at which the POLY GON4B command code is located.

Absolute addresses and relative addresses must be even numbers. If arelative addressis negative,
its two's complement should be used.

1. When repeated source referencing is selected as arendering attribute (STYL = 1), the sourceis
not enlarged or reduced, but is referenced repeatedly.

2. When work referencing is selected as a rendering attribute (WORK = 1), only places where the
work coordinate pixel is 1 are drawn at rendering coordinates while referencing work
coordinates for the same coordinates as the rendering coordinates.

Example

FIURCE
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Rendering coordinaies
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443 POLYGON4C
Function
Performs any four-vertex drawing at rendering coordinates with a monochrome specification.

Command Format

15 0
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1. Code
B'00010

2. Rendering Attributes

Reference Data Drawing Destination
Multi-Valued | Binary Source | Binary Work | Specified Color| Rendering Work
Source
A 0] 0]
DRAW MODE
Reserved CLIP | Reserved| NET EOS FST Reserved WORK

Fixed | Fixed | Fixed (0] Fixed * * (0] Fixed | Fixed *

at0 at0 at0 at0 ato ato
O: Can be used
V: Can be used (specified color is binary EOS bit value)
A: Referenced depending on mode (valid when WORK = 1)
*: Referenced depending on mode (clear to 0 when FST = 1)
Z: Referenced depending on mode (clear to 0 when LNi = 1)

Blank: Cannot be used (clear to 0)

3. Command Parameters

DXn, DYn (n=1to 4): Absolute values, rendering coordinates, negative numbers expressed as
two's complement

COLOR: 8- or 16-hit/pixel color specification

HITACHI
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Description

Draws any quadrilateral in the rendering areain the single color specified by the COLOR
parameter. For the COLOR data format, see section 3.3.3, Color Data Format Input Color Data
Format Configuration.

When work referencing is selected as a rendering attribute (WORK = 1), only places where the
work coordinate pixel is 1 are drawn at rendering coordinates while referencing work coordinates
for the same coordinates as the rendering coordinates.

When the register attribute FST bit is set to 1, processing is carried out in 4-pixel units. However,
operation will be executed normally only if all the following conditions are satisfied; in other
cases, operation cannot be guaranteed. Evaluation of these conditions is not performed internally.

Make settings so that the source and destination are rectangles of the same size, with DX1 =
DX4=4j-4,DX2=DX3=4k-1,DY1=DY2,DY3=DY4, DX2-DX1=32n-1 (where
j, k, and n are natural numbers).

When FST = 1, no other rendering attributes except CLIP can be used.

When this command is used with FST = 1, first use the MOVE, RMOVE, LCOFS, or

RL COFS command to change the clipping range and local offset values to the values given in
the descriptions of the individual commands.

Operation isvalid in 8-bit/pixel and 16-bit/pixel modes. In 8-bit/pixel mode, set the same 8-hit
data for the upper and lower color attribute values.

Thelocal offset values set by the LCOFS and RLCOFS commands must be non-negative.
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Example

Mo work specficaion

¥ D DY
FOLOR (Dx2, Ova)
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444  FTRAP

Function

Draws a polygon at work coordinates.

Command Format

1. Code
B'01000

2. Rendering Attributes

15 0
P SO0 E Hwr—— O RAW W00 E——f-w
L e e e e
o o o i o e e
L e e S T e o e
D vk v
T e e e e
[ st — 11— 02
T e e e o e e e
[ gttt O ™

Reference Data Drawing Destination
Multi-Valued | Binary Source | Binary Work [ Specified Color| Rendering Work
Source
o
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DRAW MODE

Reserved CLIP Reserved EOS EDG Reserved
Fixed | Fixed | Fixed (0] Fixed | Fixed B (0] Fixed | Fixed | Fixed
at0 at0 at0 at0 at0 at0 at0 at0
O: Can be used
V: Can be used (specified color is binary EOS bit value)
A: Referenced depending on mode (valid when WORK = 1)
B: Referenced depending on mode (valid when EDG = 1)
*-

N

Blank Cannot be used (clear to 0)

3. Command Parameters

Referenced depending on mode (clear to 0 when FST = 1)
Referenced depending on mode (clear to 0 when LNi =

n (n = 2to 65,535): Number of vertices

DXL: Left-hand side coordinate

DXn (n = 2to 65,535): Absolute value, work coordinate, negative number expressed as twao's
complement
DYn (n = 2to 65,535): Absolute value, work coordinate, negative number expressed as two's
complement

Description

Draws a polygon with n-1 vertices at work coordinates. Paints n-1 trapezoids at work coordinates
using binary EOR, with X = DXL asthe left-hand side, and line segments (DX1, DY 1) — (DX2,

DY2), (DX2, DY2) — (DX3, DY3), ...,

(DXn-1, DYn-1) — (DXn, DY n) astheright-hand sides, and

with top and bottom bases paralldl to the X-axis. Bottom base drawing is not performed. Set the
minimum value of DX1 to DXn as DXL.

If the draw mode EDG bit is set to 1, an edge line is drawn after the paint operation. Theline
drawing datais selected with the EOS bit. When setting the EDG bit to 1, set (DXN, DYN) =

(DX1, DY1) togiveaclosed figure.
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Example
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445

RFTRAP

Draws a polygon at work coordinates.

Command For mat

1. Code
B'01001

2. Rendering Attributes

15

h+n::u:un5-|—n|-:—|—|—}nn.qwr.1DDE|—|—|-:-|
L o e e s e |
e o e e e ] M, e e
[P o et o 1
[t Doz e 02 1

ErEEEAmme ey m——

Reference Data

Drawing Destination

Multi-Valued
Source

Binary Source | Binary Work | Specified Color| Rendering

Work

)

DRAW MODE

Reserved

CLIP Reserved EOS EDG

Reserved

Fixed
ato

ato

Fixed | Fixed (@] Fixed | Fixed B (@]

ato

ato ato

Fixed
ato

ato

Fixed | Fixed

ato

TmPE <0

N

Can be used

Can be used (specified color is binary EOS bit value)
Referenced depending on mode (valid when WORK = 1)
Referenced depending on mode (valid when EDG = 1)
Referenced depending on mode (clear to 0 when FST = 1)
Referenced depending on mode (clear to O when LNi = 1)
Blank Cannot be used (clear to 0)

3. Command Parameters
n (n = 1to 65,535): Number of vertices

HITACHI
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DXL: Left-hand side coordinate, work coordinate, negative number expressed as two's
complement

DXn, DYn (n = 1 to 65,535): Relative values, work coordinates, negative numbers expressed
as twao's complement

Description

Paints n trapezoids at work coordinates using binary EOR, with X = DXL asthe left-hand side,
and line segments specified by the relative shift (DX, DY) from the current pointer values (XC,
YC) ((XC, YC) — (XC + DX1, YC + DY1), (XC + DX1, YC + DY1) — (XC + DX1+DX2, YC +
DY1+DY2),..,(XC+..+DXn-1,YC+..+DYn-1)—-(XC+..+DXn-1+DXn,YC+...
+DYn -1+ DYn)) asthe right-hand sides, and with top and bottom bases parallel to the X-axis.
Bottom base drawing is not performed.

Thefinal coordinate point is stored as the current pointer values (XC, YC).

If the draw mode EDG bit is set to 1, an edge lineis drawn after the paint operation. The line
drawing datais selected with the EOS bit. When setting the EDG bit to 1, set (DX1 + DX2 + ...
+DXn=0,DY1+DY2+..+DYn=0)togiveaclosed figure.
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Example

Whenn=2
(o -
! nug YT
1
b
(0 + Do + D2 + D062, CEE 4+ DA, VS + D)

W + O 4+ D2+ DY) {ova

(O 4 DO0H 4 DOX2, WIS + D0 4 4 DY)

Wark coordirmies

Pairding order
oL

1

1

1

-
-

-
L9
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4.4.6

LINEW

Function

Draws a 1-bit-wide solid line at work coordinates.

Command Format

15 1]
(-0 [ E Haefe—— D R B0 DE ——-m
o e e e e e e s e s
T o s e e P B e e
e s e e L e s
T e o e e . e
T e ] P e e B
T o e e e ™
T e e A o e e e
1. Code
B'01010
2. Rendering Attributes
Reference Data Drawing Destination
Multi-Valued | Binary Source | Binary Work [ Specified Color| Rendering Work
Source
\Y O
DRAW MODE
Reserved CLIP Reserved EOS Reserved
Fixed | Fixed | Fixed (0] Fixed | Fixed (0] Fixed | Fixed | Fixed | Fixed
ato0 ato0 ato0 ato0 ato0 ato0 ato0 ato0 ato0
O: Can be used
V: Can be used (specified color is binary EOS bit value)
A: Referenced depending on mode (valid when WORK = 1)

N

124

Referenced depending on mode (clear to 0 when FST = 1)

Referenced depending on mode (clear to O when LNi =
Blank Cannot be used (clear to 0)
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3. Command Parameters
n (n = 2to 65,535): Number of vertices

DXn (n =2 to 65,535): Absolute value, work coordinate, negative number expressed as twao's
complement

DYn (n = 2to 65,535): Absolute value, work coordinate, negative number expressed as two's
complement

Description

Performs binary drawing at work coordinates of a polygonal line from vertex 1 (DX1, DY 1),
through vertex 2 (DX2, DY2), ...., vertexn—1 (DXn—-1, DYn-1), to vertex n (DXn, DYn). 0
drawing or 1 drawing is selected with the drawing mode EOS bit. Drawing is performed at work
coordinates with 0 when EOS = 0, and at work coordinates with 1 when EOS = 1. (Used for
border drawing at work coordinates for a polygonal painted figure.)

Note: 8-point drawing is used.

Example

(0,0] -

(D2, DY2)

(D3, DY3)

(L1, DY)

Yok coordinates
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4.4.7

RLINEW

Function

Draws a 1-bit-wide solid line at work coordinates.

Command Format

1. Code
B'01011

2. Rendering Attributes

15 0
[etcoDE e DR A% oD E —— e
e o e e
e o CE e e e LA R o e
[rpet D2 D2

ERETmEEr -

Reference Data Drawing Destination
Multi-Valued | Binary Source | Binary Work [ Specified Color| Rendering Work
Source
\% 0]
DRAW MODE
Reserved CLIP Reserved EOS Reserved
Fixed | Fixed | Fixed (0] Fixed | Fixed (0] Fixed | Fixed | Fixed | Fixed
at0 at0 at0 at0 at0 at0 at0 at0 at0
O: Can be used
V: Can be used (specified color is binary EOS bit value)
A: Referenced depending on mode (valid when WORK = 1)
*: Referenced depending on mode (clear to 0 when FST = 1)
Z: Referenced depending on mode (clear to 0 when LNi = 1)

Blank: Cannot be used (clear to 0)

3. Command Parameters
n (n = 1to 65,535): Number of vertices
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DXn, DYn (n=1to 65,535): Relative values, work coordinates, negative numbers expressed
as two's complement

Description

Performs binary drawing at work coordinates of a polygonal line comprising line segments (XC,
YC) - (XC+DX1, YC+DY1),(XC+DX1,YC+DY1)—-(XC+DX1+DX2, YC+DY1+
DY2),..,(XC+..+DXn-1,YC+..+DYn-1)—(XC+..+DXn-1+DXn, YC+..+DYn
—1+ DYn) to the coordinates specified by the relative shift (DX, DY) from the current pointer
values (XC, YC). 0 drawing or 1 drawing is selected with the drawing mode EOS bit. Drawing is
performed at work coordinates with O when EOS = 0, and at work coordinates with 1 when EOS =
1

Thefina coordinate point is stored as the current pointer values (XC, Y C). (Used for border
drawing at work coordinates for a polygonal painted figure.)

Note: 8-point drawing is used.

Example

(0,0 -

[0+ DE,YE +DY1)
¥ D1 Dz

[ )

(R

(M0 + DHT + DE2, YE + DV +DY2)

(M, Y]

Waork coordinates
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4.4.8 LINE

Function

Drawsasolid line 1 to 5 bitsin width at rendering coordinates.

Command Format

1. Code
B'01100

15
pi 2 D E -l —— [ RAW M-c:-[:-E—|—|—r-{
o o o A LR e e e
e e T e e
e T e o e e
T o e e e e s o
a2 o e B e o
T e 0 e L o e e
et o A e e e e s o
e o e e e e e

2. Rendering Attributes

Reference Data

Drawing Destination

Multi-Valued
Source

Binary Source

Binary Work

Specified Color

Rendering Work

o)

o)
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DRAW MODE

Reserved CLIP |Reseved| NET | EOS | FwuL | W2UL | FWDR | W2DR
Fixed | Fixed | Fixed (0] Fixed (0] (0] 0000-1111
at0 at0 at0 at0
O: Can be used
V: Can be used (specified color is binary EOS bit value)
A: Referenced depending on mode (valid when WORK = 1)
*-

N

Blank Cannot be used (clear to 0)

3. Command Parameters
LINE COLOR: 8- or 16-hit/pixel color specification

Referenced depending on mode (clear to 0 when FST = 1)

Referenced depending on mode (clear to O when LNi =

n (n = 2to 65,535): Number of vertices
DXn (n = 2 to 65,535): Absolute values, rendering coordinates, negative numbers expressed as
two's complement
DYn (n =2 to 65,535): Absolute values, rendering coordinates, negative numbers expressed as
two's complement

Description

1

Draws a polygonal line at rendering coordinates from vertex 1 (DX1, DY 1), through vertex 2

(DX2, DY2), ....,

specified by parameter LINE COLOR.

vertex n—1 (DXn—1, DYn—1), to vertex n (DXn, DYn), using the single color

For the LINE COLOR data format, see section 3.3.3, Color Data Format Input Color Data Format
Configuration.

Note: 8-point drawing is used.

HITACHI
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Example

(0,0 -

v (D2, DY)

(L3, DY3)

(L1, DY)

R endering coordinates
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4.4.9

RLINE

Function

Drawsasolid line 1 to 5 bitsin width at rendering coordinates.

Command Format

1. Code
B'01101

2. Rendering Attributes

15 0
pet i ODE | at—— D RAR BODE ——-]
BT LNECOLOR 111
o e
[rpet—{ 031 e 01
e 2 o o et L0 ot

8 o [T e e e e (ST o e e

Reference Data

Drawing Destination

Multi-Valued | Binary Source | Binary Work

Source

Specified Color| Rendering Work

)

)

DRAW MODE

Reserved CLIP | Reserved

NET

EOS

FWUL| W2UL | FWDRl W2DR

Fixed
ato

Fixed | Fixed (e} Fixed
ato ato ato

o

o

0000-1111

> <0

N

Blank

Can be used

Can be used (specified color is binary EOS bit value)

Referenced depending on mode (valid when WORK = 1)

Referenced depending on mode (clear to 0 when FST = 1)
Referenced depending on mode (clear to 0 when LNi =

Cannot be used (clear to 0)

3. Command Parameters

LINE COLOR: 8- or 16-hit/pixel color specification

HITACHI
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n (n = 1to 65,535): Number of vertices

DXn, DYn (n=1to 65,535): Relative values, rendering coordinates, negative numbers
expressed as two's complement

Description

Draws, at rendering coordinates, a polygonal line comprising line segments (XC, YC) —(XC +
DX1,YC+DY1),(XC+DX1,YC+DY1l)—(XC+DX1+DX2,YC+DY1+DY2),..,(XC+
..+*+DXn-=1,YC+..+DYn-1)—(XC+..+ DXn—-1+DXn,YC+..+DYn-1+DYn)to
the coordinates specified by the relative shift (DX, DY) from the current pointer values (XC, YC),
using the single color specified by parameter LINE COLOR.

For the LINE COLOR data format, see section 3.3.3, Color Data Format Input Color Data Format
Configuration.

The final coordinate point is stored as the current pointer values (XC, YC).

Note:  8-point drawing is used.

Example
h=2
(0,0 >
[H + DHEALYC + DY)
v (EEA Cxz
i Dye
(ERh
E (¥ + D1 +DE2, VC + DY + DYE)
(F )
Fendating coordinakes
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4410 PLINE

Function

Draws a polygonal line at rendering coordinates while referencing a binary source.

Command Format

15

|-1-|-n::n:|nE-|-h|-¢-|—|—|nn.qwr.1cunE1—|—|-h-|
P LINE COLOR 01—
[ LINE cOLOR 4
F | G iE ] SOURCE A DDRESS H ]
[d:d: s | —— Si0U RCE DD R ESS L ——]
[ iiili-LF-PTH-I-I—|—|—} Tnx|—|—|—|—l-1
OEEEEEENESSEEE
meﬂﬂﬂil - 03 ————1]
R T 57 ]
L e e T ———r
T T e S T

L HH |2

e g g e
e —

:I::-cedattl

HITACHI
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1. Code
B'01110
2. Rendering Attributes
Reference Data Drawing Destination
Multi-Valued | Binary Source | Binary Work [ Specified Color| Rendering Work
Source
@] @]
DRAW MODE
Reserved| TRNS [ Reserved| CLIP | Reserved| NET EOS | EDG2 | Reserved| EDG1 | Reserved
Fixed o Fixed o Fixed o o o Fixed o Fixed
ato0 atl ato0 at0 atl
O: Can be used
V: Can be used (specified color is binary EOS bit value)
A: Referenced depending on mode (valid when WORK = 1)
-

N

Referenced depending on mode (clear to 0 when FST = 1)
Referenced depending on mode (clear to 0 when LNi = 1)

Blank Cannot be used (clear to 0)

3.

Command Parameters

LINE COLORQO: 8- or 16-hit/pixel color specification

LINE COLORL.: 8- or 16-hit/pixel color specification

SOURCE ADDRESS H: 1-hit/pixel source start upper address (byte address)

SOURCE ADDRESS L: 1-hit/pixel source start lower address (byte address)

TDX: Source size

LPPT: Line pattern pointer

n (n = 2 to 65,535): Number of vertices

DXn (n = 2 to 65,535): Absolute values, rendering coordinates, negative numbers expressed as
two's complement

DYn (n =2 to 65,535): Absolute values, rendering coordinates, negative numbers expressed as
two's complement

134
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Description

Draws apolygonal line from vertex 1 (DX1, DY 1), through vertex 2 (DX2, DY2), ...., vertex n—1
(DXn-1,DYn-1), tovertex n (DXn, DYn).

A multiple of 8 pixels must be set for the TDX value.

The reference start position of the binary source data can be adjusted by setting a value between 0
and 7 in the line pattern pointer. For example, if O is set, referencing starts at the beginning of the
source data, while if 5 is set, referencing starts 5 pixels from the beginning of the source data.

When STYL = 1, pattern repetition starts at the pixel after [source start position + TDX + LPPT —
1]. The source start address must be an even number.

Note: 4-point drawing is used.

Example

-
{0, O)

- -

(D2, D2
Ak

. -
- -

-

]
(DR, O

Rendering coordirmes

HITACHI

FIURCE
AODRESS

. TOX 3

1 00 4 000 4 001 008

TRMS = { ard STYL = { specfied

135



4411 RPLINE
Function
Draws a polygonal line at rendering coordinates while referencing a binary source.

Command Format

15 o
{8 0 DE Isf-—— DRl W0 DE -
e e ————
M LMECOLOR { 111
S e [ ] SOUFCE ADDRESS H ]l
a—— SO URCE ADDRESS L——

T T T T T T - T T T 1
I O A i N N

[#epe ] miei i [l ID‘HE i il'i
[#ebef ooz oo oz o4

[t oxn I—I—H.“vh-l—l on 1
FE]: Fimed 2t 0
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1. Code

B'01111

2. Rendering Attributes

Reference Data Drawing Destination
Multi-Valued | Binary Source | Binary Work | Specified Color| Rendering Work
Source
(0] (0]
DRAW MODE
Reserved| TRNS | Reserved| CLIP | Reserved] NET EOS | EDG2 | Reserved| EDG1 | Reserved
Fixed (0] Fixed (0] Fixed (0] (0] (0] Fixed (0] Fixed
at0 atl at0 at0 atl
O: Can be used
V: Can be used (specified color is binary EOS bit value)
A: Referenced depending on mode (valid when WORK = 1)
*: Referenced depending on mode (clear to 0 when FST = 1)
Z: Referenced depending on mode (clear to 0 when LNi = 1)

Blank: Cannot be used (clear to 0)

3. Command Parameters
LINE COLORQ: 8- or 16-bit/pixel color specification
LINE COLORL1.: 8- or 16-hit/pixel color specification

SOURCE ADDRESS H: 1-bit/pixel source start upper address (byte address)
SOURCE ADDRESS L: 1-hit/pixel source start lower address (byte address)

LPPT: Line pattern pointer
TDX: Source size

n (n=1to 65,535): Number of vertices
DXn, DYn (n=1to 65,535): Relative values, rendering coordinates, negative numbers

expressed as two's complement

HITACHI

137



Description

Draws a polygonal line comprising line segments (XC, YC) — (XC + DX1, YC + DY1), (XC +
DX1,YC+DY1) - (XC+DX1+DX2,YC+DY1+DY2),..,(XC+..+DXn-1,YC+..+
DYn—-1)—(XC+ ..+ DXn-1+DXn,YC+ ...+ DYn—-1+ DYn) to the coordinates specified by
the relative shift (DX, DY) from the current pointer values (XC, Y C).

Thefinal coordinate point is stored as the current pointer values (XC, YC).
A multiple of 8 pixels must be set for the TDX value.

The reference start position of the binary source data can be adjusted by setting a value between 0
and 7 in the line pattern pointer. For example, if 0 is set, referencing starts at the beginning of the
source data, whileif 5 is set, referencing starts 5 pixels from the beginning of the source data.
When STYL =1, pattern repetition starts at the pixel after [source start position + TDX + LPPT —
1]. The source start address must be an even number.

Note: 4-point drawing is used.

Example
n=32
w0 - TOX -
11000 4400 1400 4400
r (X 4 D Ve + DY ) SOURCE
O 1\1- O AODRESS
! LA S ) ;=
I:I"|"1= -“_‘_- "H
s E 4 O] + 02, o + DV +0YE)
TRMNZS=1 and 5TYL = { spedifiad
Rendering coordinaes
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4412

MOVE

Function

Sets the current pointer.

Command Format

1. Code
B'10000

2. Rendering Attributes

e ODE e —CFi 2 MGDE —|—|-a-|
R v e e s o |
T e

Reference Data Drawing Destination
Multi-Valued | Binary Source | Binary Work | Specified Color|] Rendering Work
Source
DRAW MODE
Reserved

Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed

at0 at0 at0 at0 at0 at0 at0 at0 at0 at0 at0
O: Can be used
V: Can be used (specified color is binary EOS bit value)
A: Referenced depending on mode (valid when WORK = 1)
*-

N

Blank Cannot be used (clear to 0)

3. Command Parameters

Referenced depending on mode (clear to 0 when FST = 1)
Referenced depending on mode (clear to 0 when LNi =

XC: Absolute value, rendering coordinate, work coordinate, negative number expressed as
two's complement
Y C: Absolute value, rendering coordinate, work coordinate, negative number expressed as
two's complement

HITACHI
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Description

Sets the values obtained by adding the local offset valuesto XC and Y C in the current pointers.
XC and Y C are set as absol ute coordinates. The current pointers are used by relative drawing
commands only.

After issuing a MOV E command, use réelative drawing commandsin succession. |f an absolute
drawing command is used during this sequence, the current pointers will be used asregisters for
internal computation, and the current pointer values will belost. A MOV E command must be
therefore be issued before using relative drawing commands again.

Example

(0,0] >

e, )

Yok coordinates
Re ndering coordinatas
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4413 RMOVE
Function
Sets the current pointer.

Command Format

15 0
(0D E Hmta—— D RAW MODE ——

[t *5 e Y ™

1. Code
B'10001

2. Rendering Attributes

Reference Data

Drawing Destination

Multi-Valued | Binary Source | Binary Work

Source

Specified Color

Rendering Work

DRAW MODE

Reserved

Fixed | Fixed | Fixed | Fixed | Fixed
at0 at0 at0 at0 at0

Fixed
at0

Fixed
at0

Fixed
at0

Fixed | Fixed | Fixed
at0 at0 at0

Can be used

> <0

N

Blank Cannot be used (clear to 0)

3. Command Parameters

Can be used (specified color is binary EOS bit value)
Referenced depending on mode (valid when WORK = 1)

Referenced depending on mode (clear to 0 when FST = 1)
Referenced depending on mode (clear to O when LNi =

XC, YC: Relative values, rendering coordinates, work coordinates, negative numbers

expressed as two's complement

HITACHI
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Description

Adds XC and Y C to the current pointers.

Example

142

(0,0]

: )

Old [¥C, ¥

-

Cild K2+ BT, ald WO+ Vi)

York coordinatas
Fiendering coordinakes
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4.4.14

LCOFS

Function

Setsthe local offset.

Command Format

15
00 E b —— D RA MGDE—|—|—I-|
[t saermcndepir i O —
e T e e e L o e |
1. Code
B'10010

2. Rendering Attributes

Reference Data

Drawing Destination

Multi-Valued | Binary Source | Binary Work | Specified Color|] Rendering
Source

Work

DRAW MODE

Reserved

Fixed
ato

Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed
ato ato ato ato ato ato ato

Fixed
ato

Fixed
ato

Fixed
ato

> <0

N

Blank

Can be used

Can be used (specified color is binary EOS bit value)
Referenced depending on mode (valid when WORK = 1)
Referenced depending on mode (clear to 0 when FST = 1)
Referenced depending on mode (clear to O when LNi = 1)
Cannot be used (clear to 0)

3. Command Parameters
X0, YO: Local offset value absolute specifications, rendering coordinates, work coordinates,
negative numbers expressed as two's complement

HITACHI
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Description

Setsthe local offset with absolute coordinates. After these settings are made, these offset values
are added in all subsequent coordinate specifications.

These settings must be made at the start of the display list (theinitial values are undefined).

To reflect the local offset valuesin the current pointers, issue a MOV E command after the LCOFS
command.

When using a command that employs the FST specification, a multiple of 4 must be set for the XO
value.

Use non-negative values for both XO and Y O.

Example
(0,0] -
[HO1 + DHE, %01 +DY2)
¥
[H01, YO LINE
[HO1 + D1, %31 + DY

Wor: coordinakes

Fenderng coordinakes
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4415 RLCOFS
Function
Setsthe local offset.

Command Format

1. Code
B'10011

2. Rendering Attributes

15 0
(SO0 E Hb—— D RAW WODE ——-m

[HebH T %0 e Vo

Reference Data Drawing Destination
Multi-Valued | Binary Source | Binary Work | Specified Color| Rendering Work
Source
DRAW MODE
Reserved
Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed
ato ato ato ato ato ato ato ato ato ato ato

Can be used

> <0

N

3. Command Parameters

Can be used (specified color is binary EOS bit value)
Referenced depending on mode (valid when WORK = 1)
Referenced depending on mode (clear to 0 when FST = 1)
Referenced depending on mode (clear to 0 when LNi =
Blank Cannot be used (clear to 0)

X0, YO: Local offset value relative specifications, rendering coordinates, work coordinates,
negative numbers expressed as two's complement

HITACHI
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Description

Adds XO and YO to the local offset. After these settings are made, these offset values are added in
all subsequent coordinate specifications.

To reflect the local offset valuesin the current pointers, issue a MOV E command after setting the
local offset with the LCOFS or RLCOFS command.

When using acommand that employs the FST specification, the value obtained by adding XO to
the local offset must be amultiple of 4.

The local offset values set by XO and Y O must be non-negative.

Example
(0,0 - |
[0 HC + WD +DH2, ald YO + YO+ Y2
A
[ X, old YO v
LINE
[d S + KD, ald i+ Y0
[0 ¥ + 3O+ 0¥, ald WO+ YO + DY

ok coordinakes
F endering coordinakes
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4416 UCLIP
Function
Setsthe user clipping area.

Command Format

|-q-|--:: GDE-|—1+1-|—|—DHAW MGDE—|—|—I-|

1. Code
B'10101

2. Rendering Attributes

Reference Data Drawing Destination
Multi-Valued | Binary Source | Binary Work | Specified Color| Rendering Work
Source
DRAW MODE
Reserved

Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed
ato ato ato ato ato ato ato ato ato ato ato

O: Can be used

V: Can be used (specified color is binary EOS bit value)

A: Referenced depending on mode (valid when WORK = 1)
*: Referenced depending on mode (clear to 0 when FST = 1)
Z: Referenced depending on mode (clear to 0 when LNi = 1)

Blank: Cannot be used (clear to 0)

3. Command Parameters
XMIN, XMAX: Left and right X coordinate values, rendering coordinates, work coordinates
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YMIN, YMAX: Upper and lower Y coordinate values, rendering coordinates, work
coordinates

Description

Designates the area specified by upper-left coordinates (XMIN, YMIN) and lower-right
coordinates (XMAX, YMAX) in the rendering coordinate and work coordinate systems as a user
clipping area. The local offset values specified by the LCOFS or RLCOFS command are not
added to the coordinates set by this command.

When making these settings, ensure that XMIN < XMAX and YMIN < YMAX, and that the
system clipping areais not exceeded.

This setting isvalid when CLIP= 1.

When using acommand that employs the FST specification, set amultiple of 4 asthe XMIN
value, and amultiple of 4 — 1 asthe XMAX value.

Example
(0,0 >
[HRAIM, YRAIN]
L
H‘f"
[HBAAK, Wit H]
Work coordinakes
Fendering coordinates
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4417 SCLIP
Function
Sets the system clipping area.

Command Format

|-1-|-C-:3-DE-|—-|1-|—|—DFIAW MODE —|—|—:-{
e
Iiisii:.:.i:.:l...}:::: ::::|-ll-|—|—|-"|"h-1-*-}€-|—|—|-ll-|

1. Code
B'10111

2. Rendering Attributes

Reference Data Drawing Destination
Multi-Valued | Binary Source | Binary Work | Specified Color| Rendering Work
Source
DRAW MODE
Reserved
Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed Fixed | Fixed
at0 at0 at0 at0 at0 at0 at0 at0 at0 at0

O: Can be used

V: Can be used (specified color is binary EOS bit value)

A: Referenced depending on mode (valid when WORK = 1)
*: Referenced depending on mode (clear to 0 when FST = 1)
Z: Referenced depending on mode (clear to 0 when LNi = 1)

Blank: Cannot be used (clear to 0)

3. Command Parameters

XMAX: Left and right X coordinate values, rendering coordinates, work coordinates
YMAX: Upper and lower Y coordinate values, rendering coordinates, work coordinates

HITACHI
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Description

Designates the area specified by upper-left coordinates (0, 0) and lower-right coordinates (XMAX,
YMAX) in the rendering coordinate and work coordinate systems as the system clipping area. The
local offset values specified by the LCOFS or RLCOFS command are not added to the coordinates
set by this command.

Set the maximum drawing range values for XMAX and YMAX. After powering on, the initial
values of the clipping range are undefined. The clipping range must therefore be set with the
SCLIP command at the start of the first display list executed.

For the set values given by this command, screen coordinates must be set as reference coordinates.

When using acommand that employs the FST specification, set amultiple of 4 — 1 asthe XMAX
value.

Example
(0,0] -
¥
[HMAAK, WML
Work coordinates
Rendeting coordinates
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4418 CLRW

Function

Zeroizes the work coordinates.

Command Format

1. Code
B'10100

2. Rendering Attributes

|E|-C':}DE-|-I-|-1-|—|—DFIAW MODE —|—|-E-|
T o o e o L e o o
e L T e e
e e 0 e e
e e o 0 o e

Reference Data Drawing Destination
Multi-Valued | Binary Source | Binary Work | Specified Color|] Rendering Work
Source
0]
DRAW MODE
Reserved CLIP Reserved
Fixed | Fixed | Fixed (0] Fixed | Fixed | Fixed | Fixed Fixed | Fixed
at0 at0 at0 at0 at0 at0 at0 at0 at0

O: Can be used

V:

A: Referenced depen
* Referenced depen
Z: Referenced depen

Can be used (specified color is binary EOS bit value)

ding on mode (valid when WORK = 1)
ding on mode (clear to 0 when FST = 1)
ding on mode (clear to 0 when LNi = 1)

Blank: Cannot be used (clear to 0)

3. Command Parameters

XMIN, XMAX: Left and right X coordinate values, work coordinates, negative numbers
expressed as twao's complement

HITACHI

151



YMIN, YMAX: Upper and lower Y coordinate values, work coordinates, negative numbers
expressed as two's complement

Description

Zero-clears the area specified by upper-left coordinates (XMIN, YMIN) and lower-right
coordinates (XMAX, YMAX) in the work coordinate system.

Example

(0,0 -

(MM, YRIN)

[HMEH, YA

Ward: coordinakes
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4419 JUMP
Function
Changesthe display list fetch destination.

Command Format REL =0

13

]
| EENE e - - S T RAAW SHE -1~ 3

15 0
& O e - E TR SIE -
[P i scbsron wuiaipaonigts PELK TIE LR SIORESEH o

il —— RECATIE I WPADORESEL ——t

1. Code
B'11000

2. Rendering Attributes

Reference Data Drawing Destination

Multi-Valued | Binary Source | Binary Work | Specified Color|] Rendering Work
Source
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DRAW MODE

Reserved REL Reserved

Fixed | Fixed | Fixed | Fixed (e} Fixed Fixed | Fixed | Fixed | Fixed Fixed
ato ato ato ato at0 at0 at0 at0 at0 ato

Can be used

Can be used (specified color is binary EOS bit value)
Referenced depending on mode (valid when WORK = 1)
Referenced depending on mode (clear to O when FST = 1)
Referenced depending on mode (clear to O when LNi = 1)
Blank Cannot be used (clear to 0)

> <0

N

3. Command Parameters

ABSOLUTE/RELATIVE JUMP ADDRESS H: Absolute/relative jump destination upper
address (byte address)

ABSOLUTE/RELATIVE JUMP ADDRESS L: Absolute/relative jump destination lower
address (byte address)

Description
Changes the display list fetch destination to the specified address.

When REL = 0, the jump destination address can be specified as an absolute address. When REL
= 1, the source address can be specified as a relative address with respect to the UGM address at
which the command code is located.

Absolute addresses and relative addresses must be even numbers. If arelative addressis negative,
its two's complement should be used.
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Example

Crisplane list avas,

FRiagister satting Drawing start=

command

Dramwing command
JIMP comnimnand

3 Drrawing comman

Crraw inng comnim an
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4420 GOSUB

Function

Makes a subroutine call for the display list.

Command Format REL =0

1. Code
B'11001

2. Rendering Attributes

Reference Data

Drawing Destination

Multi-Valued
Source

Binary Source | Binary Work

Specified Color

Rendering Work
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DRAW MODE
Reserved REL Reserved

Fixed | Fixed | Fixed | Fixed @) Fixed | Fixed | Fixed | Fixed | Fixed | Fixed
ato ato ato ato ato ato ato ato ato ato
Can be used
Can be used (specified color is binary EOS bit value)
Referenced depending on mode (valid when WORK = 1)
Referenced depending on mode (clear to 0 when FST = 1)
Referenced depending on mode (clear to O when LNi = 1)
Blank Cannot be used (clear to 0)

> <0

N

3. Command Parameters
ABSOLUTE/RELATIVE SUBROUTINE ADDRESS H: Absolute/relative subroutine upper
address (byte address)
ABSOLUTE/RELATIVE SUBROUTINE ADDRESS L: Absolute/relative subroutine lower
address (byte address)

Description

Changes the display list fetch destination to the specified subroutine address. The fetch addressis
restored by an RET instruction. Asonly onelevel of nesting is permitted, it will not be possible to
return if a subroutine call is issued within the subroutine.

When REL = 0, the subroutine destination address can be specified as an absolute address. When
REL = 1, the address can be specified as arelative address with respect to the UGM address at
which the command code is located.

Absolute addresses and relative addresses must be even numbers. If arelative addressis negative,
its two's complement should be used.

157
HITACHI



Example

158

Dizplane list araa

R egister setting
com mnand

Crramving comn msnd
GEOSUE command

Crrauwing comn mzaad

Crrauwing comn maad

Crrzw ing coomm snd
RET commzand

HITACHI
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4421

RET

Function

Returns from a subroutine call made by the GOSUB command.

Command Format

1. Code
B'11011

2. Rendering Attributes

15

poet CODE Hwdat—— DR AW WMODE —|—|—:-|

Reference Data Drawing Destination
Multi-Valued | Binary Source | Binary Work | Specified Color|] Rendering Work
Source
DRAW MODE
Reserved

Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed

at0 at0 at0 at0 at0 at0 at0 at0 at0 at0 at0
O: Can be used
V: Can be used (specified color is binary EOS bit value)
A: Referenced depending on mode (valid when WORK = 1)
* -

N

Blank Cannot be used (clear to 0)

Referenced depending on mode (clear to 0 when FST = 1)

Referenced depending on mode (clear to O when LNi =

Description

1

Restores the display list fetch destination to the address following the source of the subroutine call.

HITACHI
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4422 TRAP

Function

Informs the Q2SD of the end of the display list.

Command Format

15

fof < OE Pl TRAW MODE —|—|—:-{

1. Code
B'11111

2. Rendering Attributes

Reference Data Drawing Destination
Multi-Valued | Binary Source | Binary Work [ Specified Color| Rendering Work
Source
DRAW MODE
Reserved

Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed

at0 at0 at0 at0 at0 at0 at0 at0 at0 at0 at0
O: Can be used
V: Can be used (specified color is binary EOS bit value)
A: Referenced depending on mode (valid when WORK = 1)
*: Referenced depending on mode (clear to 0 when FST = 1)
Z: Referenced depending on mode (clear to O when LNi =

Blank: Cannot be used (clear to 0)

Description

Halts the drawing operation and sets TRA to 1 in the status register (SR). If TRE issetto 1in the
interrupt enable register (IER), an interrupt is sent to the SuperH.

This command must be placed at the end of the display list.
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Example

Crizplany list anas,

Register seting
comnim and

Crramving comn mand

Crrzuming comn maed

Crramving comn msnd

Inkerupt command

Crraming starts

Inberrupt source TR A ocors
ﬂ/i IF TRE = 1 at this time, an interupt
iz generaked exbermally,

Crramving stops

HITACHI
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4.4.23

NOP3

Function

Executes no operation.

Command Format

1. Code
B'11110

2. Rendering Attributes

15

R CO0E e DRAW MGDE —|—|-a-|

e e e e 1L L e e e ot

P DY

Reference Data

Drawing Destination

Multi-

Valued

Source

Binary Source

Binary Work

Specified Color

Rendering

Work

DRAW MODE

Reserved

Fixed
ato

Fixed
ato

Fixed
ato

Fixed
ato

ato

Fixed | Fixed | Fixed

ato ato

Fixed
ato

Fixed
ato

Fixed
ato

Fixed
ato

> <0

N

Blank Cannot be used (clear to 0)

Can be used
Can be used (specified color is binary EOS bit value)

Referenced depending on mode (valid when WORK = 1)

Referenced depending on mode (clear to 0 when FST = 1)
Referenced depending on mode (clear to 0 when LNi =

Description

The NOP3 command does not perform any operation. This command, which consists of three
words including the command code, simply fetches the next instruction without executing any
processing.
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4.4.24

WPR

Function

Sets avaluein a specific address-mapped register.

Command Format

1. Code
B'10110

2. Rendering Attributes

[ CODE e DR AW RGGE

3ot

Reference Data

Drawing Destination

Multi

-Valued

Source

Binary Source

Binary Work

Specified Color

Rendering

Work

DRAW MODE

Reserved

Fixed
at0

Fixed
at0

Fixed
at0

Fixed
at0

Fixed
at0

Fixed

at0

Fixed
at0

Fixed
at0

Fixed
at0

Fixed
at0

Fixed
at0

> <0

N

Blank Cannot be used (clear to 0)

3. Command Parameters

Can be used
Can be used (specified color is binary EOS bit value)

Referenced depending on mode (valid when WORK = 1)

Referenced depending on mode (clear to 0 when FST = 1)
Referenced depending on mode (clear to 0 when LNi =

RN: Register number

DATA: Data

HITACHI
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Description

Writes data to the Q2SD's address-mapped registers. The register number is set in RN, and the
write datain DATA.

When awriteis performed to an address-mapped register with this command, select the location to
ensure that the currently executing drawing processing is not adversely affected.

Also ensure that there is no conflict with access by the SuperH.

This command is intended primarily for performing the operations shown in (a) to (€), and the
registers that can be written to are limited to those listed below. If awrite is performed to another
register, subsequent operation cannot be guaranteed.

Register No. Name
00A: DSAO
00B: DSA1
00E: SSAR
00F: WSAR
04C: RSAR
006: REMR
04A: RTNH
04B: RTNL
04D: COLOR

(@) Change of display start address or drawing start address (RN = 00A, 00B, 04C)

(b) Change of multi-valued source or work start address (RN = OOE, 00F)

(c) Change of graphic bit mode (RN = 006)

(d) Return address setting when performing resumption processing after drawing suspension (RN
= 04A, 04B)

(e) Change of drawing color offset value when performing drawing processing (RN = 04D)
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4425 VBKEM
Function
Performs synchronization with the frame change timing.

Command Format

;15-|-CGDE befta{— DRAY RCDE —|—|—I-|
e e e e e 1 e e e e e e
i e e e e 1 e o e e
1. Code
B'11010

2. Rendering Attributes

Reference Data Drawing Destination
Multi-Valued | Binary Source | Binary Work | Specified Color| Rendering Work
Source
DRAW MODE
Reserved
Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed | Fixed
at0 at0 at0 at0 at0 at0 at0 at0 at0 at0 at0

O: Can be used

V: Can be used (specified color is binary EOS bit value)

A: Referenced depending on mode (valid when WORK = 1)
*: Referenced depending on mode (clear to 0 when FST = 1)
Z: Referenced depending on mode (clear to 0 when LNi = 1)

Blank: Cannot be used (clear to 0)

Description

When this command is executed, the drawing operation is kept waiting until the timing for aframe
change. As soon as the frame change timing has elapsed, control passes to the next command. The
frame change timing is every VBK in non-interlace and interlace & video modes, and every FRM

in interlace mode.

HITACHI
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Do not use this command in auto display charge mode.
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Section5 Registers

51 Overview

The Q2SD has address-mapped registers mapped onto the CPU address space (H'000 to H'2FF).
These registers are divided into six groups—interface control registers, memory control registers,
display control registers, rendering control registers, input data control registers, and color palette
registers. Word access is used on all of these registers. The address specification is made by
inputting the address from pins A10 to A1 while theD%1 pinisin the O state.

Addresses A10-A1 = H'04E to H'OFF are reserved, and must not be read or written to. Reading or
writing to these addresses may result in the loss of address-mapped register values, and
unpredictable operation by the Q2SD.

To facilitate management of UGM access rights, initial values must be set in the address-mapped
registers by the SuperH before it accesses the UGM.

The setting procedure is shown in 1 to 3 below.

1. Setinitial valuesin the system control register. Set SRES= 0, DRES =1, and DEN = 0.
2. Setinitia valuesin registers 002 to 025 and 02B.
3. Set SRES=0and DRES=0.

Also, since video control related registers (video area start address register 0-2H/L (V SARO-
2H/L), video window sizeregister X and Y (VSIZERX, VSIZERY'), and video incorporation
mode register (VIMR) are externally updated for video incorporation operations, they should only
be rewritten when the VIE bit is cleared to 0 in the video incorporation mode register. The same
also applies when updating bits other than VIE in the video incorporation mode register. The
procedure is shown below.

1. Clear the VIE bit to 0 in the video incorporation mode register. Set bits other than VIE to the
values to which they are set at that time.

2. Make address register 0-2H/L (VSAR0-2H/L), video window size register X and Y
(VSIZERX, VSIZERY), and video incorporation mode register (VIMR) settings after the
elapse of oneWW% cycle. Changes to bits other than the VIE bit in the video incorporation
mode register should also be made here.

3. SettheVIE hit to 1 in the video input mode register. Set bits other than VIE to the valuesto
which they are set at that time.
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Registers

Table5.1
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Table5.1

Registers (cont)
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Table5.1 Registers(cont)
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52 Register Updating

External Updating: In external updating, values set in address-mapped registers by the SuperH
become effective after the end of the SuperH access. Making use of the fact that the VBK flag and
FRM flag in the status register (SR) are set to 1 at the start of vertical blanking makes it possible
for display control related registers, such as the color palette registers, for which the set values are
updated externally to be rewritten without causing display flicker.

Internal Updating: Ininternal updating, values set in address-mapped registers become effective
when Q28D internal updating is performed. In the case of registers with an internal update
function, therefore, display flicker can be prevented even if the SuperH modifies address-mapped
registers relating to display operations without being aware of the display timing.

Internal updating is carried out while the DRES hit is set to 1 in the system control register

(SY SR) and at the beginning of each frame. Internal updating is also performed at the beginning
of each field for WRAP, BG, and, in interlace sync & video mode, BGSX and BGSY . The update
is performed at the falling edge of WI¥HC when the TV sync mode setting in the display mode
register (DSMR) isTVM1 =0, TVMO = 0 (master mode), and on detection of the fall of
EXWEYNC when TVM1 =1 and TVMO = 0 (TV mode). Internal updating is not performed when
TVM1=0and TVMO=1.

The address-mapped registers provided with an internal update function are shown in tables 5-1
(a) to (c). Theinitial values of these registers should be set while the DRES bit is set to 1.
However, internal updating is used for display start address registers 0, display start address
register 1, and the GBM bits in the rendering mode register in display operations. In drawing
operations, external updating is used.

Internal updating is used for the video area start address, video area start coordinates, and video
display sizein display operations. In video incorporation operations, external updating is used.
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Table5.2 Registerswith Internal Update Function

(a) Interface Control Registers

Address Bits with Internal

A[10:1] Name Abbreviation  Update Function

000 System control register SYSR DEN (bit 13)

005 Display mode register DSMR WRAP (bit 11)
BG (bit 10)

006 Rendering mode register REMR GBM (bits 2—-0)

02B Display mode register 2 DSMD2 All bits

(b) Memory Control Registers

Address Bits with Internal
A[10:1] Name Abbreviation  Update Function
008 Display size register X DSX All bits
009 Display size register Y DSY All bits
00A Display start address register 0 DSAO0 All bits
00B Display start address register 1 DSAl All bits
026 Background start coordinate register X BGSX All bits
027 Background start coordinate register Y BGSY All bits

(c) Display Control Registers

Address Bits with Internal
A[10:1] Name Abbreviation  Update Function
013 Display window register HDS All bits
(horizontal display start position)
014 Display window register HDE All bits
(horizontal display end position)
015 Display window register VDS All bits
(vertical display start position)
016 Display window register VDE All bits
(vertical display end position)
017 Horizontal sync pulse width register HSW All bits
018 Horizontal scan cycle register HC All bits
019 Vertical sync position register VSP All bits
172
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(c) Display Control Registers (cont)

Address Bits with Internal
A[10:1] Name Abbreviation  Update Function
01A Vertical scan cycle register VC All bits
01D Color detection register H CDR All bits
0l1E Color detection register L CDG, CDB All bits
02C Video display position register HVP All bits
(horizontal display start position)
02D Video display position register VVP All bits
(vertical display end position)
031 Video area start address register OH VSAOH All bits
032 Video area start address register OL VSAOL All bits
033 Video area start address register 1H VSA1H All bits
034 Video area start address register 1L VSALL All bits
035 Video area start address register 2H VSA2H All bits
036 Video area start address register 2L VSA2L All bits
037 Video window size register X VSIZEX All bits
038 Video window size register Y VSIZEY All bits
03A Cursor register (horizontal start position 1) BLINKA, HCS1 All bits
03B Cursor register (vertical start position 1) BLINKB, VCS1 All bits
03C Cursor register (horizontal start position 2) HCS2 All bits
03D Cursor register (vertical start position 2) VCS2 All bits
03E Cursor area start address register 1 CSARL1, All bits
CASRHI
03F Cursor area start address register 2 CSARL2, All bits
CASRH2

HITACHI
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53 Interface Control Registers

Theinterface control registers are registers related to overall Q2SD control, mapped onto
addresses (A10-A1) H'000 to H'007.

531 System Control Register (SY SR)

Register Address: H'000

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SYSRlSRESlDRESl DEN| —_ | —_ |RBRK| DC | RS |DBM1|DBMO|DMA1|DMAO| DAA1| DAAOl — | —_ |
Initial value: 1 1 0 — — 0 0 0 * * 0 0 0 0 —_ -
R/W: RIW R/W R/W — — RW RW RW RW RW RW RW RW RW — —

Note: * Value is retained.

The system control register (SY SR) is a 16-bit readable/writable register that specifies Q2SD
system operation.
The SYSR isinitialized asfollowsin areset:

Bits SRES and DRES are set to 1.
BitsDEN, RBRK, DC, RS, DMA1, DMAO, DAA1, and DAAO are cleared to 0.
Bits DBM1 and DBMO retain their values.

Bit 15—Softwar e Reset (SRES): Controls execution and suspension of command processing.

Bit 15: SRES Description
0 Command processing execution is enabled.
1 SRES is set to 1 when a hardware reset is performed. (Initial value)

Clear to 0 in initialization.

When this bit is set to 1 by software, a reset is performed for drawing
operations only. In this case, the bit must be set to 1 for at least 16 system
operating clock cycles.

When SRES is set to 1, the command error flag (CER), trap flag (TRA),
command suspend flag (CSF), rendering break bit (RBRK), and drawing break
flag (BRK) are cleared to 0.

174
HITACHI



Bit 14—Display Reset (DRES)
Bit 13—Display Enable (DEN): These bits control starting and stopping of display synchronous
operation.

Bit 14: DRES Bit 13: DEN Description

0 0 Display operation is started.

The DRES bit cannot be cleared to 0 while the RESET pin
is low. When using the Q2SD from the initial state, make
all control register settings before clearing the DRES bit to
0. When the DEN bit is O, display data has the value set in
display off output registers H and L (DOORH, L).

1 Display operation is started.

The DRES bit cannot be cleared to 0 while the REBET pin
is low. When using the Q2SD from the initial state, make
all control register settings, clear the DRES bit to 0, and
then set the DEN bit to 1. Display data has the value
stored in the UGM from the next frame.

1 0 Display synchronous operation is started.(Initial value)

The Q2SD only performs UGM refresh operations,
regardless of the setting of TVM1 and TVMO in the display
mode register. With these settings, the Q2SD operates as
shown below. When switching from DRES, DEN = 01 to
DRES, DEN = 10, the setting DRES, DEN = 11 occurs
temporarily for reasons relating to internal updating, but
this does not affect operation.

1. Drawing is not performed even if the RS bit is set to 1

in SYSR.
Display data is all-0 output.
3. The VBK flag is cleared to 0 in SR.

Except during video incorporation (VIE = 1), waits are
output continuously when UGM access is performed by
the CPU or DMA controller.

1 Setting prohibited

Bits 12 and 11—Reserved: Only 0 should be written to these hits.
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Bit 10—Rendering Break (RBRK): Controls rendering (drawing) breaks. This bit should only be
set when the BRK bitiscleared to O.

Bit 10: RBRK Description

0 The TRA bit in the status register (SR) is set to 1 by TRAP command
execution, and drawing is terminated. (Initial value)

1 The currently executing command ends while the Q2SD is performing drawing,

and when the next command is fetched the BRK bit in the status register (SR)
is set to 1 and drawing enters the terminated state. The BRK bit does not
change if this bit is set to 1 while the Q2SD is not performing drawing. After the
break, the start address of the next command is placed in the command status
register (CSTR).

This bit is cleared to 0 only when a drawing break is effected.

Bit 9—Display Area Change (DC): Controls frame buffer switching in manual display change

mode.

Bit 9: DC Description

0 Switching of the frame buffer for display is not performed in manual display
change mode. When the DC bit is 0, it can be set to 1. (Initial value)

1 Switching of the frame buffer for display is performed in manual display change

mode. This bit can be set to 1 set only when it is 0. Switching is performed in
frame units in non-interlace and interlace modes, and in field units in interlace
sync & video mode.

This bit is cleared to 0 after frame buffer switching, and so should not be
cleared to 0 by the SuperH.

Bit 8—Rendering Start (RS): Specifiesthe start of rendering.

Bit 8: RS Description

0 Rendering is not started. (Initial value)

1 Rendering is started. This bit is cleared to 0 after rendering starts. When this
bit is set to 1, all the data held in the FIFO in the CPU interface unit is stored in
the UGM. All the data held in the FIFO is also stored in the UGM when the
SuperH does not access the UGM for 32 tcycO or longer, and when the
SuperH reads the UGM.
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Bits 7 and 6—Double-Buffer Mode 1 and 0 (DBM 1, DBM0): These bits select double-buffer
control.

Bit 7: DBM1 Bit 6: DBMO Description

0 0 Auto display change mode is set.

Auto rendering mode is set.

1
1 0 Manual display change mode is set.
1 Setting prohibited

Bits5and 4—DMA Mode (DMA1, DMAQ): These bits specify DMA transfer. Use the DMA
flag (DMF) in the status register (SR) to check for the beginning and end of DMA mode.

Bit 5: Bit 4: Description
DMA1 DMAO
0 0 Normal mode is set. If DMA transfer is in progress at this time, the
transfer data is not guaranteed. (Initial value)
1 The mode for DMA transfer to memory (UGM) corresponding to &% is

set. When the remaining DMA transfer count reaches 0, this bit is
automatically cleared and normal mode is entered. The initial value of the
remaining DMA transfer count is determined by the setting in the DMA
transfer word count register (DMAWR). The remaining DMA transfer
count is an internal value in the LSI, and is decremented by 1 each time a
word is processed.

Do not perform UGM access by the CPU in this mode.

If normal mode (DMA1 = 0, DMAO =0) is set by the SuperH in this mode,
DMA transfer will be aborted. As the value of the transfer data at the time
of the abort is undefined, if an abort is performed, DMA transfer must be

started over again from the beginning.

1 0 Setting prohibited

The mode for DMA transfer to the register [image data entry register
(IDER)] corresponding to 3% is set. In this mode, register address
incrementing is not performed and all writes are to IDER. When the
remaining DMA transfer count reaches 0, this bit is automatically cleared
and normal mode is entered. The initial value of the remaining DMA
transfer count is determined by the setting in the DMA transfer word count
register (DMAWR). The remaining DMA transfer count is an LSl internal
value, and is decremented by 1 each time a word is processed.

Do not perform UGM access by the CPU in this mode.

If normal mode (DMA1 = 0, DMAO =0) is set by the SuperH in this mode,
DMA transfer will be aborted. As the value of the transfer data at the time
of the abort is undefined, if an abort is performed, DMA transfer must be

started over again from the beginning.
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Bits 3and 2—DMA Address Mode (DAA1, DAAQ): Setsthe address mode for DMA transfer.

Bit 3: DAA1 Bit 2: DAAO Description
0 0 Single address mode, data is latched at the rising edge of
the RD signal or the signal, whichever comes first.
(Initial value)
1 Single address mode, with data latched at the rise of the

signal. The RI¥ signal is ignored.

1 0 Dual address mode

Setting prohibited

Bit 1—Reserved: Only 0 should be written to this bit.

532 Status Register (SR)

Register Address: H'001

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SR|TVR|FRM|DMF|CER|VBK|TRA| CSFlDBFlBRKlFEMPl _ | — | Q3| Q2 | 01 | Q0 |
Initial value: 0 0 0 0 0 0 0 * 0 0 —_- - 0 1 0 0
RW. R R R R R R R R R R — — R R R R

Note: * Value is retained.

The status register (SR) is a 16-bit read-only register used to read the internal status of the Q2SD
from outside.

The SRisinitidlized as followsin areset:

The DBF flag retainsits value.
The Q flags are set to 0100.
The FEMPflagissetto 1.

All other flags are cleared to 0.
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Bit 15—TV Sync Signal Error Flag (TVR): Flag that indicates that EXWEYHE has been
detected within the vertical cycle.

Bit 15: TVR Description
0 The rise of ERWETHL has been detected each time within the vertical cycle
determined by the vertical scan cycle register (VCR) setting after the TVR flag
has been cleared by the DRES bit in SYSR or the TVCL bit in SRCR.
(Initial value)
1 In TV sync mode (bits TVM1 and TVMO = 10 in DSMR), a rise of EXVETHC

has not been detected within the vertical cycle determined by the VCR set
value.

The TVR flag retains its state until cleared by a reset or by software.

Bit 14—Frame Flag (FRM): Flag that indicates the vertical blanking interval after frame display.

Bit 14: FRM Description

0 Indicates the interval from FRM flag clearing by the DRES bit in SYSR or the
FRCL bit in SRCR until the end of the next display in non-interlace mode, or
until the end of the next even field display in interlace mode or interlace sync &
video mode. (Initial value)

1 Indicates the interval from the first even field vertical blanking interval after

FRM flag clearing by the DRES bit in SYSR or the FRCL bit in SRCR until the
FRM flag is cleared again (switched in frame units).

Bit 13—DMA Flag (DM F): Flag that indicates that DMA transfer mode has been initiated and
transfer has been completed.

Bit 13: DMF Description

0 DMA transfer mode has not been initiated at all since DMF flag clearing by the
DMCL bit in SRCR, or the next DMA transfer mode (bits DMA1 and DMAO =
01 or 11 in SYSR) has been initiated and the remaining transfer count has not
yet reached 0. (Initial value)

1 DMA transfer mode has been initiated and the transfer word count has

reached 0.
The DMF flag retains its state until cleared by a reset or by software.
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Bit 12—Command Error Flag (CER): Flag that indicates that an illegal command has been
fetched.

Bit 12: CER Description

0 Normal state. An illegal command has not been fetched since CER flag
clearing by the SRES bit in SYSR or the CECL bit in SRCR. An illegal
command is one in which the upper 5 bits of the command code are undefined.
The Q2SD does not check the legality of the rendering attributes in the lower
11 bits. (Initial value)

1 Drawing operation halt state. Drawing operation remains halted because an
illegal command was fetched after CER flag clearing by the SRES bit in SYSR
or the CECL bit in SRCR.

The CER flag retains its state until cleared by a reset or by software.

Bit 11—Vertical Blanking Flag (VBK): Flag that indicates the vertical blanking interval.

Bit 11: VBK Description

0 Indicates the interval from VBK flag clearing by the DRES bit in SYSR or the
VBCL bit in SRCR until the end of the next display. (Initial value)

1 Indicates the interval from the first vertical blanking interval after VBK flag

clearing by the DRES bit in SYSR or the VBCL bit in SRCR until the VBK flag
is cleared again (switched in field units).

Bit 10—Trap Flag (TRA): Flag that indicates the end of command execution.

Bit 10: TRA Description
0 Indicates the interval from TRA flag clearing by the SRES bit in SYSR or the
TRCL bit in SRCR until the end of execution of the next command.
(Initial value)
1 Command execution has ended, or the current command is not being
executed.

The TRA flag retains its state until cleared by a reset or by software.
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Bit 9—Command Suspend Flag (CSF): Flag that indicates that command execution has been
suspended due to a frame change in auto display change mode or manual display change mode.

Bit 9: CSF Description

0 Normal operation (Initial value)

1 A rendering end interrupt has not been generated in the interval from CSF flag
clearing by the SRES bit in SYSR or the CSCL bit in SRCR until the next frame
change.

The CSF flag retains its state until cleared by a reset or by software.

Bit 8—Display Buffer Frame (DBF): Flag that indicates the display start address register used as
the display start address by the Q2SD.

Bit 8: DBF Description
0 Address indicated by DSARQO is being used as display start address.
1 Address indicated by DSARL1 is being used as display start address.

Bit 7—Drawing Break Flag (BRK): Flag that indicates a drawing break.

Bit 7: BRK Description

0 Indicates the interval until the next drawing break occurs after the BRK flag is
cleared by the SRES bit in SYSR or the BRCL bit in SRCR. (Initial value)

1 Indicates that a command is not currently being executed due to a drawing

break directive.

The BRK flag retains its state until cleared by a reset or by software.

Bit 6—FIFO Empty Flag (FEMP): Transfer data from the CPU to the UGM istemporarily
stored in aFIFO. These transfersinclude UGM writes and data transfers viaIDR. Thisflag
indicates whether there is UGM storage data in the FIFO.

Bit 6: FEMP Description
0 There is UGM storage data in the FIFO.
1 There is no UGM storage data in the FIFO. (Initial value)

Bits 5 to 4—Reserved: These bits always read 0.
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Bits 3to 0—Q Flags (Q3 to QO0): Flags used for Q2SD Series product identification. In the
Q2SD, these flags read 0100.

Bit 3: Q3 Bit 2: Q2 Bit 1: Q1 Bit 0: QO Description

0 0 1 0 HD64411 (Q2)

0 0 1 1 HD64412 (Q2i)

0 1 0 0 HD64413A (Q2SD)
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533

Status Register Clear Register (SRCR)

Register Address: H'002

Bit:

SRCR |TVCL|FRCL|DMCL|VBCL| TRCLl CSCL| —

15 14 13 12 11

10 9 8

7 6 5 4 3

2 1
[ —1-1=

Pre — -1~
Initial value: * * * * * * — * — — — = — —
R/W: RIW RW RW RW RW RW — RW — — - = = = =

Note: * Value is retained.

The status register clear register (SRCR) is a 16-bit write-only register that clearsthe
corresponding flags in the status register (SR). Writing 1 to one of bits 15 to 9 or 7 in the SRCR
register will clear the corresponding flag in SR to 0. When SR clearing is compl eted, the value of
the SRCR register is cleared to al-0 internally (aread will return 0).

Bit Bit Name Abbreviation  Description
15 TV sync signal error flag TVCL Writing 1 to the TCVL bit clears the TVR
clear flag to 0 in SR.
14 Frame buffer clear FRCL Writing 1 to the FRCL bit clears the FRM
flag to 0 in SR.
13 DMA flag clear DMCL Writing 1 to the DMCL bit clears the DMF
flag to 0 in SR.
12 Command error flag clear CECL Writing 1 to the CECL bit clears the CER
flag to 0 in SR.
11 Vertical blanking flag clear  VBCL Writing 1 to the VBCL bit clears the VBK
flag to 0 in SR.
10 Trap flag clear TRCL Writing 1 to the TRCL bit clears the TRA
flag to 0 in SR.
9 Command suspend flag CSCL Writing 1 to the CSCL bit clears the CSF
clear flag to 0 in SR.
7 Drawing break flag clear BRCL Writing 1 to the BRCL bit clears the BRK
flag to 0 in SR.
8, 6-0 Reserved — Only 0 should be written to these bits.
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534 Interrupt Enable Register (IER)

Register Address: H'003

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

IER|TVE|FRE|DME|CEE|VBE|TRE|CSEl — |BRE| — | _| _| _| _ | _ | _ |
Initial value: 0 0 0 0 0 0 0 — 0 — —_  —_- = = = =

RW: RW RW RW RW RW RW RW — RW — — — — — _— _

Theinterrupt enable register (IER) is a 16-hit readable/writable register that enables or disables
interrupts by the corresponding flags in the status register (SR). When abitin SRissetto 1 and
the bit at the corresponding bit position in the |ER register isalso 1, IRL is driven low and an
interrupt request is sent to the CPU.

Theinterrupt generation condition is as follows.
Interrupt generation condition = IRL. = a+b+o+dHe+i+g

a=TVRXVE
b= FRM*RE
¢ = DMPPME
d = CERXCEE
e=VBKX/BE
f= TRAXRE
g = CSFXCSE
h = BRK>BRE

Bit 15—TV Sync Signal Error Flag Enable (TVE): Enables or disables interrupts initiated by
the TVR flagin SR.

Bit 15: TVE Description
0 Interrupts initiated by the TVR flag in SR are disabled. (Initial value)
1 Interrupts initiated by the TVR flag in SR are enabled. When TVRXVE =1, an

IFL interrupt request is sent to the CPU.
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Bit 14—Frame Flag Enable (FRE): Enables or disables interrupts initiated by the FRM flag in

SR.

Bit 14: FRE Description

0 Interrupts initiated by the FRM flag in SR are disabled. (Initial value)
1 Interrupts initiated by the FRM flag in SR are enabled. When FRM*RE =1, an

IRL interrupt request is sent to the CPU.

Bit 13—DMA Flag Enable (DM E): Enables or disablesinterrupts initiated by the DMF flag in

SR.

Bit 13: DME Description

0 Interrupts initiated by the DMF flag in SR are disabled. (Initial value)
1 Interrupts initiated by the DMF flag in SR are enabled. When DMFOME =1,

an IFL interrupt request is sent to the CPU.

Bit 122—Command Error Flag Enable (CEE): Enables or disables interrupts initiated by the

CER flag in SR.

Bit 12: CEE Description

0 Interrupts initiated by the CER flag in SR are disabled. (Initial value)
1 Interrupts initiated by the CER flag in SR are enabled. When CER>CEE = 1, an

IRL interrupt request is sent to the CPU.

Bit 11—Vertical Blanking Flag Enable (VBE): Enables or disables interrupts initiated by the

VBK flagin SR.

Bit 11: VBE Description

0 nterrupts initiated by the VBK flag in SR are disabled. (Initial value)
1 Interrupts initiated by the VBK flag in SR are enabled. When VBKX/BE =1, an

IRL interrupt request is sent to the CPU.
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Bit 10—Trap Flag Enable (TRE): Enables or disables interruptsinitiated by the TRA flag in SR.

Bit 10: TRE Description
0 Interrupts initiated by the TRA flag in SR are disabled. (Initial value)
1 Interrupts initiated by the TRA flag in SR are enabled. When TRAXRE = 1, an

IFL interrupt request is sent to the CPU.

Bit 9—Command Suspend Flag Enable (CSE): Enables or disables interrupts initiated by the
CSFflagin SR.

Bit 9: CSE Description
0 Interrupts initiated by the CSF flag in SR are disabled. (Initial value)
1 Interrupts initiated by the CSF flag in SR are enabled. When CSF>XCSE = 1, an

IFL interrupt request is sent to the CPU.

Bit 7—Drawing Break Flag Enable (BRE): Enables or disables interrupts initiated by the BRK
flagin SR.

Bit 7: BRE Description
0 Interrupts initiated by the BRK flag in SR are disabled. (Initial value)
1 Interrupts initiated by the BRK flag in SR are enabled. When BRK>BRE = 1, an

IRL interrupt request is sent to the CPU.

Bits 8 and 6 to 0—Reserved: Only 0 should be written to these hits.
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535 Memory Mode Register (MEMR)

Register Address: H'004

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MEMR[ — [ — | — | = | = | =] = | — | = | — [MES|MES| — | — | — |MAT

1 0
Initial value: — @ — @ — @ @— @ - - - — — — 0 0 - = = 0
RW: — — — — — — — — — — RWRW — — — RW

Note: * Value is retained.

The memory mode register (MEMR) is a 16-bit readable/writable register that specifies the size of
UGM used and the memory access timing.

If the value of this register is modified during a memory access, operation will be temporarily
unstable.

The MEMR bits MES1, MESO, and MAT areinitialized to O by areset.
Bits 15 to 6—Reserved: Only 0 should be written to these bits.

Bits5and 4—Memory Size (MES1, MESQ): These bits select the size and quantity of memories
used for the UGM.

Bit 5: MES1 Bit 4: MESO Description

0 0 One 16-Mbit (" 16) memory, 16-bit bus
1 Two 16-Mbit (" 16) memories, 32-bit bus

1 0 One 64-Mbit (" 16) memory, 16-bit bus
1 One 64-Mbit (" 32) memory, 32-bit bus

Bits 3to 1—Reserved: Only 0 should be written to these bits.
Bit 0—Memory Access Timing (MAT): Setsthe UGM access timing.

UGM Access Timing

APL Pl PCL WPL
Bit O: (Active Precharge  (Precharge (RAS-CAS (Write Precharge
MAT Latency) Latency) Latency) Latency)
0 5 3 3 2
1 5 2 2 2
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5.3.6 Display Mode Register (DSMR)

Register Address: H'005

Initial value: 0 —

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DSMRl FLT | — — — |WRAF| BG | — | — |TVM1|TVMO|SCM1| SCMOl REF3| REFZlREFllREFOl
— — 0 0 — — 1 0 * * 1 0 0 0
RW: RW — — — RW RW — — RW RW RW RW RW RW RW RW

Note: * Value is retained.

The display mode register (DSMR) is a 16-bit readable/writable register that specifies Q2SD

display operations.

If the value of this register is modified during a display operation, operation will be temporarily

unstable.

The DSMR isinitialized asfollowsin areset:

Bits WRAP and BG areinitialized to 0, bits TVM1 and TVMO to 10, and bits REF3 to REFO to

1000.

The SCM1 and SCMO bits retain their values.

Bit 15—Filter Mode (FLT)

Bit 15: FLT Description
0 FG and BG pixel data is output for display as the respective screens.
1 FG and BG pixel data is averaged and output for display as the FG screen.

Set GBM = 001/101, VWE =0, PRI =00, FBD =0, SCM = 11.

FG transparent color determination is not performed. Transparent color
determination (CDE) is performed on the result.

Set the BG start position one line below the FG start position.

The average is found by right-shifting the result of addition of each part in 16-
bit format (5:6:5). A fraction of a shift is ignored.

Bits 14 to 12—Reserved: Only 0 should be written to these bits.
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Bit 11—Background Screen Wraparound Maode Configuration (WRAP)

Bit 11: WRAP Description

0 Background screen wraparound is not performed. Display contents are not
guaranteed if the display area extends beyond the memory installation space.
(Initial value)
1 Background screen wraparound is performed. The wraparound units are the

number of pixels specified by the MWX bit in the rendering mode register
(REMR) in the X direction, and 512 pixels in the Y direction. The start
coordinates of this area are indicated by bits 13 to 9 of background start
address register BGSY.

Bit 10—Background Screen Combination (BG)

Bit 10: BG Description
0 Background screen combination is not performed. (Initial value)
1 Background screen combination is performed.

Bits 9 and 8—Reserved: Only 0 should be written to these bits.

Bits 7 and 6—TV Sync Mode (TVM 1, TVMO): These hits specify TV sync mode, in which
synchronous operation is performed by means of EXHEYHC and EXWEYHC input from an
external source, or master mode, in which HI¥HC and WAYHEC are output.

Bit 7: TVM1 Bit 6: TVMO Description

0 0 Master mode is set. The Q2SD outputs HEYHL, VEVYHE,
and ST signals. In this mode, when CSY1 =1 in
display mode register 2 (DSMR2), set initial values in the
equalizing pulse width register (EQWR) and separation
width register (SPWR).

1 Synchronization system switching mode is set. Switching
is performed from TV sync mode to master mode, or vice
versa, via this mode.

In this mode, display operations are forcibly halted and the
DISP pin output goes low. The clock supply to the CLK1
pin can also be stopped (input invalidated) (fixed high
within the chip).

The HATNL, VEYHE:, and OILGF pins are inputs.

1 0 TV sync mode is set. ERHETHLE, ERVETHE, and DEGF
signals are input to the Q2SD. CSYNC output is fixed high.
In this mode, clear both CSY1 and CSYO to 0 in display
mode register 2 (DSMR2). (Initial value)

1 Setting prohibited
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Bits 5 and 4—Scan Mode (SCM 1, SCMO0): These bits specify the display output scan mode and
the unit of display switching.

Bit 5: SCM1 Bit 4. SCMO Description
0 0 Non-interlace mode: Frame buffer switching can be
performed in 1-VC units.
1 Setting prohibited
1 0 Interlace mode: Frame buffer switching can be performed
in 2-VC units.
1 Interlace sync & video mode: Frame buffer switching can

be performed in 1-VC units.

Bits 3 to 0—Refresh Cycles (REF3 to REF0): These bits specify the number of cycles for which
refreshing is performed within one raster in the display screen area.

Bit 3: Bit 2: Bit 1: Bit O:
REF3 REF2 REF1 REFO Description
0 0 0 0 Refresh timing is not output
1 Number of refresh cycles = 1
1 0 Number of refresh cycles = 2
1 Number of refresh cycles =3
1 0 0 Number of refresh cycles = 4
1 Number of refresh cycles =5
1 0 Number of refresh cycles = 6
1 Number of refresh cycles =7
1 0 0 0 Number of refresh cycles = 8 (Initial value)
1 Number of refresh cycles =9
1 0 Number of refresh cycles = 10
1 Number of refresh cycles = 11
1 0 0 Number of refresh cycles = 12
1 Number of refresh cycles = 13
1 0 Number of refresh cycles = 14
1 Number of refresh cycles = 15
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537 Display Mode Register 2 (DSMR2)

Register Address: H'02B

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DSMR2| — | — | — |CDED| PRl2|VWR\i HDIS|ODEV|CSY1|CSYO| PRI | — | FBD| CE2 | CE1 |VWE|
Initial value: —  — — 0 0 0 0 0 * * 0 — 0 0 0 0
RW: — — — RW RW RW RW RW RW RW RW — RW RW RW R/W

Note: * Value is retained.

The display mode register 2 (DSMR?2) is a 16-bit readable/writable register that specifies Q2SD
display operations. If the value of this register is modified during a display operation, operation
will be temporarily unstable.

In areset, bits CSY 1 and CY SO retain their values, and the other bits are cleared to 0.
Bits 15 to 13—Reserved: Only 0 should be written to these bits.

Bit 12—CDE Disable (CDED): Controls CDE pin output. In TV sync mode (TVM1 =1, TVMO
= 0), the CDE pin is used to switch between external sync signal generation circuit video output
and Q2SD analog R/G/B output.

Bit 12: CDED Description
0 CDE pin output is enabled. (Initial value)
1 CDE pin output is disabled.

Bits 11 and 5—Window Priority (PRI2, PRI): These bits set the screen display priority.

Bit 11: PRI2 Bit 5: PRI Description
0 0 Screen priority order is: cursor 1, cursor 2, foreground,
video, background. (Initial value)

Setting prohibited

1 0 Screen priority order is: cursor 1, foreground, video, cursor
2, background.

1 Screen priority order is: foreground, video, cursor 1, cursor
2, background.
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Bit 10—Video Window RGB/YC Maode (VWRY): Selects whether the data displayed in the
video window is stored in the UGM in RGB format or Y C format.

Bit 10: VWRY Description
0 Video window displays RGB data in the UGM as RGB data. (Initial value)
1 Video window displays YC data in the UGM as RGB data.

Bit 9—[Modein which Foreground Screen 1 Startsat x = 512 in Case of 1024-Pixel Memory
Width] (HDIS): When HDIS = 1, useis possible when GBM = 000 or 001 and RSAE = 0.

Bit 9: HDIS Description
0 Foreground screen 1 starts at x = 0. (Initial value)
1 Foreground screen 1 starts at x = 512.

Bit 8—{MIMMF Signal Polarity Select (ODEV): Selectsthe polarity of theODDIF signal.

Bit 8: ODEV Description
0 OHIT goes low in first-half field in same frame of interlace display.

(Initial value)
1 OOF goes high in first-half field in same frame of interlace display.

Bits 7 and 6—C8¥MNC Mode (CSY 1, CSYQ): These bits select the CE¥MHC signal output mode
in master mode (TVM1 =0, TVMO = 0).

When CSY 1 = 1, values must be set in the equalizing pulse width register (EQWR) and separation
width register (SPWR).

Bit 7: CSY1 Bit 6: CSY0 Description

0 0 Waveform determined by exclusive logical OR of VETHL
and HETHL is output as DRATML. In TV sync mode (TVM1
=1, TVMO = 0), this mode should be selected.

1 Setting prohibited

1 0 Equalizing pulses are output in 3-raster period from fall of
YETHG, separation in next 3-raster period, equalizing
pulses in next 3-raster period, and HEPMLE waveform in
other periods.

1 Equalizing pulses are output in 2.5-raster period starting
0.5 raster after fall of VETHES, separation in next 2.5-raster
period, equalizing pulses in next 2.5-raster period, and

waveform in other periods.
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Bit 4—Reserved: Only 0 should be written to this bit.

Bit 3—Foreground Disable (FBD): Selects display or non-display of the foreground screen.

Bit 3: FBD Description
0 Foreground screen is displayed. (Initial value)
1 Foreground screen is not displayed.

Bit 2—Cursor 2 Enable (CE2): Selectsdisplay or non-display of cursor 2.

Bit 2: CE2 Description
0 Cursor 2 is not displayed. (Initial value)
1 Cursor 2 is displayed. Cursor blinking is always performed. To give the

appearance of a non-blinking cursor, make the same setting for cursor blink
shapes A and B stored in the cursor area. In Q2SD cursor blinking, cursor blink
shapes A and B are displayed alternately. To provide a period in which the
cursor is not displayed, make one entire waveform a transparent color.

Bit 1—Cursor 1 Enable (CE1): Selectsdisplay or non-display of cursor 1.

Bit 1: CE1 Description
0 Cursor 1 is not displayed. (Initial value)
1 Cursor 1 is displayed. Cursor blinking is always performed. To give the

appearance of a non-blinking cursor, make the same setting for cursor blink
shapes A and B stored in the cursor area. In Q2SD cursor blinking, cursor blink
shapes A and B are displayed alternately. To provide a period in which the
cursor is not displayed, make one entire waveform a transparent color.

Bit 0—Video Window Enable (VWE): Selects display or non-display of the video window.

Bit 0: VWE Description
0 Video window is not displayed. (Initial value)
1 Video window is displayed.

The display contents are not guaranteed if this bit is set before VID changes
after VIE is set to 1.
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5.3.8 Rendering M ode Register (REMR)

Register Address: H'006

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

REMRlRSAEl — | — | — | — | — | — | — | — |MWX| — | —| — |GBM2|GBM1|GBMO|
Initial value: 0 —_ — — [N — - = * - * * *
RW: RW — — — - - - - —-— RW - — — R/MW R/W RW

Note: * Value is retained.

The rendering mode register (REMR) is a 16-bit readable/writable register that specifies Q2SD
rendering operations.

If the value of this register is modified during a drawing operation, operation will be temporarily
unstable. The exception is modification by a WPR command from the display list, in which case
the following conditions must be satisfied:

Changing the MWX setting is prohibited.

For the GBM bits, only the drawing bit configuration can be changed; changing the display
bitsis prohibited.

RSAE can be changed, on condition that the change agrees with the GBM setting.

In areset, the RSAE hit in the REMR register is cleared to 0, while the MWX and GBM bitsretain
their values.

Bit 15—Drawing Start Address Enable (RSAE): Allowsthe drawing areato be set separately
from the display area. The start address of a drawing area separate from the display areais setin
the drawing start address register (RSAR).

Bit 15: RSAE Description

0 Value in display start address register (DSAR) is used for drawing area.
When this setting is made, the GBM setting must be 000 or 001. (Initial value)

1 Value in rendering start address register (RSAR) is used for drawing area.

Bits 14 to 7—Reserved: Only 0 should be written to these hits.

Bit 6—Memory Width (MWX): Specifies the X-direction logical coordinate space of the UGM
connected to the Q2SD.
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Bit 6: MWX Description

0 X-direction logical coordinate space is 512 pixels

1 X-direction logical coordinate space is 1024 pixels

Bits 5 to 3—ReservedOnly 0 should be written to these bits.

Bits 2 to 0—Graphic Bit Mode 2 to 0 (GBM2 to GBMO):These bits specify the bit
configuration of the rendering data and display data handled by the Q2SD.

Note that the setting of these bits may be linked to the RSAE bit setting.

Description
Bit 2: Bit 1: Bit O: FG Bit BG Bit Rendering Bit  RSAE Bit
GBM2 GBM1 GBMO Configuration Configuration Configuration Setting
0 0 0 8 bits/pixel 8 bits/pixel 8 bits/pixel Oorl
1 16 bits/pixel 16 bits/pixel 16 bits/pixel Oorl
1 0 8 bits/pixel 16 bits/pixel 8 bits/pixel Oorl
1 16 bits/pixel 8 bits/pixel 16 bits/pixel Oorl
1 0 0 8 bits/pixel 8 bits/pixel 16 bits/pixel Must be 1
1 16 bits/pixel 16 bits/pixel 8 bits/pixel Must be 1
1 0 8 bits/pixel 16 bits/pixel 16 bits/pixel Must be 1
1 16 bits/pixel 8 bits/pixel 8 bits/pixel Must be 1

5.3.9 Input Data Conversion Mode Register (IEMR)

Register Address: H'007

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

IEMR‘ — ‘ —_ ‘ —_ ‘ — ‘ — ‘ — ‘ —_ ‘ — ‘ — ‘ —_ ‘ — ‘YUVZ‘ MDTP‘ DTP ‘YUVl‘YUVO‘
Initial value: —  — —_ - —_ = = = = = — 0 0 0 0 0
RW: — — — — —_ - = = = = — R/MW R/W R/W R/W R/W

The input data conversion mode register (IEMR) is a 16-bit readable/writable register that
specifies the conversion format for input data from the SuperH.

If the value of this register is modified during a data conversion, operation will be temporarily
unstable.

In a reset, all IEMR bits are cleared to O.
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Bits 15 to 5—Reserved: Only 0 should be written to these hits.

Bits4, 1, and 0—YUV Mode (YUV2, YUV, YUVO0): These bits specify whether datainput in
YUV or DYUV format isto be converted to RGB format before being stored in the UGM.

Bit 4:
YUV2

Bit 1:
YUVl

Bit O:
YUVO

Description

0

0

0

Normal mode is set. Data transfer via IDER is not performed.
Also used when setting YUV2, 1, 0to (0, 1, 1). (Initial value)

YUV-RGB conversion is performed. When the total number of data
conversion pixels reaches 0, these bits are automatically cleared and
normal mode is entered. The total number of data conversion pixels
is the product of the IDSX and IDSY set values in the image data
size register (IDSR). The total number of data conversion pixels is
decremented by 1 in the LS| each time a pixel is processed. Do not
perform VGM access using the & pin in this mode.

DYUV-RGB conversion is performed. When the total number of data
conversion pixels reaches 0, these bits are automatically cleared and
normal mode is entered. The total number of data conversion pixels
is the product of the IDSX and IDSY set values in the image data
size register (IDSR). The total number of data conversion pixels is
decremented by 1 in the LSI each time a pixel is processed. Do not
perform VGM access using the &% pin in this mode.

16-hit/pixel data is simply transferred, without conversion. When the
total number of data conversion pixels reaches 0, these bits are
automatically cleared and normal mode is entered. The total number
of data conversion pixels is the product of the IDSX and IDSY set
values in the image data size register (IDSR). The total number of
data conversion pixels is decremented by 1 in the LS| each time a
pixel is processed. Do not perform VGM access using the T35 pin in
this mode.

Used when setting YUV2, 1, 0to (1, 1, 1).

Setting prohibited

Setting prohibited

R|O| ]| O

8-bit/pixel data is simply transferred, without conversion. When the
total number of data conversion pixels reaches 0, these bits are
automatically cleared and normal mode is entered. The total number
of data conversion pixels is the product of the IDSX and IDSY set
values in the image data size register (IDSR). Set the number of
transfer words (1/2 the number of pixels) as the IDSX value. The
total number of data conversion pixels is decremented by 1 in the
LSI each time a pixel is processed. Do not perform VGM access
using the B& pin in this mode.
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Bit 3—Memory Data Type Mode (M DTP): Specifies whether byte-unit swapping isto be
performed in aword access UGM memory write transfer from the SuperH. This bit is valid when
bits YUV2to YUVO are set to 000, and bits DMA1 and DMAO are set to either 00 or O1.

Thishit isinvalid for register writes from the SuperH, and also for UGM memory read operations
by the SuperH.

Bit 3: MDTP Description

0 Byte-unit swapping is not performed in a word access UGM memory write
transfer from the SuperH. (Initial value)

1 In a word access UGM memory write transfer from the SuperH, the upper and

lower bytes are swapped within the same word (16 bits).

Bit 2—Data Type M ode (DTP): Specifies whether byte-unit swapping is to be performed in a
transfer. Thisbit isvalid for data transfers via the image entry dataregister (IDER). Thisbit is
valid when bits YUV 2 to YUVO0 are set to 001, 010, 011, or 111, and bits DMA1 and DMAO are
set to either 00 or 11.

Bit 2: DTP Description
0 Byte-unit swapping is not performed in a transfer via IDER. (Initial value)
1 In a transfer via IDER, the upper and lower bytes are swapped within the same

word (16 bits).
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54 Memory Control Registers

The memory control registers are registers related to the UGM (unified graphics memory)
configuration, mapped onto addresses (A10-A1) H'008 to H'012 and H'04C.

54.1 Display Size Registers (DSR)

Register Address: H'008

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[—|-[-|-]-]-] DSX
Initial value: — — — — @ —  — ko L
RW. — — — — — — RMW RW RW RW RW RW RW RW RW R/W
Register Address: H'009
Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CI= =TT 1]
Initial value: — — — — — —  —  *x ok x L
RW. — — — — — — — RW RW RW RW RW RW RW RW R/W

Note: * Value is retained.

The display size registers (DSR) are two 16-bit readable/writable registers that specify the size of
the display screen. The number of dotsin the horizontal direction is set in DSX, and the number of
dotsin the vertical directionin DSY.

Write O to bits that are not used for the DSX and DSY fields (aread will return an undefined

value).

The DSX and DSY fieldsin the DSR registersretain their valuesin areset.
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54.2 Display Address Registers (DSAR)

Register Address: H'00A

Bit: 15 14 13

12

11

10

6 5 4 3 2 1 0

DSAO (address A22—A16 setting)

Initial value: —  — —

RW.: — — —

Register Address: H'00B

Bit: 15 14 13

* * * * * * *

RW R/W RW R/W R/W R/W R/W

6 5 4 3 2 1 0

DSA1 (address A22—A16 setting)

Initial value: —  — —

RW.: — — —

Note: * Value is retained.

* * * * * * *

RW R/W RW R/W R/W R/W R/W

The display address registers (DSAR) are two 16-bit readable/writable registers that specify the
memory areas to be used as UGM frame buffers.

Only the upper 7 bits (A22 to A16) of the start physical address of frame buffer 0 (FBO) are set in
the DSAOfield in DSAR, and only the upper 7 bits (A22 to A16) of the start physical address of

frame buffer 1 (FB1) are set inthe DSA1 field in DSAR.

The display address register whose contents are actually valid as the display start addressisthe
register indicated by the DBF bit in the status register (SR). The display address register whose
contents are not valid as the display start address indicates the rendering coordinate origin when
RASE = 0 in the rendering mode register (REMR). When these registers are modified, the new set
value becomes valid when an internal update is performed in the case of the display address
register whose contents are valid as the display start address, and when an external update
(rewrite) is performed in the case of the display address register that indicates the rendering

coordinate origin.

Write O to bits that are not used for the DSAO and DSA1 fields.

The DSAQ and DSA1 fieldsin the DSAR registersretain their valuesin areset.
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54.3 Display List Start Address Registers (DL SAR)

Register Address: H'00C to H'00D

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| — | — | — | — | — | — | — | — | — | DLSAH (address A22—A16 setting)

Initial value; — — — — —_ = = = = * * * * * * *
RW: — — — — _— _— _ _ _ RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DLSAL (address A15-A5 setting) | — | — | — | — | — |

* * * * * * * *

Initial value: * * *
R/W: RIW RW R/W RW R/W RW RW RW RW RW RW — — — — —

Note: * Value is retained.
The display list start address registers (DLSAR) are 16-bit readable/writable registers that specify
the memory areato be used asthe display list.

The DLSAH and DLSAL fieldsin DLSAR contain atotal of 18 hits, and only the upper bits (A22
to A5) of the start physical address of the display list are set in these fields.

Write O to bits that are not used for the DLSAH and DLSAL fields (aread will return an undefined
value).

The DLSAH and DL SA fieldsin the DLSAR registersretain their valuesin areset.
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54.4 Multi-Valued Source Area Start Address Register (SSAR)

Register Address: H'O0E

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SSAL(address | — | — | — | — | — | — SSAH
A15-A13 setting) (address A22—-A17 setting)
Initial value:  * * * - = = = = = * * * * * * *
RW: RW RW RW — — — — — — R/W RW RW R/W RW RW R/W

Note: * Value is retained.

The multi-valued source area start address register (SSAR) is a 16-bit readabl e/writabl e register
that specifies the memory areato be used as the multi-valued source area. The upper bits (A22 to
A16) of the start physical address of the source area are set in the SSAH field, and the lower bits
(A15to A13) inthe SSAL field.

The settable bit range depends on the highest color representation mode and maximum memory
width used in each of the display, drawing, and video areas. In 8-bit/pixel mode with a 512-pixel
memory width, all bits can be set. In 8-bit/pixel mode with a 1024-pixel memory width, or 16-
bit/pixel mode with a 512-pixel memory width, bit 13 should be cleared to 0. In 16-bit/pixel mode
with a 1024-pixel memory width, bits 14 and 13 should be cleared to O.

Bits 12 to 7 of SSAR are reserved. Only 0 should be written to these bits (aread will return an
undefined value).

The SSAH and SSAL fieldsin the SSAR register retain their valuesin areset.
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545 Work Area Start Address Register (WSAR)

Register Address: H'00F

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

WSAL (address | — | — | — | — | — | — WSAH
A15-A13 setting) (address A22—-A16 setting)
Initial value:  * * * - - = = = = * * * * * * *
RW: RW RW RW — — — — — — RW RW RW R/W RW RW R/W

Note: * Value is retained.

The work area start address register (WSAR) is a 16-bit readable/writable register that specifies
the memory areato be used as the work area. The upper bits (A22 to A16) of the start physical
address of the work area are set in the WSAH field, and the lower bits (A15 to A13) in the WSAL
field.

The settable bit range depends on the highest color representation mode and maximum memory
width used in each of the display, drawing, and video areas. In 8-bit/pixel mode with a 512-pixel
memory width, all bits can be set. In 8-bit/pixel mode with a 1024-pixel memory width, or 16-
bit/pixel mode with a 512-pixel memory width, bit 13 should be cleared to 0. In 16-bit/pixel mode
with a 1024-pixel memory width, bits 14 and 13 should be cleared to O.

Bits 12 to 7 of WSAR are reserved. Only 0 should be written to these bits (aread will return an
undefined value).

The WSAH and WSAL fieldsin the WSAR register retain their valuesin areset.
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5.4.6 DMA Transfer Start Address Registers (DMASR)

Register Address: H'010to H'011

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| — | — | — | — | — | — | — | — | — | DMASH (address A22—A16 setting)

Initial value; — — — — _ = = = = 0 0 0 0 0 0 0
RW: — — — — _— _ _ _ _ RW RW RW RW RW RW RMW

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DMASL (address A15-A1 setting) | — |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 —
R/W: RIW R/W R/W R/W R/W R/W R/W RW RW R/W R/W RW R/W R/W RW —

The DMA transfer start address registers (DMASR) are 16-bit readable/writable registers that
specify the start address of the transfer destination UGM in aDMA transfer.

The upper bits (A22 to A16) of the start address are set inthe DMASH field in DMASR, and the
lower bits (A15to A1) inthe DMASL fieldin DMASR.

If the value of these registersis modified during a series of DMA operations from the time bits
DMAZ1 and DMAO in the system control register (SY SR) are set to 01 by the CPU until they are
cleared automatically by the Q2SD, operation will be unstable.

When bits DMA1 and DMAQO are set to 11, the value in these registersis not referenced. Transfer
data passes via the image data entry register (IDER), is converted, and stored sequentially starting
at the data transfer start address indicated by the image data transfer start address register (ISAR).

The address (A22 to A1) indicated by the DMASH and DMASL fieldsis aword address.

Write O to bits that are not used for the DMASH and DMASL fields (aread will return an
undefined value).

The values of the DMASH and DMASL fieldsinthe DMASR registers are initialized to all-O by a
reset.

These registers are not incremented when DMA transfer is performed.
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54.7 DMA Transfer Word Count Registers (DMAWR)

Register Address: H'028

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I I I I I I I I B T
Initial value; — — — @ — - @ - - @ — - - — — — 0 0 0
RW: — — — - - - - - — — — — — R/W RW RW

Register Address: H'012

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DMAWL

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: RIW R/W R/W R/W RW RW RW RW RW RW R/W RW R/W RW R/W R/W

The DMA transfer word count registers (DMAWR) are two 16-bit readable/writable registers that
specify the number of words (1 word = 16 bits) to be transferred in DMA transfer.

If the value of these registersis modified during a series of DMA operations from the time bits
DMAZ1 and DMAO in the system control register (SY SR) are set to 01 or 11 by the CPU until they
are cleared automatically by the Q2SD, operation will be unstable.

When bits DMA1 and DMAQO are set to 11, the value in these registersis not referenced. Transfer
data passes via the image data entry register (IDER), is converted, and stored sequentially starting
at the data transfer start address indicated by the image data transfer start address register (ISAR).

Write O to bits that are not used for the DMAWH and DMAWL fields (aread will return an
undefined value).

The values of the DMAWH and DMAWL fieldsin the DMAWR registers are initialized to all-0
by areset.

These registers are not decremented when DMA transfer is performed.
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5.4.8 Rendering Start Address Register (RSAR)

Register Address: H'04C

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| — | — | — | — | — | — | — | — | — | RSA (address A22-A16 setting)
Initial value: — @ — @ — @ — - - - - — * * * * * * *
RW: — — — — —  — — — — RMW RW R/W R/W R/W R/W R/W

Note: * Value is retained.

The rendering start address register (RSAR) is a 16-bit readable/writable register that specifies the
start address of the rendering area that is valid when the RSAE bit is set to 1 in the rendering mode
register (REMR).

Only the upper 7 bits (A22 to A16) of the start physical address of the rendering area are set in the
RSA field.

Bits 15to 7 of RSAR are reserved. Only 0 should be written to these bits (aread will return an
undefined value).

The RSA field in the RSAR register retainsits value in areset.
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55 Display Control Registers

The display control registers are used to set the display timing, and are mapped onto addresses
(A10-A1) H'013 to H'01E and H'02B to H'03F.

551 Display Window Registers (DSWR)

Register Address: H'013

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CI= =TT 1]
Initial value: — — — — — —  —  *x ok x L
RW. — — — — — — — RW RW RW RW RW RW RW RW R/W
Register Address: H'014
Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - —1—=1—=1-1- | HDE
Initial value: — — — — —  — ko L
RW. — — — — — — RMW RW RW RW RW RW RW RW RW R/W
Register Address: H'015
Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CI= =TT 1]
Initial value: — — — — — —  —  *x ok x L
RW. — — — — — — — RW RW RW RW RW RW RW RW R/W
Register Address: H'015
Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - —1—=1—=1-1- | VDE
Initial value: — — — — —  — ko L
RW. — — — — — — RMW RW RW RW RW RW RW RW RW R/W

Note: * Value is retained.
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The display window registers (DSWR) are 16-bit readable/writable registers that specify the
horizontal and vertical output timing for the display screen.

1. Horizontal Display Start Position (HDS Fields)

Field that specifies the horizontal display start position in dot-clock units.
2. Horizontal Display End Position (HDE Fields)

Field that specifies the horizontal display end position in dot-clock units.
3. Vertical Display Start Position (VDS Fields)

Field that specifies the vertical display start position in raster-line units.
4. Vertica Display End Position (VDE Fields)

Field that specifies the vertical display end position in raster-line units.

Write O to bits that are not used for the HDS, HDE, VDS, and VDE fields (aread will return an

undefined value).

The HDS, HDE, VDS, and VDE fieldsin the DSWR registers retain their values in areset.

552 Horizontal Sync Pulse Width Register (HSWR)

Register Address: H'017

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ [-I-1-]

Initial value: —  — —_ - —_ - _ = = * * * * * * *

R/W: — — — — — — — — — RMW R/W R/W R/W R/W R/W R/W

Note: * Value is retained.

The horizontal sync pulse width register (HSWR) is a 16-bit readable/writable register that
specifies the horizontal signal low-level pulse width in dot-clock units.

Bits 15to 17 of HSWR are reserved. Only 0 should be written to these bits (aread will return an

undefined value).

The HSW bitsin the HSWR register retain their valuesin areset.
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55.3 Horizontal Scan Cycle Register (HCR)

Register Address: H'018

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CLE 1= ©

Initial value: — — — — @ — * * * * * * * * * * *

RW. — — — — — RW RW RW RW RW RW RW RW RW RW R/W

Note: * Value is retained.

The horizontal scan cycle register (HCR) is a 16-bit readable/writable register that specifies the
horizontal scan cycle in dot-clock units. In TV sync mode (bits TVM1 and TVMO set to 10 in
DSMR), this register setting must be made so that the HIY N cycle specified by thisregister is
the same as or greater than the EXHEYMIC cycle.

Bits 15 to 11 of HCR are reserved. Only 0 should be written to these bits (aread will return an

undefined value).

The HC bitsin the HCR register retain their valuesin areset.

554 Vertical Start Position Register (VSPR)

Register Address; H'019

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| — | —|—=1=1=1= VSP
Initial value: — — — — — — * * * * * * * * * *
RW: — — — — — — RMW RW RW RW RW RW RW RW RW R/W

Note: * Value is retained.

The vertical start position register (VSPR) is a 16-bit readable/writable register that specifies the
vertical sync signal start position in raster-line units. In TV sync mode (bits TVM1 and TVMO set
to 10 in DSMR), thisregister setting must be made so that the WaYHC fall setting position
specified by thisregister is the same as or later than the fall of EXWEYHC.

Bits 15 to 10 of VSPR are reserved. Only 0 should be written to these bits (aread will return an

undefined value).

The VSP bitsin the VSPR register retain their valuesin areset.
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555 Vertical Scan Cycle Register (VCR)

Register Address: H'01A

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 0
C 1] ©

Initial value: — @ — — — —  — * * * * * * * * *

RW. — — — — — — RW RW RW RW RW RW RW RW RW R/W

Note: * Value is retained.

The vertical scan cycleregister (VCR) is a16-bit readable/writable register that specifies the
vertical scan interval, including the vertical retrace line interval, in raster-line units. In TV sync

mode (TVM1 =1, TVMO = 0in DSMR), set thisregister so that the WA¥HE rise position set with

thisregister isthe same as, or later than, the rise of EXWEYHC. If arise of EXWEYHC is not
detected within the vertical scan interval set in thisregister, the TVR flag in the status register

(SR) will be set to 1.

Bits 15 to 10 of VCR arereserved. Only 0 should be written to these bits (aread will return an

undefined value).

The VC bitsin the VCR register retain their valuesin areset.

5.5.6 Display Off Output Registers (DOOR)

Register Address: H'01B to H'01C

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 0

=T 1] =

Initial value: — @ — @ — @ — @ - @ — — * * * * * * _

RW: — — —_ - —_ - — — RMW RW R/W R/W R/W R/W —

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 0

DOG | — | — | DOB — |

Initial value:  * * * * * * - — * * * * * * _

R/W: RIW RW RW RW RW RW — — RW RW R/W RW R/W R/W —
Note: * Value is retained.

209

HITACHI



The display off output registers (DOOR) are 16-bit readable/writable registers that specify the
display datato be output when display is off. A 6-hit setting is made for each of the RGB
components, in the DOR fields, DOG fields, and DOB fields.

Write O to bits that are not used for the DOR, DOG, and DOB fields.

The DOR, DOG, and DOB fields in the DOOR registers retain their valuesin areset.

55.7 Color Detection Registers (CDER)

Register Address: H'01D to H'01E

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

HEEREREREERE ooR = 1=

Initial value; — — — — - @ — — — * * * * * * _

rRW: — — — — — — — — RWRW RW RW RW RW — —

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value:  * * * * * * — - * * * * * * - —

R/W: RIW RW RW RW RW RW — — RW RW RW RW RW RW — —

Note: * Value is retained.

The color detection registers (CDER) are 16-bit readable/writabl e registers. When the output color
data (DD17 to DDO0) matches the values set in these registers, 1 is output from the CDE pin. For
details of the output color dataformat, see (4) Output Color Data Configuration in section 3.3.3,
Color Data Formats. The CDR bits (bits 7 to 2) in these registers are compared with DD17 to
DD12, the CDG hits (bits 15 to 10) with DD11 to DD6, and the CDB bits (bits 7 to 2) with DD5
to DDO. Asthe display datais all-0 outside the display interval, if an all-0 setting is made in
CDER, 1 will be output from the CDE pin outside the display interval.

Write O to bits that are not used for the CDR, CDB, and CDG fields.

The CDR, CDG, and CDB fieldsin the CDER registers retain their valuesin areset.
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5.5.8 Equalizing Pulse Width Register (EQWR)

Register Address: H'029

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
J— J— *

=== =on
Initial value: —  — — - - — — * * * * * *
RW: — — — — - — — — — RMW R/W RW RW R/W R/W R/W

Note: * Value is retained.

The equalizing pulse width register (EQWR) is a 16-hit readable/writable register that specifies
the low-level pulse width of CEYME signal equalizing pulsesin dot-clock units. Equalizing pulses
are generated at the start and in the middle of each raster.

Thisregister isvalid when CYS1isset to 1 in display mode register 2 (DSMR2).

Bits 15 to 7 of EQWR are reserved. Only 0 should be written to these bits (aread will return an
undefined value).

The EQW bitsin the EQWR register retain their valuesin areset.

For example, in the case of the NTSC specification, the low-level pulse width is approximately 2.4
ps. If the display operating clock frequency is 14.31818 MHz, avaue of 2.4 s © 14.31818 MHz
= 35 should be set in this register.
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559 Separ ation Width Register (SPWR)

Register Address: H'02A

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

HEEREREE SPW

Initial value: — — — — [ —
RW: — — — — — — RW RW RW RW R/W RW RW R/W R/W R/W

Note: * Value is retained.

The separation width register (SPWR) is a 16-bit readable/writable register that specifies the low-
level pulse width of CE¥NEC signal separation pulses in dot-clock units. Separation pulses are
generated at the start and in the middle of each raster. Set an SPW value of less than 1/2 the
horizontal scan interval.

Thisregister isvalid when CY Slisset to 1 in display mode register 2 (DSMR2).

Bits 15 to 10 of SPWR are reserved. Only 0 should be written to these bits (aread will return an
undefined value).

The SPW bits in the SPWR register retain their valuesin a reset.

If HC isthe horizontal scan interval, in the case of the NTSC specification, for example, the
separation pulse low width is approximately HC/2 — 4.7 ps. If HC is 63.555 ps and the display
operating clock frequency is 14.31818 MHz, avalue of (63.555 ps/2 —4.7) ys ~ 14.31818 MHz =
357 should be set in this register.
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5,5.10 Video Display Position Registers (VPR)

Register Address: H'02C

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

VPR(HVP)|—|—|—|—|—|—| HVP
Initial value; — — — — —_ - * * * * * * * * * *
RW: — — — — _— _ RMW RW RW RW RW RW RW RW RW RW

Register Address: H'02D

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

VPR(VVP)|—|—|—|—|—|—|—| VWP
Initial value; — — — — —_ - = * * * * * * * * *
RW: — — — — _— _— _ RW RW RW RW RW RW RW RW RW

Note: * Value is retained.

The video display position registers (VPR) are 16-bit readable/writable registers that specify the
video horizontal and vertical output timing.

1. Video Horizontal Display Start Position (HVP Fields)

Thisfield sets the video horizontal start position in dot-clock units.
2. Video Vertical Display Start Position (VVP Fields)

Thisfield setsthe video vertical start position in raster-line units.

When the SCM 1 and SCMO bits in the display mode register (DSMR) are set to 11 or 10 (interlace
sync & video mode or interlace mode), bit 0 in VV P fields should be cleared to O.

Set the start position so that the video display area does not extend beyond the frame buffer
display screen. Unlike the HDS and VDS fields in the display window registers (DSWR), the
screen coordinate upper-left reference values should be set in the HVP and VV P fields. In the
horizontal direction the upper-left point is 0, and the right direction is positive, with changes made
one by onein dot units. In the vertical direction the upper-left point is 0, and the downward
direction is positive, with changes made one by one in line units.

Write O to bits that are not used for the HVP and VVP fields (aread will return an undefined
value).

The HVP and VVP bitsin the VPR (HVP/VVP) registers retain their valuesin areset.
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55.11 VideoArea Start Address Registers0to 2 (VSAROto VSAR?2)

Register Address: H'031 to H'032

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
VSAROl— —|—|—|—|—|—|—|—| VSAHO
Initial value; — — — — —_ = = = = * *
RW: — — — — _— _— _ _ _ RW RW RW RW RW RW RW
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
VSARO VSALO ———|—|—|—|—|—|—|—|

Initial value: *

R/W: RIW R/W R/W R/W R/W R/W

Register Address: H'033to H'034

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
VSARll— —|—|—|—|—|— — —| VSAH1
Initial value: — @ — @ — @ @— - - - -  — *
RW, — — — — — — — — — RMW RW RW RW RW RW RW
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
VSAR1 VSAL1 —__|_|_|_|_|_|_|_|

Initial value:  *

R/W: RIW R/W R/W R/W R/W R/W

Register Address: H'035 to H'036

Bit: 15

14

13

12

11

10

veariz| — | — | —| -] —] —|

Initial value: —

R/W: —
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Bit: 15 14 13 12 11 10 9 8 7 6 5 3 2 1
p o I R I e e e e

Initial value:  * * * * * * —

R/W: RIW RW RW RW RW RW — — — — — — — — — —

Note: * Value is retained.

The video area start address registers 0 to 2 (VSARO to VSAR?2) are 16-bit readable/writable
registers that specify the memory areas used as UGM video areas. Only the upper 13 bits (A22 to
A10) of the start physical addresses are specified by the video area start address fields (V SAH,
VSAL).

Three video storage areas are used, of the size specified by VSIZEX and VSIZEY . Each areahas a
memory-unit address layout, and should be set as shown in figure 5.1.

W'Y hen WX =10

WEAHD b 2 WAL 2
e :
15 T B 015 1413 94 S d 0

YU ; s S R

X coordirate ralus

W rdirmte ral s 4l :
coordi e | oy :::."n;'l_:::'::J
W'Y hen MWX =1
WEAHD & 2 w0 2

¢ oy s
15 L) 015 14 94 5 d u]
Pt Jommmmmmmmmmm s == T o T T T T
L =4 0

* coordirate wlus w1 :I.'L
. 12 d 3 u]
W coordirate walus U _i:-.':"l"-q:::j

Mo e

* Sheded arewe should be ezt 2ll-0.
v Uee 16-bitfinel memonr map X ard ¥ coordraie mluee.

Figure5.1 Video Storage Area Address Arrangement
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When the VIE bit in the video incorporation mode register (VIMR) is 1, the areain which the

most recent image incorporated by video incorporation was stored is automatically selected as the
area used for display. When the VIE bit is O, the video storage area holding the most recent image

isdisplayed.

New values set when these registers are modified become effective when the display is updated
internally in the case of display output, or when the next image isincorporated (at the rise of the
WW'E input) in the case of image incorporation.

Write O to bits that are not used for VSARHO to VSARH2 and VSARLO to VSARL 2. (aread will

return an undefined value).

The VSARO to VSAR2 retain their values in areset.

55.12 Video Window Size Registers (VSIZER)

Register Address: H'037

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
VSIZERl — | — — — — — VSIZEX | — |
Initial value; — — — — —  — * * * * * * * * * —
R/W: — — — — — — RW R/W R/W RW R/W RW RW R/W RW —
Register Address; H'038
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
VSIZERl — | — — — — — VSIZEY | — |
Initial value; — — — — —  — * * * * * * * * * —
R/W: — — — — — — RW R/W R/W RW RW RW RW R/W RW —

Note: * Value is retained.

The video window size registers (VSIZER) are two 16-bit readable/writable registers that specify

the video window display size. Set the value obtained by multiplying the number of effective

pixelsinput from off-chip by the reduction (thinning-out) ratio, VSIZ, at the time of incorporation.
Set O for the least significant bitsof X and Y as shown in the register diagram. This makes the set
values of VSIZEX and VSIZEY even numbers.

Write O to bits that are not used for the VSIZEX and VSIZEY fields (aread will return an

undefined value).

The VSIZER retain their valuesin areset.
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5.5.13 Video Incorporation Mode Register (VIMR)

Register Address: H'039

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

vibi|vibo| — | — | — | — |vsiz|vsiz|vsiz|vsiz| vsiz| VINM|ODENODEN| RGB| VIE

4 3 2 1 0 1 0
Initial value: 1 1 —_ - — — 0 0 0 0 0 0 0 0 0 0
R/W: R R — — — — RW R/W R/W R/W R/W RW R/W R/W R/W R/W

The video incorporation mode register (VIMR) is a 16-bit readable/writable register that is used to
make various video incorporation settings.

Bits 13 to 10 of the VIMR are reserved. Only 0 should be written to these bits (aread will return
an undefined value).

Inareset, bits VID1 and VIDO areinitialized to 1, and the other bits are initialized to O.

Bits 15 and 14—Video Window Status (VID1, VIDO): These bits are status flags that indicate
the video area storing the most recent image incorporated from the video input. Note that these
bits are different in nature from the other bitsin thisregister. The value of these bitsis significant
only when the VIE bit is cleared to 0. Note that the meaning of these bitsis not guaranteed if video
incorporation proceeds while the VIE bit is set to 1.

Only 00 should be written to these bits (although the write value is ignored).

The meaning of the values read from these bitsis shown below.

Bit 15: VID1 Bit 14: VIDO Description
0 0 Most recent image is in video area 0. When video window
(VWE) is 1, video area 0 is displayed.
1 Most recent image is in video area 1. When video window
(VWE) is 1, video area 1 is displayed.
1 0 Most recent image is in video area 2. When video window
(VWE) is 1, video area 2 is displayed.
1 Indicates initial state after a reset. When video window
(VWE) is 1, video area O is displayed. (Initial value)

To save or fetch an image as a still picture, video incorporation must be halted. The sequence of
operationsis: halt video incorporation, read the video window status, and fetch the still picture
from the relevant area.
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Bits 13 to 10—Reserved: Only 0 should be written to these bits (aread will return an undefined

value).

Bits 9 to 5—Video I ncorporation Reduction (Thinning-Out) Ratio (VSIZ4to VSIZ0): These
bits set the reduction ratio when performing video incorporation.

Vertical Horizontal Horizontal
Bit 9: Bit 8: Bit 7: Bit 6: Reduction Reduction Ratio Reduction Ratio
VSIz4 VSIZ3 VSIZ2 VSIZ1 Ratio (VSIZ0 =0) (VSIz0 =1)
0 0 0 0 1 1 1/2
1 1 1/3 Setting prohibited
1 0 1 Setting prohibited  Setting prohibited
1 1 Setting prohibited  Setting prohibited
1 0 0 1/2 Setting prohibited 1/2
1 1/2 1/3 1/6
1 0 1/2 1/4 Setting prohibited
1 1/2 Setting prohibited Setting prohibited
1 0 0 0 1/3 Setting prohibited Setting prohibited
1 1/3 1/3 1/6
1 0 1/3 Setting prohibited Setting prohibited
1 1/3 Setting prohibited Setting prohibited
1 0 0 1/4 Setting prohibited  Setting prohibited
1 1/4 Setting prohibited 1/6
1 0 1/4 1/4 Setting prohibited
1 1/4 Setting prohibited  Setting prohibited

Bit 4—Video Incor poration Mode (VINM): Specifies the field order in video incorporation.

Bit 4: VINM Description

0 Field for which Y&OI®S input is low (lines 1, 3, 5, ...) is incorporated first,
followed by field for which ¥R input is high (lines 2, 4, 6, ...). (Initial value)

1 Field for which Y&3I®S input is high (lines 2, 4, 6, ...) is incorporated first,
followed by field for which VW3R input is low (lines 1, 3, 5, ...).
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Bits 3 and 2—Incorporated Field Select (ODEN1, ODENO): These bits select the field for
which video input scanning method specification and incorporation are to be performed in video
incorporation.

Bit 3: ODEN1 Bit 2: ODENO Description

0 0 Input video is non-interlace. Do not input interlace signal.
(Initial value)
1 Input video is interlace, and frame screens are

incorporated with combination of even and odd fields.
Supplementing is not performed for operation when fields
are combined.

1 0 Input video is interlace, and only fields for which VilAs
signal is low (odd fields) are incorporated. Number of
scanning lines of incorporated image is 1/2 number of
frame screen scanning lines.

1 Input video is interlace, and only fields for which YIRS
signal is high (even fields) are incorporated. Number of
scanning lines of incorporated image is 1/2 number of
frame screen scanning lines.

Bit 1—RGB Conversion Mode (RGB): Selects whether RGB conversion isto be performed in
video incorporation.

Bit 1: RGB Description
0 YUV4:2:2 data is stored directly in UGM, without conversion to RGB. This data
cannot be used for any purpose except display in the video window.
(Initial value)
1 Data undergoes RGB conversion and is stored in UGM as RGB data. This

data can be used as multi-valued source data.

Bit 0—Video Incor poration Enable (VIE): Enables or disables video incorporation.

Bit 0: VIE Description
0 Video incorporation is not performed. (Initial value)
1 Video incorporation is performed.
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55.14 Cursor Registers (CSR)

Register Address: H'03A

Bit:

CSR
(HCS1)

Initial value:

R/W:

Register Address: H'03B

Bit:

CSR
(VCS1)

Initial value:

R/W:

Register Address: H'03C

Bit:

CSR
(HCS2)

Initial value:

R/W:

Register Address: H'03D

Bit:

CSR
(VCS2)

Initial value:

R/W:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BLINKA HCS1
* * * * * * * * * * * * * * * *

R/W R/W R/W R/W

RW R/W R/W R/W R/W RW R/W RW RW R/W RW R/W

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

BLINKB — vcs1
* * * * * * J— * * * * * * * * *
RW RW RW RW RW RW — RW RW RW RW RW RW RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
—|l==1=1-=1-= HCS2
— — — — — — RW RW RW RW RW RW RW RW RW R/W
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— | =1=1=1=1=1|= VCS2

* * * * * * * * *

Note: * Value is retained.

— RW R/W R/W R/W R/W RW RW RW R/W

The cursor registers (CSR) are 16-bit readable/writable registers that specify the cursor 1 and 2
horizontal and vertical output timing and the length of the cursor blink shape A and B display

intervals.
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1. Cursor 1 Horizontal Display Start Position (HCSL)
These bits set the cursor 1 horizontal display start position in dot-clock units.
2. Cursor 1 Vertical Display Start Position (VCSL)
These bits set the cursor 1 vertical display start position in raster-line units.
3. Cursor 2 Horizontal Display Start Position (HCS2)
These bits set the cursor 2 horizontal display start position in dot-clock units.
4. Cursor 2 Vertical Display Start Position (VCS2)
These bits set the cursor 2 vertical display start position in raster-line units.
5. Cursor Blink Shape A Display Interval Length (BLNKA)
These bits set, in field units, the length of the interval during which cursor shape A (stored in
the cursor area) is displayed. These bits must not be cleared to 0. Thisfield is used for both
cursor 1 and cursor 2. Display shape switching is performed simultaneously for both cursors.
6. Cursor Blink Shape B Display Interval Length (BLNKB)
These bits set, in field units, the length of the interval during which cursor shape B (stored in

the cursor area) is displayed. These bits must not be cleared to 0. Thisfield is used for both
cursor 1 and cursor 2. Display shape switching is performed simultaneously for both cursors.

Thecursor is32 " 32 pixelsin size, and is displayed in the color assigned in the color palette
register. Set the start positions so that the upper-left coordinates of the cursor display areado not
extend outside the frame buffer display screen. Also set the start positions so that cursors 1 and 2
do not overlap, as cursor 1 will have priority and cursor 2 will be lost in this case.

Unlike the HDS and VDS fields in the display window registers (DSWR), the screen coordinate
upper-left reference values should be set in the HCS and VCSfields. In the horizonta direction
the upper-left point is 0, and the right direction is positive, with changes made one by onein dot
units. In the vertical direction the upper-left point is 0, and the downward direction is positive,
with changes made one by one in line units.

In cursor blinking, in the cursor display A interval, the 1024 bytes of data from the address
specified by the cursor area start address register are used for display. In the cursor display B
interval, the 1024 bytes of data from the location obtained by adding 1024 bytes to the address
specified by the cursor area start address register are used for display.

Write O to bits that are not used for the HCS1, VCS1, HCS2, VCS2, BLINKA, and BLINKB
fields (aread will return an undefined value).

The HCS1, VCS1, HCS2, VCS2, BLINKA, and BLINKB bitsin the CSR registersretain their
valuesin areset.
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5,5.15 Cursor Area Start Address Registers1 and 2 (CSAR1, CSAR2)

Register Address: H'03E

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CSAR1 CSAL1 - = =1 — CSAH1
(address A15—-A11 setting) (address A22—-A16 setting)
Initial value:  * * * * * - = = = * * * * * * *
RW: RIW RW RW RW RW — — — — R/W RW RW R/W RW RW R/W

Register Address; H'03F

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CSAR2 CSAL2 - -1 — | — CSAH2
(address A15-A11 setting) (address A22—-A16 setting)
Initial value:  * * * * * _ = = = * * * * * * *
R/W: RIW RW RW RW RW — — — — R/W RW RW R/W R/W R/W R/W

Note: * Value is retained.

The cursor area start address registers 1 and 2 (CSAR1, CSAR?2) are 16-bit readable/writable
registers that specify the memory areas used as cursor areas in the UGM. The upper bits (A22 to
A16) of the start physical address of the cursor area are set in the cursor area start address high
(CSAH) field, and the lower bits (A15 to A11) in the cursor area start address low (CSAL) field.

Set the cursor A shape in the 1024 bytes from the set address, and the cursor B shape in the next
1024 bytes.

The new values set when these registers are modified become effective when internal updating is
performed.

Cursor display data should be set in linear address data format.

Bits 10 to 7 of CSAR1 and CSAR?2 are reserved. Only 0 should be written to these bits (aread will
return an undefined value).

The CSAL1, CSAL2, CSAH1, and CSAH2 fieldsin the CSAR1 and CSAR? registers retain their
valuesin areset.
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5.6 Rendering Control Registers

The rendering control registers comprise two command status registers, mapped onto addresses

(A10-A1) H'O1F to H'020.

56.1 Command Status Registers (CSTR)

Register Address: H'01F to H'020

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - —-1—=—1—=—1 - | — | — | — | — | CSTH (address A22—-A16 setting)

Initial value: — — — —  —  — %%k xx o x
RW; — - - - _ _ _ _ _ R R R R R R R

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CSTL (address A15-A1 setting) | —

nitial value:  * % *  * * * * = % = = = = =+ = _
RW. R R R R R R R R R R R R R R R —

Note: * Value is retained.

The command status registers (CSTR) are 16-bit read-only registersthat store the address of the
command word (op code word) being executed when a frame change is performed.

The upper bits (A22 to A16) of the command word address are indicated by the CSTH field, and
the lower bits (A15to A1) by the CSTL field. The address indicated by the CSTH and CSTL
fieldsisaword address.

Bits that are not used for the CSTH and CSTL fields are alwaysread as 0.

The CSTH and CSTL fieldsin the CSTR registers retain their valuesin areset.

HITACHI

223



5.7 Input Control Registers

Theinput control registers comprise five 16-bit registers related to the control of input data
conversion, mapped onto addresses (A10-A1) H'021 to H'025. The settings in these registers are
valid when the setting of bits YUV 2, YUV1, and YUVO in the input data conversion mode register
(IEMR) is 001, 010, 011, or 111.

571 Image Data Transfer Start Address Registers (ISAR)

Register Address; H'021 to H'022

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| _ | _ | _ | _ | _ | _ | _ | — | — | ISAH (address A22-A16 setting)
Initial value; — — — — —_ = = = = 0 0 0 0 0 0 0
RW: — — — — _— _— _ _ _ RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ISAL (address A15-Al setting) | — |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 —
R/W: RIW R/W R/W R/W R/W R/W R/W RW RW RW R/W RW RW RW RW —

Theimage data transfer start address registers (ISAR) are 16-bit readable/writable registers that
specify the image data transfer destination as a physical address when the setting of bits YUV2,
YUV1, and YUV0is 001, 010, 011, or 111. The upper bits (A22 to A16) of the start address are
set in the ISAH field, and the lower bits (A15to Al) in the ISAL field. The address indicated by
the ISAH and ISAL fieldsis aword address.

If the value of these registersis modified during a series of data conversion operations from the
timebits YUV2, YUV, and YUVO are set to 001, 010, 011, or 111 by the CPU until YUV mode
is cleared automatically by the Q2SD, operation will be unstable.

Write 0 to bits that are not used for the ISAH and ISAL fields.
The values of the ISAH and ISAL fieldsin the ISAR registers areinitialized to al-0 by areset.

These registers are not incremented when image data is transferred.
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572 Image Data Size Registers (IDSR)

Register Address: H'023

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

EHEEEE IDSX
Initial value: —  — —_- - — 0 0 0 0 0 0 0 0 0 0 0
RW: — — — — — RMW RW RW RW RW R/W RW RW R/W R/W R/W

Register Address: H'024

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
== 1-[-T-1-] IDSY

Initial value: — — — @ — —_ - 0 0 0 0 0 0 0 0 0 0

RW: — — — — — — RW RW RW RW RW RW R/W R/W R/W R/W

Note: * Do not set 0 in bit 0 of IDSX.

Theimage data size registers (IDSR) are two 16-bit readable/writable registers that specify the
image data X sizeand Y size when the setting of bits YUV2to YUV0is 001, 010, 011, or 111.
For the image data X size, set the number of pixels when YUV2-YUV0 = 001, 010, or 011, and
set 1/2 the number of pixelswhen YUV2-YUVO0 = 111. An even number should be set for the X
size (IDSXO0 hit = 0).

If the value of these registersis modified during a series of data conversion operations from the
timebits YUV2, YUV, and YUVO are set to 001, 010, 011, or 111 by the CPU until YUV mode
is cleared automatically by the Q2SD, operation will be unstable.

Write 0 to bits that are not used for the IDSX and IDSY fields.

The values of the IDSX and IDSY bitsin the IDSR registers are initialized to all-0 by areset.
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5.7.3 Image Data Entry Register (IDER)

Register Address: H'025

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

IDE

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: W W W W W W W W W W W W W W W W

Theimage data entry register (IDER) is a 16-bit write-only register that comprisesthe entry in
which image datais input when the setting of bits YUV 2, YUV1, and YUV0is 001, 010, 011, or
111.

The IDER isinitialized to H'0000 by a reset.
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5.8 Memory Control Registers (2)

Memory control registers (2) comprise registers related to background screen control, mapped
onto addresses (A10-A1) H'026 to H'027.

581 Background Start Coordinate Registers (BGSR)

Register Address: H'026

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
- -[-|-]-]-| BGSX
Initial value: — — — — — —  * ok x A .
RW. — — — — — — RMW RW RW RW RW RW RW RW RW R/W
Register Address: H'027
Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
e BGSY
Inlnal Va|Ue - J— * * * * * * * * * * * * * *
RW: — — RMW RW RMW RW RW RW RW RW RW RW RW RW RW R/W

Note: * Value is retained.

The background start coordinate registers (BGSR) are two 16-bit readable/writable registers that
specify the background screen start coordinates. The settings should be made so that the
background screen does not overlap the frame buffers. Write O to bits that are not used for the
BGSX and BGSY fields (aread will return an undefined value).

The BGSX and BGSY bitsin the BGSR registers retain their valuesin areset.
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5.9 Rendering Control Registers (2)

Rendering control registers (2), comprising registers that indicate the internal status when drawing
is suspended, are mapped onto addresses (A10-A1) H'040 to H'04B.

When reading these registers, first set RBRK to 1 in the system control register (SY SR) and wait
until BRK is set to 1. If these registers are read before BRK is set to 1, undefined values will be
returned.

591 Current Pointer Registers (CURR)

Register Address; H'040

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

=1-1 X

Initial value; — — * * *
RW: — — R R R R R R R R R R R R R R

Register Address; H'041

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

=1-1 ¥e

Initial value: —  — * * * * * * * *

RW: — — R R R R R R R R R R R R R R

Note: * Value is retained.

The current pointer registers (CURR) are two 16-bit read-only registers that indicate the current
pointer coordinates.

When these registers are read, bitsthat are not used for the XC and Y C fields are always read as 0.
The XC and Y C bitsin the CURR registers retain their valuesin areset.

Bit 13 isthe sign bit.
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592 L ocal Offset Registers (LCOR)

Register Address: H'042

Bit: 15 14 13

12

11

10

XO

Initial value: —  — *

RIW: — — R

Register Address: H'043

Bit: 15 14 13

12

11

10

YO

Initial value: —  — *

RIW: — — R

Note: * Value is retained.

Thelocal offset registers (LCOR) are two 16-bit read-only registers that indicate the offset

coordinates.

9 8
* *
R R
9 8
* *
R R

When these registers are read, bits that are not used for the XO and Y O fields are always read as O.

The XO and YO bitsin the LCOR registersretain their valuesin a reset.

Bit 13 isthe sign hit.
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5.9.3 User Clipping Area Registers (UCLR)

Register Address: H'044

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

Upper-left] — | — UXMIN
X
Initial value: — — * * * * * * * * * * * * *
R/W: — — R R R R R R R R R R R R R

Register Address; H'045

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

Upper-left] — | — UYMIN
Y
Initial value: — — * * * * * * * * * * * * *
RW: — — R R R R R R R R R R R R R

Register Address: H'046

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

Lower-right] — | — UXMAX
X
Initial value: — — * * * * * * * * * * * * *
R/W: — — R R R R R R R R R R R R R

Register Address: H'047

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

Lower-right|] — | — UYMAX
Y
Initial value: — — * * * * * * * * * * * * *
RW: — — R R R R R R R R R R R R R

Note: * Value is retained.

The user clipping arearegisters (UCLR) are 16-bit read-only registers that indicate the user
clipping area.
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When these registers are read, bits that are not used for the UXMIN, UYMIN, UXMAX, and

UYMAX fields are awaysread as 0.

The UXMIN, UYMIN, UXMAX, and UYMAX bitsin the UCLR registersretain their valuesin a

reset.

Bit 13 isthe sign hit.

594 System Clipping Area Registers (SCLR)

Register Address: H'048

Bit:

Lower-right
X

Initial value:

R/W:

Register Address: H'049

Bit:

Lower-right
Y

Initial value:

R/W:

Note: * Value is retained.

system clipping area.

alwaysread as 0.

Bit 13 isthe sign hit.

15 14 13 12 11 10 9 8 7 6 0
—| = SXMAX
— — R R R R R R R R R
15 14 13 12 11 10 9 8 7 6 0
— | — SYMAX
— — R R R R R R R R R
The system clipping arearegisters (SCL) are two 16-hit read-only registers that indicate the
When these registers are read, bits that are not used for the SXMAX, and SYMAX fields are
The SXMAX and SYMAX bitsin the SCLR registers retain their valuesin areset.
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595

Register Address: H'04A to H'04B

Bit:

Initial value:

R/W:

Bit:

Initial value:

R/W: RIW RW R/W R/W R/W R/W RW RW RW RW RW R/W R/W RW R/W

Return Address Registers (RTNR)

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| —=1=1=1= | — | — | — | = RTNH (address A22-A16 setting)
R JR— —_— — _ —_— —_— J— P * * * * * * *
— - — _— _— _— — — _ RW RW RW RW RW RW RMW
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RTNL (address A15—-A1 setting)

*

*

*

Note: * Value is retained.

*

*

*

*

*

*

*

*

*

The return address registers (RTNR) are 16-bit readable/writable registers that specify the return

address.

The upper bits (A22 to A16) of the start address are set in the RTNH field, and the lower bits (A15
to Al) inthe RTNL field.

The address (bits A22 to A1) indicated by the RTNH and RTNL fieldsis aword address.

Write O to bits that are not used for the RTNH and RTNL fields (aread will return an undefined

value).

The RTNH and RTNL fieldsin the RTNR registersretain their valuesin areset.
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5.9.6 Color Offset Register (COLOR)

Register Address: H'04A to H'04D

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Sign COOFR Sign COOFG Sign COOFB

Initial value: * * * * * * * * * * * * * * * *

R/W: RIW R/W R/W R/W R/W R/W RW RW RW RW RW R/W R/W RW RW R/W

Bit Positions Name Description

15t0 11 COOFR (Color offset R) Color offset red component
10to 5 COOFG (Color offset G) Color offset green component
4100 COOFB (Color offset B) Color offset blue component

The offset components are treated as signed integers.

Thisregister can be used by the POLY GON4A command. In 16-bit/pixel drawing, if the rendering
attribute COOF bit is set to 1, the result of adding the value in the COLOR register to the value of
the multi-valued source datais drawn. The operation is performed by saturation processing. In 8-
bit/pixel drawing, the rendering attribute COOF bit must be cleared to 0.

510 Color Palette

The color palette is mapped onto addresses (A10-A1) H'100 to H'2FF. Settings can be made for
256 colors, with 6 bits each for R, G, and B. The color palette can only be used in 8-bit/pixel
mode.

When the color palette is accessed by the CPU, bits GBM2 to GBMO in the rendering mode
register (REMR) should be set to 000, 010, 100, or 110.

In the Q2SD, the color palette set values are retained regardless of the GBM values.
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510.1

Color Palette Registers H/L 000 to H/L 255 (CPOOORH/L to CP255RH/L)

Register Address: H'100 to H'101

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
CPOOORHl —l=]==]=]= | — | — | ROO0O (Red: 6 bits) | — |
Initial value; — — — — — - —_- - * * * * * * —
RW: — — — — — — — — RW RW RW RW RW RW —
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
CPOOORL G000 (Green: 6 bits) | — | — | BOOO (Blue: 6 bits) | — |
Initial value: * * * * * * —_ - * * * * * * —
RW: RW RW RW RW RW RW — — RW RW RW RW RW RW —
Register Address: H'102 to H'103
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
CPOOlRHl —|l=]==1]=]= | — | — | ROO1 (Red: 6 bits) | — |
Initial value; — — — — —_ - —_ - * * * * * * —
RW: — — — — — — — — RW RW RW RW RW RW —
Bitt 15 14 13 12 11 100 9 8 7 6 5 4 3 2 1
CPO01RL G001 (Green: 6 hits) | — | — | B0O01 (Blue: 6 bits) | — |
Initial value:  * * * * * * - — * * * * * * _
RW: RW RW RW RW RW RW — — RW RW RW RW RW RW —
Register Address: H'2FE to H'2FF
Bitt 15 14 13 12 11 100 9 8 7 6 5 4 3 2 1
CP255RH| —|l=1=1=1-=1-= | — | — | R255 (Red: 6 bits) | — |
Initial value; — — — — —_ = = = * * * * * * —
RW: — — — — — — — — RW RW RW RW RW RW —
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Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CP255RL G255 (Green: 6 bits) | — | — | B255 (Blue: 6 bits) | — | —
Initial value:  * * * * * * - — * * * * * * .
R/W: RIW RW RW RW RW RW — — RW RW RW RW RW RW — —

Note: * Value is retained.

The color Palette Registers H/L000 to H/L 255 (CPOOORH/L to CP255RH/L) are 32-hit
readable/writable registers. Their settings are valid in 8-bit/pixel mode.

The color palette is controlled in 2-word units comprising one pixel. The same units must
therefore be used for accesses to the color palette registers.

When writing to color palette registers, first write to the R register, then to the G and B registers.
The new R color palette set value becomes effective when the G and B registers are set.

When reading color palette registers, first read the R register, then the G and B registers.

When accessing color palette registers, it is not possible to access another Q2SD register between
the R register and the G and B registers.

Longword (32-bit) access should therefore be used for color palette registers to enable both the R
register and the G and B registersto be accessed at one time.
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Section 6 Usage Notes

6.1 Power-On Sequence

The timing of the CLKO, CLK1, and RESET signals at power-on is shown in figure 6.1. Set 5
or less as the time from the rise of VCCn to the rise of CLKO/CLK1, and 100 ms or more as t
time from the rise of VCCn to the rise of RESET. If CLKO and CLK1 are halted for a long tim¢
(50 ms or more) after powering on, the device may be permanently damaged.

CLKO, CLK1

Figure 6.1 Power-On Sequence
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6.2 Use of 64-Mbit SDRAM &16 Type)

The Q2SD references the value of bits MES1 and MESO in the memory mode register (MMR)
following the elapse of 70 tcycO after a hardware reset, and makes the UDQM1 pin the MA13
signal output pin if MES1, MESO = 1, 0, or the upper word upper byte input/output mask signa
output pin if MES1, MES& 1, 0. If the setting of MES1 and MESO has not been carried out by
this time, the clearance values MES1, MESO = 0, 0 resulting from the hardware reset will be
referenced.

Therefore, only when using the MES1, MESO = 1, 0 mode (64-Mb&)(memory size, one
memory used, 16-bit bus), the MES1, MESO = 1, 0 setting must be made before the elapse of
tcycO after a hardware reset.
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Section 7 Electrical Characteristics

7.1 Absolute Maximum Ratings

Table7.1 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage Ve * -0.3to0 +4.6 \Y
Input voltage v, *t -0.3to V. +0.3 \%
Permissible output low current [ 1] * 2 mA
Total permissible output low current | Sl | * 172 mA
Permissible output high current | =l | ¥ 2 mA
Total permissible output high current | S(,) | * 172 mA
Operating temperature Toor 0to 70 °C
Storage temperature Tog -551to +125 °C

Notes: 1. Value based on GND =0 V. Includes DAV_. and PLLV..
2. The permissible output current is the maximum value of the current drawn in or flowing

out from one output pin and one input/output pin.

3. The total permissible output current is the sum of currents drawn in or flowing out from

output pins and input/output pins.

Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded. In
normal operation, it is advisable to observe the recommended operating conditions. Exceeding
these conditions may adversely affect the reliability of the chip.
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7.2 Recommended Operating Conditions

721 Recommended Oper ating Conditions

Table7.2 Recommended Operating Conditions

Item Symbol Min Typ Max Unit
Power supply voltage Vee 3.0 3.3 3.6 \%
Input low voltage (except CLKO, CLK1) VILT 0 — 0.6 \%
Input low voltage (CLKO, CLK1) Ve 0 — 0.6 \%
Input high voltage (except CLKO, CLK1) Vigr 2.2 — Ve \%
Input high voltage (CLKO, CLK1) Vic* 0.8V, — Vee \%

Operating temperature T, 0 25 70 °C

opr
Note: * Value based on GND =0 V.

7.3 Electrical Characteristics Test Methods

731 Timing Testing

The output low voltage for timing testing is 1.5 V. The output high voltage for timing testing is
15V.

ki
F

l'I'I|:‘.| ‘_"\

o Fartiming testing

L2 level [sheady] ¥ o)

\/\/\

R eference poink

Figure7.1 Basisof V, Timing Testing
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7.3.2 Test Load Circuit (All Output and Input/Output Pins)

W

TEE-:int

A
|4,

W=55W

FL=2kn

C=g0pF

F=11ks

All diodes ar= Hitachi
152074 equivalent
products.

Imputfoupt irmirng st levals (eed uding CLEO and CLE1)
Loy lewed: 1.5W
Hoghlevd: 1.5

Figure7.2 Test Load Circuit
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7.4 Electrical Characteristics

7.4.1 DC Characteristics
Table7.3 DC Characteristics

Unless otherwise indicated, Ve = DACV e = PLLV ¢ = 3.3V 0.3V, GND = DACGND =
PLLGND =0V, T, =0to +70°C.

Item Pin Names Symbol Min Max Unit Test Conditions

Input high voltage 11 Ve 08" Vo Ve +03 V

(CMOS level)

Input low voltage Ve -0.3 Ve~ 0.2

(CMOS level)

Input high voltage 12,10 Vigr 2.2 Ve +03 V

(TTL level)

Input low voltage Vit -0.3 Ve~ 0.2

(TTL level)

Input leakage current 11, 12 lin — 1 MV, =0-V,

Three-state leakage 10,0 l1g — 1 V,, =04 -V

current (off state)

Output high voltage 10,0 Vou 2.2 — \% loy = =200 mA

Output low voltage 10,0 Vo, — 0.6 lop = 1.6 MA

Input capacitance 10 C., — 20 pF Vin=0V

11,12 — 20 T,=25°C

f=1.0 MHz

Current dissipation lec — 350 mA  Data bus
operating/display
operating/
command being
executed

Note: The symbols used in table 7.3 are explained below.
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Symbol Input OQutput High-Z Pull-up Pin Names

11 CMOS — — — CLKO, CLK1

12 TTL — — — MOD?2 to MODO, RERET,
A22 to A1, TTET, %D, A, WET,
WES, OADK, VIN7 to VINO, YHE,
VWE VOID, VQCLK

10 TTL CMOS Yes — D15 to DO, HATHL/EXHSTHLE,
VEYHD EXVETHD, OOGF,
MD31 to MDO

0 — CMOS — — ORED, WAIT, IRC, T8 YHLC, DISP,

CDE, MA13 to MAO, M, NWE,
MRAE MCAS, LDOM1, LDQMO,
UDQM1, UDQMO, MCLK
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7.4.2 AC Characteristics

Unless otherwise indicated, Ve = DACV e = PLLV ¢ = 3.3V 0.3V, GND = DACGND =
PLLGND =0V, T, =0to +70°C.

Clocks

Table7.4 Input Clocks (PinsMODE2 to MODEO = 000, 001, or 010: Multiplication On)

Test
Item Symbol  Min Max Unit Conditions Notes
CLKO cycle time 1 toye 15 25 ns Figure 7.3 1
CLKO cycle time 2 toye 30 50 ns "2
CLKO cycle time 3 teye 60 100 ns ‘4
CLKO high pulse width tepwn 5.5 — ns
CLKO low pulse width tepwt 55 — ns
MCLK cycle time teyeo 15 25 ns
MCLK high pulse width tempwn 5.0 — ns
MCLK low pulse width tempuL 5.0 — ns
CLK1 cycle time 1 oy 30 200 ns
CLK1 high pulse width terpwi 10 — ns
CLK1 low pulse width | P~ 10 — ns
CLK1 duty teior 0.5t,,, — 0.5, + ns

0.07t,,,, 0.07t,,

CLK1 rise time te — 5.0 ns
CLK1 fall time t — 5.0 ns
MCLK rise time e — 45 ns
MCLK fall time Lot — 4.5 ns
Reset
Table75 Reset

Test
Item Symbol Min Max Unit Conditions Notes
FEJAET low pulse width treaw 40 — tyo  Figure 7.4

244

HITACHI



CPU Read Cycle

Table7.6 CPU Read Cycle

Item Symbol Min Max Unit -(I;?)Sntditions Notes
Address setup time taos 0 — ns Figure 7.5
Address hold time taon 0 — ns 1
% setup time tess 0 — ns 2
O%n hold time tean 0 — ns 3
WAIT cycle start time 1 twas — 3ty +15 ns

Rl high width teomw toyeo — ns

Read data setup time with troows 0 — ns

respect to WAIT

WA drive time twao teyeo — ns

Read data turn-on time trobon 0 — ns

Read data hold time troon 15 — ns

Read data turn-off time trobor 15 — ns

WE high widt twenw teyeo — ns

Notes: 1. Address signals A22 to A1 must be held at least until the rise of WHIT.

2. If the fall of &8 is later than the fall of FI¥, the specifications for t e, tyasi, trooon @aNd
tyeny are from the fall of O&n. O8n = T&0, TFT.

3. Ifthe rise of &% is earlier than the rise of AI¥, the specifications for .y, troo tropor:
and tyg,, are from the rise of Tan. Oan = D50, D&
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CPU WriteCycle

Table7.7 CPU WriteCycle

Item Symbol Min Max Unit -(I;‘(s)sntditions Notes
Address setup time taos 0 — ns Figure 7.6
Address hold time taoH 2 — ns

0% setup time toss 0 — ns 1
0% hold time toon 0 — ns 2
FI3 high width tronw teyeo — ns

WA drive time tyno toyeo — ns

WHT cycle start time 2 tyas — 3ty +15 ns

WE high width twenw teyeo — ns 3
Write data setup time with twroes 2teyeo — ns 3
respect to WE

Write data hold time twrom 2 — ns

Notes: 1. If the fall of &% is later than the fall of W, the specifications for t,us, tromys @Nd tyas,
are from the fall of Ofn. OFn = 050, 05 ; WEn = WED, WET.

2. If the rise of & is earlier than the rise of W, the specifications for t.o,,, taomw: twross:

tyron: AN tuepor @re from the rise of Do, Dan = DED, TF; WEn = WES, WE
3. WEn - WEn, WET.
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DMA Write Cycle

Table7.8 DMA WriteCycle

Test
Item Symbol Min Max Unit Conditions Notes
FIF high width teonw tyeo — ns Figure 7.7 (1),
FIF low width trouw 3ty — ns (2.0,
WE high width tywenw toyeo — ns
Write data hold time twro 2 — ns
Write data setup time with twrors PA — ns
respect to Fl¥
EREL negate time with tonmn — 3ty + 15 ns
respect to FI¥
ERED assert time with toara 3ty +15 — ns
respect to Fl¥
setup time with toars 0 — ns
respect to FI¥
hold time with toarn 0 — ns
respect to Fl¥
setup time with toaws 0 — ns
respect to WE
hold time with toaws 0 — ns
respect to WE
WE low width tweiw 3teye0 — ns
Write data setup time with twrows 2t — ns
respect to WE
Write data hold time with twrown 2 — ns
respect to WE
ERELD negate time with toawn — 3ty t15 ns
respect to WE
EREL hold time with tonwa Bty + 15 — ns
respect to WE

Notes: 1. If the fall of LA is later than the fall of RE¥, the specification for teg,,, is from the fall of

OACK.

2. If the rise of is earlier than the rise of FI¥, the specifications for tep,y, tyrons and
twrors are from the rise of ELACHR.

3. If the fall of is later than the fall of WM, the specification for t,,,, is from the fall

of EIATR. WEn = WED, WET.
4. |If the rise of is earlier than the rise of WBR, the specifications for t,e w, twrows:

and t,ou are from the rise of EIADHR. WEn = WED, WET.
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Interrupt Output

Table7.9 Interrupt Output

Test
Item Symbol Min Max Unit Conditions Notes
IFL delay time tiro — 15 ns Figure 7.8
UGM Read Cycle
Table7.10 UGM Read Cycle
Test
Item Symbol Min Max Unit Conditions Notes
MD input setup time tyois 6 — ns Figure 7.9
MD input hold time tyom 3 — ns
MD input turn-on time tyvom 0 — ns
MD input turn-off time Lo — 9 ns
MA delay time tyap — 12 ns
MA hold time tyan 1 — ns
MD output turn-off time tuoor — 12 ns
MD output turn-on time tyoon 0 — ns
MCS delay time tycso — 12 ns
MCS hold time ticsn 1 — ns
UGM Write Cycle
Table7.11 UGM WriteCycle
Test
Item Symbol Min Max Unit Conditions Notes
MD output delay time typoo — 12 ns Figure 7.10
MD output hold time tyooH 1 — ns
MA delay time tyap — 12 ns
MA hold time tyan 1 — ns
MCS delay time tieso — 12 ns
MCS hold time tycsH 1 — ns
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UGM Refresh Cycle/Mode Register Setting Cycle

Table7.12 UGM Refresh Cycle/Mode Register Setting Cycle

Test
Item Symbol Min Max Unit Conditions Notes
MA delay time tyap — 12 ns Figure 7.11
MA hold time tyan 1 — ns 1. (2)
MCS delay time tieso — 12 ns
MCS hold time tycsn 1 — ns
Master Display Mode
Table7.13 Master Display Mode

Test
Item Symbol Min Max Unit Conditions Notes
HATHL delay time from CLK1 thson — 15 ns Figure 7.12
YEYHG delay time from CLK1 tyson — 15 ns
ODOGF delay time from CLK1 toooo — 15 ns
OATHLE delay time from CLK1 tavon — 15 ns
DISP delay time from CLK1 oo — 15 ns
CDE delay time from CLK1 tcpeop — 15 ns
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TV Sync Display Mode

Table7.14 TV Sync Display Mode

Test
Item Symbol Min Max Unit Conditions Notes
DISP delay time from CLK1  t,p — 15 ns Figure 7.13
CDE delay time from CLK1  tepepp — 15 ns 1. ()
EXHSTHLE low width e at,,, — ns
EXHETHLE high width e at,, — ns
EXHETHL reception teen 5 — ns
undefined time 1
EXHETHL reception teo 5 — ns
undefined time 2
DISP start time with respect  tyeyy hds -1 hds -1 oy *
to EXHSTHE
EXVETHD low width teuiw 3HC — toyer
EXYETHD reception tegur 5 — ns
undefined time 1
EXYETHD reception terys 5 — ns
undefined time 2
ODGF reception undefined  tgp, (ys+yw)  — teer
time 1 HC
OTHSF reception undefined  tgp, 1t — ns

time 2

Note: * hds = hsw + xs
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Video I nterface

Table7.15 Video Interface

Test
Item Symbol Min Max Unit Conditions Notes
VQCKL high pulse width tonw 15 — ns Figure 7.14
VQCKL low pulse width touw 15 — ns 1. (2)
VODD setup time tvos 1 teyeo
VIN setup time tuns 5 ns
VIN hold time tunn 11.7 ns
¥¥E low pulse width o 2 Hline *
YHE low pulse width ty 64 toyeo
VQCLK rise—VQCLK rise toop 34.5 ns togr > 27 toe
interval
Note: * Hline is the YHE cycle.
Video DAC
Table7.16 Video DAC
Test
Item Symbol Min Max Unit Conditions Notes
Resolution 8 8 Bit DC test
Differential linearity error — 0.5 LSB DC test
Conversion speed — 33 MHz Data write test
Maximum output current out 3 mA
Analog full-scale output 0.9 1.1 \% DC test
Analog zero-scale output -0.1 0.1 \Y DC test
Full-scale error -10 10 % DC test
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75 Timing Charts

751 Clocks

GLKD frpug
ipirs MODER to MODED = 00d)

M LK foutpu
lpire MoODE2 o MODED =
000, 004, 040

GLEA finput
pire MODES to MODED =

000, 004, 04

Figure7.3 Input Clocks

752 Reset Timing

trEsm ’TL

RESET [input) Ty

Figure7.4 Reset Timing
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753 CPU Read Cycle Timing
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Figure7.5 CPU Read Cycle Timing (CPU - Q2SD) with Hardware Wait
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754 CPU Write Cycle Timing
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Figure7.6 CPU Read Cycle Timing (CPU ® Q2SD) with Hardware Wait
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DMA Write Cycle Timing (DMAC ® Q2SD)
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Figure7.7(1) DMA Write Cycle Timing (Single Address, DMAC ® Q2SD)
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Figure7.7(2) DMA Write Cycle Timing (Single Address, DMAC ® Q2SD)
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7.5.6 Interrupt Output Timing
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Figure7.8 Interrupt Output Timing
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757 UGM Read Cycle Timing
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758 UGM Write Cycle Timing
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Figure7.10 UGM Write Cycle Timing
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759 UGM Refresh Cycle Timing and M ode Register Setting Timing
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Figure7.11 (1) UGM Refresh Cycle Timing
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7510 Master Mode Display Timing
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Figure7.12 Master Mode Display Timing
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7.5.11

TV Sync Mode Display Timing
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Figure7.13(1) TV Sync Mode Display Timing
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Figure7.13(2) TV Sync Mode Display Timing
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75.12 Video Interface Timing
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Appendix A Initial Register Values

Initial Register Values after Hardwar e Reset

TableA.1
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Appendix B Drawing Commands and Parameters

B.1 Relationship Between Drawing Commands and Rendering Attributes

TableB.1 Relationship Between Drawing Commands and Rendering Attributes

Dfwri .
Feebel arice Dada Dd-ﬂ‘::l-lli'\. Ferddfing difibul++

Corariennd

Spuabiad Colof
Ex=dd Linw DPavineg
Lire Javving «dgu

Einaly Zoul 4

O | Mulli-FauadEoulca

F L Soh,
FOLEOhHE
FOLEohC
LINE

FUNE =}
FURE u
FFLHE u
FTRAF
FFTRIF
CLR'™
LINEM ¥
RUNEM ¥
MWE
FMOWE
LCOF
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GUF
'WFF
JUhF u]
SCElE u]
RET
MOFT
'WEREM
TR AF

o Can b used

¥ Cwn ks used (oprdied cobor e Birany ECES Bl v bi+)
A Fidsrerecd dapanling ononee de fodid Whan 'WORK =41
E
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B.2 Drawing Command Codes

TableB.2 Drawing Command Codes

1= u]
- ——— ————— :-
LCOE DRANVKODE
CO0E ew ¥ 1IN g]
otololol POLYER
a1 a1 a1 oa POLS0NE
g lodoo g POLY0R
o b1 el FTRAF
a1 tlolao RFTRAP
u] 1 u] 1 L BE&Y
a] 1 a] 1 FL MBS
lu] 1 1 a] LHME
} } } }
a1 71 ) 0 FLME
u] 1 1 1 PLME
aolo4do1d RFL ME
1 u] u] u] MWCE
1 u u] u BTN E
1 u] u] 1 LCORs
1 u] u] 1 RLOOFS
RN L Ry
1ial1iao LeELIP
1 u] 1 1 INPR
1 u} 1 1 LR
1 ! 1 ! u] ! u] ! JILWP
1 1 u] u] SO e
1 1 u] 1 WEH B
1 1 lu] 1 RET
1 1 1 1 TRLF
U B T I MR
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B.3 Drawing Command Parameter Specifications

POLYGON4 Commands
zx::- : Fwad 2t 0
i& 1)
L] L S A T 7 ™ Souroe S‘U"il'lg F-:lll'l‘t TeSoar WE
FEeH] prat S e i b TS or TS Given ax unsgred mas, 1Fbitdata.

S— Specify correcy according 1o Sounce aned Soe.

Sorce e TOX or TDY

Siven 2s unsgreed s, {Fbitdata.
Th¥ =nonlybe satin 2-pixel units.

1-bi¥pised sorce Sartupper address
Given 25 upper 10 bits,

1-bi¥pised sorce Sartlower address
Given 2k lower {2 bits,
Sowrce addressis setas a e address,

Sowrce srtralzdve upper address
Given 25 upper 10 bits,
Uze fign exdension inupper vt bits,

1L 1)
] ;T I'T 1T 1T 1T 1T D1 [ Sorce strtraladve lower address
g%% - EEL."'-H:"IE.S:':-H.:E :'EFFEIEE:L - Sivan xz lowar {12 bits.
1= 1= 1 ° Fendering , work coordinae
I N I g - 3| erbes coordnae D¥n or D¥n (1 SnZ 4
ek e Dinar Bh Siven 2 sigred 12-bit dat.
Uze sign exdension inupper vt bits,
1L 1)
T 1 16-hivpioel color specication
COLOFD Tl Codor data 0 given as 16bitdata.
i£ ]
- I I I » 15-bivpioel color specicdion
COLOR] of COLOR Color dzta 1 given as 16-hitdat.
i£ ]
T 1 -l T 1 o] FHiYpi=d color spedicion )
COLOFG - CioLoFD T Codor dada O given a5 repeabed 2-bitdata,
i£ ]
a1 1| Tl |1 1 1 | g &bivpied Solor fpeciicion
COLORA of COLOR COLOFA of COLOF Color data | given 3z rapeated Bhitdata,
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FTRAP, RFTRAP

L3 Lt

Mum ber ofvartices (2 S0 S63553), absolute
n i ZnZES 505, mhiw
Given 2= usigred {1 6-bit data.

=
"

15 iz 0 0
el | | [ 1 g Lefthard side Soordinate DXL
Sign sodercion| -+ oL Givan 2= sigred 12-kit data.
— U=ze fign exension n upper vt bits.
L3 2 0 Lt
e 1] 1 - Sheoe coordirate
Emmqﬁm“’“ oin Werex coordnrie 00 2 £n 85 525
— Given 2= Sgqred 1 2-bit data.
U=ze fign exension n upper vt bits.
it iz 1 10 1)
el | | | g Absdue cocrdiae

Sign sdercion| o' Weres coordree 0VR 2 S0 265 229
Given z= Sgreed 1 2-bit data,
Uza gign axdension in Upper vamant bits,

L [ | ol |a | | » Fazive coordirmies
i CEn - Crih Werex coordinries OXn, DYR (1 Sn 65 5235
— Given zs sigred 2-bitdaia .

LINEW, RLINEW

i£ ]
- Mur berofverices (2 S0 S65,525), absoute
- n 1 EnSE5 525, relaive
. Siven 2= unsigred 1 6-bit duta,
it £ i1 0 1)
| 1 1 [T Bhscle coordirmie
"5!,1 | Do M Werexcoordrae D¥n (2 20 265 529
—t Given 2z Sqred 12-bit data.
Ulse Sign e adensian in Uppesr va=ant bits.
1L £ 1 0 L]
[T 1 I Shooure coordrae
BT o M \eremcocrdrae OVn (2 S0 <65 529

Siven as Sgqned 12-bit data.
Uza sign asdensan in Upper vamant bits,

Radafive coordirmies
) CiTn b ovn Yerex coordraes Dxn, 0Vn (1 £n £65 5295
Sven ar Sgred 2-hitdata.

L 4
h
Y
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CLRW

it iz 14 10 1)
11 [ T T1 Left 2red right 3 coor dinate s X I, il
"Eg-.-a:dm-::- “ar ThAM of TR ™ Given as unsgred 12-bit data. '
i£ 12 4140 ]
1 1 1 L1 11 Upper and bowser ¥ coordinae s Y B0
"5_&1 | TR o A M Gven assged f2bitdas.
LINE, RLINE
i£ ]
[t | - M ber of verdces (2 =n 285 525, abeohiie
n (150 635525, relathe
! Sven asunsgned 16-bit data.
1L L]
- I I ] 1E-bivpind color specficaion
LIME CoLOF Colar data given w5 16-bit dutm.
it 1)
- [ [ | - [ [ | -] 2bitpixel cdor speciicaion
UME COLOF, T lurecoredd || Colordata given 2= rapaated 2-hit data.
i£ iz 14 10 ]
21 | _.. T -] Sbsdue coordinze
_a_-_,!,mm,;-,' i D 1 veres coordinae Dxn (2 20 S 65525)
Given as signed 12-bitdat.
Uze Sqn edersion inupper vacant bits.
i£ iz 14 40 ]
T 1 - 1 Bhsnlute coordinaie
S edenson | 7] Crh T werescoordnze OYVn (2 2n 65525
—— EHven as sgned 12-bitdata.
Uze Sqn exdersion inupper vacant bite,
it 1)
| | Faafve zoordnaes
gl Ciin il Cn * Warex coordinzes OXn, DYR (1 S0 65525
! ! SHven as Sgned 2-hit data.
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PLINE, RPLINE

e
1 Hmed 20

&= 1)

- ! ! ! ! ! - 1E-bit'pixdd color spedicion

&= 1)

T 1 — T 1 #-hivpimsd color speciication

T orecorsd T Lrk corod |7 Coler data given 2= repeaied 2-hitdat,
&= 1)

srfmslbmdneletnn] DT | T T T T 1 1 [ o] i-bivpised source sartupper address
sngasramnia | oo mre ADCRESS H Shven 25 upper 10 bits.

&= 1)

R ] I'T T T T 1 1-bi¥pised source sartlowsr address
:-:x:-: SOLFCE MODFESEL Tl Siven ws lower 1.3 bits.

= —tt Sounce address iz sat 2 3 bybe addre s,

&= 1)

— I - Mumber ofverices (2 £n S 65 555), sbsdne
- n 1 =n Z65 525 radatve

! (Sven 2= ursigned 16-bitdata.

&= 1)

R ] » | - Source sz TOX

xx:-: LFFT TC= Lire pRtem FlDII‘l‘Er LPFT

= i 1 Given a2 ursigned moae, 0Bt data,

TOX =n only be satin 2-pind units.

it iz 1 {0 1)

" ' T [ ] > Bhezolre coondinm e

_rﬂj-,ﬁ::hﬁ o Cin Warex coordiraie DR (2 2n S65,225)

—— — Siven 2= signed 12-bitdat.
Uez sign exterdionin Upper wcanthits,

it iz 1 {0 1)
" I | ] Bhezolre Goondinm e

= o * Ve coordinate On (2 =n Z65 55
— Sven 2= signed 12-bitdat.
Uez fign exterdionin Upper wcntbits,

E
E

Relzive coordinates
ok Warex coordirRies 0N, OVR( S0 265 525
Sven 2= Sgred 2-hit data,

0N

275
HITACHI



MOVE, RMOVE

iE 1z 14 10 a]
T — ] -] Pbsolute coordina e
5!‘ oo e o 1 IIE; - Warbew coordirmie X0
Given x5 sigred 12-bit ia.
Uz Sign exdension in upper va=ant bits.
iE 1z 14 10 a]
' T1 [T Shzol e coordinm e
"5!, m"ﬁ: sl % o ®  artex cocrdnae Y0
1 Given 25 sigred 1 2-bitdata.
Uze fign exdension in upper wrmant bits,
iE a]
o | . ba | = Falative coordrmies
i o ol L] Wartew coordnaies X5 VE

. . Given = sigred 2-bitdata,

LCOFS, RLCOFS

i£ iz 1 40 a
“T T 1 - ] Fedafive spediiction
-_:‘-gua-:dom-c-n b 20 o YO Lozl offestymlue X0ar YO
SHwenassgned 12hitdata.
Uzs Sgn =sdereion inupper vacant bits,
i£ a
I — I » Fedafive spediiction
- w0 - O Lozl offes tymlues 20, %10
! ! SHvenas Agned Shit duta.
UCLIP, SCLIP

e
i FAxedatl

=]

Left and right ] coordinates Xk | b0
Even as unsigned 10-bit data.

Upper ard lower Y coordinzbes Vil | a0
Given as unsigned Shitdatz,
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52 Rredato

Sbroutine upper addreee
Given 2o upper 10 bite.

S rotine lover wddr s

Givrar 8 lower 13 Bite.
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Appendix C Drawing Algorithms

Straight Line Drawing Algorithms: 8-Point Drawing and 4-Point Drawing

Figures C.1 (@) and (b) show examples of straight lines plotted on a bit-mapped display. Circlesin
the figures represent pixels. Due to the characteristics of a bit-mapped display, astraight lineis
drawn with the pixels arranged in a path differing dightly from an actual straight line. The same
lineisdrawnin figures C.1 (a) and (b), but the algorithms are different, and so the pixel
arrangements are al so different. In both figures the line starts at the bottom |eft of the figure and is
drawn dot by dot toward the top right corner. With the method shown in figure C.1 (), the next
dot drawn isto theright, or diagonally to the upper right, of the current dot. With the method
shown in figure C.1 (b), on the other hand, the next dot drawn isto the right of, or directly above,
the current dot.

For the sake of convenience, the method in figure C.1 (a) is here called 8-point drawing, and that
infigure C.1 (b), 4-point drawing.

The difference between 8-point and 4-point drawing isillustrated in figure C.2. With 4-point
drawing, the move to draw the next dot can be made in one of only four directions, up, down, left,
or right (figure C.2 (b)). With 8-point drawing, moves can also be made in the four diagonal
directions (figure C.2 (a)).

L N N R L N N N N O N N
L T T T T T T T T T T I:II:_I [ ] T T T T T T R T T I:II:_II:I ]
[T R T T T T T IO I | |:I|:I L T I T | [T Y T R T T B B T | |:I|:I LI T T T |
LO N N O R O I O O I I B B R LR I I R O I O I B B B
L T T T T T ] I:_II:I O T T T T T I L T T T T | I:_II:II:I T T T T T
L T I T | |:||:| [T Y T R T T B B T | LI T T T | |:||:I LI R T T T Y T B B |
LI I I N BT R T R R I I I B B R LI I I N 1 T T R I R I B B B
o |:||:| [ T T T T T T T T T T T | T |:||:||:| L T T T T T T T T T T
(=) )

FigureC.1 Two Representationsof a Straight Line on a Raster Display
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O O
O 0 9, U
O O

(a) )

FigureC.2 Comparison of (a) 8-Point Drawing and (b) 4-Point Drawing

Next, 8-point drawing straight line approximation is described, using figure C.3 (a). After pixel A
isdrawn, either pixel B or pixel C is selected; the basis for selection is proximity to an actua
straight line. The same approach is also used in 4-point drawing (figure C.3 (b)).

A comparison between 8-point drawing and 4-point drawing shows that closer approximation to a
straight line can be achieved with 8-point drawing. However, the algorithm is correspondingly
complex, requiring longer processing time.

Achaal straight line
|
[a) 1]

Figure C.3 Drawing Dot Determination Processin (a) 8-Point Drawing and
(b) 4-Point Drawing
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Readers interested in drawing algorithms can find further information in the sources listed below.

1

Jerry van Aken: “ Curve-Drawing Algorithms for Raster Display,” ACM Trams. Graph. Val. 4,
No. 2—(April, 1985), 147-169.

J.E.Bresenham: “ Algorithm for Computer Control of a Digital Plotter,” IBM Syst. J. Vol. 4,
No. 1 (1965), 25-30

J.E.Bresenham: “A Liner Algorithm for Incremental Digital Display of Digital Arcs,”
Commum. ACM. Val. 20, No. 2 (February 1977), 100-106

P.E.Danielsson “Incremental Curve Generation,” |EEE Trans. Comput. Vol. C-19 (September
1970), 783-793

. W.JJr.Bernard: “An Improved Algorithm for the Generation of Nonparametric Curves,” |EEE

Trans. Comput. Vol. C-22, No. 12 (December 1973), 1052—1060

. Jerry van Aken: “An Efficient Ellipse—Drawing Algorithm,” IEEE Comput. Graph & Appl.

Vol. 4, No. 9 (September 1984), 24-35

Y .Suenaga: “A High-Speed Algorithm for the Generation of Straight Lines and Circular Arcs,”
IEEE Trans. Comput. Vol. C-28, No. 10 (October 1979), 728-736
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Appendix D Package Dimensions
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FigureD.1 Package Dimensions (FP-176)
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Appendix E Display Operating Clock and Screen Synthesis

The display operating clock (CLK1) and possible FG screen, BG screen, and video screen display
synthesis ranges are shown in tables E.1 to E.8.

The following symbols are used in the tables:
O: Display synthesis possible
" : Display synthesis not possible

TableE.1 32-Bit UGM BusWidth, 66 MHz Q2SD Operating Frequency

Display Screen Configuration Screen Synthesis Possibility
320" 240 480" 240 640" 480 800 480
FG Screen BG Screen Video Screen CLK1:6.5MHz 95MHz 25MHz 33 MHz
8bpp ** — — o] 0 0 0
16bpp — — 0] o] o] O
8bpp 8bpp — @) (0] (0] (0]
8bpp 16bpp — o] 0 T k2
16bpp 8bpp — 0 0] *2
16bpp 16bpp — @) (0]
8bpp — 16bpp 0] (0]
16bpp — 16bpp @) (0]
8bpp 8bpp 16bpp @) (0]
8bpp 16bpp 16bpp 0] (0]
16bpp 8bpp 16bpp @) (0]
16bpp 16bpp 16bpp @) (0]

Notes: 1. bpp: Bits per pixel
2. O ifthere is no video input
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TableE.2 32-Bit UGM BusWidth, 60 MHz Q2SD Operating Frequency

Display Screen Configuration Screen Synthesis Possibility
320" 240 480" 240 640" 480 800 " 480
FG Screen BG Screen Video Screen CLK1:6.5MHz 95MHz 25MHz 33 Mhz*
8bpp — — (@) (0] (0]
16bpp — — @) @) @)
8bpp 8bpp — 0] (0] (0]
8bpp 16bpp — (@) (0]
16bpp 8bpp — @) @)
16bpp 16bpp — 0] (0]
8bpp — 16bpp (@) (0]
16bpp — 16bpp @) @)
8bpp 8bpp 16bpp 0] (0]
8bpp 16bpp 16bpp (@) (0]
16bpp 8bpp 16bpp @) @)
16bpp 16bpp 16bpp 0]

Note: * Not possible since Q2SD operating frequency > twice dot clock.
However, video input is possible if the Q2SD operating frequency is 64 MHz or higher.
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TableE.3 32-Bit UGM BusWidth, 50 MHz Q2SD Operating Frequency

Display Screen Configuration

Screen Synthesis Possibility

320" 240 480" 240 640" 480 800 480
FG Screen BG Screen Video Screen CLK1:6.5MHz 95MHz 25MHz 33 MHz*
8bpp — — (0] (0] (0]
16bpp — — @) (0] (0]
8bpp 8bpp — (0] (0]
8bpp 16bpp — (0] (0]
16bpp 8bpp — @) (0]
16bpp 16bpp — (0] (0]
8bpp — 16bpp (0] (0]
16bpp — 16bpp @) (0]
8bpp 8bpp 16bpp (0] (0]
8bpp 16bpp 16bpp (0]
16bpp 8bpp 16bpp @)
16bpp 16bpp 16bpp (0]

Note: * Not possible since Q2SD operating frequency > twice dot clock.

However, video input is possible if the Q2SD operating frequency is 64 MHz or higher.
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TableE.4 32-Bit UGM BusWidth, 40 MHz Q2SD Operating Frequency

Display Screen Configuration

Screen Synthesis Possibility

320" 240 480" 240 640" 480 800 " 480
FG Screen BG Screen Video Screen CLK1:6.5MHz 95MHz 25MHz* 33 MHz*
8bpp — — (@) (0]
16bpp — — @) @)
8bpp 8bpp — 0] (0]
8bpp 16bpp — (@) (0]
16bpp 8bpp — @) @)
16bpp 16bpp — 0] (0]
8bpp — 16bpp (@) (0]
16bpp — 16bpp @) @)
8bpp 8bpp 16bpp 0]
8bpp 16bpp 16bpp (@)
16bpp 8bpp 16bpp @)
16bpp 16bpp 16bpp

Note: * Not possible since Q2SD operating frequency > twice dot clock.
However, video input is possible if the Q2SD operating frequency is 64 MHz or higher.

TableE.5 16-Bit UGM BusWidth, 66 MHz Q2SD Operating Freguency

Display Screen Configuration

Screen Synthesis Possibility

320" 240 480" 240 640" 480 800" 480
FG Screen BG Screen Video Screen CLK1:6.5MHz 95MHz 25MHz 33 MHz
8bpp — — (0] @) @) (0]
16bpp — — @) (0] (0]
8bpp 8bpp — (0] (0] (0]
8bpp 16bpp — (0] @)
16bpp 8bpp — @) (0]
16bpp 16bpp — (0] (0]
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TableE.6 16-Bit UGM BusWidth, 60 MHz Q2SD Operating Frequency

Display Screen Configuration

Screen Synthesis Possibility

320" 240 480" 240 640" 480 800 480
FG Screen BG Screen Video Screen CLK1:6.5MHz 95MHz 25MHz 33 MHz*
8bpp — — 0] (0] (0]
16bpp — — @) (0]
8bpp 8bpp — (0] (0]
8bpp 16bpp — 0] (0]
16bpp 8bpp — @) (0]
16bpp 16bpp — (0] (0]

Note: * Not possible since Q2SD operating frequency > twice dot clock.

TableE.7 16-Bit UGM BusWidth, 50 MHz Q2SD Operating Frequency

Display Screen Configuration

Screen Synthesis Possibility

320" 240 480" 240 640° 480 800 480

FG Screen BG Screen Video Screen CLK1:6.5MHz 95MHz 25MHz 33 MHz
8bpp — — @) (0] (0]

16bpp — — (0] (0]

8bpp 8bpp — 0] (0]

8bpp 16bpp — @) (0]

16bpp 8bpp — (0] (0]

16bpp 16bpp — 0] (0]

TableE.8 16-Bit UGM BusWidth, 40 MHz Q2SD Operating Frequency

Display Screen Configuration

Screen Synthesis Possibility

320" 240 480" 240 640" 480 800 480
FG Screen BG Screen Video Screen CLK1:6.5MHz 95MHz 25MHz* 33 MHz*
8bpp — — (0] (0]
16bpp — — @) (0]
8bpp 8bpp — (0] (0]
8bpp 16bpp — (0] (0]
16bpp 8bpp — o (0]
16bpp 16bpp — (0]

Note: * Not possible since Q2SD operating frequency > twice dot clock.

HITACHI

287



288
HITACHI



HD64413A Q2SD User’s Manual

Publication Date: 1st Edition, May 2000
Published by: Electronic Devices Sales & Marketing Group
Semiconductor & Integrated Circuits
Hitachi, Ltd.
Edited by: Technical Documentation Group
Hitachi Kodaira Semiconductor Co., Ltd.
Copyright © Hitachi, Ltd., 2000. All rights reserved. Printed in Japan.



	Cover
	Cautions
	Preface
	Contents
	Section 1 Overview of Q2SD (Quick 2D Graphics Renderer
with Synchronous DRAM Interface)
	1.1 Q2SD Overview
	1.2 Block Diagram
	1.3 Concepts
	1.3.1 Simplicity (Optimization of System Configuration)
	1.3.2 Realtime Operation
	1.3.3 Upgradability

	1.4 Summary of Functions
	1.5 Basic Functions
	1.5.1 Interface Functions
	1.5.2 Rendering Functions
	1.5.3 Display Functions


	Section 2 Pins
	2.1 Pin Arrangement and Functions
	2.1.1 Overview of Pins
	2.1.2 Pin Arrangement
	2.1.3 Pin Functions

	2.2 System Interface Pins
	2.2.1 Operating Mode Pins
	2.2.3 Reset Pin
	2.2.4 D/A Converter

	2.3 CPU Interface Pins
	2.3.1 CPU Writes
	2.3.2 CPU Reads
	2.3.3 DMA Writes
	2.3.4 Interrupts

	2.4 Power Supply Pins
	2.4.1 Normal Power Supply, DAC Power Supply, and PLL Power Supply

	2.5 Display Interface Pins
	2.5.1 Display Signal Output
	2.5.2 Video Encoder Interface
	2.5.3 CRT Interface

	2.6 UGM Interface Pins
	2.6.1 UGM Access

	2.7 States
	2.7.1 State Transitions
	2.7.2 Initial States (when Specified Power is Supplied)
	2.7.3 Reset State (when Low Level is Input at Pin)
	2.7.4 Normal Operating State


	Section 3 Unified Graphics Memory (UGM)
and Display Functions
	3.1 Clocks
	3.2 UGM (Unified Graphics Memory)
	3.2.1 Overview
	3.2.2 Memory Access
	3.2.3 Memory Map

	3.3 Display and Display Control
	3.3.1 Overview
	3.3.2 Double-Buffering Control
	3.3.3 Color Data Formats
	3.3.4 Display Functions


	Section 4 Display List
	4.1 Overview
	4.2 Command Fetching
	4.3 Basic Functions
	4.3.1 Rendering Coordinate Systems
	4.3.2 Source Data
	4.3.3 Rendering Attributes

	4.4 Drawing Commands
	4.4.1 POLYGON4A
	4.4.2 POLYGON4B
	4.4.3 POLYGON4C
	4.4.4 FTRAP
	4.4.5 RFTRAP
	4.4.6 LINEW
	4.4.7 RLINEW
	4.4.8 LINE
	4.4.9 RLINE
	4.4.10 PLINE
	4.4.11 RPLINE
	4.4.12 MOVE
	4.4.13 RMOVE
	4.4.14 LCOFS
	4.4.15 RLCOFS
	4.4.16 UCLIP
	4.4.17 SCLIP
	4.4.18 CLRW
	4.4.19 JUMP
	4.4.20 GOSUB
	4.4.21 RET
	4.4.22 TRAP
	4.4.23 NOP3
	4.4.24 WPR
	4.4.25 VBKEM


	Section 5 Registers
	5.1 Overview
	5.2 Register Updating
	5.3 Interface Control Registers
	5.3.1 System Control Register (SYSR)
	5.3.2 Status Register (SR)
	5.3.3 Status Register Clear Register (SRCR)
	5.3.4 Interrupt Enable Register (IER)
	5.3.5 Memory Mode Register (MEMR)
	5.3.6 Display Mode Register (DSMR)
	5.3.7 Display Mode Register 2 (DSMR2)
	5.3.8 Rendering Mode Register (REMR)
	5.3.9 Input Data Conversion Mode Register (IEMR)

	5.4 Memory Control Registers
	5.4.1 Display Size Registers (DSR)
	5.4.2 Display Address Registers (DSAR)
	5.4.3 Display List Start Address Registers (DLSAR)
	5.4.4 Multi-Valued Source Area Start Address Register (SSAR)
	5.4.5 Work Area Start Address Register (WSAR)
	5.4.6 DMA Transfer Start Address Registers (DMASR)
	5.4.7 DMA Transfer Word Count Registers (DMAWR)
	5.4.8 Rendering Start Address Register (RSAR)

	5.5 Display Control Registers
	5.5.1 Display Window Registers (DSWR)
	5.5.2 Horizontal Sync Pulse Width Register (HSWR)
	5.5.3 Horizontal Scan Cycle Register (HCR)
	5.5.4 Vertical Start Position Register (VSPR)
	5.5.5 Vertical Scan Cycle Register (VCR)
	5.5.6 Display Off Output Registers (DOOR)
	5.5.7 Color Detection Registers (CDER)
	5.5.8 Equalizing Pulse Width Register (EQWR)
	5.5.9 Separation Width Register (SPWR)
	5.5.10 Video Display Position Registers (VPR)
	5.5.11 Video Area Start Address Registers 0 to 2 (VSAR0 to VSAR2)
	5.5.12 Video Window Size Registers (VSIZER)
	5.5.13 Video Incorporation Mode Register (VIMR)
	5.5.14 Cursor Registers (CSR)
	5.5.15 Cursor Area Start Address Registers 1 and 2 (CSAR1, CSAR2)

	5.6 Rendering Control Registers
	5.6.1 Command Status Registers (CSTR)

	5.7 Input Control Registers
	5.7.1 Image Data Transfer Start Address Registers (ISAR)
	5.7.2 Image Data Size Registers (IDSR)
	5.7.3 Image Data Entry Register (IDER)

	5.8 Memory Control Registers (2)
	5.8.1 Background Start Coordinate Registers (BGSR)

	5.9 Rendering Control Registers (2)
	5.9.1 Current Pointer Registers (CURR)
	5.9.2 Local Offset Registers (LCOR)
	5.9.3 User Clipping Area Registers (UCLR)
	5.9.4 System Clipping Area Registers (SCLR)
	5.9.5 Return Address Registers (RTNR)
	5.9.6 Color Offset Register (COLOR)

	5.10 Color Palette
	5.10.1 Color Palette Registers H/L000 to H/L255 (CP000RH/L to CP255RH/L)


	Section 6 Usage Notes
	6.1 Power-On Sequence
	6.2 Use of 64-Mbit SDRAM (¥16 Type)

	Section 7 Electrical Characteristics
	7.1 Absolute Maximum Ratings
	7.2 Recommended Operating Conditions
	7.2.1 Recommended Operating Conditions

	7.3 Electrical Characteristics Test Methods
	7.3.1 Timing Testing
	7.3.2 Test Load Circuit (All Output and Input/Output Pins)

	7.4 Electrical Characteristics
	7.4.1 DC Characteristics
	7.4.2 AC Characteristics

	7.5 Timing Charts
	7.5.1 Clocks
	7.5.2 Reset Timing
	7.5.3 CPU Read Cycle Timing
	7.5.4 CPU Write Cycle Timing
	7.5.5 DMA Write Cycle Timing (DMAC Æ Q2SD)
	7.5.6 Interrupt Output Timing
	7.5.7 UGM Read Cycle Timing
	7.5.8 UGM Write Cycle Timing
	7.5.9 UGM Refresh Cycle Timing and Mode Register Setting Timing
	7.5.10 Master Mode Display Timing
	7.5.11 TV Sync Mode Display Timing
	7.5.12 Video Interface Timing


	Appendix A Initial Register Values
	Appendix B Drawing Commands and Parameters
	B.1 Relationship Between Drawing Commands and Rendering Attributes
	B.2 Drawing Command Codes
	B.3 Drawing Command Parameter Specifications

	Appendix C Drawing Algorithms
	Appendix D Package Dimensions
	Appendix E Display Operating Clock and Screen Synthesis
	Colophon

