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Preface

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

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

In response to this demand, Hitachi has developed the Q Series of graphics accelerators, offerir
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 to
provide a compact system capable of the high-speed geometric, rendering, and display process
required by graphics display systems.

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

The HD64412 (Q2i) is a 2D graphics renderer for minimum system configuration use within this
series, featuring minimized graphics memory (one 4-Mbit memory), unified handling of graphics
and natural images, realtime software 3D graphics drawing, and improved system bus utilizatior
The Q2i makes it possible to implement a compact graphics processing system with high-level
drawing capabilities for a wide range of multimedia terminals, including car navigation systems,
medium-definition OA products such as Internet computers, and display systems in industrial
equipment, as well as Internet TVs, karaoke systems, and similar AV products.

For examples of the use of this LSI, see Q Series Application Notes—HD64412Q2i.
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Section 1 Overview of Q2i
(Quick 2D Graphics Renderer Improved)

1.1 Q2i Overview

The Q2i (Quick 2D Graphics Renderer Improved) is a 2D graphics renderer for minimum systen
configuration use in the SuperH microcomputer graphics accelerator “Quick” series (Q series),
based on the concepts of simplicity, realtime operation, and upgradability.

The use of unified graphics memory and a double-buffering system that switches drawing and
display buffers in frame units, providing a high-speed drawing performance of 60 screens per
second, has made possible minimization of graphics memory (with the use of a single 4-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 Q2i) has also resulted in improved system bus utilization.

New developments and upgrades can be implemented easily by means of the Q2i’s interface
software, allowing attention to be focused on the development of application software.

The Q2i is a high-performance graphics rendering LSI for multimedia applications, which
provides both drawing and display functions integrated into a single chip.

Figure 1-1 shows an overview of the Q2i system.
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Quick 2D graphics renderer
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DMA control manager E —— 11X igita \C,i| eo
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Data
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UGM (unified graphics memory) I:[ =
Frame buffer 0 Frame buffer 1 ]
Binary/multi-valued
source

Binary work area

| Display list

Figure 1-1 Overview of Q2i System

1.2 Block Diagram

Figure 1-2 shows a block diagram of the Q2i. The functions of the various blocks in figure 1-2 are

as follows.

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 data in accordance with the display timing.

« Color palette (6 bits per color, 64 gradation settings)
When using 8 bits/pixel, performs conversion to display data of 256 colors out of 262,144,
based on the color conversion table.

* AYUV (YUV): RGB conversion
Converts input datAYUV (262,144 colors) or YUV (262,144 colors) to RGB data (65,536
colors), and stores it in the UGM.

¢ CLKO ¢ CLK1

DCLK

Other

HSYNC/EXHSYNC
VSYNC/EXVSYNC
I SE—

T ¢ ¢ DD17-DDQ

| Color palette (256 colors) | 18

Other Rendering unit

C Display unit

1/0 buffer

Rendering buffer unit
9 Display buffer unit

A

A22-Al CpUQtl bl B q | MD15-MDO
T E}? |us T T «<—F—>
22 CPU address bus 16
1

I Control

T
D15-D0 Memory data bus
16

1 I
Memory address bus 6
Control | ‘—+ r’ MA11-MAQ
—F>
9 DMA control | |AYUV — RGB conversion 12
YUV - RGB conversion Chip

manager] Memory interface unit

1/0 buffer

1/0 buffer

e
v

CPU interface unit

Figure 1-2 Internal Block Diagram
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1.3 Concepts

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

< Unified handling of image data (unified graphics memory (UGM) architecture)
Data in various formats can be stored and managed in the same unified graphics memory
(figure 1-3).

*  Minimum necessary UGM
Minimum UGM configuration: One 16-bit-data-bus type 4-Mbit EDO page mode DRAM

A

I\

Monochrome N
(binary source)

Color

———- 1 Minimum configuration:
| ! 4M x 16-bit EDO-DRAM

(binary work area)

POLYGON...
Display list (16-bit instructions)

Figure 1-3 Reduced System Size Through Use of UGM Architecture

e Unified system bus interface
A CPU interface circuit is incorporated to provide a unified interface. This enables unified
graphics memory to be allocated in the SuperH’s memory space without regard to the type of
SuperH used. (See figure 1-4.)
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SuperH

RISC engine

UGM (Unified Graphics Memory)

Frame buffer O Frame buffer 1

Binary/multi-valued

Binary work area S

Display list

Figure 1-4 Unified System Bus Interface (UGM Directly Accessible by SuperH via Q2i)

1.3.2

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 EDO page mode DRAM for the UGM, enables realtime operation by alternating display
processing with high-speed drawing processing. (See figure 1-5.)

* Double-buffer control
O Kinds of double-buffer control

Auto display change modeMode in which priority is given to display frame

switching. If drawing is in progress when frame switching is to be performed, drawing
is forcibly terminated midway.

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 frame switching is performed at the frame boundary immediately after
drawing is completed.

Manual display change modeMode in which display frame switching and the start of
drawing are controlled by software. When the display area change bit (DC bit) is set
after drawing is completed, frame switching is performed at the next frame boundary.

O 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 a frame.

Interlace mode: Scanning system in which one frame is composed of two fields.
Double-buffer switching is performed in units of a frame.

Interlace sync & video mode:Scanning system in which one frame is composed of
two fields. Double-buffer switching is performed in units of a field.
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Drawing buffer

Display buffer

Double-buffer control

e -,

- /
|

@ |

A

Figure 1-5 Double-Buffering Architecture

Support for EDO Page Mode DRAM: EDO page mode DRAM can be used for the UGM. This

enables the Q2i 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.

1.3.3 Upgradability

Algorithm Upgrading: In the Q2i’'s drawing system, algorithms for coordinate conversion, etc.,
are executed by the SuperH, using a systematized data base containing coordinates and other d
and the results are represented in graphical form. Thus, the graphics for a variety of shapes can
implemented simply by upgrading the algorithms, without having to modify the data base. (See

figure 1-6.)
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Data base
(coordinate vertices,
etc.)

SuperH

RISC engine

3-D algorithm
(software)

Drawing by Q2i

Display list

Drawn graphic

Figure 1-6 Data Flow when Using a 3D Algorithm

Drawing System Upgrading:The Q2i is available as a series—the Q Series—in the same way a:
the SuperH, enabling the user to select the most appropriate Q2i and SuperH models for his
application. The user’'s drawing system can also be upgraded as necessary by changing the Q2

SuperH combination.

Consistency of Application Interface:The Q2i’'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

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 Q2i.

Table 1-1  Summary of Q2i Functions

Item Function/Performance

Maximum Drawing system internal Multiplication on: 33 MHz x 1, 16.5 MHz x 2,
clock operation (operating clock) 8.25 MHz x 4

frequency Multiplication off: 33 MHz

Display system internal operation Operating clock/2
(display dot clock)

Display Sample screen size 320 x 240 dots (standard size in non-interlace
functions operation)
640 x 480 dots (standard size in interlace & video
operation)
CRT scanning system Non-interlace, interlace, interlace sync & video
External synchronization Master, TV synchronization
Display colors 256 colors (selectable from 262,144) or 65,536
colors
Drawing Drawing Drawing related 4-vertex surface drawing, line drawing, work
functions commands surface drawing, work line drawing
Register setting Current pointer setting, local offset setting,
related clipping
Sequence control  Jump, Subroutine call
related
Coordinate systems Drawing coordinate system: Rendering
coordinates, work coordinates
Source coordinate system: Binary source
coordinates, multi-valued source coordinates
Color representation Drawing coordinate system: 8 or 16 bits/pixel

Source coordinate system: 1 bit/pixel, 8 or 16
bits/pixel
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Table 1-1  Summary of Q2i Functions (cont)

Item Function/Performance

Interface SuperH Command/data DMA transfer (single address), CPU memory
transfer address

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)

AYUV - 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 Sync detection, frame detection, DMA transfer
end, command error, vertical blanking, command
end, command abort

Supported SuperH Directly connectable to 3.3 V or 5 V operation
SuperH (SH-1, SH-2 or SH-3)

Unified 16-bit-bus-width Minimum 4 Mbits (choice of 4 Mbits x 1,

graphics EDO-DRAM 4 Mbits x 2, 16 Mbits x 1, 16 Mbits x 2)

memory

Display RGB output 18-bit output (R: 6, G: 6, B: 6 hits)
Process/package 0.6-micron CMOS/144-pin QFP

Power supply voltage/temperature range

5.0 V +5% / 0°C to 70°C (I-specification:
5.0 V £10% / —40°C to 85°C)
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1.5 Basic Functions

15.1 Interface 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,
andAYUV data transfer. High-speed single address mode DMA transfer is possible, since the Q2
controls graphics memory addresses with its internal address counter.

YUV - RGB Conversion: Data comprising 8 bits for each of Y, U, and V, in a 4:2:2 format, is
converted to RGB data (R: 5 bits, G: 6 bits, B: 5 hits).

AYUV - RGB Conversion: Data comprising 4 bits for each &Y, U, and V is converted to
RGB data (R: 5 bits, G: 6 bits, B: 5 bits).

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 transfe
to the UGM, and blinking control.

EDO-DRAM Support: The UGM capacity can be selected to suit the display system; possible
memory configurations are 4 Mbitsl, 4 Mbitsx 2, 16 Mbitsx 1, and 16 Mbits¢ 2.

PLL Function: The Q2i allows duty free designation of external clock input (CLKO).

15.2 Rendering Functions

Coordinate Systems:The Q2i 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 origin is the
display screen origin. 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.

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.
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Multi-valued source coordinates are drawing control coordinates. When a drawing command is
executed, these are the source (rectangle) 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 sourc
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. Th
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 rendering
coordinates. When a drawing command is executed, these are the work coordinates specified b
the command. The data width of one work coordinate is 1 bit.

Min. setting Max. setting

0, 0) 511 1023 —>» X

240

320

511
|:| : Screen coordinate space
(memory-installed space)
v - . Display space for 320 x 240

screen configuration
(system clipping space)

Figure 1.7 Screen Coordinates
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-1024

-1024

Screen coordinate origin
Rendering coordinate origin

0,0

1023 —» X

1023

Rendering coordinates

origin

1023-a —» X

When offset values = 0

When offset values = (a, b)

The size of the logical space from
the rendering coordinate origin in
accordance with the offset values
never exceeds 1023.

\(a, b)'Rendering coordinate origin

1023-b

L Rendering coordinates

Y

-1024+b

Rendering coordinate origin
| L

a,

6

, —b)

1 Offset

When offset values = (-a, —b)
The size of the logical space from
the rendering coordinate origin in
accordance with the offset values
never exceeds 1023.

Figure 1-8 Rendering Coordinates
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Work coordinate origin
Physical coordinate origin Min. setting Max. setting
(0, 0) 511 1023 _ » X
Offset values = 0
240
255 320
511
[]: Physical coordinate space
(memory-installed space)
Y Work coordinates [ : Display space for 320 x 240 screen
configuration (system clipping space)
| 1024 :
E , When offset values = (a, b)
, i The size of the logical space from
. : the work coordinate origin in accordance
\ :thssical coordinate origin with the offset values never exceeds 1023.
i /(0,0
| -1024 Offset 1 1023-a— > X
E (8 b) Work coordinate origin

Y

1024+ ——————— - -

When offset values = (-a, —b)

The size of the logical space from
the work coordinate origin in accordance

Work coordinate origin

1
-1024+a 2 -b) 1023 ! X with the offset values never exceeds 1023.
1 Offset !
:(0, 0) !
1Physical coordinate origin

Figure 1-9 Work Coordinates
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Min. setting  Max. setting
(0,0)1 511 1023 —>» X

1023

!

Multi-valued source coordinates

Figure 1-10 Multi-Valued Source Coordinates

Physical address
(O, 0)‘47 x (Max: 1024) —>

y
(Max: 1024)

Binary source coordinates
(one pair of coordinates per binary source)

Figure 1-11 Binary Source Coordinates (One Pair of Coordinates Per Binary Source)
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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.

(a) 4-vertex drawing
Reference
>
A
- B
D
C
Source coordinates Rendering coordinates
(b) Polygon
DXL
iy
C
D Work coordinates
(c) Line
B
A
C
Rendering coordinates

Figure 1-12 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).

Interrupts: The drawing operation is halted and an interrupt request is sent to the CPU.
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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 ResumptionThe Q2i supports a drawing suspend/resume function,
synchronized with the VSYNC signal between the SuperH and Q2i. This function is mainly used
when alternately using frame buffer and background screen to execute drawing.

VSYNC
Frame buffer drawing
Q2i drawing . 3 :
] | 2 | 2
processing nterrupt generated by Q2i nterrupt generated by Q2i
Background screen drawing -------- ---41Background screen drawing
o A

Al |~ —

i we| nf | 1l — |©

MR < I I

oo x| v 4 0 |0

S| x| o (@ = X (@

A 4 A 4 A 4
SuperH =~ meeeeeeeee e S I N e b
processing

Interrupt acceptance
Interrupt drawing
Interrupt acceptance
Drawing resumption

| Drawing suspension command |

Figure 1-13 Example of Timing for Suspending and Resuming Background Screen
Drawing

Rev. 1.0, 05/00, page 16 of 233
HITACHI



153 Display Functions

Display Size:
320x 240 dots (standard size in non-interlace operation)
640x 480 dots (standard size in interlace & video operation)

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 Q2i is synchronized
and operated using the horizontal and vertical sync signals of a TV, video, or other external
asynchronous system

In this mode, the TV, video, or other asynchronous system is treated as the master, and the Q2i
the slave. The Q2i can synchronize its display output with the external system.

Synchronization is performed every horizontal scan witlEEKHSYNC input signal, and after
every vertical scan with tHEXVSYNC input signal (see section 3.3.4, Display Functions).

Built-In Color Palettes: The Q2i has a built-in color palette that enables simultaneous display of
256 colors out of 262,144. The palette is mapped onto the Q2i's register space, with 6 bits used
each of R, G, and B. The color palette is only valid in 8-bit/pixel mode.
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2.1

211

Overview of Pins

Section 2

Pin Arrangement and Functions

Figure 2 shows an overview of the Q2i’s pins.

Pins

System control

CPU (SuperH)
interface

Power supply

D0-D15 <—>
CS0 —>
CSi —>

RD —>
WE0 —>
WET —>

DACK —>
DREQ <—
WAIT <—

AT < —

-

Vee
GND
PLL Ve
PLL GND
CPU Ve

L CPUGND

HD64412F

(QFP-144 pin)

—> DD0-DD17
—> DCLK
—> CSYNC
—> FCLK

<—> HSYNC/EXHSYNC

<—> VSYNC/EXVSYNC
—> DISP

—> CDE

<—> ODDF

—> MAO-MA11

<—> MD0-MD15
— > MWE

Display interface

UGM interface

Figure 2-1 Overview of Q2i Pins
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2.1.2 Pin Arrangement

Figure 2-2 shows the pin arrangement of the Q2i.
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D2| 5
CPUGND1|[_ 6
D3| 7
D4| 8
D5 9
D6 | 10
D7 | 11
CPUGND2 | 12
D8 | 13
D9 | 14
D10 | 15
CPUVCC2 | 16
D11 | 17
D12 | 18
CPUGND3 [ 19 (FP-144G)
D13 | 20
D14 | 21
D15 22
PLLGND | 23
CAPO | 24
PLLVCC | 25
CS0 | 26 |
CS1| 27
RD [ 28
EOQ| 29
E1| 30
DACK [ 31
MODEO | 32
MODE1 | 33
MODE2 | 34
TEST | 35
RESET | 36
S e A
|| ®| || Lo|L6|0| B | 0| 0| 0| B[ || |||~
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FCLK
VCC5
CLK1
GND8
MA11
MA10
MA9
MA8
MA7
GND7
MAG6
MA5
MA4
MA3
VCC4

Figure 2-2 Pin Arrangement
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2.1.3

Pin Functions

Table 2-1 summarizes the functions of the Q2i's pins.

Table 2-1  Pin Functions
Type Symbol Pin No. I/O Function Notes
System MODEO 32 Input Operating mode pin 0 5V input specification
control MODE1 33 Input Operating mode pin 1 5V input specification
MODE2 34 Input Operating mode pin 2 5V input specification
CLKO 37 Input Q2i operating clock 5V input specification
CLK1 106 Input Display dot clock 5V input specification
RESET 36 Input Reset 5V input specification
CAPO 24 Output Multiplication circuit
external capacitance
pin
TEST 35 Output Test pin (leave open)
CPU Al 39 Input CPU address 1 3V/5V-CPU I/F
interface 5 40 Input CPU address 2 3V/5V-CPU I/F
A3 42 Input CPU address 3 3V/5V-CPU I/F
A4 43 Input CPU address 4 3V/5V-CPU I/F
A5 44 Input CPU address 5 3V/5V-CPU I/F
A6 45 Input CPU address 6 3V/5V-CPU I/F
A7 46 Input CPU address 7 3V/5V-CPU I/F
A8 47 Input CPU address 8 3V/5V-CPU I/F
A9 48 Input CPU address 9 3V/5V-CPU I/F
Al10 49 Input CPU address 10 3V/5V-CPU I/F
All 51 Input CPU address 11 3V/5V-CPU I/F
Al12 52 Input CPU address 12 3V/5V-CPU I/F
Al13 53 Input CPU address 13 3V/5V-CPU I/F
Al4 54 Input CPU address 14 3V/5V-CPU I/F
Al5 55 Input CPU address 15 3V/5V-CPU I/F
Al6 56 Input CPU address 16 3V/5V-CPU I/F
Al7 57 Input CPU address 17 3V/5V-CPU I/F
Al18 58 Input CPU address 18 3V/5V-CPU I/F
Al19 59 Input CPU address 19 3V/5V-CPU I/F

HITACHI
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Table 2-1

Pin Functions (cont)

Type Symbol Pin No. I/O Function Notes

CPU A20 60 Input CPU address 20 3V/5V-CPU I/F

interface 75 61 Input CPU address 21 3V/5V-CPU I/F
A22 62 Input CPU address 22 3V/5V-CPU I/F
DO 2 Input/output CPU data 0 3V/5V-CPU I/F
D1 3 Input/output CPU data 1 3V/5V-CPU I/F
D2 5 Input/output CPU data 2 3V/5V-CPU I/F
D3 7 Input/output CPU data 3 3V/5V-CPU I/F
D4 8 Input/output CPU data 4 3V/5V-CPU I/F
D5 9 Input/output CPU data 5 3V/5V-CPU I/F
D6 10 Input/output CPU data 6 3V/5V-CPU I/F
D7 11 Input/output CPU data 7 3V/5V-CPU I/F
D8 13 Input/output CPU data 8 3V/5V-CPU I/F
D9 14 Input/output CPU data 9 3V/5V-CPU I/F
D10 15 Input/output CPU data 10 3V/5V-CPU I/F
D11 17 Input/output CPU data 11 3V/5V-CPU I/F
D12 18 Input/output CPU data 12 3V/5V-CPU I/F
D13 20 Input/output CPU data 13 3V/5V-CPU I/F
D14 21 Input/output CPU data 14 3V/5V-CPU I/F
D15 22 Input/output CPU data 15 3V/5V-CPU I/F
CSo 26 Input Chip select 0 (UGM)  3V/5V-CPU I/F
CS1 27 Input Chip select 1 (internal  3V/5V-CPU I/F

registers)

RD 28 Input Read strobe 3V/5V-CPU I/F
WEO 29 Input Write pulse O 3V/5V-CPU I/F
WET 30 Input Write pulse 1 3V/5V-CPU I/F
DACK 31 Input DMA acknowledge 3V/5V-CPU I/F
DREQ 1 Output DMA request 3V/5V-CPU I/F
WAIT 144 Output CPU wait 3V/5V-CPU I/F
IRL 143 Output Interrupt request 3V/5V-CPU I/F

Display DDO 119 Output Display data output 0 5V output specification

interface DD1 120 Output Display data output 1 5V output specification
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Table 2-1

Pin Functions (cont)

Type Symbol Pin No. I/O Function Notes
Display DD2 121 Output Display data output 2 5V output specification
interface DD3 123 Output Display data output 3 5V output specification
DD4 124 Output Display data output 4 5V output specification
DD5 125 Output Display data output 5 5V output specification
DD6 127 Output Display data output 6 5V output specification
DD7 128 Output Display data output 7 5V output specification
DD8 130 Output Display data output 8 5V output specification
DD9 131 Output Display data output 9 5V output specification
DD10 132 Output Display data output 10 5V output specification
DD11 133 Output Display data output 11 5V output specification
DD12 134 Output Display data output 12 5V output specification
DD13 136 Output Display data output 13 5V output specification
DD14 138 Output Display data output 14 5V output specification
DD15 139 Output Display data output 15 5V output specification
DD16 140 Output Display data output 16 5V output specification
DD17 141 Output Display data output 17 5V output specification
DCLK 111 Output Display clock output 5V output specification
CSYNC 115 Output Composite sync signal 5V output specification
output
FCLK 108 Output 1/2 display dot clock 5V output specification
HSYNC/ 117 Input/output Horizontal sync output/ 5V input/output
EXHSYNC external horizontal sync specification
input
VSYNC/ 118 Input/output Vertical sync output/ 5V input/output
EXVSYNC external vertical sync  specification
input
DISP 114 Output Signal indicating 5V output specification
display synchronization
(display sync high
level)
CDE 112 Output Color detection (high in 5V output specification
case of DD pin specific
color output)
ODDF 109 Input/output  Signal indicating odd 5V input/output

field (low when odd)

specification
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Table 2-1

Pin Functions (cont)

Type Symbol Pin No. I/O Function Notes
UGM MAO 91 Output Memory address O 5V output specification
interface MA1 92 Output Memory address 1 5V output specification
MA2 93 Output Memory address 2 5V output specification
MA3 95 Output Memory address 3 5V output specification
MA4 96 Output Memory address 4 5V output specification
MAS5 97 Output Memory address 5 5V output specification
MAG 98 Output Memory address 6 5V output specification
MA7 100 Output Memory address 7 5V output specification
MAS8 101 Output Memory address 8 5V output specification
MA9 102 Output Memory address 9 5V output specification
MA10 103 Output Memory address 10 5V output specification
MA11 104 Output Memory address 11 5V output specification
MDO 64 Input/output Memory data 0 5V input/output
specification
MD1 65 Input/output Memory data 1 5V input/output
specification
MD2 66 Input/output Memory data 2 5V input/output
specification
MD3 67 Input/output Memory data 3 5V input/output
specification
MD4 68 Input/output Memory data 4 5V input/output
specification
MD5 70 Input/output Memory data 5 5V input/output
specification
MD6 72 Input/output Memory data 6 5V input/output
specification
MD7 73 Input/output Memory data 7 5V input/output
specification
MD8 74 Input/output Memory data 8 5V input/output
specification
MD9 75 Input/output Memory data 9 5V input/output
specification
MD10 76 Input/output Memory data 10 5V input/output

specification
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Table 2-1  Pin Functions (cont)
Type Symbol PinNo. 1/O Function Notes
UGM MD11 77 Input/output Memory data 11 5V input/output
interface specification
MD12 78 Input/output Memory data 12 5V input/output
specification
MD13 80 Input/output Memory data 13 5V input/output
specification
MD14 81 Input/output Memory data 14 5V input/output
specification
MD15 83 Input/output Memory data 15 5V input/output
specification
MWE 84 Output Memory write pulse 5V output specification
MRASO 85 Output Row select signal 0 5V output specification
MRASH1 86 Output Row select signal 1 5V output specification
MLCAS 87 Output Lower column select 5V output specification
signal
MUCAS 88 Output Upper column select 5V output specification
signal
MOE 90 Output Memory read pulse 5V output specification
Power VCC1 41 Power Buffer/internal VDD 5V input specification
supply supply
VCC2 71 Power Buffer/internal VDD 5V input specification
supply
VCC3 82 Power Buffer/internal VDD 5V input specification
supply
VCC4 94 Power Buffer/internal VDD 5V input specification
supply
VCC5 107 Power Buffer/internal VDD 5V input specification
supply
VCC6 113 Power Buffer/internal VDD 5V input specification
supply
VCC7 126 Power Buffer/internal VDD 5V input specification
supply
VCC8 137 Power Buffer/internal VDD 5V input specification
supply
GND1 38 Ground Buffer VSS
GND3 63 Ground Buffer VSS
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Table 2-1  Pin Functions (cont)

Type Symbol Pin No. I/O Function Notes
Power GND5 79 Ground Buffer VSS
supply GNpe 89 Ground  Buffer VSS
GND8 105 Ground Buffer VSS
GND9 110 Ground Buffer VSS
GND11 122 Ground Buffer VSS
GND13 135 Ground Buffer VSS
GND2 50 Ground Internal VSS
GND4 69 Ground Internal VSS
GND7 99 Ground Internal VSS
GND10 116 Ground Internal VSS
GND12 129 Ground Internal VSS
PLL VCC 25 Power Multiplication circuit 5V input specification
supply VDD
PLL GND 23 Ground Multiplication circuit
VSS
CPUVCC1 4 Power CPU 10 unit buffer VDD 3V/5V input
supply specification
CPUVCC2 16 Power CPU 10 unit buffer VDD 3V/5V input
supply specification
CPUGND1 6 Ground Buffer VSS
CPUGND3 19 Ground Buffer VSS
CPUGND2 12 Ground Internal VSS
CPU GND4 142 Ground Internal VSS
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2.2 Operating Mode Pins

These pins determine the Q2i's operating mode. The mode is fixed in a reset-startup.

1.

5.

MODE2 =L, MODE1 =L, MODEO =L

Normal operation state. Multiplication on. The external input clock is duty-free.

The internal operating clock has the same frequency as the external input clock.
MODE2 =L, MODE1 =L, MODEO = H

Normal operation state. Multiplication on. The external input clock is duty-free.

The internal operating clock has twice the frequency of the external input clock.
MODE2 =L, MODE1 =H, MODEO =L

Normal operation state. Multiplication on. The external input clock is duty-free.

The internal operating clock has four times the frequency of the external input clock.
MODE2 =L, MODE1 =H, MODEO = H

Normal operation state. Multiplication off. The external input clock must have a 50% duty.
An external input clock is used as the internal operating clock.

MODE2 = H, MODEL1 = *, MODEDO = *: Setting prohibited

Notes: H: High level

L: Low level
*: Either high or low level
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2.3 CPU Interface Pins

2.3.1 CPU Writes

The CPU can access the UGM or Q2i internal registers. In a UGM access, a low-level signal is
input toCS0; in a Q2i internal register access, a low-level signal is inpGsto CSO andCS1

should not be driven low at the same time. The UGM or Q2i internal register address is input to
A22 to Al. The address is a word address. Only word (2-byte) access can be used with the Q2i.
Input a low-level signal to eith@VE0 or WEI, or to both. If the CPU is an SH7040, SH7042, or
SH7044 theWAIT pin is also used as A20, and therefore the UGM capacity is limited. The
allocation of ROM, etc., in the memory space must be taken into consideration when determining
the UGM capacity.

The Q2i uses an asynchronous interface for the CPU interface, and a delay in a CPU access due
a Q2i source is reported to the CPU by means oMA&T signal. However, the high-level width
specification for thaVE0 andWEI signals must be observed. See Section 6, Usage Notes, for
detailed information concerning clocks. If the CPU is an SH-3, the clock output from the CKIO
pin cannot be input directly to the Q2i’'s CLKO pin, because the signal output from the CKIO pin
is a 3.3 V TTL interface signal, while the Q2i's CLKO pin signal is a 5 V CMOS interface signal.

In this case, a signal obtained by level-shifting CKIO to 5 V should be input to the CLKO pin.

To enable the SuperH to recognize WAIT signal output by the Q2i, enable SuperH hardware
waits and set a software wait cycle. The software wait cycle is determined by the relationship
between the frequency of the clock output from the CKIO pin and the frequency of the clock inpuf
to the CLKO pin. Refer to the Q-Series Application Note, HD64412 Q2i Volume, for examples of
software wait cycle setting. When an SH704X is used, a setting must be made to ex@&hd the
assertion period.

Byte access to registers must not be used, since this will corrupt the accessed register and UGM
data.

In some SuperH models, the initial setting of @$epin is 1/O port (input) mode. In this case, the
CS pin level will temporarily be unstable in a power-on reset, and soStpn should be pulled
up externally.

2.3.2 CPU Reads

A read operation is basically the same as a write operation. Reads are performed in word units.
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2.3.3 DMA Writes

The DMA controller can perform display list, binary source, AMtJV data transfers using cycle
stealing. To perform data transfer with the DMA controller, DMA mode settings must be made in
the DMA transfer start address register (DMASR), DMA transfer word count register (DMAWR),
and system control register (SYSR). After the DMA mode settings are made, the Q2i drives the
DREQ signal low as soon as its preparations are completed. On receiving this signal, the DMA
controller reads data from memory and places it on the data bus. The data on the data bus is th
latched internally by the Q2i on the rise of &i@ signal, and transferred to the UGM. When

DMA writes are performed using a display list or binary source as the data, the DMA mode is se
to 01. When DMA writes are performed ustigUV or YUV data as the data, the DMA mode is
setto 11.

In DMA mode, the Q2i does not output hardware waits to the CPU.
For the DMA mode, set cycle-steal DMA mode edge detection and single address mode.

When an SH704X (SH-2) is used as the CPU, a setting must be made to enable extension of th
CPU’sCS assertion period.

UGM access by the CPU should not be performed if the DMA mode setting is 01 or 11.

The SuperH family includes models in which the initial DACK pin setting is active-high. In this
case, leave the DACK pin at its initial setting (active-high) and use an external circuit to invert th
DACK pin signal before input to the Q2I3ACK pin.

The initial setting of the DACK pin is active-high in the following SuperH models:

SH7014, SH7032, SH7034, SH7050, SH7020, SH7021, SH7040 Series

234 Interrupts

The Q2i interrupts the CPU by means of Q2i internal sources. Interrupt sources are set in the
interrupt enable register (IER).
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2.4 Power Supply Pins

2.4.1 Normal Power Supply and PLL Power Supply
The normal power supply and PLL power supply are connected to 5 V.

CAPO is the external capacitance pin for the multiplication circuit. When multiplication is turned
on, connect the specified capacitance to this pin. (See figure 2-3.) When multiplication is turned
off, either leave the CAPO pin open or connect the circuit shown inside the dotted lines.

PLLVce | e , System power supply
5 3kQ 470 pF !
Q2i capo [T+ VVN—-] - 0.1pF

System ground

PLLGND | |

Figure 2-3 Sample CAPO Pin Connection Circuit

24.2 CPU Power Supply

The Q2i can be connected to an SH-1, SH-2, or SH-3. Either 5V or 3.3 V is connected to the CP
power supply (CPU Vccl and Vcc2), as appropriate. Connect 5 V for an SH703X (SH-1), SH706:
(SH-2), or SH704X (SH-2) CPU, and 3.3 V for an SH7708 (SH-3) CPU.

When a 3.3 V CPU power supply is used, the order of powering on is: normal power supply and
PLL power supply (5 V) first, followed by the CPU power supply (3.3 V). The order of powering
off is: CPU power supply (3.3 V) first, followed by the normal power supply and PLL power
supply (5 V). (The device may be damaged if this order is not followed.)
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2.5 Display Interface Pins

The signals output from the display interface pins are all synchronized with the dot clock (DCLK

251 DAC Interface

Outputs the digital pixel data synchronized with the dot clock. The pixel data format is 6 bits eac
for R, G, and B. Outside the display period, DD0-DD17 all go low.

2.5.2 Video Encoder Interface

In the Q2i, a video encoder interface is implemented by setting the DOT bit to 1 in the display
mode register. For example, when an NTSC encoder is used as the video encoder, 4FSC
(14.31818 MHz) should be input to the CLK1 pin. As a result, the dot clock (7.15909 MHz) will
be output to the DCLK pin, the digital composite sync signal t€#¥NC pin, and FSC
(subcarrier frequency: 3.58 MHz) to the FCLK pin. In TV sync ma@$&/NC output is high.

The clocks output from DCLK and FCLK are synchronized. Therefore, if the clock output from
FCLK is used as the subcarrier frequency, color drift may occur due to cross-colors, etc. The vic
encoder circuit should therefore include provisions to prevent color drift and toHSaReéC an

odd multiple of DCLK.

2.5.3 CRT Interface

Outputs the horizontal sync signal and vertical sync signal, the DISP signal indicating display
synchronization, the CDE signal for color detection, andJ®F signal that indicates whether

the current field is even or odd for interlace control. When synchronization is coordinated with ar
external device (TV or video recorder), the horizontal sync, vertical syn©QRbd signals are

input. In a reset, thHSYNC, VSYNC, andODDF pins go to input mode, and therefore these pins
must be fixed in a non-significant direction (pulled up).

2.6 UGM Interface Pins

2.6.1 UGM Access

The Q2i allows EDO page mode DRAM to be used as the UGM. EDO page mode DRAMs that
can be used with the Q2i are the Hitachi HM51 (S) 4265 Series (4-Mbit capacity, 5 V supply
voltage, 256 k 16 memory configuration), the Hitachi HM5118165 Series (16-Mbit capacity, 5
V supply voltage, 1 M 16 memory configuration), or an equivalent product. Two of these
DRAMs can be connected to the Q2i. Basically, memory with an access time of 60 ns or less
should be used.
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Section 3 Unified Graphics Memory (UGM) Display
Functions

3.1 Clocks

There are two Q2i clocks, CLKO and CLK1. The clock used as the base for the operating clock i
input at the CLKO pin, and the clock used as the base for the display dot clock (DCLK) is input &
the CLK1 pin.

The operating clock is the base clock for performing drawing operations, and is also used as the
base clock for UGM access. The Q2i includes an operating clock multiplication circuit that
enables &1, x1/2, orx1/4 multiple of the operating clock to be selected for input at the CLKO

pin.

The display dot clock is the base clock for display operations, and is used to control display date
output and generate horizontal and vertical sync signals. The Q2i has a display dot clock dividel
that enables &l orx2 multiple of the dot rate to be input at the CLK1 pin.

The relationship between the clocks and operating frequencies is summarized in table 3-1.

Table 3-1  Input Clocks and Operating Frequencies

Clock Input Pin Clock Type Operating Mode
CLKO One of the clocks on the right Multiplication Clock with the CLKO
is the operating clock. on frequency, and 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%
Multiplication  Clock with the CLKO frequency
off
CLK1 One of the clocks on the right Clock with the CLK1 frequency
is the display dot clock. Clock with 1/2 the CLK1 frequency
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The operating clock and display dot clock frequencies can be set to any values within the
following range:

(1) Operating clock frequency >x2display dot clock frequency

(2) Operating clock frequency =x2display dot clock frequency and the operating clock and
display dot clock are synchronized

Drawing operations can therefore be performed at maximum speed without being influenced by
the characteristics of the display device.

3.2 UGM (Unified Graphics Memory)

3.2.1 Overview
The memory connected to the Q2i (graphics memory) is used for the following purposes.

1. Frame buffers
Q2i drawing area and display area.

2. Display list (command list)
Area that stores the Q2i drawing command list. The Q2i fetches commands from this area
while carrying out drawing operations.

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

The UGM can be allocated to part of the CPU’s main memory area. Figure 3-1 shows a sample
system configuration using UGM, and figure 3-2 shows an example of UGM mapping onto the
CPU memory space.

CPU bus A 4
I A A I

A4 A 4

Main memory QZ’—> Display data

Figure 3-1 Example of System Configuration Using UGM
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Frame buffer 0

UGM Frame buffer 1

Source patterns

Display list

Typical uses of UGM

4GB
CPU memory space

Figure 3-2 Example of UGM Mapping onto CPU Memory Space

3.2.2 Memory Access
The priority order for control of UGM access is as follows:

Refreshing

Display

CPU

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

P wwDdPR

To enable these different kinds of processing to be performed in parallel, after performing acces
for a fixed period, the Q2i 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 CPUThe CPU can access the UGM in two ways, via CPU software or via
the DMAC. When the CPU accesses the UGM, the UGM address is input directly to the Q2i's
A1-A22 pins and th€SO0 pin is driven low. Therefore, a UGM address in the range specified by
the memory mode register should be input to the Q2i's A1-A22 pins. For example, when using
one 4-Mbit memory as the UGM, the Q2i's A19—A22 pins must go low when the UGM is
accessed by the CPU.

Since a SuperH CPU is used, the UGM is mapped onto SuperH memory space. Data transfer
between the CPU and Q2i is synchronized with the Q2i’'s operating clock.

For UGM access by the CPU, set initial values in the interface control register, memory control
register, and display control register, and then start display synchronization operation before
performing the access. If this is not done, the Q2i will output waits continuously when the CPU
accesses the UGM.
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e Access by software
In access by software, the UGM is accessed as part of the main memory.
In a write operation, no-wait access is possible if there is empty space in the Q2i’s built-in 32-
byte FIFO buffer.
In a read operation, a number of wait cycles are inserted. The number of wait cycles varies
greatly depending on the relationship between the operating clock and the display dot clock,
and the screen size. For example, with a 33 MHz operating clock, a 7 MHz display dot clock,
and a 32 240 (8 bits/pixel) screen size, the average number of wait cycles will be around 23
» Access by DMA
With a CPU that has a built-in DMAC (such as the SH-2 or SH704X), data in 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 can be used in DMA transfers, since graphics memory addresses are
controlled by the Q2i’s built-in address counter. However, only cycle-steal mode can be used
as the bus mode.

UGM Access by Q2i:EDO page mode DRAM can be connected to the Q2i as UGM. Use of this
memory enables the Q2i to perform memory access in one-cycle (operating clock) units.

The memory configuration consists of one or two 256-kwoi6-bit (4-Mbit) DRAMs, and one
or two 1-Mwordx 16-bit (16-Mbit) DRAMSs.

With regard to row address and column address multiplex control, it is possible to use products
with a 9, 10, 11, or 12-bit row address.

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

3.2.3 Memory Map

The Q2i performs UGM address control. The UGM includes the display list area, binary source
area, work area, 8-bit/pixel source and 16-bit/pixel source areas, and 8-bit/pixel rendering and 16
bit/pixel rendering areas. 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 areas is shown in
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-bit/pixel (work, binary source, display list)

. 1 word _
H'00 Ho0 | | HOO HOL | | HFF HFF | | HFF
Bit 0 Bit 1 Bit F Bit 0 Bit 0 Bit 1 Bit F

P 4096 bits -

Figure 3-3 Configuration of One Memory Unit (512 Bytes) (1)

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

H'00 H'00 HOL | H'OF T
Lower byte | Upper byte | Lower byte Upper byte : 16 lines
H'FO H'FO HFL | H'FF l

Lower byte | Upper byte | Lower byte Upper byte
ois
. 32 bytes _ °

Figure 3-3 Configuration of One Memory Unit (512 Bytes) (2)

e 16 bits/pixel (multi-valued source, multi-valued destination)

H'00 HOo1 | e HOF 16 lines

H'FO HFL | e H'FF oo
16 words

A

Figure 3-3 Configuration of One Memory Unit (512 Bytes) (3)

Figures 3-4 to 3-12 show sample UGM memory maps.

Rev. 1.0, 05/00, page 37 of 233
HITACHI




gbits 32dots 255 319 511
16 dots U - 4

128 Fo

240
256

F1

-~ Work area
g

496
544

1 x 4 Mbits

/\/ Display list, binary source area
A

2 x 4 Mbits

Physical

address
Multi-valued source start address OH
FO start address OH
F1 start address 20000H
Work area start address 40000H
Display list start address 44000H

(FO, F1: Frame buffers)

[] pisplay data
[ Work area (exclusive use of 32 lines)

- Multi-valued source/binary source/
display list selection
Display data/multi-valued source/
binary source/display list selection

Figure 3-4 Memory Map Example 1 [Screen Size at 8 Bits/Pixel (32240 Equivalent)]
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8 bits _32.dots 255 319 511
16 dots b b
128 Fo i
//_\\/ Multi-valued source area
240
256
F1
4}
3
496 =
<
X
—
2]
3
s
<
X
yo
1024 Work area
1056 ——

L Display list, binary source area

Physical

address
Multi-valued source start address OH
FO start address OH
F1 start address 20000H
Work area start address 80000H
Display list start address 84000H

(FO, F1: Frame buffers)

[] pisplay data
[_] Work area (exclusive use of 32 lines)

- Multi-valued source/binary source/
display list selection

:| Display data/multi-valued source/
binary source/display list selection

Figure 3-5 Memory Map Example 2 [Screen Size at 8 Bits/Pixel (32240 Equivalent)]

Rev. 1.0, 05/00, page 39 of 233
HITACHI



8 bits
16 dots

32 dots

511 639 767 1023
WY
128 Fo .
/_\\-/ Multi-valued source area
240
256
j2]
F1 =
=
<
X
N Work area
i o

\/ Display list, binary source area

1 x 16 Mbits

Physical

address
Multi-valued source start address OH
FO start address OH
F1 start address 40000H
Work area start address 80000H
Display list start address 88000H

(FO, F1: Frame buffers)

[] pisplay data
[] work area (exclusive use of 32 lines)

- Multi-valued source/binary source/
display list selection

|:| Display data/multi-valued source/
binary source/display list selection

Figure 3-6 Memory Map Example 3 [Screen Size at 8 Bits/Pixel (64240 Equivalent)]
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8 bits 52 dots 511 639 1023
16 dots . 1
128 )
//_\/ Multi-valued source area
256 FO
384
480
512
F1
2
Z
=
©
-
X
992 - Work
1024 [ ork area

1088

_\/ Display list, binary source area

Physical

address
Multi-valued source start address OH
FO start address OH
F1 start address 80000H
Work area start address 100000H
Display list start address 110000H

(FO, F1: Frame buffers)

Display data
Work area (exclusive use of 64 lines)

Multi-valued source/binary source/
display list selection

Display data/multi-valued source/
binary source/display list selection

OR00

Figure 3-7 Memory Map Example 4 [Screen Size at 8 Bits/Pixel (640480 Equivalent)]
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16dots ¢ 255 319 511
16 bits @0 a A
16 dots
128 FO 1 1~ Multi-valued source area
240
256
Work area
2]
3
F1 = ) .
j Display list, binary source area
~ Physical
496 address
512 Source start address OH
528 FO start address OH
F1 start address 40000H

1023

Work area start address ~ 80000H
Display list start address ~ 84000H

(FO, F1: Frame buffers)

[] Display data

[ wWork area (exclusive use of 16 lines)

- Multi-valued source/binary source/
display list selection

|:| Display data/multi-valued source/
binary source/display list selection

Figure 3-8 Memory Map Example 5 [Screen Size at 16 Bits/Pixel (32®40 Equivalent)]
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16dots ¢

16 bits O
16 dots @

Multi-valued source start address

255

511

639 767 1023

A

128

FO

) I Multi-valued source area

224

256

F1

\ 1 x 16 Mbits

496

Work area
= —~_

512
528

1023

FO start address
F1 start address
Work area start address
Display list start address

Physical
address
OH

OH
80000H
100000H
108000H

L Display list

[ ] pisplay data

] work area

- Multi-valued source/binary source/
display list selection

:| Display data/multi-valued source/
binary source/display list selection

Figure 3-9 Memory Map Example 6 [Screen Size at 16 Bits/Pixel (64®40 Equivalent)]
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255

511

639 1023

16dots ¢
)

16 bits e
16 dots @

128

Multi-valued source area
//—\/

256

FO

480

512

992
1024

F1

2 x 16 Mbits

1056

1 t— Work area

e Display list, binary source area

Physical
address
Source start address OH
FO start address OH
F1 start address 100000H

Work area start address  200000H
Display list start address  210000H

[ Display data
] work area (exclusive use of 32 lines)

- Multi-valued source/binary source/
display list selection

|:| Display data/multi-valued source/
binary source/display list selection

Figure 3-10 Memory Map Example 7 [Screen Size at 16 Bits/Pixel (6480 Equivalent)]
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3.3 Display and Display Control

3.3.1 Overview

The Q2i has two screens, a drawing screen and a display screen, managed by means of render
coordinates. Display is performed for both these screens in accordance with double-buffering
control designated by the user.

A display function for controlling display timing is also provided, enabling the Q2i to coordinate
with the display timing of a display device receiving output from it.

When the GBM bhit is set to 1 in the Q2i's rendering mode register (REMR), a function can be
used that converts YUV @YUV data color images to RGB data. When the GBM bit is cleared to
0, the color palette can be used, enabling 256 colors to be specified out of a total of 262,144.

3.3.2 Double-Buffering Control

The Q2i uses double-buffering control to alternately switch the display and drawing areas locate
in the UGM. An area switching operation is called a frame 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 Q2i
detects & SYNC synchronization pulse. In auto rendering mode, a frame change is performed
once only when the Q2i detect¥ 8YNC synchronization pulse after drawing is completed. In
manual display change mode, the Q2i performs a frame change once only $¥ &
synchronization pulse following issuance by the SuperH of a frame change directive to the Q2i.
These modes are specified by the double-buffering mode bits (DBM) in the system control
register.

When double-buffering control is performed in a mode other than auto display change mode,
frame changes can be performed according to the relevant mode by detectiSivai@
synchronization pulse by the SuperH, followed by setting of the rendering start bit (RS) to 1.

Frame change timing in double-buffering control is performed in frame units when the Q2i is
operated in non-interlace or interlace mode, and in field units when operated in interlace sync &
video mode.

When the Q2i is operated in interlace mode, the status register frame flag (FRM) is used for
VSYNC synchronization pulse detection by the SuperH. When the Q2i is operated in non-
interlace mode, synchronization pulses are detected using the vertical blanking flag (VBK). Whe
the Q2i is operating in interlace sync & video mode, since the first frame corresponds to the eve
field and the second frame to the odd field, synchronization pulses are detected using VBK or
FRM.
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Examples are given below for Q2i non-interlace operation, with a description of the operation in
each mode.

Auto Display Change Mode:In auto display change mode, display frame switching has priority.
If drawing is in progress when the frame is switched, drawing is aborted midway through that
display list. It is therefore essential for drawing to be finished before the arrivaISifC
synchronization pulse. An outline of operation in this mode is shown in figure 3-11.

. 1st frame _ 2nd frame
VSYNC —
(non-interlace J
operation)
Display screen: FO Display screen: F1
Q2i operation
Drawing destination: F1 / Drawing destination: FO
A / A
> Drawing to F1 aborted
=8
= O — > -
Sv |8 22 |8
Frla) 7] g—w_— 7]
c > g’ £ X o))
= S I3 g £
g 7 |3
s} s}
\ v
Interrupt Interrupt
CPU operation  |handling handlinpg
FO display list transfer F1 display list transfer

FO: Frame buffer O
F1: Frame buffer 1
VBK flag: Vertical blanking flag (bit 11 of status register (SR))

Figure 3-11 Operation in Auto Display Change Mode

Auto Rendering Mode: In auto rendering mode, display switching is not performed until drawing
ends. If drawing does not end within one frame, it is continued without interruption. An outline of
operation in this mode is shown in figure 3-12.
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Figure 3-12 Operation in Auto Rendering Mode
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Manual Display Change Mode:In manual display change mode, display frame switching and

the start of drawing are controlled independently by software. Display switching can be performe
either by performing FO/F1 switching with an SYSR DC bit setting by software, or by setting the
start address of FO or F1 in the display start address register indicated by DBR in SR. The start o
drawing is controlled by the RS bit in SYSR. Interrupts by means of the VBK flag and TRA flag

in SR are used for the control timing. An outline of operation when using the DC bit in this mode
is shown in figure 3-13. When switching from this mode to another double-buffer control mode, it
is essential to set the DC bit to 1 and make a frame change first.

Make sure that the DC bit is cleared to O before setting it to 1.
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Figure 3-13 Operation in Manual Display Change Mode
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3.3.3 Color Data Formats

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

1. 16-bit data

D15to DO — 15 0

P 1 word -
2. 1-bit/pixel data
D15to DO — 15 14 0
Pixel no. — |15|14| | 0 |
1 word

- »
- >

Note: The pixel number runs from 0 upward from the left to right side of the screen.

3. 8-bit/pixel data

D15to DO — 15 8 7 0

Pixel no. — 1 0

1 word

A

\/

4. 16-bit/pixel data

D15to DO — 15 0

| 1 pixel

1 word

A

\

5. RGB data (16-bit/pixel data)
DI5toD0 —> 15 11 10 5 4 0
| R(Gbits) | G (6bits) B (5 bits)

1 word

A

\/
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6. YUV data

YUV data uses a 4:2:2 format. The U and V data is horizontally reduced data.

D15to DO — 15

Image data (1st word)
D15 to DO

Image data (2nd word)

D15 to DO
Image data (3rd word)

D15 to DO
Image data (4th word)

D15 to DO
Image data (nth word)

8 7 0

- | Y0 | uo |
- 15 8 7 0
| Y1 | VO |
—~ 15 8 7 0
- | Y2 | U2 | Data flow
- 15 8 7 0
| Y3 | V2 |
- 15 8 | 7 0
- | Yn-1 vn-2 v

1 word n: Even number

A

HITACHI

v
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7. AYUV data

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

D15to DO — 15 8 7 0
Initial value (1st word) — 0 Y
P 1 word _
D15to DO — 15 8 7 0
Initial value (2nd word) — U \%
_ 1 word _
D15to DO — 15 12 11 8 7 4 3 0 Data flow
Image data (3rd word) — AUO AYO AVO AY1
P 1 word -
D15to DO — 15 12 11 8 7 4 3 0
Image data (4th word) — AU2 AY2 AV2 AY3
_ 1 word _
1
i
i
i
D15to DO — 15 12 11 8 7 4 3 0
Image data (nth word) — AUn-2 AYn-2 AVn-2 AYn-1
1 word v

A
A
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Color Palette Register Color Data Configuration: The color palette register color data
configuration is shown below.

Register address

D15 to DO — 15 8 7 210
Even word I/I/I/I/I/I/I/I/I R (6 bits) I/I/I
MSB LSB

15 10 9 8 7 2 10
Odd word | cebiy  |]] BeHS |/
MSB LSB MSB LSB

1 word

\/

A

Configurations of Data in UGM: UGM data configurations are shown below.

1. 16-bit data
D15toD0 — 15 0
. 1 word -
2. 1-bit/pixel data
D15toDO0 — 15 14 0
Pixel no. —» |15|14| | 0 |
1 word -

<
<

Note: The pixel number runs from 0 upward from the left to right side of the screen.

3. 8-bit/pixel data

D15toDO0 — 15 8 7

Pixel no. —> 1

1 word

\ 4

A
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4.

5.

16-bit/pixel data
D15to DO — 15 0

| 1 pixel

1 word

A
\ 4

RGB data (16-bit/pixel data)

DI5t0 D0 —> 15 11 10 5 4 0
| R(bits) |  G6bis) | B(5bis)

1 word

< »
S >

Output Color Data Configurations (Q2i — Display Monitor): Output data configurations are
shown below.

1.

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

DD17to DDO — 17 1211 65 0
R (5bits) [0| G (6bits) | B(5bits) |0
MSB LSB MSB LSB MSB LSB

18 bits

< ».
¢ >

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

DD17 to DDO — 17 1211 6 5 0
R (6 bits) G (6 bits) B (6 bits)
MSB LSB MSB LSB MSB LSB
18 bits

< »
. P

18-bit data (in case of independent format)
Frame buffer bits 15 to 11 are output to DD17 to DD13, and bits 10 to 0 are output to DD11 to
DD1.

DD17 to DDO — 17 12 0
(16 bits/pixel) | O| | 0|

18 bits

< »
>
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Color Data Format Conversion

«  AYUV/YUV-to-RGB conversion
The specifications of the function for convertfgUV or YUV data in main memory to RGB
data are shown in figure 3-14.
The Q2i convertdYUV or YUV data transferred from the CPU to RGB data and stores it in
the UGM source area. The converted RGB data is used as source data for quadrilateral-
drawing commands.

Q2i registers that should be set by the CPU are as follows. Make the register settings in the
order shown in figure 3-15.

Memory width (512 or 1024 dots)
is specified by the MWX bit in
__ the rendering mode register

%

\

Main memory UGM source area

Q2i internal registers
Start address

(ISAR)
AYUV or »| | (@) IEMR: Input data conversion mode » X size (IDSRX)
YUV data “«———p
(b) ISAR: Image data transfer start
address
(c) IDSRX, Y: Image data size Y size

(IDSRY) RGB data

(d) IDER: Image data entry

Figure 3-14 Specifications oAYUV/YUV-to-RGB Conversion Functions

(a) ISAR: Set image data transfer start address
(b) IDSRX, Y: Set image data size

A 4

(c) IEMR (bits YUV1, 0): Set input data conversion mode

A 4

(d) Write to IDER: Image data entry

Figure 3-15 Register Setting Procedure foAYUV/YUV-to-RGB Conversion
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3.34 Display Functions

The Q2i has functions for outputting image data, drawn in the UGM, in synchronization with
externally or internally generated display timing.

Register and Display Screentn the Q2i, horizontal and vertical display timing for the display
screen is set in the display parameter register (see section 5.5, Display Control Registers).

The display control registers 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
parameter register settings.

Figure 3-16 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 one VSYNC cycle for each of vc,
vsw, ys, and yw, regardless of the display mode register scan mode.

‘ hc |

EXHSYNC ! ' XS XW

vC

Display area

Figure 3-16 Display Timing (Non-Interlace Mode)
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Table 3-2  Register Settings*

Operating
Register No. Mode
(Address) Register Name Bit Names  Master Mode TV Sync Mode
008 Display size register X (DSRX) DSX Xw-1 Xw-1*
009 Display size register Y (DSRY) DSY yw-1 yw-1
013 Display  Horizontal display HDS hsw+xs-3 hsw+xs-8***°
windows start position register
(DSWR-HDS)
014 Horizontal display HDE hsw+xs-3+xw hsw-+xs-8+xw*’
end position register
(DSWR-HDE)
015 Vertical display start VDS ys ys**
position register
(DSWR-VDS)
016 Vertical display end VDE yS+yw yS+yw
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 VC-VSW VC-VSW
(VSPR)
01A Vertical scan cycle register VC vC vC+2
(VCR)
Notes: 1. In all scanning modes the settings of bits VDS, VDE, VSP, and VC are made for a one-
frame unit.

2. The HDS and HDE bit specifications are the values from the rise of DCLK after the fall
of EXHSYNC is latched at the rise of CLK1, and then latched at the next fall of CLK1.

3. HDS bit lower limit values are shown in the table below. This value should be set as a
number of dot clock cycles. Access from the CPU may be kept waiting during this
period.

4. Ininterlace and interlace sync & video modes, the setting is: VDS = 2. In non-interlace
mode, the setting is: VDS = 0.

5. The lower limit of bits DSX9 to DSX0 is: DSX9-0 = 4.
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CLK1 /N U o Y [ VY 0 VY VA W U U W0 A A

EXHSYNC \

DCLK (x1) /_\—/_\—/_\—/_\—/_\Smm

! hsw + xs N
DD17 to DDO C g ¢ Y Do D1 X D2 )
ook AU e WD o W
(x1/2 [A]) T S_\m/:s R
DD17 to DDO* § § (Do )\ D1 ) D2 |
DCLK W (AN e 2 W S W S WY
(x1/2[B]) b ! hs + xs |
DD17 to DDO*?

§ § XD03X D1 \ D2 )

6. When EXHSYNC cycle is an even multiple of CLK1
7. When EXHSYNC cycle is an odd multiple of CLK1

Table 3-3 HDS Lower Limit Values (§,,, Units)
Clock Ratio 8-Bits/Pixel (GBM = 0) 16-Bits/Pixel (GBM = 1)
CLKO/DCLK BG=0 BG=1 BG=0
2 to less than 4 641, 191t 96t
4 or more 114t 151t 126t
cyc cyc cycO

Table 3-4  Variables Defined by Display Screen

Variable Description Unit

hc*® Horizontal scan cycle Dot clock
hsw Horizontal sync pulse width Dot clock
XS Interval between HSYNC 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
vsSw Vertical sync pulse width Raster lines
ys Interval between VSYNC rise and display screen vertical Raster lines

display start position

yw Display screen vertical display interval Raster lines

8. hsw+ xs +xw<hc-10
9. vsw+ys+yw<\vc
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Screen Display:In the Q2i, the DEN (display enable) bit in the system control register (SYSR)
can be used to select whether or not display data is to be output to the screen. When display da
not output, the display off output register (DOOR) settings are displayed.

The frame flag (FRM) and vertical blanking flag (VBK) in the status register indicate the position
of the fall of the vertical sync sign@§YNC) determined by the set value (VSP9-0) in the
vertical sync position register (VSPR) regardless of the synchronization method.

Scanning SystemsThe Q2i 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)
bits in the display mode register (DSMR). In non-interlace mode, one frame is composed of one
field. In interlace mode, one frame is composed of two fields, even and odd, in which the same
data is displayed. In interlace sync & video mode, also, one frame is composed of two fields, ev
and odd, but in this mode different data is displayed in these two fields. In master mode, the Q2|
outputs a high-level signal from tiDDF pin during even field display, and a low-level signal
during odd field display. In TV sync mode, a high-level signal is input @DBIeF pin to display

the even field, and a low-level signal to display the odd field. Figure 3-17 shows examples of
raster scan control display.
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00

01 O o

02 o O

03 o o

04 —OO0—
05 o o

06 o o

07 O O

08

09

Non-interlace mode Interlace mode

00

——— Raster scanned in odd field

-------- Raster scanned in even field

Interlace sync & video mode

Figure 3-17 Examples of Raster Scan Control Display
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Synchronization SystemsThe Q2i is provided with a TV sync function in addition to master
mode to simplify synchronization with an external device.

The TVM (TV sync mode) bits in the display register (DSMR) are used to select master mode ol
TV sync mode.

Internal Synchronization Mode (Master Mode)

Setting the horizontal and vertical sync sign#8YNC andVSYNC) cycles and pulse widths

in the display control register outputs the corresponding waveforms, and display data is outp
in synchronization with these signals.

In interlace mode and interlace sync & video mode, a signal indicating odd field or even field
is output at th@DDF pin.

External Synchronization Mode (TV Sync Mode)

In TV mode, display data is output in synchronization with vertical and horizontal sync signal.
(EXHSYNC andEXVSYNC) input from an external source. The Q2i outputs display data on
the basis of the fall of thHEXHSYNC signal and the rise of tiEEXVSYNC signal.

In this mode, the horizontal sync signal, vertical sync signal, and clock from the sync signal
generator should be input at BRHSYNC, EXVSYNC, and CLK1 pins, respectively.

Signals that do not contain equivalent pulses should be used for the sync signals.

In interlace mode and interlace sync & video mode, a signal indicating odd field or even field
should be input at th®@DDF pin.

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

The Q2i performs UGM refreshing basedEXHSYNC andEXVSYNC. Therefore,

EXHSYNC andEXVSYNC must be input to enable UGM refreshing to be carried out.

The signal flow in TV sync mode is shown in figure 3-18.

Rev. 1.0, 05/00, page 61 of 233
HITACHI



TV (sync signal generator): master

Clock
(4FSC) HSYNC  VSYNC Field signal Data

\ 4

A4

v h 4 A 4 v —> Mixer Ll Display
CLK1 EXHSYNC EXVSYNC ODDF DD >
A A
N DCLK I
Q2i: slave FCLK (FSC)
CDE
A A
A 4 Y
SuperH UGM

Figure 3-18 Signal Flow in TV Sync Mode

» Synchronization System Switching Mode

This mode is used to switch to master mode if the external sync signal generator malfunctions
during operation in TV sync mode.

The processing sequence in this case is as follows: detection of malfunction, set this mode,
switch CLK1 to a clock supplied by a different system, then set master mode.

Refresh Control: The number of refresh cycles for the UGM connected to the Q2i is set in bits
REF3-0 (refresh cycle count) in the display mode register (DSMR).

Bit 3: REF3 Bit 2: REF2 Bit 1: REF1 Bit 0: REFO Operation

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 REF3-0 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 512

cycles/8 ms, the necessary number of cycles in one field is 1065. The number of refresh cycles
(times/raster) should be set so that the number of cycles required for one field is the number of
lines.

The Q2i supports CAS-before-RAS refresh mode.
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The refresh cycles set in bits REF3-0 are executed from the fall of the DISP signal. Table 3-5
shows some sample settings.

Table 3-5 Estimated Number of Refresh Cycles (for 1/60s Field)

Sample Display Number of Refresh Cycles (Per Raster)

Screen Sizes Memory Size 4 Mbits x 1 4 Mbits x2 16 Mbits x1 16 Mbits x 2
320 x 240 5 5 — —

640 x 240 — 5

640 x 480 — —

Two-Screen Combination/Scroll Display:Setting the BG bit to 1 in the display mode register
(DSMR) enables the background screen (BG) to be superimposed on a frame screen (FBO or
FB1). This function is valid in 8-bit/pixel mode. There is no mode in which BG alone is displayed
The BG size and bit configuration are the same for FBO and FB1. The number of display colors
256 for FB and BG combined.

The BG start position is specified by a 2-dimensional virtual address using background coordina
start registers X and Y (BGSX, BGSY). The origin of these 2-dimensional virtual coordinates is
the start of the UGM. Set BG so that it does not overlap FBO and FB1.

Superimposition is achieved by outputting background screen pixels if the frame screen pixels &
of a transparent color, or by outputting frame screen pixels otherwise. The setting for a transpar:
color is all 0s, as with drawing attributes.

Register updating 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 screer
wraparound mode (WRAP) bit.

Table 3-6  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 0 GBM 0 8-bits/pixel
H'026 BGSRX 9-0 BGSX9-0 BG starting point X  Coordinate origin is start
coordinate of UGM
H'027 BGSRY 13-0 BGSY13-0 BG starting point Y
coordinate
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512 or 1024

+ Display screen

BGSY

Specifies background screen start
coordinates
| I |

i s

ENNNNCES 0
Scrolling achieved by changing start
address

GS

16 Mbits x 1, 8-bits/pixel

Figure 3-19 Example of Background Screen Simple Scroll (WRAP = 0)

512 or 1024

-

Display screen

BGSY [13:09]

—

Performs background screen
wraparound. The wraparound unit is
a rectangle comprising the memory
width specified by the MWX bit in the
X direction, and 512 pixels in the Y
direction. The start address is given
by 0 in the X direction and bits [13:09]
of BGSY in the Y direction.

512

16 Mbits x 1, 8-bits/pixel

Figure 3-20 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
signals is shown in figure 3-21.
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Figure 3-21 Display Timing
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3.4 Initial States

3.4.1 Initial States (when Specied Power is Turned On)
Initial states are undefined.

Registers: undefined
1/0O pins: undefined
Output pins: low/high output

3.4.2 Reset State (when Low Level is Input ®ESET Pin)

Registers: After a reset, the Q2i’'s internal registers are initialized as shown in table 3-7.
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Initial Register Values after Reset

Table 3-7
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Pins: Table 3-8 shows the Q2i pin states after a reset.

Table 3-8 Pin States After Reset

1/0 pins Input state DO0-D15, VSYNC/EXVSYNC,
HSYNC/EXHSYNC, ODDF

Output state (low-level output) MD0-MD15

Output pins Low-level output DISP, CDE, DD0-DD17
High-level output DREQ, IRL, WAIT
Low/high-level output CSYNC, DCLK, FCLK, MAO-MA11, MWE,

MRASO, MRAS1, MLCAS, MUCAS, MOE

UGM Refreshing: UGM refreshing is not performed immediately after a reset.
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Section 4 Display List

4.1 Overview

The display list is an area used for linked drawing command descriptions. 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 register setting, sequence control, and drawing end commands.

In addition, line drawing and trapezoid files have absolute coordinate and relative coordinate
specification commands.

Table 4-1 lists the drawing commands.
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Table 4-1

Type

Drawing Commands

Command Name

Function

Four-vertex

surface drawing

POLYGON4
Quadrilateral paint

Draws quadrilateral with four coordinates as vertices.

Painting can be performed with source tiling and specified
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
line-type specification

coordinates through nodal coordinates.

PLINE

Pattern-reference polygonal line drawing (absolute
coordinate specification)

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

Rev. 1.0, 05/00, page 70 of 233

HITACHI



Table 4-1  Drawing Commands (cont)

Type Command Name Function
Register setting MOVE Current pointer setting (absolute coordinate specification)
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.
Sequence JUMP Command sequence jump (branch)
control GOSuUB Subroutine call (branch)
RET Subroutine return
NOP3 No operation: no processing executed.

Drawing end 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 is a multiple of 128, counting from the star

of the unified graphics memory (UGM) in pixel units.

O Rendering coordinates (2-dimensional coordinate system)
These are the coordinates at which the Q2i performs drawing. For rendering coordinates,
512-pixelx 512-pixel or 1024-pixek 1024-pixel coordinate system can be selected
according to the size of the UGM.

O Multi-valued source coordinates (2-dimensional coordinate system)
These are the coordinates for natural image and other color map data. A maximum of 10:
x 1024 size positive coordinates can be used. The size of the coordinates that can be us
determined by the size of the UGM. Also, the maximum number of colors that 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.
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O 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 Q2i so that there is a 1-
to-1 correspondence for each rendering coordinate pixel. Clipping processing is also
handled in the same way as for rendering coordinates.

O 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
O 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.
O Indrawing that does not reference the transfer source, specified color data may be
referenced.
O With a POLYGON4 type command, work data may be referenced.
» Rendering attributes
O Ten 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), and source
linear address (LNi) and drawing by two pixels (FST). The attributes that can be specified
depend on the command.

4.2 Command Fetching

The Q2i carries out drawing operations while performing fetches from the display list stored in the
UGM. The display list consist of a number of linked Q2i drawing commands.

The Q2i performs sequential fetches in low-to-high address order, starting at the address set in t
display list start address register (DLSAR). The fetch address can be changed midway, using a
JUMP or GOSUB command. Q2i fetching can be terminated by placing a TRAP command at the
end of the display list.

The Q2i has a 16-word dedicated command buffer, and an equivalent area of the UGM is access
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 Q2i
continues its fetch operation from the address indicated by that command.

Figure 4-1 shows an example of the display list.
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DLSAR >
Command
sequence 1
JUMP
Command
sequence 2
d / Subroutine
GOSUB
D S RET
(Subroutine depth is
limited to one level)
TRAP

Figure 4-1 Display List Example

4.3 Basic Functions

4.3.1 Rendering Coordinate Systems

The Q2i controls three 2-dimensional coordinate systems, for rendering coordinates, 8-bit/pixel «
16-bit/pixel (multi-valued) source coordinates, and work coordinates, and one 1-dimensional
coordinate system, for 1-bit/pixel (binary) source coordinates.

Rendering Coordinates: The size of the coordinate system is fixed, as shown in figure 4-2. The

correspondence to the frame buffers is also fixed, but depends on the installed memory capacit
and screen size. Make the appropriate selection with the rendering mode register. In an area otl
than one containing a frame buffer, although drawing operations are performed, nothing is writte

When drawing is performed using the LCOFS command, coordinates after addition of the offset
(X0, YO) set by the LCOFS command must be within the range shown as follows.

—1020< X + XO <1020
-1020< Y + YO <1020
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-1024 0

-1024

Minimum
installation
0 511 X
255 | Maximum
installation
511
YY
1023

1023

Figure 4-2 Rendering Coordinates

Multi-Valued Source Coordinates: The coordinate origin is specified by the multi-valued source
area start address. The maximum coordinate system size is represented oy AD24ositive
coordinates, as shown in figure 4-3, but the size depends on the installed memory capacity, scre:
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.

(MAX) 1023

Y

00

(MAX) 1023

Figure 4-3 Multi-Valued Source Coordinates (LNi = 0)
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TDX

Y

Source
address
(byte)

TDY

\/\

Figure 4-4 Multi-Valued Source Coordinates with LNi = 1 Specified (Linear Address)

Binary Source 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 this coordin

system can overlap display list space. However, the start address of a source figure is always a
byte address. The size of the figure is specified by POLYGON4B command parameters TDX ar

TDY. The TDX setting can only be made in multiples of 8 pixels.

TDX

Y

Source
address
(byte)

TDY

\/\

Figure 4-5 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. Therefore, clipping is also handled in the same way as
for the rendering coordinate system.

-1024 0
-1024
Minimum
installation
0 511 X
255 | Maximum
installation
511
YY
1023
1023

Figure 4-6 Work Coordinate System

Relationship between Binary Work Coordinates and AddressedVork coordinates are linear
coordinates that start from the work area start address. Work coordinates comprise 2-dimensione
coordinates reflected at each pixel (512 or 1024 pixels) specified by the MWX bit in the rendering
mode register (REMR). Examples are shown in figures 4-7 and 4-8.

The memory capacity required for the binary work area is (the number of pixels specified by the
MWX bit) x (the number of pixels along the Y-axis)/8 [bytes].

0 511
512 Work area start address: 40000H
Work area Display list start address: 44000H
544 Conditions: 8 bits/pixel
512-pixel memory width
Display list and binary (MWX = 0)

source area

Figure 4-7 Example of Relationship between Work Coordinates and Physical Addresses

Rev. 1.0, 05/00, page 76 of 233
HITACHI



\‘ Il x
Vo : - 511
‘| 16bits s 16bits 16 bits
! <—>,«—> >
0o | H40000 X H'40001 ) ------ H'4001F ]

1 E H'40020 X H'40021 ) ------

1line

g (H400EF  H400E1 ) -~ B

Equivalent
to 32 work
coordinate
lines

255 ((H43FEF | H43FEL) - B

Figure 4-8 Relationship between Work Coordinates and Addresses

4.3.2 Rendering Reference Data

Q2i drawing operations can be broadly divided into those that reference the transfer source and
those that do not. Drawing commands that reference the transfer source are POLYGON4A,
POLYGONA4B, PLINE, and RPLINE. Drawing commands that do not reference the transfer
source are POLYGONA4C, LINE, RLINE, FTRAP, RFTRAP, CLRW, LINEW, and RLINEW.

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

Of the commands that do not reference the transfer source, POLYGONA4C, LINE, RLINE,
LINEW, and RLINEW reference the specified color data.

With POLYGON4 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 ar
binary work data (figure 4-9).
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A

-

. Applicable
] Source rendering area Rendering result command
POLYGON4A
¥ Transparent mode
|_.|'
i
Multi-valued source data
POLYGON4B
Specified color data
Transparent mode
Il coLoro
[ ] coLor1
Transparent mode
POLYGON4B

B color1 N
Binary source data
[] coLor
# POLYGON4C
" S

Figure 4-9 Example of POLYGON4 Transfer Data Combinations

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

However, the horizontal width (TDX) is specified in multiples of 8 pixels. The configuration of
multi-valued source data is shown in figure 4-10.
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Case where LH ~ 8-bit data

Figure 4-10 Multi-Valued Source Data Configuration

Binary Source Data: Binary source data is arranged in linear fashion in the binary source area in
the UGM, and is managed as 2-dimensional coordinates (binary source coordinates) by TDX an
TDY in the POLYGON4B command. The left-hand screen pixel must be located at the LSB of tt
binary source data when the binary source data area is viewed from the Q?2i.

However, the horizontal width (TDX) is specified in multiples of 8 pixels (1-byte units). An
example of binary source data is 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 1s to COLORL1 data (in transparent mode, only 1s are
converted to COLOR1 data for drawing).

TDX

Example of kanji font as binary
source

TDX=24, TDY=24

Data:

H'1C00, H'OEO07, H'430C,
H'0C1C, H'D8E3, H'FFFF,
H'0C00, H'0003, H'030C,

> H'0140, H'4718, H'3FFF,
o © | H'636E, H'2C18, H'1863,
) H'6320, H'3018, H'FFF,
88 H'6310, H'1800, H'1860,
as H'FF98, H'OC3F, H'0060,
L L0 H'600F, H'EC60, H'FFFF,
- H'BOOC, H0CO01, H0338,
» H'1COC, H'OCOE, H'3COE,
v - H'038C, H'ECF8, H'6000

Figure 4-11 Example of Kanji Font as Binary Source (TDX = 24, TDY = 24)
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Binary Work Data: Binary work data is defined as binary work coordinates (2-dimensional
coordinates). Work data is used to implement polygon painting. Polygon outline data is created
with the FTRAP command, etc., and the created figure data is used to delineate the rendering
figure. For example, if the POLYGON4C 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 data is shown in figure 4-12.

Number of pixels specified by MWX bit

@&é%% ffffff

Figure 4-12 Binary Source Data Configuration

Specified Color Data:Specified color data is defined directly in drawing parameters COLOR,
COLORO, COLOR1, LINE COLORO, and LINE COLOR1. When the Q2i is used for 8-bit/pixel
operation, the same color palette number is defined in the upper 8 bits and lower 8 bits by the
drawing parameter color specification. When the Q2i 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, 0 or 1 is defined in the rendering attribute EOS bit.

4.3.3 Rendering Attributes

With the Q2i, seven rendering attributes can be specified. The rendering attributes are embedde«
in the commands, and can be specified on an individual command basis. Figure 4-13 shows the |
arrangement for rendering attributes.
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15 0
< g T S
. CODE | b DRAW MODE b
POLYGON4A TRNS | STYL | CLIP NET | EOS | FST | LNi WORK
TRNS | STYL | CLIP NET | EOS 0 [WORK
POLYGON4B {
TRNS 0 CLIP NET | EOS HALF |WORK
POLYGON4C CLIP NET | EOS | FST WORK
FTRAP, RFTRAP CLIP
LINEW, RLINEW CLIP EOS
LINE, RLINE CLIP NET | EOS |FWUL [W2UL [FWDR|W2DR
PLINE, RPLINE TRNS 1 CLIP NET | EOS 1

Other commands

- : Fixed at 0.

FWUL, W2UL, FWDR, W2DR: Bits for line with thickness.

Figure 4-13 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 witl
the TRNS bit. When transparency is selected, a 0 in the binary source data is transparent and a
has the value of the COLOR1 parameter. When non-transparency is selected, a binary data 0 h
the value of the COLORO parameter, and a 1 has the value of the COLOR1 parameter. With mt
valued source data, “all-0” data becomes a transparent color, and those pixels are not drawn. Tl

transparency specification can be used with the POLYGON4A, POLYGON4B, PLINE, and
RPLINE commands; in other commands, the TRNS bit should be cleared to 0.
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Source Style Specification (STYL):When drawing a rectangle, the STYL bit can be used to
select, on an individual drawing command basis, whether the source data is to be enlarged or
reduced, or referenced repeatedly. If no style specification is made, the source data is enlarged ¢
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
therefore used when drawing repeated patterns such as hatch patterns. The source style
specification can be used with the POLYGON4A, POLYGONA4B, PLINE, and RPLINE
commands; in other commands, the STYL bit should be cleared to 0. If a source style specificatic
is made, do not make a source half specification.

An example of a source style specification is shown in figure 4-14.

No style specification (STYL = 0)

Enlarged by factor of 2

>000000
>000000

—O @0
—00®
o] ]

Style specification used (STYL = 1)

O
L 4

000000 000000
>000000 000000

000000
000000 >~000000

000
O

e

000000 [~000000

000000

| | Referenced twice
Source data Drawing data

Figure 4-14 Example of Source Style Specification
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Clipping Specification (CLIP): The Q2i 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 is a rectangular area for prescribing a valid drawing range as the displ
range when the Q2i performs double-buffering control. Thus the system clipping area is used to
prohibit drawing outside the area. The system clipping area is valid when the CLIP bit is cleared
to 0.

The user clipping area is valid when the CLIP bit is set to 1. When the user clipping area is mad
valid, the system clipping area becomes invalid. Thus, to prohibit drawing outside the system
clipping area, ensure that the user clipping area fits inside the system clipping area.

In both the system clipping area and the user clipping area, drawing points are drawn even whe
on the clipping area boundary.

An example of a clipping specification is shown in figure 4-15.

N
.~ CLIPbit=1

0,0)

AN

CLIP bit=0
System clipping area
B
Designated user clipping area
(359,239)

Figure 4-15 Example of Clipping Specification

Net Drawing Specification (NET): The NET bit can be used to select, on an individual drawing
command basis, whether or not net drawing is to be performed. Net drawing is a function for
drawing only pixels at coordinates for which the condition “rendering coordinates X + Y = EOS
(0: even number, 1: odd number)” is true. For example, if EOS = 0, drawing will only be
performed at coordinates Y =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 POLYGON4 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 0
when EOS = 0, and with 1 when EOS = 1.

Examples of even/odd select specifications are shown in figure 4-16.

Even-number referencing with half drawing specification (HALF = 1, EOS = 0)
Odd-number referencing with half drawing specification (HALF = 1, EOS = 1)

Source data Drawing data

Starting point

Figure 4-16 Examples of Even/Odd Select Specifications

Source Half Drawing Specification (HALF): The HALF bit can be used to select whether all or
only half of the source data is to be referenced. When the source half drawing specification is
selected, only EOS (0: even number, 1: odd number) data is 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 POLYGON4B (binary source)
command; in other commands, the HALF bit should be cleared to 0. If a source half specification
is made, do not make a source style specification.

Work Specification (WORK): When drawing is performed at rendering coordinates with
POLYGON4 commands, the WORK bit can be used to select, on an individual drawing commanc
basis, whether or not binary work data is to be referenced.

When binary work data referencing is selected, drawing is performed if the work data for the pixe
corresponding to the rendering coordinates is 1, but not if the work data is 0. Drawing can thus be
performed at the rendering coordinates in the same form as the figure drawn at the work
coordinates. Drawing at work coordinates can be performed by either of two methods: drawing by
means of the FTRAP command or drawing by the SuperH. Ensure that UGM drawing access by
means of the FTRAP command and UGM drawing access by the SuperH are not performed
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simultaneously. The commands that can be used are POLYGON4A, POLYGON4B, and
POLYGONA4C. In other commands, this specification is invalid.

With the PLINE and RPLINE commands, this attribute is specified but work references are not
performed. For other commands, the work specification bit should be cleared to 0.

Bold Line Drawing Specification: Taking individual line segments of a polygonal line specified
by parameters as reference lines, the FWUL bit and FWDR bit, respectively, can be used to sels
for the upper-left direction and lower-right direction independently, whether or not the reference
lines are to be made bold lines. The width of a bold line can be selected from line widths 1 to 5
a combination of bits W2UL and W2DR.

This function is valid for each segment of a polygonal line. Using the segment line main scannin
axes, lines with the same slope in the up (left) and down (right) directions, and of the same leng
are drawn repeatedly. Therefore, the shape of the segment linkage parts is 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.

Table 4-2  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 3 (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. Upper-left magnification 1 (W2UL = 0), lower-right magnification 2 (W2DR = 1)

Reference line

(&) dx=dy (b) dx <dy

2. Upper-left magnification 2 (W2UL = 1), lower-right magnification 1 (W2DR = 0)

(&) dx=dy (b) dx <dy

Figure 4-17 Examples of Bold Line Drawing (Line Width 4 Drawing)

Source Address Linear Specification (LNi):Use of a 2-dimensional virtual address or a linear
address as the source address can be selected, on an individual drawing command basis, by me
of the LNi bit. To use a linear address, set this bit to 1.

This function can be used with the POLYGON4A command. In other commands, the LNi bit
should be cleared to 0. For details of command operation, see section 4.4.1, POLYGON4A.

2-Pixel-Unit Processing (FST)Whether or not 2-pixel-unit processing is performed can be
specified for individual drawing commands by means of the FST bit. To perform 2-pixel-unit
processing, set the FST bit to 1. In this case, no other drawing attributes except CLIP can be use
This function can be used with the POLYGON4A and POLYGON4C commands. In other
commands, the FST bit should be cleared to 0.

For a rectangle in which the source and destination are the same size, make settings so that TXS
even number, DX1 = DX4 = even number, DX2 = DX3 = odd number, DY1 = DY2, DY3 = DY4,
and DX2 — DX1 = 16n — 1 (where n is a natural number).
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4.4 Drawing Commands

4.4.1 POLYGON4A
Function

Performs any four-vertex drawing while referencing a multi-valued (8- or 16-bit/pixel) source.

Command Format

15 0
[« CODE +>i<5—— DRAW MODE ——>]

[<+——TXS/SOURCE ADDRESS H———>]

[«<+——TYS/SOURCE ADDRESS L +———>]

[T 11§11 <= mxi——

[T 1171 =y

[« Sign extension-»sign€———— DX1 +————>]

|<-Sign extension-»isigni€——+——+ DY1 ~—-—-—-—>|

[<-Sign extension»sign'€————+ DX2 +————>]

I(—Sign extension-»isign;€——+——+ DY2 ~—-—-—-—>|

I(-Sign extension-»isign;€——+——+ DX3 ~—-—-—-—>|

|<-Signextension->;aiy..;:; DY3 ;I

|<—Sign extension-»isigni€——+——+ DX4 ~—-—-—-—>|

|<-Sign extension-»isigni€——+——+ DY4 ~—-—-—-—>|

l:l: Fixed at 0
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1. Code

B'00000
2. Rendering Attributes
Reference Data Drawing Destination
Multi-Valued
Source Binary Source | Binary Work | Specified Color| Rendering Work
(0] x A x (o) X

Drawing Modes
Reserved | TRNS | STYL CLIP |Reserved| NET EOS FST LNi Reserved | WORK

Fixed at| O O O |Fixedat, O o O O |Fixedat, O
0 0 0

O: Can be used

A : Referenced depending on mode (valid when WORK = 1)

x : Cannot be used

3. Command Parameters
TXS, TYS: Source starting point
SOURCE ADDRESS H: Source start upper address
SOURCE ADDRESS L: Source start lower address
TDX, TDY: Source size
DXn, DYn (n =1 to 4): Rendering coordinates, work coordinates

Description

Transfers multi-valued (8- or 16-bit/pixel) source data to any quadrilateral rendering coordinates.
The source is 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.

When repeated source referencing is selected as a rendering attribute (STYL = 1), the source is |
enlarged or reduced, but is referenced repeatedly.

When work referencing is selected as a rendering attribute (WORK = 1), transfer is performed
while referencing work area data for the same coordinates as the rendering coordinates.

The multi-valued source is referenced taking 8 pixels in the multi-valued source coordinate X-
direction as one unit, and enlargement or compression is carried out. The TDX value must
therefore be specified in 8-pixel units in order for multi-valued source referencing to be performec
normally.
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Setting the LNi rendering attribute to 1 in 8-bit/pixel mode enables the linear address space in tt
UGM to be treated as multi-valued source coordinate space.

When LNi = 1, set the upper bits of the source address in SOURCE ADDRESS H, and the lowe
bits in SOURCE ADDRESS L.

When LNi = 0, make TXS and TYS settings in pixel units.

Example
TXS, TYS
(TXS, TYS)  TDX (DX1, DY1)
No work (DX2, DY2)
TDY specification
(WORK =0) DX3, DY3
(DX4, DY4) (DX3, DY3)
Multi-valued source coordinates Rendering coordinates

Work specification provided (WORK = 1)

(DX1,DY1) (DX1, DY1)

(DX2, DY2) (DX2, DY2)

Y

o

(DX3, DY3) (x4, Dva) - {OX3 DY3)

(DX4, DY4)
Work coordinates Rendering coordinates
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4.4.2 POLYGON4B
Function

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

Command Format

15 0
[« CODE +>{<——— DRAW MODE {——>]

[ 71 1 7 < SOURCE ADDRESS H>]

[[ | <——— SOURCEADDRESSL |

Y

[ § 1§ «e—F——1DX]

Y

[ 1§ 1DV}

Y

F DXL+

A

|<—Sign extension-»isign’

\4

|<—Sign extension-»isigni€————+ DY1

Y

I(-Signextension.yismn;:; —+—+ DX2 4

Y

|<-Signextension->25ign;:; —+—+DY2+

Y

l(—Signextension-»isigniii —+—+ DX3

Y

l(—Signextension-»isign;:; —+—+DY3+

A

Y

|<—Sign extension-»isign’ - DX4 4

Y

|<—Sign extension-»isign€——+——+ DY4 4
|
|

F COLOR 0 +—————>

—+ COLOR 1 +—————>

l:l: Fixed at 0
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1. Code
B'00001

2. Rendering Attributes

Reference Data

Drawing Destination

Multi-Valued
Source Binary Source | Binary Work |Specified Color| Rendering Work
x (0] A X (0] X
Drawing Modes
Reserved | TRNS | STYL CLIP |Reserved | NET EOS Reserved HALF | WORK
Fixed at (0] o (0] Fixed at (0] (0] Fixed at|Fixed at o (0]
0 0 0 0
O: Can be used
A : Referenced depending on mode (valid when WORK = 1)
x : Cannot be used
¢ : Cannot be specified simultaneously

3. Command Parameters

SOURCE ADDRESS H: 1-bit/pixel source start upper address
SOURCE ADDRESS L: 1-bit/pixel source start lower address
TDX, TDY: Source size
DXn, DYn (n = 1 to 4): Rendering coordinates, work coordinates

COLORO, COLORZ1: 8 or 16-hit/pixel color specifications

Description

Transfers binary (1-bit/pixel) source data to any quadrilateral rendering area, expanding the dat:

the colors specified by parameters COLORO and COLORL1. The source is 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.

When repeated source referencing is selected as a rendering attribute (STYL = 1), the source is

enlarged or reduced, but is referenced repeatedly.

When work referencing is selected as a rendering attribute (WORK = 1), transfer is performed

while referencing work area data for the same coordinates as the rendering coordinates.

The TDX value is specified in multiples of 8 pixels.

HITACHI
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Example

SOURCE

ADDRESS \|[< TDX~>|

TDY

v

Binary source
coordinates

1 COLoRO
I COLOR 1

4

(DX1, DY1)

—>

Non-transparent
mode (TRNS =0)

Transparent
mode
(TRNS =1)

I COLOR 1

Binary source 0 data
is transparent.
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(DX4, DY4)

Rendering coordinates

(DX2, DY2)

(DX3, DY3)

>

\(DXL DY1)

--0 (DX2, DY2)

Q ey
(DX4, DY4)

Rendering coordinates

(DX3, DY3)




4.4.3 POLYGON4C
Function

Performs any four-vertex drawing with a monochrome specification.

Command Format

15 0
[~ CODE +><——— DRAW MODE +——>|

|<—Signextension->;sigr;<; ——F DX1+—— :}

[ Sign extension»signi€———— DY1 +————>]

[<Sign extension»?sine———— DX2 >]
[ Sign extension>sani<———— DY2 ] >
[<Sion extension »{siri<———— DX3 >
[<Sign extension»?sine———— DY3 >
[<Sign extension-»?sine———— DX4 >]
[ Sign extension>san<———— DY4 >
[«——————coLor >
1. Code
B'00010
2. Rendering Attributes
Reference Data Drawing Destination
Multi-Valued
Source Binary Source | Binary Work |Specified Color| Rendering Work
x X A (0] 0] X
Drawing Modes
Reserved CLIP |Resered | NET | EOS | FST Reserved WORK
Fixed | Fixed | Fixed (0] Fixed (0] (0] (0] Fixed | Fixed | Fixed (0]
ato0 ato ato ato ato ato ato

O: Can be used
A : Referenced depending on mode (valid when WORK = 1)
x : Cannot be used
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3. Command Parameters
DXn, DYn (n = 1 to 4): Rendering coordinates, work coordinates
COLOR: 8 or 16-bit/pixel color specification

Description

Draws any quadrilateral in the rendering area in the single color specified by the COLOR
parameter.

When work referencing is selected as a rendering attribute (WORK = 1), transfer is performed
while referencing work area data for the same coordinates as the rendering coordinates.

Example

No work specification

v (DX1, DY1)
COLOR (DX2, DY2)
>
I Specified color
(DX4, DY4)
(DX3, DY3)

Work specification

Rendering coordinates

(DX3, DY3)

Work coordinates
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v (DX1, DY1) COLOR v (DX1, DY1)
(DX2, DY2) * Q--2--0 (DX2, DY2)
- ' 2 :
Specified color - \
(DX4, DY4) (DX4, DY4) ™2

"N\, (DX3, DY3)

Rendering coordinates




4.4.4 FTRAP

Command Format

15 0
[« CODE > <-—— DRAW MODE +——>]

Y

[«—F—F—F—"F—Fn

!
|<-Sign extension-»i'Sigri: DXL ;I
I(—Sign extension-»ismr;: DX1 ;I
|<-Sign extension-»isgr;: DY1 ;I
I(—Sign extension-»ismr;: DX2 ;I
|<-Sign extension-»iﬁgr;: DY2 ;I
|<-Sign extension-»isigrig DXn ;I
I(—Sign extension-ﬁSigrE: DYn ;I

1. Code
B'01000

2. Rendering Attributes

Reference Data Drawing Destination

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

X X X X X (@)

Drawing Modes

Reserved CLIP Reserved

Fixed at|Fixed at|Fixed at (@] Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at
0 0 0 0 0 0 0 0 0 0

O: Can be used
x : Cannot be used

3. Command Parameters
n (n = 2 to 65,535);: Number of vertices
DXL: Lefthand side coordinate
DXn (n = 2 to 65,535): Absolute coordinate
DYn (n = 2 to 65,535): Absolute coordinate
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Description

Draws a polygon with n-1 vertices at work coordinates. Paints n-1 trapezoids with X = DXL as the
left-hand side, and line segments (DX1, DY1) — (DX2, DY2), (DX2, DY2) — (DX3, DY3), ...,
(DXn-1, DYn-1) — (DXn, DYn) as the right-hand sides, and with top and bottom bases parallel to
the X-axis, at work coordinates using binary EOR. Bottom base drawing is not performed. Set the
minimum value of DX1 to DXn as DXL.

Example
n=5
(0,0)
DXL
(DX1, DY1)
(DX2, DY2)
(DX4, DY4)
(DX3, DY3)
Work coordinates

Painting order
DXL DXL DXL DXL DXL

' '
' 7N '
' s N

[ \ '
v \

v, N '
N , —> B , —> —> —>
N ’ N ’ ' H
N ’ N ’ '

' N [N ' '
' v ' v '

' ' ' ' '
' ' ' ' '

FTRAP Parameter List Order

n
DXL

DX1
DY1
DX2
DY2
DX3
DY3
DX4
DY4
DX1
Y DY1

}Add start point at end.
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4.4.5 RFTRAP

Command Format

15 0
[« CODE -><-—— DRAW MODE +——>

Y

[e————+——n

Y

|<-Sign extension »isigni €&———— DXL +

B Dxi e bvi——]

b~ b2 ——P>wie i bv2 ]

[sion€+—— DXn ——>isin<+—— DYn ——>|

1. Code
B'01001

2. Rendering Attributes
Reference Data Drawing Destination

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

X X X X X (@]

Drawing Modes

Reserved CLIP Reserved

Fixed at|Fixed at|Fixed at (@] Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at
0 0 0 0 0 0 0 0 0 0

O: Can be used
x : Cannot be used

3. Command Parameters
n (n = 1 to 65,535): Number of vertices
DXL: Lefthand side coordinate
DXn, DYn (n = 1 to 65,535): Relative coordinates
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Description

Paints n trapezoids with X = DXL as the left-hand side, and line segments (XC, YC) — (XC +
DX1, YC + DY1), (XC + DX1, YC + DY1) — (XC + DX1 + DX2, YC + DY1 + DY2), ..., (XC +

..t 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 (XC, YC) as the
right-hand sides, and with top and bottom bases parallel to the X-axis, at work coordinates using
binary EOR. Bottom base drawing is not performed.

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

Example
Whenn=3
(0,0)
' DXL (XC, YC)
! DY1
(XC+DX1+DX2+DX3, XC+DX1, YC+DY1)
YC+DY1+DY2+DY3) 'DY2

(XC+DX1+DX2,
YC+DY1+DY2)

Work coordinates

Painting order
DXL DXL DXL
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4.4.6

LINEW

Command Format

1.

Code
B'01010

15 0

[«-CODE-+>i«+——DRAW MODE ——>]
< n———— >
l(—Sign extension-»isigni € +DX1+ :I
I(—Sign extension »isigni<€ +DY1+ :I
|<-Sign extension-»isigni< ~DX24 ;I
l(—Sign extension-»isigni<¢ +DY2+4 :I
I(—Sign extension »isigni<€ +DXn ;I
|<-Sign extension-»isigni< +DYn# ;I

2. Rendering Attributes

Reference Data Drawing Destination
Multi-Valued
Source Binary Source | Binary Work |Specified Color| Rendering Work
x X d x (0]
Drawing Modes
Reserved CLIP Reserved EOS Reserved
Fixed at|Fixed at|Fixed at (@) Fixed at|Fixed at (@) Fixed at|Fixed at|Fixed at| Fixed
0 0 0 0 0 0 0 0 ato0
O: Can be used
O: Can be used (EOS reference: specified color is binary EOS bit value)
x : Cannot be used
3. Command Parameters

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

DXn (n = 2 to 65,535): Absolute coordinate
DYn (n = 2 to 65,535): Absolute coordinate

HITACHI
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Description

Performs binary drawing at work coordinates of a polygonal line from vertex 1 (DX1, DY1),
through vertex 2 (DX2, DY2), ...., vertex n — 1 (DXn — 1, DYn — 1), to vertex n (DXn, DYn). O
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 to draw
the border of a polygon-paint figure at work coordinates.)

Note: 8-point drawing is used.

Example

Y

(0,0

(DX2, DY2)

(DX3, DY3)

(DX1, DY1)

Work coordinates
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4.4.7

RLINEW

Command Format

1. Code
B'01011

15

0

[«+-CODE-><i——DRAW MODE ——>]

| €=

N

| Il

n

il

[sonie——DX1——>soni<———DY1——>]

[sonie———DX2——>ismiei——DY2——>]

[sin<———DXn——>isone——DYn——>]

2. Rendering Attributes

Reference Data

Drawing Destination

Multi-Valued
Source Binary Source | Binary Work |Specified Color| Rendering Work
X X X 0 x (0]
Drawing Modes
Reserved CLIP Reserved EOS Reserved

Fixed at|Fixed at|Fixed atf O |Fixed at|Fixed atf O |Fixed at|Fixed at|Fixed at|Fixed at

0 0 0 0 0 0 0 0 0
O: Can be used

O: Can be used (EOS reference: specified color is binary EOS bit value)
x : Cannot be used

3. Command Parameters
n (n = 1 to 65,535): Number of vertices
DXn, DYn (n = 1 to 65,535): Relative coordinates
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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
(XC, YC). 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.

The final coordinate point is stored as the current pointer (XC, YC). (Used to draw the border of &
polygon-paint figure at work coordinates.)

Note: 8-point drawing is used.

Example
n=2
(0,0) >
(XC+DX1, YC+DY1)
v DX1 DX2
DY2
DY1 !
(XC+DX1+DX2, YC+DY1+DY2)
(XC, YC)

Work coordinates
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4.4.8 LINE

Command Format

1. Code
B'01100

15

0

[«+-CODE+><——DRAW MODE——>|

[«f———— LINECOLOR +————>

[P

| Il

n

Y

|<—Sign extension-»{signi<—

:DX11

Y

|<Sign extension »sign'€———— DY 1 +———>]

|<—Sign extension-»!signi€———— DX2~—-—-—-—>|

N

|<—Sign extension-»;Q'H : DY2 —>
|<-Sign extension-»}signi<— :DXn+ ;I
|<—Sign extension-»ic;y..i: DYn ;I

2. Rendering Attributes

Reference Data

Drawing Destination

Multi-Valued
Source Binary Source | Binary Work |Specified Color| Rendering Work
x x X (@] (0] X
Drawing Modes
Reserved CLIP |Reserved| NET | EOS | FWUL | W2UL | FWDR | W2DR
Fixed at|Fixed at|Fixed at (0] Fixed at (0] (0] 0000-1111
0 0 0 0

O: Can be used

x . Cannot be used

3. Command Parameters

LINE COLORO: 16-bit/pixel color specification

n (n = 2 to 65,535): Number of vertices
DXn (n = 2 to 65,535): Absolute coordinate
DYn (n = 2 to 65,535): Absolute coordinate

HITACHI
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Description

Draws a polygonal line from vertex 1 (DX1, DY1), through vertex 2 (DX2, DY2), ...., vertexn—1
(DXn -1, DYn — 1), to vertex n (DXn, DYn).

Note: 8-point drawing is used.

Example

Y

(0,0)

(DX2, DY2)

(DX3, DY3)

(DX1, DY1)

Rendering coordinates
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4.4.9

RLINE

Command Format

1. Code
B'01101

15

0

[«-CODE->I«F——DRAW MODE ——>]

[«———— LINECOLOR +————]

|

|

<=

el |

[son<———DX1——>isoniet——DY1——>

[sioni€———DXn——>sine——DYn——>]

2. Rendering Attributes

Reference Data

Drawing Destination

Multi-Valued
Source Binary Source | Binary Work | Specified Color| Rendering Work
x x X (0] O X
Drawing Modes
Reserved CLIP |Reserved| NET | EOS | FWUL | W2UL | FWDR | W2DR
Fixed at|Fixed at|Fixed at (0] Fixed at (0] (0] 0000-1111
0 0 0 0

O: Can be used
X

: Cannot be used

3. Command Parameters
LINE COLOR: 16-bit/pixel color specification
n (n = 1 to 65,535): Number of vertices
DXn, DYn (n = 1 to 65,535): Relative coordinates

HITACHI
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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 (XC, YC).

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

Note: 8-point drawing is used.

Example

Y

(0,0

(XC+DX1, YC+DY1)

! DY2
DY1 |

Rendering coordinates
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4410 PLINE
Function

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

Command Format

15 0
|<— CODE +><+—— DRAW MODE +——>|

[«—F———FLINE COLOR 0+—+—F—+—>]|
|<—————— LINE COLOR 1>
| i | <+SOURCE ADDRESS H+>|
[T T < SOURCE ADDRESS L ——>]
L T
< n —>]
[ Sign extension>}sone——— Dxa 1 ]

|<—Sign extension > signi€————+ DY1 ————)l

|<Sign extension > signi€————+ DX2 +————>|

|(-Signextension-)§°y «———+ DY2 —— ;I

| Sign extension > signi€————+ DXn +—————>|

|<—Sign extensionsigni€————+ DYn ————)l

|:|: Fixed at 0
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1. Code

B'01110

2. Rendering Attributes
Reference Data Drawing Destination
Multi-Valued
Source Binary Source | Binary Work | Specified Color| Rendering Work
X (@] X X O X
Drawing Modes

Reserved | TRNS |Reserved| CLIP |Reserved| NET EOS Reserved
Fixed at (0] Fixed at (0] Fixed at (0] (0] Fixed at|Fixed at|Fixed at|Fixed at

0 1 0 0 0 0 1

O: Can be used
x : Cannot be used

3. Command Parameters
LINE COLORO: 8 or 16-bit/pixel color specification
LINE COLOR1: 8 or 16-bit/pixel color specification
SOURCE ADDRESS H: 1-hit/pixel source start upper address
SOURCE ADDRESS L: 1-bit/pixel source start lower address
TDX: Source size
n (n = 2 to 65,535): Number of vertices
DXn (n = 2 to 65,535): Absolute coordinate
DYn (n = 2 to 65,535): Absolute coordinate

Description

Draws a polygonal line from vertex 1 (DX1, DY1), through vertex 2 (DX2, DY2), ...., vertexn—1
(DXn -1, DYn — 1), to vertex n (DXn, DYn).

Note: 4-point drawing is used.
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Example

-
-
-

[ 4
(DX1, DY1)

(DX2, DY2)
- - ~

~
e ~

[
(DX3, DY3)

Rendering coordinates

HITACHI

TDX

1100 1100 1100 1100

SOURCE
ADDRESS

TRNS =1 and STYL = 1 specified
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4.4.11 RPLINE

Function

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

Command Format

1. Code
B'01111

15

0

|« CODE -—>{<+——DRAW MODE ——>|

<—————LINE COLOR 0—+—————+>

<—————LINE COLOR 1 +——————>

:(.

SOURCE ADDRESS H-—>|

i<—+—— SOURCE ADDRESS L ———>]

P
<

- TDX+———>]

N

|5i9n5<—;—;— DX1 ——>isni<———DY1 ——>]

[poni€——— DX2 ——>isni<+—— DY2 ——>|

[sian<—— DXn——>sin<«—— DYn——>|

|:|: Fixed at 0

2. Rendering Attributes

Reference Data

Drawing Destination

Multi-Valued
Source Binary Source | Binary Work |Specified Color| Rendering Work
X (@] X X O X
Drawing Modes
Reserved | TRNS |Reserved| CLIP |Reserved| NET EOS Reserved
Fixed at (e} Fixed at (@] Fixed at (e} (e} Fixed at|Fixed at|Fixed at|Fixed at
0 1 0 0 0 0 1

O: Can be used

x : Cannot be used
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3. Command Parameters
LINE COLORO: 8 or 16-bit/pixel color specification
LINE COLOR1: 8 or 16-bit/pixel color specification
SOURCE ADDRESS H: 1-hit/pixel source start upper address
SOURCE ADDRESS L: 1-bit/pixel source start lower address
TDX: Source size
n (n = 1 to 65,535): Number of vertices
DXn, DYn (n = 1 to 65,535): Relative coordinates

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 (XC, YC).

The final coordinate point is stored as the current pointer (XC, YC).
Commands used with WORK = 1 do not perform work referencing.

Note: 4-point drawing is used.

Example
n=2 TDX
(0, 0) - "
(XC+DX1, YC+DY1) SOURCE 1100 1100 1100 1100
DX1 DX2 ADDRESS
""""" AT ) 7
DY1: -~ - \‘\
xC C;) (XC+DX1+DX2, YC+DY1+DY2)
TRNS =1 and STYL = 1 specified
Rendering coordinates
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4.4.12

MOVE

Command Format

1. Code
B'10000

15

0

[«<+-CODE-—><-——DRAW MODE ——>]

|<—Sign extension-)ésigné(—f—f—f—f— XC —-—-—-—-—)l

|<—Sign extension »isigni«—+—+——+YC —-—-—-—-—>|

2. Rendering Attributes

Reference Data

Drawing Destination

Multi-Valued
Source Binary Source | Binary Work | Specified Color| Rendering Work
X X X X X X
Drawing Modes
Reserved
Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at
0 0 0 0 0 0 0 0 0 0 0

x : Cannot be used

3. Command Parameters
XC, YC: Absolute coordinates

Description

Sets the current pointer of the rendering coordinate system and the current pointer of the work
coordinate system with absolute coordinates. The current pointer is used only by relative drawing

commands.

After issuing a MOVE command, use relative drawing commands in succession. If an absolute
drawing command is used midway, the current pointer will be used as an operational register anc
its value will be overwritten. Therefore, a MOVE command must be issued before using relative

drawing commands again.
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Example

Y

(0,0)

(XC, YC)

Work coordinates
Rendering coordinates
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4413 RMOVE

Command Format

15 0
[<+-CODE-><———DRAW MODE——>|

1. Code

B'10001
2. Rendering Attributes

Reference Data Drawing Destination
Multi-Valued
Source Binary Source | Binary Work | Specified Color| Rendering Work
X X X X X X
Drawing Modes
Reserved

Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at

0 0 0 0 0 0 0 0 0 0 0

x : Cannot be used

3. Command Parameters
XC, YC: Relative coordinates

Description

Sets the current pointer of the rendering coordinate system and the current pointer of the work
coordinate system with relative coordinates from the old current pointer.
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Example

Y

(0,0)

Y old (XC, YC)

(Old XC + XC, old YC + YC)

Work coordinates
Rendering coordinates
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4.4.14 LCOFS

Command Format

15 0
[«+-CODE-><+——DRAW MODE——>
|<—Sign extension-»sign€————+ X0 — :I
|<—Sign extension!sign€——+——+ YO :I

1. Code
B'10010

2. Rendering Attributes

Reference Data Drawing Destination
Multi-Valued
Source Binary Source | Binary Work |Specified Color| Rendering Work
X X X X X X
Drawing Modes
Reserved
Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at

0 0 0 0 0 0 0 0 0 0 0

x : Cannot be used
3. Command Parameters

XO, YO: Local offset absolute specification
Description

Sets the local offset of the rendering coordinate system and the local offset of the work coordinat
system with absolute coordinates. After this setting is made, this offset value is added in all
subsequent coordinate specifications.

The start of the display list must be set (the initial value is undefined).

If the local offset is to be reflected in the current pointer, issue a MOVE command after the
LCOFS command.
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Example

0,0) >
(XO1+DX2, YO1+DY2)

(XO1, YO1) LINE

(XO1+DX1, YO1+DY1)

Work coordinates
Rendering coordinates
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4.4.15

RLCOFS

Command Format

1. Code
B'10011

15

0

[«-CODE+>«——DRAW MODE——>]

[snie—— XO ——>isniei—— YO ——>

2. Rendering Attributes

Reference Data

Drawing Destination

Multi-Valued
Source Binary Source | Binary Work |Specified Color| Rendering Work
X X X X X X
Drawing Modes
Reserved
Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at
0 0 0 0 0 0 0 0 0 0

x . Cannot be used

3. Command Parameters
X0, YO: Local offset relative specification

Description

Sets the local offset of the rendering coordinate system and the local offset of the work coordinat
system with relative coordinates from the old local offset. After this setting is made, this offset

value is added in all subsequent coordinate specifications.

The old local offset refers to the local offset value set by the LCOFS command. If the local offset
is to be reflected in the current pointer, execute a MOVE command after setting the offset with ar

LCOFS or RLCOFS command.
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Example

(0,0) >
(Old XO+X0O+DX2, Old YO+YO+DY?2)

(Old X0, Old YOy Yo

<

LINE
(Old XO+XO, Old YO+YO)

(Old XO+X0+DX1, Old YO+YO+DY1)

Work coordinates
Rendering coordinates
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4.4.16

UCLIP

Command Format

1. Code
B'10101

15

0

[<+-CODE-><——DRAW MODE ——>

|

P
<

XMIN

|

<——F YMIN+——>]

|

X

XMAX

|

<———YMAXSF——>]

|:|: Fixed at O

2. Rendering Attributes

Reference Data

Drawing Destination

Multi-Valued
Source Binary Source | Binary Work | Specified Color| Rendering Work
X X X X X X
Drawing Modes
Reserved
Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at
0 0 0 0 0 0 0 0 0 0

x . Cannot be used

3. Command Parameters
XMIN, XMAX: Left and right X coordinates
YMIN, YMAX: Upper and lower Y coordinates
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Description

Designates the area specified by top-left coordinates (XMIN, YMIN) and bottom-right coordinate
(XMAX, YMAX) in the rendering coordinate and work coordinate systems as a user clipping
area.

The local offset value set by the LCOFS or RLCOFS command is not added to the coordinates :
by this command.

When making this setting, ensure that the system clipping area is not exceeded.

This setting is valid when CLIP = 1.

Example

0,0) >

(XMIN, YMIN)

<
«<

(XMAX, YMAX)

Work coordinates
Rendering coordinates
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4.4.17

SCLIP

Command Format

1. Code
B'10111

15

0

[«-CODE{>{«——DRAW MODE ——>|

|

|

| H H H H H T~

XMAX

.'I

T YMAXG——>

|:|: Fixed at 0

2. Rendering Attributes

Reference Data

Drawing Destination

Multi-Valued
Source Binary Source | Binary Work | Specified Color| Rendering Work
X X X X X X
Drawing Modes
Reserved
Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at
0 0 0 0 0 0 0 0 0 0

x : Cannot be used

3. Command Parameters
XMAX: Horizontal X coordinate
YMAX: Vertical Y coordinate

Description

Designates the area specified by top-left coordinates (0, 0) and bottom-right coordinates (XMAX,
YMAX) in the rendering coordinate and work coordinate systems as the system clipping area.

The local offset value set by the LCOFS or RLCOFS command is not added to the coordinates s

by this command.

Make this setting according to the screen size. The start of the display list must be set (the initial

value is undefin

ed).

The set values are screen coordinates. This setting is valid when CLIP = 0.
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Example

(0, 0) >

(XMAX, YMAX)

Work coordinates
Rendering coordinates

Rev. 1.0, 05/00, page 123 of 233
HITACHI



4418 CLRW

Command Format

1. Code
B'10100

15 0
|«<—~CODE-—>i«——DRAW MODE——>|

| Sign extension »sign€————— XMIN +——>]

|<—§—Sign extension-—ision €«—+———YMIN -—-—-—>|

|<-Sign extension-»isignéef—f—f—f—XMAX-f—f—f—»l

|<—§—Sign extension{—)@signk—f—f—f—YMAX{—f—f—ﬂ

2. Rendering Attributes

Reference Data

Drawing Destination

Multi-Valued
Source Binary Source | Binary Work |Specified Color| Rendering Work
X X X X X O
Drawing Modes
Reserved
Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at
0 0 0 0 0 0 0 0 0 0 0

O: Can be used

x . Cannot be used

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

Description

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

(0,0

»,
>

(XMIN, YMIN)

(XMAX, YMAX)

Work coordinates

HITACHI
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4419 JUMP

Command Format

15 0
[<+ CODE +>i<+—— DRAW MODE, ——>]

[ 7 | T | i«<-JUMPADDRESSH >
[[{ | i<~ JUMP ADDRESS L ——>|

|:| : Fixed at 0

1. Code
B'11000

2. Rendering Attributes

Reference Data

Drawing Destination

Multi-Valued
Source Binary Source | Binary Work |Specified Color| Rendering Work
X X X X X X
Drawing Modes
Reserved
Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at
0 0 0 0 0 0 0 0 0 0 0

x : Cannot be used

3. Command Parameters
JUMP ADDRESS H: Jump destination upper address
JUMP ADDRESS L: Jump destination lower address

Description

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

Display list area

Register setting Drawing starts

command

Drawing command
JUMP command

» Drawing command

Drawing command
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4.4.20

GOSUB

Command Format

1. Code
B'11001

15

0

[<+ CODE +><——— DRAW MODE ——>|

[T T T T < SUBROUTINE ADDRESS H~>]

[T T <+ SUBROUTINE ADDRESSL +—>

2. Rendering Attributes

Reference Data

Drawing Destination

Multi-Valued
Source Binary Source | Binary Work | Specified Color| Rendering Work
X X X X X X
Drawing Modes
Reserved
Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at
0 0 0 0 0 0 0 0 0 0

x : Cannot be used

3. Command Parameters
SUBROUTINE ADDRESS H: Subroutine upper address
SUBROUTINE ADDRESS L: Subroutine lower address

Description

Changes the display list fetch destination to the specified subroutine address. The fetch address
restored by an RET instruction. As only one level of nesting is permitted, it will not be possible to

return if a subroutine call is issued within the subroutine.
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Example

Display list area

Register setting
command

Drawing command
GOSUB command

\

Drawing command

Drawing command

Drawing command
RET command

HITACHI

Drawing starts

Subroutine
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4421 RET

Command Format

15

0

[« CODE +>i<5—— DRAW MODE ——>]

1. Code
B'11011
2. Rendering Attributes
Reference Data Drawing Destination
Multi-Valued
Source Binary Source | Binary Work | Specified Color Rendering Work
X X X X X X
Drawing Modes
Reserved
Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at
0 0 0 0 0 0 0 0 0 0 0

x . Cannot be used

Description

Restores the display list fetch destination to the address following the source of the subroutine
call.
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4422 TRAP

Command Format

1. Code
B'11111

15

0

[« CODE >i<5—— DRAW MODE ——>]

2. Rendering Attributes

Reference Data

Drawing Destination

Multi-Valued
Source Binary Source | Binary Work | Specified Color| Rendering Work
X X X X X X
Drawing Modes
Reserved
Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at
0 0 0 0 0 0 0 0 0 0 0

x . Cannot be used

Description

Halts the drawing operation and sends an interrupt to the CPU.

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

HITACHI
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Example

Display list area

Register setting
command

Drawing
command

Drawing
command

Drawing
command

Interrupt
command
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TRA interrupt generated
//r If TRE =1 at this time, an interrupt
is generated externally.

Drawing stops
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4.4.23 NOP3

Command Format

15 0
[« CODE +>i<+—— DRAW MODE ——>]

[ - DUMMY — >
[ - DUMMY >
1. Code
B'11110
2. Rendering Attributes
Reference Data Drawing Destination
Multi-Valued
Source Binary Source | Binary Work | Specified Color| Rendering Work
X X X X X X
Drawing Modes
Reserved
Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at|Fixed at
0 0 0 0 0 0 0 0 0 0 0

x : Cannot be used

Description

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

The NOP3 command can be used instead of a JUMP or GOSUB command.

Rev. 1.0, 05/00, page 133 of 233
HITACHI



Rev. 1.0, 05/00, page 134 of 233
HITACHI



Section 5 Registers

51 Overview

The Q2i has address-mapped registers mapped onto the address space (H'000 to H'2FF). Thes
registers are divided into eight groups—interface control registers, memory control registers (tw
sets), display control registers, rendering control registers (two sets), input data control registers
and color palette registers. Word access is used on all of these registers. The address specifica
is made by inputting the address from pins A10 to A1 whil&C8iepin is in the O state.

Addresses A10—-Al = H'028—-H'03F and H'04C-H'OFF are reserved, and should not be read or
written to. Reading or writing to these addresses may result in the loss of address-mapped regis
values, and unpredictable operation by the Q2i.

To enable the Q2i to manage UGM access rights, initial values must be set in the address-mapj
registers by the SuperH before it accesses the UGM. If the UGM is accessed without setting the
initial values, the Q2i may output a continuous wait signal to the SuperH. The setting procedure
shown in 1 to 3 below.

1. Set initial values in the system control register. Set SRES = 0, DRES = 1, DEN = 0.
2. Setinitial values in registers 002—-025.
3. Set SRES =0, DRES =0.
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5.2 Register Updating

External Updating: Writing to an address-mapped register from the CPU is called external
updating.

If external updating is performed in the interval from the raster following the end of screen display
until immediately before the rise #SYNC, a register can be rewritten without causing display
flicker.

As the VBK flag and FRM flag in the status register (SR) are set to 1 at the start of vertical
blanking, external updating can be carried out using these flags.

Figures 5-1 (a) and (b) show the external update interval.

O
<
HSYNC | g)
I:I VBK and FRM flags
both setto 1
Display area
External update interval I:

Figure 5-1 (a) External Update Interval (Interlace Mode)
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O
<
HSYNC |2
A ] VBK and FRM flags
I:I both setto 1
°
O Only VBK flag
has I:I setto 1
e}
o
Display area
External update interval I:
\A
X
=}
gz
c
(]
>
m
Display area
External update interval I:
\4

Figure 5-1 (b) External Update Interval (Interlace Mode and Interlace Sync & Video
Mode)

Internal Updating: Some address-mapped registers have an internal update function. The interr
update function is provided to prevent display flicker when the CPU modifies address-mapped
registers relating to display operations without being aware of the display timing.

The display controller references address-mapped registers in coordination with display timing,
and latches data in an internal register. This data transfer is called internal updating. Internal
updating is carried out while the DRES bit is set to 1 in the system control register (SYSR) and «
the beginning of each frame. The update is performed on setting of theV¥&IkdfC when

TVML1 = 0 and TVMO = 0 in the display mode register (DSMR) (master mode), and on detection
of the fall of EXVSYNC when TVM1 =1 and TVMO = 0 (TV mode). Internal updating is not
performed when TVM1 = 0 and TVMO = 1.

The address-mapped registers provided with the internal update function are shown in tables 5-
(a) to (c). The initial values of these registers should be set while the DRES bit is set to 1. Intern
updating is performed for display start address register O and display start address register 1 in
display operations. In drawing operations, external updating is used.
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Table 5-1

Registers with Internal Update Function

(@) 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 DSMD WRAP (bit 11)
BG (bit 10)

(b) Memory Control Registers

Address Bits with Internal

A[10:1] Name Abbreviation Update Function

008 Display size register X DSXR All bits

009 Display size register Y DSYR All bits

00A Display start address register 0 DSARO All bits

00B Display start address register 1 DSAR1 All bits

026 Background start coordinate register X BGSRX All bits

027 Background start coordinate register Y BGSRY All bits

(c) Display Control Registers

Address Bits with Internal

A[10:1] Name Abbreviation Update Function

013 Display window register DSWR (HDS) All bits
(horizontal display start position)

014 Display window register DSWR (HDE) All bits
(horizontal display end position)

015 Display window register DSWR (VDS) All bits
(vertical display start position)

016 Display window register DSWR (VDE) All bits
(vertical display end position)

017 Horizontal sync pulse width register HSWR All bits

018 Horizontal scan cycle register HCR All bits

019 Vertical sync position register VSPR All bits

01A Vertical scan cycle register VCR All bits

01D Color detection register H CDERH All bits

01E Color detection register L CDERL All bits
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5.3 Interface Control Registers

The interface control registers comprise eight 16-bit registers related to overall Q2i control,
mapped onto addresses (A10-A1) H'000 to H'007.

5.3.1 System Control Register (SYSR)

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

|SRES|DRES|DEN| — | — |RBRK| DC | RS |DBM1|DBMO|DMA1|DMAO| — | — | — | — |
Initial value: 1 1 o — — 0 0 0 * * 0 o - - — —
Read/Write: R/W R'W RIW — — R/W R/W R/W RW RIW RIW RW — — — —

Note: * Value is retained.

The system control register (SYSR) is a 16-bit readable/writable register that specifies Q2i syste
operation.

SYSR is initialized as follows in a reset:

* Bits SRES and DRES are set to 1.
« Bits DEN, RBRK, RS, DMA1, and DMAO are cleared to 0.
* Bits DBM1, DBMO, and CCM3 to CCMO retain their values.

Bit 15—Software 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 input 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.

Rev. 1.0, 05/00, page 139 of 233
HITACHI



Bit 14—Display Reset (DRES)

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

Bit 14: Bit 13:
DRES 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 Q2i from the initial state, make all control register
settings before clearing the DRES bit to 0. When the DEN bit is 0,
display data from pins DD17 to DDO has the value set in display off
output registers H and L (DRORH, L).

1 Display operation is started.
The DRES bit cannot be cleared to 0 while the RESET pin is low.
When using the Q2i 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 from pins DD17 to DDO has the value stored in the UGM from the
next frame.

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

The Q2i only performs UGM refresh operations. With these settings,
the Q2i operates as follows:

1. Drawing is not performed even if the RS bitis setto 1 in SYSR.
2. Display data from pins DD17 to DDO is all-0 output.

3. The VBK flag is cleared to 0 in SR.
4

. Waits are output continuously when a UGM access is performed by
the CPU.

When switching from DRES, DEN = 01 to DRES, DEN = 10, DRES,
DEN = 11 is set temporarily for reasons relating to internal updating;
this does not affect operation.

1 Setting prohibited

Bits 12 and 11—ReservedOnly 0 should be written to these bits.
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Bit 10—Rendering Break (RBRK): Controls rendering (drawing) breaks. This bit should only be
set when the BRK bit is cleared to 0.

Bit 10:

RBRK Description

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

1 The BRK bit in the status register (SR) is set to 1 when the currently executing

command ends, and drawing is terminated. After suspension, the start address of the
next command is placed in the command status register (CSTR).

This bit is cleared to 0 after a drawing break.

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 only when itis 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. Therefore, DC should not be
cleared to 0 by the SuperH.

Bit 8—Rendering Start (RS): Specifies the 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 starting rendering, have a UGM dummy read performed by the CPU, clear the
internal FIFO, and then set this bit to 1. The internal FIFO is cleared automatically 64
CLKO cycles later, after which drawing can be performed by setting this bit to 1.
When drawing is performed after being suspended using the RBRK bit, check that
the RS bit is cleared to 0 by the SuperH and ensure that the state in which the Q2i
performs drawing is entered.
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Bits 7 and 6—Double-Buffer Mode 1 and 0 (DBM1, DBMO)These bits select double-buffer

control.

Bit 7: Bit 6:

DBM1 DBMO Description

0 0 Auto display change mode is set.
1 Auto rendering mode is set.

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

Bits 5 and 4—DMA Mode (DMA1, DMAQ): These bits specify DMA transfer. Use the DMA
flag (DMF) in SR to check for the start and end of DMA mode.

Bit 5: Bit 4:

DMA1 DMAO Description

0 0 Normal mode is set. (Initial value)

1 The mode for DMA transfer to memory (UGM) corresponding to CSO 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.
UGM access by the CPU is disabled in this mode.

1 0 Setting prohibited

The mode for DMA transfer to the register [image data entry register
(IDER)] corresponding to CST 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.

UGM access by the CPU is disabled in this mode.

Bits 3 to 0—ReservedOnly 0 should be written to these bits.
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5.3.2 Status Register (SR)

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

|TVR|FRM|DMF|CER|VBK|TRA|CSF|DBF|BRK| — | — | — | Q3 | Q2 | Q1 | Qo0 |
Initial value: 0 0 0 0 0 0 0 * O — — — 0 0 1 1
Read/Write: 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 Q2i
from outside.

SR is initialized as follows in a reset:

« Flag DBF retains its values.
e The Q flags are set to 0011.
» All other flags are cleared to 0.

Bit 15—TV Sync Signal Error Flag (TVR): Flag that indicates th&XVSYNC has been
detected within the vertical cycle.

Bit 15:

TVR Description

0 The rise of EXVSYNC 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 EXVSYNC 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 (frame units).
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Bit 13—DMA Flag (DMF): 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.

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 bitin SYSR or the CECL bit in SRCR. (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
(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 by 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 frame buffer being displayed.

Bit 8:

DBF Description

0 Frame buffer 0 (FO) is being displayed.
1 Frame buffer 1 (F1) is being displayed.

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.

Bits 6 to 4—ReservedThese bits always read 0.

Bits 3 to 0—Q Flags (Q3 to Q0)Flags used for Q Series product identification. In the Q2i, 0011
is read from these flags.

Bit 3: Bit 2: Bit 1: Bit 0:

Q3 Q2 Q1 Qo0 Description

0 0 1 0 HD64411F (Q2)
0 0 1 1 HD64412F (Q2i)
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5.3.3 Status Register Clear Register (SRCR)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|TVCL|FRCL|DMCL|CECL|VBCL|TRCL|CSCL| — |BRCL| — | — | — | — | — | — | — |

Initial value:  * * * * * * .U

Read/Write: W W W W W W W — W — — — — — — —

Note: * Value is retained.

The status register clear register (SRCR) is a 16-bit write-only register that clears the
corresponding flags in SR. Writing 1 to one of bits 15 to 9 or 7 in SRCR will clear the
corresponding flag in SR to 0. When SR clearing is completed, the value of SRCR is cleared to
all-0 internally (a read will return 0).

Bit Bit Name Abbreviation Description

15 TV sync signal error flag clear  TVCL Writing 1 to the TVCL bit clears the
TVR 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 flagto 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 clear CSCL Writing 1 to the CSCL bit clears the
CSF flagto 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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5.3.4 Interrupt Enable Register (IER)

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|TVE|FRE|DME|CEE|VBE|TRE|CSE| — |BRE| — | — | — | — | — | — | — |

Initial value: 0 0 0 0 0 0 o — 0 - - - - - — —

Read/Write: R/W R/W R/W RIW R'W RWW RIW — RW — — — — — — —

The interrupt enable register (IER) is a 16-bit readable/writable register that enables or disables
interrupts by the corresponding flags in SR. When a bit in SR is set to 1 and the bit at the
corresponding bit position in IER is alsoIRL is driven low and an interrupt request is sent to the

CPU.

The interrupt generation condition is as follows.

Interrupt generation conditionRRL = a+b+c+d+e+f+g

a=TVR - TVE
b =FRM - FRE
¢ = DMF - DME
d = CER - CEE
e = VBK - VBE
f=TRA - TRE
g=CSF - CSE
h = BRK - BRE

Bit 15—TV Sync Signal Error Flag Enable (TVE): Enables or disables interrupts initiated by
the TVR flag in 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 TVR-TVE = 1, an IRL

interrupt request is sent to the CPU.

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-FRE = 1, an IRL

interrupt request is sent to the CPU.
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Bit 13—DMA Flag Enable (DME): Enables or disables interrupts 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 DMF-DME = 1, an IRL

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 flag in SR.

Bit 11:

VBE Description

0 Interrupts initiated by the VBK flag in SR are disabled. (Initial value)
1 Interrupts initiated by the VBK flag in SR are enabled. When VBK-VBE = 1, an IRL

interrupt request is sent to the CPU.

Bit 10—Trap Flag Enable (TRE): Enables or disables interrupts initiated 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 TRA-TRE =1, an IRL

interrupt request is sent to the CPU.
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Bit 9—Command Suspend Flag Enable (CSEEnables or disables interrupts initiated by the
CSF flag in 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-CSE = 1, an IRL

interrupt request is sent to the CPU.

Bit 7—Drawing Break Flag Enable (BRE)

Bit 7:

BRE Description

0 Interrupts by the BRK flag in SR are disabled. (Initial value)
1 Interrupts 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—ReservedOnly 0 should be written to these bits.

5.3.5 Memory Mode Register (MEMR)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(=== == | =] — | — pesdvesimesqueades] — | — |

Initial value: — — — — — — - — — % * * * = —

Read/Write: — — — — — — — — — RWRWRWRWRW — —

Note: * Value is retained.

The memory mode register (MEMR) is a 16-bit readable/writable register that specifies the size
UGM used and the number of row address lines.

If the value of this register is modified during a memory access, operation will be temporarily
unstable.

MEMR bits MES2 to MESO, MEA1, and MEAQO retain their values in a reset.

Bits 15 to 7—ReservedOnly 0 should be written to these bits.
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Bits 6 to 4—Memory Size (MES2 to MESOQ)These bits select the size and quantity of memories
used for the UGM.

Bit 6: Bit 5: Bit 4:
MES2 MES1 MESO Description
0 0 0 Memory size: 4 Mbits x 1

1 Memory size: 4 Mbits x 2
1 0 Memory size: 16 Mbits x 1
1 Memory size: 16 Mbits x 2

*

1 * Setting prohibited

*. Don't care

Bits 3 and 2—Memory Address Mode (MEA1, MEAO):These bits select the number of row
address lines for the memory used for the UGM.

Bit 3: Bit 2:

MEA1 MEAO Description

0 0 9 row address lines
1 10 row address lines

1 0 11 row address lines
1 12 row address lines

Bits 1 and 0—ReservedOnly 0 should be written to these bits.

5.3.6 Display Mode Register (DSMR)

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

| — | — | — | — |WRAP| BG | — |DOT|TVM1|TVMO|SCM1|SCMO|REF3|REF2|REF1|REFO|
Initial value; — — — — 0 0 — * 1 0 * * 1 0 0 0
Read/Write;: — — — — R/W R/W — R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: * Value is retained.

The display mode register (DSMR) is a 16-bit readable/writable register that specifies the Q2i
display operation.

If the value of this register is modified during a display operation, operation will be temporarily
unstable.

DSMR is initialized as follows in a reset:
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Bits WRAP and BG are initialized to 0, bits TVM1 and TVMO to 10, and bits REF3 to REFO to
1000.

The DOT, SCM1, and SCMO bhits retain their values.
Bits 15 to 12—ReservedOnly 0 should be written to these bits.

Bit 11—Background Screen Wraparound Mode 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 the background start address register (BGSR).

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.

Bit 9—Reserved:Only 0 should be written to this bit.

Bit 8—Dot Clock Mode (DOT): Specifies settings for the dot clock, the basic clock for the Q2i's
display block.

Bit 8:

DOT Description

0 The clock input from the CLK1 pin is used as the display dot clock.
The frequency of the clock output from the DCLK pin is the same as that of CLK1.
The frequency of the clock output from the FCLK pin is 1/2 that of CLK1.

1 A clock with 1/2 the frequency of the clock input from the CLK1 pin is used as the

display dot clock.
The frequency of the clock output from the DCLK pin is 1/2 that of CLK1.
The frequency of the clock output from the FCLK pin is 1/4 that of CLK1.
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Figure 5-2 shows the display clock timing.

CLK1

Display dot clock
(internal signal)
(when DOT =1)

DCLK
(when DOT =1)

FCLK
(when DOT =1)

Figure 5-2 Display Clock Timing (DOT = 1)

Bits 7 and 6—TV Sync Mode (TVM1, TVMO): These bits specify TV sync mode, in which
synchronous operation is performed by meari$S3fNC andVSYNC input from an external
source, or master mode, in whiHSYNC andVSYNC are output.

Bit 7: Bit 6:
TVM1 TVMO Description
0 0 Master mode is set. The Q2i outputs HSYNC, VSYNC, and ODDF
signals.
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 HSYNC, VSYNC, and ODDF pins are inputs.
1 0 TV sync mode is set. HSYNC, VSYNC, and ODDF signals are input to
the Q2i. (Initial value)
1 Setting prohibited
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Bits 5 and 4—Scan Mode (SCM1, SCMO)These bits specify the display output scan mode and
the unit of display switching.

Bit 5: Bit 4:

SCM1 SCMO Description

0 0 Non-interlace mode: Frame buffer switching can be performed in 1-VC
units.
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 REFO)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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5.3.7 Rendering Mode Register (REMR)

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

==l =]l ]= ] ] = —]—]—]—]—ceM
Initial value: — — — — — @ — @ — — —  *x %
Read/Write: — — — — — — - - — RW — - — — — RW

Note: * Value is retained.

The rendering mode register (REMR) is a 16-bit readable/writable register that specifies Q2i
rendering operations.

If the value of this register is modified during a drawing operation, operation will be temporarily
unstable.

REMR bits MWX and GBM retain their values in a reset.
Bits 15 to 7—ReservedOnly 0 should be written to these bits.

Bit 6—Memory Width (MWX): Specifies the X-direction logical coordinate space of the UGM
connected to the Q2i.

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 1—ReservedOnly 0 should be written to these bits.

Bit 0—Graphic Bit Mode (GBM): Specifies the bit configuration of the rendering data handled
by the Q2i.

Bit O:

GBM Description

0 Rendering data bit configuration is 8 bits/pixel.
1 Rendering data bit configuration is 16 bits/pixel.

Figure 5-3 shows the correspondence between memory physical addresses (bytes) and renderin

and multi-valued source coordinates. The X upper coordinate and X lower coordinate signify the
values when the memory map example X value is divided into the respective bus widths.
Similarly, the Y upper coordinate and Y lower coordinate are values obtained by dividing the Y
value.
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GBM = 0 (8 bits/pixel), MWX = 0 (512 pixels)

A22|A21|A20(A19|A18(A17|AL16(A15|A14|A13|A12|A11|A10| A9 | AB | A7 | A6 | A5 | A4 | A3 | A2 | Al | AO

Y upper coordinate X upper coordinate | Y lower coordinate X lower coordinate

GBM = 0 (8 bits/pixel), MWX = 1 (1024 pixels)

A22|A21(A20|A19(A18|A17|A16|A15|A14|A13|A12|A11(A10| A9 | AB | A7 | A6 | A5 | A4 | A3 | A2 | Al | AO

Y upper coordinate X upper coordinate | Y lower coordinate X lower coordinate

GBM =1 (16 bits/pixel), MWX = 0 (512 pixels)

A22|A21|A20(A19|A18(A17|A16(A15|A14|A13|A12|A11|A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | Al | AO

Y upper coordinate X upper coordinate | Y lower coordinate | X lower coordinate | O

GBM =1 (16 bits/pixel), MWX = 1 (1024 pixels)

A22|A21|A20(A19|A18(A17|AL16(A15|A14|A13|A12|A11|A10| A9 | AB | A7 | A6 | A5 | A4 | A3 | A2 | Al | AO

Y upper coordinate X upper coordinate Y lower coordinate | X lower coordinate | O

Upper line: Memory physical addresses (bytes) A22 to A1, AO

Lower line: Logical coordinates (X, Y)

AO is an LSl internal signal, indicating the LSB of the byte address.
When GBM = 0, the X lower coordinate value must be an even number.

Figure 5-3 Correspondence between Memory Physical Addresses (Bytes) and Rendering
Coordinates and Multi-Valued Source Coordinates
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5.3.8 Input Data Conversion Mode Register (IEMR)

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

|_|_|_|_|_|_ —|—|—|YUV1|YUVO|
Initial value; — — — — — — - — * *
Read/Writ¢: — — — — — — — _— _— _— _— _— _— _— RWRMW

Note: * Value is retained.

The input data conversion mode register (IEMR) is a 16-bit readable/writable register that
specifies the conversion format for input data from the CPU.

If the value of this register is modified during data conversion, operation will be temporarily
unstable.

IEMR bits YUV1 and YUVO retain their values in a reset.
Bits 15 to 2—ReservedOnly 0 should be written to these bits.

Bits 1 and 0—YUV Mode (YUV1, YUVO0): These bits specify conversion to RGB format, and
storage in the UGM, of data input in YUV AYUV format.

Bit 1: Bit O:
YUV1 YUVO Description
0 0 Normal mode is set. Data conversion is not performed.
1 YUV-RGB conversion is performed. When the total number of data

conversion pixels reaches 0, this bit is automatically cleared and
normal mode is entered. The total number of data conversion pixels is
the product of the image data size register X and Y (IDSRX, IDSRY)
set values. The total number of data conversion pixels is decremented
by 1 in the LSI each time a pixel is processed.

UGM access by the CPU is disabled in this mode.

1 0 AYUV-RGB conversion is performed. When the total number of data
conversion pixels reaches 0, this bit is automatically cleared and
normal mode is entered. The total number of data conversion pixels is
the product of the image data size register X and Y (IDSRX, IDSRY)
set values. The total number of data conversion pixels is decremented
by 1 in the LSI each time a pixel is processed.

UGM access by the CPU is disabled in this mode.
1 Setting prohibited
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54 Memory Control Registers

The memory control registers comprise eleven 16-bit registers related to the UGM (unified
graphics memory) configuration, mapped onto addresses (A10-A1) H'008 to H'012.

5.4.1 Display Size Registers X and Y (DSRX, DSRY)

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

DSRX| — | — | — | — | — | — |DSX|DSX|DSX|DSX|DSX|DSX|DSX|DSX|DSX|DSX|
Initial value; — — — — — — * * * * * * * * * *
Read/Write;: — — — — — — R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

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

DSRY| — | — | — | — | — | — | — |DSY|DSY|DSY|DSY|DSY|DSY|DSY|DSY|DSY|
Initial value;: — — — — — — — * X Xk &k kxx
Read/Write: — — — — — — — R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: * Value is retained.

Display size registers X and Y (DSRX, DSRY) are 16-bit readable/writable registers that specify
the size of the display screen. The number of dots in the horizontal direction is set in DSRX, anc
the number of dots in the vertical direction in DSRY.

The set value of the DSX bits (H'0000 to H'03FF) corresponds to the number of horizontal dots,
from 1 to 1024.

The set value of the DSY bits (H'0000 to H'O1FF) corresponds to the number of vertical dots, frc
1to 512.

Bits 15 to 10 of DSRX and bits 15 to 9 of DSRY are reserved. Only 0 should be written to these
bits (a read will return an undefined value).

The DSX bits in DSRX and the DSY bits in DSRY retain their values in a reset.
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54.2 Display Start Address Registers 0 and 1 (DSARO, DSAR1)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DSARO| — | — | — == — | — | — | — | DSAO (address A22—-A16 setting)
Initial value; — — — — — — - — — % * * * * * *

Read/Write: — — — — — — — — — R/WR/W R/W R/W R/W R/W R/W
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DSAR1|—|—|—

| DSA1 (address A22—A16 setting)

Initial value; — — —
Read/Write: — — —

Note: * Value is retained.

Display address registers 0 and 1 (DSARO, DSARL1) are 16-bit readable/writable registers that

* * * * * * *

R/W R/W R/W R/W R/W R/W R/W

specify the memory areas to be used as UGM frame buffers.

Only the upper 6 bits (A22 to A16) of the start physical address of frame buffer 0 (FO) are set in
the DSAQO field in DSARO, and only the upper 6 bits (A22 to A16) of the start physical address of
frame buffer 1 (F1) are set in the DSAL1 field in DSARL.

The display start address register whose contents are actually valid as the display start address |
the register indicated by bit DBF in SR. The display start address register whose contents are no
valid as the display start address indicates the rendering coordinate origin. When these registers
are modified, the new set value becomes valid when an internal update is performed in the case |
the display start address register whose contents are valid as the display start address, and whe
external update (rewrite) is performed in the case of the display start address register that indicat
the rendering coordinate origin.

Bits 15 to 7 of DSARO and DSARZ1 are reserved. Only 0 should be written to these bits (a read
will return an undefined value).

The DSAO field in DSARO and the DSAL1 field in DSARL1 retain their values in a reset.
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5.4.3 Display List Start Address Registers H and L (DLSARH, DLSARL)

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

DLSARH| — | — | — | — | — | — | — | — | — | DLSAH (address A22—A16 setting)
Initial value: — — — — @ — @ — @ — — — % * * * * * *
Read/Write;: — — — — — — — — — R/W R/W R/W R/W R/W R/W R/W

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DLSARL DLSAL (address A15-A5 setting) | — | — | — | — | — |

Initial value:  * * * * * * * * * * - - = = —

Read/Write: R/W R/W R/W R/W R/W R/W R/W RIW RIW RIW RW — — — — —

Note: * Value is retained.

Display list start address registers H and L (DLSARH, DLSARL) are 16-bit readable/writable
registers that specify the memory area to be used as the display list.

The DLSAH field in DLSARH and the DLSAL field in DLSARL contain a total of 18 bits, and
only the upper bits (A22 to A5) of the start physical address of the display list are set in these
fields.

Bits 15 to 7 of DLSARH and bits 4 to 0 of DLSARL are reserved. Only 0 should be written to
these bits (a read will return an undefined value).

The DLSAH field in DLSARH and the DLSAL field in DLSARL retain their values in a reset.

5.4.4 Multi-Valued Source Area Start Address Register (SSAR)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| — | — | — | — | — | — | — | — | — | SSAH(addressA22—A17setting)| — |
* * * *

Initial value;, — — — — — - - — — % * _
Read/Write;: — — — — — — — — — R/W R/W R/W R/W RW RW —

Note: * Value is retained.

The multi-valued source area start address register (SSAR) is a 16-bit readable/writable registel
that specifies the memory area to be used as the multi-valued source area. Only the upper bits
(A22 to A17) of the start physical address of the source area are set in the SSAH field.

Bits 15 to 7 and 0 of SSAR are reserved. Only 0 should be written to these bits (a read will retur
an undefined value).
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The SSAH field in SSAR retains its value in a reset.

5.4.5 Work Area Start Address Register (WSAR)

Bit: 15

13

12

11

10 9 8 7 6 5 4 3 2 1 0

— | — | — | — | wsaH (address A22-A16 setting)

Initial value: —
Read/Write: —

Note: * Value is retained.

* * * * * * *

— — — — RWR/W R/W R/W R/W R/W R/IW

The work area start address register (WSAR) is a 16-bit readable/writable register that specifies
the memory area to be used as a work area. Only the upper bits (A22 to A16) of the start physica
address of the work area are set in the WSAH field.

The work area varies depending on the installed memory and the screen size. Some sample
calculations are shown below (the work area is the same for 16-bit/pixel and 8-bit/pixel modes).

1. Work coordinate system memory capacity for 32210 screen size

512 pixelsx 256 lines = 131,072 bits: 131,072 bits/8 bits/1024 = 16 kB
2. Work coordinate system memory capacity for 8410 screen size

1024 pixelsx 256 lines = 262,144 bits: 262,144 bits/8 bits/1024 = 32 kB
3. Work coordinate system memory capacity for 8480 screen size

1024 pixelsx 512 lines = 524,288 bits: 524,288 bits/8 bits/1024 = 64 kB

Bits 15 to 7 of WSAR are reserved. Only 0 should be written to these bits (a read will return an

undefined value).

The WSAH field in WSAR retains its value in a reset.
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5.4.6 DMA Transfer Start Address Registers H and L (DMASRH, DMASRL)

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

DMASRH | — | — | — | — | — | — | — | — | — | DMASH (address A22—A16 setting) |
Initial value: — — — — — — — — — 0 0 0 0 0 0 0
Read/Write: — — — — — — — — — R/W R/W R/W R/W R/W R/W R/W

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DMASRL DMASL (address A15-A1 setting) | — |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0o —

Read/Write: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW RIW —

DMA transfer start address registers H and L (DMASRH, DMASRL) are 16-bit readable/writable
registers that specify the start address of the transfer destination UGM in a DMA transfer.

The upper bits (A22 to A16) of the start address are set in the DMASH field in DMASRH, and th
lower bits (A15 to Al) in the DMASL field in DMASRL.

If the value of these registers is modified during a series of DMA operations from the time bits
DMA1 and DMAO in SYSR are set to 10 by the CPU until they are cleared automatically by the
Q2i, operation will be unstable.

When bits DMA1 and DMAO are set to 11, the value in these registers is not referenced. Transfe
data passes via the image data entry register (IDER), is converted, and stored sequentially start
at the data transfer start address indicated by the image data transfer start address register (IS/

The address (A22 to Al) indicated by the DMASH and DMASL fields is a word address.

Bits 15 to 7 of DMASRH and bit 0 of DMASRL are reserved. Only 0 should be written to these
bits (a read will return an undefined value).

The values of the DMASH field in DMASRH and the DMASL field in DMASRL are initialized
to all-0 by a reset.
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54.7 DMA Transfer Word Count Register (DMAWR)

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

Initialvalue: 0 0 O ©0 O O O 0 0 O O o0 o o0 o0 o
Read/Write: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/IW

The DMA transfer word count register (DMAWR) is a 16-bit readable/writable register that
specifies the number of words (1 word = 16 bits) to be transferred in DMA transfer.

If the value of this register is modified during a series of DMA operations from the time bits
DMA1 and DMAO in SYSR are set to 10 or 11 by the CPU until they are cleared automatically by
the Q2i, operation will be unstable.

When bits DMA1 and DMAO are set to 11, ensure that the total number of pixels in the data set ir
IDSRX and IDSRY is the same as the total number of pixels corresponding to the transfer word
count set in this register. If these values are not the same, DMA transfer will end at the smaller o
the two values, with bits DMA1 and DMAO, and bits YUV1 and YUVO, being cleared to 00.

The value of the DMAW bits in DMAWR is initialized to all-0 by a reset.
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5.5 Display Control Registers

The display control registers comprise twelve 16-bit registers for setting the display timing,
mapped onto addresses (A10-A1) H'013 to H'O1E.

5.5.1 Display Window Registers (DSWR (HDS/HDE/VDS/VDE))

Bitt 15 14 13 12 11 10 9 8 I 6 5 4 3 2 1 0

DSWR (HDS) | — | — | — | — | — | — | — |HDS|HDS|HDS|HDS|HDS|HDS|HDS|HDS|HDS|
Initial value: — — — — — — — % * * * * * * * *
Read/Write: — — — — — — — R/W R/W R/W R/W R/W R/W R/W R/W R/W

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

DSWR (HDE) | — | — | — | — | — | — |HDE|HDE|HDE|HDE|HDE|HDE|HDE|HDE|HDE|HDE|
Initial value: — — — — — — * £ % x & & x x &«
Read/Write: — — — — — — RMW R/W RW RW RW RW RW RW R/W R/W

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

DSWR (VDS) | — | — | — | — | — | — | — |VDS|VDS|VDS|VDS|VDS|VDS|VDS|VDS|VDS|
Initial value: — — — — — — — * * * * * * * * *
Read/Write: — — — — — — — R/W R/W R/W R/W R/W R/W R/W R/W R/W

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

DSWR (VDE) | — | — | — | — | — | — |VDE|VDE|VDE|VDE|VDE|VDE|VDE|VDE|VDE|VDE|
Initial value: — — — — — — * * x x & & & x &«
Read/Write: — — — — — — RMW R/W RW RW RW RW RW RW R/W R/W

Note: * Value is retained.

The display window registers (DSWR (HDS/HDE/VDS/VDE)) are 16-bit readable/writable
registers that specify the horizontal and vertical output timing for the display screen.

1. Horizontal Display Start Position (HDS Bits): Field that specifies the horizontal display start
position in dot-clock units.

2. Horizontal Display End Position (HDE Bits): Field that specifies the horizontal display end
position in dot-clock units.

3. Vertical Display Start Position (VDS Bits): Field that specifies the vertical display start
position in raster line units.
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4. Vertical Display End Position (VDE Bits): Field that specifies the vertical display end position
in raster line units.

Bits 15 to 9 of DSWR (HDS) and DSWR (VDS) and bits 15 to 10 of DSWR (HDE) and DSWR
(VDE) are reserved. Only 0 should be written to these bits (a read will return an undefined value)

DSWR (HDS/HDE/VDS/VDE) bits HDS, HDE, VDS, and VDE retain their values in a reset.

5.5.2 Horizontal Sync Pulse Width Register (HSWR)

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

Initial value: — — — — @ — @ — @ — = — % * * * * * *
Read/Write: — — — — — — — — — R/W 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 15 to 17 of HSWR are reserved. Only 0 should be written to these bits (a read will return an
undefined value).

The HSW bits in HSWR retain their values in a reset.

5.5.3 Horizontal Scan Cycle Register (HCR)

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| — | —| =[] = |Hc[He |He|He|He | He | He | He | He | He | He |

Initial value: — — — — — * x kxR Rk x k
Read/Write: — — — — — R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W 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 tha8¥eNC cycle specified by this register is

the same as or greater than B¥HSYNC cycle.

Bits 15 to 11 of HCR are reserved. Only 0 should be written to these bits (a read will return an
undefined value).
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The HC bits in HCR retain their values in a reset.

5.5.4 Vertical Sync Position Register (VSPR)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
| — | — | — | — | — | — |VSP|VSP|VSP|VSP|VSP|VSP|VSP|VSP|VSP|VSP|

* * * *

Initial value;: — — — — — — * * * * * *
Read/Write: — — — — — — R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: * Value is retained.

The vertical sync 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), this register setting must be made so thatSWa&C fall setting position

specified by this register is the same as or later than the ZX'68§YNC.

Bits 15 to 10 of VSPR are reserved. Only 0 should be written to these bits (a read will return an
undefined value).

The VSP bits in VSPR retain their values in a reset.
555 Vertical Scan Cycle Register (VCR)
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

| —|—|—|—=|—=|—=]ve|ve|vc|vc|vc|vc|vc|vec|ve|vc|

* * * * * * * *

Initial value;, — — — — — — * *
Read/Write; — — — — — — R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: * Value is retained.

The vertical scan cycle register (VCR) is a 16-bit readable/writable register that specifies the
vertical scan interval, including the vertical retrace line interval, in raster-line units. In TV sync
mode (bits TVM1 and TVMO set to 10 in DSMR), tBEVSYNC rise detection time limit should

be set. If arise is not detected within the time limit, the result is indicated by the TVR flag in SR.

Bits 15 to 10 of VCR are reserved. Only 0 should be written to these bits (a read will return an
undefined value).

The VC bits in VCR retain their values in a reset.
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5.5.6 Display Off Output Registers H and L (DOORH, DOORL)

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

poork: [ — | —] — | — | — | — | — | — |oor|oor| oo bor [ oor | ooR| — | — |
Initial value: — — — — — - - — * * * * * = =
Read/Write — — — — — — — — R/WR/WR/WRWRWRW — —

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

DOORL: |DOG|DOG|DOG|DOG|DOG|DOG| — | — |DOB|DOB|DOB|DOB|DOB|DOB| — | — |
Initial value:  * * * * * * % * * * * *
Read/Write: R/W R/W R/W R/W RIW RIW — — R/W R/W R/W RW RIW RIW — —

Note: * Value is retained.

Display off output registers H and L (DOORH, DOORL) are 16-bit readable/writable registers
that specify the display data to be output when display is off. A 6-bit setting is made for each of
the RGB components, in bits DOR, DOG, and DOB.

Bits 15 to 8, 1, and 0 of DOORH, and bits 9, 8, 1, and 0 of DOORL are reserved. Only 0 should b
written to these bits.

DOORH/L bits DOR, DOG, and DOB retain their values in a reset.
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5.5.7 Color Detection Registers H and L (CDERH, CDERL)

Bit:
CDERH:
Initial value:
Read/Write:

Bit:

CDERL

Initial value:
Read/Write:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
|— — | — | — | — —|—|—|CDR|CDR|CDR|CDR|CDR|CDR|—|—|
o rWRWRWRWRWRW — —
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

: |CDG|CDG|CDG|CDG|CDG|CDG| —

|CDB|CDB|CDB|CDB|CDB|CDB| — | — |

*

*

*

Note: * Value is retained.

Color detection registers H and L (CDERH, CDERL) are 16-bit readable/writable registers. Whe
the display data output from pins DD17 to DDO matches the values set in these registers, 1 is

output from the CDE pin.

Bits 15 to 8, 1, and 0 of CDERH, and bits 9, 8, 1, and 0 of CDERL are reserved. Only 0 should t

written to these bits.

*

*

*

R/W R/W R/W R/IW R/IW R/W

* * * * * *

R/W R/W R/IW RIW RIW RIW — —

CDERHY/L bits CDR, CDG, and CDB retain their values in a reset.
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5.6 Rendering Control Registers

The rendering control registers comprise two 16-bit registers related to rendering control, mappec
onto addresses (A10-A1) H'0O1F to H'020.

5.6.1 Command Status Registers H and L (CSTRH, CSTRL)

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

CSTRH| — | — | — | — | — | — | — | — | — | CSTH (address A22—A16 setting)
Initial value; — — — — — — — — — % * * * * * *
Read/Write; — — — — — — — — — R R R R R R R

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CSTRL CSTL (address A15—-Al setting) | — |
Inltlal Value * * * * * * * * * * * * * * * J—

Read/Write: R R R R R R R R R R R R R R R —

Note: * Value is retained.

Command status registers H and L (CSTRH, CSTRL) are 16-bit read-only registers that store the
address of the command word (op code word) being executed when frame switching is performe

The upper bits (A22 to A16) of the command word address are indicated by the CSTH field, and
the lower bits (A15 to A1) by the CSTL field. The address indicated by the CSTH and CSTL
fields is a word address.

Bits 15 to 7 of CSTRH and bit 0 of CSTRL are reserved. These bits always read 0.

The CSTH field in CSTRH and the CSTL field in CSTRL retain their values in a reset.
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5.7 Input Control Registers

The input 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 a
valid when the setting of bits YUV1 and YUVO in the input data conversion mode register
(IEMR) is 01 or 10.

5.7.1 Image Data Transfer Start Address Registers H and L (ISARH, ISARL)

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

ISARH | — | — | — | — | — | — | — | — | — | ISAH (address A22—-A16 setting) |
Initial valoe: — — — — — — — — — 0 0 0 0 0 0O oO
Read/Write: — — — — — — — — — R/W R/W R/W R/W R/W R/W R/W

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

ISARL ISAL (address A15—-Al setting) | — |
Initalvalue: 0 0 O 0 0 O 0 O O 0 o O o0 o 0o —
Read/Write: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RW —

Note: * Value is retained.

Image data transfer start address registers H and L (ISARH, ISARL) are 16-bit readable/writable
registers that specify the image data transfer destination as a physical address when the setting
bits YUV1 and YUVO0 is 01 or 10. The upper bits (A22 to A16) of the start address are set in the
ISAH field, and the lower bits (A15 to Al) in the ISAL field. The address indicated by the ISAH
and ISAL fields is a word address.

If the value of these registers is modified during a series of data conversion operations from the
time bits YUV1 and YUVO are set to 01 or 10 by the CPU until YUV mode is cleared
automatically by the Q2i, operation will be unstable.

Bits 15 to 7 of ISARH and bit 0 of ISARL are reserved. Only 0 should be written to these bits.

The values of the ISAH field in ISARH and the ISAL field in ISARL are initialized to all-0 by a
reset.
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5.7.2 Image Data Size Registers X and Y (IDSRX, IDSRY)

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

IDSRX | — | — | — | — | — |IDSX|IDSX|IDSX|IDSX|IDSX|IDSX|IDSX|IDSX||DSX|IDSX|IDSX|
Initial value: — — — — — 0 0 O 0 0 0 0 0 0 0O O
Read/Write: — — — — — R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

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

IDSRY | — | — | — | — | — | — ||DSY||DSY||DSY||DSY||DSY||DSY|IDSY|IDSY||DSY||DSY|
Initial valve: — — — — — — 0 0 0 0 0 0 0 0 0 0
Read/Write: — — — — — — R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Image data size registers X and Y (IDSRX, IDSRY) are 16-bit readable/writable registers that
specify the image data X size and Y size in pixel units when the setting of bits YUV1 and YUVO
is 01 or 10. An even number should be set for the X size (IDSXO0 bit = 0).

If the value of these registers is modified during a series of data conversion operations from the
time bits YUV1 and YUVO are set to 01 or 10 by the CPU until YUV mode is cleared
automatically by the Q2i, operation will be unstable.

Bits 15 to 11 of IDSRX and bits 15 to 10 of IDSRY are reserved. Only 0 should be written to
these bits.

The values of the IDSX and IDSY bits in IDSRX/Y are initialized to all-0 by a reset.

5.7.3 Image Data Entry Register (IDER)

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

| IDE| IDE| IDE| IDE| IDE | IDE | IDE| IDE | IDE| IDE| IDE| IDE| IDE | IDE| IDE| IDE|
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Read/Write: W W W W W W W W W W W W W W W W

The image data entry register (IDER) is a 16-bit write-only register that comprises the entry in
which image data is input when the setting of bits YUV1 and YUVO is 01 or 10.

IDER is initialized to H'0000 by a reset.
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5.8 Memory Control Registers 2

Memory control registers 2 comprise two 16-bit registers related to background screen control,
mapped onto addresses (A10-A1) H'026 and H'027.

5.8.1 Background Start Coordinate Registers X and Y (BGSRX, BGSRY)

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

BGSRX | — | — | — | — | — | — |BGSX|BGSX|BGSX|BGSX|BGSX|BGSX|BGSX|BGSX|BGSX|BGSX|
Initial value; — — — — — — * * * * * * * * * *
Read/Write — — — — — — R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

BGSRY | — | — |BGSY|BGSY|BGSY|BGSY|BGSY|BGSY|BGSY|BGSY|BGSY|BGSY|BGSY|BGSY|BGSY|BGSY|
Initial value: — — * * * * * * * * * * * * * *
Read/Write: — — R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: * Value is retained.

Background start coordinate registers X and Y (BGSRX, BGSRY) are 16-bit readable/writable
registers that specify the background screen start coordinates. The settings should be made so
the background screen does not overlap the frame buffers. Bits 15 to 10 in BGSRX and bits 15
14 in BGSRY are reserved. Only 0 should be written to these bits.

The BGSX bits in BGSRX and BGSY bits in BGSRY retain their values in a reset.
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5.9 Rendering Control Registers 2

Rendering control registers 2 comprise twelve 16-bit registers related to rendering control, mappe
onto addresses (A10-A1) H'040 to H'04B

When reading these registers, first set BRCL to 1 in the status clear register (SRCR), then set
RBRK to 1 in the system control register (SYSR), and wait until BRK is set to 1 in the status
register (SR) before performing the read. If this procedure is not followed, an undefined value
will be read.

5.9.1 Current Pointer Registers X and Y (CURRX, CURRY)

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

CURRX| —| —|— |XC|XC|XC|XC|XC|XC|XC|XC|XC|XC|XC|XC|XC|
Initial value;: — — — @ * * * * * * * * * * * * *
Read/Write: — — — R R R R R R R R R R R R R

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

currY | — | — | — [vc|vc|ve|ve|vc|ve|ve|ve|ve|ve|ve|vc|vc]
|n|t|al Value: _ _ _ * * * * * * * * * * * * *
ReadWrte:. — — — R R R R R R R R R R R R R

Note: * Value is retained.

Current pointer registers X and Y (CURRX, CURRY) are 16-bit read-only registers that indicate
the current pointer coordinates.

Bits 15 to 13 of CURRX and CURRY are reserved. These bits always read 0.

The XC bits in CURRX and YC bits in CURRY retain their values in a reset.
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5.9.2 Local Offset Registers X and Y (LCOX, LCQOY)

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

LCOX| — | —| — |XO|XO|XO|XO|XO|XO|XO|XO|XO|XO|XO|XO|XO|
Initial value: — — — * *x x xRk kxR
Read/Wrte: — — — R R R R R R R R R R R R R

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Lcov [— | —] — [vo[vo|vo|vo|vo]vo|vo|vo|vo]vo|vo|vo|vo]
Initial value;, — — — % * * * * * * * * * * * *
Read/Write: — — — R R R R R R R R R R R R R

Note: * Value is retained.

Local offset registers X and Y (LCOX, LCOY) are 16-bit read-only registers that indicate the
offset coordinates.

Bits 15 to 13 of LCOX and LCOY are reserved. These bits always read 0.

The XO bits in LCOX and YO bits in LCOY retain their values in a reset.
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5.9.3 User Clipping Area Registers [UCL (UXMIN/UYMIN/UXMAX/UYMAX)]

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

UCL | — | — | — [UXMIN[UXMIN|UXMIN|UXMINJUXMIN|UXMIN|JUXMIN[UXMIN|UXMINJUXMIN[UXMIN|UXMINJUXMIN
Upper-left X:
Inltlal Value: —_— —_— —_ * * * * * * * * * * * * *
Read/Wrte: — — — R R R R R R R R R R R R R

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

UCL | — | — | — [UYMINJUYMIN|UYMIN[UYMINJUYMIN[UYMINJUYMIN[UYMIN|JUYMIN[UYMIN|UYMIN|UYMINUYMIN
Upper-left Y:
Inltlal Value - - - * * * * * * * * * * * * *
Read/Write: — — — R R R R R R R R R R R R R

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

UCL | — | — | — [UXMAX|UXMAX|UXMAX|UXMAX] UXMAX [UXMAX|UXMAX|UXMAX| UXMAX| UXMAX| UXMAX]| UXMAX] UXMAX
Lower-right X:
Inltlal value — R R * * * * * * * * * * * * *
Read/Write: — — — R R R R R R R R R R R R R

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

UCL | — | — | — |UYMAX|UYMAX|UYMAX]UYMAX|UYMAX|UYMAX|UYMAX|UYMAX| UYMAX|UYMAX [UYMAX]| UYMAX|UYMAX
Lower-right Y:
Inltlal Value - - - * * * * * * * * * * * * *
Read/Wfte: — — — R R R R R R R R R R R R R

Note: * Value is retained.

The user clipping area registers [UCL (UXMIN/UYMIN/UXMAX/UYMAX)] are 16-bit read-
only registers that indicate the user clipping area.

Bits 15 to 13 of UCL (UXMIN/UYMIN/UXMAX/UYMAX) are reserved. These bits always read
0.

The UXMIN, UYMIN, UXMAX, and UYMAX bits in the UCL registers retain their values in a
reset.
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5.9.4 System Clipping Area Registers [SCL (SXMAX/SYMAX)]

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

SCL | — | — | — [SXMAX|SXMAX|SXMAX|SXMAX| SXMAX | SXMAX| SXMAX| SXMAX| SXMAX | SXMAX | SXMAX | SXMAX| SXMAX
Lower-right X:
Inltlal Value: J— J— R * * * * * * * * * * * * *
Read/Write: — — — R R R R R R R R R R R R R

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

SCL | — | — | — |[SYMAX|SYMAX|SYMAX|SYMAX|SYMAX |SYMAX|SYMAX| SYMAX| SYMAX|SYMAX |SYMAX| SYMAX|SYMAX
Lower-right Y:
Inltlal Value: J— J— R * * * * * * * * * * * * *
Read/Write: — — — R R R R R R R R R R R R R

Note: * Value is retained.

The system clipping area registers [SCL (SXMAX/SYMAX)] are 16-bit read-only registers that
indicate the system clipping area.

Bits 15 to 13 of SCL (SXMAX/SYMAX) are reserved. These bits always read 0.

The SXMAX and SYMAX bits in the SCL registers retain their values in a reset.
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595 Return Address Registers H, L (RTNH, RTNL)
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RTNH | — | — | — | — | — | — | — | — | — | RTNH (address A22—-A16 setting)
Initial value: — — — — — - — — — * * * * * * *
Read/Write — — — — — — — — — R/W R/W R/W R/W R/W R/W R/W

Bit: 15 14 13 12

11 10 9 8 7 6

5

4

RTNL

RTNL (address A15—-Al setting)

Initial value:  * * * *

* * * * * *

*

*

*

*

*

Read/Write: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RIW RIW RIW —

Note: * Value is retained.

Return address registers H and L (RTNH, RTNL) are 16-bit readable/writable registers specify th
return address.

The upper bits (A22 to A16) of the start address are set in the RTNH field, and the lower bits (Al
to Al) in the RTNL field.

The address (bits A22 to A1) indicated by the RTNH and RTNL fields is a word address.

Bits 15 to 7 of RTNH and bit 0 of RTNL are reserved. Only 0 should be written to these bits (a
read will return an undefined value).

The RTNH field in RTNH and the RTNL field in RTNL retain their values in a reset.
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5.10 Color Palette

The color palette is mapped onto addresses (A10-A1) H'100 to H'2FF. Settings can be made fo
256 pixels, with 6 bits each for R, G, and B. The color palette is only valid when the GBM bit in
the rendering mode register (REMR) is 0 (8 bits/pixel). When the GBM bit is setto 1 (16
bits/pixel), the color palette values set when the GBM bit is 0 (8 bits/pixel) are lost.

5.10.1 Color Palette Registers H, LO00—255 (CPOOORH, L-CP255H, L)

CPOOORH | — | — | — | — | — | — R0O00 (Red: 6 bits)
Initial value; — — — — — — * * * *
Read/Write;, — — — — — — — — RWR/WR/WRWRWRW — —

Bit:151413121110|9|8|765432|1|0

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

CPOOORL G000 (Green: 6 bits) | — | — | BOOO (Blue: 6 bits) | — | - |
Initial value:  * * * * * o x * * * * x . __
Read/Write: R/W R/W RW RW RW RW — — R/W R/W R/W RW RW RW — —

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

cPootrH | — | — [ — | — | == —=|—=| rooi(red:sbis) | —|—|
Initial value; — — — — — — @ — — % * * * * * o
Read/Write: —, — — — — — — — R/WR/WR/WRWRWRW — —

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

CPOO1RL G001 (Green: 6 bits) | — | — | BOO1 (Blue: 6 bits) | — | - |
Initial value:  * * * * * = = * * * * = =
Read/Write: R/W R/W R/W RW RW RW — — R/W R/W RW RW RW RW — —

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

cPasshH | — | — | — | — | — | — | — | —] R255 (Red: 6 bits) - —|
Initial value; — — — — — — — — % * * * * *
Read/Write: — — — — — — — — R/WR/WR/W R/W RW RW — —

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:  * * * * * *x . x * * * * x
Read/Write: R/W R/W R/W RIW RIW RIW — — R/W R/W R/W R/W R/IW RW — —

Note: * Value is retained.
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Color Palette Registers H, LO00-255 (CPOOORH, L to CP255RH, L) are 32-bit readable/writable
registers. These registers can be used as a color palette capable of simultaneously displaying 25
colors out of 262,144. The settings are valid when the GBM bit is 0.

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 R register value is reflected as the new color palette set value when the G and B registers ar
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 Q2i register between
R register and the G and B registers.

In modes in which GBM = 1 (16 bits/pixel), these registers are used as part of the internal display
circuitry. Therefore, color palette register set values are lost when the GBM bit is set to 1.

For the same reason, if a color palette is accessed when GBM = 1, the color palette access will r
be completed and the Q2i will output a continuous CPU wait signal.
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Section 6 Usage Notes

6.1 CPU Clock and Q2i-CLKO

Input a clock that satisfies the following condition to the CLKO pin. CK and CLKO can be
asynchronous.

High-level interval (§,,,, OF t,..,) Of RD or WEO, WEI input to Q2> Q2i operating clock cycle

XTAL

SH-1 or SH-2 Q2i
PLL: x1 CKIO CLKO Multiplication off
x2 |Selection
x3

Note: In the case of an SH-3, CKIO should be level-shifted to 5 V.

Figure 6-1 Example of Connection for Synchronous Operation

6.2 Note on Use of Auto Display Change Mode

When using auto display change mode, if Q2i drawing is aborted due to a frame change, invalid
drawing of 1 to 4 dots may be performed when the next display list is executed, depending on
when drawing is halted (because of invalid data remaining in the drawing unit).

Permanent Remedy:Adjust the display list in the system design stage so that drawing processin
is always completed before a frame change.
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6.3 Power-On Sequence

The CLKO, CLK1, and RESET signal timing when powering on is shown in the figure 6-2. The
time from the rise of VCCn until the rise of CLKO and CLK1 should be a maximum of 100 ms,
and the time from the rise of VCCn until the rise of RESET, a minimum of 100 ms. If CLKO and
CLK1 are stopped for a long period (100 ms or more) after powering on, the chip may be
damaged.

VCCn

CPU VCCn

CLKO, CLK1

| Min. 100 ms

RESET

Figure 6-2 Power-On Sequence
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6.4 Q2i Internal Buffers

The Q2i has three internal buffers—a command buffer, source buffer, and work buffer—as show
in figure 6-3.

UGM Q2i
Address
16 xn P Command buffer :
, : A ] A A-B 5
Display list 16 x (n+1) -%--- _ - :
B ; Size: 16 words
16x(n+2) --t---
Binary source Address T ag :
coordinates 16 xk c | > Source buffer 5
ol 16 x (k + 1) | L P |
multi-valued | "% AT ! Size 16 word |
source D 5 ize: 16 words :
coordinates 16x(k+2) ¥ __ : |
Address
4xp AT Work buffer '
Binary work E — > E-F
coordinates 4xp+1) --¥--- ! -
F | Size: 4 words '
4x(p+2) --Y--- i :

Note: n, k, and p are natural numbers.

Figure 6-3 Updating of Q2i’s Internal Buffers

These buffers are used by the Q2i to temporarily store data held in the UGM. The Q2i uses the
data stored in these buffers when executing drawing.

The functions of these buffers are shown in (a) to (c) below.

(a) Command buffer: Used by the Q2i to store a display list held in the UGM

(b) Source buffer: Used by the Q2i to store a binary source or multi-valued source held in the
UGM

(c) Work buffer: Used by the Q2i when performing drawing at binary work coordinates in the
UGM
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The size of these buffers is fixed: 16 words each for the command buffer and source buffer, and -
words for the work buffer.

Therefore, when the Q2i fetches data in the UGM into a buffer, it performs buffer updating by
managing the read destination address of each buffer.

An outline of buffer updating is given in (d) to (f) below.

(d) When the Q2i uses the command buffer, the buffer contents are updated each time the UGM
address value indicated by the Q2i exceeds a 16-word boundary.

(e) When the Q2i uses the source buffer, the buffer contents are updated each time the UGM
address value indicated by the Q2i exceeds a 16-word boundary.

(f) When the Q2i uses the work buffer, the buffer contents are updated each time the UGM
address value indicated by the Q2i exceeds a 4-word boundary.

Problems: The following problems occur depending on the commands used.

(a) When using the POLYGONA4B, PLINE, and RPLINE commands

If a binary source within a 16-word boundary is used without updating command parameters
SOURCE ADDRESSH and SOURCE ADDRESSL, the source buffer is not updated since the
address indicated by the Q2i does not exceed a 16-word boundary. In a drawing operation,
drawing is performed using the binary source stored in the source buffer.

(b) When using the POLYGON4A command

If a multi-valued source within a 16-word boundary is used without updating command
parameters TXS and TYS or the source area start address, the source buffer is not updated
since the address indicated by the Q2i does not exceed a 16-word boundary. In a drawing
operation, drawing is performed using the multi-valued source stored in the source buffer.

(c) When using the FTRAP, RFTRAP, CLRW, LINEW, and RLINEW commands

If a binary source within a 4-word boundary is used without updating the work area start
address, the work buffer is not updated since the address indicated by the Q2i does not excee
a 4-word boundary. In a drawing operation, drawing is performed using the work data stored i
the work buffer.

Remedy: As a method of updating the source buffer contents, either use a source pattern that
exceeds 16 words or use a source pattern at a location that exceeds a 16-word boundary.

As a method of updating the work buffer, either use a work pattern that exceeds 4 words or use &
work pattern at a location that exceeds a 4-word boundary.
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6.5 Note on Changing TV Synchronization Mode

When B'01 is set in the TV synchronization mode bits (TVM) in the display mode register
(DSMR) and a transition is made to synchronization system switching mode, set the display res
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 HD64412 to perform UGM refreshing in synchronization system
switching mode.

The procedure is shown below. The procedure is performed in order from step 1 to 3. The
HD64412 performs UGM refreshing immediately.

1. SetDRES =1 and DEN =0.
2. SetTVM1=0and TVMO = 1.

The procedure for switching from synchronization system switching mode to another TV
synchronization mode is shown in 3 to 6 below.

3. Input the clock to CLK1. When setting TVM1 = 1, TVMO = 0, also input signals to the
EXHSYNC, EXVSYNC, andODDF pins.

4. If the display size is to be changed, set values in the Q2i’'s address-mapped registers.

5. The input clock from the CLK1 pin becomes valid on setting TVM1 = 0, TVMO = 0, or TVM1
=1, TVMO =0.

6. Set DRES =0, DEN = 1. When an internal update is performed, the Q2i begins display.

6.6 POLYGONA4A Source Reference Position

Problem: If the POLYGON4A command is used under the following conditions, a source
reference error occurs, and the data drawn at rendering coordinate pixel X t) (64 is the
same as that drawn at the next pixel (wherd}.

« Conditions
Rendering attribute;: WORK =1 or STYL=1
Source start point TXS: (32p) + 1 (where 2 0)

Remedy: When using the POLYGON4A command under these conditions, set a value other tha
(32 x p) + 1 for source start point TXS.
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Section 7 Electrical Characteristics

7.1 Absolute Maximum Ratings

Table 7-1  Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage Vo * -0.3t0 +7.0 \%
Input voltage v, * -0.3to V. +0.3 \Y
Permissible output low current [, 1% 2.0 mA
Total permissible output low current | =l | * 90 mA
Permissible output high current [ 2.0 mA
Total permissible output high current |2 (=) 1% 90 mA
Operating temperature Tone Oto 70 °C
Storage temperature T —-551t0 +125 °C

stg

Notes: 1. Value based on GND =0 V. Includes CPUV_ 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.

Usage NotePermanent damage to the chip may result if absolute maximum ratings are exceede
In normal operation, it is advisable to observe the recommended operating conditions. Exceedir
these conditions may adversely affect the reliability of the chip.
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7.2 Recommended Operating Conditions

7.2.1 Recommended Operating Conditions

Table 7-2 Recommended Operating Conditions

Item Symbol Min Typ Max Unit
Power supply voltage Vo, PLLV ¥ 4.75 5.0 5.25 \
CPUV_* 5V 4.75 5.0 5.25 \Y,
operation
33V 3.0 33 3.6 \Y,
operation
Input low voltage vV, 0 — 0.8 \%
(except CLKO, CLK1)
Input low voltage V, 0 — 0.8 \%
(CLKO, CLK1)
Input high voltage v, * 2.2 — V. \%
(except CLKO, CLK1)
Input high voltage V.~ 08xV, — Ve \%
(CLKO, CLK1)
Operating temperature T 0 25 70 °C

opr

Notes: 1. Value based on GND =0 V.
2. Value based on PLLGND =0 V.
3. Value based on CPUGND =0 V.
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7.3 Electrical Characteristics Test Methods

7.3.1 Timing Testing

The output low voltage for timing testing is 1.5 V. The output high voltage for timing testing is
also 1.5 V.

Vg for timing testing (1.5 V)

VOH DC level (steady) Vo, (0.4 V)

Reference point

Figure 7-1 Basis of {{, Timing Testing
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7.3.2 Test Load Circuit (All Output and Input/Output Pins)

5.0v

RL

Test point

K RL = 1.8 kQ
C=70pF
C R R =10 kQ
— All diodes are
152074(H) or
equivalent products.

Input/output timing test levels (excluding CLKO and CLK1)
Low level: 1.5V
High level: 1.5V

Figure 7-2 Test Load Circuit
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7.4

7.4.1

Table 7-3

DC Characteristics

DC Characteristics

Electrical Characteristics

(Unless otherwise indicated . \= CPUV, = PLLV_.= 5.0 V +5%, GND = CPUGND =
PLLGND =0V, Ta=0to +70°C)

Pin
Item Names Symbol Min Max Unit  Test Conditions
Input high voltage 11 Ve 08xV,. V. +03 V
(CMOS level)
Input low voltage V. -0.3 0.8
(CMOS level)
Input high voltage 12,101, V,, 2.2 V,.+03 V
(TTL level) 102
Input low voltage V., -0.3 0.8
(TTL level)
Input leakage 11,12 [ -2.5 25 HA V, =0toV,
current
Three-state 101,102 1 -10 10 V,=0410V_
leakage current
(off state)
Output high 101,01 Vv, Vee—1.0 — \ lo, = —400 pA
voltage (5 V)
Output high 102,02 VvV, CPUV_ - — lo, = —400 pA
voltage 1.0 CPUV_=5.0V +5%
CPUV_, - — loy =—200 pA
0.5 CPUV,.=3.0Vto3.6V
Output low voltage 101, 102, V_ — 0.4 l,,=2.0mA
01, 02
Input capacitance 101,102 C,_ — 20 pF VvV, =0V
11,12 — 20 Ta=25°C
f=1.0 MHz
Current dissipation lee — 180 mA Data bus operation in
progress/display
operation in
progress/command

execution in progress
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Note: The symbols used in table 7-3 are explained below.

Item Input Output High-z Pull-up Pin Names

11 CMOS — — — CLK1, CLKO

12 TTL — — — MODE2-0, RESET, A22-A1, CS1-0, RD,
WE1-0, DACK

101 TTL CMOS Yes — HSYNC/EXHSYNC, VSYNC/EXVSYNC,
ODDF, MD15-0

102 TTL CMOS Yes — D15-DO0

o1 — CMOS — — CDE, DD17-0, DCLK, FCLK, DISP,
MA11-0, MWE, MRAS1-0, MLCAS,
MUCAS, MOE, CSYNC

02 — CMOS — — DREQ, IRL, WAIT

7.4.2 AC Characteristics

Unless otherwise specified, Vcc = CPUVcce = PLLVce = 5.0 V 5%, GND = CPUGND =
PLLGND =0V, Ta=0to +70°C

(1) Input Clocks

Table 7-4  Input Clocks (1) (Pins MODEZ2 to MODEO = 011: Multiplication Off)
Test

Item Symbol  Min Max Unit Conditions  Notes

CLKO cycle time toeo 30.3 50 ns Figure 7-3

CLKO high-level pulse  t_.,,,, 10.1 — ns

width

CLKO low-level pulse  t_.,, 10.1 — ns

width

CLKO duty teoor 0.5t,,—-17 05t +17 ns

CLK1 cycle time et 60.6 200 ns

CLK1 high-level pulse  t_.,,, 25.3 — ns

width

CLK1 low-level pulse  t_.,,, 25.3 — ns

width

CLK1 duty toor 0.5t,,—-17 05t +17 ns

CLK rise time t, — 5 ns

CLK fall time t — 5 ns

cf
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Table 7-4

Input Clocks (2) (Pins MODE2 to MODEO = 000, 001, 010: Multiplication On)

Test
Item Symbol  Min Max Unit Conditions  Notes
CLKO cycle time e 30.3 50 ns Figure 7-4 x1
CLKO cycle time e 60.6 100 ns x2
CLKO cycle time e 121.2 200 ns x4
CLKO high-level pulse  t_,,, 10.1 — ns
width
CLKO low-level pulse  t_,, 10.1 — ns
width
CLK delay time 1 teor — 13 ns
CLK delay time 2 teikon — t, /4+147 ns
CLK delay time 3 terkos — t,/2+147 ns
CLK delay time 4 teikos — 3t /4+147 ns
CLKi cycle time toeo 30.3 50 ns
CLKi high-level pulse  t_,,, 10.1 — ns
width
CLKi low-level pulse e 10.1 — ns
width
CLK1 cycle time too 60.6 200 ns
CLK1 high-level pulse  t_,,,, 25.3 — ns
width
CLK1 low-level pulse  t_.,,, 25.3 — ns
width
CLK1 duty teor 05t,,-17 05t ,+17 ns
CLK rise time " — 5 ns
CLK fall time t — 5 ns

cf

HITACHI
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(2) Reset

Table 7-5 Reset

Item Symbol Max Unit Notes
RESET low pulse width t__, — tcycl Figure 7-5

RESET acceptance toes, — ns

indeterminate time 1

RESET acceptance toes, — ns

indeterminate time 2

DCLK rise delay time  t_., 30 ns

from CLK1

DCLK fall delay time tocron 30 ns DOT =1
from CLK1 1

DCLK fall delay time tocroo 30 ns DOT =0
from CLKO O

FCLKrise delay time  t__.. 30 ns

from CLK1

FCLK fall delay time tcro 30 ns

from CLK1

DCLK cycle time oo 2t ns DOT =1
DCLK cycle time t 1t ns DOT=0

cyc D

cycl
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(3) CPU Read Cycle

Table 7-6 CPU Read Cycle

Iltem Symbol  Min Max Unit 1(;((e)itditions Notes
Address setup time s 0 — ns Figure 7-6
Address hold time taon 0 — ns

CSn setup time tees 0 — ns

CSn hold time t.. 0 — ns

WAIT cycle starttime 1 t,,,., — 3t,,+25 ns

RD high-level width toow to — ns

Read data setup time  t_ .. 10 — ns

for WAIT

WAIT drive time tono to — ns

Read data turn-on time t_ . 0 — ns

Read data hold time Lo 4 — ns

Read data turn-off time  t_ . 4 — ns

WE high-level width e to — ns

Notes: 1. If the fall of CSn is later than the fall of RD, the specifications of t, ., t,.;» teosons AN tyciay
are from the fall of CSn.

2. If the rise of CSn is earlier than the rise of RD, the specifications of t,,, t.. ..., teooor @Nd
t,enw are from the rise of CSn.

'WEHW
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(4) CPU Write Cycle

Table 7-7  CPU Write Cycle

Test
Iltem Symbol  Min Max Unit Conditions Notes
Address setup time s 0 — ns Figure 7-7
Address hold time [ 0 — ns
CSn setup time toes 0 — ns
CSn hold time t.. 0 — ns
RD high-level width b o — ns
WAIT drive time [ to — ns
WAIT cycle starttime 2 t,,,., — 3t,,+25 ns
WE high-level width e to — ns
Write data setup time  t,...¢ 2t — ns
for WE
Write data hold time tvron 0 — ns
Write data turn-off time  t,. — 30 ns

Notes: 1. Ifthe fall of CSn is later than the fall of WE, the specifications of t,_, t..,..,» and t,, are
from the fall of CSn.
2. Ifthe rise of CSn is earlier than the rise of WE, the specifications of t,.,,, too,r turoes:
trone AN 00, are from the rise of CSn.
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(5) DMA Write Cycle

Table 7-8 DMA Write Cycle

Test
Iltem Symbol  Min Max Unit Conditions Notes
RD high-level width toow to — ns Figure 7-8
RD low-level width tooiw 3t — ns
Write data hold time turon 0 — ns
Write data turn-off time  t,. . — 30 ns
Write data setup time  t,,...¢ 2t — ns
for RD
DREQ negate time tom — 3t + 25 ns
DREQ assert time ton 3t,, + 25 — ns
DACK setup time t,e 0 — ns 1
DACK hold time tou 0 — ns 2
Notes: 1. If the fall of DACK is later than the fall of RD, the specification of t,,, is from the fall of
DACK.

2. Ifthe rise of DACK is earlier than the rise of RD, the specifications of t
andt,. . are from the rise of DACK.

RDLW? tWRDH ' tWRDOF’

(6) Interrupt Output

Table 7-9  Interrupt Output

Test
Iltem Symbol  Min Max Unit Conditions Notes
IRL delay time teo — 25 ns Figure 7-9

IRL low-level width t 2t — ns
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(7) UGM Read Cycle

Table 7-10 UGM Read Cycle

Iltem Symbol  Min Max Unit 1(;((e;tditions Notes
RAS delay time torso — 25 ns Figure 7-10
CAS delay time torso — 25 ns

Row address setup time t_, . 0 — ns

Row address hold time  t_,,, 15 — ns

Column address setup  t.,¢ 6 — ns

time

Column address hold  t_,,, 10 — ns

time

OE delay time tom — 25 ns

MD turn-on time tnon 0 — ns

MD turn-off time tooor — 35 ns

MD input setup time tois 5 — ns

MD input hold time toom — ns

MD input time 1 ton — oo™ ns

MD input hold time 1 [ 3 — ns

Column address delay t_,., — 20 ns

time

OE rise delay time from t_ . 0 — ns

RAS rise
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(8) UGM Write Cycle

Table 7-11 UGM Write Cycle

Test
Iltem Symbol  Min Max Unit Conditions Notes
RAS delay time torso — 25 ns Figure 7-11
CAS delay time terso — 25 ns
Row address setup time t_, . 0 — ns
Row address hold time  t_,,, 15 — ns
Column address setup  t.,¢ 6 — ns
time
Column address hold  t_,,, 10 — ns
time
MD turn-on time tnon 0 — ns
WE delay time tyeo — 25 ns
MD output setup time  t, . 0 — ns
MD output hold time tnon 18 — ns
(9) UGM Refresh Cycle
Table 7-12 UGM Refresh Cycle
Test
Item Symbol  Min Max Unit Conditions  Notes
RAS delay time terso — 25 ns Figure 7-12
CAS delay time torso — 25 ns

HITACHI
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(10) Master Display Mode

Table 7-13 Master Display Mode

Test
Iltem Symbol  Min Max Unit Conditions Notes
DCLK rise delay time  t_., — 30 ns Figure 7-13
from CLK1
FCLKrise delay time  t__.. — 30 ns
from CLK1
FCLK fall delay time tcro — 30 ns
from CLK1
DD setup time for DCLK t_ . — ns
DD hold time for DCLK t_, 5 — ns
HSYNC delay time from t,_ — 25 ns
DCLK
VSYNC delay time from t, — 25 ns
DCLK
ODDF delay time from t — 25 ns
DCLK
CSYNC delay time from t — 25 ns
DCLK
DISP delay time from  t — 25 ns
DCLK
CDE delay time from t — 25 ns

CDEDD

DCLK
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(11) TV Sync Display Mode

Table 7-14 TV Sync Display Mode

Test
Iltem Symbol  Min Max Unit Conditions Notes
DCLK rise delay time from tocro — 30 ns Figure 7-14
CLK1
DCLK fall delay time from tocros — 30 ns DOT =1
CLK11
DCLK fall delay time from tocroo — 30 ns DOT =0
CLKO O
FCLK rise delay time from tecro — 30 ns
CLK1
FCLK fall delay time from teero — 30 ns
CLK1
DCLK cycle time to 2t ., 2t ., ns DOT=1
tcycl l:(:ycl DOT = O
DD setup time for DCLK toos 9 — ns
DD hold time for DCLK toon 5 — ns
DISP delay time from DCLK  t_ — 25 ns
CDE delay time from DCLK tepeon — 25 ns
EXHSYNC high-level width b 2t — ns
EXHSYNC low-level width o at ., — us
EXHSYNC acceptance b 5 — ns
indeterminate time 1
EXHSYNC acceptance ton 5 — ns
indeterminate time 2
DISP start time for EXHSYNC t__, hds-1 hds-1 too 1
EXVSYNC low-level width toow 1HC — bt
EXVSYNC acceptance tos 5 — ns
indeterminate time 1
EXVSYNC acceptance tos 5 — ns
indeterminate time 2
ODDF acceptance tons 4t — ns
indeterminate time 1
ODDF acceptance toos 1t — ns

indeterminate time 2

Note: 1. hds =hsw + xs
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7.5 Timing Charts

7.5.1 Input Clocks

CLKO (input)

tcoor _ | tcopt

» <
'1‘

A

teyco

Y. Y

tef
o t o t '
M C1PWH M C1PWL

Vi ViH
CLK1 (input) 0.5Vce 1 £ 0.5Vce
[ Vi

Vi

feior | E fcior

teyel o

A
<

Figure 7-3 Input Clocks (Pins MODE2 to MODEO = 011)
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CLKO (input)
(pins MODEZ2 to

oo

\Y
MODEO = 000) I
CLKi 3
(pins MODEZ2 to —7 f
MODEO = 000) -
foikor 1 CLKDL | |
1 «——>
CLKO (input) 0.5Vee + 0.5Vcc
(pins MODEZ2 to J Vi
MODEO = 001) '
CLKi
(pins MODEZ2 to ‘
MODEO = 001) t t
CLKD1 >t CLKDL

CLKO (input)

tcpwH i tepwL !
T >

(pins MODE2 to : Vi
MODEO = 010) Lty
CLKi ;
(pins MODE2 to b 7 7 [ ‘
MODEO = 010) ; 3
fetkot 71, i tokor
P CKD2 ey tokos | <
t
er tcipwH tcf teipwiL
CLKi

(pins MODE2 to
MODEQO = 000, 001, 010)

CLK1 (input)
(pins MODE2 to
MODEQO = 000, 001, 010)

o cioT i feipr

<

>

tcycl

Figure 7-4

Input Clocks (Pins MODEZ2 to MODEO = 000, 001, 010)
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Reset Timing

7.5.2
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Figure 7-5 Reset Timing
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CPU Read Cycle Timing

7.5.3
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Figure 7-6 CPU Read Cycle Timing (CPU-~ QZ2i) with Hardware Wait

(ndur) a4

(indu) 08D ‘LS

O
O

|
|

(indui) Tv 01 Z2v

Rev. 1.0, 05/00, page 203 of 233

HITACHI



CPU Write Cycle Timing

7.5.4
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Figure 7-7 CPU Write Cycle Timing (CPU - QZ2i) with Hardware Wait
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DMA Write Cycle Timing (DMAC - Q2i)

7.5.5
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Figure 7-8 (1) DMA Write Cycle Timing (DMAC - Q2i)
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7.5.6 Interrupt Output Timing

HrRLW

b)]
IS

CLKO (input)/CLKi
(multiplication off/
multiplication on)

IRL (output)

Figure 7-9 Interrupt Output Timing
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Figure 7-10 (1) UGM (EDO-DRAM) Single Read Cycle Timing
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UGM Burst Read Cycle Timing
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Figure 7-10 (2) UGM (EDO-DRAM) Burst Read Cycle Timing
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UGM Write Cycle Timing

7.5.8

UGM Single Write Cycle Timing
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Figure 7-11 (1) UGM (EDO-DRAM) Single Write Cycle Timing
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UGM Burst Write Cycle Timing
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Figure 7-11 (2) UGM (EDO-DRAM) Burst Write Cycle Timing
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UGM Refresh Cycle Timing

7.5.9
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Figure 7-12 UGM (EDO-DRAM) Refresh Cycle Timing
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7.5.10

Master Mode Display Timing
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Figure 7-13 Master Mode Display Timing
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7.5.11

TV Sync Mode Display Timing
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Figure 7-14 (1) TV Sync Mode Display Timing
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1 andEXHSYNC cycle is odd multiple of CLK1 cycle)

Figure 7-14 (3) TV Sync Mode Display Timing
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Appendix A Registers

Table A-1 Registers

[ 11Sd [ 1] 8 020
1SS0 snjels puewwo) 0
HLSD [ n ] d 410
s1a1s1bay jonuo) Buuspusy
a0 [ 900 1 W 310
¥3ad uono81ap 10j0D
¥ao H WA aro
800 [ 900 1 W o10
¥00da Indino Yo Aeidsig
¥oa H MW 410
oA [ HOA 21940 UBds [ealaA | MY V10
dsA [ ddSA uonisod 9uAs [eaaA | W 610 0
o HOH 3J0Ad UeDS [BIUOZUOH | MY 810
MSH UMSH uipim asind ouAs feyuoziioH | WA AN
30A [ ssoippe pua fedsip eaaA s | 910
SaA [ ssaippe yieis Aeydsip o | 5 2| ST0
¥Msa 28
3aH _ ssaippe pua Aejdsip [ejuoziio mm M ¥10
SaH [ ssaippe Jeis kedsip fewozion | [ vl €10
sialsibay |onuo) Aejdsig '
MYING UMYING UN0d piom Jajsuen VNG | M/d 210
[ 1SvINa 1 W 110
USYING ssaippe Wels Jgjsuen VNG
HSYWA H W 010
HYSM UVYSM SSa.ppe Lels eaie YoM | M/ 400
[ HVSS VSS  [ssaippe Lels eale 80Inos panfer-iiniy | M/ 300
vs1a wvsta - W aoo 0
HVS1a H ssaippe uels 1s|| Aejdsia | py 200
Tvsa wvsa T ssaippe | WA 900
ovsa 0 vels Aeidsia | m/d V00
Asd | X M 600
dsa
Xsa | A azis Aejdsia | M 800
s1a1s1bay jonuod Alows 'z
ANA _ FEIEI apouw uoisIaAuo0d ejep Indu| | /Y 100
Wgo | [ xmi ] TER] apow Buuspuay | M 900
43y [ DS | WAL [ 1oa | [ o8 [dvam] UNSa apow Aedsia | MW 500
[ vaw | San SER apow Alowai | Wy 700 0
ERE] 3sO | 39L [ 38A | 330 [ 3wa | 394 | 3aAL FE] aqreua dnuiul | md €00
1048 70S0 | 1041 | 108A | 1030 | 10Wa | 1084 | 10AL | dOus Teajo Jaisibal smers | m 200
[¢) | Mug | 480 | 4SO | wvdl | daA | 30 | awa | wud | dAL s smeis [ o 100
[ vINa [ waa sy oa | »yay N3a | s34¥a | s3¥s | dsAs Jonuod wasAs | mvd 000
— — — — — T
o [t [z ¢ ] [ [ [ ¢ T8 [ 6 JooJu e Je [v ]at uon oty |is
“eIna1qqy aweu Jalsibay Mo —
eleg i ssalppe Jalsifoy

sia1s16ay [0nu0D soepaIl] T
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Table A-1 Registers (cont)

sseg | 5529 [ 7ssz W EEt
ds5edo
a2y | | Hssz ] 342
zoog [ 2009 1200 W S0T 0
¥200do
cood HZ00 wy 0T
1009 1009 1700 Mo €0T
_ HT00dD SESE)
T00Y HT00 anafed Joj0d | WA 20T
0009 _ 0009 71000 wo 10T
d000d0
0004 HO00 wo 00T
anafed 1000 6
panissay — =440 01 o0 _ 0 _
panIasay ‘g
INLA a wy aro
HNLY Ssalppe uiniay
HNLY H wmwo Vv0
XYWAS XVYINA eale =] 6v0
d10s Buidd A
XVIAXS XVIAX uladijo waysAs o 870
XVYNAN XVYINA o L¥0
XVIAXN XYINX o 910
10N eale Buiddip s1asn 0
NIWAN NINA o e140]
NINXA NIAX o 0
o4 A 19S}J0 220 o £vo
oX d0Oo1 X JJ0 8207 ) 20
oA ddno - d o wo
J19)ur0d Juan:
oX X ot o o ovo
(2) sim1s16ay |0nu0) Buuspuay L
paniasay — 440 01 820
AS9Od _ A _ o1euIp10od _2<w_ 120 0
dsog 5
Xsog _ _ X _ Uels punolibyoeg _2<w_ 920
(2) s1a1s1bay jonuo) Aloway "9
3ai y3al Anuae erep abew| [ m 20
Asal [ usal A W 720
Xsal [ X az1s ejep abewl | mpy £20 0
s . 1 ssalppe els | WY 220
HVYSI H J19jsuen erep abew| | vy 120
[ ¢ [ ¢ [ 8 | oo [uala[n]|a uon ouren Joisibay | oY iso
eeq “Enalaqy . ssaippy Jaisibay

sialsibay jonuo) ereq induj °g
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Appendix B Drawing Commands and Parameters

B.1 Relationship Between Drawing Commands and Rendering Attributes

Table B-1 Relationship Between Drawing Commands and Rendering Attributes

Reference Data Dséﬁmi%n Rendering Attributes

8

3 g

0 @ S %
Command § % £ 8 > 5

= ° < ©

AR AL A o | % |3

S 22|83 8 g 2|8 8|82 S8z 8

S |a |@a |» | |2 |F|®»w |0 |Z2|WOob|T |2 |a |3
POLYGON4A (@) x A x o X 0] (0] (¢} (¢} o x (0] X (0] o
POLYGON4B x O | A | x| O |x |0 |0 |0 |0 |0 |0 |0 |x |x|x
POLYGON4C x x A o ] x X x o] o o x o x x x
LINE X X X (@] O X X X O O (@] X X (0] X X
RLINE X X X (@] O X X X O O (@] X X (0] X X
PLINE X O X X O X (@] (@] O (@] (@] X x X o X
RPLINE X O X X O X (@] (@] O O (@] X X X ° X
FTRAP X X X X X O X X O X X X X X X X
RFTRAP X X X X X O X X O X X X X X X X
CLRW X X X X x (@] X X (o] X X X X X X X
LINEW x x x O X (@] X X (e] X (@] X x X X x
RLINEW x x X O x (0] X x o X (e} X x x x x
MOVE X X X X X X X X X X X X X X X X
RMOVE X x X X X x X X x X X X x X X x
LCOES X X X X X X X X X X X X X X X X
RLCOFS X x X X X x X X X X X X x X X x
UCLIP X x X X X X X X X X X X X X X X
SCLIP X x X X X x X X X X X X x X X x
JUMP X x X X X X X X x X X X x X X x
GOSUB X X X x X X X X X X X X X X X X
RET X x X X X x X X X X X X x X X x
NOP3 X X X X X X X X X X X X X X X X
TRAP X x X X X x X X x X X X x X X x
. Can be used

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

: Cannot be used (clear to 0)

: Fixed at 1

: Cannot be specified simultaneously

< e x> OO
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Drawing Command Codes

B.2

Table B.2 Drawing Command Codes

15

orwoDE

COMMAND

POLYGONA4A

POLYGON4B

POLYGON4C

FTRAP

RFTRAP

LINEW

RLINEW

RLINE

RPLINE

MOVE

LCOFS

RLCOFS

CLRW

JUMP

GOsuB

 CooE

CODE

0

0

o
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B.3 Drawing Command Parameter Specifications

POLYGON4 Commands

15 0 : Fixed at 0

A

e Source starting points TXS, TYS
TXSorTYS Given as unsigned max. 10-bit data.
Specify correctly according to source area size.

Y

15 0

—t— Source size TDX, TDY
TDX or TDY Given as unsigned max. 10-bit data.
TDX can only be set in 8-pixel units.

A
Y

15 0
< e > 1-bit/pixel source start upper address
SOURCE ADDRESS H Given as upper 10 bits.
15 0
< > 1-bit/pixel source start lower address

SOURCE ADDRESS L Given as lower 13 bits.
Source address is set as a byte address.

15 11 10 9 0
< > 5ign € —t > Rendering, work coordinates
Sign extension DXn or DYn Vertex coordinates DXn, DYn (1 < n < 4)
Given as signed 11-bit data.
Use sign extension in upper vacant bits.
15 0
< i »|  16-bit/pixel color specification
COLORO Color data 0 given as 16-bit data.
15 0
< e > 16-bit/pixel color specification
COLOR1 or COLOR Color data 1 given as 16-bit data.
15 0
< —— > —— > 8-bit/pixel color specification
COLORO COLORO Color data 0 given as repeated 8-bit data.
15 0
< i > i€ b >»|  8-bit/pixel color specification
COLOR1 or COLOR COLOR1 or COLOR Color data 1 given as repeated 8-bit data.
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FTRAP, RFTRAP

15 0
n

15 1110 9 0
PG i€ ; >
Sign extension : i i DXL ¢

15 11 10 9 0

< iy i : >
Sign extension : i DXn

15 1110 9 0
<>l : >
Sign extension : i : DYn ¢

15 8 7 0

Sign € — P> i5ign € — >
|gn. DXn : |gn. DYn
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Number of vertices (2 < n < 65,535), absolute,
(1 <£n <65,535), relative
Given as unsigned 16-bit data.

Left-hand side coordinate DXL
Given as signed 11-bit data.
Use sign extension in upper vacant bits.

Absolute coordinate

Vertex coordinate DXn (2 < n < 65,535)
Given as signed 11-bit data.

Use sign extension in upper vacant bits.

Absolute coordinate

Vertex coordinate DYn (2 < n < 65,535)
Given as signed 11-bit data.

Use sign extension in upper vacant bits.

Relative coordinates
Vertex coordinates DXn, DYn (1 < n < 65,535)
Given as signed 8-bit data.



LINEW, RLINEW

15 0

A
Y

Number of vertices (2 < n < 65,535), absolute,
I (1 < n £65,535), relative
Given as unsigned 16-bit data.

15 11 10 9 0

<

Y

< Pigign € ; Absolute coordinate

Signextension : ~: i : i iDXni i Vertex coordinate DXn (2 < n < 65,535)
Given as signed 11-bit data.
Use sign extension in upper vacant bits.

15 11 10 9 0

<

Y

€ Pigign; € : Absolute coordinate

Signextension : ¢ i i ¢ iDyni & Vertex coordinate DYn (2 < n < 65,535)
Given as signed 11-bit data.
Use sign extension in upper vacant bits.

15 8 7 6 0

Y

Signi<€ —t >isign <€ — Relative coordinates
DXn ¢ ¢ ¢ ¢ ¢ i D¥Yn ¢ Vertex coordinates DXn, DYn (1 < n < 65,535)
Given as signed 8-bit data.

CLRW
15 11 10 9 0
< > sign € o »  Left and right X coordinates XMIN, XMAX
Sign extension XMIN, XMAX Given as signed 11-bit data.
15 10 9 8 0
<«— : f_ > sign' € L — > Upper and lower Y coordinates YMIN, YMAX
Sign extension YMIN, YMAX Given as signed 10-bit data.
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LINE, RLINE

15 0
n
15 0
LINE COLORQ
15 0
{LINE COLOR iLINE COLORY

15 11 10 9 0
<« ———piggi ; >
Sign extension : : DXn ¢

15 11 10 9 0
< — P»isign € >
Sign extension : : DYn i

15 8 7 6 0
sign <€ — >isigni <€ — >
Ign DXn Ign DYn
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Number of vertices (2 < n < 65,535), absolute,
(1 £ n <65,535), relative
Given as unsigned 16-bit data.

16-bit/pixel color specification
Color data given as 16-bit data.

8-bit/pixel color specification
Color data given as repeated 8-bit data.

Absolute coordinate

Vertex coordinate DXn (2 < n < 65,535)
Given as signed 11-bit data.

Use sign extension in upper vacant bits.

Absolute coordinate

Vertex coordinate DYn (2 < n < 65,535)
Given as signed 11-bit data.

Use sign extension in upper vacant bits.

Relative coordinates
Vertex coordinates DXn, DYn (1 € n £ 65,535)
Given as signed 8-bit data.



PLINE, RPLINE

15 0 :Fixed at 0
< S e e S > 16-bit/pixel color specification
LINE COLORO Color data given as 16-bit data.
15 0
< et > <€ Pt >»|  8-bit/pixel color specification
LINE COLOR LINE COLOR Color data given as repeated 8-bit data.
15 0
< — > 1-bit/pixel source start upper address
SOURCE ADDRESS H Given as upper 10 bits.
15 0
< — »|  1-bit/pixel source start lower address
SOURCE ADDRESS L Given as lower 13 bits.
Source address is set as a byte address.
15 0
< > Number of vertices (2 < n < 65,535), absolute,
n (1 < n<65,535), relative
Given as unsigned 16-bit data.
15 0
< i > Source size TDX
TDX Given as unsigned max. 10-bit data.
TDX can only be set in 8-pixel units.
15 11 10 9 0
< — > 5igni € ; »|  Absolute coordinate
Sign extension DXn Vertex coordinate DXn (2 < n < 65,535)
Given as signed 11-bit data.
Use sign extension in upper vacant bits.
15 11 10 9 0
< — P 5ign € : »|  Absolute coordinate
Sign extension DYn Vertex coordinate DYn (2 < n < 65,535)

15

Given as signed 11-bit data.
Use sign extension in upper vacant bits.

A
Signi

DXn

Y

— Relative coordinates
Dyn Vertex coordinates DXn, DYn (1 < n < 65,535)

Given as signed 8-bit data.
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MOVE, RMOVE

15 1110 9 0
< ———Pigigni € ; >|  Absolute coordinate
Sign extension XC Vertex coordinate XC
Given as signed 11-bit data.
Use sign extension in upper vacant bits.
15 1110 9 0
< ———Plgign <€ ; >»|  Absolute coordinate
Sign extension YC Vertex coordinate YC
Given as signed 11-bit data.
Use sign extension in upper vacant bits.
15 8 7 6 0
signi€ — »igigni<€ — >»|  Relative coordinates
XC, YC Vertex coordinates XC, YC
Given as signed 8-bit data.
LCOFS, RLCOFS
15 11 10 9 0
< — i gigni€ P > Relative specification
Sign extension XOor YO Local offset values XO, YO
Given as signed 11-bit data.
Use sign extension in upper vacant bits.
15 8 7 6 0
Signi€ — >isigni<€ — >  Relative specification
XO, YO, Local offset values XO, YO
Given as signed 8-bit data.
UCLIP, SCLIP
: Fixed at 0
15 0
< > Left and right X coordinates XMIN, XMAX
XMIN, XMAX Given as unsigned 10-bit data.
15 0
< ——t— >»|  Upper and lower Y coordinates YMIN, YMAX
YMIN, YMAX Given as unsigned 9-bit data.
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JUMP

15 0
" JUMP ADDRESS H_
15 0
< N A > o
JUMP ADDRESS L
GOSUB

15 0

'SUBROUTINE ADDRESS H
15 0
< > 0

SUBROUTINE ADDRESS L

HITACHI

: Fixed at 0

Jump destination upper address
Given as upper 10 bits.

Jump destination lower address

Given as lower 13 bits.

Jump destination address is set as a word
address.

: Fixed at 0

Subroutine upper address
Given as upper 10 bits.

Subroutine lower address

Given as lower 13 bits.

Subroutine destination address is set
as a word address.
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Appendix C Drawing Algorithms

Straight Line Drawing Algorithms

8-point drawing and 4-point drawing

Figures C-1 (a) and (b) show examples of straight lines plotted on a bit-mapped display.
Circles in the figures represent pixels. Due to the characteristics of a bit-mapped display, a
straight line is drawn with the pixels arranged in a path differing slightly from an actual
straight line. The same line is drawn in figures C-1 (a) and (b), but the algorithms are different
and so the pixel arrangements are also different. In both figures the line starts at the bottom le
of the figure and is drawn dot by dot toward the top right corner. With the method shown in
figure C-1 (a), the next dot drawn is to the right, 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 is to 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 in figure C-1 (b), 4-point drawing.

The difference between 8-point and 4-point drawing is illustrated 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)).

.............. e) e 10

............ 00 c i e e s e e e e e 000
.......... OQ « + « » « e o
......... O oo o0 o el I
....... OQ ¢ v ¢ o o o s e o o
..... OQ « + o o o o s o o e 1o L T T T T
O o v o o o o v oo o e e e OO s e e e e e e e
OO ¢ + s o o o s s o o o s c OO0+ + o v s e e e e e

(@) (b)

Figure C-1 Two Representations of a Straight Line on a Raster Display
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O

Q
O O O

O

(@) (b)

Figure C-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 is drawn, either pixel B or pixel C is selected; the basis for selection is proximity to an
actual 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 approximatior
to a straight line can be achieved with 8-point drawing. However, the algorithm is
correspondingly complex, requiring longer processing time.

O O O O

Actual straight line

(a) (b)

Figure C-3 Drawing Dot Determination Process in (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. Vol. 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. Vol. 20, No. 2 (February 1977), 100-106

P.E. Danielsson: “Incremental Curve Generation,” IEEE Trans. Comput. Vol. C-19
(September 1970), 783—-793

W.J.Jr. Bernard: “An Improved Algorithm for the Generation of Nonparametric Curves,” IEEE
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

22.0+0.2 | Unit: mm
[]20

109

22.0+0.2

3.05 Max

*0.22 £ 0.05
0.20 + 0,04 (P1010MW)

2.70

*0.17 £ 0.05
0.15+0.04

—

*Dimension including the plating thickness
Base material dimension

Figure D-1 Package Dimensions (FP-144G)
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