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Notice

When using this document, keep the following in mind:
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2.

This document may, wholly or partially, be subject to change without notice.

All rights are reserved: No one is permitted to reproduce or duplicate, in any form, the whole or
part of this document without Hitachi’s permission.

Hitachi will not be held responsible for any damage to the user that may result from accidents
or any other reasons during operation of the user’s unit according to this document.

Circuitry and other examples described herein are meant merely to indicate the characteristics
and performance of Hitachi’s semiconductor products. Hitachi assumes no responsibility for
any intellectual property claims or other problems that may result from applications based on
the examples described herein.

No licenseis granted by implication or otherwise under any patents or other rights of any third
party or Hitachi, Ltd.

MEDICAL APPLICATIONS: Hitachi’s products are not authorized for usein MEDICAL
APPLICATIONS without the written consent of the appropriate officer of Hitachi’s sales
company. Such use includes, but is not limited to, use in life support systems. Buyers of
Hitachi’ s products are requested to notify the relevant Hitachi sales offices when planning to
use the products in MEDICAL APPLICATIONS.




Preface

With the recent advent of home video-game machines that offer afast, responsive man-machine
interface and high-resolution graphics at alow price, there is ademand for asimilar revolution in
graphics quality in the entire home information market, covering such products as car navigation
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.

The approach to graphics processing up to now has been to have both geometrical processing and
rendering processing carried out by the CPU, using large amounts of high-speed memory, or to use
agraphics LS| containing as many embedded algorithms as possible at that time. A more desirable
approach, however, isto have geometrical processing handled by the CPU, while rendering and
display processing is carried out by dedicated hardware. The demand has thus arisen for achip set
combining a microcomputer with arendering and display LSI.

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

For examples of the use of thisLSI, see Q Series Application Notes—HD64411Q2.
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Section1 Overview of Q2 (Quick 2D Graphics Renderer)

1.1 Q2 Overview

The Q2 (Quick 2D Graphics Renderer) has been developed as the first product in the SuperH RISC
engine graphics accelerator “Quick” series (Q series). The Q2 isa 2D graphics renderer LS| for
minimum system configuration use, based on the concepts of simplicity, realtime operation, and
upgradability.

The Q2 is positioned as a SuperH RISC engine (abbreviated to “ SuperH” below) chip set.
Operations for which there is a possibility of the algorithm being changed, such as geometric
operations (of which coordinate conversion is atypical example), are performed by the SuperH,
while drawing (rendering), which would lower the efficiency of the SuperH bus utilization, is
performed by the Q2. This provides the flexibility required for updating algorithms while also
improving bus utilization.

In addition, the hardware configuration has been simplified, with the inclusion of a built-in CPU
interface circuit, display circuit, and memory interface circuit, functions previously supported by
external circuitry.

Moreover, first-time use of UGM (unified graphics memory) enables frame buffer areas, font
patterns, line patterns, and other datato be located in a single memory (one 4 MB memory in the
minimum configuration).

The use of a double-buffering architecture in which the drawing buffer and display buffer allocated
to the UGM are switched by frame or field, together with the use of EDO page mode DRAM for
the UGM, enables display processing and high-speed drawing processing to be executed in rea
time.

Figure 1-1 shows an overview of the Q2 system.
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Quick 2D graphics renderer
y CLKO
CLKO p CLKi PG1
>| CPGO CPG ] DCLK
SYNC =
: . Display unit R: 6
Rend t : 3>
endering uni RGE > YCreb DIA % >
G:6 D/A >
isplay buff B:6 [p/A % -
Rendering Disp ay buffer é >
Address buffer unit unit
control Color palette
29 . NTSC
SuperH (22) R L_ 16 bits
B |AYUV>>RGB| ] (YCrCb: 8, 8/8 bits)
owa contrl | | manmver | e B | yix || Digial video
= CPU-IF encoder
Data

(16)
Address (16) Data (16)
EDO-DRAM: 4 M to 32 M

External video
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 Q2 System

1.2 Block Diagram

Figure 1-2 shows a block diagram of the Q2. The functions of the various blocksin figure 1-2 are
as follows.

* Rendering unit
Performs fetching and interpretation of the display list on the UGM, references the source data
on the UGM, and output drawing data to the drawing-side frame buffer on 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.
e Memory interface unit
Performs control relating to connection to the UGM bus.
» Display unit
Controls the control signals sent to the CRT device.
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Display buffer unit

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

Color palette (6 bits per color, 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

Convertsinput data AY UV (260,000 colors) or YUV (260,000 colors) to RGB data (60,000
colors), and storesit in the UGM.

RGB-Y CrCh conversion

Converts RGB data (60,000 colors) to Y CrCb data (60,000 colors), and outputs the data.

¢ CLKO ¢ CLK1

DCLK

] Display unit
Rendering unit HSYNC/EXHSYNC
- VSYNC/EXVSYNC

| RGB - YCrCb conversion | < >

T ¢ A DDO0-DD17

Y
18
| Color palette (256 colors) |

1/0 buffer

Rendering buffer unit
9 Display buffer unit

ALl 4 q
A1-A22 B MDO-MD15
CPU data bus ‘ ’

I T I I I
22 CPU address bus 16
1T

DO-D15 CONTROL
———>

1/0 buffer
1/0 buffer

I
Memory data bus
16

1 [
‘ ‘ ’ I IMemory address bus d b 6
CONTROL MAO-MA11
o | vV MAGMALY

9 DMA control | | AYUV - RGB conversion 12
YUV - RGB conversion Chip

managere Memory interface unit

e

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)

Datain various formats can be stored and managed in the same unified graphics memory (figure
1-3).

Minimum necessary UGM

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

JtE |
| /;’% |
Monochrome N
(binary source)

Color
(multi-valued source area)

Minimum configuration:
/A' 4M x 16-bit EDO-DRAM
Monochrome pattern

(binary work area)

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

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

Unified system bus interface

A CPU interface circuit isincorporated 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. (Seefigure 1-4.)
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UGM (Unified Graphics Memory)

Frame buffer 0 Frame buffer 1

SuperH

RISC engine

Binary/multi-valued

Binary work area ST

Display list

The SuperH can access the UGM directly via the Q2

Figure 1-4  Unified System Bus Interface (UGM Directly Accessible by
SuperH via Q2)

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.

* Double-buffer control
O Kindsof double-buffer control

* Auto display change mode: Mode in which priority is given to display frame
switching. If drawing isin progress when frame switching is to be performed, drawing
isforcibly terminated midway.

e 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.

e Manual display change mode: Mode 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.

0 Double-buffer switching timing

* Non-interlace mode: Scanning system in which one frame is composed of one field.
Double-buffer switching is performed in units of aframe.

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

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

r@ Double-buffer control

@l

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 Q2 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 Q2's drawing system, algorithms for coordinate conversion,
etc., are executed by the SuperH, using a systematized data base containing coordinates and other
data, and the results are represented in graphical form. Thus, the graphics for avariety of shapes
can be implemented simply by upgrading the algorithms, without having to modify the data base
(figure 1-6).
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Data base
(coordinate vertices,
etc.)

SuperH

RISC engine

3-D algorithm
(software)

Drawing by Q2 fﬁ i

|
Display list @ ﬁ

Drawn graphic

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

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

Consistency of Application Interface: The Q2's carefully selected drawing commands are
of four kinds: four-vertex surface drawing, line drawing, work surface drawing, and work line
drawing. This makesit possible to reduce the parts dependent upon drawing commands within an
application, and so achieve a more consistent interface between applications.
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1.4 Summary of Functions
Table 1-1 summarizes the functions of the Q2.

Table 1-1 Summary of Q2 Functions

Iltem Function/Performance

Maximum Drawing system internal Multiplication on: 33 MHz x 1, 16.5 MHz x
clock operation (operating clock) 2,825 MHz x4

frequency

Multiplication off: 33 MHz

Display system internal
operation (display dot clock)

Operating clock/2

Drawing performance

Polygon drawing performance (20 x 25 pixels):
15,000/sec

Line drawing performance (10 dots): 300,000/sec

Display Sample screen sizes
functions

320 x 240 dots (standard size in non-interlace
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 260,000) or 65,536
colors

4-vertex surface drawing, line drawing, work
surface drawing, work line drawing

Drawing Drawing Drawing
functions commands related
Register

setting related

Current pointer setting, local offset setting,
clipping

Sequence
control related

Jump, subroutine

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 Q2 Functions (cont)

Item Function/Performance
Interface SH Command/data Performed by DMA transfer (single address) or by
transfer SuperH

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

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

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 Directly connectable to 3.3 V or 5 V operation

SuperH SuperH

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 - YCrCb  16-bitinput (R: 5, G: 6, B: 5)
conversion 16-bit output, 4:2:2 (8 bits each for Y, Cr, Cb)
Process/package 0.6-micron CMQOS/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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2.1

2.1.1

Section2 Pins

Pin Arrangement and Functions

Overview of Pins

Figure 2 shows an overview of the Q2's pins.

MODEO-2 —>» —>» DD0-DD17
CLKO —> —>» DCLK
System control CLKL —> —>CSYNC
RESET ——> —>» FCLK
CAPQ «— <—> HSYNC/EXHSYNC | Display interface
TEST «—— <—>» VSYNC/EXVSYNC
—>» DISP
Al-A22 —> —> CDE
D0-D15 «—>» <—>» ODDF |
CS0 —>
CS1 —> —> MAO-MA11 ]
CPU (SuperH) _RD ——> HD64411 <—> MD0-MD15
interface % —> —> MWE
WCR( . MRASO UGM interface
DREQ <« MRAS1
WAIT <— —> MLCAS
IRL <«—— — » MUCAS
—> MOE |
Vee ——
oLl \;\ID — (FP-144)
cc
Power supply PLL GNS
CPUVee —
CPUGND ——
Figure 2-1 Overview of Q2 Pins
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2.1.2 Pin Arrangement

Figure 2-2 shows the pin arrangement of the Q2.

oL
(>
0|
3
3 i
5 9 3 S [gRse ou
F 5590888 S S0wirolntmdaaossoseSwSaa
<Z01000000Z00000Z0000008Z00QMKZNL000ZA4
=X0Q00Q00>0000000000>00000QAQFIT0I0A>0A00
EBREEEEEERREE SRS RO REEREERERREREED
S| < < O 2| D) DD €D 9| 02| OO AN AN N AT AN N[N NN N | = e | | | | i | H O
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
DREQ| 1 108 | FCLK
DO 2 107 | VCC5
D1| 3 106 | CLK1
CPUVCC1| 4 105 | GND8
D2| 5 104 | MA11
CPUGND1 | 6 103 | MA10
D3| 7 102 | MA9
D4| 8 101 | MA8
D5 9 100 | MA7
D6 | 10 99 [ GND7
D7 11 98 | MAG
CPUGND2 | 12 97 | MA5
D8 | 13 96 | MA4
D9 | 14 95 | MA3
D10 | 15 94 [VCC4
CPUVCC2 | 16 93 [ MA2
D11 | 17 92 | MA1
D12 | 18 91 [ MAO
CPUGND3 [ 19 HD64411 90 | MOE
D13 | 20 89 | GND6
D14 | 21 88 | MUCAS
D15 [ 22 (FP-144) 87 | MLCAS
PLLGND [ 23 86 | MRAS1
CAPO | 24 85 | MRASO
PLLVCC [ 25 84 | MWE
CS0[ 26 83 | MD15
CS1[ 27 82 | vCC3
RD [ 28 81 [ MD14
EO [ 29 80 [ MD13
E1[ 30 79 | GND5
DACK | 31 78 | MD12
MODEO [ 32 77 | MD11
MODE1 | 33 76 | MD10
MODE2 | 34 75 | MD9
TEST | 35 74 | MD8
RESET [_36 73 | MD7
N |°°|°’|°| EEEGEEECEEEEEEECEESEE
|| O <F[ <[ < <SS S S LO[ L0 OO LO [ LO| LO| LO| LO | LO| O [ (O| (O] O O [ ¢O| (O €O | O O [ | |
CEYY eI LeRe23NgTSN838 Y8888 3808
a1z O <Z<<<<<<<<<<<<Z§§§§§Z§U§
°o > o o 0o=>
Figure 2-2  Pin Arrangement
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2.1.3

Pin Functions

Table 2-1 summarizes the functions of the Q2’s pins.

Table 2-1 Pin Functions
Type Symbol Pin No. 1/0 Function Notes
System  MODEOQO 32 Input Operating mode pin 0 5 V input specification
control MODE1 33 Input Operating mode pin 0 5 V input specification
MODE2 34 Input Operating mode pin 0 5 V input specification
CLKO 37 Input Q2 operating clock 5 V input specification
CLK1 106 Input Display dot clock input 5 V input specification
RESET 36 Input Reset 5 V 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 IIF
A3 42 Input CPU address 3 3V/5V-CPU I/F
Ad 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
A10 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
A13 53 Input CPU address 13 3V/5V-CPU I/F
Al4 54 Input CPU address 14 3V/5V-CPU I/F
A15 55 Input CPU address 15 3V/5V-CPU I/F
Al16 56 Input CPU address 16 3V/5V-CPU I/F
Al7 57 Input CPU address 17 3V/5V-CPU I/F
A18 58 Input CPU address 18 3V/5V-CPU I/F
A19 59 Input CPU address 19 3V/5V-CPU I/F

HITACHI

13



Table 2-1 Pin Functions (cont)

Type Symbol Pin No. I/0 Function Notes

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

interface  ppq 61 Input CPU address 21 3V/5V-CPU IIF
A22 62 Input CPU address 22 3V/I5V-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 0 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

14
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Table 2-1 Pin Functions (cont)

Type Symbol Pin o.1/0 Function Notes
Display = DDO 119 Output Display data output 0 5 V output specification
interface DD1 120 Output Display data output 1 5 V output specification
DD2 121 Output Display data output 2 5 V output specification
DD3 123 Output Display data output 3 5 V output specification
DD4 124 Output Display data output 4 5 V output specification
DD5 125 Output Display data output 5 5 V output specification
DD6 127 Output Display data output 6 5 V output specification
DD7 128 Output Display data output 7 5 V output specification
DD8 130 Output Display data output 8 5 V output specification
DD9 131 Output Display data output 9 5 V output specification
DD10 132 Output Display data output 10 5 V output specification
DD11 133 Output Display data output 11 5 V output specification
DD12 134 Output Display data output 12 5 V output specification
DD13 136 Output Display data output 13 5 V output specification
DD14 138 Output Display data output 14 5 V output specification
DD15 139 Output Display data output 15 5 V output specification
DD16 140 Output Display data output 16 5 V output specification
DD17 141 Output Display data output 17 5 V output specification
DCLK 111 Output Display clock output 5 V output specification
CSYNC 115 Output Composite sync signal 5 V output specification
output
FCLK 108 Output 1/2 display dot clock 5 V output specification
HSYNC/ 117 Input/output Horizontal sync output/ 5 V input/output
EXHSYNC external sync input specification
VSYNC/ 118 Input/output Vertical sync output/ 5 V input/output
EXVSYNC external sync input specification
DISP 114 Output Signal indicating display 5 V output specification
synchronization (display
sync high level)
CDE 112 Output Color detection (high in 5 V output specification
case of DD pin specific
color output)
ODDF 109 Input/output Signal indicating odd field 5 V input/output

(low when odd)

specification

HITACHI
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Table 2-1 Pin Functions (cont)

Type Symbol Pin No. I/O Function Notes
UGM MAO 91 Output Memory address 0 5 V output specification
interface MA1 92 Output Memory address 1 5 V output specification
MA2 93 Output Memory address 2 5 V output specification
MA3 95 Output Memory address 3 5 V output specification
MA4 96 Output Memory address 4 5 V output specification
MA5 97 Output Memory address 5 5 V output specification
MAG 98 Output Memory address 6 5 V output specification
MA7 100 Output Memory address 7 5 V output specification
MAS8 101 Output Memory address 8 5 V output specification
MA9 102 Output Memory address 9 5 V output specification
MA10 103 Output Memory address 10 5 V output specification
MA11 104 Output Memory address 11 5 V output specification
MDO 64 Input/output Memory data O 5 V input/output specification
MD1 65 Input/output Memory data 1 5 V input/output specification
MD2 66 Input/output Memory data 2 5 V input/output specification
MD3 67 Input/output Memory data 3 5 V input/output specification
MD4 68 Input/output Memory data 4 5 V input/output specification
MD5 70 Input/output Memory data 5 5 V input/output specification
MD6 72 Input/output Memory data 6 5 V input/output specification
MD7 73 Input/output Memory data 7 5 V input/output specification
MD8 74 Input/output Memory data 8 5 V input/output specification
MD9 75 Input/output Memory data 9 5 V input/output specification
MD10 76 Input/output Memory data 10 5 V input/output specification
16
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Table 2-1 Pin Functions (cont)

Type Symbol Pin No. I/O Function Notes
UGM MD11 77 Input/output Memory data 11 5 V input/output specification
interface
MD12 78 Input/output Memory data 12 5 V input/output specification
MD13 80 Input/output Memory data 13 5 V input/output specification
MD14 81 Input/output Memory data 14 5 V input/output specification
MD15 83 Input/output Memory data 15 5 V input/output specification
MWE 84 Output Memory write pulse 5 V output specification
MRASO 85 Output Row select signal 0 5 V output specification
MRAST 86 Output Row select signal 1 5 V output specification
MLCAS 87 Output Lower column select 5 V output specification
signal
MUCAS 88 Output Upper column select 5 V output specification
signal
MOE 20 Output Memory read pulse 5 V output specification
Power VCC1 41 Power supply Buffer/internal VDD 5 V input specification
supply
VCC2 71 Power supply Buffer/internal VDD 5 V input specification
VCC3 82 Power supply Buffer/internal VDD 5 V input specification
VCC4 94 Power supply Buffer/internal VDD 5 V input specification
VCC5 107 Power supply Buffer/internal VDD 5 V input specification
VCC6 113 Power supply Buffer/internal VDD 5 V input specification
VCC7 126 Power supply Buffer/internal VDD 5 V input specification
VCC8 137 Power supply Buffer/internal VDD 5 V input specification

HITACHI
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Table 2-1 Pin Functions (cont)

Type Symbol Pin No. I/0 Function Notes
Power GND1 38 Ground Buffer VSS
supply  GnD3 63 Ground Buffer VSS
GND5 79 Ground Buffer VSS
GND6 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
PLLVCC 25 Power Multiplication circuit VDD 5 V input specification
supply
PLLGND 23 Ground Multiplication circuit VSS
CPUVCC1 4 Power CPU 10 unit buffer 3 V/5 V input
supply VDD specification
CPUVCC2 16 Power CPU 10 unit buffer 3 V/5V input
supply VDD specification
CPUGND1 6 Ground Buffer VSS
CPUGND3 19 Ground Buffer VSS
CPUGND2 12 Ground Internal VSS
CPUGND4 142 Ground Internal VSS
18
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2.2 Operating Mode Pins

These pins determine the Q2’ 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 clock is duty-free.
Theinternal operating clock has the same frequency as the external input clock.

. MODE2=L, MODE1=L, MODEO=H

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

Normal operation state. Multiplication on. The external clock is duty-free.
Theinternal 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 clock must have a 50% duty.

An external clock isused asthe internal operating clock.
MODE2 = H, MODE1 = *, MODEQ = *: Setting prohibited

Notes: H: High level

L: Low level
*: Either high or low level

HITACHI
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2.3 CPU Interface Pins

2.3.1 CPU Writes

The CPU can access the UGM or Q2 internal registers. InaUGM access, alow-level signd is
input to CSO; in a Q2 internal register access, alow-level signal isinput to CS1. CSO and CS1
should not be driven low at the same time. The UGM or Q2 internal register addressisinput to Al
to A22. The addressis aword address. Only word (2-byte) access can be used with the Q2. Input a
low-level signal to either WEO or WEI, or to both. If the CPU is an SH7040 or SH7042, the
WAIT pinisalso 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 Q2 uses an asynchronous interface for the CPU interface, and a delay in a CPU access dueto a
Q2 sourceis reported to the CPU by means of the WAIT signal. However, the high-level width
specification for the WEO and WEI signals must be observed. Therefore, if the CPU isan SH-1 or
SH-2, either turn Q2 multiplication off and input the clock output from the CK pin directly to the
Q2 s CLKO pin so that the CPU and Q2 operate on clocks with the same frequency and the same
phase (clock-synchronous interface), or, when the Q2 multiplication factor is N, input a clock to
the CLKO pin such that the N x CLKO frequency is higher than that of the clock output from the
CK pin, so that the Q2’s WEO, WE1, and RD signal high-level width specifications are satisfied
(clock-asynchronous interface). See Section 6, Usage Notes, for detailed information concerning
clocks. If the CPU is an SH-3, the clock output from the CK pin cannot be input directly to the
Q2's CLKO pin, because the signal output from the CK pinisa 3.3V TTL interface signal, while
the Q2's CLKO pin signal isa5 V CMOS interface signal.

To enable the SuperH to recognize the WAIT signa output by the Q2, enable SuperH hardware
waits and set a software cycle. The software cycle is determined by the relationship between the
frequency of the clock output from the CK pin and the frequency of the clock input to the CLKO
pin. For examples of software wait specification, see the HD64411 Q2 Application Note. When an
SH704X is used, a setting must be made to extend the CS assertion period. Byte access to registers
must not be used since this will corrupt the accessed register or UGM data.

20
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2.3.2 CPU Reads

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

2.3.3 DMA Writes

The DMA controller can perform display list, binary source, and delta YUV 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 (SY SR). After the DMA mode settings are made, the Q2
drives the DREQ signal low as soon as its preparations are completed. On receiving this signal,
the DMA controller reads data from memory and placesit on the data bus. The data on the data bus
is then latched internally by the Q2 on the rise of the RD signal, and transferred to the UGM.

When DMA writes are performed using adisplay list or binary source as the data, the DMA mode
isset to 01. When DMA writes are performed using YUV data as the data, the DMA modeis set
to 11.

The Q2 accepts datain word units.
In DMA mode, the Q2 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 the
CPU’s CS assertion period.

UGM access by the CPU should not be performed if the DMA mode setting is01 or 11.

2.3.4 Interrupts

The Q2 interrupts the CPU by means of seven Q2 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 connectedto 5 V.

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

PLWee | e i > System power supply

Q2 capo [TV F— | T 0.1 uF

PLLGND | } ° » System ground

Figure 2-3  Sample CAPO Pin Connection Circuit

2.4.2 CPU Power Supply

Connect 5V or 3.3V to the CPU power supply, as appropriate. Connect 5V for an SH703X
(SH-1), SH7064 (SH-2), or SH704X (SH-2) CPU, and 3.3 V for an SH7708 (SH3) CPU.

When a 3.3V CPU power supply is used, the order of powering onis. 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 PLL power supply (5 V). (The device may
be damaged if this order is not followed.)

2.5 Display Interface Pins

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

2.5.1 DAC Interface

Outputs the digital pixel data synchronized with the dot clock. There is a choice of pixel data
format: 6 bits each for R, G, and B, or 8 bits each for Y, Cr, and Cb, in a 4:2:2 configuration.
Outside the display period, DO0-DO17 all go low.
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2.5.2 Video Encoder Interface

In the Q2, avideo 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
MH2z) should be input to the CLK1 pin. As aresult, the dot clock (7.15909 MHz) will be output
to the DCLK pin, the digital composite sync signal to the CSYNC pin, and FSC (subcarrier
frequency: 3.58 MHZz) to the FCLK pin. In TV sync mode, CSYNC output is high.

Also, the clocks output from DCLK and FCLK are synchronized. Consequently, when the clock
output from FCLK is used as the subcarrier frequency, color drift may occur due to cross-color
effects, etc. Provisions against color drift should therefore be incorporated in the video encoder
circuit.

2.5.3 CRT Interface

Outputs the horizontal sync signal and vertical sync signal, the DISP signal indicating display
synchronization, and the ODDF signal that indicates whether the current field is even or odd for
interlace control. When synchronization is coordinated with an external device (TV or video
recorder), the horizontal sync, vertical sync, and ODDF signals areinput. In areset, the HSYNC,
VSYNC, and ODDF 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 Q2 alows EDO page mode DRAM to be used as the UGM. EDO page mode DRAMs can be
used with the Q2 are the Hitachi HM51 (S) 4265 Series (4-Mbit capacity, 5V supply voltage,
256k x 16 memory configuration), the Hitachi HM5118165 Series (16-Mbit capacity, 5V

supply voltage, 1 M x 16 memory configuration), or an equivalent product. Two of these DRAMs
can be connected to the Q2. 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 Q2 clocks, CLKO and CLK 1. The clock used as the base for the operating clock is
input at the CLKO pin, and the clock used as the base for the display dot clock (DCLK) isinput at
the CLK1 pin.

The operating clock is the base clock for performing drawing operations, and is also used asthe
base clock for UGM access. The Q2 includes an operating clock multiplication circuit that enables
ax1, x1/2, or x1/4 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 data
output and generate horizontal and vertical sync signals. The Q2 has adisplay dot clock divider that
enables ax1 or x2 multiple of the dot rate to be input at the CLK1 pin.

The relationship between the clocks and operating frequenciesis 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

off frequency
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

25
HITACHI



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

(1) Operating clock frequency = 2 x display dot clock frequency

(2) Operating clock frequency = 2 x display 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) Control

3.2.1 Overview

The memory connected to the Q2 (graphics memory) is used for the following purposes.

1. Frame buffers
Q2 drawing area and display area.

2. Display list (command list)
Areathat stores the Q2 drawing command list. The Q2 fetches commands from this areawhile
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 v
I A A I

A4

A4
Main memory QZ'—> Display data

A

A 4
UGM

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 accessis as follows:

Refreshing

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

P owbd PR

To enable these different kinds of processing to be performed in paralld, after performing access for
afixed period, the Q2 passes the access right to another source. So if three sources are requesting
access, for example, they will perform accesses alternately.

UGM Access by the CPU: The CPU can access the UGM in two ways, via CPU software or
viathe DMAC. When the CPU accesses the UGM, the UGM addressis input directly to the Q2's
A1-A22 pins and the CSO pin is driven low. Therefore, a UGM address in the range specified by
the memory mode register should be input to the Q2's A1-A22 pins. For example, when using
one 4-Mbit memory as the UGM, the Q2's A19-A22 pins must go low when the UGM is
accessed by the CPU.

Since an SuperH Series CPU is used, the UGM is mapped onto “ SuperH external memory space
other than reserved areas (cache-through).” Data transfer between the CPU and UGM is
synchronized with the Q2'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
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performing the access. If thisis not done, the Q2 will output waits continuously when the CPU
accesses the UGM.

* Access by software
In access by software, the UGM is accessed as part of the main memory.
In awrite operation, no-wait accessis possible if there is empty space in the Q2 s built-in 32-
byte FIFO buffer.
In aread operation, anumber 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
320 x 240 (8 bits/pixel) screen size, the average number of wait cycles will be around 23.

e Accessbhy DMAC
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 Q2's built-in address counter. However, only cycle-steal mode can be used as
the bus mode.

UGM Access by Q2: EDO page mode DRAM can be connected to the Q2 as UGM. Use of
this memory enables the Q2 to perform memory access in one-cycle (operating clock) units.

The memory configuration consists of one or two 256-kword % 16-bit (4-Mbit) DRAMs, and one
or two 1-Mword x 16-bit (16-Mbit) DRAMs.

With regard to row address and column address multiplex control, it is possible to use products
with a9, 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 Q2 performs UGM address control. The UGM includes the display list area, binary source
area, work area, 8-hit/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 areasis shownin
figure 3-3.

Area settings are made according to the respective start addresses (see section 5.4, Memory Control
Registers).

* 1-bit/pixel (work, binary source, display list)
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1 word

v

A

H'00 HOO | | HO0 HO1 | | HFF HFF HFF
Bit 0 Bit 1 Bit F Bit 0 Bit 0 Bit 1 Bit F
4096 bits

»
!

A

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

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

H'00 H'00 HOL | H'OF
Lower byte | Upper byte | Lower byte Upper byte
H'FO H'FO HFL | H'FF
Lower byte | Upper byte | Lower byte Upper byte
1554
. 32 bytes - ‘V

T

16 lines

1

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

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

H'00 HOL | e H'OF

H'FO HFL | e H'FF XB‘O\\S
16 words

A

16 lines

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

Figures 3-4 to 3-8 show sample UGM memory maps.
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gbits 32dots ¢ 255 319 511
16 dots U — A

128 Fo

Multi-valued source area
//\/

240
256

F1

496
544

-~ Work area
—

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 (320 x 240
Equivalent)]
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0 511 639 767 1023
op A A
128 FO )
| \/ Multi-valued source area
240
256
[}
F1 5
=
<
X
N Work area
515 — "

\/ 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 3-5

Equivalent)]
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0 511

128

s Multi-valued source area

256

384

480
512

1 x 16 Mbits

992
1024

— Work 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 3-6 Memory Map Example 3 [Screen Size at 8 Bits/Pixel (640 x 480
Equivalent)]
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.. 16 dots
16 bits —— 0 255 319 511

U

\/ Multi-valued source area
Single rendering buffer mode

128 FO/(F1)

1x4Mbits | _

\/ Work area

}2x4mms }

\/ Display list, binary source area

[l

Physical

address
Source start address OH
FO start address OH
(F1 start address OH)

Work area start address  40000H
Display list start address  44000H

B 4
0 255 319 511
(=) A
128 FO - Multi-valued source area
240
256
Work area
o]
a
F1 2 : st bi
j Display list, binary source area
o Physical
496 address
512 Source start address OH
528 FO start address OH
F1 start address 40000H

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

(FO, F1: Frame buffers)

[] Display data

[ 1] workarea (exclusive use of 16 lines)

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

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

1023

Figure 3-7 Memory Map Example 4 [Screen Size at 16 Bits/Pixel (320 x 240
Equivalent)]
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0 255 511 639 1023

oQg A
128 .
) I e Multi-valued source area
256 FO
480
512
F1
2
S
=
o
—
X
N
992 Work area
1024 1t

1056

— 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

[] 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 3-8 Memory Map Example 5 [Screen Size at 16 Bits/Pixel (640 x 480
Equivalent)]
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3.3 Display and Display Control

3.3.1 Overview

The Q2 has two screens, a drawing screen and a display screen, managed by means of rendering
coordinates. Display is performed for both these screensin accordance with double-buffering
control designated by the user.

When the GBM bhit is set to 1 in the Q2' s rendering mode register (REMR), a function can be used
that converts YUV or AY UV 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 atotal of 260,000.

3.3.2 Double-Buffering Control

The Q2 uses double-buffering control to alternately switch the display and drawing areas located in
the UGM. An area switching operation is called aframe change. There are three modes for double-
buffering control: auto display change mode, auto rendering mode, and manual display change
mode. In auto display change mode, aframe change is performed each time the Q2 detects aframe
change timing. In auto rendering mode, a frame change is performed once only when the Q2 detects
aframe change timing after drawing is completed. In manual display change mode, the Q2
performs a frame change once only at the frame change timing following issuance by the SuperH

of aframe change directive to the Q2. These modes are specified by the double-buffering mode bits
(DBM) in the system control register.

Normally, when double-buffering control is performed, frame changes can be performed according
to the relevant mode by detection of aVSYNC 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 Q2 is
operated in non-interlace or interlace sync mode, and in field units when operated in interlace sync
& video mode.

When the Q2 is operated in interlace sync mode, the status register frame flag (FRM) is used for

V SYNC synchronization pulse detection by the SuperH. When the Q2 is operated in non-interlace
mode, synchronization pulses are detected using the vertical blanking flag (VBK). Whenthe Q2 is
operating in interlace sync & video mode, since the first frame corresponds to the even field and the
second frame to the odd field, synchronization pulses are detected using VBK or FRM.

Examples are given below for Q2 non-interlace operation, with a description of the operation in
each mode.
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Auto Display Change Mode: In auto display change mode, display frame switching has
priority. If drawing isin progress when the frame is switched, drawing is aborted midway through
that display list. It istherefore essential for drawing to be finished before the arrival of aVSYNC
synchronization pulse. An outline of operation in this mode is shown in figure 3-9.

1st frame 2nd frame

A
A
A

VSYNC
(non—interla(:\_, I_,

operation)

Display screen: FO Display screen: F1
Q2 operation
Drawing destination: F1 / Drawing destination: FO
A A
> Drawing to F1 aborted
-8
= @ — > -
ST |= 5o |5
fFm |© 2= | B
> |2 2x |o
£ £ o | &
[a) a
Y 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 3-9  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 3-10.
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Operation in Auto Rendering Mode

Figure 3-10
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Manual Display Change Mode: In manual display change mode, display frame switching
and the start of drawing are controlled by software. Display switching can be performed either by
performing FBO/FB1 switching with an SY SR DC bit setting by software, or by setting the start
address of FBO or FB1 in the display start address register indicated by DBF in SR. The start of
drawing is controlled by the RS bit in SY SR. 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
isshown in figure 3-11. When switching from this mode to another double-buffering control
mode, the DC bit must first be set to 1.
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Figure 3-11
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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

Di15to DO — 15 14 0

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

Pixel no. —> 1 0

1 word

v

A

4. 16-bit/pixel data

D15to DO — 15 0
| 1 pixel

1 word

v

A

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

DI5to D0 —» 15 11 10 5 4 0
| R@Gbts) | G (6bit) B (5 bits)

1 word

v

A
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6. YUV data

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

D15 to DO
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)

7. AYUV data

- 15 8 7 0
- | Y0 | uo |
- 15 8 7 0
- | Y1 | VO |
- 15 8 7 0
- | Y2 | u2 |
- 15 8 7 0
- | v3 | V2 |
- 15 8'7 0
- | Yn-1 Vn-2
1 word

A

A

A\

Data flow

n: Even number

AY UV datauses araster as the basic unit, The data configuration for one raster consists of the
initial value in the first two words and compressed image data in the remaining words.
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D15 to DO

Initial value (1st word)

D15 to DO

Initial value (2nd word)

D15 to DO

Image data (3rd word)

D15 to DO
Image data (4th word)

D15 to DO

Image data (nth word)

— 15 8 7 0
— 0
P 1 word _
— 15 8 7 0
- U
_ 1 word _
—+ 15 12 11 8 7 4 0
- AUO AYO AVO AY1
_ 1 word _
—+ 15 12 11 8 7 4 0
- AU2 AY2 AV2 AY3
_ 1 word _
1
1
i
1
i
1
i
— 15 12 11 8 7 4 0
— AUN-2 AYn-2 AVn-2 AYn-1
1 word

A

v

Data flow

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

Register address

D15 to DO —> 15 8 7 2 10
Even word I/I/I/I/I/I/I/I/I R (6 bits) I/I/I
MSB LSB
15 109 8 7 2 10
0dd word | cebisy | BeNS |/
MSB LSB MSB LSB
1 word

A
\
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Configurations of Data in UGM: The UGM data configuration is shown below.
1. 16-bit data

D15to DO — 15 14 0

P 1 word -
2. 1-bit/pixel data
D15to DO — 15 14 0
Pixelno.  — [15/14] o]
1 word

»
P

>
<

Note: The pixel number runs from 0 upward from the left to right side of the screen.
3. 8-hit/pixel data

D15toDO0 — 15 8 7 0

Pixel no. — 1 0

1 word

\/

4. 16-bit/pixel data

Di15toDO0 — 15 0

| 1 pixel

1 word

\/

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

DI5to D0 —» 15 11 10 5 4 0
| R@Gbits) |  G6ebts) | B(Gbis) |

1 word

\

A

Output Color Data Configurations (Q2 - Display Monitor): Output data

configurations are shown below.
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. RGB data

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

DD17 to DDO —» 17 1211 65 0
R(5bits) [0| G(6bits) | B(5hbits) |0]
MSB LSB MSB LSB MSB _ LSB

18 bits

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

DD17to DDO —» 17 1211 6 5 0
R (6 bits) G (6 bits) B (6 bits)
MSB LSB MSB LSB MSB LSB
18 bits

) »
« |

. 18-bit data (in case of independent format)

Frame buffer bits 15 to 11 are output to DD17 to DD13, and bits 10 to O are output to DD11
to DD1.

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

18 bits

»
>

A

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

Y C data uses a 4:2:2 format. Cr and Cb datais horizontally reduced data. CSEL is 0 when the
C datais Cb, and 1 when the C datais Cr.
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DD17 to DDO — 1716 87 0

Image data (1stword) = [0] | vo@bits) | cCbo(8bits) |
CSEL- 18 bits R
DD17 to DDO — 1716 8 7 0
Image data (2nd word) = (0] | vi@bits) | cro(@nis) |
_ Data flow
CSEL-" 18 bits -
DD17 to DDO — 1716 8 7 0
Image data (3rd word) — |Ol | Y2 (8 bits) | Chb2 (8 bits) |
cseL- 18 bits .
DD17 to DDO —» 1716 8 7 0
Image data (4thword) — |0] | Y3(8bits) | cCr2@bits) |
CSEL- 18 bits R
DD17 to DDO — 1716 8 7 0
Image data (nth word) — |Ol | Yn-1 (8 hits) | Crn-2 (8 hits) |
CsEL- 18 bits oy

«

Assuming an even number for n and an 18-bit word

Color Data Format Conversion

e AYUV/YUV-to-RGB conversion
The specifications of the function for converting AYUV or YUV datain main memory to RGB
data are shown in figure 3-12.
The Q2 converts AYUV or YUV datatransferred from the CPU to RGB data and storesit in the
UGM source area. The converted RGB datais used as source data for quadrilateral-drawing
commands.
Q2 registers that should be set by the CPU are as follows. Make the register settings in the
order shown in figure 3-13.
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Memory width (512 or 1024 dots)
is specified by the MWX bit in
__the rendering mode register

- |

Main memory UGM source area

Q2 internal registers
Start address

(ISAR)

ISAR: Image data transfer start

(@)
AYUV or address

YUV data

X size (IDSRX)

\ 4

Y

(b) IDSRX, Y: Image data size

(c) IEMR: Input ata conversion mode Y size
(IDSRY)

RGB data

(d) IDER: Image data entry

Figure 3-12

(@) ISAR: Image data transfer start address
(b) IDSRX, Y: Image data size
(c) IEMR (bits YUV1, 0): Input data conversion mode

A 4

Write to IDER: Image data entry

Figure 3-13

* RGB-to-YC conversion
The Q2 can convert RGB datain the frame buffersto Y C data before outputting it. The display
mode register (DSMR) contains a conversion enable bit (the YCM bit). If this bit is modified
during display, several pixels of abnormal datawill be output. This bit should therefore only be
modified outside the display period.

3.3.4 Display Functions

The Q2 has functions for outputting image data, drawn in the UGM, in synchronization with
externaly or internally generated display timing.

Register and Display Screen: In the Q2, horizontal and vertical display timing for the
display screenis set in the display parameter register (see section 5.5, Display Control Registers).
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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 3-14 shows the display timing. The display screen is defined by the variables shown in
table 3-3. The number of rastersin one VSYNC cycle should be set in vc, vsw, ys, and yw,
regardless of the display mode register scan mode.

| hc Lo

- L Ll
>

. hsw | 1

HSYNC/

EXHSYNC ! ' XS, XW !

|
e —
H >

- »
- |

yw

vC

Display area

Figure 3-14 Display Timing
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Table 3-2 Register

Settings**

Operating
Register Mode
No.
(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 ve 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 detection of a low EXHSYNC
level at the rise of CLK1 until the rise of DCLK after detection again at the fall of CLK1.
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CLK1

EXHSYNC \

DCLK (x1) wm MM
DD17 to DDO L ¢ § {_Do 3X D1 \ D2 |
DCLK o U e VY 2 VY e 2 VY S WY e WY
(x1/2 [A]) . hsw + xs !

*6pD17 to DDO P § § X Do f D1 X D2 )
DCLK W VY e 2 VY e WD mn WY
(x1/2 [B]) L | hsw + xs 1

*’DD17 to DDO Lo 3

% % A Dof D1 ) D2 |

3. The setting for the lower limit of the HDS bits is: when CLKi = 2 x DCLK, HDS = 64 x
(DCLK/CLKIi); when CLKi > 2x DCLK, HDS = (64+80) x (DCLK/CLK:i). The unit for CLKi
and DCLK is MHz. When CLKi=2 x DCLK, use a clock with which CLKi and DCLK are
synchronized. CLKi is CLKO when multiplication is not performed, and N x CLKO when

multiplication is performed with a multiplication factor of N.

Use a value of 4 or more for DSX.
When the EXHSYNC cycle is an even multiple of CLK1
When the EXHSYNC cycle is an odd multiple of CLK1

No ok

In interlace and interlace sync & video modes, the setting is: VDS8-0 = 1.

Table 3-3 Variables Defined by Display Screen

Variable Description Unit

hc Horizontal scan cycle Dot clock

hsw Horizontal sync pulse width Dot clock

XS Interval between 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

VSwW 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. VSwW+ys+yw<vc

HITACHI
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Screen Display: In the Q2, the DEN (display enable) bit in the system control register (SY SR)
can be used to select whether or not display datais to be output to the screen. When display datais
not output, the display off output register (DOOR) settings are displayed.

The frame flag (FRM) and vertical blanking flag (VBK) in the status register indicate the position
of thefall of the vertical sync signal (VSYNC) determined by the set value (VSP9-0) in the
vertical sync position register (V SPR) regardless of the synchronization method.

Scanning Systems: The Q2 alows selection of non-interlace mode, interlace sync 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
onefield. In interlace sync mode, one frame is composed of two fields, even and odd, in which the
same datais displayed. In interlace sync & video mode, also, one frame is composed of two fields,
even and odd, but in this mode different datais displayed in these two fields. In master mode, the
Q2 outputs a high-level signal from the ODDF pin during even field display, and alow-level
signal during odd field display. In TV sync mode, a high-level signa isinput at the ODDF pin to
display the even field, and alow-level signal to display the odd field. Figure 3-15 shows examples
of raster scan control display.
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00
01
02
03
04
05
06
07
08
09

ONONO)
ORONO)

ONONO)
ONONO)

Non-interlace mode Interlace mode

——— Raster scanned in odd field

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

Interlace sync & video mode

Figure 3-15 Examples of Raster Scan Control Display
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Synchronization Systems: The Q2 is provided with a TV sync function in addition to master
mode to simplify synchronization with an external device.

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

52

Internal Synchronization Mode (Master Mode)

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

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

External Synchronization Mode (TV Sync Mode)

In TV sync mode, display datais output in synchronization with vertical and horizontal sync
signals (EXHSYNC and EXVSYNC) input from an external source. The Q2 outputs display
data on the basis of the fall of the EXHSYNC signal and the rise of the EXVSYNC signal.

In this mode, the horizontal sync signal, vertical sync signal, and clock from the sync signal
generator should be input at theEXHSYNC, EXVSYNC, and CLK1 pins, respectively.
Signals that do not contain equivalent pulses should be used for the sync signals.

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

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

The Q2 performs UGM refreshing based onEXHSYNC and EXVSYNC. If EXHSYNC and
EXVSYNC are not input, UGM refreshing will not be carried out.

The signal flow in TV sync mode is shown in figure 3-16.

HITACHI



TV (sync signal generator): master

Clock
(4FSC) HSYNC VSYNC Field signal Data

A 4

Y

v v v Y > MIXER L» Display
CLK1 EXHSYNC EXVSYNC ODDF DD »
A A
' peik —1
Q2: slave FCLK (FSC)
CDE
A A
L 4 Y
SuperH UGM

Figure 3-16  Signal Flow in TV Sync Mode

e Synchronization System Switching Mode

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

The processing sequence in this caseis 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 Q2 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. This value should be
calculated as shown in table 3-4.
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Table 3-4 Estimated Number of Refresh Cycles (for 1/60s Field)

Sample Display

Number of Refresh Cycles (Per Raster)

Screen Sizes |[Memory Size| 4 Mbit x 1 4 Mbit x 2 | 16 Mbit x 1| 16 Mbit x 2
320 x 240 5 5 — —

640 x 240 — 5 5

640 x 480 — — 3

The Q2 supports CAS-before-RAS refresh mode.

The refresh cycles set in bits REF3-0 are executed from the fall of the DISP signal.

Display Timing: The relationship between the display control register settings and the display
signalsis shown in figure 3-17.
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3.4 Initial States

3.4.1 Initial States
Initial states are undefined.

Regigters: undefined
1/O pins. undefined
Output pins: low/high output

3.4.2 Reset State (when RESET is Driven Low)

Registers. After areset, the Q2's internal registers are initialized as shown in table 3-5.
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Initial Register Values after Reset

Table 3-5
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Pins: Table 3-6 shows the Q2 pin states after a reset.

Table 3-6 Pin States After Reset

I/0 pins Input state D0-D15, VSYNC/EXVSYNC,
HSYNC/EXHSYNC, ODDF
Output state (low-level output) MDO-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
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Section4 Display List

4.1 Overview

The Q2 performs drawing on the basis of a group of drawing commands located in the UGM. This
group of drawing commandsis called a display list. Drawing commands comprise four-vertex
surface drawing and line drawing commands which draw at rendering coordinates, and work surface
drawing and work line drawing commands which draw at work coordinates. There are also register
setting, sequence control, and drawing end commands.

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

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

Type Command Name

Function

Four-vertex POLYGON4
surface drawing Quadrilateral paint

Draws quadrilateral with four coordinates as apexes.

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 drawing LINEW
Polygonal line

Draws solid polygonal line from start coordinates through
nodal coordinates.

LINEW

Binary polygonal line drawing (absolute coordinate
specification)

RLINEW

Binary polygonal line drawing (relative coordinate
specification)
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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.
Theitems 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

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

0 Rendering coordinates (2-dimensional coordinate system)
These are the coordinates at which the Q2 performs drawing. For rendering coordinates, a
512-pixel x 512-pixel or 1024-pixel x 512-pixel coordinate system can be selected
according to the size of the UGM.

0 Multi-valued source coordinates (2-dimensional coordinate system)
These are the coordinates for natural image and other color map data. A maximum of 1024
x 1024 size positive coordinates can be used. The size of the coordinates that can be used is
determined by the size of the UGM. Also, the maximum number of 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 Q2 so that thereisa 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-dimensiona coordinate system)
These are coordinates for storing character patterns and line patterns. Character patterns and
line patterns are stored in order from any addressin the UGM, and pattern sizes are managed
with a 2-dimensiona coordinate system using command parameters TDX and TDY .
» Rendering reference data
O Indrawing 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 aPOLY GON4 type command, work data may be referenced.
* Rendering attributes
0 Seven kinds of attribute specifications can be made: work (WORK), clipping (CLIP),
transparent (TRNS), source style (STYL), net drawing (NET), source half (HALF), and
even/odd select (EOS). The attributes that can be specified depend on the command.

4.2 Command Fetching

The Q2 carries out drawing operations while performing fetches from the display list stored in the
UGM. The display list consist of a number of linked Q2 drawing commands.

The Q2 performs sequential fetches in low-to-high address order, starting at the address set in the
display list start address register (DLSAR). The fetch address can be changed midway, using a
JUMP or GOSUB command. Q2 fetching can be terminated by placing a TRAP command at the
end of the display list.

The Q2 has a 32-byte dedicated command buffer, and an equivaent area of the UGM is accessed at
one time. When processing of the commandsin this buffer is completed, another command fetch is
performed.

If the commands include a JUMP, GOSUB, or other command that changes the flow, the Q2
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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Y

DLSAR
Command
sequence 1
JUMP
Command
sequence 2
: / Subroutine
GOSuB
<« 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 Q2 controls three 2-dimensional coordinate systems, for rendering coordinates, 8-bit/pixel or
16-bit/pixel (multi-valued) source coordinates, and work coordinates, and one 1-dimensional
coordinate system, for 1-hit/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 buffersis also fixed, but depends on the installed memory capacity
and screen size. Make the appropriate selection with the rendering mode register. In an area other
than one containing a frame buffer, although drawing operations are performed, nothing is written.

Rendering coordinates that can be selected by the Q2 are within the range shown in figure 4-2
Therefore, when drawing is performed using the LCOFS command, coordinates after addition of the
offset set by the LCOFS command must be within the range shown in figure 4-2.
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-1024 0

-1024
Minimum
installation
0 511 X
255 | Maximum
installation
511
\ A
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 by 1024 x 1024
positive coordinates, as shown in figure 4-3, but the size depends on the installed memory
capacity, screen size, and multi-valued source area start address. Depending on the multi-valued
source start address, this coordinate system may entirely or partialy overlap another coordinate
system.

(MAX) 1023

Y

°0

(MAX) 1023

Figure 4-3  Multi-Valued Source Coordinates
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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 coordinate

system can overlap display list space. However, the start address of a source figureis always a
word address. The size of the figure is specified by POLY GON4B command parameters TDX and

TDY. The horizontal width (TDX) setting can only be made in multiples of 8 pixels.

Source
address
(word)

TDX

Y

Binary source space and

A
display list space

TDY

\/\ 5

Figure 4-4  Binary Source Coordinates

Binary Work Coordinate System: The work coordinate system corresponds on a one-to-one
basisto the rendering coordinate system. Therefore, clipping is also handled in the same way as for

the rendering coordinate system.

HITACHI
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-1024 0

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

1023

Figure 4-5 Work Coordinate System

Relationship between Binary Work Coordinates and Addresses: Work coordinates are
liner coordinates that start from the work area start address. Work coordinates comprise 2-
dimensional coordinates reflected at each pixel (512 or 1024 pixels) specified by the MWX bit in
the rendering mode register (REMR). Examples are shown in figures 4-6 and 4-7.

The memory capacity required for the binary work areais (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 window
Display list and binary (MWX = 0)

source area

Figure 4-6  Example of Relationship between Binary Work Coordinates and
Addresses
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‘ X
o - 511
v| 16bits _ / 16bits 16 bits
! <—>14—> <>
I L : o
0 H'40000 Y H'40001 ) - H'4001F
( H#40000 ) 40001 )

1 ( H'40020 I H'40021 ) ------

1 line

7 ((H400EF | H400EL ) - B

Equivalent
to 32 work
coordinate
lines

255 ((H43FEF | H43FEL) - B

Figure 4-7 Relationship between Binary Work Coordinates and Addresses

4.3.2 Rendering Reference Data

Q2 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 POLY GON4A,

POLY GONA4B, PLINE, and RPLINE. Drawing commands that do not reference the transfer source
are POLYGONAC, LINE, RLINE, FTRAP, RFTRAP, CLRW, LINEW, and RLINEW.

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

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

With POLY GON4 commands, it is possible to reference a combination of multi-valued source data
and binary source data, binary source data and binary work data, or specified color data and binary
work data (figure 4-8).
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A

-

Source rendering area

Rendering result

Transparent mode

Specified color data
Transparent mode

Il coLoro
[] coLor1

Transparent mode

B color: N
Binary source data
= Sy

Applicable
command

POLYGON4A

POLYGON4B

POLYGON4B

POLYGON4C

Figure 4-8 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 datais shown in figure 4-9.
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Case where LH ~ 8-bit data

Figure 4-9

Binary Sour ce Data: Binary source datais arranged in linear fashion in the binary source area
inthe UGM, and is managed as 2-dimensional coordinates (binary source coordinates) by TDX and
TDY inthe POLY GON4B command. The left-hand screen pixel must be located at the LSB of the

Multi-Valued Source Data Configuration

binary source data when the binary source data areais viewed from the Q2.

However, the horizontal width (TDX) is specified in multiples of 8 pixels (1-byte units). an

example of binary source datais shown in figure 4-10.

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

COLORL datafor drawing).

TDX

Example of kanji font as binary
source TDX=24, TDY=24

; ! )E Data:

H'1C00, H'OE07, H'430C,

 ae :i H'0C1C, H'DSE3, H'FFFF,

. e ) H'0C00, H'0003, H'030C,

> . a8 , } H'0140, H'4718, H'3FFF,

o " 8 anes ) H'636E, H'2C18, H'1863,

aees C UL H'6320, H'3018, H'1FFF,

LX) LX) H'6310, H'1800, H'1860,

ees aees H'FF98, HOC3F, H'0060,

(L L) 1) H'600F, HEC60, HFFFF,

) e 08 ) H'BOOC, H0C01, H0338,

ee H'1C0C, H'OCOE, H'3COE,

v e H'038C, H'ECF8, H'6000
Figure 4-10 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 datais used to implement polygon painting. Polygon outline datais created
with the FTRAP command, etc. and the created figure data is used to delineate the rendering figure.
For example, if the POLY GON4C command is used jointly for work, the work area polygon can
be drawn in the rendering area with the specified color value. The configuration of binary work data
isshown in figure 4-11.

Number of pixels specified by MWX bit

i

Figure 4-11  Binary Source Data Configuration

Specified Color Data: Specified color data is defined directly in drawing parameters COLOR,
COLORO, COLOR1, LINE COLORO, and LINE COLORL1. When the Q2 is used for 8-hit/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 Q2 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 hit.

4.3.3 Rendering Attributes

With the Q2, seven rendering attributes can be specified. The rendering attributes are embedded in
the commands, and can be specified on an individual command basis. Figure 4-12 shows the bit
arrangement for rendering attributes.

L Opcode word |
Y Ll
s om0 o]
[cooe | | [ orawmobe !
< >|< >
10 0

reserved] TRNS | STYL | CLIP [reserved] NET EOS HALF | WORK

Figure 4-12  Rendering Attribute Bit Arrangement
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Work Specification (WORK): When drawing is performed at rendering coordinates with
POLY GON4 commands, the WORK hit can be used to select, on an individual drawing command
basis, whether or not binary work dataisto be referenced.

When binary work data referencing is selected, drawing is performed if the work data for the pixel
corresponding to the rendering coordinatesis 1, but not if the work datais 0. 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. Work coordinates should be drawn so
that there is no collision between drawing by command and drawing by the SuperH.

With the PLINE and RPLINE commands, this attribute is specified but work references are not
performed. The commands that can be used are POLY GON4A, POLY GON4B, and POLY GONA4C;
with other commands, the work specification bit should be cleared to 0.

Clipping Specification (CLIP): The Q2 can perform clipping area management. There are
two kinds of clipping area: a system clipping area designated by the SCLI1P command, and a user
clipping area designated by the UCLIP command.

The system clipping areais arectangular areafor prescribing avalid drawing range as the display
range when the Q2 performs double-buffering control. Thus the system clipping areais used to
prohibit drawing outside the area. The system clipping areais valid when the CLIP bit is cleared to
0.

The user clipping areais valid when the CLIP bit is set to 1. When the user clipping areais made
valid, the system clipping area becomesinvalid. Thus, to prohibit drawing outside the system
clipping area, ensure that the user clipping areafits inside the system clipping area.

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

An example of aclipping specification is shown in figure 4-13.
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A
7 cLPbit=1
(01 0) .~

AN
CLIP bit=0

System clipping area

Y

Designated user clipping area

(359,239)

Figure 4-13 Example of Clipping Specification

Transparency Specification (TRNS): When color expansion of binary source data is
performed, transparency or non-transparency can be selected on an individual drawing command
basis with the TRNS bit. When transparency is selected, a 0 in the binary source datais
transparent and a 1 has the value of the COLOR1 parameter. When non-transparency is selected, a
binary data 0 has the value of the COLORO parameter, and a 1 has the value of the COLOR1
parameter. With multi-valued source data, “all-0" data becomes a transparent color, and those pixels
are not drawn. The transparency specification can be used with the POLY GON4A, POLY GON4B,
PLINE, and RPLINE commands; it isinvalid for other commands.

Sour ce Style Specification (STYL): When drawing a rectangle, the STYL hit can be used
to select, on anindividual drawing command basi s, whether the source data is to be enlarged or
reduced, or referenced repeatedly. If no style specification is made, the source dataiis enlarged or
reduced in proportion to the size of the rendering area. When a style specification is made, the
source datais referenced repeatedly in proportion to the size of the rendering area. This attribute is
therefore used when drawing repeated patterns such as hatch patterns. The source style specification
can be used with the POLY GON4A, and POLY GON4B commands; it isinvalid for other
commands.

An example of asource style specification is shown in figure 4-14.
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No style specification (STYL = 0)

o0e  eevCee . . .

Style specification used (STYL = 1)

LQJ , O , , CID , Referenced twice

Source data Drawing data

Figure 4-14 Example of Source Style 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 afunction
for drawing only pixels at coordinates for which the condition “rendering coordinates X + Y = EOS
(O: even number, 1. odd number)” istrue. For example, if EOS = 0, drawing will only be
performed at coordinatesY =0,X =0,2,4,6,8,..,Y=1,X=1,3,5/7,9, ...

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

The net drawing specification can be used with the POLY GON4 commands, and the LINE,
RLINE, PLINE, and RPLINE commands; it isinvalid for other commands.

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

The source half drawing specification can only be used with the POLY GON4B (binary source)
command, and isinvalid for other commands.

Even/Odd Select Specification (EOS): Even pixels are selected when EOS = 0, and odd
pixels when EOS = 1.

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

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

Examples of even/odd select specifications are shown in figure 4-15.

73
HITACHI




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

?Qopo?of 2090

Source data Drawing data

Starting point
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Figure 4-15 Examples of Even/Odd Select Specifications

HITACHI




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

1. Code
B'00000

2. Rendering Attributes

15 0
[« CODE +><——— DRAW MODE ——>|

[T 777 «———xs: >
[T T 77 <————Tvs! >
| -  TDX >
| - DY >
|<—Sign extension-» i<  DX1+ :}
I(—Sign extension» < -DY1+ :I
|(-Sign extension» i« - DX2 4 :I
|<-Sign extension» < -DY2 4 ;}
|(-Sign extension» <€ - DX3 4 :I
I(-Sign extension» i< -DY3+ :I
|<—Sign extension» <« - DX4 4 ;I
|<—Sign extension» i< FDY4 4 ;I

D: Fixed at 0

HITACHI
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Reference Data Drawing Destination
Multi-Valued Binary Binary Specified
Source Source Work Color Rendering Work
(0] x A x o) x
Draw Mode

Reserved TRNS  STYL  CLIP Reserved NET EOS Reserved HALF  WORK
Fixedat O (0] (0] Fixedat O (0] Fixed at Fixed at X (@)

0 0 0 0

O : Can be used
A : Referenced depending on mode
x : Cannot be used

3. Command Parameters
TXS, TYS: Source starting point
TDX, TDY: Source size
DXn, DYn (n = 1to 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 occursto fill in gaps.

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

When work referencing is selected as arendering 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, and enlargement and reduction performed, taking in
multiples of 8 pixelsin the multi-valued source coordinate X-direction as one unit. TDX must
therefore be specified in multiples of 8 pixelsin order for multi-valued source referencing to be
carried out correctly.
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Example

(TXS, TYS)  TDX
<>

TDYI

Multi-valued source coordinates
Work specification provided

No work
specification

>
>

(DX1, DY1)
(DX2, DY2)

(DX3, DY3)

(DX4, DY4)
Rendering coordinates

(DX1, DY1)
(DX2, DY2)

(DX3, DY3)

\
RN

(DX1,DY1)
(DX2, DY2)

(DX4, DY4) (DX3, DY3)

Work coordinates

(DX4, DY4) -
Rendering coordinates
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4.4.2 POLYGON4B
Function

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

Command Format

15 0
[« CODE +>i<—— DRAW MODE +——>]

[ 1 1 = SOURCEADDRESSH 1>|

[ | | <i——— SOURCEADDRESSL ->|

\4

[ 7 7§ 1 e——F—moxi

Y

[ 1§ 1 «——F—ovi

Y

I(—Signextension-»i <«+——+—+DX1t

I(—Sign extension»i i< FDY1+ >
I(-Sign extension» i< - DX2 4 >
|<-Sign extensiony i< ~DY2+ >
|<—Sign extension»i i< - DX34 >
I(—Sign extension»i i< -DY3+ >
|<-Sign extension» i< - DX4 4 >

Y

|<—Signextension->; «———+DY4+

[—————coor1—F—F———>

l:l: Fixed at 0

F COLOR 0 +—————>|

1. Code
B'00001

2. Rendering Attributes
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Reference Data Drawing Destination
Multi-Valued Binary Binary Specified
Source Source Work Color Rendering Work
X O A X 0] X
Draw Mode

Reserved TRNS  STYL CLIP Reserved NET EOS Reserved HALF WORK
Fixed at (@) O (@) Fixed at (@) (@) Fixed at Fixed at O (@]

0 0 0 0
O : Can be used
A : Referenced depending on mode
x . Cannot be used
¢ : Cannot be specified simultaneously

3. Command Parameters
SOURCE ADDRESS H: 1-hit/pixel source start upper address
SOURCE ADDRESS L: 1-hit/pixel source start lower address
TDX, TDY: Source size
DXn, DYn (n = 1to 4): Rendering coordinates, work coordinates
COLORO, COLOR1: 8 or 16-hit/pixel color specifications

Description

Transfers binary (1-bit/pixel) source datato any quadrilateral rendering area, expanding the datato
the colors specified by parameters COLORO and COLORL. The sourceis always scanned
horizontally, but diagonal scanning may be used in the drawing, depending on the shape. In
diagonally-scanned drawing, double-writing occurs to fill in gaps.

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

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

The TDX valueis specified in multiples of 8 pixels.

Example
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SOURCE
ADDRESS

TDY

Binary source
coordinates

COLOR O

I COLOR 1

Y

Binary source 0 data
is transparent.

Non-transparent
mode (TRNS = 0)

(DX1, DY1)

(DX2, DY2)

(DX3, DY3)

Rendering coordinates

Transparent
mode

(TRNS = 1)
A

I COLOR 1

NIl

--0 (DX2, DY2)

(DX3, DY3)

Rendering coordinates
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4.4.3

Function

POLYGON4C

Performs any four-vertex drawing with a monochrome specification.

Command Format

15

0

[« CODE ~><——— DRAW MODE +——>

[Sign extension > < DX1 >
I(—Sign extension» i ~DY1+ :I
[ Sign extension > i< - DX21 >
|<-Sign extension» i< ~DY2+ ;I
S el < e S
[ Sign extension > i< £ DY3 >
[« Sonexension > i< TDxa >
[«Sign extension > i< DY4+ >|
[ —COLOR -
1. Code
B'00010
2. Rendering Attributes
Reference Data Drawing Destination
Multi-Valued Binary Binary Specified
Source Source Work Color Rendering Work
X X A @) o x
Draw Mode
Reserved CLIP Reserved NET EOS Reserved WORK
Fixed at Fixed at Fixedat O Fixedat O o Fixed at Fixed at Fixedat O
0 0 0 0 0 0 0

O : Can be used
A : Referenced depending on mode

X

: Cannot be used

HITACHI
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3. Command Parameters
DXn, DYn (n=1to 4): Rendering coordinates, work coordinates
COLOR: 8 or 16-bit/pixel color specification

Description

Draws any quadrilateral in the rendering areain 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 S (DX2, DY2)
o Specified color
(DX4, DY4)
(DX3, DY3)
Rendering coordinates
Work specification
A (DX1, DY1) COLOR J (DX1, DY1)
(DX2, DY2) * Q--a--0 (DX2, DY2)
} >» i |
Specified color - \
(DX4, DY4) (DX4, DY4) - QU
(DX3, DY3) X% (DX3, DY3)
Work coordinates Rendering coordinates
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4.4.4 FTRAP

Command Format

15 0
| <~ CODE +><——— DRAW MODE +———>|

Ii:::::::n:::::::?

|
|
I(—Sign extension» i< DXL +——— :I
|<—Sign extension» i< DX ;I
|<—Sign extension-»i : DY1 ;I
|<—Sign extension» i< F DX2 +——— ;I
|<—Sign extension» i< FDY2 +——— :I
|<-Sign extension» i< = DXn +——— ;I
|<—Sign extension» i< FDYn +——— :I
1. Code
B'01000
2. Rendering Attributes
Reference Data Drawing Destination
Multi-Valued Binary Binary Specified
Source Source Work Color Rendering Work
X X X X X (@]
Draw Mode
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 = 2to 65,535): Number of vertices
DXL: Lefthand side coordinate
DXn (n = 2 to 65,535): Absolute coordinate
DYn (n=2to 65,535): Absolute coordinate
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Description

Draws a polygon with n-1 vertices at work coordinates. The polygon is drawn by sequentially
painting trapezoids, using binary EOR, with line segments (DX1, DY 1) — (DX2, DY 2), (DX2,
DY2) —(DX3,DY3), ..., (DXn, DYn) — (DX1, DY 1) specified by the parameters as the right-hand
side, with X = DXL asthe left-hand side, and with top and bottom bases parallel to the X-axis.
Bottom base drawing is not performed, and so the border should be drawn using the LINEW
command. 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

Order of Listing FTRAP Parameters

n
DXL

DX1
DY1
DX2
DY2
DX3
DY3
DX4
DY4
DX1
Y DY1

Listing order

}Add the start point at the end
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4.4.5 RFTRAP

Command Format

15 0
[« CODE ~><——— DRAW MODE +——>

[ ¢ I H I H H H I H RN |

|l I H I T N H I H R

I(—Sign extension» i €————+ DXL +——— :I
[ —— x>~ ——pv1i——>
[« ——bx2-——><i——Dv2i——1>
|«<—— Dxn > < DYn+——>|
1. Code
B'01001
2. Rendering Attributes
Reference Data Drawing Destination
Multi-Valued Binary Binary Specified
Source Source Work Color Rendering Work
X X X X X (@]
Draw Mode
Reserved CLIP Reserved
Fixed at Fixed at Fixed at (0] 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 = 1to 65,535): Number of vertices
DXL: Lefthand side coordinate
DXn, DYn (n = 1to 65,535): Relative coordinates
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Description

Paints n trapezoids with X = DXL as the side, and 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) asthe
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.

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

Example
Whenn=3
(0, 0)
' DXL (XC, YC)
1 DY1
(XC+DX1+DX2+DX83, ' XC+DX1, YC+DY1)
YC+DY1+DY2+DY3)| { ' DY2
! ,
(XC+DX1+DX2,
YC+DY1+DY2)
Work coordinates
Painting order
DXL

-
\

86
HITACHI



4.4.6 LINEW

Command Format

15 0
[«+-CODE-><i——DRAW MODE ——>]
[ I H I H |
I I H I —n H I |
I(—Sign extension» i< +DX1+ :I
|<—Sign extension» i< +DY1+ >I
|<-Sign extension» i< ~DX24 ;I
l(—Sign extension» i< +DY2+ ;I
|<-Sign extension» i< ~DXn+ :I
|<-Sign extension > i< +DYn# ;I
1. Code
B'01010
2. Rendering Attributes
Reference Data Drawing Destination
Multi-Valued Binary Binary Specified
Source Source Work Color Rendering Work
X X X O X O
Draw Mode
Reserved CLIP Reserved EOS Reserved
Fixed at Fixed at Fixed at (0] Fixed at Fixed at (0] Fixed at Fixed at Fixed at Fixed at
0 0 0 0 0 0 0 0 0

O : Canbe used
: Can be used (EOS reference)
: Cannot be used

O

X

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

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

15 0
[«+-CODE->i<i——DRAW MODE ——>]
[e——————n ——
[ ——DXx1i——>i< DY1i——>]
[« ——Dx2——>< DY2i——>]
[ ——DXni——>i< DYni——>]
1. Code
B'01011

2. Rendering Attributes

Reference Data

Drawing Destination

Multi-Valued Binary Binary Specified
Source Source Work Color Rendering Work
X X X X (@]
Draw Mode
Reserved CLIP Reserved EOS Reserved
Fixed at Fixed at Fixed at (0] Fixed at Fixed at (0] 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)
x : Cannot be used
3. Command Parameters
n (n = 1to 65,535): Number of vertices
DXn, DYn (n = 1to 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.

Thefinal coordinate point is stored as the current pointer (XC, Y C). (Used for polygon painting
drawn figure border drawing at work coordinates.)

Note: 8-point drawing is used.

Example
n=2
(0,0) >
(XC+DX1, YC+DY1)
v DX1 DX2
i ! DY2
DY1 !
; (XC+DX1+DX2, YC+DY1+DY2)
(XC, YC)
Work coordinates
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4.4.8 LINE

Command Format

15 0
[«+-CODE->i<i——DRAW MODE ——>]
[«F————F LINECOLOR {—+———>]
[ T H I H H H I H I HIN|
IR L S S S S S |
|<—Sign extension»} <« FDX1+——— :I
|<—Sign extension»} < DY 1 +——— :I
|<—Sign extension»} < FDX 24—+ ;I
|<—Sign extension»} i< DY 24+——+— :I
|<—Sign extension»} < FDXN+H——— ;I
|<-Sign extension»! < ‘DYn+——— ;I
1. Code
B'01100
2. Rendering Attributes
Reference Data Drawing Destination
Multi-Valued Binary Binary Specified
Source Source Work Color Rendering Work
X X X O O x
Draw Mode
Reserved CLIP Reserved NET EOS Reserved
Fixed at Fixed at Fixed at (0] Fixed at (0] (@] Fixed at Fixed at Fixed at Fixed at
0 0 0 0 0 0 0 0

O : Can be used
x . Cannot be used
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3. Command Parameters
LINE COLORQO: 8 or 16-hit/pixel color specification
n (n = 2 to 65,535): Number of vertices
DXn (n = 2 to 65,535): Absolute coordinate
DYn (n=2to 65,535): Absolute coordinate

Description

Draws a polygonal line from vertex 1 (DX1, DY 1), through vertex 2 (DX2, DY2), ...., vertex n —
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

15 0
[«+-CODE-+>i<——DRAW MODE——>]

[«-———— LINECOLOR ————>

[ T R
|l H H n H R
|«——DX1 > i< DY1+——>]
[«——Dx2 >< DY2——>
[«<-——iDXn >i< DYni——H>
1. Code
B'01101

2. Rendering Attributes

Reference Data

Drawing Destination

Multi-Valued Binary Binary Specified
Source Source Work Color Rendering Work
x x X (0] @) x
Draw Mode
Reserved CLIP Reserved NET EOS Reserved

Fixed at Fixed at Fixedat O Fixed at (0] (0] Fixed at Fixed at Fixed at Fixed at

0 0 0 0 0 0 0 0
O : Can be used
x 1 Cannot be used
3. Command Parameters

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

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

DXn, DYn (n = 1to 65,535): Relative coordinates
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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).

Thefinal coordinate point is stored as the current pointer (XC, Y C).

Note: 8-point drawing is used.

Example
N=2
(0,0) >
(XC+DX1, YC+DY1)
v DX1 DX2
i | DY2
DY1 !
; (XC+DX1+DX2, YC+DY1+DY2)
(XC, YC)
Rendering coordinates
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4.4.10 PLINE

Function

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

Command Format

1. Code
B'01110

2. Rendering Attributes

15 0
[« CODE +><—— DRAW MODE +——>]

<«—————— LINE COLOR 0 ——————>|

<«———+——LINE COLOR 1——————)|

«——— SOURCE ADDRESS L ———>|

|
|
[ | | <+ SOURCE ADDRESS H1>]
L
|
<
=

————F TDX >|

n >|

|<-Sign extension > i< - DX1+ ;I
|<—Sign extension > i< *DY1+ ;I
|<—Sign extension > i< - DX2+ ;I
|<—Sign extension > i< ‘DY2+ ;I
|<—Sign extension» i< - DXn ;I
|<—Sign extension» i< : DYn+ ;I

|:|: Fixed at 0

HITACHI
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Reference Data Drawing Destination

Multi-Valued Binary Binary Specified
Source Source Work Color Rendering Work
X (@] x x (@) X
Draw Mode
Reserved TRNS Reserved CLIP Reserved NET EOS Reserved
Fixed at (@] Fixed at (@] 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 COLORQO: 8 or 16-hit/pixel color specification
LINE COLOR1: 8 or 16-bit/pixel color specification
SOURCE ADDRESS H: 1-bit/pixel source start upper address
SOURCE ADDRESSL: 1-bit/pixel source start lower address
TDX: Sourcesize
n (n = 2 to 65,535): Number of vertices
DXn (n = 2 to 65,535): Absolute coordinate
DYn (n=2to 65,535): Absolute coordinate

Description

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

Note: TDX can be set in multiples of 8 pixels.
4-point drawing is used.
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Example

(0,0

-
-
-

[ 4
(DX1, DY1)

(DX2, DY2)
- " ~

- ~
~

®
(DX3, DY3)

Rendering coordinates

HITACHI

TDX

3 >

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

15 0
|<+ CODE +>«+——DRAW MODE+——>|

<+———+—LINE COLOR 0——+—+—>

<+—+——+——LINE COLOR l——————)|

i<——— SOURCE ADDRESS L ——>|

|
|
L | | <+SOURCE ADDRESS H->]
L
|
[
[

< ——— DX+
n— -
|<——— DX1 > DY1+———>|
|[«<——Dx2 > < DY2 +——>|
[«——pxn > DYn+——>|
l:l: Fixed at 0
1. Code
B'01111
2. Rendering Attributes
Reference Data Drawing Destination
Multi-Valued Binary Binary Specified
Source Source Work Color Rendering Work
X O X X O X
Draw Mode
Reserved TRNS Reserved CLIP Reserved NET EOS Reserved
Fixed at O  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
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3. Command Parameters
LINE COLORQO: 8 or 16-hit/pixel color specification
LINE COLOR1: 8 or 16-bit/pixel color specification
SOURCE ADDRESS H: 1-bit/pixel source start upper address
SOURCE ADDRESSL: 1-bit/pixel source start lower address
TDX: Source size
n (n = 1to 65,535): Number of vertices
DXn, DYn (n=1to 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, Y C).

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

Note: TDX can be set in multiples of 8 pixels.
4-point drawing is used.

Example
=2 TDX
(0,0 < >
(XC+DX1, YC+DY1) SOURCE [£100 1100 1100 1100
DX1 DX2 ADDRESS
Y Z®TTTiDY2
DYl -7 S
/& - .\
(XC, YC) (XC+DX1+DX2, YC+DY1+DY2)

TRNS =1 and STYL = 1 specified

Rendering coordinates
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4.4.12 MOVE

Command Format

15 0
[«<-CODE-><«i——DRAW MODE ——>|
|<—Sign extension i i€—t—F——+ XC —+—+— :I
|<—Sign extension->§ : YC ;I
1. Code
B'10000
2. Rendering Attributes
Reference Data Drawing Destination
Multi-Valued Binary Binary Specified
Source Source Work Color Rendering Work
X X X X X X
Draw Mode
Reserved

Fixed at Fixed at Fixed at Fixed at Fixed at Fixed at Fixed at Fixed Fixed Fixed Fixed
0 0 0 0 0 0 0 ato ato ato ato

x : Cannot be used

3. Command Parameters
XC: Absolute coordinate
Y C: Absolute coordinate

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 MOV E 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 and
its value will be overwritten. Therefore, aMOVE command must be issued before using relative
drawing commands again.

100
HITACHI




Example

Y

(0,0)

(XC, YC)

Work coordinates
Rendering coordinates
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4.4.13 RMOVE

Command Format

15

0

[«F-CODE+>«-——DRAW MODE——+>]

[«F—=—xC

G
» <€

YC

1. Code
B'10001

2. Rendering Attributes

Reference Data

Drawing Destination

Multi-Valued Binary Binary Specified
Source Source Work Color Rendering Work
X X X X X X
Draw Mode
Reserved
Fixed at Fixed at Fixed at Fixed at Fixed at Fixed at Fixed at Fixed Fixed Fixed Fixed
0 0 0 0 0 0 0 ato ato ato ato

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 relative coordinates from the old current pointer.
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Example

Y

(0,0)

4 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 > «—+———+XO = >]
|<-Sign extension»} =YO ;I
1. Code
B'10010
2. Rendering Attributes
Reference Data Drawing Destination
Multi-Valued Binary Binary Specified
Source Source Work Color Rendering Work
X X X X X X

Draw Mode

Reserved

Fixed at Fixed at Fixed at Fixed at Fixed at Fixed at Fixed at Fixed Fixed Fixed Fixed
0 0 0 0 0 0 0 ato ato ato ato

x : Cannot be used

3. Command Parameters
X0, YO: Absolute specification

Description

Setsthelocal offset of the rendering coordinate system and the local offset of the work coordinate
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 isto be reflected in the current pointer, issue a MOV E command after the
L COFS command.
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Example

0,0

(XO1+DX2, YO1+DY2)

(X01, YO1) LINE

(XO1+DX1, YO1+DY1)

Work coordinates
Rendering coordinates

HITACHI
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4.4.15 RLCOFS

Command Format

15 0
[«-CODE-—><——DRAW MODE ——>]
[«—— X0 ——><—— YO
1. Code
B'10011
2. Rendering Attributes
Reference Data Drawing Destination
Multi-Valued Binary Binary Specified
Source Source Work Color Rendering Work
X X X X X X
Draw Mode
Reserved

Fixed at Fixed at Fixed at Fixed at Fixed at Fixed at Fixed at Fixed Fixed Fixed Fixed
0 0 0 0 0 0 0 ato ato ato ato

x : Cannot be used

3. Command Parameters
X0, YO: Relative specification

Description

Setsthelocal offset of the rendering coordinate system and the local offset of the work coordinate
system with relative coordinates from the old local offset. After this setting is made, this offset
valueis added in al subsequent coordinate specifications.

Theold local offset refersto the local offset value set by the Icofs command. If the local offset is
to be reflected in the current pointer, execute aMOVE command after setting the offset with an
Icofs or rlcofs command.
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Example

(0,0 >
(Old XO+XO+DX2, Old YO+YO+DY2)

(Old X0, Old YOy YO

<

LINE
(Old XO+X0, Old YO+YO)

(Old XO+X0O+DX1, Old YO+YO+DY1)

Work coordinates
Rendering coordinates
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4.4.16 UCLIP

Command Format

15 0
[«+-CODE->i«-——DRAW MODE——>]

[T T T 777 < YMINT——>]

[ 17 1 1 «—F—FYMAXT—F]

X

XMIN———>]

A
P
=<
>
X
LY

|:|: Fixed at O
1. Code
B'10101
2. Rendering Attributes
Reference Data Drawing Destination
Multi-Valued Binary Binary Specified
Source Source Work Color Rendering Work
X X X X X X

Draw Mode

Reserved

Fixed at Fixed at Fixed at Fixed at Fixed at Fixed at Fixed at Fixed Fixed Fixed Fixed
0 0 0 0 0 0 0 ato ato ato ato

x : Cannot be used

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

Description

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

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

This setting is valid when CLIP = 1.
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Example

0,0)

<

>
>

(XMIN, YMIN)

(XMAX, YMAX)

Work coordinates
Rendering coordinates

HITACHI
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4.4.17 SCLIP

Command Format

15 0
[«+-CODE-+>i<i——DRAW MODE ——>]

[ 7 e XMAX———]
HEEEE
D:Fixedato

< YMAX——>

1. Code
B'10111

2. Rendering Attributes

Reference Data Drawing Destination
Multi-Valued Binary Binary Specified
Source Source Work Color Rendering Work
X X X X X X
Draw Mode
Reserved

Fixed at Fixed at Fixed at Fixed at Fixed at Fixed at Fixed at Fixed Fixed Fixed Fixed
0 0 0 0 0 0 0 ato0 ato0 ato ato

x : Cannot be used

3. Command Parameters
XMAX: Left/right X coordinate
YMAX: Upper/lower 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.

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

This setting is valid when CLIP = 0.
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Example

0, 0) >

(XMAX, YMAX)

Work coordinates
Rendering coordinates
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4.4.18 CLRW

Command Format

15 0
[«-CODE-+>i<i——DRAW MODE ——>]

|<—Signextension->; «t——— XMIN —— ;I

[«Fsgn exensoni> < YMINT——>]

|<—Signextension->; G ——XMAX—— :I

[« sign extension > <———YMAX——>]

1. Code
B'10100

2. Rendering Attributes

Reference Data Drawing Destination
Multi-Valued Binary Binary Specified
Source Source Work Color Rendering Work
X X X X X O
Draw Mode
Reserved

Fixed at Fixed at Fixed at Fixed at Fixed at Fixed at Fixed at Fixed Fixed Fixed Fixed
0 0 0 0 0 0 0 ato ato ato ato

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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4.4.19 JUMP

Command Format

15 0
[« CODE -><F—— DRAW MODE ——>

[ 7 7§ | <JUMPADDRESSH+>|

[ i | <+ JUMP ADDRESS L ——>|

D: Fixed at O
1. Code
B'11000
2. Rendering Attributes
Reference Data Drawing Destination
Multi-Valued Binary Binary Specified
Source Source Work Color Rendering Work
X X X X X X

Draw Mode

Reserved

Fixed at Fixed at Fixed at Fixed at Fixed at Fixed at Fixed at Fixed Fixed Fixed Fixed
0 0 0 0 0 0 0 ato0 ato0 ato ato

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

15 0
[« CODE 7><F—— DRAW MODE ——>]
[T T T T T i<'SUBROUTINE ADDRESS H~>]

[ T < SUBROUTINE ADDRESS L ——>]

1. Code
B'11001

2. Rendering Attributes

Reference Data Drawing Destination
Multi-Valued Binary Binary Specified
Source Source Work Color Rendering Work
X X X X X X
Draw Mode
Reserved

Fixed at Fixed at Fixed at Fixed at Fixed at Fixed at Fixed at Fixed Fixed Fixed Fixed
0 0 0 0 0 0 0 ato ato ato ato

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 addressis
restored by an RET instruction. As only one level of nesting is permitted, it will not be possible
to return if a subroutine call isissued 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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4.4.21 RET

Command Format

15 0
[<+ CODE {>i<+—— DRAW MODE ——>

1. Code
B'11011

2. Rendering Attributes

Reference Data Drawing Destination
Multi-Valued Binary Binary Specified
Source Source Work Color Rendering Work
X X X X X X
Draw Mode
Reserved
Fixed at Fixed at Fixed at Fixed at Fixed at Fixed at Fixed at Fixed Fixed Fixed Fixed
0 0 0 0 0 0 0 ato0 ato0 ato ato

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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4.4.22 TRAP

Command Format

15 0
[« CODE +><-—— DRAW MODE ——+>]

1. Code
B'11111

2. Rendering Attributes

Reference Data Drawing Destination
Multi-Valued Binary Binary Specified
Source Source Work Color Rendering Work
X X X X X X
Draw Mode
Reserved

Fixed at Fixed at Fixed at Fixed at Fixed at Fixed at Fixed at Fixed Fixed Fixed Fixed
0 0 0 0 0 0 0 at0 at0 at0 at0

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.
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Display list area

Register setting
command

Drawing
command

Drawing
command

Drawing
command

Interrupt
command

Drawing starts

TRA interrupt generated
/M 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 -><F—— DRAW MODE ——>

[ - DUMMY - >
[ - DUMMY - >
1. Code
B'11110
2. Rendering Attributes
Reference Data Drawing Destination
Multi-Valued Binary Binary Specified
Source Source Work Color Rendering Work
X X X X X X
Draw Mode
Reserved
Fixed at Fixed at Fixed at Fixed at Fixed at Fixed at Fixed at Fixed Fixed Fixed Fixed
0 0 0 0 0 0 0 at0 at0 ato ato

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.
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Section 5 Registers

5.1 Overview

The Q2 has address-mapped registers mapped onto the address space (H'000 to H'2FF). These
registers are divided into six groups—interface control registers, memory control registers, display
control registers, rendering control registers, input data control registers, and color palette registers.
Word accessis used on all of these registers. The address specification is made by inputting the
address from pins A10 to A1 while the CS1 pinisin the O state.

Addresses H'026 to 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 register values, and unpredictable operation
by the Q2.

To enable the Q2 to manage UGM accessrights, initial values must be set in the address-mapped
registers by the SuperH before it accesses the UGM. If the UGM is accessed without setting these
initial values, the Q2 may output a continuous wait signal to the SuperH. The setting procedure is
shown in 1 to 3 below.

1. Set theinitial valuesin the system control register. Set SRES = 0, DRES = 1, DEN = 0.
2. Settheinitial valuesin registers 002—025.
3. Set SRES=0, DRES=0.
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5.2 Register Updating

External Updating: Writing to an address-mapped registers 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 of VSYNC, aregister can be rewritten without causing display
flicker.

Asthe 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.

| VSYNC

I:I VBK and FRM flags
both set to 1

Display area

External update interval I:

Figure 5-1 (a) External Update Interval (Interlace Mode)
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|VSYNC

HSYNC |
A I:I VBK and FRM flags
both setto 1
°
0] Only VBK flag
5 I:I setto 1
°
o
Display area
External update interval I:

A
X
°
g
c
(3]
>
m

Display area
External update interval I:
\/

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
internal 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 datain an internal register. This datatransfer is called internal updating. Internal updating is
carried out while the DRES is set to 1 in the system control register (SY SR) and at the beginning
of each frame. The update is performed on setting of the fall of VSYNC when TVM1=0and
TVMO = 0in the display mode register (DSMR) (master mode), and on detection of the fall of
EXVSYNC when TVM1=1and TVMO =0 (TV mode). Internal updating is not performed when
TVM1=0and TVMO=1.

The address-mapped registers provided with the internal update function are shown in tables 5-7 (a)
and (b). Theinitial values of these registers should be set while the DRES bit is set to 1.
However, internal updating is performed for display start address 0 and display start address 1in
display operations. In drawing operations, external updating is used.
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Table 5-7 Registers with Internal Update Function

Abbreviation

Bit with Internal
Update Function

(a) Interface Control Registers
Address

A[10:1] Name

000 System control register

SYSR

DEN (bit 13)

(b) Memory Control Registers

Address Bit 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

(c) Display Control Registers

Address Bit 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

Theinterface control registers comprise eight 16-bit registers related to overall Q2 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| — | — | — |DC | RS |DBM1|DBMO|DMA1|DMAO| — | — | — | — |
Initial value: 1 1 O - — — 0 0 * * 0 0 * * * *
Read/Write: R'IW RIW RIW — — — 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 system control register (SY SR) is a 16-bit readable/writable register that specifies Q2 system
operation.
SYSRisinitialized as follows in areset:

* Bits SRES and DRES are set to 1.
+ BitsDEN, RS, DMA1, and DMAO are cleared to O.
* BitsDBM1 and DBMO 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. Clear SRES to 0 in initialization.
Set SRES to 1 with software. (Initial value)

Bit 14—Display Reset (DRES)
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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 Q2 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 Q2 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 Q2 only performs UGM refresh operations, regardless of the settings
of TVM1 and TVMO in the display mode register. With these settings, the
Q2 operates as follows: With these settings, the Q2 operates as shown
below. In a transition from DRES, DEN = 01 to DRES, DEN = 10, the
DRES, DEN setting becomes 11 temporarily for reasons relating to
internal updating, but this does not affect operation.

1. Drawing is not performed even if the RS bit is setto 1 in RS.
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.

1 Setting prohibited

Bits 12 to 10—Reserved: Only 0 should be written to these bits.
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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. (Initial value)

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

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.

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 O 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.

Bits 7 and 6—Double-Buffer Mode 1 and 0 (DBM1, DBMOQ): 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
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Bits 5 and 4—DMA Mode (DMA1, DMAO): These bits specify DMA transfer. Use the
DMA flag (DMF) in SR to check for the start and end of DMA mode.

Bit 5:
DMA1

Bit 4:
DMAO

Description

0

0

Normal mode is set. (Initial value)

1

The mode for DMA transfer to memory (UGM) corresponding to CSO0 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.

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 O, 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 LSI
internal value, and is decremented by 1 each time a word is processed.

UGM access by the CPU is disabled in this mode.
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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| — | — | — | — | Q3 | Q2 | Q1 | Qo0 |
Initial value: 0 0 0 0 0 0 0 * - — — — 0 0 1 0
Read/Write: 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 Q2 from
outside.

SRisinitidlized as follows in a reset:

* Flag DBF retain their values.
* The Q flags are set to 0010.
* All other flags are cleared to O.

Bit 15—TV Sync Signal Error Flag (TVR): Flag that indicates that EXVSYNC 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 O.

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

Bit 122—Command Error Flag (CER): Flag that indicates that an illegal command has
been fetched.

Bit 12:
CER

Description

0

Normal state. An illegal command has not been fetched since CER flag clearing by the
SRES bit in SYSR or the CECL bit in SRCR. (Initial value)

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).
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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.

Bit 9—Command Suspend Flag (CSF): Flag that indicates suspension of command
execution.

Bit 9:

CSF Description

0 Normal operation (Initial value)
1 A rendering end interrupt has not been generated in the interval from CSF flag clearing

by the SRES bit in SYSR or the CSCL bit in SRCR until the next frame change.
The CSF flag retains its state until cleared by a reset or by software.

Bit 8—Display Buffer Frame (DBF): Flag that indicates the display start address register
used asthe display start address by the Q2.

Bit 8:

DBF Description

0 Address indicated by DSARQO is used as display start address
1 Address indicated by DSARL1 is used as display start address

Bits 7 to 4—Reserved: These bits always read 0.

Bits 3 to 0—Q Flags (Q3 to QO0): Flags used for Q2 Series product identification.

Bit 3: Bit 2: Bit 1: Bit 0:
Q3 Q2 Q1 QO Description
0 0 1 0 HD64411
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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| — | — | — | — | — | — | — | — | — |

Initial value:  * * * * *
Read/Write: W W W W W

Note: * Value is retained.

* *

w W

The status register clear register (SRCR) is a 16-bit write-only register that clears the
corresponding flagsin SR. Writing 1 to one of bits 15to 9 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
(aread 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 flagto 0in SR.

14 Frame buffer clear FRCL Writing 1 to the FRCL bit clears the
FRM flag to 0 in SR.

13 DMA flag clear DMCL Writing 1 to the DMCL bit clears the
DMF flag to 0 in SR.

12 Command error flag clear CECL Writing 1 to the CECL bit clears the
CER flag to O 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
TRAflag to O in SR.

9 Command suspend flag clear CSCL Writing 1 to the CSCL bit clears the
CSF flagto 0 in SR.

8-0 Reserved — Only 0 should be written to these
bits.
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5.3.4 Interrupt Enable Register (IER)

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

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

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

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

The interrupt generation condition is as follows.
Interrupt generation condition = IRL = 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

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, anIRL

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, anIRL

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, anIRL

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, anIRL

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, anIRL

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, anIRL
interrupt request is sent to the CPU.
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Bit 9—Command Suspend Flag Enable (CSE): Enables 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, anIRL

interrupt request is sent to the CPU.

Bits 8 to 0—Reserved: Only 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

— | — | — | — |MESZ|MESl|MESO|MEA1|MEAO| — |

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

Note: * Value is retained.

* * * * *

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

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

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

unstable.

MEMR bits MES2 to MESO, MEA1, and MEAO retain their values in areset.

Bits 15 to 7—Reserved: Only 0 should be written to these bits.

Bits 6 to 4—Memory Size (MES2 to MESQ): These bhits 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

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

Bit 6: Bit 4:

MES2 MESO Description

0 0 9 row addresses
1 10 row addresses

1 0 11 row addresses
1 12 row addresses

Bits 1 and 0—Reserved: Only 0 should be written to these hits.

5.3.6 Display Mode Register (DSMR)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| — | — | — | — | — | — |YCM|DOT|TVM1|TVMO|SCM1|SCMO|REF3|REF2|REF1|REFO|

Initial value: — — — — — — O * 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

Note: * Value is retained.

The display mode register (DSMR) is a 16-bit readable/writable register that specifies the Q2
display operation.

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

DSMRisinitialized as follows in a reset:

Bit YCM isinitialized to 0, bits TVM1 and TVMO to 10, and bits REF3 to REFO to 1000.
The DOT, SCM1, and SCMO bits retain their values.

Bits 15 to 10—Reserved: Only 0 should be written to these bits.

Bit 9—RGB-YC Conversion (YCM): Specifies YC conversion when display data is to be
output in Y C mode.

Bit 9:

YCM Description

0 RGB-YC conversion is not performed. (Initial value)
1 RGB-YC conversion is performed.
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Bit 8—Dot Clock Mode (DOT): Specifies settings for the dot clock, the basic clock for the
Q2 sdisplay 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.

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)
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Bits 7 and 6—TV Sync Mode (TVM1, TVMO): These bits specify TV sync mode, in
which synchronous operation is performed by means of HSYNC and VSYNC input from an
external source, or master mode, in whichHSYNC and VSYNC are outpuit.

Bit 7: Bit 6:
TVM1 TVMO Description
0 0 Master mode is set. The Q2 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
Q2. (Initial value)
1 Setting prohibited

Bits 5 and 4—Scan Mode (SCM1, SCMO0): These bits specify the display output scan
mode and the unit of display switching.

Bit 7: Bit 6:

TVM1 TVMO 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.

Interlace sync & video mode: Frame buffer switching can be performed in
1-VC units.
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Bits 3 to 0—Refresh Cycles (REF3 to REFO0): 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

HITACHI
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5.3.7 Rendering Mode Register (REMR)

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

===l ===l === wd =] = =] =] —|oeM
Initial value: — — — — — @ — @ — — —  * . __ _  —  — *
Read/Writ¢ — — — — — — — — — RW — — — — — RW

Note: * Value is retained.

The rendering mode register (REMR) is a 16-bit readable/writable register that specifies Q2
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—Reserved: Only 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 Q2.

Bit 6:

MW X Description

0 X-direction logical coordinate space is 512 pixels
1 X-direction logical coordinate space is 1024 pixels

Bits 5 to 1—Reserved: Only 0 should be written to these bits.

Bit 0—Graphic Bit Mode (GBM): Specifies the bit configuration of the rendering data
handled by the Q2.

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 the
coordinates shown in the memory map example in section 3.2.3, Memory Map. The X upper
coordinate and X lower coordinate signify the values when the memory map example X valueis
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|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

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

A22|A21|A20(A19|A18|A17|AL16|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

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

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

A22|A21|A20(A19|A18|A17[AL16|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

Upper line: Memory physical addresses (bytes) A22 to A1, A0

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)

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

— === =|=]=|=|=|=|=|=|=1=|vvlyuwo
ead'il T
RIW - - - - - - - - — — — — — — RWRMW

Note: * Value is retained.

Theinput 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 thisregister is modified during a data conversion, operation will be temporarily
unstable.

IEMR bits YUV1 and YUVO retain their valuesin areset.
Bits 15 to 2—Reserved: Only 0 should be written to these bits.

Bits 1 and 0—YUV Mode (YUV1, YUVO0): These hits specify conversion to RGB
format, and storage in the UGM, of datainput in YUV or AY UV format.

Bit 1: Bit O:
YUVl 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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5.4 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)

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

psrx| — | — | — | — | — | — |psx|psx|psx|psx|psx|psx|psx|psx|psx|psx|
Initial value: — — — — — — % & & % % k& s %«
Read/Writ: — — — — — — R/MW RW RW RW RW RW RW RW 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: — — — — — — — % * * * * * * * *
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 sizeregisters 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, and
the number of dotsin the vertical directionin DSRY .

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

The set value of bits DSY (H'0000 to H'01FF) corresponds to the number of vertical dots, from 1
to 512.

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

DSRX bits DSX9 to DSX0 and DSRY bits DSY 8 to DSYO retain their values in areset.

145
HITACHI



5.4.2 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/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

DSAR1| — | — | — | — | — | — | — | — | — | DSA1 (address A22—-A16 setting)
Initial value; — — — — — — - — — * * * * * * *
Read/Write; — — — — — — — — — R/W R/W R/W R/W R/W R/W R/W

Note: * Value is retained.

Display address registers 0 and 1 (DSARO, DSARL) are 16-bit readable/writable registers that
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 DSAO field in DSARO, and only the upper 6 bits (A22 to A16) of the start physical address of
frame buffer 1 (F1) are set inthe DSA1 field in DSARL

The display start address register whose contents are actually valid as the display start addressisthe
register indicated by DBF in SR. The display start address register whose contents are not 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 of the display
start address register whose contents are valid as the display start address, and when an external
update (rewrite) is performed in the case of the display start address register that indicates the
rendering coordinate origin.

Bits 15to 7 of DSARO and DSAR1 are reserved. Only 0 should be written to these bits (a read
will return an undefined value).

The DSAO field in DSARO and the DSARL1 field in DSARL 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 O

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

DLSARL DLSAL (address A15—A5 setting)

* * *

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

Initial value: * * * * * * *
Read/Write: R/W R/W R/W R/W R/W R/W R/W RIW R'W RW RW — — — — —

Note: * Value is retained.

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

The DLSAH field in DLSARH and the DLSAL field in DLSARL contain atotal 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 (aread will return an undefined value).

The DLSAH field in DLSARH and the DLSAL field in DLSARL retain their valuesin areset.

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/WR/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 register 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 15to 7 and 0 of SSAR are reserved. Only 0 should be written to these bits (aread will return
an undefined value).

The SSAH field in SSAR retainsits value in a reset.
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5.4.5 Work Area Start Address Register (WSAR)
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| — | — | — | — | — | — | — | — | — | WSAH (address A22—-A16 setting)
Initial value; — — — — — — — — — % * * * * * *
Read/Write: — — — — — — — — — R/W R/W R/W R/W R/W R/W R/W

Note: * Value is retained.

Thework area start address register (WSAR) is a 16-bit readable/writable register that specifiesthe
memory areato be used as awork area. Only the upper bits (A22 to A16) of the start physical
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 areais the same for 16-bit/pixel and 8-bit/pixel modes).

1. Work coordinate system memory capacity for 320 x 240 screen size

512 pixels x 256 lines = 131,072 bits: 131,072 bits/8 bits/1024 = 16 kB
2. Work coordinate system memory capacity for 640 x 240 screen size

1024 pixels x 256 lines = 262,144 bits: 262,144 bits/8 bits/1024 = 32 kB
3. Work coordinate system memory capacity for 640 x 480 screen size

1024 pixels x 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 (aread will return an
undefined value).

The WSAH field in WSAR retains its value in areset.

5.4.6 DMA Transfer Start Address Registers H and L (DMASRH, DMASRL)
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DMASRH | — | === | = | — | — | — | — | DMASH (address A22—A16 setting) |
Initial valve: — — — — — — — — — 0 0 0 0 0 0 O
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) | — |
Initalvalue: 0 0 O 0 O0 O O O O O O o o o o0 —

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 RIW —

DMA transfer start addressregistersH and L (DMASRH, DMASRL) are 16-hit readable/writable
registers that specify the start address of the transfer destination UGM in aDMA transfer.
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The upper bits (A22 to A16) of the start address are set in the DMASH field in DMASRH, and the
lower bits (A15to Al) inthe DMASL field in DMASRL.

If the value of these registersis modified during a series of DMA operations from the time bits
DMA1 and DMAOQ in SY SR are set to 10 by the CPU until they are cleared automatically by the
Q2, operation will be unstable.

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

The address (A22 to A1) indicated by the DMASH and DMASL fieldsisaword address.

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

The values of the DMASH field in DMASRH and the DMASL fieldin DMASRL areinitialized
to al-0 by areset.

5.4.7 DMA Transfer Word Count Register (DWAWR)

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

Initial value: — — 0 0 0 0 0 0 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 R/W R/W R/W

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

If the value of thisregister is modified during a series of DMA operations from the time bits
DMAZ1 and DMAOQO in SY SR are set to 10 or 11 by the CPU until they are cleared automatically
by the Q2, operation will be unstable.

When bits DMA1 and DMAO are set to 11, the operation depends on the relative size of the value
set inimage datasize registers X and Y (IDSRX, IDSRY) and the value set in this register, as
follows. If the total data pixel number set in IDSRX and IDSRY is greater than the transfer word
count set in thisregister, YUV mode is not exited until the missing data has arrived. If smaller,
YUV modeis exited in the middle of the DMA transfer, and the remaining dataisignored.

Bits 15 and 14 of DMAWR are reserved. Only 0 should be written to these bits (aread will return
an undefined value).

The value of DMAWR bits DMAW isinitialized to al-0 by areset.
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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))

Bit: 15 14 13 12 11 10 9 8 7 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

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

DSWR (HDE) | — | — | — | — | — | — |HDE|HDE|HDE|HDE|HDE|HDE|HDE|HDE|HDE|HDE|
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

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

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

DSWR (VDE) | — | — | — | — | — | — |VDE|VDE|VDE|VDE|VDE|VDE|VDE|VDE|VDE|VDE|
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 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 (Bits HDS): Field that specifies the horizontal display start
position in dot-clock units.

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

3. Vertical Display Start Position (Bits VDS): Field that specifies the vertical display start
position in dot-clock units.

4. Vertical Display End Position (Bits VDE): Field that specifies the vertical display end position
in dot-clock units.
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Bits 15 to 9 of DSWR (HDS) and DSWR (VDS) and bits 15 to 10 of DSWR (HDE) and DSWR
(VDE) arereserved. Only 0 should be written to these bits (aread will return an undefined value).

DSWR (HDS/HDE/VDS/VDE) bits HDS, HDE, VDS, and VDE retain their valuesin areset.
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 15to 17 of HSWR are reserved. Only 0 should be written to these bits (aread will return an
undefined value).

HSWR bits HSW retain their values in a reset.

5.5.3 Horizontal Scan Cycle Register (HCR)

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

* * * * * * * * * * *

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

Note: * Value is retained.

The horizontal scan cycleregister (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 10in
DSMR), this register setting must be made so that the HSYNC cycle specified by thisregister is
the same as or greater than the EXHSYNC cycle.

Bits 15to 11 of HCR are reserved. Only 0 should be written to these bits (aread will return an
undefined value).

HCR bits HC retain their values in areset.
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5.5.4 Vertical Start Position Register (VSPR)

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

Initial valuve: — — — — — — % * * * * * * * * *
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 start position register (VSPR) is a 16-bit readable/writable register that specifies the
vertical sync signal start position in raster-line units. In TV sync mode (bits TVM1 and TVMO set
to 10 in DSMR), this register setting must be made so that the VSYNC fall setting position
specified by thisregister isthe same as or later than the fall of EXVSYNC.

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

VSPR bits VSP retain their values in a reset.

5.5.5 Vertical Scan Cycle Register (VCR)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
|—| —|— | —|—|— |VC|VC|VC|VC|VC|VC|VC|VC|VC|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 cycleregister (VCR) isa16-bit readable/writable register that specifies the
vertical scan interval, including the vertical retrace lineinterval, in raster-line units. In TV sync
mode (bits TVM1 and TVMO set to 10 in DSMR), the EXVSYNC 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).

VCR bits VC retain their values in areset.
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5.5.6 Display Off Output Registers H and

Bit:
DOORH:
Initial value:
Read/Write:

Bit:
: |DOG|DOG|DOG|DOG|DOG|DOG|

DOORL

Initial value:
Read/Write:

15

13

12

11

10

L (DOORH, DOORL)

7 6 5 4 3 2

1

| DOR| DOR| DOR| DOR| DOR| DOR|

15

14 13 12

11

10

* * * * * *

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

7 6 5 4 3 2

|DOB| DOB| DOB| DOB| DOB| DOB|

*

*

*

Note: * Value is retained.

*

*

*

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

* * * * * *

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

Display off output registersH and L (DOORH, DOORL) are 16-bit readabl e/writable registers that

specify the display data to be output from pins DDO to DD17 when DRES = 0 and DEN = 1.
AG6-hit setting is made for each of the RGB components, in bits DOR, DOG, and DOB.

Bits 15t0 8, 1, and 0 of DOORH, and bits 9, 8, 1, and 0 of DOORL are reserved. Only 0 should
be written to these bits.

DOORH/L bits DOR, DOG, and DOB retain their valuesin areset.
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5.5.7 Color detection registers H and L (CDERH, CDERL)

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

ooerr: [— | — | — | — ] — | — ] — | — |cor]cor|cor]cor]cor]cor] — | — |
Initial value;: — — — — — - - — % * * * * x
Read/Write: — — — — — — — — RWR/WR/WRWRWRW — —

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

CDERL: |CDG|CDG|CDG|CDG|CDG|CDG| — | — |CDB|CDB|CDB|CDB|CDB|CDB| — | — |
Initial value:  * % * ok ks x ks x &k
Read/Write: R/W RIW R/W RW RW RW — — R/W RW RW RW RW RW — —

Note: * Value is retained.

Color detection registersH and L (CDERH, CDERL) are 16-hit readable/writable registers. When
the display data output from pins DD17 to DDO matches the values set in these registers, 1is
output from the CDE pin. Color detection is performed by means of the CDE pin during the
blanking period. Pins DDO to DD17 al go low during this period. Therefore, if both CDERH and
CDERL are cleared to 0, CDE pin output will go high during the blanking period. Similarly, if
either CDERH or CDERL is not 0, the CDE pin will go low during the blanking period.

Bits 15t0 8, 1, and 0 of CDERH, and bits 9, 8, 1, and 0 of CDERL are reserved. Only 0 should
be written to these bits.

CDERH/L bits CDR, CDG, and CDB retain their valuesin a reset.
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5.6 Rendering Control Registers

The rendering control registers comprise two 16-bit registers related to rendering control, mapped
onto addresses (A10-A1) H'0O1F and 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/Wrte; - — — — — — — — — 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—-A1 setting) | — |
|n|t|al Va|UeZ * * * * * * * * * * * * * * * S

Read/Wwrte:. 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 performed.

The upper bits (A22 to A16) of the command word address are indicated by the CSTH field, and the
lower bits (A15to A1) by the CSTL field. The addressindicated by the CSTH and CSTL fieldsis
aword address.

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

The CSTH field in CSTRH and the CSTL field in CSTRL retain their values in a reset.

155
HITACHI



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 are
valid when the setting of bits YUV 1 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 valyge: — —, — — — — — — — 0 0 0 0 0 0 0
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

ISARL ISAL (address A15—-Al setting) | — |
Initial value: 0 0O O 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/W R/W —

Note: * Value is retained.

Image data transfer start addressregistersH and L (ISARH, ISARL) are 16-hit readable/writable
registers that specify the image data transfer destination as a physical address when the setting of
bits YUV1 and YUVO0is 01 or 10. The upper bits (A22 to A16) of the start address are set in the
ISAH field, and the lower bits (A15to A1) inthe ISAL field. The address indicated by the ISAH
and ISAL fieldsisaword address.

If the value of these registersis modified during a series of data conversion operations from the
time bits YUV 1 and YUVO are set to 01 or 10 by the CPU until YUV mode s cleared
automatically by the Q2, 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 areinitialized to al-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||DSX||DSX||DSX||DSX||DSX||DSX|IDSX|IDSX||DSX|IDSX*
Initial value: — — — — — 0 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 R/W

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

IDSRY | — | — | — | — | — | — |IDSY|IDSY|IDSY|IDSY|IDSY|IDSY|IDSY|IDSY|IDSY|IDSY|
Initial value: — — — — — — 0 0 0 0 0 0 0 0 0 0
Read/Write: — — — — — — R/W R/W R/W RW R/W R/W R/W R/IW R/W R/W

Note: * Do not write O to bit 0 of IDSRX (bit IDSXO0).

Image datasizeregisters X and Y (IDSRX, IDSRY) are 16-bit readable/writable registers that
specify the image data X sizeand Y sizein pixel units when the setting of bits YUV1 and YUVO
is01 or 10. An even number should be set for the X size (IDSXO0 bit = Q).

If the value of these registersis modified during a series of data conversion operations from the
time bits YUV 1 and YUVO are set to 01 or 10 by the CPU until YUV modeis cleared
automatically by the Q2, 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 IDSRX/Y bits IDSX and IDSY are initialized to all-0 by areset.

5.7.3 Image Data Entry Register (IDER)

Bit: 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 O
Read/Write: W W W W W W W W W W W W W W W W

Theimage data entry register (IDER) is a 16-bit write-only register that comprises the entry in
which image data is input when the setting of bits YUV1 and YUVO0is 01 or 10.

IDER isinitialized to H'0000 by areset.
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5.8 Color Palette

The color palette is mapped onto addresses (A10-A1) H'100 to H'2FF. Settings can be made for

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 O (8 bits/pixel). When the GBM bit isset to 1 (16
bits/pixel), the color palette values set when the GBM bit is O (8 bits/pixel) are lost.

5.8.1 Color Palette Registers H, L000-255 (CPOOORH, L-CP255H, L)
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CPOOORH | — | === =] — | — | — | R0O0O0 (Red: 6 bits) | — | — |
Initial value: — — — — — — — — % * * * * = —
Read/Write: — — — — — — — — RMW RW R/W RW RW RW — —
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CPOOORL G000 (Green: 6 bits) | — | — B0O0O (Blue: 6 bits) | — | — |
Initial value:  * * * * * = = ¥ * * * * = —
Read/Write: R/W R/W R/W RIW RIW RIW — — R/W R/W R/W R/W R/W RIW — —
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
cPootrH | — | — [ — [ —[ [ = =] = RO01 (Red: 6 bits) | —|—|
Initial value: — — — — — — — — % * * * * = —
Read/Write: — — — — — — — — RW RW R/W RW RW RW — —
Bit: 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 RIW RIW RIW — — R/W R/W R/W R/W R/W RIW — —
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
cpassRH | — | — | — | — | —| = | —| = R255 (Red: 6 bits) | —|—|
Initial value: — — — — — - - — ¥ * * * * = —
Read/Write: — — — — — — — — RMWRWR/W RW RW RW — —
Bitt 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 * * * * *

Read/Write: R/W R/W R/W R/W R/W R/W

Note: * Value is retained.
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Color Palette Registers H, L000-255 (CPOO0ORH, L to CP255H, L) are 32-bit readable/writable
registers. 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 accessesto 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 are
Set.

When reading color palette registers, first read the R register, then the G and B registers.

When accessing color palette registers, it is not possible to access another register between the R
register and the G and B registers.

In color palette accesses, access to another Q2 register is prohibited between accessto the R
register and access to the G and B registers. In modesin which GBM = 1 (16 bits/pixel), these
registers are used as part of the interna display circuitry. Therefore, color palette register set values
are lost when the GBM hit is set to 1.

For the same reason, if a color palette is accessed when GBM = 1, the color palette access will not
be completed and the Q2 will output a continuous CPU wait signal.
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Section 6 Usage Notes

6.1 CPU Clock and Q2-CLKO

1. When the SuperH and Q2 are operated asynchronously, input a clock that satisfies the
following conditions to the CLKO pin.
High level interval of RD input to Q2, and WE0O and WE1 > Q2 WE or RD setup time + hold
time + Q2 operating clock cycle (see figure 6.2).

. When the SuperH and Q2 are operated using the same cycle, it is assumed that a clock with the

same frequency and same phase as the SuperH clock is used as the Q2 operating clock.
Therefore, Q2 multiplication should be turned off, and the clock output from the CK pin
should be input directly to CLKO (see figure 6-1). This operation is possible only with an SH-

1 or SH-2 CPU.

TheRD and WE high-level setup time and hold time specifications must still be observed
when synchronous clock operation is used (figure 6-2).

XTAL

SH-1 or SH-2
PLL: x1
x2 |Selection
x3

CK

Q2

CLKO Multiplication off

Figure 6-1 Example of Connection for Synchronous Operation
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T1

i T5 | |
CLKO (input)/CLKi
(multiplication off/ / 7/ N \/ \

multiplication on)

RD (input) A/ \

Figure 6-2 RD High-Level Setup Time and Hold Time in CPU Read Cycle
Timing

6.2 Horizontal Display Start Position Register Value

When the DSX valueis 512 or greater, if drawing or UGM accessis performed during display,
noise may be generated in the range in which the number of dotsin the X direction exceeds 512.
For this reason, a value that satisfies condition (1) or (2) below should be set in the horizontal
display start position register (HDS). The horizontal display start position register (HDS) valueis
determined by the graphic bit mode, the internal operating frequency (CLKO), and the display dot
clock (DCLK). If the DSX valueislessthan 512, it is not necessary to satisfy condition (1) or
(2). Normally, GBM is set to 1 when the DSX value is 512 or greater, to extend the range within
which HDS can vary.
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HC

A
v

| HSW !
[ — I
HSYNC ‘—, } 3 Range | l n (ZJ
! | exceeding | | > =
< HDS J, 512 Sl 512 D
< > > > v i 77777 B
| A
A
Noise E

VC

Display screen

(1) 16 bits/pixel (GBM =1)
HDS < ((36/32) x (DCLK/CLKO0) x (500 + (X-direction screen size —512)) — (X-direction
screen size—512)) |

[Sample calculation]

When X-direction screen size = 640 dots, CLKO0 = 28.2636 MHz, DCLK = 14.1318 MHz:
HDS < ((36/32) x 14.1318/28.2636) x (500 + (640-512)) — (640-512)) |

HDS < 225

(2) 8 hits/pixel (GBM = 0)
HDS < ((68/64) x (DCLK/CLKO0) % (500 + (X-direction screen size —512))/2 — (X-direction
screen size—512)) |

[Sample calculation]
When X-direction screen size = 640 dots, CLKO = 28.2636 MHz, DCLK = 14.1318 MHz:
HDS < ((68/64) x (14.1318/28.2636) x (500 + (640-512))/2—(640-512)) |
HDS < 225
! : Round-off
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6.3 Notes on Data Transfer in YUV Mode

1. If datatransfer is performed continuously by CPU access when a'Y UV mode setting of 10 (A
Y UV-RGB conversion) is used, provide for an interval of 36 CLKO cycles or more to be left
immediately before transferring the last data of each raster.

2. If datatransfer is performed continuously by CPU access when a'Y UV mode setting of 01
(YUV-RGB conversion) is used, leave an interval of 36 CLKO cycles or more at the start of a
line, and then when data is set in the image data entry setting register, perform adummy read of
the Q2's status register only after setting odd-numbered data. The figure 6-3 shows the transfer
procedure for oneline.

Wait of 36
CLKO or more
+“—— [ I 00 00 S,

1st Dummy  2nd 3rd  Dummy 4th 5th  Dummy
setting read  setting setting read setting setting read

Figure 6-3 Data Transfer Procedure for One Line

3. When YUV mode =01 or 10, do not perform reads of the registers shown in the table below.

A[10:1] Register Abbreviation Register Name

007 IEMR Input data conversion mode

010 DMASHR DMA transfer start address

011 DMASLR DMA transfer start address

012 DMAWR DMA transfer word count

021 ISAHR Image data transfer start address
022 ISALR Image data transfer start address
023 IDSXR Image data size

024 IDSYR Image data size

025 IDER Image data entry

026-0FF — Reserved

4. When YUV mode = 01 and DMA mode = 11, data transfer to the Q2 cannot be performed by
the DMA controller.

6.4 Software Reset Bit

If the software reset bit (bit 15) in the system control register is set to 1 when the Q2 is
performing drawing operations, the display address may cease to be updated. Therefore, the software
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reset bit should not be set to 1 during Q2 drawing operations. After a hardware reset this bit is set
to 1, so it should be cleared to 0 before performing drawing operations with the Q2.

A dummy display list is provided to enable Q2 drawing to be aborted midway. An abort can be
performed by executing arendering start using the dummy display list. However, invalid drawing
of 1to 4 dots may be performed when the dummy display list is executed, depending on when
drawing is halted (because of invalid data remaining in the drawing unit). Therefore, the display
start address (in this case, the address used as the drawing start address by the Q2) and the work start
address should be adjusted before having the Q2 execute the dummy display list. Thiswill make it
possible for invalid drawing to be performed in aUGM areawhich is not used by the Q2 asa
drawing area or work area, enabling invalid drawing to be prevented.

The dummy display list must include at least one of the following commands: POLY GON4A,
POLY GON4B, POLY GONAC, LINE, RLINE, PLINE, RPLINE. An example of adummy
display list is shown below.

Example of dummy display list:

SCLIP, XMAX, YMAX

LCOFS, 0, 0

LINE, LINE COLOR, 2,0,0,0,0
TRAP

6.5 Note on Use of Auto Display Change Mode

When using auto display change mode, if Q2 drawing is aborted due to aframe 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). Adjust the display list in
the system design stage so that drawing processing is always completed before a frame change.

6.6 Note on Color Palette Register Writes during Display

If another register access (see relevant registers below) isto be performed directly after execution of

acolor palette register write during display, this should be executed after performing a color palette
register read immediately after the color palette register write. If this processing is not executed, the
relevant register access may not be completed normally.

Relevant register addresses: 005, 008, 009, 00A, 00B, 013-01E
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6.7 Notes on DMA Mode

1. Dummy memory read before DMA transfer

A dummy UGM read should be performed immediately before setting DMA transfer to the
UGM (DMA bits = 01).

2. Register access during DMA transfer
To read a Q2 register during DMA transfer to the UGM (DMA bits = 01), it is hecessary to set
YUV =01 for the YUV mode, then set DMA = 01 for the DMA mode, and start DMA transfer.
(Since the DMA bitsare not set to 11, YUV conversion is not performed.)

AsYUV =01is set for the YUV mode, the registers shown in the table below must not be
accesd

A[10:1] Register Abbreviation Register Name

007 IEMR Input data conversion mode

010 DMASHR DMA transfer start address

011 DMASLR DMA transfer start address

012 DMAWR DMA transfer word count

021 ISAHR Image data transfer start address
022 ISALR Image data transfer start address
023 IDSXR Image data size

024 IDSYR Image data size

025 IDER Image data entry

026-0FF — Reserved

On completion of the DMA transfer, set YUV = 00 for the YUV mode and restore the Q2 to
normal mode.
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6.8 Power-On Sequence

The CLKO, CLK1, and RESET signal timing when powering on is shown in the figure 6-4. The
time from the rise of VCCn until the rise of CLKO and CLK1 should be 100 ms or less, and the
time from the rise of VCCn until the rise of RESET, 100 ms or more. If CLK0 and CLK1 are
stopped for along period (100 ms or more) after powering on, the chip may be damaged.

VCCn
Max. 100 ms |

B Min. 0 ms

CPU VCCn

CLKO, CLK1

Min. 100 ms

RESET

Figure 6-4 CLKO, CLK1, RESET Signal Timing
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6.9 Q2 Internal Buffers

The Q2 hasthree internal buffers—a command buffer, source buffer, and work buffer—as shown in
figure 6-5.

UGM Q2
Address !
16 xn i | Command buffer :
. A —> , A_-B j
Display list 16 x(n+1) k- : .
B Size: 16 words :
16x(n+2) --T---
) Address - S !
Binary source 16Kk A : !
coordinates c L Source buffer |
o 16 x (k + 1 P c-D '
multi-valued | 16X (K*1) -X-- ! A |
source D ize: 16 words :
coordinates 16x(k+2) Y ___ : ;
Address |
. Adxp TR ' Work buffer '
Binary work E — > E_LF ;
coordinates 4x(p+1) --X--- : !
F | Size: 4 words !
4x(p+2) --Y--- ! !

Note: n, k, and p are natural numbers.

Figure 6-5 Updating of Q2's Internal Buffers

These buffers are used by the Q2 to temporarily store data held in the UGM. The Q2 uses the data
stored in these buffers when executing drawing.

The functions of these buffers are shown in (a) to (c) below.

(@ Command buffer: Used by the Q2 to store adisplay list held in the UGM
(b) Source buffer: Used by the Q2 to store a binary source or multi-valued source held in the UGM
(© Work buffer: Used by the Q2 when performing drawing at binary work coordinates in the UGM

The size of these buffersisfixed: 16 words each for the command buffer and source buffer, and 4
words for the work buffer.
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Therefore, when the Q2 fetches datain 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 Q2 uses the command buffer, the buffer contents are updated each time the UGM
address value indicated by the Q2 exceeds a 16-word boundary.

(& When the Q2 uses the source buffer, the buffer contents are updated each time the UGM address
value indicated by the Q2 exceeds a 16-word boundary.

(f) When the Q2 uses the work buffer, the buffer contents are updated each time the UGM address
valueindicated by the Q2 exceeds a 4-word boundary.

Problems: The following problems occur depending on the commands used.

(@ When using the POLY GON4B, PLINE, and RPLINE commands
If abinary 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 Q2 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 POLY GON4A command
If amulti-valued source within a 16-word boundary is used without updating command
parameters TXS and TY S or the source area start address, the source buffer is not updated since
the address indicated by the Q2 does not exceed a 16-word boundary. In a drawing operation,
drawing is performed using the multi-valued source stored in the source buffer.

(©) When using the FTRAP, RFTRAP, CLRW, LINEW, and RLINEW commands
If abinary 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 Q2 does not exceed a
4-word boundary. In adrawing operation, drawing is performed using the work data stored in
the work buffer.

Permanent 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.

Asamethod of updating the work buffer, either use awork pattern that exceeds 4 words or use a
work pattern at alocation that exceeds a 16-word boundary.

6.10 Notes on Transition to Display Off Mode

When DES = 0 and DEN = 0, UGM refreshing is not performed if the DSY set value in display
sizeregister Y islessthan VDE - VDS. Therefore, if it iswished to set DRES = 0 and DEN =0,
before the start of the next internal update set avalue of VDE - VDS or greater in DSY, and then
set DRES = 0 and DEN = 1. The procedure is shown below.
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1. Clear the VBK bit and wait until the VBK bit is set to 1.

2. Setavalueof VDE - VDS or greater in DSY. The DSY value set previously is treated as valid
internally until the next internal update is performed.

3. Set DRES=0and DEN = 0. When an internal update is performed, the Q2 switches to display
off mode.

The procedure for returning to the DRES = 0, DEN = 1 state from display off modeis as follows.

4. Clear the VBK bit and wait until the VBK hit is set to 1. In thisway it is possible to confirm
that the internal update period has ended.

5. Set avalue of VDE - VDS- 1in DSY.

6. Set DRES=0and DEN = 1. When an internal update is performed, the Q2 performs display
from the address indicated by the display start address.

6.11 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 atransition is made to synchronization system switching mode, set the display reset
bit (DRES) to 1 and clear the display enable bit (DEN) to 0 in the system control register before
making the transition to synchronization system switching mode.

This procedure provides for the HD64411 to perform UGM refreshing in synchronization system
switching mode.

The procedure is shown below. The procedure is performed in order from step 1 to 2. The
HD64411 performs UGM refreshing viainternal updates.

1. Set DRES=1and DEN =0.
2. SetTVM1=0and TVMO=1.

The procedure for switching from synchronization system switching mode to TV synchronization
mode is shown in 3 to 6 below.

3. Input the clock to CLK1. When TVM1 =1 and TVMO = 0, also input signals to the
EXHSYNC, EXVSYNC, and ODDF pins.

4. If thedisplay sizeisto be changed, set valuesin the Q2's address-mapped registers.
5 St TVM1=0and TVMO=0, or TVM1=1and TVMO = 0, to enable CLK1 pin clock input.
6. Set DRES=0and DEN = 1. When an internal update is performed, the Q2 begins display.

170
HITACHI



6.12 Note on POLYGON4A Source Reference Location

Problem: When the POLY GON4A command is used under the conditions shown below, a
source reference error occurs and the same datais drawn at the rendering coordinate X = (64x t) + 1
pixel and the following pixel (wheret = 1).

Conditions: Rendering attribute: WORK =1 or STYL =1
Source start point TXS: (32 x p) + 1 (wherep = 0)

Remedy: When using the POLY GON4A command under these conditions, set a value other than
(32 x p) + 1 for source start point TXS.

171
HITACHI



172
HITACHI



Section 7 Electrica Characteristics

7.1 Absolute Maximum Ratings

Permanent damage to the chip may result if absolute maximum ratings are exceeded. In normal
operation, it is advisable to observe the recommended operating conditions. Exceeding these
conditions may adversely affect the reliability of the chip.

Table 7-1 Absolute Maximum Ratings

Iltem Symbol Value Unit
Power supply voltage Vee -0.3t0 +7.0 \%
Input voltage Vi, * —0.3t0 Ve +0.3 \Y
Permissible output low current [ loL | ¥ 2.0 mA
Total permissible output low current [ Slo | * 920 mA
Permissible output high current | =lon | ¥ 2.0 mA
Total permissible output high current IS (<low) | ¥ 90 mA
Operating temperature Topr 0to 70 C
Storage temperature T -55 to +125 C

Notes: 1. Value based on GND =0 V. Includes CPUV,; and PLLVc.

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.
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7.2 Recommended Operating Conditions

7.2.1 Recommended Operating Conditions

Table 7-2 Recommended Operating Conditions

Iltem Symbol Min Typ Max Unit
Power supply voltage Ve, PLLVc* 4.75 5.0 5.25 \Y
CPUV.c*® 5V operation 4.75 5.0 5.25 \%

33V 3.0 3.3 3.6 \%
operation

Input low voltage VILT* 0 — 0.8 \Y

Input low voltage VILC* 0 — 0.8 \Y

(CVLKO, CLK1)

Input high voltage VIHT* 2.2 — Vee \Y;

Input high voltage VIHC* 0.8 xVee — Vee \Y

(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
aso 15V.

Vg for timing testing (1.5 V)

VOH DC level (steady) Vo, (0.4 V)

v O\

Reference point

Figure 7-1 Basis of VoL Timing Testing
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7.3.2 Test Load Circuit (All Output and Input/Output Pins)

5.0V
RL
Test Point
O t K RL =1.8kQ
C=70PF
c R R =10 kQ
e All diodes are
152074(H) or
equivalent products.
ez
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 Electrical Characteristics

7.4.1 DC Characteristics

Table 7-3 DC Characteristics

(Unless otherwise indicated, Voc = CPUV.. = PLLV . = 5.0V 5%,
GND = CPUGND = PLGND = 0 V, Ta = 0 to +70°C)

Pin

Iltem Names Symbol Min Max Unit Test Conditions

Input high voltage 1 Vine 0.8xVCC V, +03 V

(CMOS level)

Input low voltage Vi -0.3 0.8

(CMOS level)

Input high voltage 12, 101, Viut 2.2 Vee 03V

(TTL level) 102

Input low voltage Vit -0.3 0.8

(TTL level)

Input leakage 11, 12 lin -2.5 2.5 HA Vi, =010 V¢

current

Three-state 101, 102 4 -10 10 Vin =0.4t0 Ve

leakage current

(off state)

Output high 101, O1 Von Vee—10 — \Y, lon =—400 pA

voltage (5 V)

Output high 102, 02 Von CPUVee— — lon =—400 pA

voltage 1.0 CPUV,: =5.0V 5%

CPUVee— — lon =—200 pA
0.5 CPUVc=3.0Vt03.6V

Output low 101, 102, Vg — 0.4 loo =2.0 mA

voltage 01, 02

Input capacitance 101, 102 Cin — 20 pF Vin=0V

11, 12 — 20 Ta=25°C

f=1.0 MHz

Current dissipation lee — 150 mA Data bus operation in
progress/display
operation in
progress/command

execution in progress

Note: The symbols used in table 7-3 are explained below.
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Iltem Input Output High-Z Pull-up Pin Names

11 CMOS — — — CLK1, CLKO

12 TTL — — — MODEZ2-0, RESET, A22-Al, CS1-0, RD,
WE1-0, DACK

101 TTL CMOS Yes — HSYNC/EXHSYNC, VSYNC/EXVSYNC,
ODDF, MD15-0

102 TTL CMOS Yes — D15-D0

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

(1) Input Clocks

Table 7-4 Input Clocks (1) (Pins MODE2 to MODEO = 011: Multiplication

Off)
Test
Iltem Symbol Min Max Unit Conditions Notes
Clock 0 Cycle Time teyco 30.3 50 ns Figure 7-3
Clock 0 “High” Level  tcopwh 10.1 — ns
Pulse Width
Clock 0 “Low” Level teopwi 10.1 — ns
Pulse Width
Clock 0 Duty tcooT 0.5tyyeo—1.7 0.5ty +1.7 ns
Clock 1 Cycle Time toyer 60.6 150 ns XW =512
170 XW <512
Clock 1 “High” Level  tcipwh 25.3 — ns
Pulse Width
Clock 1 “Low” Level teipwi 25.3 — ns
Pulse Width
Clock 1 Duty teior 0.5tyyeo—1.7 0.5ty +1.7 ns
Clock Rise Time ter — 5 ns
Clock Fall Time tes — 5 ns
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Table 7-4 Input Clocks (2) (Pins MODE2 to MODEO = 000, 001, 010:
Multiplication On)

Test
Iltem Symbol Min Max Unit Conditions Notes
Clock 0 Cycle Time teye 30.3 50 ns Figure 7-4 x1
Clock 0 Cycle Time teye 60.6 100 ns x2
Clock 0 Cycle Time teye 121.2 200 ns x4
Clock 0 “High” Level  tepywy 10.1 — ns
Pulse Width
Clock O “Low” Level  tepyw 10.1 — ns
Pulse Width
Clock Delay Time 1 teLkot — 10 ns
Clock Delay Time 2 teLkp2 — tye/4 +11.7  ns
Clock Delay Time 3 teLkps — ty/2 +11.7 ns
Clock Delay Time 4 teLkpa — 3ty /4 +11.7 ns
Clock i Cycle Time teyco 30.3 50 ns
Clock i “High” Level teipwh 10.1 — ns
Pulse Width
Clock i “Low” Level teipwi 10.1 — ns
Pulse Width
Clock 1 Cycle Time toyer 60.6 150 ns XW =512
170 XW <512
Clock 1 “High” Level  tcipwh 25.3 — ns
Pulse Width
Clock 1 “Low” Level teipwi 25.3 — ns
Pulse Width
Clock 1 Duty tcioT 0.5ty — 1.7 05t +1.7 ns
Clock Rise Time ter — 5 ns
Clock Fall Time ter — 5 ns
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(2) Reset

Table 7-5 Reset

Test
Iltem Symbol Min Max Unit Conditions Notes
RESET Low Pulse Width tresw 40 — teyer Figure 7-5
RESET Uncertain Time trest 3 — ns
of Acceptance 1
RESET Uncertain Time tres2 5 — ns
of Acceptance 2
DCLK Rise Delay Time tocrD — 30 ns
From CLK1
DCLK Fall Delay Time From tpcep; — 30 ns DOT=1
CLK1
DCLK Fall Delay Time From  tpcrpg — 30 ns DOT=0
CLK1
FCLK Rise Delay Time From tgcgrp — 30 ns
CLK1
FCLK Fall Delay Time From  tecep — 30 ns
CLK1
DCLK Cycle Time tyep 2ty 2teye ns DOT=1
DCLK Cycle Time teye D lteyen Lteyer ns DOT=0
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(3) CPU Read Cycle

Table 7-6 CPU Read Cycle

Test

Item Symbol  Min Max Unit Conditions Notes

Address Setup Time taps 0 — ns Figure 7-6

Address Hold Time taoH 0 — ns

CSn Setup Time tess 0 — ns 1

CSn Hold Time tesh 0 — ns 2

RD “High” Level Setup Time tgps 1/2 x — ns Multiplica-
toyo—9 tion off

WAIT Cycle Start Time 1 tyas; — Ateyco ns

RD “High” Level Width tronw teyeo — ns

Read Data Setup Time For  tzppws 10 — ns

WAIT

WAIT Delay Time twab — 25 ns

RD “High” Level Hold Time  tzpy 12-1/2x — ns Multiplica-
teyeo tion off

Read Data Turn On Time tzopoN 0 — ns

Read Data Hold Time trooH 4 — ns

Read Data Turn Off Time  tzppor 4 — ns

WE “High” Level Width twenw teyeo — ns

Notes: 1. If the fall of CSn is later than the fall of RD, the specifications of t,og, tyass: tropon, @Nd

twenw are from the fall of CSn. (CSn = CS0, CS1.)

2. If the rise of CSn is earlier than the rise of RD, the specifications of t,,, topns trobor
and t,,, are from the rise of CSn. (CSn = CS0, CS1.)
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(4) CPU Write Cycle

Table 7-7 CPU Write Cycle

Iltem Symbol Min Max Unit I:(ca)fltditions Notes

Address Setup Time tans 0 — ns Figure 7-7

Address Hold Time taoH 0 — ns

CSn Setup Time tess 0 — ns 1

CSn Hold Time tesy 0 — ns 2

RD “High” Level Width tronw teyeo — ns

WAIT Delay Time twao — 25 ns

WERn “High” Level Setup  tyes 1/2 x — ns 3

Time teyeo — 9 Multiplica-
tion off

WAIT Cycle Start Time 2 tyas» — Ateyeo ns

WEn “High” Level Width twenw teyeo — ns

Write Data Setup Time For  tyrpes 2ieyc0 — ns

WEn

Write Data Hold Time twroH 0 — ns

Write Data Turn Off Time twrDOF — 30 ns

WERn “High” Level Hold Time tyg, 12-1/2x — ns 3

Leyco Multiplica-

tion off

Notes: 1. Ifthe fall of CSn is later than the fall of WEn, the specifications of t,pg, taom, aNd tyas,
are from the fall of CSn. (CSn = CS0, CS1. WEn = WEO, WET.)
2. Ifthe rise of CSn is earlier than the rise of WEn, the specifications of t,o,, teonw: twroes:
turon ANd tyroor are from the rise of CSn. (CSn = CS0, CS1. WEn = WEO, WET.)

3. WEn = WEO, WE1
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(5) DMA Write Cycle

Table 7-8 DMA Write Cycle

Test
Item Symbol  Min Max Unit Conditions Notes
RD “High” Level Setup Time typs 1/2 x — ns Figure 7-8 Multiplica-
toyo— 9 Figure 7-9 tion off
RD “High” Level Width troHw teyco — ns
RD “High” Level Hold Time  typy 12-1/2%x — ns Multiplica-
teyeo tion off
RD “Low” Level Width troLw 3teyeo — ns
Write Data Hold Time twroH 0 — ns
Write Data Turn Off Time twrpOF — 30 ns
Write Data Setup Time For  tygrprs 2teyco — ns
RD
DREQ Delay Time toap — 25 ns
DREQ Negate Time toan — 3teyco ns
DACK Setup Time toas — ns
DACK Hold Time toan — ns 2

Notes: 1. If the fall of DACK is later than the fall of RD, the specification of tg,,, is from the fall of

DACK.

2. Ifthe rise of DACK is earlier than the rise of RD, the specifications of tas,y, twron:

twroors 8Nd tyrors @re from the rise of DACK.

(6) Interrupt Output

Table 7-9 Interrupt Output

Test
Iltem Symbol Min Max Unit Conditions Notes
IRL Delay Time tirp — 25 ns Figure 7-10
IRL “Low” Level Width tirLw 2teyco — ns
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(7) UGM Read Cycle

Table 7-10UGM Read Cycle

Iltem Symbol Min Max Unit I:(ca)ztditions Notes
RAS Delay Time trasD — 25 ns Figure 7-11
CAS Delay Time teaso — 25 ns Figure 7-12
Row Address Setup Time  tzows 0 — ns

Row Address Hold Time trowH 15 — ns

Column Address Setup tcoms 6 — ns

Time

Column Address Hold Time  teouy 10 — ns

OE Delay Time toen — 25 ns

MD Turn On Time tvbon 0 — ns

MD Turn Off Time tvpor — 35 ns

MD Input Setup Time tubis 5 — ns

MD Input Hold Time tvoiH 3 — ns

MD Input Time 1 tvoin — tyco—5 S

MD Input Hold Time 1 tvpH1 — us

OE Rise Time from RAS toero —

Rise

Column Address Delay tcaop — 20 ns

Time
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(8) UGM Write Cycle

Table 7-11UGM Write Cycle

Test
Item Symbol  Min Max Unit Conditions Notes
RAS Delay Time trasD — 25 ns Figure 7-13
CAS Delay Time teaso — 25 ns Figure 7-14
Row Address Setup Time  tzows 0 — ns
Row Address Hold Time tRowH 15 — ns
Column Address Setup tcoms 6 — ns
Time
Column Address Hold Time  tcoun 10 — ns
MD Turn On Time tvbon 0 — ns
WE Delay Time tweo — 25 ns
MD Output Setup Time tvbos 0 — ns
MD Output Hold Time tvboH 18 — ns
(9) UGM Refresh Cycle
Table 7-12UGM Refresh Cycle
Test
Item Symbol  Min Max Unit Conditions Notes
RAS Delay Time trasD — 25 ns Figure 7-15
CAS Delay Time teaso — 25 ns
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(10) Master Display Mode

Table 7-13Master Display Mode

Test
Iltem Symbol Min Max Unit Conditions Notes
DCLK Rise Delay Time from tycrp — 30 ns Figure 7-16
CLK1
FCLK Rise Delay Time from trcgrp — 30 ns
CLK1
FCLK Fall Delay Time from  tgcrp — 30 ns
CLK1
DD Setup Time For DCLK  typg 9 — ns
DD Hold Time For DCLK tooH 5 — ns
HSYNC Delay Time From  tygpp — 25 ns
DCLK
VSYNC Delay Time From  tygpp — 25 ns
DCLK
ODDF Delay Time From tobob — 25 ns
DCLK
CSYNC Delay Time From  tgypp — 25 ns
DCLK
DISP Delay Time From toioo — 25 ns
DCLK
CDE Delay Time From DCLK tcpepp — 25 ns
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(12) TV Sync Display Mode

Table 7-14TV Sync Display Mode

Test
Item Symbol  Min Max Unit Conditions Notes
DCLK Rise Delay Time from tycrp — 30 ns Figure 7-17
CLK1 Figure 7-18
DCLK Fall Delay Time 1 tpoepy ~ — 30 us  Flgure 719 poroy
from CLK1 Figure 7-20
DCLK Fall Delay Time O tocrno — 30 us DOT=0
from CLK1
FCLK Rise Delay Time from trcgrp — 30 ns
CLK1
FCLK Fall Delay Time from  tgcrp — 30 ns
CLK1
DCLK cycle teyeo 2oy 2teyer us DOT=1
e lom DoT=0
DD Setup Time For DCLK  typg 9 — ns
DD Hold Time For DCLK toon 5 — ns
DISP Delay Time From toioD — 25 ns
DCLK
CDE Delay Time From DCLK tepepp — 25 ns
EXHSYNC High Level Width teyqw 2ty — ns
EXHSYNC Low Level Width tgy  w Aoyen — us
EXHSYNC Uncertain Time  tgyy; 5 — ns
of Acceptance 1
EXHSYNC Uncertain Time  tgyy 5 — ns
of Acceptance 2
DISP Start Time For toIEXH hds-1 hds-1 teyen 1
EXHSYNC
EXVSYNC Low Level Width teyy w 1HC — toyep
EXVSYNC Uncertain Time  tgxyq 5 — ns
of Acceptance 1
EXVSYNC Uncertain Time  texys 5 — ns
of Acceptance 2
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Table 7-14TV Sync Display Mode (cont)

Test
Iltem Symbol Min Max Unit Conditions Notes
ODDF Uncertain Time of top1 Ateyer — ns Figure 7-14
Acceptance 1
ODDF Uncertain Time of top2 lteyen — ns
Acceptance 2
Note: 1. hds = hsw + xs
7.5 Timing Charts
7.5.1 Input Clocks
‘tc‘r tcopwH Cf tcopwL
‘ H 1 1 1
Vin Vik| 7 m
CLKO (input) 0.5Vec 7 0:5Vee 70-5Vee
Vit Vi [V
 teoor _ | ftcoor
> teyco o
FCT t th t
- C1PWH - C1PWL
V'Hi 3 A TV
CLK1 (input) 0.5Vec 7 0:5Vee 7 0:5Vce
ViL T ViL [ Vi

tcipT ; 3( tcipT >

< teyel >

Figure 7-3  Input Clocks (Pins MODE2 to MODEO = 011)
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CLKO (input)
(pins MODE2 to
MODEQO = 000)

CLKi
(pins MODEZ2 to
MODEO = 000)

CLKO (input)
(pins MODEZ2 to
MODEO = 001)

CLKi
(pins MODEZ2 to
MODEO = 001)

CLKO (input)
(pins MODEZ2 to
MODEO = 010)

CLKi
(pins MODE2 to
MODEO = 010)

CLKi
(pins MODE2 to

MODEO = 000, 001, 010)

CLK1 (input)
(pins MODEZ2 to

MODEO = 000, 001, 010)

CLKD:!

d tepwi

J0.5Vee
i Vie

tcikp1_ ¢ toLkpr ;
»—<loikp2 it —
3 >lokos i von 3
ter 1
< teipwH O teipw
z 0'5VCC
Fvie

tcipT

A A

Figure 7-4

Input Clocks (Pins MODE2

HITACHI

to MODEO = 000, 001, 010)
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Reset Timing

7.5.2
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CPU Read Cycle Timing

7.5.3
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Figure 7-6
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7.5.4 CPU Write Cycle Timing

b))

S

C
(pauquyoid 180

400uMm,

Haum,

pue 0SD yum snoaueynwis moj) ybiH

(A0}

Y

“MHAM:

<> <>

b

<> <>

13y STV

A

¢l

¢l

(mp)

(mp)

TL

TL

TL

(indun) Mova

(andinoandur)
0Q 01 S1d

(indino) LIvm

(indun) 0am ‘13

(ndu)) a4

(indun) 080 ‘1S

(@]
(&

CPU Write Cycle Timing (CPU -

(ndun) Tv 01 22V

(uo uoneandnnw
/H0 uonedldninu)
IM12/(ndur) 0M10

Q2) with Hardware Wait

Figure 7-7

192

HITACHI



DMA Write Cycle Timing (DMAC - Q2)

7.5.5
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7.5.6 Interrupt Output Timing

trLW
)
«

CLKO (input)/CLKi
(multiplication off/
L (output)
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Figure 7-10  Interrupt Output Timing
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UGM Read Cycle Timing

7.5.7

UGM Single Read Cycle Timing
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UGM Burst Read Cycle Timing
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UGM Write Cycle Timing

UGM Single Write Cycle Timing

7.5.8
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UGM Burst Write Cycle Timing
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UGM Refresh Cycle Timing

7.5.9
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7.5.10 Master Mode Display Timing
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Figure 7-16  Master Mode Display Timing
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7.5.11 TV Sync Mode Display Timing
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Figure 7-17 TV Sync Mode Display Timing
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Figure 7-19

(When DOT = 1 and EXHSYNC cycle is odd multiple of CLK1 cycle)
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Figure 7-20 TV Sync Mode Display Timing

(When DOT = 0, or DOT = 1 and EXHSYNC cycle is even multiple of CLK1
cycle)

206
HITACHI



Appendix A Registers

Registers

Table A-1
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Registers (cont)

Table A-1
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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 Dr"’TW'”.g Rendering Attributes
Destination
8
Command 3 _
(%) ) . %
Sz 8 5 ¢
s 2 E S | & " v
= | 8|8 |g |2 | x|2 | |a |l |4
5 | £ | £ 2 | & S |g |& |3 |w o |= |9
= o o %) [vd = = n O z i T =
POLYGON4A (0] x A X (0] X (0] (0] O (0] (0] x (0]
POLYGON4B X (0] A x (0] X O o O (@] (0] Lo (0]
POLYGON4C X X A (0] (@] X X X O (0] (0] X (0]
LINE x x X (0] (0] X X X (e} (e} (0] x X
RLINE x x x (6] (6] X x X (e} (e} (0] x x
PLINE X (e} X X (o] X O |Fixedatl] O (@) (o) X |Fixedat1
RPLINE X O X X O X (@] Fixedatl O (@] O X Fixed at 1
FTRAP x x x X X O x X O x x x x
RFTRAP x x x X X O x X O x x x x
CLRW X X X X X O X X O X X X X
LINEW x x x O X (e} x X (e} X (0] x x
RLINEW X x x O x (6] X x [e] x (0] x x
MOVE 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
LCOFS 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
UCLIP 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
JUMP 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
RET 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
TRAP X X X X X X X X X X X X X
O : Can be used
0 : Can be used (EOS reference: specified color is binary EOS bit value)
A : Referenced depending on mode (valid when WORK = 1)
x : Cannot be used (clear to 0)
¢ : Cannot be specified simultaneously
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DRAW MODE

>
<

CODE

15
CODE

< |m| O
als =3
2|55 |56
< a = w w @ )
|22 192 (% |83 |Q wiw|z|lw 22 6 zlea|la|R Q|
2|2 |2 |2 |g|lF|Y|l2/Wz2|2|3|2/2|0|0|x 3|3 |5 |2|F-|<|%
olo|o|lO|lF|w|Z2|3J|Z2|3J|J|la|9|=|0o|l2J|lo]jO0o|5|0|wW|x|O
O|la|a || |¥|J|l | J|l¥ || ¥ |2 | ¥ | J|X|O|D|ln |™»|0 | |F|Z2
o - o o - o — o — o - o - o - o — — o — — — o

Drawing Command Codes

Drawing Command Codes

B.2
Table B.2
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B.3

Drawing Command Parameter Specifications

POLYGON4 Commands

15 0
< i >
TXS or TYS
15 0
< i >
TDX or TDY
15 0
< — >
SOURCE ADDRESS H
15 0
< i >
SOURCE ADDRESS L
15 0
<« > i< —— >
Sign extension DXn or DYn
15 0
COLORO
15 0
< i >
COLORL1 or COLOR
15 0
< e — > < i >
COLORO COLORO
15 0
< i > i< i >
COLOR1 or COLOR COLOR1 or COLOR

: Fixed at 0

Source starting points TXS, TYS
Given as unsigned max. 10-bit data.

Specify correctly according to source area size.

Source size TDX, TDY
Given as unsigned max. 10-bit data.
TDX can only be set in 8-pixel units.

1-bit/pixel source start upper address
Given as upper 10 bits.

1-bit/pixel source start lower address
Given as lower 13 bits.

Source address is set as an even byte
address.

Rendering, work coordinates
Vertex coordinates DXn, DYn (1 <n<4)
Given as signed 11-bit data.
Use sign extension in upper vacant bits.

16-bit/pixel color specification

Color data 0 given as 16-bit data.

16-bit/pixel color specification
Color data 1 given as 16-bit data.

8-bit/pixel color specification
Color data 0 given as repeated 8-bit data.

8-bit/pixel color specification
Color data 1 given as repeated 8-bit data.
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FTRAP, RFTRAP

15 0
< > Number of vertices (2 < n < 65,535), absolute

n (1 <n<65,535), relative
Given as unsigned 16-bit data.

15 0
«———> < > Left-hand side coordinate DXL

Sign extension DXL Given as signed 11-bit data.
Use sign extension in upper vacant bits.

15 0

< H H HI

A
Y

<F———+>» 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 0

< H H HI

A
\4

<«<———> : Absolute coordinate
Sign extension Dyn Vertex coordinate DYn (2 < n < 65,535)

Given as signed 11-bit data.

Use sign extension in upper vacant bits.

15 0
< > i< > Relative coordinates

DXn DYn Vertex coordinates DXn, DYn (1 < n < 65,535)
Given as signed 8-bit data.
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LINEW, RLINEW

15 0

A
Y

; Number of vertices (2 < n < 65,535), absolute
n (1 =n<65,535), relative
Given as unsigned 16-bit data.

15 0

<—:

A

< : 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.

Y

HI
>

15 0

<<

€< Absolute coordinate

Sign extension DYn Vertex coordinate DYn (2 < n < 65,535)
Given as signed 11-bit data.
Use sign extension in upper vacant bits.

A
Y

HI
>

15 0
< > i< > Relative coordinates

DXn DYn Vertex coordinates DXn, DYn (1 < n < 65,535)
Given as signed 8-bit data.

CLRW
: Fixed at 0

15 0

<«i———i»i i« S R E S »|  Left and right X coordinates XMIN, XMAX
Sign extension XMIN, XMAX Given as signed 11-bit data.

15 0

< > < — »|  Upper and lower Y coordinates YMIN, YMAX
Sign extension YMIN, YMAX Given as signed 11-bit data.
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LINE, RLINE

15 0
< > Number of vertices (2 < n < 65,535), absolute

n (1 <n<65,535), relative
Given as unsigned 16-bit data.

15 0
< e > 16-bit/pixel color specification
LINE COLORO Color data given as 16-bit data.

15 0
< —— >i<€ —t— > 8-bit/pixel color specification

LINE COLOR LINE COLOR Color data given as repeated 8-hit data.
15 0
< i€ »|  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 0

<—:

A
Y

<«F—F—F+—+> : Absolute coordinate

Sign extension Dyn Vertex coordinate DYn (2 < n < 65,535)
Given as signed 11-bit data.
Use sign extension in upper vacant bits.

15 0
< > i€ > Relative coordinates

DXn DYn Vertex coordinates DXn, DYn (1 < n < 65,535)
Given as signed 8-bit data.
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PLINE, RPLINE

15 0
LINE COLORO
15 0
LINE COLOR LINE COLOR
15 0
SOURCE ADDRESS H
15 0
SOURCE ADDRESS L
15 0
n
15 0
TDX
15 0
Si'gn extension D):(n
15 0
Sign extension D\:(n
15 0
D):(n D\:(n

: Fixed at 0

bit/pixel color specification
Color data given as 16-bit data.

8-bit/pixel color specification
Color data given as repeated 8-bit data.

1-bit/pixel source start upper address
Given as upper 10 bits.

1-bit/pixel source start lower address
Given as lower 13 bits.

Source address is set as an even byte
address.

Number of vertices (2 < n < 65,535), absolute
(1 <n<65,535), relative
Given as unsigned 16-bit data.

Source size TDX, TDY
Given as unsigned max. 10-bit data.
TDX can only be set in 8-pixel units.

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.
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MOVE, RMOVE

15 0
Sign extension XC
15 0
Sign extension Y:C
15 0
XC YC
LCOFS, RLCOFS
15 0
Sign _ext(-_:‘nsi:on X:O o:r YQ
15 0
X0 YO
UCLIP, SCLIP
15 0
“XMIN, XMAX
15 0
YMIN, YMAX
216
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Absolute coordinate

Vertex coordinate XC

Given as signed 11-bit data.

Use sign extension in upper vacant bits.

Absolute coordinate

Vertex coordinate YC

Given as signed 11-bit data.

Use sign extension in upper vacant bits.

Relative coordinates
Vertex coordinates XC, YC
Given as signed 8-bit data.

Relative specification

Local offset values XO, YO

Given as signed 11-bit data.

Use sign extension in upper vacant bits.

Relative specification
Local offset values XO, YO
Given as signed 8-bit data.

: Fixed at 0

Left and right X coordinates XMIN, XMAX
Given as unsigned 10-bit data.

Upper and lower Y coordinates YMIN, YMAX
Given as unsigned 9-bit data.



JUMP

: Fixed at O
15 0
< — > Jump destination upper address
{ JUMP ADDRESS H Given as upper 10 bits.
15 0
< ] > 9| Jump destination lower address
JUMP ADDRESS L Given as lower 13 bits.
Jump destination address is set as a word
address.
GOSuUB
: Fixed at 0
15 0
<—+—+—+—+—+—+—+—+—+>|  Subroutine upper address
SUBROUTINE ADDRESS H Given as upper 10 bits.
15 0
< g > 0 Subroutine lower address

SUBROUTINE ADDRESS L

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.
Circlesin 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 samelineis 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 left
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 isto the
right of, or directly above, the current dot.

For the sake of convenience, the method in figure C-1 (a) is here called 8-point drawing, and
that in figure C-1 (b), 4-point drawing.

The difference between 8-point and 4-point drawing isillustrated in figure C-2. With 4-point
drawing, the move to draw the next dot can be made in one of only four directions, up, down,
left, or right (figure C-2 (b)). With 8-point drawing, moves can also be made in the four
diagonal directions (figure C-2 (a)).

-----------------

-----------------

.............. o - e IOk
............ 00« c i e e et e e e e 000
.......... OQ ¢ o+ « o » N I
......... O o oo oo I I
....... OQ ¢ + o o o o s el o
..... OO ¢ v ¢ o o o s o o N Ol R I I T T T
N R e e OO e e e e e e e
Nolo R OOQ + » o o s o o o s s o
(@) (b)

Figure C-1  Two Representations of a Straight Line on a Raster Display
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O
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Q
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O

(@) (b)

O
O
O

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 isdrawn, either pixel B or pixel Cis selected; the basis for selection is proximity to an
actual straight line. The same approach is aso used in 4-point drawing (figure C-3 (b)).

A comparison between 8-point drawing and 4-point drawing shows that closer approximation
to astraight 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

(@) (b)

Figure C-3  Drawing Dot Determination Process in (a) 8-Point Drawing and
(b) 4-Point Drawing
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Readersinterested in drawing algorithms can find further information in the sources listed below.

1. Jerry van Aken: “Curve-Drawing Algorithms for Raster Display,” ACM Trans. Graph. Val. 4,
No. 2 (April, 1985), 147-169

2. J.E. Bresenham: “Algorithm for Computer Control of a Digital Plotter,” IBM Syst. J. Val. 4,
No. 1 (1965), 25-30

3. JE. Bresenham: “A Liner Algorithm for Incremental Digital Display of Digital Arcs,”
Commun. ACM. Vol. 20, No. 2 (February 1977), 100-106

4. P.E. Danielsson: “Incremental Curve Generation,” |EEE Trans. Comput. Vol. C-19
(September 1970), 783-793

5. 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

6. Jerry van Aken: “An Efficient Ellipse-Drawing Algorithm,” IEEE Comput. Graph & Appl.
Vol. 4, No. 9 (September 1984), 24-35

7. Y. Suenaga: “A High-Speed Algorithm for the Generation of Straight Lines and Circular Arcs,”
|[EEE 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
120 ‘
109
N
o
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N
N
144
K 3
= 33
0.22 +0.05 o| v Sle
020 20,04~ ~1]0.10M) N
N N~
|
olo

—

Dimension including the plating thickness
Base material dimension

Figure D-1  Package Dimensions
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