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1. GENERAL INFORMATION TO THE 63484 ACRTC 

The ACRTC is a high performance graphics-controller, compatible to 
the 68000 family of microprocessors. The ACRTC concept is to 
incorporate major functionality with effective graphic commands. 

High level command language increases performance and reduces 
software development costs. In this way, the ACRTC converts 
logical x - y coordinates to physical frame buffer addresses. It 
supports 38 commands, including LINE, RECTANGLE, POLYLINE, 
POLYGON, CIRCLE, ELLIPSE, ARC, ELLIPSE ARC, FILLED RECTANGLE, 
PAINT, PATTERN and COPY. An on-chip 32byte pattern RAM can be used 
for powerful graphic environments. Conditional drawing functions 
are useful for drawing patterns, colour mixing and software 
windowing. The drawing area control supports clipping and hitting. 
The ACRTC is able to control four hardware windows, zooming and 
smooth scrolling in both vertical and horizontal directions. The 
capability of displaying up to 256 colours and the maximum drawing 
speed of 2 million Pixel per second in monochrome and colour 
applications allows high performance CAD terminals to be used. 
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Features of the 63484 ACRTC: 

Up to 4996 by 4996 bit map graphic display and/or 256 lines by 
256 characters by 32 rasters character display. 

Separate bit map graphic (2Mbyte) and character (128Kbyte) 
address spaces with combined graphic/character display. 

Three horizontal split screens and one window screen. 
Size and position fully programmable. 

Independent horizontal and vertical smooth scroll for each 
screen. 

1 to 16 zoom magnitude - independent x and y factors. 

Logical pixel specification as 1, 2, 4 , 8 or 16 bits for 
monochrome, gray scale and colour displays. 

Programmable address increment supports frame buffer memory 
width up to 128 bits for video bit rates greater than 599 MHz. 

Unique interleaved access mode for "flashless" displays. 

ACRTC provides dynamic RAM refresh. 

Asynchronous bus interface, optimised for the 68999 MPU family 
and the 68459 DMAC (16bit data bus). 

Separate on-chip l6byte READ and WRITE FIFOs. 

Maskable interrupts including FIFO status. 

Full programmability of CRT timing signals. 

- Three raster scan modes. 

Master or Slave synchronization to multiple ACRTCs or other 
video generating devices. 

Programmable cursor and display timing skew. 

Eight user definable video attributes. 

Light pen detection. 
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2. IMPLEMENTATION OF THE 63484 ACRTC ON THE AGC-l 

The AGC-l is a highly integrated graphic-system on two double­
euroboards, based on the 63484 ACRTC. With the optional 
SYS68K/AGC-lX board, it offers two bus interfaces and allows the 
board set to be used in single-processor as well as in high end 
multi-processor applications. 

The board has a jumper selectable access address within the 
16Mbyte address range. Also the VMEbus or VMXbus access is 
selectable. The on-board video RAM of 2Mbyte is dual ported and in 
this way directly accessible by either the processor or a DMA 
Controller for high speed display manipulation. 

The Pixel clock of 64MHz offers resolutions up to 1924 X 899 non­
interlaced with 4 bits per pixel. With the on-board colour 
palette, the user has the choice of up to 256 colours out of 16 
million. With the implementation of the dual access mode, the 
ACRTC display and drawing accesses are interleaved and so the 
ACRTC reaches the maximum drawing speed without a nflashingn 
display. The complex attribute logic offers a great variety of 
display modes, e.g. blinking, inverse video, conditional blinking. 

The AGC-lX board adds powerful character overlay with a separate 
character and attribute RAM, a software loadable character 
generator, the 68459 DMA Controller, which is used for VMEbus data 
transfers, two serial I/O interfaces for printer, mouse or 
digitizer and the VMXbus interface. 
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Figure 2-1: Block Diagram of the SYS68K/AGC-l 
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Features of the SYS68K/AGC-l: 

63484 ACRTC with a clock frequency of 8MHz. 

3 x AM8l5l graphic colour palette with 16/256 entries. 

68153 Bus Interrupter Module for all local interrupts. 

2Mbyte of video RAM directly accessible from the VMEbus 

R-, G-, B- and composite SYNC output. 

External synchronization input/output for other AGCs. 

Light pen interface. 

Fully buffered local address, data and control bus. 

VME/PlB14 interface (16 bit). 

Software selectable interrupt request level and programmable 
interrupt vector. 



The following table shows the general memory lay-out of the 
SYS68K/AGC-l: 

The board start address (BBA) is jumper selectable in 256Kbyte 
steps. 

Table 2-1: The Address Map 

Start Address 

BBA 

BBA + $34999 

BBA + $36999 

BBA + $38999 

BBA + $3A999 

BBA + $3C999 

End Address 

BBA + $33FFF 

BBA + $35FFF 

BBA + $37FFF 

BBA + $39FFF 

BBA + $3BFFF 

BBA + $3FFFF 
($3DFFF) 

Memory Area 

Occupied for the 
SYS68K/AGC-IX boards 

BIM 68153 

GCP 1 red 

GCP 2 green 

GCP 3 blue 

ACRTC 63484 

------------------------------------------------------------------
BBA + $3E999 BBA + $3FFFF 

BBA + $49999 BBA + $23FFFF 

Interrupt-Register 
VMX-Option 

Video-RAM 

The Board Base Address is set by default during manufacturing to 
$C99999 (Start Address) / $E3FFFF (End Address). 
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Please read the complete installation procedure before 
the board is installed in a VMEbus environment, to 
avoid malfunctions and damage to components. 
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1. GENERAL OVERVIEW 

This manual only describes the function of the SYS68K/AGC-lA and 
SYS68K/AGC-lB boards. For all other functions of the SYS68K/AGC-lX 
board, please refer to the SYS68K/AGC-lX User's Manual. 

Easy installation of the AGC-l board set is provided because of 
the default jumper settings. It may be necessary to modify the 
board base address (BBA) to adapt the board to the various 
applications. 

Both the main board and the slave board are screwed together and 
have the correct measurements to be plugged into a standard VMEbus 
backplane. Only the AGC-lA board contains the VMEbus interface. 
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1.1 The Function Switch Positions 

The board contains 2 function switches listed from the top to the 
bottom: 

VME/VMX 

RUN/HALT 

The two positions of the switches are defined as "up" and "down". 

The VMEbus interface will be enabled if all function <switches are 
set to the position "down" (for first installation). 

Please toggle each of the switches sometime before installing the 
board in the rack to detect any damage incurred during 
transportation. 
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1.2. Connection of the RGB-Monitor 

The terminal has to be connected to the BNC connectors on the main 
board (right board of the package). 

The RGB outputs are compatible to the RS343 standard for 
connection with RGB monitors. The composite SYNC signal is mixed 
on all colour outputs so that mostly there is no need for an extra 
SYNC connection. 

Monitors with separate SYNC input must be connected to the SYNC 
output of the AGC-l. 

The SYNC output can be configured to have a positive or negative 
SYNC signal. This is specified by the jumper settings of B7 
(SYNCSEL) • 

For jumper settings, please refer to section 4.11.4 in the 
Hardware User's Manual (Register 3). 
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2. Installation in the Rack 

The main (AGC-1A) and the slave (AGC-IB) boards are screwed 
together and can immediately be mounted into a VME rack. 

Caution 

A) Switch off power before installing the board to 
avoid electrical damage to the components. 

b) The main board contains a special ejector (the 
handles). 

The boards have to be plugged in and the screws of 
the front panel must be tightened to guarantee 
proper installation. 
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2.1. Pover On 

If the board is correctly installed, the switches are in the 
correct positions, the monitor is connected, the power for the 
VMEbus rack can be switched on. 

If everything has worked, the green RUN LED and the yellow VME LED 
must turn on. 

Now the AGC-l is accessible from an VMEbus-MASTER under the 
selected board base address ($C00000 is set by default during 
manufacturing. 

For initialisation of the ACRTC, please refer to section 4.12 in 
the Hardware User's Manual (Register 3). 
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~ GENERAL INFORMATION 

This high performance VMEbus-based GRAPHIC board combines the 
powerful graphic processor, the 63484 ACRTC with 2 Mbyte Video­
RAM, 3 digital-to-analogue Converters and 3 colour-look-up tables 
with 256 entries each. 

The implementation of the so called DUAL ACCESS MODE (see 
description of the 63484 ACRTC) allows Video-RAM accesses during 
display without 'flashing' display and so speeds up drawing 
operations. 

The also 
display 
BUFFER. 

built-in direct Video-RAM access via the VMEbus 
supports very fast updating or loading of the 

during 
FRAME 

Two graphic bit modes in conjunction with the colour-look-up 
tables make it possible to simultaneously display up to 256 
colours out of a total range of 16 million. 

A sophisticated attribute logic offers a wide variety of display 
manipulation, such as blinking of specified colours or objects and 
switching the look-up tables. Also supported is a smooth scroll in 
horizontal and vertical directions and independent zooming in both 
directions. 

The local control, consisting of a Bus Interrupter Modul (BIM) 
offers software control for programming the ACRTC and updating 
the Frame Buffer or the colour-look-up tables during vertical 
retrace period. 

To provide all of these features, the AGC-l consists of two double 
Eurocard boards, the main board and the slave board. On the main 
board the bus interface, the graphic processor, the colour-look-up 
tables and the Digital to Analogue coverters are installed. 

The slave board contains the 2 Mbyte Video-RAM as well as the 
parallel-to-serial shift registers. 

The photo of the SYS68K/AGC-l shows the main board in detail, and 
Figure 1-1 outlines the block diagram of AGC-l. 

This manual provides a general operating description of the 
SYS68K/AGC-l hardware. Follow manufacturer's installation 
instructions for use and troubleshooting. 
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Figure '1-1: Photo of the SYS68K/AGC-IA Board 
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~ GENERAL OPERATION 

The SYS68K/AGC-l board set contains the powerful 63484 ACRTC with 
2 MByte of Video-RAM, three DAC's with colour look-up tables and 
powerful attribut capabilities. 

One BIM (68153 Bus Interrupter Module) is used to support fully 
asynchronous operation to the VMEbus. 

The SYS68K/AGC-l boards are fully VMEbus Rev. C (IEEE PHH4) 
compatible. 

See Figure 2-1 for the general block diagram of the SYS68K/AGC-l 
board set. 
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Figure 2-1: Block Diagram o~ the SYS68K/AGC-~ 
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Features of the SYS68K/AGC-l 

63484 ACRTC with 8 MHz Clock Frequency. 

2 Mbyte dynamic Video-RAM with l20ns access time for up to 
2048 * 2048 pixel (in 4 bit/pixel mode) • 

Direct video memory access from the VMEbus during display time. 

Zoom logic for magnification in horizontal and 
direction (up to 16). 

vertical 

Smooth scroll logic (pixel-wise) for vertical and horizontal 
direction. 

Video interface bus for upgrading with character overlay. 

3 Graphic Colour Palette AM8l5l with 256 entries for each 
colour and 64 MHz Pixel clock frequency. 

Bus Interrupter Module for all local Interrupt sources. 

Interrupt handling via programmable interrupt vectors. 

Each VMEbus IRQ level can be enabled/disabled via software. 

Fully decoding of the address modifiers. 

Jumper selectable access address for short I/O (A16 mode) or 
standard memory (A24 mode). 

RUN/LOCAL switch for complete isolation from the VMEbus. 

Fully VMEbus Rev.C and IEEE P10l4 compatible 
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~ THE 63484 ADVANCED GRAPHIC CONTROLLER DESCRIPTION 

The 63484 ACRTC contains 38 high level commands including 23 
drawing commands for fast generation of polylines, circles, 
ellipses, circle and ellipse arcs and filled areas. Fast copy and 
clear commands are very useful for animated graphics. The maximum 
drawing speed with 8 MHz clock is 2 Million Pixel/second. 

He supports up to 2 MByte of video RAM and up to 128 KByte of 
character RAM. 

The built-in bit pattern RAM allows the generation of patterns 
with 16 * 16 pixel or line-types with 256 pixel pattern length. 

Also supported are four hardware windows and functions such as 
zooming, scrolling, hiting and Clipping. 

The automatic conversion from logical X/Y coordinates to physical 
frame buffer addresses eases the programming of graphics. 

The non-multiplexed address and data bus are fully asynchronous 
to allow optimized hardware interfacing to the used VMEbus. 

Two 16 Byte FIFO's (read an write) for commands and parameters 
speed up the accesses from a host processor as well as the DMA­
interface for connection with a direct memory access controller. 
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~ Access to the SYS68KiAGC-1 

The SYS68K/AGC-1 
VMEbus motherboard 
switched to RUN 
lights) • 

can be accessed when it is inserted in the 
and the toggle switches on the front panel are 
(green LED lights) and VME (yellow VME LED 

To access the board, the address bits A18-A23 must match the 
Board Base Address jumper setting and the Address Modifier Code 
must match the Address Modifier decoding jumper settings. The 
SYS68K/AGC-l board is delivered with the default Board Base 
Address of $C00000 and is accessible with any Address Modifier 
Code. 

The SYS68K/AGC-l board occupies an address range of 2.256 MBytes, 
beginning with the Board Base Address. Read, write and read­
modify-write accesses are supported with byte and word operands. 

An access to any location in the 2.256 MBytes address range is a 
legal bus cycle and no bus error will be forced. 

4.1 Board Base Address Selection 

The Base Address of the SYS68K/AGC-l board is jumper selectable 
mainly in two different ways described in Chapter 4.1.1 and 4.1.2. 

4.1.1 Board Base Address Selection in the STANDARD MEMORY SPACE 

The Base Address of the SYS68K/AGC-l is jumper 
256kbyte steps within the 16 Mbyte address space. 
board, the address on the address lines A18-A23 
base address jumper settings at jumperfield B3. 

selectable in 
To select the 

must match the 

B3 is the jumper field defining the address bits A18 to A23 of the 
Board Base Address. 

Fig. 4-1 displays the location of the jumper field on the PC 
board. 

Table 4-1 shows the connection assigments and Table 4-2 shows the 
memory map for standard memory access. 
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Figure 4-1: Jumper Location Diagram ~ 
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Jumper Description: 

B1 and B2 : BOARD SIZE SELECTION 
B3 BOARD BASE ADDRESS SELECTION 
B4 : ADDRESS MODIFIER CODE SELECTION 
B6 : SHORT I/O ADDRESS SELECTION 
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Table 4-1: Jumper Settings for Board Base Address (BBhl 

a) BBA=$00ICHHHJ b) BBA=$040000 c) BBA=$080000 d) BBA=$0C0000 

1 12 1 12 1 12 1 12 
2 11 2 11 2 11 2 11 
3 10 3 10 3 10 3 10 
4 9 4 9 4 9 4 9 
5 8 5 8 5 8 5 8 
6 7 6 7 6 7 6 7 

e) BBA=$100000 f) BBA=$140000 g) BBA=$180000 h) BBA=$IC0000 

1 12 1 12 1 12 1 12 
2 11 2 11 2 11 2 11 
3 10 3 10 3 10 3 10 
4 9 4 9 4 9 4 9 
5 8 5 8 5 8 5 8 
6 7 6 7 6 7 6 7 

i) BBA=$200000 j) BBA=$240000 k) BBA=$280000 1) BBA=$2C0000 

1 12 1 12 1 12 1 12 
2 11 2 11 2 11 2 11 
3 10 3 10 3 10 3 10 
4 9 4 9 4 9 4 9 
5 8 5 8 5 8 5 8 
6 7 6 7 6 7 6 7 

m) BBA=$300000 n) BBA=$340000 0) BBA=$380000 p) BBA=$3C0000 

1 12 1 12 1 12 1 12 
2 11 2 11 2 11 2 11 
3 10 3 10 3 10 3 10 
4 9 4 9 4 9 4 9 
5 8 5 8 5 8 5 8 
6 7 6 7 6 7 6 7 

q) BBA=$400000 r) BBA=$440000 s) BBA=$480000 t) BBA=$4C0000 

1 12 1 12 1 12 1 12 
2 11 2 11 2 11 2 11 
3 10 3 10 3 10 3 10 
4 9 4 9 4 9 4 9 
5 8 5 8 5 8 5 8 
6 7 6 7 6 7 6 7 
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Table 4-1: Jumper Settings for Board Base Address (BBA) 

u) BBA=$500000 v) BBA=$540000 w) BBA=$580000 x) BBA=$5C0000 

1 12 1 12 1 12 1 12 
2 11 2 11 2 11 2 11 
3 10 3 10 3 10 3 10 
4 9 4 9 4 9 4 9 
5 8 5 8 5 8 5 8 
6 7 6 7 6 7 6 7 

y) BBA=$600000 z) BBA=$640000 A) BBA=$680000 B) BBA=$6C0000 

1 12 1 12 1 12 1 12 
2 11 2 11 2 11 2 11 
3 10 3 10 3 10 3 10 
4 9 4 9 4 9 4 9 
5 8 5 8 5 8 5 8 
6 7 6 7 6 7 6 7 

C) BBA=$700000 D) BBA=$740000 E) BBA=$780000 F) BBA=$7C0000 

1 12 1 12 1 12 1 12 
2 11 2 11 2 11 2 11 
3 10 3 10 3 10 3 10 
4 9 4 9 4 9 4 9 
5 8 5 8 5 8 5 8 
6 7 6 7 6 7 6 7 

G) BBA=$800000 H) BBA=$840000 I) BBA=$880000 J) BBA=$8C0000 

1 12 1 12 1 12 1 12 
2 11 2 11 2 11 2 11 
3 10 3 10 3 10 3 10 
4 9 4 9 4 9 4 9 
5 8 5 8 5 8 5 8 
6 7 6 7 6 7 6 7 

K) BBA=$900000 L) BBA=$940000 M) BBA=$980000 N) BBA=$9C0000 

1 12 1 12 1 12 1 12 
2 11 2 11 2 11 2 11 
3 10 3 10 3 10 3 10 
4 9 4 9 4 9 4 9 
5 8 5 8 5 8 5 8 
6 7 6 7 6 7 6 7 
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Table 4-1: Jumper Settings for Board Base Address (BBA,Jumper B3) 

0) BBA = $A 'HHHH' P) BBA=$A49999 Q) BBA=$A89999 R) BBA=$AC9999 

1 12 1 12 1 12 1 12 
2 11 2 11 2 11 2 11 
3 19 3 19 3 19 3 19 
4 9 4 9 4 9 4 9 
5 8 5 8 5 8 5 8 
6 7 6 7 6 7 6 7 

S) BBA=$B99999 T) BBA=$B49999 U) BBA=$B89999 V) BBA=$BC9999 

1 12 1 12 1 12 1 12 
2 11 2 11 2 11 2 11 
3 19 3 19 3 19 3 19 
4 9 4 9 4 9 4 9 
5 8 5 8 5 8 5 8 
6 7 6 7 6 7 6 7 

W) BBA=$C99999 X) BBA=$C49999 Y) BBA=$C89999 Z) BBA=$CC9999 

1 12 1 12 1 12 1 12 
2 11 2 11 2 11 2 11 
3 19 3 19 3 19 3 HJ 
4 9 4 9 4 9 4 9 
5 8 5 8 5 8 5 8 
6 7 6 7 6 7 6 7 

default set-up 

1) BBA=$D99999 2) BBA=$D49999 3) BBA=$D89999 4) BBA=$DC9999 

1 12 1 12 1 12 1 12 
2 11 2 11 2 11 2 11 
3 19 3 19 3 19 3 19 
4 9 4 9 4 9 4 9 
5 8 5 8 5 8 5 8 
6 7 6 7 6 7 6 7 

5) BBA=$E99999 6) BBA=$E49999 7) BBA=$E89999 8) BBA=$EC9999 

1 12 1 12 1 12 1 12 
2 11 2 11 2 11 2 11 
3 19 3 19 3 19 3 19 
4 9 4 9 4 9 4 9 
5 8 5 8 5 8 5 8 
6 7 6 7 6 7 6 7 
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Table 4-1: Jumper Settings for Board Base Address (BBA) 

9) BBA=$F00000 a) BBA=$F40000 b) BBA=$F80000 c) BBA=$FC0000 

1 12 1 12 1 12 1 12 
2 11 2 11 2 11 2 11 
3 10 3 10 3 10 3 10 
4 9 4 9 4 9 4 9 
5 8 5 8 5 8 5 8 
6 7 6 7 6 7 6 7 
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The following table shows the memory lay-out of AGC-l for 
Standard Memory Access: 

The Board Base Address (BBA) is jumper selectable in 256K steps. 

Table 4-2: MEMORY MAP FOR STANDARD MEMORY ACCESS 

Start Address End Address Memory Area 
------------------------------------------------------------------
BBA BBA + $35FFF BIM 68153 

13.824 times 

BBA + $36999 BBA + $37FFF GCP 1 red 

16 times 

BBA + $38999 BBA + $39FFF GCP 2 green 

16 times 

BBA + $3A999 BBA + $3BFFF GCP 3 blue 

16 times 

BBA + $3C999 BBA + $3FFFF ACRTC 63484 

4096 times 

BBA + $49999 BBA + $23FFFF Video-RAM 

1 time 

4-8 



4.1.2 Board Base Address Selection for SHORT I/O MEMORY 

The second way of accessing the SYS68K/AGC-l is by using the SHORT 
I/O address range. 

All devices except the Video RAM area can be accessed via SHORT 
I/O addressing. 

In this case the Board Size has to be defined to $999999 (see 
Table 4-5) 

The SYS68K/AGC-l then occupies 3,5 Kbyte of the 64 Kbyte SHORT I/O 
memory. 

The Board Start Address is then jumper selectable in 4 Kbyte 
steps. 

For SHORT I/O addressing the address bits A12-A15 must match the 
Board Base Address for SHORT I/O (B6) and the Address Modifier 
Code must match the Address Modifier decoding jumper settings 
for SHORT I/O (see Section 4.2). 

B6 is the jumper field defining bits 12 to 15 of the Board Base 
Address. 

Fig.4-2 shows the location of the jumper area B6 on the PC board. 

Table 4-3 gives all possible jumper settings. 

The default jumper setting of B6 is for STANDARD MEMORY access. 
Please be careful, especially that jumper position 5,6 is 
disconnected in this case. 

Table 4-4 gives the memory map for short I/O access. 
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Figure 4-2 Jumper Location Diagram ~ 

B6 : BOARD BASE ADDRESS SELECTION FOR SHORT I/O MEMORY 
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Table 4-3: Board Base Address Selection for SHORT rIo Memory 

a) STANDARD MEMORY b) BBA=$FF 'HHHlJ c) BBA=$FF1999 d) BBA=$FF2999 

1 19 1 19 1 19 1 19 
2 9 2 9 2 9 2 9 
3 8 3 8 3 8 3 8 
4 7 4 7 4 7 4 7 
5 6 5 6 5 6 5 6 

Default Condition 

e) BBA=$FF3999 f) BBA=$FF4999 g) BBA=$FF5999 h) BBA=$FF6999 

1 19 1 19 1 19 1 19 
2 9 2 9 2 9 2 9 
3 8 3 8 3 8 3 8 
4 7 4 7 4 7 4 7 
5 6 5 6 5 6 5 6 

i) BBA=$FF7999 j) BBA=$FF8999 k) BBA=$FF9999 1) BBA=$FFA999 

1 19 1 19 1 19 1 19 
2 9 2 9 2 9 2 9 
3 8 3 8 3 8 3 8 
4 7 4 7 4 7 4 7 
5 6 5 6 5 6 5 6 

m) BBA=$FFB999 n) BBA=$FFC999 0) BBA=$FFD999 p) BBA=$FFE999 

1 19 1 19 1 19 1 19 
2 9 2 9 2 9 2 9 
3 8 3 8 3 8 3 8 
4 7 4 7 4 7 4 7 
5 6 5 6 5 6 5 6 

d) BBA=$FFF999 

1 19 
2 9 
3 8 
4 7 
5 6 
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The following table shows the memory lay-out of AGC-l for 
Short I/O Memory Access: 

The Board Base Address (BBA) is jumper selectable in 4K steps 
using the short I/O decoding. 

Table 4-4: Memory Map fo£ Short I/O Access 

Start Address End Address Memory Area 

BBA BBA + $5FF BIM 68153 

96 times 

BBA + $61313 BBA + $7FF GCP 1 red 

1 time 

BBA + $81313 BBA + $9FF GCP 2 green 

1 time 

BBA + $AI313 BBA + $BFF GCP 3 blue 

1 time 

BBA + $CI313 BBA + $DFF ACRTC 63484 

128 times 

only accessible via ACRTC 63484 Video-RAM 
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4.2 Board Size Selection 

For special applications it could be necessary to decrease the 
memory space occupied by the SYS68K/AGC-I board. This could be 
done by setting the jumpers Bl and B2. In doing this it is 
possible to fade out the Video Memory or parts of it. Nevertheless 
the Video Memory can be accessed via the 63484 ACRTC. 

The Board Size can be decreased in 64 Kbyte steps. 

Fig. 4-3 displays the locations of the jumper fields on the PC 
board. 

Table 4-5 shows the possible jumper settings for the Board Size 
(BS) 

4-14 



Figure 4-3 JUMPER LOCATIONS DIAGRAM ~ 

B1 and B2: BOARD SIZE SELECTION 
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Table 4-5 Board ~ Selection Jumper Settings 

a) BS=$24~HHHJ b) BS=$23~~~~ c) BS=$22~~~~ d) BS=$21~~~~ 

B1 1 8 1 8 1 8 1 8 
2 7 2 7 2 7 2 7 
3 6 3 6 3 6 3 6 
4 5 4 5 4 5 4 5 

B2 1 8 1 8 1 8 1 8 
2 7 2 7 2 7 2 7 
3 6 3 6 3 6 3 6 
4 5 4 5 4 5 4 5 
Default set-up 

e) BS=$2~~~~~ f) BS=$lF~~~~ g) BS=$lE~~~~ h) BS=$lD~~~~ 

B1 1 8 1 8 1 8 1 8 
2 7 2 7 2 7 2 7 
3 6 3 6 3 6 3 6 
4 5 4 5 4 5 4 5 

B2 1 8 1 8 1 8 1 8 
2 7 2 7 2 7 2 7 
3 6 3 6 3 6 3 6 
4 5 4 5 4 5 4 5 

i) BS=$lC~~~~ j) BS=$lB~~~~ k) BS=$lA~~~~ 1) BS=$19~~~~ 

B1 1 8 1 8 1 8 1 8 
2 7 2 7 2 7 2 7 
3 6 3 6 3 6 3 6 
4 5 4 5 4 5 4 5 

:82 1 8 1 8 1 8 1 8 
2 7 2 7 2 7 2 7 
3 6 3 6 3 6 3 6 
4 5 4 5 4 5 4 5 

m) BS=$18~~~~ n) BS=$17~~~~ 0) BS=$16~~~~ p) BS=$15~~~~ 

B1 1 8 1 8 1 8 1 8 
2 7 2 7 2 7 2 7 
3 6 3 6 3 6 3 6 
4 5 4 5 4 5 4 5 

B2 1 8 1 8 1 8 1 8 
2 7 2 7 2 7 2 7 
3 6 3 6 3 6 3 6 
4 5 4 5 4 5 4 5 
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Table 4-5 Board 5ize 5e1ection Jumper 5ettings 

q) B5=$140000 r) B5=$130000 s) B5=$120000 t) B5=$110000 

B1 1 8 1 8 1 8 1 8 
2 7 2 7 2 7 2 7 
3 6 3 6 3 6 3 6 
4 5 4 5 4 5 4 5 

B2 1 8 1 8 1 8 1 8 
2 7 2 7 2 7 2 7 
3 6 3 6 3 6 3 6 
4 5 4 5 4 5 4 5 

u) B5=$100000 v) B5=$0F0000 w) B5=$0E0000 x) B5=$0D0000 

B1 1 8 1 8 1 8 1 8 
2 7 2 7 2 7 2 7 
3 6 3 6 3 6 3 6 
4 5 4 5 4 5 4 5 

B2 1 8 1 8 1 8 1 8 
2 7 2 7 2 7 2 7 
3 6 3 6 3 6 3 6 
4 5 4 5 4 5 4 5 

y) B5=$0C0000 z) B5=$0B0000 A) B5=$0A0000 B) B5=$090000 

B1 1 8 1 8 1 8 1 8 
2 7 2 7 2 7 2 7 
3 6 3 6 3 6 3 6 
4 5 4 5 4 5 4 5 

B2 1 8 1 8 1 8 1 8 
2 7 2 7 2 7 2 7 
3 6 3 6 3 6 3 6 
4 5 4 5 4 5 4 5 

C) B5=$080000 D) B5=$070000 E) B5=$060000 F) B5=$050000 

B1 1 8 1 8 1 8 1 8 
2 7 2 7 2 7 2 7 
3 6 3 6 3 6 3 6 
4 5 4 5 4 5 4 5 

B2 1 8 1 8 1 8 1 8 
2 7 2 7 2 7 2 7 
3 6 3 6 3 6 3 6 
4 5 4 5 4 5 4 5 
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Table 4-5 Board Size Selection Jumper Settings 

G) BS=$94PHHHI H) BS=$939999 I) BS=$929999 J) BS=$919999 

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

B2 1 8 1 8 1 8 1 8 
2 7 2 7 2 7 2 7 
3 6 3 6 3 6 3 6 
4 5 4 5 4 5 4 5 

K) BS=$999900 

Bl 1 8 
2 7 
3 6 
4 5 

B2 1 8 
2 7 
3 6 
4 5 
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Table 4-6: Address Modifier Codes 

-----------------------------------------------------------------
HEX 1 Address Modifier 1 Function 
Code 1 5 4 3 2 1 f2J 1 

------------------------------_._---------------------------------

3F H H H H H H Standard Supervisory Block Transfer 
3E H H H H H L Standard Supervisory Program Access 
3D H H H H L H Standard Supervisory Data Access 
3C H H H H L L Reserved 
3B H H H L H H Standard Non-Privileged Block Transfer 
3A H H H L H L Standard Non-Privileged Program Access 
39 H H H L L H Standard Non-Privileged Data Access 
38 H H H L L L Reserved 

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

37 H H L H H H Reserved 
36 H H L H H L Reserved 
35 H H L H L H Reserved 
34 H H L H L L Reserved 
33 H H L L H H Reserved 
32 H H L L H L Reserved 
31 H H L L L H Reserved 
3f2J H H L L L L Reserved 

------ ------------------1---------------------------------------
1 

2F H L H H H H 1 Reserved 
2E H L H H H L 1 Reserved 
2D H L H H L H 1 Short Supervisory Access 
2C H L H H L L 1 Reserved 
2B H L H L H H 1 Reserved 
2A H L H L H L 1 Reserved 
29 H L H L L H 1 Short Non-Privileged Access 
28 H L H L L L 1 Reserved 

1 
------ ------------------1---------------------------------------

1 
27 H L L H H H 1 Reserved 
26 H L L H H L 1 Reserved 
25 H L L H L H 1 Reserved 
24 H L L H L L 1 Reserved 
23 H L L L H H 1 Reserved 
22 H L L L H L 1 Reserved 
21 H L L L L H 1 Reserved 
2f2J H L L L L L 1 Reserved 

1 
-----------------------------------------------------------------

L = low signal level H = high signal level 
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cont'd ... 

-----------------------------------------------------------------
HEX I Address Modifier I Function I 
Code I 5 4 3 2 1 0 I I 

-----------------------------------------------------------------1 
I 

IF L H H H H H I User Defined 
IE L H H H H L I User Defined 
1D L H H H L H I User Defined 
1C L H H H L L I User Defined 
1B L H H L H H 1 User Defined 
1A L H H L H L I User Defined 
19 L H H L L H I User Defined 
18 L H H L L L I User Defined 

I 
------ ------------------1---------------------------------------

I 
17 L H L H H H I User Defined 
16 L H L H H L 1 User Defined 
15 L H L H L H 1 User Defined 
14 L H L H L L 1 User Defined 
13 L H L L H H 1 User Defined 
12 L H L L H L I User Defined 
11 L H L L L H I User Defined 
10 L H L L L L I User Defined 

I 
------/------------------1---------------------------------------

I I 
0F I L L H H H H I Extended Supervisory Block Transfer 
0E 1 L I. H H H L I Extended Supervisory Program Access 
0D I L L H H L H I Extended Supervisory Data Access 
0C 1 L L H H L L 1 Reserved 
0B I L L H L H H I Extended Non-Privileged Block Transfer 
0A L L H L H L I Extended Non-Privileged Program Access 
09 L L H L L H I Extended Non-Privileged Data Access 
08 L L H L L L I Reserved 

1 
------ ------------------1---------------------------------------

I 
07 L L L H H H I Reserved 
06 L L L H H L I Reserved 
05 L L L H L H I Reserved 
04 L L L H L L I Reserved 
03 L L L L H H I Reserved 
02 L L L L H L I Reserved 
01 L L L L L H I Reserved 
00 L L L L L L I Reserved 

I 

L = low signal level H = high signal level 
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4.3 Address Modifier Code Selection 

The SYS68K/AGC-l has a jumper selectable Address Modifier Code. 
Table 4-6 shows the VMEbus AM codes. Each allowed AM Code or 
combinations of allowed AM Codes can be set. The selection is 
coded by jumper settings in the field at B4. 

Fig. 4-4 shows the location of the jumper field on the PC board. 

Table 4-6 shows the VMEbus AM Codes. 

Table 4-7 shows the jumper selectable connections. 

When selecting the SHORT I/O AM Codes, the Base Address jumper 
selection on B3 is ignored. The Base Address for SHORT I/O access 
is jumpered with the jumper field B6. Please be make sure that the 
board size jumper setting is set to $00000 for SHORT I/O access. 
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Figure 4-4: Jumper Location Diagram of Address Modifier Selection 

JUMPER B4: ADDRESS MODIFIER CODE SELECTION 
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TABLE 4-7: Address Modifier Code Selection 

a) AM Code= 3E b) AM Code= 3D c) AM Code= 3A d) AM Code= 39 

1 16 1 16 1 16 1 16 
2 15 2 15 2 15 2 15 
3 14 3 14 3 14 3 14 
4 13 4 13 4 13 4 13 
5 12 5 12 5 12 5 12 
6 11 6 11 6 11 6 11 
7 10 7 10 7 10 7 10 
8 9 8 9 8 9 8 9 

a) AM Code= 2D b) AM Code= 29 c) AM Code= IF d) AM Code= IE 

1 16 1 16 1 16 1 16 
2 15 2 15 2 15 2 15 
3 14 3 14 3 14 3 14 
4 13 4 13 4 13 4 13 
5 12 5 12 5 12 5 12 
6 11 6 11 6 11 6 11 
7 10 7 10 7 10 7 10 
8 9 8 9 8 9 8 9 

a) AM Code= ID b) AM Code= lC c) AM Code= lA d) AM Code= 19 

1 16 1 16 1 16 1 16 
2 15 2 15 2 15 2 15 
3 14 3 14 3 14 3 14 
4 13 4 13 4 13 4 13 
5 12 5 12 5 12 5 12 
6 11 6 11 6 11 6 11 
7 10 7 10 7 10 7 10 
8 9 8 9 8 9 8 9 

a) AM Code= 18 b) AM Code= 17 c) AM Code= 16 d) AM Code= 15 

1 16 1 16 1 16 1 16 
2 15 2 15 2 15 2 15 
3 14 3 14 3 14 3 14 
4 13 4 13 4 13 4 13 
5 12 5 12 5 12 5 12 
6 11 6 11 6 11 6 11 
7 10 7 10 7 10 7 10 
8 9 8 9 8 9 8 9 
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Table 4-7: ADDRESS MODIFIER CODE SELECTIOti! 

a) AM Code= 14 b} AM Code= c) AM Code= d) AM Code=: 
3D,39 2D,29 3A,39,38 

1 16 1 16 1 16 1 16 
2 15 2 15 2 15 2 15 
3 14 3 14 3 14 3 14 
4 13 4 13 4 13 4 13 
5 12 5 12 5 12 5 12 
6 11 6 11 6 11 6 11 
7 H' 7 H' 7 Ita 7 10 
8 9 8 9 8 9 8 9 

default set-up 

a) AM Code= b) AM Code= c) AM Code= 3E d) AM Code= 
3E,3D,3C 3E,3A 3F,3E,3D,3C don't care 

3B,3A,39,38 

1 16 1 16 1 16 1 16 
2 15 2 15 2 15 2 15 
3 14 3 14 3 14 3 14 
4 13 4 13 4 13 4 13 
5 12 5 12 5 12 5 12 
6 11 6 11 6 11 6 11 
7 Ita 7 Ita 7 Ita 7 Ita 
8 9 8 9 8 9 8 9 
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4.4 Functional Groups on the SYS68K/AGC-l 

The SYS68K/AGC-l board is considered to consist of the following 
functional groups: 

Graphics Processor 

3 Colour Look-up Tables 

Video Memory 

The Graphics Processor consists of: 

the ACRTC 63484 

two interrupt channels of the BIM 

A Colour Look-up Table consists of: 

256 Byte of colour value RAM 

The Video Memory consists of: 

2M Byte of DRAM 
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4.5 Access t2 ~ Devices on the SYS68K/AGC-l Board 

There are six addressable devices installed : 

ACRTC 

BIM 

GCP-red 

GCP-green 

GCP-blue 

Video-RAM 

63484 

68153 

8151 

8151 

8151 

All user accessible registers and RAM areas are 
addressable on the SYS68K/AGC-l. 

All devices and the RAM area have a 16 bit wide data bus. 

directly 

The BIM and the three GCP's are accessible only on the lower byte 
(08-07) • 

Read, write and read-modify-write accesses are supported. (the 
limitations are documented in the device data sheets). 

The access addresses of accessible Registers and RAM areas on the 
board are given in Chapter 4.1. 
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4.6 Addressing of the Colour Look-up Tables 

The 3 Colour Look-up tables for red, green and blue are fully 
independent of each other, and they are all identical in their 
functions. 

The 256 colour entries provide 256 colours (in 8 bit/pixel mode) 
or 16 different tables with 16 colours (in 4bit/pixel mode). This 
makes it possible to display 256 colours (16 colours in 4 
bit/pixel mode) out of 16.777216 million. 

The colour look-up tables are addressed in word mode. The lower 
byte contains the colour value, the upper byte is always $FF. A 
byte-wide addressing is possible but then every even address 
represents a colour entry. 

The bit value of a given pixel points on the respective colour 
entry of the colour look-up tables. 

Example: The look-up table for the RED colour is located at 
address $BFA000 

4 bit/pixel mode 

Pixel value 

$04 

$0A 

$0F 

8 bit/pixel mode 

Pixel value 

$10 

$55 

$FF 

Look-up table address 

$BFA008 

$BFA0l4 

$BFA0lE 

Look-up table address 

$BFA020 

$BFA0AA 

$BFAIFE 

To avoid a 'flickering' display the colour look-up tables should 
be loaded before the initialisation of the ACRTC or during the 
vertical retrace period. This could be done Interrupt-driven or 
by polling the Raster Count register of the ACRTC (see Chapter 
4.7.1 and 4.9.7). 

Figure 4-5 shows the timing diagram of an access to the colour 
look-up table access. 
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Figure 4-5: Access to the Colour Look-up Table 

READ CYLE FOLLOWED BY WRITE CYCLE 

INPUTS S T .. --......... C MEMORY r------- •• 
iii. """""" , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , " SHOWN 

S ' " " " " t' C ' " " , " , " " " " " , " " " "" L~~~ 

:: """" 'I' , , , , , 'i: : : : : : : J ' , , , , , , , , , .I. , , , ''I'' , , , , ,IJ ' , , , , , , , , , , " MIN 4~~J 
s' , , , , , , , 't' , , , , 'C ' , , , , , , , , , , , , , , , , , iii iii i """"""" 

11]" II II! III """"""",',",' 'I' , , , , , , , , , , , " 1 I' , , , , , , , , , , , , , " ~~~~~Nl 
I I 1'111 I I~~"""""""''''''''''' II I'I'I! 11 I I~~~I" I I"" 1'1 III I 10 N5 

S T C NEXT 
•• I I I a. 
Il .. .:..:.' '..:..:' '...:..' ~' , ~' 'r-""'1r-"""""'~' ~' , ~' '.:..:.' '..:..:' '...:..' ~' '.:..:,' , ,~"""","""",,",,",,,,J,.:...;' '~' .:..:.' '.:...:.' '..:..:' '...:..' ~' , .:..:.' '.:..:.' , 

, " , " , ,,~~..,..,..,....-II, , , , , , , , , , , , , ,I~~~I" " , " " " " " , HOME 
MARKER 
START MAG 
CURSOR 
TRIGGER 
-2299 

AD DR DATA DISTANCE TIME ADDR 
5 -00037 1101 1111 S-T +000.37 US SI~ 
C +00027 0001 1000 C-T +000.27 US CI~ 
T +00000 1101 1110 C-S +000.04 US - +1791 
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----------------------------------------------~-----

Characteristics min. max. 

I 
AS low to DTACK low 259ns I 319ns 

I 
----------------------------------------------------

I 
DS low to DTACK low 239ns I 299ns 

I 

AS low to GCPENI low 119ns 159ns 

DS low to GCPENI low 119ns 159ns 

Access Cycle Time 
519ns 639ns 

AS low to DTACK high 
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4.6.1 Colour Switch Mode 

In the 4 bit/pixel mode the look-up tables can be switched in the 
horizontal retrace period {see Chapter 4.9.8}. By doing this it is 
possible to display 256 different colours in one picture using the 
4 bit mode. The restriction is that only one colour look-up table 
set-up per line can be used. The switching is done by setting the 
attribut bits ~-3 in the Display Control Register of the ACRTC to 
1 {see Chapter 4.9.6}. 

This switch colour mode can be chosen by the jumper settings of 
B18. 

Fig. 4-6 shows the jumper location on the board. 

Table 4-8 gives the correct jumper settings. 
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Figure 4-6: Jumper Location Diagram of Jumperfie1d B18 
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Table 4-8: Jumper Settings of B18 JSCM) 

a) SCM = 0 b) SCM=l 

Number of tables = 1 Number of tables = 2 
DEFAULT 

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

c} SCM = 2 d) SCM=3 

Number of tables = 4 Number of tables :: 8 

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

e) SCM = 5 

Number of tables = 16 

1 8 
2 7 
3 6 
4 5 
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4.6.2 Blink Switch Mode 

In this mode the Blink Feature of the ACRTC is supported (see 
Chapter 4.9.14). Depending on the Blink Mode of the ACRTC the 
Colour Look-up table is switched and so certain symbols or areas 
of the frame may appear in another colour. This feature can be 
used in the 4 bit/pixel mode. In the 8 bit/pixel mode the number 
of bits/pixel will be reduced respectively (see Chapter 4.9.6). 

The Blink Switch Mode is enabled through the jumper settings of 
B8. 

Fig. 4-7 shows the jumper location on the board. 

Table 4-9 gives the correct jumper settings. 
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Figure 4-7: Jumper Location Diagram of Be -'Blink Switch Mode) 

J69 

~ ~ 
8-D r-

J66 

J67 

~ ~ 
~D 

-

iJs2 J70 

4-36 

Ji6 

J29 ~ CJ J22 J21 

J35 D D 
D 

D~ Q: ~ ~ 
EJ DO 

J2 

'1:J -n 

o 



Table 4-9: Jumper Settings of B8 (BCM) 

a} BCM = 111 b} BCM=l 

BLINKI disabled BLINKI enabled 
BLINK2 disabled BLINK2 disabled 

1 2 3 1 2 3 
4 5 6 4 5 6 
7 8 9 7 8 9 

H' 11 12 1111 11 12 
13 14 15 13 14 15 

c} BCM = 2 d} BCM=l 

BLINKI disabled BLINKI enabled 
BLINK2 enabled BLINK2 enabled 

1 2 3 1 2 3 
4 5 6 4 5 6 
7 8 9 7 8 9 

1111 11 12 10 11 12 
13 14 15 13 14 15 

Default Condition 
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4.7 Addressing the BIM 68153 

4.7.1 Interrupt Structure Qf the SYS68K/AGC-l 

The VMEbus supports interrupting with seven interrupt request 
lines IRQI-IRQ7. The seven lines represent seven interrupt 
request levels. IRQI has the lowest priority, IRQ7 has the 
highest. More than one board can access the same IRQ line at the 
same time, one board may request interrupts on several levels 
simultaneously. 

When the interrupt handler enters the interrupt acknowledge cycle 
to honour an interrupt request, it asserts the /IACK line, puts 
the level code on the address lines AI-A3 and drives /AS low. 

The interrupters have to decide which one has been acknowledged 
by the interrupt handler. 

The VMEbus defines a Daisy Chain structure for the interrupters. 
Each interrupter has an /IACKIN and an /IACKOUT pin. The /IACKOUT 
pin of a slot is connected to the /IACKIN pin of the next slot on 
the motherboard. When the board has an interrupt pending on the 
level being acknowledged, it puts the Interrupt Vector onto the 
data bus and asserts the /DTACK line. The interrupt acknowledge 
cycle terminates when the interrupt handler clears the /AS line. 

When an interrupter receives the /IACKIN input signal, and does 
not have an interrupt pending on the level being acknowledged, it 
asserts its /IACKOUT output signal. 

The SYS68K/AGC-I board can drive an interrupt request on each of 
the 7 IRQ lines of the VMEbus. Several lines may be asserted 
simultaneously. 

Interrupt requests can be generated by the status report of the 
ACRTC as well as on the VSYNC phase of the display. 

By the last for example, it is possible to load new colour look­
up-tables during the vertical retrace period so as to avoid a 
'flashing' display. 

The two not used channels of the BIM are reserved for expansion 
with the SYS68K/AGC-lX board. 

The interrupt level and the interrupt vector is 
programmable for both interrupts. 

Figure 4-8 shows the BIM access timing diagram. 

Figure 4-9 shows the Interrupt request timing. 
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Figure 4-8: Access to the BIM 68153 

READ CYCLE FOLLOWED BY WRITE CYCLE 

INPUTS S T .. ----. C MEMORV 1.....--------·· II. """" I' , , , , , , , , , , , 'I' , , , , , , , , , , , , 'I' , , , , , , , , , , , , , " SHOWN 

S " " " "T C " " " " " , " " " " , " " " '" .~~~ 
II .. 1 1 1 1 4BIT II. """"'" , , , , , , , , , , , , , , , , , , , , , , , , , , , " MIN RES 

5""'" T"" 'c 1""""""""",.1 I""""",,,, • 

:: """" '("""'" 'I"""""'" ,II :"""""""" ~~~~~NT 
I I I I I I I I I I I I I I , It, I I I I I I I I I I I I I I I I I , I I I I 10 NS 

S T C NEXT •• •• I I 1 J 
I I I I I I I I I •• 

M~RKER 
ST~RT M~G 
CURSOR 
TRIGGER 

I I I I I I I I I t I I I I I 

I 
I I I I , I I I I I I I • I I I I I I I I I 

~OOR DATA 
5 -00034 1111 1111 
C +00026 0001 1000 
T +00000 0011 1110 

I 1 

, • I I I I I I I I I I 1 I I I 

I t I I I t I I I I I I I I 1 I 
HOME 

OIST~NCE TIME ROOR 
S-T +000.34 US 51. 
C-T +000.26 US CI 
C-S +000.60 US 

-2299 _________ ~.------ +1791 
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Table 4-10: Access Times for f! Read Cycl§ .to .tb~ ~IM 68153 

I 
I Characteristics min. max. 
I I I I 
/----------------------------------------------------/ 
/ I / / 
/ AS low to DTACK low I 260ns / 300ns / 
/ / I I 
/----------------------------------------------------/ 
I / I 
1 DS low to DTACK low 1 230ns I 270ns 
I 1 1 
1----------------------------------------------------
1 I I 
1 AS low to BIMEN low 1 90ns I 110ns 
I 1 I 

1 
DS low to BIMEN low I 70ns 90ns 

1 
----------------------------------------------------

I 
READ Cycle Time 1 

1 580ns 640ns 
AS low to DTACK high 1 1 

I 1 
----------------------------------------------------1 

I I I 
WRITE Cycle Time I I / 

1 570ns / 590ns I 
AS low to DTACK high I / I 

1 I I 
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Figure 4-9: Interrupt Cycle Timing of the BIM 68153 
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MEMORY 
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Table 4-ll~ Access Times Q~ g Interrupt Acknowledge Cycle 

1 
Characteristics 1 min. 1 max. 1 

1 1 1 
----------------------------------------------------1 

1 1 1 
VSYNC low to IRQ low I l59ns I l89ns I 

1 1 

lACK low to DTACK low 379ns 439ns 

I 1 
1 IACKIN low to DTACK low 1 259ns 279ns 
1 1 1 
1----------------------------------------------------
1 I I 
I lACK low to IRQ high 1 659ns I 7l9ns 
1 1 1 
1----------------------------------------------------
1 1 1 
1 IACKOUT high to AS high 1 19ns I 29ns 
1 1 I 
1----------------------------------------------------
I 1 1 
I lACK Cycle Time 1 1 
1 1 739ns I 799ns 
1 lACK low to DTACK high I 1 
I 1 I 
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4.7.2 Programming the BIM (68153) on the SYS68K/AGC-l 

The Bus Interrupter Modul (BIM) on the board transmits Interrupt 
Request Signals of the ACRTC and the VSYNC signal to the VMEbus. 

The reset state of the BIM blocks all interrupting activity 
from the board to the VMEbus. The initialisation allows the 
software selection of the interrupt level for each interrupt 
signal individually. The interrupt vector is supplied by the BIM 
and therefore the BIM Control Register have to be programmed for 
internal vector generation. 

The BIM is a~cessed word by word, but only the lower 8 data bits 
contain the register values, the upper bits are always $FF. 

Table 4-12 shows the address locations of the respective 
registers. 

Please refer to the Data Sheet of the BIM 68153 for programming 
the control and vector registers. 

Table 4-l2J.. Address Location of the BIM 68153 

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

BBA + $fiHHH~ CONTROL REGISTER 1 reserved 

BBA + $9992 CONTROL REGISTER 2 ACRTC Interrupt 

BBA + $9994 CONTROL REGISTER 3 VSYNC Interrupt 

BBA + $9996 CONTROL REGISTER 4 reserved 

BBA + $9998 VECTOR REGISTER 1 reserved 

BBA + $999A VECTOR REGISTER 2 ACRTC 

BBA + $999C VECTOR REGISTER 3 VSYNC 

BBA + $999E VECTOR REGISTER 4 reserved 

------------------------------------------------------------
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4.8 Adressing the Video Memor~ 

The Video Memory consists of 2M Byte contigous dynamic Memory. The 
correct RAS-, CAS- and WRITE- Timing is selected through the 
jumper settings of B14, B15, B16, B17. All jumper settings of 
this jumperfield must not be modified. 

The correct jumper settings are given in Table 4-11. 

The memory organisation is word by word, but byte accesses are 
although possible. Depending on the chosen pixel mode, up to 4 
pixel can be modified with one Read-Modify-Write Access. 

The video memory is accessible in two ways via the ACRTC or direct 
via the VMEbus interface. 

The access through the ACRTC is always possible, the access via 
the VMEbus is only supported if the board is jumpered for Standard 
Memory Access and the Video Memory is not blanked out (see Chapter 
4.1) • 

The implementation of the DUAL ACCESS MODE (see hardware 
ACRTC 63484) to~ether with the 'dual port' mechanism of the 
RAM avoids a flickering' display when there are accesses 
the display period. 

The video memory area is located at address BBA + $40000. 

manual 
video 

during 

Fig. 4-l0A and B shows the timing for the VMEbus access and Table 
4-l3A and B lists the time values. 

The timing for the ACRTC access is shown in Fig.4-ll and the 
corresponding time values are outlined in Table 4-14. 

Fig. 4-12 shows the jumper locations of B14, B15, B16 and B17. 

Table 4-15 lists the correct jumper settings. 
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Figure 4-H'J: VMEbus Access to the VideQ RAM READ CYCLE 
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Table l3A: Time Values of g Video RAM Read Cycle 

Characteristics min. max. 

AS low to DTACK low 7513ns l131313ns 

DS low to DTACK low 7313ns 9813ns 

AS low to RAS low 4813ns 71313ns 

DS low to RAS low 4613ns 6813ns 

READ Cycle Time 

AS low to DTACK high l13213ns l3313ns 
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Figure 4-10: VMEbus Access to th~ Video RAM WRIT~ CYCLE 
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Table 4-l3B: ~ Values of g Video RAM Write Cycle 

Characteristics min. max. 

1 
AS low to DTACK low 700ns 1 l180ns 

1 
----------------------------------------------------

1 
DS low to DTACK low 680ns 1 l160ns 

1 

AS low to RAS low 700ns l140ns 

1 
DS low to RAS low 1 680ns 1 l120ns 

1 1 1 
1----------------------------------------------------
1 1 1 
1 WRITE Cycle Time I 1 
1 1 1 
1 AS low to DTACK high I l0l0ns 1 l250ns 
1 1 I 

4-48 



Figure 4-11: ACRTC Drawing Access to the Video RAM 

INPUTS S ii. 
READ-MODIFY-WRITE CYCLE 

T C MEMORY •• 
SHOWN lIB ' 

~~.......,.......~.......,....... _____ LCHN 
T C ~BIT 5 Ii • -----+-----+----, 

11111 """""""""""""""'" 

Il. ""'''''''''''' 
I I I I I I I I I 1" I I I I , I I I I I I • 

MARKER 
START MAG 
CURSOR 
TRIGGER 
-2299 

ADDR DATA 
S -00065 0110 0111 
C +00047 0011 1111 
T +00000 0011 1100 
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Table 4-14: Time Values of A ACRCT Drawing Cycle to the Video RAM 

/ 
/ Characteristics min. max. 
/ / / 

1-------------------------,-------------,------------
/ VAS low to RAS low / 30ns / 60ns 
/ / / 

/----------------------------------------------------
/ / / 
/ VAS low to CAS low I SOns / lOOns 
/ / / 

/----------------------------------------------------
/ / / 
/ RAS low to CAS low / 20ns / 40ns 
/ / / 
/----------------------------------------------------
I / / 
/ CAS low to WRITE low / gOns / lIOns 
/ / / 
/----------------------------------------------------
/ I I 
1 WRITE Pulse Duration 1 30ns 1 60ns 
I 1 1 
1----------------------------------------------------
1 1 1 
1 RAS Recovery Time I 70ns / 120ns 
/ 1 1 
/----------------------------------------------------
I 1 1 
1 RMW Cycle Time 1 710ns 1 730ns 
1 / 1 
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Fiqure 4-12~ JUIDP~L Locations Diagram Qi B14, B15, B16 AND B17 
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C17 J94 J28 J30 J7 J25 J9 J6 J92 J91 J76 J26 
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Table 4-15: Jumper Settings of Bl~ B15, B16 AND B17 

JUMPER B14 JUMPER B15 

DEFAULT CONDITION DEFAULT CONDITION 

1 16 1 2 3 

2 15 4 5 6 

3 14 7 8 9 

4 13 10 11 12 

5 12 13 14 15 

6 11 16 17 18 

7 10 19 20 21 

8 9 22 23 24 

JUMPER B16 JUMPER B17 

DEFAULT CONDITION DEFAULT CONDITION 

1 8 1 2 3 

2 7 4 5 6 

3 6 7 8 9 

4 5 10 11 12 

13 14 15 

16 17 18 

19 20 21 
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4.9 Addressing the ACRTC 63484 

The ACRTC 
registers 
processor. 

incorporates 
and control 

more than 200 byte of internal control 
RAM which is accessible by the host 

There is a distinction between two ways of accessing these 
registers. At first there are the direct addressable registers, 
the STATUS Register, the ADDRESS Register and the FIFO ENTRY. The 
STATUS and the ADDRESS register are distinguished by the R/W­
Signal. The Status register is read-only and the Address registers 
are write only. The addresses of these registers are located at 
address BBA + $3C000 for Standard Memory access (see Chapter 4-1). 

The second group are the indirect addressable registers, which are 
partioned in two groups. 

a) Directly Accesible Register 

These registers are accessed by writing the register address into 
the ADDRESS register and reading and writing the data over the 
FIFO ENTRY. 

b) FIFO Accessible Register 

These registers are accessed by writing the FIFO address ($00) 
into the ADDRESS register. After operation, the READ or WRITE 
PARAMETER REGISTER command with the respective register address 
written into the FIFO. 

The programming model is shown in Table 4-16 and the time values 
are listed in Table 4-16. 

Figure 4-13 shows the access timing from the VMEbus to the 63484 
ACRTC. 

For the detailed register descriptions in this chapter, the 
following terminology is used. 

For directly accessible registers, the register address is shown 
as 'rNN' where NN is interpreted as an 8 bit hexadecimal value. 
For example, the Zoom Factor register address is $EA hexadecimal, 
so the ZFRs register address is shown as 'rEA'. 

For FIFO accessible Drawing Parameter registers, the register 
address is shown as 'PrNN'. For example, the Colour Comparison 
register is addressed as parameter register $2 hex, so the CMP 
register address is shown as 'Pr02'. 

When register diagrams are shown, 
x. Unless stated otherwise, unused 
any value, and that value will be 
the register. 
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Table 4-16: PROGRAMMING MODEL 

Control 
Register 

" 

7 

Oil I Address R!:l!ister 

I Status Register I 
Hardware ,/ 
Access ........ .... 

,/' 

" " 

15 o 

15 0 
[~~~ __ -_-_-___ FJfQ_E~ii~=====~~ Write FIFO 

........ 

I Command Control Register I \ 

I O~eration Mode Re~ister I 
I Display Control Register l 

Timing C::ontrol ~A~ 
Raster Counter 

Horizontal Sync. 
Horizontal Display 

Vertical Sync. 

Vertical Display 

Split Screen Width 

Blink Control 
Horizontal Window Display 

Vertical Window Display 

Graphic Cursor 

Display Control RAM 

Split Screen 0 
Control 

(Upper Screen) 

Spl it Screen 1 
Control 

(Base Screen) 

Split Screen 2 
Control 

(Lower Screen) 

Split Screen 3 
Control 

(Window Screen) 

Block Cursor 

Cursor Definition 
Zoom Facter 

Light Pen Address 

........ , .... 
\\\:'~~ ................ :'-L ____________ ..J 

\ .... ~-------------, 
\ 
\ 
\ 
\ 

Direct 
Access 

\ 
\ 

\ 
\ 

Pattern 
RAM 

\ 
\ 

/ 

"-

Drawing 
Parameter 
Register 
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Read FIFO 

1L-_~C~o~m~m~an~d~R_eg~i~st_e_r ____ -JJl 

16 x 16 

Color 0 
Color 1 

Color Comparison 
Edge_~olor 

Mask 

Pattern RAM Control 

Area Definition 

ReadIWrite Pointer 

Drawing Pointer 

Current Pointer 
1..1 

FIFO Access 



Table 4-16: (con't) Programming Model 

CS RS W Reg. 
No. Register Name 

1 
0 0 0 AR Address Register AR Address 

0 1 SR Status Register SR CER ARO CEO LPO RFF RFR WFR WFE 
I/o rOO FIFO Entry FE . FE 
1.' r02 Command Control CCR ABT PSE OOM COM ORC GBM CRE ARE CEE LPE RFE RRE WRE WEE 
1.'0 r04 Oper ation Mode OMR MIS STR ACP W SS CSK OSK RAM GAl ACM RSM 
1'-0 r06 Display Control OCR OSP SE 1 SEO SE2 SE3 A T R 

r08 

rjE 
(undefined) 

rOO Raster Count RCR R C 
to r82 Horizontal Sync. HSR H C HSW 

r84 Horizontal Display HDR HOS HOW 
Vo r86 Vertical Sync. VSR v c 
Va i88 VertiCal Display VDR V 0 S VSW 
1"0 rSA S P 1 
\,o~ Split Screen Width SSW _S~Pcc0:C-_________ ---i 
to rBE S P 2 
'"0 r90 Blink Control BeR BONl BOFFl-~-o.-'"BON~2;---'I----nB"'oF~ 
t'o r92 Horizontal Window Display HWR H W S H W W 

:~:~ Vertical Window Display VWR ~ : ; § 
4 r% CXE CXS 
~ Graphic Cursor GCR C V S 
Va; r9C eYE 

.~ I 

. -I :~: (undefined) I I 
o 1 ~o rCO Raster Addr.O RAROl .... ~~. L R A 0 ~~ __ F R A.~ 
~ rC2 Upper Memory Width 0 MWR~ .. ~__ MWO 
11'0 rC4

1 

Screen !. --t---'-:...... S 0 A 0 I .. · SAOHSRAQ--
1/01 re6 Start Addr.D I SARO S A a L 

:1'0 1 rCB i Raster Addr.l RARl ........ -L,-,-J: . ..R....A-L-···:,~. ,.F R Al 
~ Base Memory Width 1 MWRl JC~ ..... ~..l- M W 1 
1101 rCClscreen~----r- "~~--l -SllAT I ........... :::r----SA1H;SFiAi~ 
1~ IStart Addr.! SARI I------~-- -~-----~rt-L~----~' -----------1 
~~ Raster Addr.2 RAR2, .. ~~ - L R A 2 ==r:::=~=T F R A 2 --j 
~Lower ~dth 2 i,MWR2 Ict!IlL~:= .. f----, .~W,2 _ I 
~,Screen ! ....... SO A 2 :::::r= ...... ~ SA2H'SRA2 I 
I 0 rD6 Start Addr.2 I SAR2 i - ---SA 2 L '_-1 
tS-;~~. WIndow ~::~y A~~~;~ 3 I ~~;tcHRf·~;c-=~R. A 3-- ~~=iivi-i=L-=I~~~=_~ 
10'rOC:Screen ....... ~l.-- SOA3---r ............ I SA3H/SRA3 I 
:10 rDE1 Start Addr.3 1 SAR3 c----::::..=-T-~··--s·At L' ---. ------·----1 

I 
110 rEO, -- ----- --+--~-BCWI--,-m-8CSRTu--T-:::·:~··~·:~:-T·-mBC~l--' 
110 rE2iBlock Cursor 1 I BCUR1~---~-'---'---------B C A-T~ ---- ~-------'--i 

~---------+- ~ B C W2 I---BCSRT---I-'~:-:-I---BCER2-

I 
~BIOCk Cursor2" ,I BCUR2!---- -- -- - --S-C-AY--- ----"--.--.. -. 

Ii II~: ;~n~r~~:'~~=~-~ ~~~ [c ~h~Qi'-f ~}-~;1_-_-kI----:~~-;-~2;~~~F2-_ 
1 rEC ~.- ...... : L P A H 

I : ~} j ;#1 LI~htPe~ A~dress _ _ LPAR C= -:.-=-_--=~==-=- LP ~T_~===-::-"':"::::'=---
L~Urfdundefined) __ ~ __ L~ ___________ _ 

Note ! 1 ..... "High" level 
I O. "Low" level 

Register Read! 
No. Write 

Name of Register 

Pattern RAM Control 

Pr07 

PrOB RIW ADR 

Area Definition •• 

PrOB 

PrOC R/W 
Read Write Pointer 

PrOD 

Pr10 R DP 

Pr11 
Drawing Pointer 

Pr12 R CP 
Current Pointer •• 

Pr13 

Pr14 

Pr15 

II .. Always set to "0" 
.... Set binary complements for negative values of X and Y axis. 
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Figure 4-13: Access to the 63484 ACRTC 

READ CYCLE FOLLOWED BY WRITE CYCLE 

INPUTS S T C MEMORV •• •• II. .. SHOWN 
5······· ·t······ ·C················· .~~~~ .............. ~~~~ 

JI • I J I I 4BIT II l1li ........ ," . , ..... , ... , . . . . , ... , . , . , . . . .. M IN RES 
J I I 

I' I I I I I , I I 1 I I I I I 11 , I I 1" , I I I I I I I I , I I I 

5 T C 
I. I I 1.1 .. " .. , .. " ...... ,., .... , .... ,',.,'" ... , , , , .. , , ... , CLOCK 

, , , , , , , ,~~~l, , , . , , , , , , , , . , .I~~~l, , , . , , , , , .... ,. P~~S~~T 
5 T C NEXT 

II. I I- J a. II • .. ,.,... . .......... " .. 
.. . .. . , .~~~-'. ... , . , , , , . , . ,I"'"--"~~I, .. .. . .. .. . .. .. HOME 

M~RKER RDDR DRTR DIsTRNCE TIME RDDR 
sTRRT MRG 5 -00034 0111 1111 5-T +000.34 US 51. 
CURSOR C +00031 0101 1000 C-T +000.31 US CI 
TRIGGER T +00000 1111 1110 c-s +000.65 US 
-2299 _------- +1791 
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Table 4-17: ~ values Qf g VMEbus access to the 63484 ACRCT 

I 
I Characteristics I min. I max. 
I I I 
1----------------------------------------------------
I I I 

AS low to DTACK low I 31~ns I 37~ns 
I I 

DS low to DTACK low 28~ns 36~ns 

AS low to CRTEN low 9~ns ll~ns 

I 
DS low to CRTEN low I 7~ns 9~ns 

I 
----------------------------------------------------

I 
READ Cycle Time I 

I 66~ns 69~ns 
AS low to DTACK high I I 

I I I 
1----------------------------------------------------
I I I 
I WRITE Cycle Time I I 
I I 61~ns I 69Bns 
I As low to DTACK high I I 
I I I 
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4.9.1 ADDRESS Register JARl Write Only 

High-order Low-order 

I I I I I I I I I I I I I I I I I 
I 15 I 14 I 13 I 12 I 11 I l~ I 9 I 8 I 7 I 6 I 5 I 4 I 3 I 2 I 1 I ~ I 
I I I I I I I I I I I I I I I I I 

I I I I I 
I X I X I X I X I X 
I I I I I 

I I I I 
I X I X I X I 
I I I I 

ADD RES S 

The AR is a write only register used to specify the address ($~­
$FF) of the ACRTC control register to be accessed. 

AR should be loaded with ~ to access the READ and WRITE FIFO's. 

The Timing Control RAM and Display Control RAM occupy the register 
address space from r8~-r9F and rC~-rEF respectively. 

To support block move type initialisation/access of these 
registers, reads and writes to the register address space r8~-rFF 
results in automatic incrementing of the AR. Therefore, the 
programmer need not explicitly address each register for 
sequential access. 

AR is not incremented for accesses from r0~ to r7F. 
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4.9.2 Status Register lQBl Read Only 

High-order Low-order 

1 1 1 1 1 1 1 1 1 1 1 I 1 1 I 1 I 
1 15 1 14 1 13 1 12 1 11 1 10 I 9 1 8 1 7 I 6 1 5 1 4 I 3 1 2 1 1 1 0 1 
1 I 1 1 1 1 1 I 1 1 I 1 I 1 1 I 1 
1---------------------------------------------------------------------1 
1 1 1 1 1 1 1 I 1 I 1 1 1 1 / / / 
/ X / X 1 X / X 1 X / X / X / X /CERIARDICEDILPDIRFFIRFRIWFRIWFEI 
I I I 1 I 1 1 I 1 I 1 I 1 I 1 I I 

The SR is a read-only register containing 8 bits which reflect the 
state of internal status flags. If enabled by an interrupt enable 
bit in the CCR, a 1 bit in the corresponding SR flag will cause an 
interrupt to be generated. 

After a hardware reset, the CED, WFE and WFR bits are set to 1 and 
all other bits are reset to 0 ($FF23). The status register bits 
are briefly described below: 

* Command Error Flag (CER: bit 7) 

* 

* 

* 

CER set to 1 indicates that the ACRTC has detected an 
undefined command or invalid parameter. 
CED is cleared by setting the ABT bit in the CCR = 1. 

Area Detect Flag (ARD: bit 6) 

ARD is set to 1 depending on the AREA mode programmed for 
ACRTC graphic drawing commands. The ARD flag allows the 
host to detect whether the ACRTC has performed clipping or 
hitting during graphic drawing. 
ARD is cleared by execution of the RPR (Read Parameter 
Register) command or by setting the ABT bit in the CCR = 1. 

Command End (CED: bit 5) 

CED set to 1 indicates that the ACRTC is able to accept a 
new command. 
CED is cleared by writing a command to the write FIFO. 

Light Pen Detect (LPD: bit 4) 

LPD set to 1 indicates that the light pen strobe has 
occured and the Light Pen Address Register contains the 
latched address. 
LPD is cleared by reading the LPAR or setting the ABT bit 
in CCR to 1. 
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* Read FIFO Full (RFF: bit 3) 

RFF set to 1 indicates that the read FIFO is full (contains 
8 words of data). 
RFF is cleared by reading at least one word from the FIFO or 
setting the ABT bit in CCR to 1. 

* Read FIFO Ready (RFR: bit 2) 

RFR set to 1 indicates that the read FIFO contains one or 
more words of data. 
RFR is cleared by reading all data from the read FIFO. 

* Write FIFO Ready (WFR: bit 1) 

WFR set to 1 indicates that the write FIFO is not full, and 
host writes can occur. WFR is also set to 1 when the ABT bit 
in CCR is set to 1. 
WFR is cleared when the write FIFO contains 8 words of data. 

* Write FIFO Empty (WFE: bit B) 

WFE set to 1 indicates that the write FIFO is empty. 
also set to 1 when the ABT bit in CCR is set to 1. 
WFE is cleared when a 16 bit word data is written 
write FIFO. 
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4.9.3 FIFO Entry (FE: r00-r01) 

High-order Low-order 

1 1 1 1 1 I 1 I I I I 1 1 1 1 1 1 
I 15 1 14 1 13 I 12 1 11 I 10 I 9 I 8 I 7 I 6 I 5 I 4 1 3 I 2 I 1 1 0 I 
I I I 1 1 I I I I 1 I 1 1 I I 1 I 
1---------------------------------------------------------------------1 
1 1 
1 F E 1 
I 1 

When the AR contains the FIFO Entry addres (r00), reads and 
writes to the ACRTC utilize the corresponding 8 word read or 
write FIFO. 

In DMA transfer mode, the read and write FIFO's are selected 
regardless of the contents of AR and AR remains unchanged. 
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4.9.4 Command Control Register (CCR~ r~2-r~3) 

High-order Low-order 

I I I I I I I I I I I I I I I I I 
I 15 I 14 I 13 I 12 I 11 I l~ I 9 I 8 I 7 I 6 I 5 I 4 I 3 I 2 I 1 I ~ I 
I I I I I I I I I I I I I I I I I 
1---------------------------------------------------------------------1 
I I I I I I I I I I I I I I I 
IABT IpSE IDDM I ~ IDRC 1GB M ICREIAREICEEILPEIRFEIRREIWREIWEEI 
I I I I I I I I I I I I I I I 

CCR controls command processing and enabling and disabling of 
interrupt requests. The 8 interrupt enable bits in the lower byte 
of CCR correspond directly to the 8 status flags in the Status 
register. 

After hardware reset, the ABT bit is initialised to 1 and all 
other CCR bits are initialised to ~. 

• Abort (ABT: bit 15) 

ABT FUNCTION 

ACRTC command execution is enabled. When ABT is changed 
from ~ to 1, the ACRTC cannot access the FIFO's 
until the Host issues a com and. 

1 ACRTC command execution is aborted and the read/write 
FIFOs are cleared. The Status register is set to 
$23. Setting the ABT bit to 1 is equivalent to 
hardware reset assertion. 

• Pause (PSE: bit 14) 

PSE FUNCTION 

o ACRTC command execution is resumed. 

1 ACRTC command execution is halted until PSE is reset to 
~. ACRTC DMA (Data and Parameter) is halted until PSE is 
reset to 0. 
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* DATA DMA Mode (DDM: bit 13) 

* 

DDM FUNCTION 

8 Data DMA transfer mode is disabled. 

1 Data DMA transfer mode is enabled. Whether DMA is burst 
or cycle steal mode is determined by DRC (bit 11). 
DDM must be set before DMA data transfer commands 
are issued. 

DMA Request Control (DRC: bit 11) 

DRC FUNCTION 

8 BUrst Mode: 
/DREQ is designated as a level signal. A maximum of 8 
words data is transferred per DMA request. 

1 Cycle Steal Mode: 
/DREQ is designated as a pulse signal. /DREQ is output 
for each word. 

* Graphic Bit Mode (GBM: bit 18 - bit 8) 

GBM Mode t of colours Pixel/word 

888 1 bit/pixel 1 16 not supported 

881 2 bit/pixel 4 8 not supported 

818 4 bit/pixel 16 4 supported 

In1 8 bit/pixel 256 2 supported 

188 16 bit/pixel 65536 1 not supported 

181 

I N V A LID 

III 
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Interrupt Enable Bit (IE: bit 7 - bit ~) 

An interrupt is generated when an event flag in the Status 
register and the corresponding interrupt enable bit are both 
set to 1. 

Bit Name Set to 1 enables interrupt for 

7 Command Error CRE Command Error 

6 Area Detect ARE Clipping and Hitting detection 

5 Command End CEE Command Termination 

4 Light Pen Detect LPE Light Pen Strobe asserted 

3 Read FIFO Full RFE Read FIFO Full 

2 Read FIFO Ready RRE Read FIFO Ready 

1 Write FIFO Ready WRE Write FIFO Ready 

0 Write FIFO Empty WEE Write FIFO Empty 
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4.9.~ Operation Mod~ Register (OMR: r04-r05) 

High-order Low-order 

I I I I 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 15 1 14 1 13 1 12 1 11 1 10 1 9 1 8 1 7 1 6 1 5 I 4 1 3 1 2 1 1 1 0 1 
1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 
1---------------------------------------------------------------------1 
I 1 1 1 1 1 1 1 1 1 1 1 1 
IM/S ISTR IACP 1 0 1 CSK 1 DSK 1 0 1 0 1 1 1 1 1 ACM 1 RSM 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 

OMR determines major operating parameters and modes of the ACRTC. 
The two most significant bits (M/S and STR) are reset to 0 and all 
other bits are unaffected by a hardware reset. 

* Master/Slave (M/S: bit 15) 

M/S defines whether the ACRTC operates as a master or 
slave when combined with other ACRTCs or video generating 
devices. 

M/S FUNCTION 

o Slave Mode: 
ACRTC internal operations are reset on the rising edge 
of the /EXSYNC input. 

1 Master Mode: 
/EXSYNC is defined as an output. For non-interlace 
modes, the /EXSYNC output timing is the same as /VSYNC 
output timing. For interlace modes, the /EXSYNC output 
timing is generated by the /VSYNC output for the odd 
field. 

* Start (STR: bit 14) 

The STR bit is used to start and stop ACRTC operation. 
Initializing of registers which control basic ACRTC 
operation should only be performed when STR is reset to 0. 

STR FUNCTION 

o ACRTC display and drawing operations are halted. The 
DRAM refresh address is output on the MAD lines and the 
internal time base for CRT control signals is reset. 

1 ACRTC starts display and drawing operations. Drawing 
commands halted when STR was reset to 0 are resumed. 
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* Drawing Access Priority (ACP: bit 13) 

ACP determines whether or not the ACRTC executes drawing 
operations on the frame during the display refresh period. 

ACP FUNCTION 

o Display Priority Mode: 
During the display period, the ACRTC halts drawing 
operations. Thus 'flashing' due to simultaneously display 
and drawing access of the video memory is eliminated. 
Drawing operations are performed during horizontal and 
vertical retrace. 
In Interleaved Access Mode drawing can occur 
simultaneously with display, without 'flashing', since 
display and drawing accesses to the video memory are 
interleaved. In Superimposed Access Mode, flashless 
Background screen drawing may occur during idle window 
display cycles. 

1 Drawing Priority Mode: 
Drawing is performed during display period. To reduce the 
'flashing' effect caused by drawing-display contention 
the ACRTC may be programmed to drive the /DISP signals to 
the inactive high level during drawing operations. 

* Cursor Delay Skew (CSK: bit 11 - bit 19) 

CSK defines the delay time for /CUDI and /CUD2 in units of 
memory cycles independent of the video memory access mode. 
The /CUDI and /CUD2 skew allows compensating for delays due 
to the video memory, character generator or other external 
logic access time. 

CSK FUNCTION 

99 No skew. /CUD2 output is always high. 

91 /CUDl, /CUD2 are skewed by one memory cycle. 

10 /CUDl, /CUD2 are skewed by two memory cycles. 

11 /CUDl, /CUD2 are skewed by three memory cycles. 
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* Display Skew (DSK: bit 9 - bit 8) 

* 

DSK defines the /DISPl, /DISP2 delay in units of memory 
cycles independent of video memory access mode. 

~K FUNCTION 

BB No skew. 

Bl /DISPl, /DISP2 are skewed by one memory cycle. 

IB /DISPl, /DISP2 are skewed by two memory cycles. 

11 /DISPl, /DISP2 are skewed by three memory cycles. 

Access Mode (ACM: bit 3 - bit 2) 

The ACRTC provides three frame buffer access modes - Single, 
Interleaved and Superimposed. Only the last two are supported 
by the SYS68K/AGC-l. 

ACM FUNCTION 

IB Interleaved Access Mode (Double Access Mode B) : 
The video memory is accessed twice every display cycle. 
Display and Drawing cycles are interleaved during each 
phase of the display cycle. The window has the 
highest priority and overlaps the Background 
screens. 

11 Superimposed Access Mode (Double Access Mode 1) : 
The video memory is accessed twice every display cycle. 
The first phase accesses the Background screen, the 
second phase accesses the Window screen. In this 
case Background and Window have equal priority and 
are superimposed. 
This mode is only supported with the AGC-IX-board. 

In Interleaved and Superimposed access modes the 
horizontal display width of the Background screen and the 
Window screen must be even. Also, for these modes, the 
relation between the starting position of the horizontal 
display on the Background screen and the starting 
position of the horizontal display on the window screen 
must be even number/even number or odd number/odd number. 
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* Raster Scan Mode (RSM: bit 1 - bit B) 

RSM selects the ACRTC raster scan mode. The Interlaced Sync 
Mode simply repeats each raster address for both the odd and 
the even field. The Interlaced Sync & Video Mode displays 
alternate even and odd rasters on alternate even and odd 
fields. Note that for Interlaced modes the refresh frequency 
for a given dot on the screen is one-half that of the Non­
Interlaced mode. Interlaced modes normally require a more 
persistant phosphor to avoid a flickering display. 

RSM 

00 
01 

10 

11 

FUNCTION 

Non-Interlace Mode 

Interlace Sync Mode 

Interlace Sync & Video Mode 
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4.9.6 Display Control Register (DCR~ r06-r07) 

High-order Low-order 

, , , , , , , , , , , , , , , , , 
, 15 , 14 , 13 I 12 I 11 I 10 I 9 , 8 I 7 I 6 , 5 I 4 , 3 , 2 , 1 1 0 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1---------------------------------------------------------------------1 
I 1 I I 1 I I 
IDSP 'SEI I SE0 I SE2 I SE3, A T T RIB UTE 1 

I " I I I I 

DCR controls ACRTC screen organisation and 8 bits of user defined 
video attributes. 
Logically, the ACRTC has a Background screen (Upper, Base, Lower) 
and a Window screen. 
DCR allows the screens to be enabled, disabled and blanked. If the 
Upper, Lower and Window screens are disabled, they do not have to 
be defined. 

* DISP Signal Control (DSP: bit 15) 

o DSP defines the output mode of the /DISPI and /DISP2 
display timing signals. 

DSP 

1 

DSPI is driven active low 
of the Background screen 
vertical display). /DISP2 
the window screen. 
This mode is supported 
(optional available). 

FUNCTION 

during the display period 
(combined horizontal and 
is controlled similary for 

with the AGC-IX board 

/DISPI 
display 
screens. 

is driven active low during the horizontal 
of both the Background and the Window 

/DISP2 is driven active low during the vertical 
display period of both the Background and the Window 
screen. 
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* Split Enable 1 (SE1: bit 14) 

SEl allows the Base screen to be blanked. Base screen 
drawing can occur when the Base screen is blanked since 
video memory display access is suppressed. Note that the 
Base screen parameters must be defined, even when the Base 
screen is always blanked. 

SE1 FUNCTION 

o The ACRTC inhibits the the display enable timing and the 
display address outputs associated with the Base screen. 
The area of the Base screen, though blanked, remains on 
the CRT screen. 

1 The ACRTC outputs display enable timing and display 
addresses for the Base screen. 

* Split Enable 0 (SE0: bit 13 - bit 12) 

SE0 

SE0 allows the Upper split screen to be enabled, disabled 
and blanked. If always disabled, the Upper screen 
parameters need not be defined. 

FUNCTION 

0X The ACRTC disables the Upper screen. Therefore, the 
Background screen contains two parts maximum - the Base 
and the Lower screen. The Base screen is moved upward by 
the number of rasters in the disabled Upper screen. 

10 The display enable timing outputs and display address 
outputs are inhibited for the Upper screen. The area of 
the Upper screen, though blanked, remains on the screen. 

11 The ACRTC outputs display enable timing and display 
addresses for the Upper screen. 
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* Split Enable 2 (SE2: bit 11 - bit IS) 

SE2 al16ws the Lower split screen to be enabled, disabled and 
blanked. If always disabled, the Lower screen parameters need 
not be defined. 

SE2 FUNCTION 

sx The ACRTC disables the Lower screen. Therefore, the 
Background screen contains two parts maximum - the Base 
and the Upper screen. The Base screen is extended 
downward by the number of rasters in the disabled Lower 
screen. 

10 The display enable timing outputs and display address 
outputs are inhibited for the Lower screen. The area of 
the Lower screen, though blanked, remains on the screen. 

11 The ACRTC outputs display enable timing and display 
addresses for the Lower screen. 

* Split Enable 3 (SE3: bit 9 - bit 8) 

SE3 allows enabling, disabling and blanking of the Window 
screen. When disabled or blanked, the overlapped Background 
screens are displayed. 

SE3 FUNCTION 

0X The ACRTC disables the Window screen and overlapped 
Background screens are displayed. If always disabled, the 
Window parameters need not be defined. 

10 The display enable timing outputs and display address 
outputs are inhibited for the Window screen. The area of 
the Window screen, though blanked, remains on the screen. 
For superimposed access modes (only supported with the 
AGC-lX board), the overlapped Background screens are 
displayed. 

11 The ACRTC outputs display enable timing and display 
addresses for the Window screen. 
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* Attribute Control (ATR: bit 7 - bit B) 

These 8 bits can be freely programmed as user defined video 
attributes. They are output at the beginning of each raster 
and so programmed dynamically, ATR allows video attributes to 
be controlled on a raster by raster basis. 
On the SYS68K/AGC-l these bits are used to control the 
following functions : 

ATT0 - ATT3 
5) 

Colour Look-up Table Control (CTC: bit 7 - bit 

These bits are used for the colour look-up table switching in 
the 4 bit/pixel mode. 

CTC 

0000 

0001 

0010 

0011 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 

1101 

1110 

1111 

FUNCTION 

Colour look-up table 0 is used for display 

Colour look-up table 1 is used for display 

Colour look-up table 2 is used for display 

Colour look-up table 3 is used for display 

Colour look-up table 4 is uSed for display 

Colour look-up table 5 is used for display 

Colour look-up table 6 is used for display 

Colour look-up table 7 is used for display 

Colour look-up table 8 is used for display 

Colour look-up table 9 is used for display 

Colour look-up table 10 is used for display 

Colour look-up table 11 is used for display 

Colour look-up table 12 is used for display 

Colour look-up table 13 is used for display 

Colour look-up table 14 is used for display 

Colour look-up table 15 is used for display 
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ATT4 - ATT6: Display Mode Control (OMC: bit 4 - bit 6) 

The DMC bits control the way of displaying the pixels on 
the screen. 

DMC FUNCTION 

000 8 bit/pixel mode 
In this mode 256 colours are displayable simultaneously. The 
maximum screen resolution is 800 x 600 pixel with 50 Hz 
noninterlaced. 

001 4 bit/pixel mode 1 : 
In this mode 16 colours are displayed simultaneously. The 
maximum screen resolution is 1024 x 800 pixel with 60 Hz 
noninterlaced. 

010 4 bit/pixel mode 2 : 

011 

100 

III 

This mode enables the SWITCH COLOR and BLINK SWITCH mode 
respectively (see Chapter 4.6) 

8 bit/pixel mode 2 : 
In this mode the 8 bit video 
bit and replaced through ATT0 
video data + ATT0 + ATTI 
switching) • 

data can blanked out bit by 
- ATT3 or BLINK {i.e. 6 bit 
for colour look-up table 

Reserved for expansion with the SYS68K/AGC-IX 

ATT7: Smooth Scroll Bit 5 (SS5: bit 7) 

This bit, together with the SDA bits in the Start Address 
Register (see Chapter 4.9.16) is used for horizontal smooth 
scroll in the 4 bit/pixel mode. It represents the least 
significant bit of the Start Dot Address. 
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4.9.7 Raster Count Register (RCR: rSS-rSl) 

High-order Low-order 

I I I I I I I I I 1 I I I I I I I 
I 15 I 14 I 13 I 12 I 11 I 10 I 9 lSI 7 I 6 I 5 I 4 I 3 1 2 I 1 I 0 I 
I I I I I 1 1 1 1 1 1 1 1 1 1 1 1 
1---------------------------------------------------------------------1 
1 1 1 1 1 1 
1 X 1 X 1 X I X 1 R A S T E R C 0 U N T 1 
1 1 1 I 1 1 

RCR is a read-only register which contains the number of the 
raster currently being scanned on the CRT. Note that the initial 
RCR value after hardware reset is undefined. If RCR read 
operation is desired, the HSW should be set greater than or equal 
to 3. RCR should only be read when HSYNC is high. 
RCR is updated depending on the ACRTC raster scan modes as shown. 

Non-Interlace: 

RCR starts counting at 0 and increments by 1 sequentially. 

Interlace Sync: 

RCR starts counting at 0 and increments by 1 sequentially in both 
the even and the odd fields. Because a dummy raster is added to 
the even field, the maximum raster number for the even field is 
one greater than for that for the odd field. 

Interlace Sync & Video: 

RCR starts counting at 0 in the even field and at 1 in the odd 
field, and incremented by 2 sequentially in both fields. The even 
field always has even raster numbers and the odd field always has 
odd raster numbers. A dummy raster is added to the even field as 
in Interlace Sync mode. 
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High-order Low-order 

1 1 1 1 1 1 1 1 1 1 1 1 I I I 1 1 
1 15 1 14 1 13 1 12 I 11 1 10 1 9 1 8 1 7 1 6 1 5 1 4 1 3 1 2 1 1 1 0 1 
1 1 1 1 1 1 I I I I 1 1 1 1 1 1 1 
1---------------------------------------------------------------------1 
1 1 1 1 1 1 
1 HC 1 I 1 1 HSW I 
1 1 1 1 1 1 

HSR defines the Horizontal Cycle (HC) and the Horizontal Sync 
Width (HSW). 

* Horizontal Cycle (HC: bit 15 - bit 8) 

HC specifies the horizontal scan time (including the 
horizontal retrace period) in units of memory cycles (MC) • 
On the SYS68K/AGC-1 one memory cycle is equivalent to 250 
ns. HC is set depending on the specifications of the CRT 
display device. If H memory cycles are to be specified, HC 
should be set to H-1. When using interlaced scan modes, H 
should be an even number. 

HC 

00000000 

00000001 

11111110 

11111111 

Memory Cycle No. 

1 

2 

255 

256 
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Time 

0.25 usec 

0.50 usec 

63.75 usec 

64.00 usec 



* Horizontal Sync Width (HSW: bit 4 - bit B) 

HSW specifies teh /HSYNC active low time in units of memory 
cycles. HSW is set depending on the specifications of the 
CRT display device. Valid values for HSW are 2 - 31. When 
using the RCR register, HSW must be 3 or greater. 

HSW 

11119 

11111 

Memory Cycle No. 

2 

3 

39 

31 
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Time 

9.59 usec 

9.75 usec 

7.59 usec 

7.75 usec 



4.9.9 Horizontal Display Register (HDR:r84-r85) 

Horizontal Window Display Register (HWR: r92 = r93) 

High-order Low-order 

I I I I I I I I 1 I I I I 1 I I I 
I 15 I 14 I 13 I 12 I 11 I 19 I 9 I 8 I 7 I 6 I 5 I 4 1 3 I 2 1 1 1 9 1 
I I I 1 I 1 1 1 1 I I I 1 I I I 1 
1---------------------------------------------------------------------1 
I I I 
1 H D S I H D W I 
1 I I 

High-order Low-order 

I I I 1 I I I I 1 I I I I 1 I I 1 
I 15 I 14 I 13 I 12 I 11 1 19 I 9 I 8 1 7 I 6 I 5 1 4 I 3 1 2 1 1 1 9 I 
1 1 1 1 1 1 I I 1 1 I 1 1 1 1 1 I 
1---------------------------------------------------------------------1 
1 I 1 
1 H W S I H W W 1 
I I I 

HDR - specifies the horizontal display start position and 
horizontal display width in units of memory cycles (1 MC = 
259ns) • 

HWR specifies the horizontal WIndow start position and horizontal 
Window width in units of memory cycles. 

• Horizontal Display Start (HDS: r84) 

HDS defines the interval between the rising edge of /HSYNC 
and the horizontal display starting point in units of memory 
cycles. If the Horizontal Display Start is HS memory cycles, 
HDS should be set to HS-l. 
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* Horizontal Window Start (HWS: r92) 

HWS defines the interval between the r~s~ng edge of /HSYNC 
and the horizontal Window display starting point in units of 
memory cycles. If the horizontal window display starting 
point is HS memory cycles, HWS should be set to HS-1. 

HDS/HWS 

~"HHHHHHJ 

~H'.1 ~HHHH~ 1 

111111113 

11111111 

Memory Cycle No. 

1 

2 

255 

256 

* Horizontal Display Width (HDW: r85) 

Time 

13.25 usec 

13.513 usec 

63.75 usec 

64.1313 usec 

HDW defines the display period for one raster in units of 
memory cycles. If the horizontal display width is HW memory 
cycles, HDW should be set to HW-l. 

* Horizontal Window Width (HWW: r93) 

HDW defines the window display period for one raster in 
units of memory cycles. If the horizontal window display 
width is HW memory cycles, HWW should be set to HW-1. 

HDW/HWW 

1313131313131313 

131313131313131 

111111113 

11111111 

Memory Cycle No. 

1 

2 

255 

256 
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Time 

0.25 usec 

13.513 usec 

63.75 usec 

64.1313 usec 



4.9.10 Vertical Sync Register (VSR: r86-r87) 

High-order Low-order 

I I I I I I I I I I I I I I I I I 
I 15 I 14 I 13 I 12 I 11 I 10 I 9 I 8 I 7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 I 
I I I I I I I I I I I I 1 I I I I 
1---------------------------------------------------------------------1 
I 1 I I I I 
Ix 1 xix Ix I vc 1 
I I 1 I I I 
---------------------------------------------------------------------

VSR defines the period of the vertical scan cycle in units of 
rasters. 

• Vertical Cycle (VC: bit 11 - bit 0) 

VC defines the vertical scan cycle period 
vertical retrace) in units of rasters. VC is set 
on the specifications of the CRT display device. 
is programmed depends on the ACRTC raster scan 
should be programmed with a non-zero value. 

Non-Interlace Mode 
When the number of rasters is V, VC is set to V. 

Interlace Sync Mode 

(including 
depending 

The way VC 
mode. VC 

When the number of rasters in one field (odd or even) is V, 
vc is set to V. The total rasters in one frame is 2V+1 due 

,to one dummy raster operation. 

Interlace Sync & Video Mode 
When the number of rasters in one frame (even field + odd 
field + dummy raster) is V, VC is set to V. 

VC 

000000000001 

000000000010 

111111111110 

111111111111 

Number of rasters 
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2 

4094 

4095 



4.9.11 Vertical Display Register (VDR: rSS-rS9) 

High-order Low-order 

I I I I I I I I I I I I I I I I I 
I 15 I 14 I 13 I 12 I 11 I 19 I 9 I S I 7 I 6 I 5 I 4 I 3 I 2 I 1 I 9 I 
I I I I I I I I I I I I I I I I I 
1---------------------------------------------------------------------1 
1 1 I I I I 
I VDS 1111 vsw I 
I 1 I I 1 1 

VDR defines the vertical sync width and vertical display start 
and width in units of rasters. 

* Vertical Display Start (VDS: rSS) 

VDS defines the period from the rising edge of /VSYNC to the 
vertical display start position in units of rasters. If the 
vertical display start position is the VS raster, VDS is set 
to VS-1. The way to program VDS depends on ACRTC raster scan 
modes as described for VSR (rS6 - rS7). 

VDS Number of rasters 

99999999 1 
99999991 2 

1 I 
I I 
I I 

11111119 255 
11111111 256 
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* Vertical Sync Width (VSW: r89 bit 4 - bit 9) 

VSW defines the /VSYNC low pulse width in units of rasters. 
VSW is set depending on the CRT display device 
specifications. VSW should be set to a non-zero value. 

VSW 

11119 
11111 

Number of rasters 
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2 

39 
31 



4.9.12 Vertical Window Display Register (VDR: r94-r97) 

High-order Low-order 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 15 1 14 1 13 1 12 1 11 1 10 1 9 1 8 1 7 1 6 1 5 1 4 1 3 1 2 1 1 1 0 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1---------------------------------------------------------------------1 
1 1 1 1 1 1 
1 1 1 1 1 V W S 1 
1 1 1 1 1 1 

High-order Low-order 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 15 1 14 1 13 1 12 1 11 1 10 1 9 1 8 1 7 1 6 1 5 1 4 1 3 1 2 1 1 1 0 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1---------------------------------------------------------------------1 
1 1 1 1 1 I 
1 1 1 1 1 V W W I 
1 1 1 1 1 1 

VWR is a read/write register that defines the vertical Window 
start position and width in units of rastets. 

• Vertical Window Start (VWS: r94 - r95) 

VWS defines the period from the rising edge of /VSYNC to the 
vertical Window start position in units of rasters. When the 
vertical window start position is the VS raster, VWS is set 
to VS-1. Note that VWS must be greater or equal to VDS. 

VC 

111111111110 

111111111111 

Number of rasters 
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1 

2 

4095 

4096 



* Vertical Window Width (VWW: r96 - r97) 

VWW defines the vertical display period of the window screen 
in units of rasters. When the vertical window width is vw 
rasters, VWW is set to VW. 

VC 

" " " 'HHHH'J " " " 1 

""""""""""1" 

11111111111" 

111111111111 

Number of rasters 
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1 

2 

4"94 

4"95 



4.9.13 Split Screen Width Register (VDR: r8A-r8F) 

High-order Low-order 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 15 1 14 1 13 1 12 1 11 1 10 1 9 1 8 1 7 1 6 1 5 1 4 1 3 1 2 1 1 1 0 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1----------------------------------------------------------------------
1 1 1 I I I 
1 1 1 lis P 0 (Base Screen) I 
1 1 1 1 I I 

High-order Low-order 

1 1 1 1 1 I 1 I 1 1 1 1 1 1 1 1 I 
1 15 1 14 1 13 1 12 1 11 1 10 1 9 I 8 I 7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 I 
I I I 1 I I I I 1 1 I 1 1 1 1 I I 
1---------------------------------------------------------------------1 
I 1 I 1 1 1 
1 I 1 lis P 1 (Upper Screen) I 
I I I 1 I I 

High-order Low-order 

1 I 1 I I 1 1 1 1 1 I 1 1 I I 1 1 
I 15 I 14 I 13 1 12 I 11 I 10 1 9 I 8 I 7 1 6 I 5 I 4 1 3 I 2 I 1 1 0 I 
I I 1 1 1 1 1 1 1 I I I 1 I I 1 I 
1---------------------------------------------------------------------1 
1 1 1 1 1 I 
1 I 1 lis P 2 (Lower Screen) I 
1 1 1 I 1 I 

SSW defines the vertical display width of the Upper (split 
screen 0), Base (split screen 1) and Lower (split screen 2) 
screens. 
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* Split Screen Width (SPO: r8A - r8B bit 11 - bit 0) 
(SPl: r8e - r8D bit 11 - bit 0) 
(SP2: r8E - r8F bit 11 - bit 0) 

SPO, SPI and SP2 define the vertical display period of the 
Upper, Base and Lower screens respectively in units of 
rasters. If the vertical screen width is SW rasters, 
SP0/SPl/SP2 are set to SW. 

SPl/SP2 Number of rasters 

000000000001 1 

000000000010 2 

111111111110 4094 

111111111111 4095 

For the Base screen SP0 = 0 also can be used. 
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4.9.14 Blink Control Register (VDR: r9~-r91) 

High-order Low-order 

\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ 
\ 15 \ 14 \ 13 \ 12 \ 11 \ 1~ \ 9 \ 8 \ 7 \ 6 \ 5 \ 4 \ 3 \ 2 \ 1 \ ~ \ 
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ 
\---------------------------------------------------------------------\ 
\ \ \ \ \ 
\ BON 1 \ BOFF 1 \ BON 2 \ BOFF 2 \ 
\ \ \ \ \ 

BCR defines the blink on and blink off period for the Blink 1 and 
Blink 2 video attributes. 

* Blink On (BON 1: r9~ bit 15 - bit 12) 
(BON 2: r91 bit 7 - bit 4) 

BON 1/2 defines the BLINK 1/2 attribute active high (on) 
period. The unit is 4 field periods. BLINK 1/2 is always low 
(OFF) when BON 1/2 = ~ is programmed. 

* Blink Off (BOFF 1: r98 bit 11 - bit 8) 
(BOFF 2: r91 bit 3 - bit 8) 

BOFF 1/2 defines the BLINK 1/2 attribute active low (OFF) 
period. The unit is 4 field periods. BLINK 1/2 is always 
high (on) when BON 1/2 = ~ are programmed. 

BON 1/2 
BOFF 1/2 

~ ~ ~ ~ 

~ ~ ~ 1 

~ ~ 1 ~ 

~ ~ 1 1 

1 1 1 ~ 

1 1 1 1 

Blink high/low Level 
No. of Fields 

BLINK 1/2 

8 

12 

16 

6~ 

64 
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4.9.15 Memory Width Register (MWRe: rC2 - rC3) 
(MWRl: rCA - rCB) 
(MWR2: rD2 - rD3) 
(MWR3: rDA - rDB) 

Upper Screen 
Base Screen 
Lower Screen 
Window Screen 

High-order Low-order 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 15 1 14 1 13 1 12 1 11 1 Ie 1 9 1 8 1 7 1 6 1 5 1 4 1 3 1 2 1 1 1 9 1 
1 1 1 1 1 1 1 1 1 1 I I 1 I 1 1 1 
1---------------------------------------------------------------------1 
1 1 1 1 1 1 
1 e 1 x I x 1 x 1 M W 1 
1 1 1 I 1 1 

MWR defines the number of physical 16 bit frame buffer words which 
comprise all logical pixel X addresses for a single Y address. For 
example, if a screen is defined with le24 logical pixel range in 
the X direction (X may vary from e to 1923), and 4 bits per pixel 
are assumed, that screens MWR value should be 256. 

MWR should be greater than or equal to the Horizontal 
Width (HDW - r85). MWR must be greater than HDW to 
horizontal smooth scroll. MWR maximum value is 4995. 

* Memory Width (MW: bit 11 - bit 9) 

MW 

9geegeeegee 

eegege9ge91 

11111111119 

11111111111 

No. of Words 

e 
1 

4e94 

4e95 
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4.9.16 Start Address Register (SARO: rC4 - rC7) 
(SARI: rCC - rCF) 
(SAR2: rD4 - rD7) 
(SAR3: rDC - rDF) 

Upper Screen 
Base Screen 
Lower Screen 
Window Screen 

High-order Low-order 

, , , , , , , , , , , , , , , , , 
, 15 , 14 , 13 , 12 , 11 , 10 , 9 , 8 , 7 , 6 , 5 , 4 , 3 I 2 , 1 , 0 , , , , , , , , , , , , , , , , , , 
,---------------------------------------------------------------------, , , I , , , , , , , , 
'X 'X 'X 'X, SDA 'x'X,X,X'SAH , , , , , , , , , , , , 

High-order Low-order 

, , , , , , , , I , , , I , , , I 
I 15 , 14 I 13 I 12 , 11 I 10 , 9 , 8 , 7 , 6 , 5 I 4 , 3 , 2 I 1 , 0 , 
, , , , , , I I , , , , , , , , , 
1---------------------------------------------------------------------, , I 
I SAL I 
I I 

.SAR defines the first frame buffer address for each screen. 
SARO-3 apply to screens 0 - 3, the Upper, Base, Lower and Window 
screens respectively. 

The screens have a 1M byte by 16 bit physical address space. SAR 
can take on any address. The memory addresses will 'wraparound' 
to g when the physical address space limit is reached independent 
of the split screen position. 

* Start Address Low (SAL: bit 15 - bit 0) 

SAL contains the least significant 16 bits of the 20 bit 
start address. 

* Start Address High (SAH: bit 3 - bit 0) 

SAH provides the most significant 4 bits of the 20 bit start 
address. 
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Vertical smooth scroll is done by simply increment or 
decrement the start address. The number of words is the same 
as defined in the Memory Width Register (MWR) 

* Start Dot Address (SDA: bit 11 - bit 8) 

SDA is used to define a start dot horizontal offset for the 
horizontal smooth scroll circuit on the SYS68K/AGC-l. In the 
8 bit/pixel mode SDA can vary between 0 and 15. This value 
corresponds with the number of pixels read out in one memory 
cycle. In the 4 bit/pixel mode, the number of pixel read out 
during one memory cycle is 32 and therefore the least 
significant bit to scroll pixel by pixel is provided by 
attribut bit 7 in the Display Control Register (DCR r06 
r07) • 

Number of pixels offset 
SDA 

8 bit/pixel 4 bit/pixel 

0000 0 0 

0001 1 2 

0010 2 4 

0011 3 6 

0100 4 8 

0101 5 10 

0110 6 12 

0111 7 14 

1000 8 16 

1001 9 18 

1010 10 20 

1011 11 22 

1100 12 24 

1101 13 26 

1110 14 28 

1111 15 30 
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4.9.17 Zoom Factor Register (ZFR: rEA - rEB) 

High-order Low-order 

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

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1---------------------------------------------------------------------1 
I 1 I 1 I I I I I 1 I 
1HZ F 1 V Z F I X 1 X I X 1 X 1 X 1 X 1 X 1 X 1 
1 1 1 1 1 1 1 1 1 1 1 
---------------------------------------------------------------------

ZFR determines the horizontal and vertical multipliers (1-16) for 
zooming up. Zooming can only applied to the Base screen. HZF and 
VZF should be set to 0 for no-zoom and $F for 16 times zoom. 

Note that zooming and scrolling horizontally together only can be 
done due to the following equations: 

No. pixel/raster 
------------------- = N 

4 * (HZF + 1) 
(4 bit/pixel mode) 

No. pixel/raster 
------------------- = N (8 bit/pixel mode) 

2 * (HZF + 1) 

With N must be an integer value. 

• Horizontal Zoom Factor (HZF: bit 15 - bit 12) 

HZF defines the horizontal zoom factor in units of memory 
cycles. The ACRTC will output a single display address HZF 
times. 

• Vertical Zoom Factor (VZF: bit 11 - bit 8) 

VZF defines the vertical zoom factor. The ACRTC performs the 
vertical zoom by modifying is video memory address so that 
multiples of the same raster data are displayed. 

VZF/HZF Magnitude = HZF + 1 

0 o 0 0 1 
0 o 0 1 2 

I 1 
1 1 

1 1 1 0 15 
1 1 1 1 16 
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4.9.18 Light Pen Address Register (LPAR: rEC - rEF) 

High-order Low-order 

1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 
1 15 1 14 1 13 1 12 1 11 1 10 1 9 1 8 1 7 1 6 1 5 1 4 1 3 1 2 1 1 1 0 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1---------------------------------------------------------------------1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 X 1 X 1 X 1 X 1 X 1 X 1 X 1 X 1 0 1 X 1 X 1 X 1 L P A H 1 
1 1 1 1 1 1 1 I 1 1 1 1 1 1 

High-order Low-order 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 15 1 14 1 13 1 12 1 11 1 10 1 9 1 8 1 7 1 6 1 5 1 4 1 3 1 2 1 1 1 0 1 
I I 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 
1---------------------------------------------------------------------1 
1 1 
1 L PAL 1 
1 1 

LPAR is a read only register. When the ACRTC LPSTB input is 
asserted, the current display address is latched into the LPAR. 
The value in LPAR will differ from the actual display address 
under the light pen depending on various hardware delay times. 
Thus., the LPAR value should be adjusted by host software 
depending on system configuration. 

* Light Pen Address High (LPAH: rED bit 3 - bit 0) 

LPAH is only 
significant 4 
address. 

valid if bit 7 = 0 and contains the most 
bits of the 20 bit graphic screen display 

* Light Pen Address Low (LPAL: rEE - rEF) 

LPAL contains the least significant bits of the 20 bit 
graphic screen display address. 
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4.10 Drawing Control Registers 

The ACRTC refers to a number of registers during graphic drawing 
operations. 

a) Pattern RAM 

b) Drawing Parameter Registers 

The Pattern 
(RPTN, WPTN) 
Registers are 
Register (RPR, 

Colour 0 Register (CL0) 
Colour 1 Register (CLl) 
Colour Comparison Register (CMP) 
Edge Colour Register (EDG) 
Mask Register (MASK) 
Pattern RAM Control Regiser (PRC) 
Area Definition Register (ADR) 
Read/Write Pointer (RWP) 
Drawing Pointer (DP) 
Current Pointer (CP) 

RAM is accessed using the Read and Write Pattern 
commands (see Appendix I). The Drawing Parameter 
accessed using the Read and Write Parameter 

WPR) commands. 

Table 4-13 shows the Drawing Parameter Register locations. 
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Abbre. ~~~~~D'-OA,,,"TA~(7H-'-,.)-=-,...-o-o--=---+-~ DATA (L) 
15 I 14 I 13 I 12 I 11 I 10 I 9 I 8 7 I 6 I 5 I 4 I 3 I 2 I 1 I a 

CS RS ~W Reg. 
No. Register Name 

1 - - -

0 0 a AR Address Register AR Address 
0 a 1 SR Status Register SR CERIARDJCEDjLPDjRFFLRFRjWFRJWFE 

V6 rOO FIFO Entry FE FE 
1. ra2 Command Control CCR ABTIPSEIDDMICDMIDRCI GBM CREIAREICEEILPEIRFEIRREIWREIWEE 
1/0 r04 Oper alion Mode OMR M/SI STRIACPIWSSI CSK I DSK RAMI GAl I ACM I RSM ,. /0 r06 Display Control DCR DSPI SEll SEa I SE2 I SE3 I AT R 

rOB 
-

rlE 
(undefined) 

1 r80 Raster Count RCR···· ...... I R C 
~,.~0~r~8~2~H~o=ri~ro~n~ta·71~S~~~c~.---~H~SR~~-----~H~C~-----~-'---~"~'~"-'-"-lr---~H~S~W~-----

~ r86 yertic;al_--,S+-yn_co-' ______ -+c'-V~S'='R-I---.-. -_. _' '_' ._._. ~~~ I 
Va r88 Vertical Display VDR V D S 

r84 Horizontal Display HDR H D S I . __ ~.~.____ I H D W V S W j 
~ Split Screen Width SSW ~--:::~~:-:--+-:! ---. - H ~ 9' 
i-;-,-"o+-' ..;r9;;O+-Bc-lin-;-k---,C:;co--:n-;-tr--:col,-----hBC"'R~+------,B"'OCO-;N71-__t__-ElOFF 1 ---I-----SO~--I- -ElOFF2 

"'01 r92 HOrIZontal Window DISPlay, __ +H"-W::..R"-+_------.:.:H~W;:_::S'---~----...J---...,~_;c__-'-H~W'-'--'W'-------
l1.oi r94 .......... I V W S ~ 
~ Vertical Window Display VWR .......... J V W W _ 

~!l~' r98 --+-,--+-------C'X&.E,-------,I---~~~C'X S 

L,,: r9A Graphic Cursor I GCR -- -- -- -- -- ICY S ~ 
Vb' r9C i ---------- ICY E I 

Note; 1 .. · .. High" level 
: a .. ·"Low" level 

Table 4-13: Drawing Parameter Registers 
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4.10.1 Pattern RAM 

The ACRTC contains a 32 byte pattern RAM. The Pattern RAM is used 
for pre-defining data for the graphic drawing operations. 

A 16 by 16 bit pattern (or 16 sets of 16 by 1 bit) can be stored 
in the Pattern RAM as a binary representation of screen data. In 
this case, a two entry colour 'palette' corresponding to 0 and 1 
data values is defined using the Colour 0 (CL0) and Colour 1 
(CLl) registers. 

To store colour patterns in the Pattern RAM it is divided into 
four equal segments of either 4 by 4 bit patterns or 4 sets of 4 
by 1 bit patterns. In this case, during drawing the colour coded 
contents of the Pattern RAM are directly written to the video 
memory. The particular segment used is defined by the Pattern RAM 
Control register (PRC). 

When multiple 
continuity can 
pointer. 

drawing commands use a common 
be achieved by adjusting the 
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4.1~.2 Colour ~ Register (CL~: Pr~~) 

I I I I I 1 1 I 1 1 1 I 1 I I 1 I 
I 15 I 14 I 13 1 12 I 11 1 l~ 1 9 1 8 I 7 1 6 I 5 1 4 1 3 I 2 I 1 1 ~ 1 
I I I I I I I I , , 1 , , 1 , 1 , 
,---------------------------------------------------------------------1 
'I I C L ~ , , 

When logical drawing data =~, the contents of CL~ are stored in 
the video memory. The value of CL~ corresponds with the 
bits/pixel mode used. For example in 4 bits/pixel mode CL~ 
contains the colour value for 4 pixel. If all pixel should be 
painted in the same colour, it is necessary to store the 
respective colour 4 times in the Colour ~ register. 

4.1~.3 Colour 1 Register (CLl: Pr~l) 

I I , , , I , I , I I 1 , , 1 , I 
, 15 , 14 1 13 , 12 , 11 I l~ I 9 , 8 1 7 I 6 1 5 I 4 I 3 , 2 1 1 I ~ , 
I , 1 I 1 1 I 1 , 1 1 , , I 1 I I 
,---------------------------------------------------------------------1 
1 , 
, C L 1 , 
1 , 

When logical drawing data = 1, the contents of CLI are stored in 
the video memory. The value of CLI corresponds with the 
bits/pixel mode used. For example in 4 bits/pixel mode CLI 
contains the colour value for 4 pixel. If all pixel should be 
painted in the same colour, it is necessary to store the 
respective colour 4 times in the Colour 1 register. 
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4.10.4 Colour Comparison Register ~MP: Pr02) 

---------------------------------------------------------------------
I I I I I I I I I I I I I I I I I 
I 15 I 14 I 13 I 12 I 11 I 10 I 9 I 8 I 7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 I 
I I I I I I I I I I I I I I I I I 
1---------------------------------------------------------------------1 
II I C C M P 
I I 
---------------------------------------------------------------------

CMP defines a comparison colour for use with conditional drawing 
operations. Conditional drawing applies various logical 
comparisons between the drawing data and CCMP to determine if 
drawing should occur (refer to Appendix J-3). The value of CMP 
corresponds with the bits/pixel mode used and has to be 
programmed as the Colour registers respectively. 

4.10.5 Edge Colour Register n;DG: Pr03) 

I I I I I I I I I I I I I I I I I 
I 15 I 14 I 13 I 12 I 11 I 10 I 9 I 8 I 7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 I 
I I I I I I I I I I I I I I I I I 
1---------------------------------------------------------------------1 
I I 
lED G I 
I I 

EDG defines the boundary edge colour for use with the PAINT 
command. In one mode, the edge is defined as the colour contained 
in the EDG. In another mode, the edge is defined as any colour 
except the colour contained in the EDG register. The values of 
EDG corresponds with the bits/pixel mode used and has to be 
programmed as the Colour registers respectively. 
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4.10.6 Mask Register (MASK: Pr04) 

---------------------------------------------------------------------, , , , , , , , , , , , , , , , , 
, 15 , 14 , 13 , 12 , 11 , 10 , 9 , 8 , 7 , 6 , 5 , 4 , 3 , 2 , 1 , 0 , , , , , , , , , , , , , , , , , , 
,------------------------------------------------------_._-------------, 
I " M S K , , 
---------------------------------------------------------------------

When performing data transfer and drawing of the video memory, MSK 
is used to mask bits upon which drawing and other logical 
operations should not be performed. If MSK bit is 0, the 
corresponding video memory bit is excluded from any logical 
operation. The values of EDG corresponds with the bits/pixel mode 
used and has to be programmed as the Colour registers 
respectively. 
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4.10.7 Pattern RAM Control Register (PRC: Pr05 ~ Pr07) 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 15 1 14 1 13 1 12 1 11 1 10 1 9 1 8 1 7 1 6 1 5 1 4 1 3 1 2 1 1 1 0 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1---------------------------------------------------------------------1 
1 1 1 1 1 
1 P P Yip z C yiP P X 1 P P Y 1 
1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 15 1 14 1 13 1 12 1 11 1 10 1 9 1 8 1 7 1 6 1 5 1 4 1 3 1 2 1 1 1 0 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1---------------------------------------------------------------------1 
1 1 1 1 1 1 1 1 1 1 1 
1 PSY 101010101 PSX 101010101 
1 1 1 1 1 1 1 1 1 1 1 

---------------------------------------------------------------------
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 
1 15 1 14 1 13 1 12 1 11 1 10 1 9 1 8 1 7 1 6 1 5 1 4 1 3 1 2 1 1 1 0 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1---------------------------------------------------------------------1 
1 1 1 1 I 
1 P E yip z yip E X 1 P Z X 1 
1 I 1 1 I 

- PRC specifies the size of the patterns used for drawing and the 
start point within the Pattern RAM for the pattern scan. The 
pattern size can be independently specified in X and Y dimemsions 
(maximum 16 by 16 bits) • 

* Pattern Start X (PSX: Pr06 bit 7 - bit 4) 
Pattern Start Y (PSY: Pr06 bit 15 - bit 12) 

PSX and PSY specify the pattern scan starting point 
horizontal and vertical addresses respectively. These should 
be set between 0-15 for Colour register direct drawing and 
between 0-3 for Pattern RAM direct drawing. 
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* 

* 

* 

* 

Pattern End X 
Pattern End Y 

(PEX: 
(PEY: 

Prl7 bit 7 - bit 4) 
Prl7 bit IS - bit 8) 

PEX and PEY specify the pattern scan ending point horizontal 
and vertical addresses respectively. These should be set 
between I-IS for Colour register indirect drawing and 
between 8-3 for Pattern RAM direct drawing. 

Pattern Zoom X 
Pattern Zoom Y 

(PZX: 
(PZY: 

Pr87 bit 3 - bit I) 
Pr87 bit 11 - bit 8) 

PZX and PZY specify the magnification coefficient applied to 
the contents of the Pattern RAM. PZX, PZY = 8 specifies no 
magnification, while PZX, PZY = $F specifies by 16 
magnification. 

Pattern Zoom Count X 
Pattern Zoom Count Y 

(PZCX: 
(PZCY: 

PrlS bit 3 - bit B) 
PrlS bit 11 - bit 8) 

PZCX and PZCY specify the initial magnification counter 
values in the horizontal and vertical dimensions 
respectively. Normally, PZCX and PXCY should be set to 8. 

Pattern Pointer X 
Pattern Pointer Y 

(PPX: 
(PPY: 

PrlS bit 7 - bit 4) 
PrlS bit IS - bit 12) 

The current reference point 
specified by PPX and PPY. When 
pattern scan starting point, 
must be maintained: 

PSX = PPX = PEX 

and PSY = PPY = PEY 
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4.10.8 Area Definition Register (ADR: Pr08 ~ Pr0B) 

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

---------------------------------------------------------------------
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 15 1 14 1 13 1 12 1 11 1 10 1 9 1 8 1 7 1 6 1 5 1 4 1 3 I 2 1 1 1 0 1 
1 I 1 1 1 1 1 I I 1 1 I I 1 1 1 1 
1---------------------------------------------------------------------1 
1 I 
1 Y MIN 1 
1 1 

1 1 I 1 1 1 1 1 I 1 1 1 1 I 1 I I 
1 15 1 14 1 13 I 12 I 11 1 10 1 9 1 8 1 7 1 6 1 5 1 4 1 3 I 2 1 1 1 0 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1---------------------------------------------------------------------1 
1 I 
1 X M A X 1 
1 I 

1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 I 1 
I 15 1 14 1 13 1 12 1 11 I 10 1 9 I 8 1 7 1 6 1 5 1 4 1 3 1 2 1 1 1 0 1 
1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 
1---------------------------------------------------------------------1 
1 1 
1 Y M A X 1 
1 1 

ADR is used to define a drawing area using logical X-Y addresses 
relative to the origin defined with the ORG command. The ACRTC 
will check logical drawing addresses against ADR depending on the 
AREA mode specified in the graphic drawing command. 

4-101 



4.1~.9 Read Write Pointer (RWP: gr~C ~ Pr~D) 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 15 1 14 1 13 1 12 1 11 1 1~ 1 9 1 8 1 7 1 6 1 5 1 4 1 3 1 2 1 1 1 ~ 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 
1---------------------------------------------------------------------1 
I 1 1 1 I 1 1 1 1 
I D Nix 1 X 1 X I X 1 X 1 X 1 R W PHI 
1 I 1 1 1 1 1 1 1 

---------------------------------------------------------------------
1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 I 
1 15 1 14 1 13 1 12 1 11 1 1~ 1 9 1 8 1 7 1 6 1 5 1 4 I 3 1 2 1 1 I ~ I 
1 I 1 I I 1 1 1 I 1 1 1 1 1 1 1 1 
1---------------------------------------------------------------------1 
1 I 1 1 1 I 
1 R W P L 1 X 1 X 1 X I X I 
1 1 1 1 1 1 

RWP specifies a 2~ bit physical video memory address for use with 
the data transfer commands. 

* Display Number (DN: PrBe bit 15 - bit 14) 

* 

DN specifies the logical screen containing the data to be 
transferred. 

DN Functions 

~~ Upper Screen 

~1 Base Screen 

1~ Lower Screen 

11 Window Screen 

Read Write Pointer High (RWPH: Pr~C bit 7 - bit 9) 
Read Write Pointer Low (RWPL: PrBD bit 15 - bit 4) 

RWPH and RWPL define the initial 2~ bit video memory address 
used with the data transfer commands. 
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4.10.10 Drawing Pointer (RWP: Pr0C - Pr0D) 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 15 1 14 1 13 1 12 1 11 1 10 1 9 1 8 1 7 1 6 1 5 1 4 1 3 1 2 1 1 1 0 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1---------------------------------------------------------------------1 
1 1 1 1 1 1 1 1 1 
1 D Nix 1 X 1 X 1 X 1 X I X 1 D P A H 1 
1 1 1 1 I 1 1 1 1 

1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 
1 15 1 14 1 13 1 12 I 11 1 10 1 9 1 8 1 7 1 6 1 5 1 4 1 3 1 2 1 1 1 0 1 
1 I 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 
1---------------------------------------------------------------------1 
1 1 1 
1 D PAL 1 D P D 1 
1 1 1 

The ACRTC uses DP for containing the physical drawing address 
calculated during drawing commands. When executing a drawing 
command, DP is updated as the Current Pointer (CP), specifying 
the current logical X-Y drawing address, is moved. 

* Display Number (DN: Pr10 bit 15 - bit 14) 

* 

* 

DN specifies the screen for graphic drawing. Interpretation 
is the same as DN in the Read Write Pointer (RWP) register. 

Drawing Pointer Address High 
Drawing Pointer Address Low 

(DPAH: 
(DPAL: 

Pr10 bit 7 - bit 0) 
Prll bit 15 - bit 4) 

DPAH and DPAL specify the 20 bit physical drawing pointer 
address. 

Drawing Pointer Dot (DPD: Prll bit 3 - bit 0) 

DPD specifies the physical pixel address to locate a logical 
pixel within the 16 bit word addressed by DPAH, DPAL. 
Interpretation depends on the specified reletionship between 
logical pixels and physical frame buffer bits as determined 
by the Graphics Bit Mode (GBM). In the 4 bits/pixel mode, 
DPD specifies 1 of 4 logical pixels using the most 
significant 2 bits of DPD. The 2 least significant bits are 
not used. In the 8 bits/pixel mode DPD specifies 1 of 2 
logical pixels using the most significant bit of DPD. 
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4.19.11 Current Pointer (CP: Pr12 = Pr13) 

-------------------------------------------------------'--------------
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 15 1 14 1 13 1 12 1 11 1 19 1 9 1 8 1 7 1 6 1 5 1 4 1 3 1 2 1 1 1 9 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
I---------~-----------------------------------------------------------1 
1 1 
1 X 1 
1 1 
---------------------------------------------------------------------

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 15 1 14 / 13 / 12 / 11 / 19 / 9 1 8 1 7 1 6 1 5 1 4 1 3 1 2 / 1 / 9 / 
1 1 1 / / / 1 1 / / 1 / 1 / / / / 
/-------------------------------------------------------------~-------I 
1 / 
/ y / 
/ / 

CP specifies the logical X-Y coordinates of the current drawing 
address. As drawing proceeds, the ACRTC calculates the physical 
frame buffer address for each X-Y addressed logical pixel. The 
physical address corresponding to CP is stored in the Drawing 
Pointer (DP) register. Two's-comp1ement format is used to 
indicate positive and negative values. 
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~ Command Overview 

The ACRTC interprets and processes commands issued by the host. 
These commands are classified into three groups. 

1. Register Access Commands 

2. Data Transfer Commands 

3. Graphic Drawing Commands 

ACRTC commands consist of a 16 bit op-code, optionally followed 
by lore more 16 bit parameters. 

Commands and parameters can be issued to the ACRTC in the 
following ways: 

* Software Polling (WFR, WFE interrupts disabled) 

a) The host program checks the Status Register for Write 
FIFO Ready (WFR) flag = 1, and then writes one word 
of command or parameters. 

b) The host program checks the Status Register for Write 
FIFO Empty (WFE) flag = 1, and then writes one to 
eight words of commands or parameters. 

* Interrupt Driven (WFR, WFE interrupts enabled) 

a) The host WFR interrupt service routine writes one word of 
command or parameters. 

b) The host WFE interupt service routine writes one to eight 
words of commands or parameters. 

In the specific case of Register Access Commands and an initially 
empty write FIFO, host writes need not be sychronized to the 
write FIFO status. The ACRTC can fetch and execute these commands 
faster than the host can issue them. 

5-1 



5.1 Register Access Commands 

Registers associated with the Drawing processor (the Pattern RAM 
and the Drawing Parameter Registers) are accessed through the 
read and write FIFO's using Register Access Commands. 

Command 

ORG 

WPR 

RPR 

WPTN 

RPTN 

Function 

Initialize the relation between the or1g1n point in the 
X-y coordinates and the physical address. 

Write into the parameter register 

Read parameter register 

Write into pattern RAM 

Read the pattern RAM 

For command codes and optionally parameters please refer to 
Appendix J-l. 
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5.2 Data Transfer Commands 

Data Transfer Commands are used to move blocks of data between 
the host system memory and the ACRTC video memory or within the 
video memory itself. Before issuing these commands, a physical 20 
bit frame buffer address must be specified in the Read Write 
Pointer (RWP) register. 

to 
The 

The DMA Data Transfer Commands (DRD, DWT and DMOD) are used 
send large amounts of data between system and video RAM. 
programmer specifies the command and the X and Y logical pixel 
dimensions of the video memory data block. The ACRTC will 
automatically control an external DMAC (installed on the 
optionally available SYS68K/AGC-lX board) to request data 
transfers via the read and write FIFO's. 

Note that DMA data transfers can be performed without an external 
DMAC, i.e. under host program control. In this case, the data DMA 
handshaking (DREQ, DACK and DONE) signals are disabled by 
resetting the DDM bit in the CCR to 0. After issuing a DMA 
transfer command, the host reads or writes the appropriate data 
to the ACRTC FIFO's under program control. The programmer must 
ensure that the amount of data transferred equals the amount 
specified as parameters to the command. Also note that the ACRTC 
will go into an indefinite wait state after the last transfer of 
a DRD command. Then, the command should be aborted (by setting 
the ABT bit in the CCR to 1) and the next command issued. 

Command 

ORO 

DWT 

DMOD 

RD 

WT 

MOD 

CLR 

SCLR 

CPY 

SCPY 

Function 

DMA read of the video memory 

DMA write into the video memory 

DMA modify of the video memory data (bit maskable) 

One word read from the video memory 

One word write into the video memory 

One word modify of the video memory (bit maskable) 

Clear of video memory area 

CLear of video memory area (bit maskable) 

Copy of video memory area into another area 

Copy of video memory area into another area (bit 
maskable) 
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5.3 Modify Mode 

The DMOD, MOD, SCLR and SCPY commands allow 4 types of bit level 
logocal operations to be applied to video memory data. The modify 
mode is encoded in the lower two bits (MM) of these op-codes. The 
bit positions within each video memory word to be modified are 
selectable using the MASK register (MSK). Bits masked with 1 are 
modifiable, those masked with 9 are not. 

MM Modify Mode 

99 Replace video memory data with command parameter data 

91 OR video memory data with command parameter data and 
rewrite to the video memory. 

19 AND video memory data with command parameter data and 
rewrite to the video memory. 

11 EOR video memory with command parameter data and 
rewrite to the video memory. 

Refer to Appendix J-2 for examples showing the use of the 
REPLACE, OR, AND and EOR modify modes. 
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5.4 Graphic Drawing Commands 

The ACRTC has 23 separate graphic drawing commands. Graphic 
drawing is performed by modifying the contents of the video 
memory based upon microcoded drawing algorithms in the ACRTC 
Drawing processor. 

Most coordinate parameters for graphic drawing commands are 
specified using logical X-Y addressing. The complex task of 
translating a logical pixel address to a linear video memory word 
address, and further selecting the appropriate sub-field or the 
word (for example, a given logical pixel in 4 bits/pixel mode 
might reside in bits 8-11 of a video memory word) is performed at 
high speed by ACRTC hardware. 

Most instructions allow specification of X-Y coordinates with 
either absolute or relative X-Y coordinates. In both cases, two 
compliment numbers are used to represent positive and negative 
values. 

a) Absolute Coordinate Specification 

The screen address (X,Y) is specified in units of logical pixels 
relative to an origin point defined with the ORG command. 

b) Relative Coordinate Specification 

The screen address (dX,dY) is specified in units of logical 
pixels relative to the current drawing pointer (CP) position. 

A graphic drawing command consists of an 8 bit command code, an 
Area Mode specifier (3 bits), a Colour Mode specifier (2 bits) 
and an Operation Mode specifier (3 bits). 

The Area 
drawing 
attempt 
actions 

Mode allows versatile clipping and hitting detection. A 
area can be defined, and should drawing operations 
to enter or leave that area, a number of programmable 

can be taken by the ACRTC. 

The Colour Mode determines whether the Pattern RAM is used 
indirectly to select the Colour Registers or is directly used as 
the colour information. 

The Operation Mode defines one of eight logical operations to be 
~erformed between the video memory read data and the colour data 
In the Pattern RAM to determine the drawing data to be rewritten 
to the video memory. 

Table 5-1 shows the Graphic Drawing Commands. 

Please refer to Appendix J-1 for detailed information. 
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Table 5-1: 

Command 

AMOVE 

RMOVE 

ALINE 

RLINE 

ARCT 

RRCT 

APLL 

RPLL 

APLG 

RPLG 

CRCL 

ELPS 

AARC 

RARC 

AEARC 

REARC 

AFRCT 

RFRCT 

PAINT 

DOT 

PTN 

AGCPY 

RGCPY 

Graphic Drawing Commands 

Function 

Movement of current points 

Drawing of straight lines 

Drawing of rectangles 

Drawing of polylines 

Drawing of polygones 

Drawing of circles 

Drawing of ellipses 

Drawing of arcs 

Drawing of ellipse arcs 

Painting of rectagle areas (Tiling) 

Painting of arbitrary areas (Tiling) 

Making of dots 

Drawing of basic patterns (rotation angle: 45 ) 

Graphic copy between video memories 
(rotation angle: 90 /mirror turnover) 
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5.5 Operation Mode 

The OPM bits of the Graphic Drawing Command specify the logical 
drawing condition. 

OPM 

000 

001 

010 

011 

100 

101 

110 

III 

Refer to 
operation 
assumed. 

Operation Mode 

REPLACE: 
Replaces the video memory data with the colour 
data. 

OR: 
ORs the video memory data with the colour data. The 
result is rewritten to the video memory. 

AND: 
ANDs the video memory data wit the colour data. The 
result is rewritten to the video memory. 

EOR: 
EORs the video memory data with the colour data. 
The result is rewritten to the video memory. 

CONDITIONAL REPLACE (P = CMP): 
When the video memory data at the drawing position 
(P) is equal to the comparison colour (CMP), the 
video memory is replaced with the colour data. 

CONDITIONAL REPLACE (P <> CMP): 
When the video memory data at the drawing position 
(P) is not equal to the comparison colour (CMP) , 
the video memory data is replaced with the colour 
data. 

CONDITIONAL REPLACE (P < CL): 
When the video memory data at the drawing position 
(P) is less than the colour register data (CL), the 
video memory data is replaced with the colour data. 

CONDITIONAL REPLACE (P > CL): 
When the video memory data at the drawing position 
(P) is greater than the colour register data (CL), 
the video memory data is replaced with the colour 
data. 

Appendix J-3 to show examples of each of 
modes. In these examples, 4 bits/logical 
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5.6 Colour Mode (COL) 

The COL bits specify the source of the drawing colour data as 
directly or indirectly (using the Colour Registers) determined by 
the contents of the Pattern RAM. 

COL Colour Mode 

0 0 When Pattern RAM data = 0, Colour Register 0 is used. 
When Pattern RAM data = 1, Colour Register 1 is used. 

o 1 When Pattern RAM data = 0, drawing is suppressed. 
When Pattern RAM data = 1, Colour Register 0 is used. 

1 0 When Pattern RAM data = 0, drawing is suppressed. 
When Pattern RAM data = 1, Colour Register 1 is used. 

1 1 Pattern Ram contents are directly used as colour data. 

The Colour Mode chooses the source for colour information based 
on the contents (0 or 1) of a particular bit in the 16 bit by 16 
bit Pattern RAM (see Appendix J-4). A sub-pattern is specified by 
programming the Pattern RAM Control Register (PRC) with the start 
(PSX, PSY) and end (PEX, PEY) points which define the diagonal of 
the sub-pattern. Furthermore, a specific starting point for 
Pattern RAM scanning is specified by PPX and PPY. 

Normally, the colour registers (CL) should be loaded with one 
colour data based on the number of bits per pixel. For example, 
if 4 bits/pixel are used, the 4 bit colour pattern (e.g. 0001) 
should be replicated four times in the colour register, i.e. 

Colour Register = 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 

By doing this, the colour changes due to changing dot address are 
avoided. 
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5.7 Area Mode (AREA) 

Prior to drawing, a drawing area may be defined (Area 
Register). Then, during Graphics Drawing Operation the 
check if the drawing point is attempting to enter or 
defined drawing area. Based on eight Area Modes, the 
take appropriate action for clipping and hitting. 

Definition 
ACRTC will 
exit the 

ACRTC will 

AREA 

~ ~ 1 

~ 1 ~ 

~ 1 1 

1 ~ 1 

1 1 ~ 

1 1 1 

Drawing Area Mode 

Drawing is executed without Area checking. 

When attempting to exit the Area, drawing is stopped 
and the ARD (Area Detect) and CED (Command End) 
flags are set 

Drawing is suppressed outside the Area - drawing 
operation continues and the ARD flag is not set. 

Drawing operation is suppressed outside the Area 
drawing operation continues and the ARD flag is set. 

Same as AREA = ~ ~ ~. 

When attempting to enter the Area, drawing operation 
is stopped and the ARD and CED flags are set. 

Drawing is suppressed inside the Area - drawing 
operation continues and the ARD flag is not set. 

Drawing is suppressed inside the Area drawing 
operation continues and the ARD flag is set. 

Refer to Appendix J-5 for an example of the execution of a CRCL 
command using various Area Modes. It is assumed, that the Area 
Definition Register has been loaded to define the Area bounded by 
Xmin, Ymin and Xmax, Ymax. 
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~ Miscallaneous 

6.1 Miscallaneous Jumper Settings 

The RAS/CAS and WRITE timing for the DRAMs of the video memory 
is specified through the jumper settings of B13, B14, BlS, B16 
and B17. BS controls the synchronization between ACRTC and host 
accesses to the video RAM. 

Note: These jumpers have a default setting and are not user 
definable. 

Jumper B12 has a default setting for enabling horizontal smooth 
scroll and zooming together (Scroll Mode 1). When using large 
zoom factors, it could occur that the display jumps to the right 
side of the display monitor. This phenomen can only be suppressed 
when horizontal smooth scroll and zooming are not used together. 
This mode is selected through jumper B12 (Scroll Mode 2). In the 
scroll mode 2 scrolling is only possible with no magnification. 

Fig. 6-1 

Table 6-1 

shows the jumper locations of BS and B12 - B17 on the 
SYS68K/AGC-l. 

lists the default jumper settings. 
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Figure 6-1: Jumper Location Diagram ~ 

6-2 



Jumper B12 

Scroll Mode 1 

1---2 3 

Default Set-up 

Jumper B5 Jumper B13 

HJ---1 1 14 

9 2 2 13 

8 3 3 12 

7 4 4 11 

6 5 5---10 

6 9 

7 8 

Jumper Bl5 Jumper 

1 2 3 1 2 

4 5 6 4 5 

7 8 9 7 8 

10 11---12 10---11 

13---14 15 13 14 

16 17 18 16 17 

Jumper B12 

Scroll Mode 2 

1 2---3 

B17 

3 

6 

9 

12 

15 

18 

19 20 21 19 20---21 

22 23 24 

Jumper B14 

16 1 

15 2 

14----3 

13 4 

12 5 

11 6 

10 7 

9----8 

Jumper B16 

8----1 

7 2 

6 3 

5 4 

Table 6-1: Jumper Settings of B5, B12, B13, B14, B15, B16, B17 
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6.2 Light Pen Interface 

The Light pen interface is also realized on the SYS68K/AGC-l. It 
can be connected via the 15 pin DSUB connector (P4) on the front 
panel. The light pen must generate a positive or negative TTL­
compatible pulse. Jumper B9 specifies the polarity of that pulse. 

Jumper B9 Jumper B9 

positive Pulse negative Pulse 

1---2 3 I 2---3 

Default Set-up 

A light pen strobe pulse will occur when the CRT electron beam 
passes under the light pen during display refresh. When these 
pulse occur, the contents of the ACRTC display refresh address 
counter which then will be latched into the Light Pen Address 
register along with the logical screen (character or graphics) 
designator. 

The various system and ACRTC delays will cause the latched 
address to differ slightly from the actual light pen position. 
The light pen address can be corrected using software, based on 
the system specific delays. Or, if the application does not 
require the highest light pen resolution, software can 'bound' 
the light pen address by specifying a range of values associated 
with a given area of the screen. 

Table 6-2 shows the pin assigments of connector P4. 

Figure 6-2 lists the jumper location of B9. 

Note: Only Pins 7 and 8 have to be connected. All other pins 
must not be connected. These pins are reserved for future 
enhancements and for usage of multiple AGC-I. 



Table 6-2: Pin Assignment of Connector P4 

DISPI 1 
9 GND 

/HSYNC 2 
1~ 64M 

CLK31 3 
11 /64M 

2CLK 4 
12 NC 

/EXSYNC 5 
13 NC 

6 
14 NC 

+5V 7 
15 NC 

Light Pen 8 
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6.3 External Synchronisation 

The SYS68K/AGC-l allows the sychronization of multiple AGC's (up 
to 3). The ACRTC may be programmed as a single master or as one 
of a number of slave devices. 

To sychronize multiple AGC's, connect them via P4 (Pin 1 - 5), 
select through Jumper BIB the Board as a master or slave device, 
set jumper Bll for internal or external pixel clock and program 
the ACRTC respective (in a system with 3 AGC's there exists one 
master and two slaves). 

Jumper BIB Jumper BIB 

Master Slave 

1---2 3 1 2---3 

Default Set-up 

Jumper Bll Jumper Bll 

Master Slave 

internal Clock external Clock 

3---4 3 4 

2---1 2 1 

Default Set-up 

Fig. 6-2 shows the jumper locations of BIB and Bll on the board. 

Table 6-2 lists the pin assigments of connector P4. 
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Figure 6-2: Jumper Location Diagram of BIB (Light Pen) and BII 
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6.4 Display Monitor Interface 

The display monitor is connected with the SYS68K/AGC-l over the 
BNC-connectors on the front panel. A composite Sync-signal is mixed 
on the RGB-outputs and easing the interfacing. The outputs are 
capable of driving 75 Ohm lines compatible to RS 434. Monitors 
with separate SYNC-input should be connected with the composite 
SYNC-output of the SYS68K/AGC-l. The polarity of the SYNC-signal 
is jumper selectable through jumper B7. 

B7 B7 

negative polarity positive polarity 

1---2 1 2 

Default Set-up 

Fig. 6-3 shows the jumper location of B7 on the board. 
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Figure 6-3: Jumper Location Diagram of B7 (SYNCSEL) 

(17 J94 J28 J30 J7 J25 J9 
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~ Calculating the Screen Parameters 

This chapter gives a brief explanation of 
parameters for a given display monitor 
SYS68K/AGC-l (see also Chapter 8). 
configuration of the timing registers, 
completely specify the requirements of 
hardware and system design. 

Two fundamental points are : 

calculating the screen 
and initializing the 
Before starting the 
it is necessary to 
the display monitor 

(1) All horizontal values used by the ACRTC are in units of 
memory cycles. 

(2) All vertical values are in units of scan lines (rasters) 

It is therefore necessary to convert all specifications for the 
monitor hardware from their time domain values into these units 
before any registers can be configured. 

The timing control RAM (see Chapter 4.9) holds the values that 
time and configure the display screen. 

Fig. 7-1 shows how the display screen is specified in terms of the 
register values. 

For clarification, there follows a worked example. Only the Base 
Screen will be implemented. 

To recap: SYSTEM SPEC 

Scan standard 1333 lines interlaced 

Scan rate 40 KHz 

Field rate 60 Hz 

Frame rate 30 Hz 

Horizontal resolution 

Vertical resolution 

Displayed vertical resolution 

Video memory capacity 

Video memory cycle period 

ACRTC clock frequency 

Pixel rate 

7-1 

1280 pixels 

1239 lines 

1024 lines 

2M Byte (64 of 64kx4 DRAM) 

250 ns 

8 MHz 

64 Mhz 



Monitor parameters . . 

Line period 25.9 usec 

Horizontal Sync width 2.9 usec 

Horizontal back porch 2.9 usec 

Horizontal front porch 1.9 usec 

Vertical Sync width min. 299 usec 

Vertical front porch 999 usec 

Vertical back porch 1.375 msec 
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Figure 7-1: Display Screen Specification 
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7.1 Horizontal Timing 

SET VIA 

HSYNC = 2.8 usec = 8.8 % HC 

BACK PORCH = 2.8 usec = 8.8 % HSW 

FRONT PORCH = 1.8 usec = 4.8 % HDS 

ACTIVE DISPLAY PERIOD = 28.8 usec = 88.8 % HDW 

LINE PERIOD = 25.8 usec = 188 % HC 

The video memory cycle time is 258 nsec 

(i) Line Period: 

This is set via HC, the Horizontal Cycle Field: 

25.8 usec required: 25.8 usec 
= 188 cycles 

258 nsec 

note: 

As this is an even number, it is suitable for interlaced 
operation. HC is loaded with one less than this value, thus: 

=====> 

188 - 1 = 99 = $63 

HC .:: ~ 

(ii) Horizontal Sync Period: 

This is set via HSW, the Horizontal Sync Field, 

2.8 usec required: 2.8 usec 
---------- = 8 cycles 

258 nsec 

=====> 

Note: 

This is greater than 3, so it will allow the RCR to be read. 
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(iii) Horizontal Back Porch: 

Set via HDS, the Horizontal Display Start Field. 

2.0 usec required: 4.0 usec 
---------- = 8 cycles 

250 nsec 

HDS is loaded with one less than this value, thus: 

=====) 8 - 1 = 7 = $07 

(iv) Active Display Period: 

Set via HDW, the Horizontal Display Width Field. 

20 usec required: 20.0 usec 
----------- = 80 cycles 

250 nsec 

HDW is loaded with one less than this value, thus: 

=====) 80 - 1 = 79 = $4F 

(v) Front Porch 

This is not specified directly as it is the remainder from the 
othe values. 

Front Porch = He - (HSW + HDS + HDW) 

Note: 

This equation uses the values calculated, not the ones loaded 
because sometimes they are one less. 

Front Porch = 25.0 usec - (2.0 usec + 2.0 usec + 20.0 usec) 

=====) Front Porch - 1.0 usec 
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Summary, the four values are therefore: 

1. HC = $63 

2. HSW = $~8 

3. HDS = $~7 

4. HDW = $4F 

HC and HSW are combined in r82 (HSR). 

HDS and HDW are combined in r84 (HDR). 

This results in the two registers having the following values: 

r82 = $63~8 

r84 = $~74F 
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7.2 Vertical Timing 

Normally, the vertical flyback period occupies about 7% of the 
vertical period. In the case of 1333 lines system example, 94 
lines are lost per frame, that is 47 lines per field. So only 
1239 lines can be used for displaying. As the resolution will 
have 1924 lines, then the front and the back porches will have 
199-115 lines. This should place the displayed lines almost 
centrally on the display monitor tube face. 

(i) Frame Rasters: 

Set by VC, the Vertical Cycle Field; 

1333 lines required: V = 1333 cycles per frame 

Note: 

V = VC for interlaced sync and video mode. 

=====> 

(ii) Vertical Back Porch: 

Set by VDS, the Vertical Display Start Field; 

199 lines required : 199 = $64 

Note: 

VDS should be loaded with one less than the value required: 

=====> 199 - 1 = 99 = $63 

(using interlace sync & video mode) 

(iii) Vertical Sync Period: 

Set by VSW, the Vertical Sync Width Field: 

47 lines required per display field (i.e.: 94 lines per display 
frame). 

=====> 
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(iv) Display Period: 

Set by SPB, the Split Screen Width Field: 

Hl24 lines required: 

Note: Only the Base Screen is in use. 

(v) Front Porch: 

This is not specified directly, as it is the remainder from the 
other values. 

Note: 

Front Porch = VC - (VDS + SPB + 2 x VSW) 

This equation uses values calculated, not the ones 
loaded, as sometimes these are one less. VSW is 
specified in lines per field. 

Front Porch = 1333 - (lBB + 1B24 + 94) 

Front Porch = 115 lines per frame 

As the split screens are not in use, SP1 and SPB does not have to 
be defined. As the address register auto-increments, it is 
easier to load these registers r8C and r8E with say, $BBBB than 
to specifically skip them. 

~his also applies to the blink control, window display and 
graphic cursor control registers (see Chapter 4). However, if 
most of these functions are not to be used, then it is better 
to skip a continuous group of registers by reloading the address 
register. The unused functions can be left undefined. The 
registers so far initialised, (r8B - r8A) are the minimum 
necessary for the timing control RAM to produce a stable raster 
timing. The result of the vertical timing calculations are: 

VC = $535 

VDS = $63 

VSW = $2F 

SPB = $4BB 

VDS and VSW are combined in register r88 (VDR). The result is, 
that the three register have the following values. 

r86 = $13535 r88 = $632F 

r8A = $134BB 

This completes the programming of the Timing Control RAM. 
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7.3 Display Control RAM (rCe = rEB) 

The display format is specified through the use of this 
registers. In the example that follows, only the Base Screen will 
be used for simplicity. The other screens do not need to be 
defined, even it is not enabled. Configuration is further 
simplified as the character mode (only with the IX-option) is not 
used and neither are the cursors. 

The following therefore, represents the minimum amount of 
initialization of the Display Control RAM: 

rCe - rC6 Upper screen - not defined 

rC8 - rCe Base screen - to be defined 

rDe - rD6 Lower screen - not defined 

rD8 - rOE Window screen - not defined 

rEe - rE8 Cursor - not defined 

rEA Zoom factor - to be defined 

rEB Light pen - read only 

Base Screen Definition: 

rCA - Memory Width of the Base Screen 

The hardware supports 2 Mbyte of video memory. We only need to 
consider the Base screen. 

The display is 128e x le24 pixels, each of 4 bits. As the base 
screen occupies the whole of this, it represents 64e Kbyte of 
data, nearly a third of the video memory capacity. If no other 
screen is defined, there are many possibilities for configuring 
the base screen in relation to the video memory. 

The horizontal display width is 
128e x 4 bits = 32e words 

Recall that HDW was set to 8e cycles and using a GAI = +8 
and Dual Access Mode e 

8e x 8 
HDW = --------- = 32e words 

2 

The base screen memory width can be made greater or equal to this 
value. 
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(i) If the memory width is made equal to the dislay width 
MW = 320 words 

As the video memory capacity = 1 Mwords it will support: 

1 Mword 
---------- = 3.2 k or 3277 rasters 

320 

This will allow vertical scrolling, but no horizontal scrolling. 

(ii) If the memory width is made twice that of the display width, 
MW = 2 x 320 = 640 words 

Frame buffer capacity = 1 Mwords, so it will support: 

1 Mword 
--------- = 1.6 k or 1638 rasters 

640 

This will will allow the display to be scrolled horizontally and 
vertically. 

The offset has both horizontal (X) and vertical (Y) components. 

The memory width is 640 words, the display width is 320 words. 

640 - 329 = 320 words total margin 

Equally divided between left and right margins gives: 

320 
X = ------ = 169 words, the horizontal offset 

2 

Likewise, the memory supports 1638 rasters, the display uses 1024 
rasters. 

1638 - 1024 = 614 rasters total margin 

Equally divided between top and bottom margins give: 

614 
Y = ----- = 307 rasters, the vertical offset 

2 

Choosing the latter result, means that the memory width of the 
base screen must be set to 640 words: 

MWB = $280 

Hence rCA = $0280 
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Start Address: 

If the display screen is to be positioned about central to the 
video memory, the screen start address must be offset from that 
of the video memory. 

It is now necessary to calculate the word address of the starting 
point of the screen from these values if offset: 

The start of the 308th raster will be 640 words x 307 = 196480 
words from the start of memory, adding a horizontal offset of 160 
words. 

196480 + 160 = 196640 words from the start of memory, 
because the memory starts at address $0. 

Base Screen Start Address $30020 

This value is split between registers rCC and rCE, because no 
smooth horizontal scrolling can be applied, the start dot address 
(SDA) is $0 because it has a 20 bit range. 

Therefore rCC - $0003 

rCE - $0020 

Zoom Factor = rEA 

This is the only rema1n1ng part of the Display Control RAM that 
requires initialization for this minimum configuration example. 
As no zooming is to be applied, both zoom factor are zero. 

This completes the programming of the Display Control RAM. 
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7.4 Control Registers 

The final stage, if initialization involves the 3 control 
registers CCR, OMR and DCR. The address register does not auto­
increment when referencing these control registers, so before 
each write it is necessary to point to the required control 
register by suitable loading of the address register. 

The preferred order of initialization is: 

(1) Command Control Register (CCR: rB2) 

(2) Display Control Register (DCR: rB6) 

(3) Operation Mode Register (OMR: rB4) 

Together these registers hold 3B fields of control bits and each 
must carefully be considered in relation to the application. 
Chapter 4.9 gives detailed explanation on the function of each 
field. The following example applies to the example system and 
represents a simple application for clarity. 

(1) Command Control Register (rB2) 

Reset left thip register with the value $8BBB i.e.: ABORT set and 
all others cleared. 

Bits 7 - B : 

Enable/disable the interrupt sources. This example uses polled 
status to control transfers and so all this can be disabled. 

Bits 8 - IB 

Graphic Bit Mode, this sets the number of bits per pixel. This 
example uses 4 bits per pixel, and so the mode is 'BIB' i.e. $3. 

Bits 11 - 13 : 

The DMA control bits, as DMA is not used these are all B. 

Bit 14 PAUSE: 

This bit halts the command execution, it must be B in order to 
permit commands to be processed later. 

Bit 15 ABORT 

Reset left this bit set, it must now be cleared to enable command 
execution later. 

The above values can now be written into the CCR. 

The resulting value is thus CCR - $B2BB 
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(2) Display Control Register (r~6) 

The DCR controls the screen organization and provides 8 bits for 
video attributes. 

Bits ~ - 3 Colour Look-up Table Control : 

In this example LUT ~ is used for display, so this bits must be 
set to $~. 

Bits 4 - 6 Display Mode Control : 

Since 4 bits per pixel are displayed, the value of these bits is 
set to '~~l' i.e. $1. 

Bits 8 - 13 Split Enables 

As these screens are not used, therefore they not defined, they 
are all cleared to disable these screens. 

Bit 14 Split Enable 1 (Base) : 

This bit enables the base screen. As this screen is in use, it 
must be set = $1. 

Bit 15 DISP Control 

The DISP signals, together with the HSYNC and VSYNC signals, 
allow blanking of the video signals and generation of front and 
back porches. These can be used for driving display monitors. 

DISP 1 provides a combined horizontal and vertical blanking 
signal for both background and window screens when this bit is 
set. In fact, this example only uses the base screen, the bit 
could also be cleared, when DISPI only applies to the background 
screen(s) and DISP2 to the window screen. 

In order to allow a window screen to be used later, this bit is 
set to $1. 

Therefore the value of the DCR is 
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(3) Operation Mode Register (r94) 

Reset left the two most significant bits cleared, but did not 
change any others. 

Bits 9 - 1 Raster Scan Mode : 

In order to operate in interlace sync & video mode, these must 
both set i.e.: $3. 

Bits 2 - 3 Access Mode 

For improved drawing speed the SYS68K/AGC-l uses interleaved 
access mode (DA9), hence these have the value $2. 

Bits 4 - 6 Graphics Increment Mode 

Because of the hardware structure of the SYS68K/AGC-l 
are obtained from the video memory per display access, 
addressing must increment by 8 words, so set GAl = $3. 

Bits 7 - 12 : 

128 bits 
hence the 

These bits are all set to $9 because of the hardware design of 
the SYS68K/AGC-l. 

Bit 13 Access Priority : 

To avoid disruption of the displayed image due to drawing 
operations, the display process will be given priority over 
drawing, hence this bit will be S9. 

Bit 14 START: 

This bit was left cleared by reset to stop all drawing and 
displaying. In order to activate these processes, it is necessary 
to set this bit = $1. 

Bit 15 Master/Slave : 

As this example system will not be sychronized from an external 
source, this bit will be set so as the ACRTC acts in master mode. 

Therefore the resulting value for the Operation Mode Register is: 

OMR - $C93B 

The initialisation of the SYS68K/AGC-l is now completed. 
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APPENDIX A 

SPECIFICATION OF THE SYS68K/AGC-l 

63484 ACRTC with 8 MHz Clock Frequency 

2 Mbyte dynamic Video-RAM with l20ns access time for up to 
2048 * 2048 pixel (in 4 bit/pixel mode) 

Direct video memory access via VMEbus during display time 

Zoom logic for magnifications in horizontal and vertical 
direction up to 16 

Smooth scroll logic for vertical and horizontal direction 

Video interface bus for upgrading with character overlay 

3 Graphic Color Palette AM8l5l with 256 entries for each color 
and 64 MHz Pixel clock 

Bus Interrupt Modul for all local Interrupt sources 

Interrupt handling via programmable interrupt vectors 

Each VMEbus IRQ level can be enabled/disabled via software 

Fully decoding of the address modifiers 

Jumper selectable access for short I/O or standard memory 
access 

RUN/LOCAL switch for complete isolation 

Fully VMEbus and IEEE P10l4 compatible 

Power Requirements per slot + 5V (max) 
- l2V (max) 

Operating Temperature (degree C) 
Storage Temperature (degree C) 
Relative Humidity (Non-condensing) 

Board Dimensions 
No. of Slots used 
Thickness 

234x160mm (9.2x6.3°) 
2 

3 8mm ( 1. 39 0 ) 

A-I 

o to 50 
-40 to 85 

o to 95% 

4.9A 
1.0A 





APPENDIX B 

MEMORY MAP OF THE SYS68K/AGC-1 

STANDARD MEMORY ACCESS 

The Board Base Address (BBA) is jumper selectable in 256K steps 

Start Address End Address Memory Area 
------------------------------------------------------------------

C35FFF BIM 68153 

13.824 times 

C369riH'J C37FFF GCP 1 red 

16 times 

C38999 C39FFF GCP 2 green 

16 times 

C3A999 C3BFFF GCP 3 blue 

16 times 

C3C999 C3FFFF I ACRTC 63484 
I 
I 4996 times 

------------------------------------------------------------------
C49999 E3FFFF I Video-RAM 

I 
I 1 time 
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APPENDIX B 

SHORT 1/0 MEMORY ACCESS 

The Board Base Address (BBA) is jumperselectable in 4K steps 

Start Address End Address Memory Area 
------------------------------------------------------------------

C995FF BIM 68153 

96 times 

C99699 C997FF GCP 1 red 

1 times 

C99899 C009FF I GCP 2 green 
I 
I 1 times 

------------------------------------------------------------------
C99A99 C99BFF I GCP 3 blue 

I 
I 1 times 

COOCOO COODFF ACRTC 63484 

128 times 

only accessible via ACRTC 63484 Video-RAM 
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APPENDIX C 

ADDRESS ASSIGNMENTS AND REGISTER LAYOUT ~ THE DEVICES FOR 
STANDARD MEMORY ACCESS 

The BIM Register Layout 

Default 
Address 

CfiHHHHJ 

C00002 

C00004 

C00006 

C00008 

C0000A 

C0000C 

C0000E 

Register 
Name 

CONTROL REGISTER 

CONTROL REGISTER 

CONTROL REGISTER 

CONTROL REGISTER 

VECTOR REGISTER 

VECTOR REGISTER 

VECTOR REGISTER 

VECTOR REGISTER 

The ACRTC Register Layout 

Function 

1 reserved 

2 ACRTC Interrupt 

3 VSYNC Interrupt 

4 reserved 

1 reserved 

2 ACRTC 

3 VSYNC 

4 reserved 

I Default I Register I Reset I 
1 Address I Name 1 Value 1 
1----------------------------------------------1 
1 I I 1 
I C3C000 1 ADDRESS REGISTER 1 1 $FF23 1 
1 1 1 I 
I C3C002 1 FIFO ENTRY 1 $0000 1 
1 1 1 1 

C-l 

I Reset 
I Value 

$00 

$00 

$00 

$00 

$0F 

$0F 

$0F 

$0F 





APPENDIX D 
CIRCUIT SCHEMATICS OF THE SYS68K/AGC-1 BOARDS 
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APPENDIX E 

CONNECTOR PIN ASSIGNMENTS OF THE SYS68K/AGC-1 

MASTER BOARD PI 

----------------------------------------------------------------
PIN 

NUMBER 

1 
2 
3 
4 

5 
6 
7 
8 

9 
19 
11 
12 

13 
14 
15 
16 

ROW A SIGNAL 
MNEMONIC 

099 
D91 
D92 
D93 

094 
095 
D96 
097 

GNO 

GNO 
/OSl 

/DS9 
/WRITE 
GND 
/OTACK 

ROW B SIGNAL 
MNEMONIC 

/BG9IN 

/BG90UT 
/BG1IN 
/BG10UT 
/BG2IN 

/BG3IN 
/BG30UT 

AM9 

ROW C SIGNAL 
MNEMONIC 

D98 
099 
019 
011 

012 
013 
014 
015 

GND 

/SYSRESET 

/LWORD 
AM5 
A23 
A22 

----------------------------------------------------------------
17 
18 
19 
29 

21 
22 
23 
24 

25 
26 
27 
28 

29 
39 
31 
32 

GND 
/AS 
GND 
/IACK 

/IACKIN 
/IACKOUT 
AM4 
A97 

A96 
A95 
A94 
A93 

A92 
A91 
-12V 
+5V 

E-1 

AMI 
AM2 
AM3 
GNO 

GND 
/IRQ7 

/IRQ6 
/IRQ5 
/IRQ4 
/IRQ3 

/IRQ2 
/IRQ1 
+5VSTDBY 
+5V 

A21 
A29 
A19 
A18 

A17 
A16 
A15 
A14 

A13 
A12 
All 
A19 

A99 
A98 

+5V 



APPENDIX E 

CONNECTOR ASSIGNMENTS OF THE AGC-l 

MASTER BOARD P2 

PIN 
NUMBER 

1 
2 
3 
4 

5 
6 
7 
8 

9 
18 
11 
12 

13 
14 
15 
16 

17 
18 
19 
28 

21 
22 
23 
24 

25 
26 
27 
28 

29 
38 
31 
32 

ROW A SIGNAL 
MNEMONIC 

ROW B SIGNAL 
MNEMONIC 

E-2 

+5V 
GND 

GND 

+5V 

GND 

GND 
+5V 

ROW C SIGNAL 
MNEMONIC 



APPENDIX E 

CONNECTOR ASSIGMENTS OF THE AGC-l 

MASTER BOARD p3 

----------------------------------------------------------------
PIN 

NUMBER 

1 
2 
3 
4 

S 
6 
7 
8 

9 
10 
11 
12 

ROW A SIGNAL 
MNEMONIC 

D15 
/LDS 
R/W/ 
VPRZ 

DTGEO/ 
ZCLI 
SPREN 
GND 

MRD 
CHR 
ZPRI/ 
GND 

ROW B SIGNAL 
MNEMONIC 

D14 
DBCLK 
MA19 
MA18 

MA17 
MA16 
GBPEN/ 
DGTEI/ 

DRAW/ 
VDD8 
MA13 
MA12 

ROW C SIGNAL 
MNEMONIC 

D13 
D12 
Dll 
DB' 

D09 
D08 
D07 
D06 

D05 
D04 
D03 
D02 

13 SMCYC MAll DOl 
14 GBDEN MAIO DOO 
15 BPAEN/ MA09 VAS 
16 BPGENI MA08 RCKA 

/----------------------------------------------------------------
17 BPGENO MA14 W/ 
18 VTDIR MA15 CAS/ 
19 GND VDD7 RAS/ 
20 VDD6 UDS/ 

21 
22 
23 
24 

25 
26 
27 
28 

29 
30 
31 
32 

A18 
A20 
AI0 
A12 

A14 
A16 
A02 
A04 

A06 
A08 
VDD4 
VDD5 

E-3 

A17 
A19 
A09 
All 

A13 
A15 
AOI 
A03 

A05 
A07 
VDD2 
VDD3 

MAS 
MA4 
MA3 
MA2 

MAl 
MAO 
MA6 
MA7 

CLK21 
HSYNC 
-12V 
VDDI 



APPENDIX E 

CONNECTOR ASSIGMENTS OF THE AGC-l 

MASTER BOARD P4 

PIN 
NUMBER 

1 
2 
3 
4 

S 
6 
7 
8 

9 
HJ 
11 
12 

13 
14 
IS 

SIGNAL 
MNEMONIC 

DISPI 
/HSYNC 
CLK31 
2CLK 

/EXSYNC 

+SV 
LIGHT PEN 

GND 
64M 
/64M 

E-4 



APPENDIX E 

CONNECTOR ASSIGMENTS OF THE AGC-l 

MASTER BOARD P6 

----------------------------------------------------------------
PIN 

NUMBER 

1 
2 
3 
4 

5 
6 
7 
8 

9 
IfIJ 
11 
12 

13 
14 
15 
16 

17 
18 
19 
2fIJ 

21 
22 
23 
24 

25 
26 
27 
28 

29 
3fIJ 
31 
32 

ROW A SIGNAL 
MNEMONIC 

IACIB/ 
CGEN/ 
CREN/ 
ABEN/ 

AREN/ 
DMAEN/ 
IRQl/ 
BDEN5/ 

IRQIB/ 
DACKfIJ/ 
DDIR 
LAS/ 

CLK31 
UDSI/ 

LDSI/ 

CDCfIJ 
CDCl 

DSENI 
DISP2 

/DTAC2 

ROW B SIGNAL 
MNEMONIC 

E-5 

CDACK/ 
AMfIJ 
AMI 
AM2 

OWN 1/ 
RESET/ 
LWORD/ 
DERR/ 

CLK3 
DCEN 
BR/ 
CLK2 

ATT7 
LD4-2 
LD4-1 

CATfIJ 
CAT 1 
CAT 2 

CLKI 

ISIO/ 
IASIO/ 

ROW C SIGNAL 
MNEMONIC 

CAT3 
AM4 
R/Wl 
RUN/ 

DREQfIJ/ 
DTACI/ 
DONE/ 
READY/ 

ATT3 
ASI/ 
DTACK/ 
MA2fIJ 

HSYNC/ 



APPENDIX E 

CONNECTOR ASSIGNMENTS OF THE AGC-l 

SLAVE BOARD PI 

PIN 
NUMBER 

1 
2 
3 
4 

5 
6 
7 
8 

9 
19 
11 
12 

13 
14 
15 
16 

17 
18 
19 
29 

21 
22 
23 
24 

25 
26 
27 
28 

29 
39 
31 
32 

ROW A SIGNAL 
MNEMONIC 

GND 

GND 

GND 

GND 

GND 

IACKIN 
IACKOUT 

-12V 
+5V 

ROW B SIGNAL 
MNEMONIC 

E-6 

BG9IN 

BG90UT 
BGIIN 
BGI0UT 
BG2IN 

BG20UT 
BG3IN 
BG30UT 

GND 

GND 

+5VSTDBY 
+5V 

ROW C SIGNAL 
MNEMONIC 

GND 

+5V 



APPENDIX E 

CONNECTOR ASSIGNMENTS OF THE AGC-l 

SLAVE BOARD p2 

----------------------------------------------------------------
PIN 

NUMBER 

1 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 
12 

13 
14 
15 
16 

17 
18 
19 
20 

21 
22 
23 
24 

25 
26 
27 
28 

29 
30 
31 
32 

ROW A SIGNAL 
MNEMONIC 

ROW B SIGNAL 
MNEMONIC 

E-7 

+5V 
GND 

GND 

+5V 

GND 

GND 
+5V 

ROW C SIGNAL 
MNEMONIC 



APPENDIX E 

CONNECTOR ASSIGNMENTS OF THE AGC-1 

SLAVE BOARD p3 

----------------------------------------------------------------
PIN 

NUMBER 

1 
2 
3 
4 

5 
6 
7 
8 

9 
11lJ 
11 
12 

13 
14 
15 
16 

17 
18 
19 
21lJ 

21 
22 
23 
24 

25 
26 
27 
28 

29 
31lJ 
31 
32 

ROW A SIGNAL 
MNEMONIC 

D15 
/LDS 
R/W/ 
VPRZ 

DTGEIlJ/ 
ZCL1 
SPREN 
GND 

MRD 
CHR 
ZPR1/ 
GND 

SMCYC 
GBDEN 
BPAEN/ 
BPGEN1 

BPGENIlJ 
VTDIR 
GND 

A18 
A21lJ 
A11lJ 
A12 

A14 
A16 
AIlJ2 
AIlJ4 

AIlJ6 
AIlJ8 
VDD4 
VDD5 

ROW B SIGNAL 
MNEMONIC 

E-8 

D14 
DBCLK 
MA19 
MA18 

MA17 
MA16 
GBPEN/ 
DGTE1/ 

DRAW/ 
VDD8 
MA13 
MA12 

MAll 
MA11lJ 
MAIlJ9 
MAIlJ8 

MA14 
MA15 
VDD7 
VDD6 

A17 
A19 
AIlJ9 
All 

A13 
A15 
AIlJ1 
AIlJ3 

AIlJ5 
AIlJ7 
VDD2 
VDD3 

ROW C SIGNAL 
MNEMONIC 

D13 
D12 
D11 
D11lJ 

DIlJ9 
DIlJ8 
DIlJ7 
DIlJ6 

DIlJ5 
DIlJ4 
DIlJ3 
DIlJ2 

DIlJ1 
DIlJIlJ 
VAS 
RCKA 

W/ 
CAS/ 
RAS/ 
UDS/ 

MA5 
MA4 
MA3 
MA2 

MAl 
MAIlJ 
MA6 
MA7 

CLK21 
HSYNC 
-12V 
VDD1 



APPENDIX F 

COMPONENT PART LIST SYS68K/AGC-IA 

I Location I Type 1 Manufacturer 1 

----------------------------------------------------------------1 
JI 74ALS645-I TI 

J2 74ALS645-I TI 

J3 74ALS645-I TI 

J4 74ALS645-I TI 

J5 74ALS641-I TI 

J6 74LS682 TI, MOT 

J7 74LS283 TI, MOT 

J8 74LS283 TI, MOT 

J9 74LS682 TI, MOT 

JI0 74LSI25A TI, MOT 

JII 74F08 MOT, FAIR, VALVO 

JI2 74LS04 TI, MOT 

JI3 74LS74 TI, MOT 

JI4 74LS32 TI, MOT 

JI5 74F08 MOT, FAIR, VALVO 

JI6 74ALS645-I TI 

JI7 PAL I6L8A NAT, MMI 

JIB PAL 20LI0CN NAT, MMI 

JI9 PAL 20LI0CN NAT, MMI 

J20 74LSI12A TI, MOT 

J2I 74AS646 TI 

J22 74AS646 TI 

J23 74s244 TI, MOT 

F-I 



COMPONENT PART LIST SYS68K/AGC-IA 

----------------------------------------------------------------
Location Type Manufacturer 

----------------------------------------------------------------
J24 PAL 20L8A NAT, MMI 

J25 74F74 MOT, FAIR, VALVO 

J26 74F02 MOT, FAIR, VALVO 

J27 74LS08 MOT, TI 

J28 74F04 MOT, FAIR, VALVO 

J29 PAL 20L8A NAT, MMI 

J30 74F164 MOT, FAIR, VALVO 

J31 68153 BIM MOT 

J32 74LS21 TI, MOT 

J33 74LS139 TI, MOT 

J34 74LS112A TI, MOT 

J35 74LS08 TI, MOT 

J36 74LS85 TI, MOT 

J37 74LS74 TI, MOT 

J38 7406 TI, MOT 

J39 74LS195A TI, MOT 

J40 74F32 MOT, FAIR, VALVO 

J41 74F08 MOT, FAIR, VALVO 

J42 AM 8151 GCP AMD 

J43 AM 8151 GCP AMD 

J44 AM 8151 GCP AMD 

J45 74F244 MOT, FAIR, VALVO 

F-2 



COMPONENT PART LIST SYS68K/AGC-IA 

----------------------------------------------------------------
Location Type Manufacturer 

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

J46 74F244 MOT, FAIR, VALVO 

J47 74F245 MOT, FAIR, VALVO 

J48 74F245 MOT, FAIR, VALVO 

J49 PAL 16L8A NAT, MMI 

J50 PAL 16R4A NAT, MMI 

J51 74F245 MOT, FAIR, VALVO 

J52 74F175 MOT, FAIR, VALVO 

J53 74F257 MOT, FAIR, VALVO 

J56 MC 7905 VARIOUS 

J57 MC 7905 VARIOUS 

J58 MC 7905 VARIOUS 

J59 MC 7905 VARIOUS 

J60 HD63484 ACRTC HITACHI 

J61 74LS125A TI, MOT 

J62 74ALS645-1 TI 

J63 74F04 MOT, FAIR, VALVO 

J64 74F241 MOT, FAIR, VALVO 

J65 74F163 MOT, FAIR, VALVO 

J66 74LS373 TI, MOT 

J67 74ALS374 TI 

J68 74LS373 TI, MOT 

J69 74ALS374 TI 

F-3 



COMPONENT PART LIST SYS68K/AGC-IA 

----------------------------------------------------------------
Location Type Manufacturer 

----------------------------------------------------------------
J7B 74LS375 TI, MOT 

J7I 74FI57 MOT, FAIR, VALVO 

J72 FIBBI6 FAIR 

J73 FIBI24 FAIR 

J74 74FI64 MOT, FAIR, VALVO 

J75 FIBI24 FAIR 

J76 74F74 MOT, FAIR, VALVO 

J77 MCIBI25 FAIR, MOT 

J78 MCIBIB5 FAIR, MOT 

J79 MCIBIB4 FAIR, MOT 

J8B 74F74 MOT, FAIR, VALVO 

J8I 74FI53 MOT, FAIR, VALVO 

J82 PAL I6L8A NAT, MMI 

J83 74F164 MOT, FAIR, VALVO 

J84 74F25I MOT, FAIR, VALVO 

J85 74F25I MOT, FAIR, VALVO 

J86 74FI64 MOT, FAIR, VALVO 

J87 74FI64 MOT, FAIR, VALVO 

J88 74F25I MOT, FAIR, VALVO 

J89 74F25I MOT, FAIR, VALVO 

J9B 74FI64 MOT, FAIR, VALVO 

J9I 74F74 MOT, FAIR, VALVO 

F-4 



COMPONENT PART LIST SYS68K/AGC-IA 

Location Type Manufacturer 

J92 74F74 MOT, FAIR, VALVO 

J93 74F164 MOT, FAIR, VALVO 

J94 74F164 MOT, FAIR, VALVO 

J95 74F164 MOT, FAIR, VALVO 

J96 74F86 MOT, FAIR, VALVO 

J97 74F04 MOT, FAIR, VALVO 

F-5 



COMPONENT PART LIST SYS68K/AGC-1A 

RESISTOR NETWORKS 

----------------------------------------------------------------
Location Type Manufacturer 

----------------------------------------------------------------
N1 9 * 3.3K OHM VARIOUS 

N2 9 * 3.3K OHM VARIOUS 

N3 9 * 3.3K OHM VARIOUS 

N4 9 * 3.3K OHM VARIOUS 

N5 9 * 3.3K OHM VARIOUS 

N6 9 * 3.3K OHM VARIOUS 

N7 9 * HHJ OHM VARIOUS 

N8 9 * 330 OHM VARIOUS 

N9 9 * 150 OHM VARIOUS 

N18 9 * 3.3K OHM VARIOUS 

NIl 9 * 150 OHM VARIOUS 

N12 9 * 270 OHM VARIOUS 

N13 9 * 278 OHM VARIOUS 

N14 9 * 150 OHM VARIOUS 

E1 5 * 27 OHM 18 PIN SLIM LINE 

E2 5 * 27 OHM 10 PIN SLIM LINE 

E3 5 * 27 OHM 10 PIN SLIM LINE 

E4 5 * 27 OHM 10 PIN SLIM LINE 

F-6 



COMPONENT PART LIST SYS68K/AGC-IA 

RESISTORS 

Location Type Manufacturer 
----------------------------------------------------------------

Rl 2.2K OHM VARIOUS 

R2 2.2K OHM VARIOUS 

R3 2.9K OHM 1% VARIOUS 

R4 2.9K OHM 1% VARIOUS 

R5 2.9K OHM 1% VARIOUS 

R6 27 OHM VARIOUS 

R7 27 OHM VARIOUS 

R8 339 OHM VARIOUS 

R9 229 OHM VARIOUS 

R19 689 OHM VARIOUS 

Rll lK OHM VARIOUS 

R12 lK OHM VARIOUS 

R13 68 OHM VARIOUS 

Note: All resistors are type RGU mini 2.54 RM. 

F-7 



COMPONENT PART LIST SYS68KiAGC-1A 

CAPACITORS 

Location Type Manufacturer 

:C1 - :C76 100 nF KER VARIOUS 

CO ELKO 220uF /6V VARIOUS 
5.08mm RM. 

C1 47 pF VARIOUS 

C2 470 pF + 10% VARIOUS 

C3 - C14 100 nF VARIOUS 

C15 - C16 10 pF + 10% VARIOUS 

C17 ELKO 100uF/>12V VARIOUS 
5.08mm RM. 

C18 - C21 10 uF 6.3 V TAN VARIOUS 

C22 220 pF + 19% VARIOUS 

C23 470 pF + 10% VARIOUS 

C24 1nF VARIOUS 

CRYSTALS 

1 Location 1 Type 1 Manufacturer 1 
1----------------------------------------------------------------1 
1 1 1 1 
1 01 1 16.000 MHz 1 SE, JAUCH 1 
1 1 1 1 
1 02 1 64.000 MHz 1 SE, JAUCH 1 
1 1 1 1 

F-8 



COMPONENT PART LIST SYS68K/AGC-IA 

DIODES 

----------------------------------------------------------------
Location Type Manufacturer 

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

LDI 

LD2 

LD3 

Dl 

Tl 

T2 

MECHANICAL PARTS 

Location 

559 - 2296 

559 - 2496 

559 - 2396 

IN 4148 

2N 2995 

2N 2222 

Type 

LED GREEN 

LED RED 

LED YELLOW 

DIODE 

TRANSISTOR 

TRANSISTOR 

Manufacturer 
----------------------------------------------------------------

J17 29 PIN SOCKET VARIOUS 

J18 - J19 24 PIN SLIM VARIOUS 
SOCKET 

J24 24 PIN SLIM VARIOUS 
SOCKET 

J29 24 PIN SLIM VARIOUS 
SOCKET 

J31 49 PIN SLIM SOCKET VARIOUS 

J42 - J44 49 PIN SLIM SOCKET VARIOUS 

J49 - J59 29 PIN SOCKET VARIOUS 

J69 64 PIN SLIM SOCKET VARIOUS 

J82 29 PIN SOCKET VARIOUS 
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MECHANICAL PARTS 

Location 

PI 

P2 

P3 

P3 

P4 

. P6 

B1 

B2 

B3 

B4 

BS 

B6 

B7 

COMPONENT PART LIST SYS68K/AGC-1A 

Type 

VG MALE 
CONNECTOR 

96 PIN 98 DEGREE 
2 x SCREW 2. S/18 
2 x MOTHER 2. S 

VG MALE 
CONNECTOR 

96 PIN 98 DEGREE 
2 x SCREW 2.S/18 
2 x MOTHER 2. S 

FORCE 983848 

FORCE 983841 

D FEMALE 
CONNECTOR 

IS PIN 98 DEGREE 
2 PLATED SCREW 
2.9/9.Smm 

VG FEMALE 
CONNECTOR 

96 PIN Nr 983864 
2 x SCREW 2.S/18 
2 x MOTHER 2.S 

DW 8 

DW 8 

DW 12 

DW 16 

DW 18 

DW 18 

EW 2 

Manufacturer 

VARIOUS 

VARIOUS 

VARIOUS 

VARIOUS 

VARIOUS 

VARIOUS 
(without wire wrap) 

VARIOUS 

VARIOUS 

VARIOUS 

VARIOUS 

VARIOUS 

VARIOUS 

VARIOUS 

----------------------------------------------------------------
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COMPONENT PART LIST SYS68K/AGC-1A 

MECHANICAL PARTS 

Location Type Manufacturer 

B8 TW 15 VARIOUS 

B9 EW 3 VARIOUS 

B1ft' EW 3 VARIOUS 

B11 DW 4 VARIOUS 

B12 EW 3 VARIOUS 

B13 DW 14 VARIOUS 

B14 DW 16 VARIOUS 

B15 TW 24 VARIOUS 

B16 DW 8 VARIOUS 

B17 TW 21 VARIOUS 

B18 DW 8 VARIOUS 

BNC1 BNC- CONNECTOR WITH ISOLATED MOUNTING 

BNC2 BNC- CONNECTOR WITH ISOLATED MOUNTING 

BNC3 BNC- CONNECTOR WITH ISOLATED MOUNTING 

BNC4 BNC- CONNECTOR WITH ISOLATED MOUNTING 

Frontpanel FRBL AGC-1A VARIOUS 

PC-Board AGC-1A VARIOUS 

Cooling Panel Specially designed VARIOUS 

SW1 Switch ATE-1D-RA KNITTER 

SW2 Switch ATE-1D-RA KNITTER 

Bx JUMPER (41) VARIOUS 
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COMPONENT PART LIST SYS68K/AGC-IB 

ICs 

----------------------------------------------------------------
Location Type Manufacturer 

----------------------------------------------------------------
JI 74FI38 MOT, FAIR, VALVO 

J2 74FI38 MOT, FAIR, VALVO 

J3 74FI6I MOT, FAIR, VALVO 

J4 74F244 MOT, FAIR, VALVO 

J5 74F244 MOT, FAIR, VALVO 

J6 74LS374 TI, MOT 

J7 74F373 MOT, FAIR, VALVO 

J8 74LS374 TI, MOT 

J9 74F374 MOT, FAIR, VALVO 

JI9 74LS374 MOT, FAIR, VALVO 

JII 74F374 MOT, FAIR, VALVO 

JI2 74LS374 TI, MOT 

JI3 74F374 MOT, FAIR, VALVO 

JI4 74LS374 MOT, FAIR, VALVO 

JI5 74F374 MOT, FAIR, VALVO 

JI6 74LS374 MOT, FAIR, VALVO 

JI7 74F374 MOT, FAIR, VALVO 

JI8 74LS374 MOT, FAIR, VALVO 

JI9 74F374 MOT, FAIR, VALVO 

J29 74LS374 MOT, FAIR, VALVO 

J2I 74F374 MOT, FAIR, VALVO 

J22 74LS374 MOT, FAIR, VALVO 

J23 74F374 MOT, FAIR, VALVO 
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COMPONENT PART LIST SYS68K/AGC-IB 

1 Location 1 Type 1 Manufacturer 
1----------------------------------------------------------------

1 
J24 1 74LS374 TI, MOT 

1 
J25 1 74F374 MOT, FAIR, VALVO 

1 
J26 1 74LS374 MOT, FAIR, VALVO 

J27 74F374 MOT, FAIR, VALVO 

J28 74LS374 MOT, FAIR, VALVO 

J29 74F374 MOT, FAIR, VALVO 

J3r2l 74LS374 MOT, FAIR, VALVO 

J31 74F374 MOT, FAIR, VALVO 

J32 74LS374 MOT, FAIR, VALVO 

J33 74F374 MOT, FAIR, VALVO 

J34 7 4LS37 4 MOT, FAIR, VALVO 

J35 74F374 MOT, FAIR, VALVO 

J36 74LS374 MOT, FAIR, VALVO 

J37 74F374 MOT, FAIR, VALVO 

J38 74F374 MOT, FAIR, VALVO 

J39 74ALS645-1 TI 

J4r2l 74ALS645-1 TI 

J41 74ALS645-1 TI 

J42 74ALS645-1 TI 

J43 74ALS645-1 TI 

J45 74ALS645-1 TI 

J44 74ALS645-1 TI 

J46 74ALS645-1 TI 

J47 74ALS645-1 TI 
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COMPONENT PART LIST SYS68KiAGC-IB 

----------------------------------------------------------------
Location I Type Manufacturer 

----------------------------------------------------------------
I 

J48 I 74ALS645-1 TI 
I 

J49 I 74ALS645-1 TI 
I 

J59 I 74ALS645-1 TI 

J51 74ALS645-1 TI 

J52 74ALS645-1 TI 

J53 74ALS645-1 TI 

J54 74ALS645-1 TI 

J55 74F74 MOT, FAIR, VALVO 

J56 74F94 MOT, FAIR, VALVO 

J57 74LS244 TI 

J58 74F245 MOT, FAIR, VALVO 

J59 74F245 MOT, FAIR, VALVO 

J69 74AS646 TI 

J61 74AS646 TI 

J62 74F373 MOT, FAIR, VALVO 

J63 74F157 MOT, FAIR, VALVO 

J64 74F138 MOT, FAIR, VALVO 

J65 PAL 29L8A MMI, NS 

J66 PAL 29L8A MMI, NS 

J67 AM2966 AMD 

J68 AM2966 AMD 

J69 74F373 MOT, FAIR, VALVO 
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COMPONENT PART LIST SYS68KiAGC-IB 

ICs 

----------------------------------------------------------------
Location Type Manufacturer 

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

J70 74F157 MOT, FAIR, VALVO 

J71 74F138 MOT, FAIR, VALVO 

J72 PAL 20L8A MMI, NS 

J73 74F244 MOT, FAIR, VALVO 

J74 AM 2966 AMD 

J75 AM 2966 AMD 

J76 74F373 MOT, FAIR, VALVO 

J77 74F245 MOT, FAIR, VALVO 

J78 74F245 MOT, FAIR, VALVO 

J79 41464P-12 HIT 

J80 41464P-12 HIT, NEC 

J81 41464P-12 HIT, NEC 

J82 41464P-12 HIT, NEC 

J83 41464P-12 HIT, NEC 

J84 41464p-12 HIT, NEC 

J85 41464P-12 HIT, NEC 

J86 41464P-12 HIT, NEC 

J87 41464P-12 HIT, NEC 

J88 41464P-12 HIT, NEC 

J89 41464P-12 HIT, NEC 

J90 41464P-12 HIT, NEC 

J91 41464P-12 HIT, NEC 
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COMPONENT PART LIST SYS68K/AGC-IB 

----------------------------------------------------------------
Location Type Manufacturer 

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

J92 41464P-12 HIT, NEC 

J93 41464P-12 HIT, NEC 

J94 41464P-12 HIT, NEC 

J95 41464P-12 HIT, NEC 

J96 41464P-12 HIT, NEC 

J97 41464P-12 HIT, NEC 

J98 41464P-12 HIT, NEC 

J98 41464P-12 HIT, NEC 

J99 41464P-12 HIT, NEC 

JHH' 41464P-12 HIT, NEC 

JHH 41464P-12 HIT, NEC 

J102 41464P-12 HIT, NEC 

J103 41464P-12 HIT, NEC 

Jl04 41464P-12 HIT, NEC 

Jl05 41464P-12 HIT, NEC 

J106 41464P-12 HIT, NEC 

Jl07 41464P-12 HIT, NEC 

Jl08 41464P-12 HIT, NEC 

Jl09 41464P-12 HIT, NEC 

Jl10 41464P-12 HIT, NEC 

JIll 41464P-12 HIT, NEC 

Jl12 41464P-12 HIT, NEC 
-----------------------------------------------------------------
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COMPONENT PART LIST SYS68K/AGC-IB 

Location Type Manufacturer 
----------------------------------------------------------------

Jl13 41464P-12 HIT, NEC 

Jl14 41464P-12 HIT, NEC 

Jl15 41464P-12 HIT, NEC 

Jl16 41464P-12 HIT, NEC 

Jl17 41464P-12 HIT, NEC 

Jl18 41464P-12 HIT, NEC 

Jl19 41464P-12 HIT, NEC 

J120 41464P-12 HIT, NEC 

J121 41464p-12 HIT, NEC 

J122 41464P-12 HIT, NEC 

J123 41464P-12 HIT, NEC 

J124 41464P-12 HIT, NEC 

J125 41464P-12 HIT, NEC 

J126 41464P-12 HIT, NEC 

J127 41464P-12 HIT, NEC 

J128 41464P-12 HIT, NEC 

J129 41464P-12 HIT, NEC 

J130 41464P-12 HIT, NEC 

J131 41464P-12 HIT, NEC 

J132 41464P-12 HIT, NEC 

J133 41464P-12 HIT, NEC 

J134 41464p-12 HIT, NEC 
----------------------------------------------------------------
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COMPONENT PART LIST SYS68K/AGC-IB 

Location Type Manufacturer 

J135 41464P-12 HIT, NEC 

J136 41464P-12 HIT, NEC 

J137 41464P-12 HIT, NEC 

J138 41464P-12 HIT, NEC 

J139 41464P-12 HIT, NEC 

J14riJ 41464P-12 HIT, NEC 

J141 41464P-12 HIT, NEC 

J142 41464P-12 HIT, NEC 
----------------------------------------------------------------
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COMPONENT .~ART LIST SYS68K/AGC-IB 

RESISTOR NETWORKS 

1 Location 1 Type 1 Manufacturer 1 
1-----------------------------------------------------------------1 
1 I 1 1 
1 Nl 1 9 * 3.3K OHM 1 VARIOUS I 
1 1 1 1 
1 N2 1 9 * 3.3K OHM 1 VARIOUS 1 
I 1 1 1 
1 N3 1 9 * 47a OHM 1 VARIOUS 1 
1 1 1 1 

CAPACITORS 

1 Location 1 Type I Manufacturer 1 
1----------------------------------------------------------------1 
1 1 1 1 
1 Cl - C69 1 laa nF KER 1 VARIOUS 1 
1 1 1 1 
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COMPONENT PART LIST SYS68K/AGC-1B 

MECHANICAL PARTS 

----------------------------------------------------------------
Location Type I Manufacturer 

----------------------------------------------------------------
I 

J1 - J3 16 PIN SOCKET I VARIOUS 
I 

J4 - J37 29 PIN STACKED I T & B 
DIP SOCKET 

J38 29 PIN SOCKET VARIOUS 

J39 - J54 29 PIN STACKED T & B 
DIP SOCKET 

J55 - J56 14 PIN SOCKET VARIOUS 

J57 - J59 29 PIN STACKED T & B 
DIP SOCKET 

J69 - J61 24 PIN SLIM VARIOUS 
SOCKET 

J62 - J63 29 PIN STACKED T & B 
DIP SOCKET 

J64 16 PIN SOCKET VARIOUS 

J65 - J66 24 PIN SLIM VARIOUS 
SOCKET 

J67 - J69 29 PIN STACKED T & B 
DIP SOCKET 

J79 - J71 16 PIN SOCKET VARIOUS 

J72 24 PIN SLIM VARIOUS 
SOCKET 

J73 - J142 29 PIN STACKED T & B 
DIP SOCKET 

29 PIN STACKED DIP SOCKETS TOTAL OF 64 PIECES 
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MECHANICAL PARTS 

Location 

PI 

P2 

P3 

Bl - B2 

Frontpanel 

COMPONENT PART LIST SYS68K/AGC-IB 

Type 

VG MALE 
CONNECTOR 

2 x SCREW 2.5/18 
2 x MOTHER 2.5 

VG MALE 
CONNECTOR 

2 x SCREW 2.5/18 
2 x MOTHER 2.5 

VG FEMALE 
CONNECTOR 

96 PIN Nr 983864 
2 x SCREW 2.5/18 
2 x MOTHER 2.5 

TW 9 

FRBL AGC-IB 

PC-Board AGC-IB 

JUMPER 3x 

Manufacturer 

FORCE 983839 

FORCE 983838 

VARIOUS 

(without wire wrap) 

VARIOUS 

VARIOUS 

VARIOUS 

----------------------------------------------------------------
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APPENDIX G 

LITERATURE REFERENCE 

Please refer to the following books for further more detailed 
information. 

1) User's manual of the 63484 ACRTC, including description of 
the instructions - M-01-85--1.ACRTC(680-1-31) HITACHI 

3) 

4) 

5) 

HD63484 ACRTC APPLICATION NOTE I 680-3-08 

HD63484 ACRTC APPLICATION NOTE II 680-3-07 

VMEbus specifications 2618 S Shannon 
Tempe Arizona 85282 
(602) 966-5936 

G-l 
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APPENDIX H 

DEFAULT JUMPER SETTINGS ON THE SYS68K/AGC-1 BOARDS 

Description Jumpers 1 Default I Schematics 1 See Page 

1 1-8 
1 B1 2-7 1-C2 1-19 

Boa r d Size 1 1 3 6 1 1 
1 1 4-5 1 1 

Selection I---------------------------------------~-----
1 1 1 8 1 1 
1 B2 1 2 7 1 1-C3 1 1-19 
1 1 3 6 1 1 
1 1 4 5 1 1 

-----------------------------------------------------------------
1 1 1-12 

Base Address 1 1 2-11 
I 1 3-19 

Selection 1 B3 I 4-9 1-D1 1-9 
I 158 

$C99999 1 I 6 7 

1 1-16 
1 Address Modifier 2-15 
1 3-14 
1 Selection B4 4 13 2-C3 1-26 
1 5 12 
1 AM-Code = 3D,3E 6-11 
1 I 1 7 19 I I 
I I I 8-9 I I 
1-----------------------------------------------------------------
1 1 1 1-19 1 1 
1 Access- 1 1 2 9 I I 
- Synchronisation 1 B5 1 3 8 1 3-A3 1 

I 1 4 7 1 1 
Setting I I 5 6 1 1 

Short I/O-Access 
B6 

Selection 

CSYNC Polarity B7 

H-l 

1-19 
2-9 
3-8 
4-7 
5 6 

1-2 

3-C3 

4-Cl 

1-15 

1-127 



APPENDIX H 

Jumper Location Diagram of Jumpers Bl = B7 

D 

817 

C17 J94 J28 J30 Jl J25 J9 
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APPENDIX H 

DEFAULT JUMPER SETTINGS ON THE SYS68K/AGC-1 

Description Jumpers 1 Default 1 Schematics 1 See Page 

Blink Switch 
Mode 

B8 
1 1 2-3 
1 4 5-6 
167 8 
1 9 19 11 

1 1 

4-D2 1-39 

Light Pen Strobe 1 B9 1 1-2 3 5-A3 1-123 
Polarity 1 1 

-----------------------------------------------------------------
1 1 

Master/Slave 1 B19 1 1-2 3 1 5-A4 1 1-126 
1---------------------------------------------

Mod ell 1-2 1 1 
1 B11 1 3-4 1 6-Al 1 1-126 

-----------------------------------------------------------------
1 1 1 

Scroll Clock 1 B12 1 1-2 3 7-C1 1 1-129 
1 1 1 

-------------------------------------~---------------------------
1 1 14 1 
1 2 13 1 
1 3 12 1 

BLANK Delay 1 B13 4 11 7-Cl 1 
1 5-19 1 
169 1 
178 1 

-----------------------------------------------------------------
1 1 16 
1 2 15 
1 3 14 
1 4 13 

RAS - Timing 1 B14 5 12 7-C2 
1 6 11 
1 7 19 

1 1 1 8 9 1 1 
1-----------------------------------------------------------------
1 1 1 1 2 3 1 1 
1 1 1 4 5 6 1 1 
I 1 1 7 8 9 1 1 
1 1 119 11-12 1 1 
1 CAS - Timing 1 B15 113-14 15 1 7-C3 1 
1 1 116 17 18 1 1 
1 1 119 29 21 1 1 
1 I 122 23 24 1 I 
I 1 I I I 
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APPENDIX H 

Jumper Location Diagram of Jumpers B8 = BIS 

~ ~~ ~ ~'~ 
I 

z~ D 
~ ~~ 
I ~ J J38 .liS 

Ow n J75 

OD~Dll ~~, , 04J n U N~ 
J57 C3 - bl C7 gJ60.[J 

g,mQ ~ 
. 0 '" 

Jd7 

D 

H-4 



APPENDIX H 
DEFAULT JnMPER SETTINGS ON THE SYS68K/AGC-l 

Description Jumpers I Default I Schematics I See Page 

Register Timing B16 

WRITE - Timing B17 

Switch Colour B18 

Mode 

1-8 
2 7 
3 6 
4 5 

I 123 
I 456 
I 789 
I H'-11 12 
113 14 15 
116 17 18 
119 29-21 

H-5 

1 8 
2 7 
3-6 
4-5 

7-03 

7-03 

4-C3 1-36 



APPENDIX H 

Jumper Location Diagram of Jumpers BI6 ~ BIB 

~~ J69 

~ .. ~ 
-J ~ 
~o.--

~ 78 

J66 

J67 

p-'L-J 
r-- 0 

r--

o ~ n J19 N't ~ 
:<;7 ;;10 " -:;1 C7 "'" 0 OJ Jl2 ~ D D J1 

~oa <D ~ D 
L..-L-....~J31 

J34 

J47 D n 
BNC3 t; n 0 J82 J24 ~ 

62 J70 
o 

J5 
J2 

o -

O~ 

o 50 

D~~ 
81 0 ~ B DDB~ ~.] 

J:"cf D D ~ Do J17 ~7 
oc:J J39 

o ~ow; ~t~~8 ~TJ 
mdO ODO Do ~~TJDODODu 

C17 J94 J28 J30 J7 J25 J9 J6 J92 J91 J76 J26 
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GRAPHIC COMMANDS SUMMARY 

1. Modify Mode 

MM-OO 

! 
BRep'ICI 

I 0 0 0 0 11 1 1 1 1 1 10 0 0 0 0 01 MASK Ragist.r 

too 0 1 I 0 0 1 0 0 0 11 1 0 1 0 01 Read Data 
(Frame Buffer Deta: before modified) 

\1/ II 

10 0 0 1 10 1 o 1 1 111 1 o 1 o 01 
Write Dlta 
(Frame Buff.r Data: modified) 

L 10 1 0 1 1 1 I J Modifi.r Doto 
(Set by COMMAND PARAMETER) 

The read data bit positions for which the MASK register contains '1' is REP­
LACED with the command parameter modifier data. The result is rewritten to 
the read data location in the frame buffer. 

Figure 6.5(a) REPLACE Modify Mode 
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MM=Ol 

~ 
~OR 

I 0 0 0 0 11 1 1 1 1 1 10 0 0 0 0 01 MASK Register 

10001100 1 0 o 0 11 1 0 1 0 oj Read Data 
(Frame Buffer Data: before modified) 

~ 
't 

I 0 0 0 11 0 1 1 1 1 1 11 1 0 1 0 0/ 
Write Data 
(Frame Buffer Oat8: modified) 

I 
1 I 0 1 o 1 1 11 I Mod if ier D8t8 

ISet by COMMAND PARAMETER) 

The read data bit positions for which the MASK register contains '1' is ORed 
with the command parameter modifier data. The result is rewritten to the read 
data location in the frame buffer. 

Figure 6.5(b) OR Mofify Mode 

132 HITACHI 



MM-l0 

~ 
BAND 

I 0 0 0 0 l' 1 1 1 1 1 10 0 0 0 0 01 MASK Register 

10001100 1 0 1 1 l' 1 0 1 0 OJ Read Data 
(Fra",e Buffer Oat.: before modified) 

~ 
10001100 o 0 1 1 l' 1 0 1 0 01 

Write Data 
(Frame Buffer Data: modified) 

I 
I I 0 1 o 1 1 1 I I Modifier Data 

(Set by COMMAND PARAMETER) 

The read data bit positions for which the MASK register contains '1' is ANDed 
with the command parameter modifier data. The result is rewritten to the read 
data location in the frame buffer. 

Figure 6.5(c) AND Modify Mode 
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MM= 11 

~ 
GeOR 

1 0 0 0 0 11 1 1 1 1 1 10 0 0 0 0 0 I MASK Register 

10001100 1 0 o 0 11 1 0 1 0 01 Read Data 
(Frame Buffer Data: before modified) 

~ 
I 0 0 0 110 1 1 1 o o} 1 0 1 0 oj Write Data 

,(Frame Buffer Data: modified) 

I 
1 1 1 0 1 o 01 1 

Modifier Data 
(Set by COMMAND PARAMETER) 

The read data b't positions for which the MASK register contains '1' is EORed 
with the command parameter modifier data. The result is rewritten to the read 
data location in the frame buffer. 

Figure 6.5(d) EOR Modify Mode 
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2. Operation Mode Examples 

OPM = 000 

l 
E]RePlaCe 

3 0 

1011 1·1·1 OPO in OP 14 bit/pixel mode) 

I 0 0 0 '1'. 0 , 010 0 , , 0 , 0 01 Read dlta 
(Frame Buffer data: before correction) 

\V 
10 0 0 1 t,o 1 0 '10 0 1 , 0 , 0 01 Write data 

(Frame Buffer data: .tter correction) 

L 10 , 0 , I I Color data (Color register) 

One pixel of the frame buffer read data is REPLACED with the corresponding 
color register data and the result is rewritten to the frame buffer read data location. 
The dot pointer serves to extract the pixel from the frame buffer word - in this ex­
ample, 4 bits/pixel. 

Figure 6.9(a) REPLACE Operation Mode 
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3 0' 

1011 '·1·' DPD in DP (4 bit/pixel mode) 

1 0 0 0 1 li,::;'!~>] d~dO 0 1 1 0 1 0 01 
Read data 
(Frame buffer data: before correction) 

~ 
~. 

10 0 0 1 :dO 0 1 1 0 1 0 oj Write data 
(Frame buffer data: after correction) 

I 
1 ~;lj:!1 J Color data lcolor register) 

One pixel of the frame buffer read data is ORed with the corresponding color 
register data and the result is rewritten to the frame buffer read data location. The 
dot pointer serves to extract the pixel from the frame buffer word - in this exam­
ple, 4 bits/pixel. 

Figure 6.9(b) OR Operation Mode 
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OPM = 010 .. 
010 I AND 

3 0 

1011 1·1·1 OPO in OP (4 bit/pixel model 

1 0 0 0 1 10 Of 010 0 1 1 0 1 0 01 
Read data 
(Frame buffer data: before correction) 

~ 
1 0 0 0 1 10 00 010 0 1 1 0 1 0 01 

Write data 
(Frame buffer data: after correction) 

1 
I I I) to 11 I Color data (Color register) 

One pixel of the frame buffer read data is ANDed with the corresponding color 
register data and the result is rewritten to the frame buffer read data location. The 
dot pointer serves to extract the pixel from the frame buffer word - in this exam-
ple, 4 bits/pixel. 

Figure 6.9(c) AND Operation Mode 
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OPM = 011 

~ 
011 I EOA 

3 0 

1011 1·1·' OPO in OP 14 bit/pi Kef model 

Read data 
(Frame buffer data: before correction) 

Write data 
(Frame buffer data: after correction) 

Color data (color register) 

One pixel of the frame buffer read data is EORed with the corresponding color 
register data and the result is rewritten to the frame buffer read data location. The 
dot pointer serves to extract the pixel from the frame buffer word - in this exam­
ple, 4 bits/pixel. 

Figure 6.9(d) EOR Operation Mode 
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OPM = 100 

• 1 00 I Conditional Replacement (P = CCMP) 

3 0 

1011 1·1·1 DPD in DP (4 bit/pixel mode) 

~--~~+-~----------~ 
Color Comparison Register data (CCMP) 

Read data 
(Frame buffer data: before correction) 

Write data 
(Frame buffer data: aftar correction) 

Color data (Color registerl 

One pixel of the frame butTer read data is compared with the corresponding one 
pixel contents of the Color Comparison Register (CCMP). If equal, the read data is 
replaced with the color data and the result is rewritten to the read data location in 
the frame butTer. If not equal, the read data (unmodified) is rewritten to the read 
data location in the frame butTer. The dot pointer serves to extract the pixel from 
the frame butTer word - in this example, 4 bits/pixel. 

Figure 6.9(e) P= CCMP Operation Mode 
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OPM=101 

~ Conditional Replacement (P + CCMP) 

3. 0 

1011 1·1·1 DPD in DP (4 bit/pixel mode) 

Color Comparison Register (CMP) data 

Read data 
(Frame buffer data: before correction)· 

Write data 
(Frame buffer data: after correction) 

Color data (Color register) 

One pixel of the frame buffer read data is compared with the corresponding one 
pixel contents of the Color Comparison Register (CCMP). If not equal, the read 
data is replaced with the color data and the result is rewritten to the read data loca­
tion in the frame buffer. If equal, the read data (unmodified) is rewritten to the read 
data location in the frame buffer. The dot pointer serves to extract the pixel from 
the frame buffer word - in this example, 4 bits/pixel. 

Figure 6.9(1) P =1= CCMP Operation Mode 
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OPM= 110 

~ Conditional Replacement IP < CLI 

3 0 

10 I, 1·1·1 DPD in DP 14 bit/pixel model 

Read data 
(Frame buffer data: before correction) 

,..----Jj"--....,..---...-----"----., Write data 
(F fame buffer data: after correct ion 1 

Color data (Culor register) 

One pixel of the frame buffer read data is compared with the corresponding one 
pixel contents of the color data (CL). If the read data is LESS than the color data, 
the read data is replaced with the color data and the result is rewritten to the read 
data location in the frame buffer. If the read data is GREATER than or EQU AL to 
the color data, the read data (unmodified) is rewritten to the read data location in 
the frame buffer. The dot pointer serves to extract the pixel from the frame buffer 
word - in this example, 4 bits/pixel. 

Figure 6.9(g) P< CL Operation Mode 
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OPM = 111 

~ 
1 1 1 I Conditional Replacement (P > eL) 

3 0 

10 11 1-1·1 OPO in OP (4 bit/pixel mode) 

000 0 00110100 Read data 
(Frame buffer data: before correction) 

o 0 0 1 Write data 
(Frame buffer data: after correction) 00110100 

Color data (Color register) 

One pixel of the frame buffer read data is compared with the corresponding one 
pixel contents of the color data (CL). If the read data is GREATER than the color 
data, the read data is replaced with the color data and the result is rewritten to the 
read data location in the frame buffer. If the read data is LESS than or EQUAL to 
the color data, the read data (unmodified) is rewritten to the read data location in 
the frame buffer. The dot pointer serves to extract the pixel from the frame buffer 
word - in this example, 4 bits/pixel. 

Figure 6.9(h) P> CL Operation Mode 
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,--------------, 
I J7//I I 
I tLL1 I 
I I 

I 11 I I 
I I 
I I 
I 

I 
I 
I 
I 
I I L ______________ ...1 

Drawing Pattern 

r--------------, 
I I 
I F7A I 
I tL:d I 
I I 
I I 
I I 
I I 

Replacement 

r--------------, 
I I 
I I 
I I 
I I 

nJ1 
I 
I 
I 

I L ______________ -.! 

AND 

Picture Memory before Drawing 

,---------------, 

OR 

I 
I 
I 
I 
I 

r--------------, 
I I 
I I7/l I 
I rL::l I 
I I 
I I 
I I 
I I 

EOR 

Figure 6.10 Operation Mode Example 
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3. Colour Mode Examples 

COL =00 

Graphic Pattern RAM 

(PEX, PEY) 

(PSX, PSY) 

If the scanned Pattern RAM bit is equal '0', Color Register 0 (CLO) determines 
the color information. If the scanned Pattern RAM bit is equal '1', Color Register 1 
(CLl) determines the color information. 

Figure 6.11 (a) Color Mode = 00 
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COL = 01 

Graphic Pattern RAM 
(c) 

O""-_,...-___ ~~-___,_II (PEX, PEY) 
Color Register 0 

x = 1 (PSX, PSY) 

If the scanned Pattern RAM bit is equal '0', the drawing operation is suppressed 
and the frame buffer is not changed. If the scanned Pattern RAM bit is equal '1', 
Color Register 1 (CLl) determines the color information. 

Figure 6.11 (b) Color Mode .:.... 01 
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COL = 10 

Color Information 

=r= 
Color Register 0 

Graphic Pattern RAM 

(PEX, PEY) 
,-------, 

(PPX, PPY) 

Color Register 1 

(PSX, PSY) 

If the scanned Pattern RAM bit is equal '1', the drawing operation is suppressed 
and the frame buffer is not changed. If the scanned Pattern RAM bit is equal '0', 
Color Register 0 (CLO) determines the color information. 

Figure 6.11 (e) Color Mode = 10 

HITACHI 151 



ICOL=lll 

PPX Pattern RAM PPY 
3 F 

2 E 

1 D 

0 C 

3 B 

2 " 9 

0 8 

3 7 

2 6 

5 

0 4 

3 3 C D E F 

2 2 8 A B 

4, 6 

~Ol o 

Bit Information on Pattern RAM 

Figure 6.11 Cd) Color Mode = 11 

In the former three color modes (Pattern RAM indirect), the actual color infor­
mation is stored in the color registers (CLO, CLl) and selection is based on the 0 or 
1 bit value during Pattern RAM scanning. 

In color mode = 11 (Pattern RAM direct), the Pattern RAM contents are di­
rectly used to generate color information. This is accomplished by remapping of the 
Pattern RAM so that it is interpreted as containing up to 4 by 4 logical pixel color 
patterns, each of which contains 16 bits of color information. 
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4. Area Mode Examples 

AREA= XOO : Area Mode 
(XMAX, YMAX) 

(XMIN, YMIN) 

Drawing is executed without area checking. 

Figure 6.12(&) Area Mode = XOO 

HITACHI 155 



/ 
/ 

I 
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I 
I 
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\ 
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" " 

AREA = 001 I: Area Mode 

(XMAX, YMAX) 

" ----"'" 

Area Definition 

I 
I 

I 
I 

I 

(XMIN, YMIN) 

Drawing is executed as long as the CP (Current Pointer) resides in the defined 
area. When the drawing operation causes the CP to go outside the defined area, the 
drawing instruction is terminated and the ARD (Area Detect) and CEO (Command 
End) flags in the Status Register (SR) are set to '1'. 

Figure 6.12(b) Area Mode = 001 
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AREA = 010 I: Area Mode 
(XMAX, YMAX) 

(XMIN, YMIN) 

Wheh the CP (Current Pointer) is outside the defined area, drawing is sup­
pressed but the drawing operation continues. When CP is inside the defined area, 
drawing operation is enabled. When the drawing instruction execution is completed, 
the CEO (Command End) bit in the Status Register (SR) is set to '1'. The ARD 
bit (Area Detect) bit in the Status Register is not set to '1' at any time during the 
drawing instruction execution regardless of whether CP goes inside or outside the 
defined area. 

Figure 6.12(c) Area Mode = 010 
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\ 

AREA= 011 I : Area Mode 

(XMAX. YMAX) 

" 

(XMIN, YMIN) 

This mode is the same as AREA MODE = 010 in that drawing is enabled 
when CP (Current Pointer) is inside the defined area and suppressed when CP is 
outside the defined area. However, if at any time during the drawing instruction ex­
ecution, CP goes outside the defined area, the ARD (Area Detect) bit in the Status 
Register (SR) will be set to '1'. The ARD bit can be monitored to determine when 
the CP goes outside the defined area. 

Figure 6.12(d) Area Mode = 011 
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AREA = 101 I: Area Mode 

(XMAX, YMAX) 

Area Definition 

I 
I 
I 

I 

/ 
/ 

\ I 
\ / 

, I 
/ 

" ~--------------~'---_/ 
(XMIN, YMIN) 

Drawing is executed as long as the CP (Current Pointer) resides outside the de­
fined area. When the drawing operation causes the CP to go inside the defined area, 
the drawing instruction is terminated and the ARD (Area Detect) and CEO (Com­
mand End) flags in the Status Register (SR) are set to '1'. 

Figure 6.12(e) Area Mode = 101 
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AREA = 110 I: Area Mode 

(X MAX, YMAX) 

(XMIN, YMIN) 

When the CP (Current Pointer) is inside the defined area, drawing is suppressed 
but the drawing operation continues. When CP is outside the defined area, drawing 
operation is enabled. When the drawing instruction execution is completed, the 
CED (Command End) but in the Status Register (SR) is set to '1'. The ARD bit 
(Area Detect) bit in the Status Register is not set to '1' at any time during the 
drawing instruction execution regardless of whether CP goes inside or outside the 
defined area. 

Figure 6.12 (f) Area Mode = 110 
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AREA = 111 I: Area Mode 

(XMIN, YMIN) 

(XMAX, YMAX) 

Area Definition 
/ 

I 

This mode is the same as AREA MODE = llO in that drawing is enabled 
when CP (Current Pointer) is outside the defined area and suppressed when CP is 
inside the defined area. However, if at any time during the drawing instruction ex­
ecution, CP goes inside the defined area, the ARD (Area Detect) bit in the Status 
Register (SR) will be set to '1'. The ARD bit can be monitored to determine when 
the CP goes inside the defined area. 

figure 6.12 (g) Area Mode = 111 
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TYPE MNEMONIC COMMAND NAME OPERATION CODE PARAMETER # (words) - (cycles) 
ORG Origin a a a a a 1 ,0 0,0 a a a '0 a a a DPH DPL 3 8 

Register WPR Write Parameter Register a a a 0'1 a ,0 a ,0 a a, RN D 2 6 
Access RPR Read Parameter Register a a a 0'1 1 ,0 0'0 a a, RN 1 6 

Command WPTN Write Pattern RAM a a a 1,1 a ,0 0'0 a a a, PRA n Dl,· . , Dn n+2 4n+8 
RPTN Read Pattern RAM a a a 1,1 1 '0 0'0 a a a, PRA n 2 4n+l0 
DRD DMA Read a a 1 a :0 1 i a 0:0 a a a ,a a 0 a AX AY 3 (4x+8)y+12[x'y/8t) +(62-68) 

~_T_ DMA Write a a 1 0:1 a 'a ala a a a ,a a a a AX AY 3 14x+8)y+16[x'y/8t) +34 
DMOD DMA Modify a a 1 all 1 : 0 0:0 a a a ,a O:MM AX AY 3 14x+8)y+16Ix'y/8t) +34 
RD Read a 1 a a 'a 1 '0 0'0 a a a :0 a a a 1 12 

Data WT Write a 1 a 0'1 a '0 0:0 a a a 'a a a a D 2 8 Transfer 
Command MOD Modify a 1 0 all 1 '0 0,0 a a a ,a 0' MM D 2 8 

CLR Clear a 1 a 1 1 a : a 0,0 a a a 'a a a a D AX AY 4 12x+8)y+12 
SCLR Selective Clear a 1 a 1 '1 1 '0 0'0 a a a ,a O:MM D AX AY 4 14x+6)y+12 
CPY Copy a 1 1 a IS : DSD ,0 a a a ,a a a a SAH SAL AX AY 5 16x+l0)y+12 
SCPY Se lect ive Copy a 1 1 1 ,5' DSD ,a a a a ,0 0: MM SAH SAL AX AY 5 16x+l0)y+12 

~?VE Absolute Move 1 a a a a a ,0 0,0 a a a ,0 a a a X Y 3 56 
RMOVE Relative Move 1 a a a 10 1 '0 0,0 a a a ,0 a a a dX dY 3 56 
ALINE Absolute Line 1 a a 0,1 a '0 0' AREA COL OPM X Y 3 P'L+18 
RLiNE Relative Line 1 a a a 1 1 ,0 0' AREA COL OPM dX dY 3 P'L+18 
ARCT Absolute Rectangle 1 a a 1 :0 a ,0 a' AREA COL OPM X Y 3 2PIA+B)+54 
RRCT Relative Rectangle 1 a a 1 :0 1 ,0 0' AREA COL OPM dX dY 3 2PIA+B)+54 
APLL Absolute Polyline 1 a a 1 '1 a ,0 0' AREA:COL OPM n Xl, Yl,. . Xn, Yn 2n+2 L[P'L+16)+8 
RPLL Relative Polyline 1 a a 1 ,1 1 '0 0' AREA,COL OPM n dXl,dYl, . dXn, dYn 2n+2 LIP'L+16)+8 
APLG Absolute Polygon 1 a 1 a ,0 a ,0 0' AREA:COL OPM n Xl, Yl, .. Xn, Yn 2n+2 L[P'L+16]+P'Lo+20 
RPLC Relative Polygon 1 a 1 a ,a 1 '0 0; AREA' COL OPM n dXl,dYl, .. dXn, dYn 2n+2 LIP'L+16)+P'Lo+20 

Graphic CRCL Circle 1 a 1 0'1 a 'O'C' AREA:COL:OPM r 2 8d+66 
Command ELPS Ellipse 1 a 1 0 1 1 I o'e; AREA:COLIOPM a b dX 4 10d+90 

AARC Absolute Arc 1 a 1 1 a a 'O'C ' AREA:COL:OPM Xc Yc Xe Ye 5 8d+18 
RARC Relative Arc 1 a 1 1 '0 1 ,O,C' AREA'COL'OPM dXc dYe dXe dYe 5 8d+18 
AEARC Absolute Ellipse Arc 1 a 1 1 '1 a 'O,C' AREA: COL'OPM-

f---.-
Xc Yc Xe Ye 7 10d+96 a b 

~. Relative Ellipse Arc 1 a 1 1,1 1 'o'c' AREA: COL: OPM a b dXc dYc dXe dYe 7 10d+96 
AFRCT Absolute Filled Rectangle 1 1 a o ,0 a '0 0' A'REA:'COL: OPM X Y 3 IP'A+B)B+18 

RFRc;-T Relative Filled Rectangle 1 1 a a 'a 1 ,0 0' AREA: COL: OPM dX dY 3 IP'A+B)B+18 
PAINT Paint 1 1 a 0'1 O~ AREA: COL: OPM 1 118A+l02)B-58 *1) 

DOT Dot 1 1 a 0'1 1 '0 0: AREA: COL: OPM 1 8 
PTN Pattern 1 1 a 1 ISL: SD I AREA: COL: OPM Sl *2) 2 IP'A+l0)B+20 
AGCPY Absolute Graphic Copy 1 1 1 0,5 : DSD 

, AREA:O 0: OPM Xs Ys DX DY 5 IIP+2)A+l0)B+70 
RGCPY Relative Graphic Copy 1 1 1 1 '5 : DSD AREA: a O!OPM dXs dYs DX DY 5 IIP+2)A+l0)B+70 

*1) In case of rectangular filling 

15 87 0 

*2) Sl: LSly t Slx t Sly, Slx: Pattern Size 
n: number of repetition xlv: drawing words of x-direction/v-direction L/Lo/d: sum of drawing dots AlB: drawing dots of main/sub direction 

)4' OPM·OOO - all 
P~16:0PM.l00-lll 

E: [E~O Istopat Edge color), E~l Istop at excepting Edge color)) C: [C~l Iciockwise),C~O Ireverse)) [t): rounding up 

(') 
o 
3: 
3: » z 
C en 



IORG 

[1] ORG (Origin) PAGE ORG-1 

<FUNCTION> 
Associates a logical X-Y screen origin with a physical frame buffer ad­
dress. 

Register 
Access 

TYPE Command 

<MNEMONIC> 
ORG DPH,DPL 

<FORMAT> 

COMMAND CODE hexadecimal notation 
15 0 

I 0 0 0 0 10 1 0 0 10 0 0 0 10 0 0 0 I ($ 0 4 0 0) 

COMMAND PARAMETERS 

15 0 

I DPH I 
15 0 

I DPL I 

< DESCRIPTION> 

WORD NUMBER 
Wn=3 

EXECUTION CYCLES 
Cn=8 

The ORG command must be issued to the ACRTC prior to graphic drawing: ORG defines the 
logical X-Y coordinate origin upon which all graphic drawing addresses are based and sets the 
screen number in which to draw. 

The DPH and DPL (Drawing Pointer High, Low) parameters establish the physical address in 
the frame buffer at which the origin is set. This physical address is composed of the following three 
components - DN (Screen Number) is a screen designator, DPAH, DPAL (Drawing Pointer Ad­
dress High, Low) is a 20 bit address selecting one of 1 megawords in the frame buffer and DPD 
(Drawing Pointer Dot) specifies the bit field associated with the addressed logical pixel. 

The ORG command initializes the Drawing Pointer (DP) to the origin and clears the Current 
Pointer (CPI. 
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IORG 

ORG (Origin) PAGE ORG-2 

ON: OP: 151413 87 0 

o N I 0-0 I OPAH (8 bits) 

OPAL (12 bits) lDPD (4 bits) 
ON Screen Number 

00 Upper Screen 

01 Base Screen OPH (16 bits) 

10 Lower Screen OPL (16 bits) J 
11 Window Screen 

• The origin address of the X-Y coordinates is set with the 20-bit linear address using to 
OPAH and OPAL. 

• OPO determines the dot position in 16-bit data addressed by OPAH/OPAL. 
• ON sets screen number for drawing. 

Figure C 1 -1 ORG 
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IORG 

ORG (Origin) PAGE ORG-3 

<EXAMPLE> 
The origin for the Upper screen (screen number 0) is set to bit position 4-7 at frame 

buffer word address $25. 4 bits per logical pixel and Memory Width (MW) = $1 a are as­
sumed. 

COMMAND CODE 

15 a 
100 a 010 1 0 010 a a a /0 a 0 a I ($ a 4 a 0) 

COMMAND PARAMETERS 

15 a 
I a a a 010 a a 010 a a 010 a a 0/ ($ a a a 0) 

15 a 
I a a a a/a a 1 a/a 1 a 110 1 a a I ($ a 2 5 4) 

y 

o 1 2 3 4 5 6 7 8 9 ABC D E F 
o 1 1'1 II I I II 'I II , I II 1'1. I II I I II I I II I 'II I I I' I I I' , 'I" I I' , , I' I'll I' 

__________________ ~---------------------------------x 

Figure C1-2 ORG Execution Example 
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[2] WPR (Write Parameter Register) 

<FUNCTION> 
Write the contents of the Drawing Parameter Registers. 

<MNEMONIC> 
WPR (RN) D 

<FORMAT> 

COMMAND CODE hexadecimal notation 

15 0 

1 0 0 0 011 0 0 010 0 o!~ ($ 0 8 0 X) 

COMMAND PARAMETERS 

==;== 
5 bits 

15 0 
Ie---------1 

D (Data) . 

< DESCRIPTION> 

rWPR 

PAGE WPR-1 

Register 
TYPE Access 

Command 

WORD NUMBER 
Wn=2 

EXECUTION CYCLES 
Cn=6 

The Drawing Parameter Register number to be written is specified in the RN (Register 
Number) field of the op-code. The contents of the parameter (D) is written to the selected reg­
ister. 
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IWPR 

WPR (Write Parameter Register) PAGE WPR-2 

<EXAMPLE> 
The value $1111 is written to the CL 1 (Color 1) of the drawing parameter register. 

COMMAND CODE 

15 0 

1000011 000100010000 11 ($0801) 

COMMAND PARAMETERS 

15 0 

1000 11000 11000 11000 1 I ($1111) 

< Color Register> RN=Ol 

1514131211109876543210 

1000 11000 11000 110 ~ 
Figure C2-1 WPR Execution Example 
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[3] RPR (Read Parameter Register) 

<FUNCTION> 

Read the contents of the Drawing Parameter Registers. 

<MNEMONIC> 
RPR (RN) 

<FORMAT> 

COMMAND CODE 

15 0 

lii~_~~1 o~E~~~ 

COMMAND PARAMETERS 

- NON-

< DESCRIPTION> 

5 bits 

hexadecimal notation 

($ 0 COX) 

I RPR 

PAGE RPR-1 

TYPE 

Register 
Access 
Command 

WORD NUMBER 
Wn=1 

EXECUTION CYCLES 
Cn=6 

The Drawing Parameter Register number to be read is specified in the RN (Register Number) 
field of the command code. After execution, the contents of the specified Drawing Parameter Reg­
ister is loaded into the Read FIFO. 
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IRPR 

RPR (Read Parameter Register) PAGE RPR-2 

< EXAMPLE> 
The value $1111 in the Drawing Parameter Register (Color Register 1: CL 1) is loaded into 

the Read FIFO. 

COMMAND CODE 

15 0 

I 0 0 0 011 1 0 0 [0 0 0 i 0 0 0 0 1 I ($ 0 COl) 

COMMAND PARAMETER 
- NON-

< Color Register 1 > 

15 0 

1000 11000 11000 11 0- DO}] 

<Read FIFO> 

15 0 

1 000 11 0 0 ?_~§ ?_!Jii~iJ 
Figure C3-1 RPR Execution Example 
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[4] WPTN (Write Pattern RAM) 

<FUNCTION> 
Write data to the Pattern RAM. 

<MNEMONIC> 
WPTN (PRA) n, 01, 02, ... On 

<FORMAT> 

COMMAND CODE hexadecimal notation 

15 0 

1 0 0 0 111 0 0 0 leo 0 01 PRA I ($ 1 80 X) 

COMMAND PARAMETERS 

15 0 
'rl---n-(N-u-m-b-e-r-o-f -w-o-r-d-s)---I 

15 0 
rl----D-1-(-P-att-e-r-n-D-a-t-a)---.1 

15 0 
I--~[)-n-(Pattern Data) I 

< DESCRIPTION> 
WPTN command is used to write data into the Pattem KAIVl. 

IWPTN 

PAGE WPTN-1 

Register 
TYPE Access 

Command 

WORD NUMBER 
Wn=n+2 

EXECUTION CYCLES 
Cn=4n+8 

Pattern RAM Address (PRA) of $O-$F is allocated to the Pattern RAM and each PRA re­
presents 1 word (1 6 bits) of pattern RAM. 

The PRA (Pattern RAM Address) field of the command code selects the Pattern RAM word­
address at which writing starts. The first parameter is n, the number of words to be written. This is 
followed by n data words (D1-Dnl. 

For the 8-bit interface, 1 word is divided into high and low bytes. The pattem data is sent 
in the order of the high byte, then the low byte. The first parameter n must be set to (the num­
ber of words) x 2. (In this case writing in unit of byte is not allowed.) 
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IWPTN 

WPTN (Write Pattern RAM) PAGE WPTN-2 

<EXAMPLE> 
Two words of data, $2314 and $5713, are written to the Pattern RAM beginning at ad­

dress $B. 

COMMAND CODE 

15 0 

1000 111 0001000 011 0 TTl ($ 1 80 B) 

COMMAND PARAMETERS 
15 0 

I 0 0 0 0 10 0 0 0 I 0 0 :ii[O 0 1 0 I ($ 0 0 0 2) 
15 0 

liQj-.9lQij 110 0 0 ~o=o] ($ 2 3 1 4) 
15 0 

@iiil~_l __ ~_-~l~_~? 1_~ 0 1 1 I ($ 5 7 1 3) 

15 

14 

13 

12 

11 

10 

bit 
o - 15 .------..., 

15 

Pattern 
RAM 

0f--____ ~ 

LSB 
I 
I 
I 
I 
I 
I 
I 

1 1 

0 0 

0 

1 

0 1 0 0 

0 1 0 0 

.. 

0 1 1 1 0 1 0 

o 1 1 0 o 0 1 

Figure C4-1 WPTN Execution Example 
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[5] RPTN (Read Pattern RAM) 

<FUNCTION> 
Read Data from the Pattern RAM. 

<MNEMONIC> 
RPTN (PRA) n 

<FORMAT> 

COMMAND CODE 

15 0 

[ 0 0 0 1 [1 1 0 0 10 0 0 01 PRA 1 

COMMAND PARAMETERS 

15 o 
rl-------n--(N-u-m--be--r-o-f-w--or-d-)----~I 

< DESCRIPTION> 

hexadecimal notation 

($ 1 COX) 

RPTN command is used to read the data ih the Pattern RAM. 

rRPTN 

PAGE RPTN-1 

Register 
TYPE Access 

Command 

WORD NUMBER 
Wn=2 

EXECUTION CYCLES 
Cn=4n+ 10 

Pattem RAM address (PRA) of $O-$F is allocated to the Pattern RAM and each PRA repre­
sents 1 word (1 6 bits) of Pattern RAM. 

The PRA (Pattern RAM Address) field of the command code select the Pattern RAM word 
address at which reading starts. The parameter n specifies the number of words to be read. 
The specified Pattern RAM contents are loaded into the Read FIFO. 

For the 8 bit interface, 1 word of the pattern RAM is divided into high and the low bytes. The 
pattern data is put into the Read FIFO in the order of the high byte, the low byte. 
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I RPTN 

RPTN (Read Pattern RAM) PAGE RPTN-2 

<EXAMPLE> 
Two words of data. $2314 and $5713 from the Pattem RAM beginning from address $B is 

placed in the Read FIFO. 

COMMAND CODE 

15 0 

1 0 0 0 111 1 0 010 0 0 01 1 0 1 1 I ($ 1 COB) 

COMMAND PARAMETERS 

15 0 

I 0 0 0 _9l? 0 0 o.~O 0 01 0 0 1 0 I ($ 0 0 0 2) 

o 
15 

en 
en 
~ I 
"0 
"0 « 

15 

14 

13 

12 1 

11 0 

10 
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Read FIFO 

15 

0 0 oJ 1 1 1 

0 0 01 1 1 0 

~ 
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011 

010 

Figure C5-1 RPTN Execution Example 
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[6] ORO (OMA Read) 

<FUNCTION> 
Transfer data from the frame buffer to the MPU system memory. 

<MNEMONIC> 
ORO AX, AY 

<FORMAT> 

COMMAND CODE 

15 0 

100 1 010 1 0010000100 oB 
COMMAND PARAMETERS 

15 o Ir--- AX 

15 0 

~I ------~-A_Y_~~.~ ____ ~I 

< DESCRIPTION> 

hexadecimal notation 

($ 2 4 0 0) 

lORD 

PAGE ORO-1 

Data 
TYPE Transfer 

Command 

WORD NUMBER 
Wn=3 

EXECUTION CYCLES 

Cn= (4x+ 8)y+ 12 [X~y rJ 
+(62-68) 

x=IAXI+1 
y=IAYI+1 

ORO command causes the ACRTC to enter DMA Data Transfer Mode in which the ACRTC 
will control the external DMAC to transfer data (in unit of words) from the rectangular area in the 
frame buffer to the MPU memory. The frame buffer data origin must be predefined in the Read 
Write Pointer (RWP). The parameters of the command define the frame buffer area to be read in 
units of physical frame buffer words. At the end of ORO command execution, RWP will be set to 
RWPe. 
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ORO (DMA Read) 

CPU Memory 

Read 
FIFO 

ACRTC 

ORO 

PAGE DRD-2 

RWP 

Frame Buffer 

• If minus values are set in AX and A Y, the read direction becomes negative. 

<NOTE> 
The status of the ACRTC Read FIFO should be checked to insure the Read FIFO is empty be­

fore the ORO command is issued. If any data is in the Read FIFO before the ORO command issued, 
that data is read out incorrectly by the DMAC as the first data of the ORO command. 

Reading direction 

(1) X:+,Y:+ (2) X:+, Y:- (3) X:-, Y:+ (4) X:-, Y:-
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IOWT 

[7] OWT (OMA Write) PAGE OWT-1 

< FUNCTION> 
Transfer data from the MPU system memory to the frame buffer. 

Data 

<MNEMONIC> 
DWT AX, AY 

<FORMAT> 

COMMAND CODE hexadecimal 

15 0 
notation 

100101100010000100iiJ ($2800) 

COMMAND PARAMETERS 

15 0 
I~ -------~A~X~ I 

------------' 

< DESCRIPTION> 

TYPE Transfer 

WORD NUMBER 
Wn=3 

Command 

EXECUTION CYCLES 

Cn=(4x+R)y-i- 16 [X; I] 
+34 

{
X = lAX I + 1 
y=IAyl+1 

DWT command causes the ACRTC to enter DMA Data Transfer Mode in which the ACRTC 
will control the external DMAC to transfer data (in unit of words) frorn the MPU memory to the rec­
tangular area in the frame buffer. The frame buffer data origin must be predefined in the Read Write 
Pointer (RWP). The parameters of the command (AX, A Yl define the frame buffer area to be writ­
ten in units of physical frame buffer words. At the end of DWT command execution, RWP will be 
set to RWPe. 
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DWT (DMA Write) 

Write 
FIFO 

ACRTC 

• For AX and A Y, negative value can also be set. 

<NOTE> 

DWT 

PAGE DWT-2 

AY+l 

AX+l 

RWP 

Frame Buffer 

After DWT is issued, no further commands should be issued until the DMA data is trans­
ferred and the DWT command terminates. 

Writing direction 

(1) X:+, Y:+ (2) X:+, Y:- (3) X:-, Y:+ (4) X:-, Y:-
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IOMOO 

[8] OMOD (OMA Modify) PAGE OMOO-1 

< FUNCTION> 
Transfer data from the MPU system memory to the frame buffer sub­
ject to logical modification. 

Data 
TYPE Transfer 

<MNEMONIC> 
DMOD (MM) AX. A Y 

<FORMAT> 

COMMAND CODE hexadecimal 
notation 

15 0 

@.i 1 0l~ 1,~~~~_,O -o_oE9~~ ($ 2 COX) 

COMMAND PARAMETERS 

15 0 C-, -----AX-----~ 

< DESCRIPTION> 

WORD NUMBER 
Wn=3 

EXECUTION CYCLES 

Command 

Cn= (4x+ 8)y+ 16 [~ 1] 
+34 

{
X = lAX I + 1 
y=IAyl+1 

DMOD causes the ACRTC to enter DMA Data Transfer Mode in which the ACRTC will control 
the external DMAC to modify data in the rectangular area in the frame buffer using data in the MPU 
memory (in unit of words!. The frame buffer data origin must be predefined in the Read Write 
Pointer (RWP!. The parameters of the command (AX. A Y) define the frame buffer area to be writ­
ten in units of physical frame buffer words. At the end of DMOD command execution. RWP will be 
set to RWPe. 

The MM (Modify Mode) field of the command code specifies the DMA data transfer modify 
mode. Each pixel transferred from MPU system memory is logically operated on the corresponding 
pixel from the frame buffer. and the result is rewritten to the frame buffer. Logic operation can be 
enabled and disabled on a bit by bit basis based on the contents of the MASK register. 
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OMOO 

OMOO (OMA Modify) PAGE OMOO-2 

AY+l 

RWP 

Systp.m Mp.mory ACRTC Frame Buffer 

<NOTE> 
Afrer DMOD is issued, no further commands should be issued until the DMA data is trans­

ferred and the DMOD command terminates. 
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[9] RD (Read) 

<FUNCTION> 
Read one word of data from the frame buffer and load the word into Read 
FIFO. 

<MNEMONIC> 
RD 

<FORMAT> 

COMMAND CODE hexadecimal notation 

15 0 

[0100[01001~~_019_~~J ($4400) 

COMMAND PARAMETER 

- NON-

< DESCRIPTION> 

IRD 

PAGE RD-1 

Data 
TYPE Transfer 

Command 

WORD NUMBER 
Wn=1 

EXECUTION CYCLES 
Cn=12 

RD reads one word (16 bits) of data from the frame buffer. The frame buffer address to 
be read must be predefined in the Read Write Pointer (RWP) before the RD command is 
issued. The results are loaded into the Read FIFO. 

The result may be read from the Read FIFO by the MPU anytime after the RD command is 
issued. If the Read FIFO is full when the command is executed. the ACRTC will enter a wait state 
until space becomes available in the Read FIFO. 

At the end of the RD command execution, the ACRTC increments RWP by one. , 
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IRD 

RD (Read) PAGE RD-2 

DN: RWP: 1514 0 

DN Screen Number 
D N r----- .1 RWPH (8 bits) 

RWPL (12 bits) I ~ 
00 Upper Screen II 

01 Base Screen DATA H (16 bits) 

1 0 Lower Screen DATA L (16 bits) 

11 Window Screen 

• RWPH and RWPL specifies the frame buffer address by setting the linear address of 20 bits . 
• DN specifies screen numbers. 

Figure C9-' RWP Set 

<EXAMPLE> 
Read the frame buffer data, $5555, at physical address $56 in screen 0 (upper screen). 

For this example, Memory Width (MW) is assumed to be $10. 

RWP 

15 0 

I 0 0 0 0 10 0 0 0 I 0 0 0 0 10 0 0 0 I ($ 0 0 0 0) 

15 0 

10 0 0 0 10 1 0 1 101 1 010 0 0 0 I ($ 0 5 6 0) 

Figure C9-2 Example of RWP Setting 

COMMAND CODE 

15 0 

10 1 0 010 1 0 010 0 0 010 0 0 0 I ($ 4 4 0 0) 

COMMAND PARAMETERS 

- NON-
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IRD 

RD (Read) PAGE RD-3 

Screen: ~ 

0 1 2 3 4 5 6 7 8 9 A B C 0 E F 

0 

1 

2 

3 
4 RWP (address $56) 

5 .. ~ D-RWPe (after execution) 
6 Frame buffer data li' 
7 o 1 0 1jo 1 0 110 1 0 110 1 0 1 
8 

($5555) 
9 D A 

Read FIFO 

15 0 
B_ o 1 0 1 0 1 0 1 0 1 0 1 0 1 o 1 ($5555) 
T_ 

Figure C9-3 RD Execution Example 
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[10] WT (Write) 

< FUNCTION> 
Write one word of data to the frame buffer. 

<MNEMONIC> 
WT D 

<FORMAT> 

COMMAND CODE 

15 0 

hexadecimal notation 

[0100[1 ooo[ooooIoooo I ($4800) 

COMMAND PARAMETERS 

15 0 
~-. D (16 bits) ~ 
L_~ ____ ~ _______ ,_, __ , ______________ ~ 

< DESCRIPTION> 

PAGE WT-1 

Data 
TYPE Transfer 

Command 

WORD NUMBER 
Wn=2 

EXECUTION CYCLES 
Cn=8 

WT writes one word (16 bits) of data to the frame buffer. The frame buffer address to be 
written must be predefined in the Read Write Pointer (RWP) before the WT command is 
issued. The command parameter (D) is the data to be written. 

At the end of the WT command execution, the AeRTC increments the RWP by one. 
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WT (Write) PAGE WT-2 

ON: RWP 15 0 

~~~reen Number .. _ 

00 Upper Screen 

I 0 N r _______ J RWPH (8 bits) 

I RWPL (12 bits) I~ 
~.- ._.- -----

01 Base Screen 
r-
10 Lower Screen 

I- --.-----.. -------.., 

11 Window Screen 

I 
I DATA L (16 bits) 

• The frame memory is a 20-bit lineflr address separated into highorder RWPH (8 bits) and 
loworder RWPL (12 bits). 

• Specify the Screen No. where drawing is executed. 

Figure C 10-1 RWP Set 

< EXAMPLE> 
Write the 16-bit data word $5555 to frame buffer address $56 on screen 0 (upper screen). 

For this example. Memory Width (MW) is assumed to be $10. 

RWP 

15 0 

I 0 o~_~_~~~~_olo 0 0 0 I ($ 0 0 0 0) 

15 0 

[(}-oo-~~ 0 __ 1E1 1 010000 I ($ 0560) 

Figure C10-2 Example of RWP Setting 

COMMAND CODE 

15 0 

100ooT'---ooo~ 0 I 0 0 0 0 I ($ 4 8 00) 

COMMAND PARAMETERS 

15 0 

[O!-o!]01-0'-@ 1 0 1J~iJ ($ 5 5 5 5) 
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IWT 

WT (Write) PAGE WT-3 

0 1 2 3 4 5 6 7 8 9 A B C 0 E F 

0 

1 

2 

3 

4 RWP (Address 56) 

5 .. ~ D- RWPe (after execution) 

6 

7 1010101 01010101 o 1 I , , 

8 ($5555) 
9 ~, -

A 

Figure C10-3 WT Execution Example 
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[11] MOD (Modify) 

<FUNCTION> 
Perform logical operation on one word in the frame buffer. 

<MNEMONIC> 
MOD (MM) D 

< FORMAT> 

COMMAND CODE 

15 21 a 
hexadecimal notation 

1 a 1 a a 11 1 -oy]a a a a a aiM M 1 ($ 4 C a X) 

COMMAND PARAMETER 

15 a 
L'_-_--__ -_-_~~~-?-_-~~-6-b-it-s-)--------~1 

< DESCRIPTION> 

IMOD 

PAGE MOD-1 

TYPE 
Data 
Transfer 
Command 

WORD NUMBER 
Wn=2 

EXECUTION CYCLES 
Cn=8 

The MM (Modify Mode) field of the command code specifies the data transfer modify mode. 
This command performs logical operation on one word in the frame buffer with the data given the 
parameter and writes the result back in the frame buffer. The frame buffer word address to be 
modified must be predefined in the Read Write Pointer (RWP). 

The word is read from the frame buffer, then the logical operation defined by MM is per­
formed between the data read from the frame buffer and the command parameter (D) for 
those bits not masked in the MASK register, and the result is rewritten to the frame buffer. 

At the end of the MOD command execution, the ACRTC increments the RWP by one. 
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/MOO 

MOD (Modify) PAGE MOO-2 

DN: RWP: 1514 7 0 

I D N r ____ I RWPH (8 bits) 

I RWPL (12 bits) ~ 
DN Screen Number 

00 Upper Screen 

01 Base Screen 

10 Lower Screen 

11 Window Screen 

• The frame buffer 20-bit linear address is separated into high order RWPH (8 bits) and loworder 
RWPL (12 bits). 

• Specify the Screen No. where drawing is executed. 

Figure C11-1 RWP Set 

<EXAMPLE> 
OR all bits of the frame buffer word at physical address $56 with the 16-bit data word 

$AAAA. MM = 01 specifies OR modify mode. All bits are selected for logical operation byas­
suming the MASK register to $FFFF. For this example, Memory Width (MW) is assumed to be $10. 
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IMOD 

MOD (Modify) PAGE MOD-3 

< EXECUTION EXAMPLE> 

RWP 

15 0 

100001000010000100001 ($0000) 

15 0 

10 0 0 0 I 0 1 0 11 0 1 1 0 I 0 0 0 0 I ($ 0 5 6 0) 

MASK 

15 0 

[11111111111111[11111 ($FFFF) 

Figure C11-2 Examples of RWP and MASK Setting 

COMMAND CODE 

15 0 

. 10 1 0 0 11 1 0 0 I 0 0 0 0 0 0 i 0 1 I ($ 4 C 0 1) 

COMMAND PARAMETER 

15 0 

~1 011 0 1 011 0 1 011 0 1 0 I ($ A A AAI 
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IMOD 

MOD (Modify) PAGE MOD-4 

0 1 2 3 4 5 6 7 8 9 A B C D E F 

0 

1 

2 10 1 0 110 1 o 110 1 0 110 1 0 11 

3 

RWP ! ($5555) 

4 

5 .. ~ 
6 

(A) MOD Command Read Cycle 

0 1 2 3 4 5 6 7 8 9 A B C D E F 

1 

2 

3 j l' 1 1 '1' 1 1 '1' 1 1 '1' 1 1 11 

4 ~ ($FFFF) 
5 .. D- RWPe (After execution) 

6 

(8) MOD Command Write Cycle 

Figure C11-3 MOD Execution Example 

'. 
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[12] CLR (Clear) 

< FUNCTION> 
Initialize a frame buffer area with a data in the command parameter. 

<MNEMONIC> 
CLR D, AX, AY 

<FORMAT> 

COMMAND CODE 

15 0 

[0 1 0 1 [1 000100 0 oE~ 

COMMAND PARAMETERS 

15 0 

I D (16 bits) I 
15 0 

I AX (16 bits) I 
15 0 

[ AY (16 bits) I 

< DESCRIPTION> 

hexadecimal notation 

($ 5 800) 

ICLR 

PAGE CLR-1 

Data 
TYPE Transfer 

Command 

WORD NUMBER 
Wn=4 

EXECUTION CYCLES 
Cn= (2x+ 8)y+ 12 

{ X=\AX\+1 
y=\AY\+1 

The frame buffer area defined by the physical origin (RWP) and physical frame buffer 
word address (AX and A Y) parameters is filled with the data parameter (D). 

Since the ACRTC performs the clear using 16 bit words, multiple logical pixels (if 4 bits/ 
pixel then 4 pixels) are cleared in one access. D is normally specified to contain multiple copies 
(if 4 bits/pixel then 4 copies) of the color information for a single color clear. 

At the end of CLR command execution, RWP will be set to RWPe. 
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ICLR 

CLR (Clear) PAGE CLR-2 

y 

(AX,AY) AX: 2nd parameter 
A Y: 3rd parameter 

1\ 
(4-bits/pixel) 

AY+l 

I) 
I I X r----- AX+l 

-----------RWP 

U RWPe 

\ I 
RWP is set with a 2-word 
(32-bit) data, as shown in 
Fig. C12-1. 

I I 
I 

RWP 

The RWP needs to be specified in advance as follows. 
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ICLR 

CLR (Clear) PAGE CLR-3 

ON: RWP: 
15 14 7 0 

ON Screen Number o N I ____________ J RWPH (8 bits) 
Upper Screen 00 RWPL (12 bits) I~ 

01 Base Screen 

10 Lower Screen 

i 11 Window Screen 

• The frame buffer 20-bit linear address is separated into high order RWPH (8 bits) and low order 
RWPL (12 bits) . 

• Specify the Screen No. where drawing is executed. 

Figure C12-l RWP Set 

<EXAMPLE> 
For this example 4 bits per logical pixel is used, the Memory Width (MW) is $10 and the clear 

operation is to start at address $56 on screen O. 

RWP 

15 0 

10 0 0 010 0 0 010 0 0 0 0 0 0 0 I ($ 0000) 

15 0 

1000010 1 0 11 0 1 1 01 0000 1 ($ 0 5 60) 

Figure C12-2 Example of RWP Setting 

COMMAND CODE 

15 0 

io 1011100010000100001 ($ 5 800) 

COMMAND PARAMETERS 

15 0 rooo ,1 0 0 0 '10 0 0 11000 11 ($ 1 1 1 1) 

'5 0 

E-' I' l-t}I11 _ 1 1 [ 1 1 001 ($ F F F C) 

15 0 
~-----~-
1_1_~_' 1 1 1 1 1 1 11 o 1 01 ($ F F FA) 
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CLR (Clear) 

o 
1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

8 

204 HITACHI 

o 

ICLR 

PAGE CLR-4 

1000 11 = Clear data (pixel) 

2 3 4 5 6 7 8 9 A 8 C 0 E 

5 words 

r,....--~A'-__ ----..\ RWP (Address $56) 

0001000100010001~ 

00010001000100010001 

00010001000100010001 

00010001000100010001 

000100010001000100P1 

00010001000100010001 

~0001000100010001 

7 words 

Pc (address $82) L..: I- RWPe (Address $86) 

Figure C12-3 CLR Execution Example 



iSCLR 

[13] SCLR (Selective Clear) PAGE SCLR-1 

<FUNCTION> 
Initialize a frame buffer area with a constant value subject to logical 
modification. Data 

<MNEMONIC> 
SCLR (MM) D, AX, A Y 

<FORMAT> 

COMMAND CODE hexadecimal notation 

15 0 

1 0 1 0 1 11 1 00100-00T O_~M M 1 ($ 5 COX) 

COMMAND PARAMETERS 

15 0 

L 
_._-

-------~--. 

1 
D (16 bits) 

----

15 0 

I 
AX (16 bits) 

1 ---

15 0 

1 

------

AY (16 bits) I 

< DESCRIPTION> 

TYPE Transfer 
Command 

WORD NUMBER 
Wn=4 

EXECUTION CYCLES 
Cn= (4x+ 6)y+ 1 2 

{
X = lAX I. + 1 
y=IAYI+l 

The MM (Modify Mode) field of the command code specifies the data transfer modify mode. 
The frame buffer area defined by the RWP origin and the physical frame buffer word ad­

dress (AX and A Y) parameters is selectively cleared. The contents of the frame buffer are read, 
and that data is logically operated on with the D parameter (excepts bits masked in the MASK 
register) using the logical operation defined by MM. The result is rewritten to the frame buffer. 

Since the ACRTC performs the selective clear using 16-bit words, multiple logical pixels (if 
4 bits/pixel then 4 pixels) are cleared in one access. D is normally specified to contain multiple 
copies (if 4 bits/pixel then 4 copies) of the color information for a single color selective clear. 

At the end of SCLR command execution, RWP will be set to RWPe. 
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ISCLR 

SCLR (Selective Clear) PAGE SCLR-2 

< DESCRIPTION> 

0 : Modifier information 

0000 : 1 st parameter 
2. : 2nd parameter}. . f d 
4 

In Units 0 wor s 
: 3rd parameter 

Rwpe-I 1 

00000000100001- Pc 

000000000000 
000000000000 
000000000000 

Address location ---" 10000100000000 
specified by RWP. '------'"' ~ ------------

Figure C13-l Command Parameter Set 

The operation is specified by the above operation mode, and is set with bits 1, 0 in the 
command code. 

This command can be utilized for clearing the character code, the specific attribute bits, and 
the specific color plane in the graphic display. 

The RWP needs to be specified in advance as follows. 

DN: RWP 
15 14 7 0 

DN Screen Number 
,..--' 

D N J __________ J RWPH (8 bits) 
00 Upper Screen 

01 Base Screen 
RWPL (12 bits) I~ 

10 Lower Screen 

11 Window Screen 

• The frame memory is a 20-bit linear address separated into high order RWPH (8 bits) and low 
order RWPL (12 bits). 

• Specify the Screen No. where drawing is executed. 

Figure C13-2 RWP Set 
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ISCLR 

SCLR (Selective Clear) PAGE SCLR-3 

<EXAMPLE> 
For this example 4 bits per logical pixel is used, the Memory Width (MW) is $10, the MASK 

register contains $FOFO and the selective clear operation is to start at address $56 on screen O. 

Based on MM, a logical operation (REPLACE, OR, AND or'EOR) is defined and SCLR is ex­
ecuted as shown, 

RWP 

15 0 

loo:ooloooolooooloooo[ ($ 0000) 

[000 0[0 1 0 1 [0 1 1 0[000 0 [ ($ 05 60) 

MASK 
15 0 

111111000011111100001 ($ F 0 F 0) 

Figure C13-3 Examples of RWP and MASK Setting 

Read Data 
o 
\ 

MM 

t 

Modifier Data 
V 

I 

• Write Data 

Read Data 
t:. 

\ 
MM 

+ 
A 

Modifier Data 
V 

I 

Write Data 
(Unit: pixel) 

Figure C 1 3-4 Notation of Data 
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lSCLR 

SCLR (Selective Clear) PAGE SCLR-4 

< EXECUTION EXAMPLE> 

COMMAND CODE 

15 0 

101011110010000100!MMJ ($5COX) 

COMMAND PARAMETERS 

15 0 

10 0 0 110 0 0 110 0 0 110 0 0 1 I ($ 1 1 1 1) 

15 0 

11 1 1 1 11 1 1 1 11 1 1 11 1100 1 ($ F F F C) 

15 0 

11 1 1 111 1 1 111 1 1 111 0 1 0 I ($ F F FA)· 
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SCLR 

SCLR (Selective Clear) PAGE SCLR-5 

< EXECUTION EXAMPLE> 

1 pixel 

I 000 1 I =" (Modifier data) -
1 st parameter (Mod ifier Data) 

o 
1 

2 

3 

4 

5 

6 

7 

o 

($1111) = I"V'''''I 

2 3 4 5 6 

1 Mask 1 

RWP (Address $56) 

5 words 1 
oooooooooooooooc~.oo~"' 1 MM 1 

00000000000000000000 

8 OOOb~A~~~~~AAAA~~OOO 7 
words 9 OOO~~A~AAAAAAAAAAOOO 

A 00000000000000000000 
B Pc (Address--jO 00 010 0 0 0 0 00000000000 

($B2)· -
C 

o 
1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

o 

(A) 

2 3 4 5 6 

eoeoeoeoeoeoeoeo~oeCjI4----' 

eoeoeo.o.o.O.O.O.O.O 
.0.b.A.~.A.~.A.~AO.0 

.0.A.A.b.A.~.AA~.0.0 

.O.A.AAA.~AAAA.~.O.O 

.0eo.0.0.0.O.O.O.O.0 

.0.0.0.0.0.0.0.0.0.0 
C 1 !-RWPe (Address $C6) 

(B) 

Figure C13-5 SCLR Execution Example 
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ICPY 

[14] Cpy (Copy) PAGE CPY-1 

<FUNCTION> 
Copy frame buffer data from one area (source area) to another area 
(destination area). Data 

TYPE Transfer 
<MNEMONIC> 

CPY (S, OS D) SAH, SAL, AX, A Y 

<FORMAT> 

COMMAND CODE 

15 12111087 0 

10110lsIDSDIOOOOIOOOOI 

COMMAND PARAMETERS 

15 87 0 

1000000001 SAH (8 bits) I 

15 0 

1 
SAL (1 2 bits) 

10000 1 

15 0 

I AX (16 bits) I 
15 0 

I 
AY (16 bits) I 

< DESCRIPTION> 

hexadecimal notation 

($ 6 X 0 0) 

Command 

WORD NUMBER 
Wn=5 

EXECUTION CYCLES 
Cn= (6x+ 1 O)y+ 12 

Jx = lAX 1+ 1 
tv = IAyl+ 1 

The parameters to the command define the source area. The RWP must be predefined to 
point to the destination area (including screen number). The source area resides in the same 
screen as that of the destination area as defined in RWP. 

The source area is defined by the origin address (SAH/SAL) and physical frame buffer 
word (AX and A Y) dimensions. 

To allow rotation and proper operation for overlapping during copying, the command code 
contains fields which define the source and destination scanning direction. The S (Source Scan Di­
rection) and DSD (Destination Scan Direction) fields of the command code define the source and 
destination scanning direction respectively as shown next page. 

At the end of the CPY command, RWP is set to RWPe. 
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ICpy 

Cpy (Copy) PAGE CPY-2 

Pss: 
15 0 
~~-----------.----------~ 

------ I SAH (8 bits) I 
SAL (12 bits) r~1 

(1) Pss (SAH, SAL) is set to be a 20-bit linear address separated into 2 words, high order SAH (8 
bits) and low order SAL (12 bits). 

DN: RWP: 
15 14 7 0 

DN Screen Number I D N r _________ .1 RWPH (8 bits) 1 

00 Upper Screen I RWPL (12 bits) I~ 
01 Base Screen 

10 Lower Screen 

11 Window Screen 

The frame buffer 20-bit linear address is separated into high order RWPH (8 bits) and low 
order RWPL (12 bits). 
Specify the Screen No. where drawing is executed. 

Figure C14-1 Pss and RWP Set 
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Icpy 

Cpy (CoPY) PAGE CPY-3 

< CPY Command Scan Direction> 
As to CPY, the direction of pointer scanning is specified in command code. (The pOinter 

functions in the unit of word). 

(a) Scanning Direction of Source Area (S: Source Scan Direction) 

COMMAND CODE 

15 11 0 

~~_~~_L 1 

Talbe C14-1 Source Scan Direction 

s=o 

8 IT) b2d [TI 
S = 1 

ill ill ill ill 
-: Pss o : Pse 

As shown in Table C 14-1, the scanning direction in frame buffer of the copy source area is 
decided by the relation between bit 11 in the command code and the Pss and the Pse. 

(a) Scanning Direction of Destination Area (DSD: Destination Scan Direction) 

COMMAND CODE 

15 1098 0 

[ ID S DI 1 

, 
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Icpy 

CPY (Copy) PAGE CPY-4 

Table C14-2 Destination Scan Direction 

DSD = 000 DSD = 001 DSD = 010 DSD = all 

D D 

~ IT] ld LB 
CJ 0 

DSD - 100 DSD = 101 DSD = 110 DSD = 111 

ItllITElBJ 
_: RWP D : RWPe 

As shown in Table C14-2. the scanning direction in frame buffer of the destination area is 
decided by the relation between bit 10 to 8 in the command code and the RWP. 

Upon termination of the command, RWPe, end point of the RWP moves as shown in Table 
C14-2. 

Relation to Linear Address 

Fig. C 14-2 provides the relation between CPY and specified value when S = 1 and DSD = 
000. 

RWPe (Linear Address) 

I [RWPHIRWPLI-l AXxMWI-~1 Pse (Linear Address) 

II SAH I SAL I+~-I AY x Mwi 

~ 

.. 
RWP (Linear Address) 

_~jij I<ZIIm L ?} A Y 

AX 

~ 
~ 

I SAH I SALII 

Pss (Linear Address) 

(Source Area) 

Figure C 14-2 Relations with Linear Addresses 

HITACHI 213 



Icpy 

CPY (Copy) PAGE CPY-5 

<EXAMPLE> 
For this example 4 bits per logical pixel is used, the Memory Width (MW) is $10 and the copy 

operation source area (SAH/SAL) start is frame buffer address $89 while the copy destination area 
(RWP) start is frame buffer address $BO on screen O. 

The source area scanning direction is specified as S = 1 and the destination area scan­
ning direction is specified as DSD = 000. 

RWP 

15 0 

[00:0 0[0 _~~_iJ_o 0 0 0[0 0 0 0 I ($0000) 

15 0 

ro-o~'- 0 1 1 [0000[0000 I ($ 0 BOO) 

Figure C14-3 Example of Read Write Pointer Setting 

COMMAND CODE 

15 0 

I 0 1 1 0 11 10 0 0 10 0 0 0 [0 0 0 0 I ($ 6 8 0 0) 

COMMAND PARAMETERS 

15 0 

10 0 0 010 0 0 010 0 0 010 0 o-DJ ($ 0 0 00) 

15 0 

10 0 0 011 0 0 011 0 0 1 [0 0 0 0 I ($ 0 8 9 0) 

15 0 

\ 0 0 0 0 \0 0 0 010 0 0 0 \0 0 1 1 \ ($ 0 0 0 3) 

15 0 

10000[000010000[01101 ($0006) 
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Cpy 

Cpy (Copy) PAGE CPY-6 

0 1 2 3 4 5 6 7 8 9 A B 

0 

1 
2 

3 
4 •••••••• 0000 

5 •••••••• 00000000 

6 •••••••• 0000 

7 

8 

9 (A) 
A 

B 

0 1 2 3 4 5 6 7 8 9 A B C 
0 
1 Pse (Address $2C) 
2 ~ 
3 
4 •••• Ie··· pooo 

5 •••• Ie ••• 10000 Iooo~ 
6 ~pe (Address $70) •••• Ie ••• Ioooc 

7 
t1 t"7l 8 

...---- / 
9 0000 Pss (Address $89) 
A 
~ 

roooo oooc 00001 

B I •••• •••• • ••• 1 

RWP (Address $BO) 

(B) 

Figure C14-4 Example of CPY Execution 
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I SCpy 

[15] SCPY (Selective Copy) PAGE SCPY-1 

<FUNCTION> 
Copy frame buffer data from one area (source area) to another area 
(destination area) subject to logical modification. The source and de­
stination areas must reside on the same screen. 

TYPE 

Data 
Transfer 
Command 

<MNEMONIC> 
SCPY(S.DSD.MM)SAH.SAL.AX.AY 

<FORMAT> 
COMMAND CODE 

15 111087 210 

10 1 1 1 IslD S Dlo 0 0 0 0 O!MM! 

COMMAND PARAMETERS 

15 0 

I 0 0 0 0 0 0 05>[' SAH (8 bits) I 

15 0 
c==r----S-~-~_-(1-2-b-its-)--~[-0-0-0-0~! 

15 0 
r---[ --

. I AX (16 bits) 

15 0 

1=~~~~-_-____ -A==Y=(=16==b=it=S)========~1 

< DESCRIPTION> 

hexadecimal 
notation 

($7XOX) 

WORD NUMBER 
Wn=5 

EXECUTION CYCLES 
Cn= (6x+ 1 O)y+ 12 

{ X=IAXI+1 
y= IAYI+ 1 

The parameters to the command define the source area. The RWP must be predefined to 
point to the destination area (including screen numbed. The source area resides in the same 
screen as that of the destination area as defined in RWP. 

The source area is defined by the origin address (SAH/SAL) and physical frame buffer 
word (AX and A Y) dimensions. 

To allow rotation and proper operation for overlapping during copying. the command code 
contains fields which define the source and destination scanning direction. The S (Source Scan Di­
rection) and DSD (Destination Scan Direction) fields of the command code define the source and 
destination scanning direction respectively as shown next page. 

The MM (Modify Mode) field of the command code specifies the data transfer modify mode. 
l3ased on MM. logical operation is performed (except for bits masked in the MASK register) be­
tween the source data and the destination data. and the result is written to the destination. 

At the end of the CPY command. RWP is set to RWPe. 
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I SCpy 

SCPY (Selective Copy) PAGE SCPY-2 

The source address and Read/Write Pointer need to be specified as follows prior to the 
execution. 

Pss: 

15 
r-= ______ :::-----_____ ---- -~TSAH (8 bits) 

SAL (12 bits) I ~ 

o 

(1) Pss (SAH, SAL) is set to be a 20-bit linear address separated into 2 words, high order SAH (8 
bits) and low order SAL (12 bits!. 

DN: RWP: 
15 14 7 0 

DN Screen Number l D N 1 ----------- I RWPH (8 bits) 
00 Upper Screen I RWPL (12 bits) I~ 

·01 Base Screen 

10 Lower Screen 

11 Window Screen 

The frame buffer 20-bit linear address is separated into high order RWPH (8 bits) and low 
order RWPL (12 bits!. 

Specify the Screen No. where drawing is executed. 

Figure C15-1 Psi; and RWP Set 
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ISCpy 

SCpy (Selective Copy) PAGE SCPY-3 

< SCPY Command Scan Direction> 
As to SCPY, the direction of pointer scanning is specified in command code. (The pointer 

functions in the unit of word) 

(a) Scanning Direction of Source Area (S: Source Scan Direction) 

COMMAND CODE 

15 11 0 

I I S I ~ 

Table C15-1 Source Scan Direction 

s=o 

8 ETI ~ EJ 
S = 1 

ill ill EI1 EIJ 
_ : Pss D : Pse 

As shown in Table C 15-1, the scanning direction in frame buffer of the copy source area is 
decided by the relation between bit 11 in the command code and the Pss and the Pse. 
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Iscpy 

SCpy (Selective Copy) PAGE SCPY-4 

(b) Scanning Direction of Destination Area (DSD: Destination Scan Direction) 

COMMAND CODE 

15 10 9 8 0 

1 10 SOl 1 

Table C15-2 Destination Scan Direction 

DSD - 000 DSD = 001 DSD = 010 DSD = 011 

0 

EJ 
0 

Ej Lld ~ D 0 

DSD = 100 DSD = 101 DSD = 110 DSD - 111 

ill TEJ 
I Ell tIT 
I 

• :RWP o : RWPe 

As shown in Table C15-2, the scanning direction in frame buffer of the destination area is 
decided by the relation between bit 10 to 8 in the com.mand code and the RWP. 

Upon termination of the command, RWPe, end point of the RWP moves as shown in Table 
C15-2. 

The operation is decided by the modify mode (MM) and is specified by bit "0" or "1" in the 
command code. 
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ISCPY 

SCPY (Selective Copy) PAGE SCPY-5 

Relation to Linear Address 
Fig. C15-2 provides the relation between SCPY and specified value when S = 1 and DSD = 

000. 

,---'l , 

ImvPllllWPL II 
IllY!' 
( LI near Address) 

RWPe (Linear Address) 

Pse (Linear Address) 

\I SAil I SAL 1+ [IK] -I AYXMW.II 

f 
L]fAY+ll 

IAX+ll ~ 
1IIIr---.../"o-...-----., J 

1 SAil 1 SALI\ 

Pss (Linear Address) 

Read Data Modifier Data 
~ ~ 

\ / 
I M M I 

I 
III 
Write Data 

IIRWPIIIRWPLI-I AXx~fW 1-~I 

f 

Figure C15-2 Relations with Linear Addresses 
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\SCpy 

SCpy (Selective Copy) PAGE SCPY-6 

<EXAMPLE> 
For this example 4 bits per logical pixel is used, the Memory Width (MW) is $10, the MASK 

register contains $FOFO and the copy operation source area (SAH/SAL) start is frame buffer ad­
dress $85 while the copy destination area (RWP) start is frame buffer address $80 on screen O. 

The source area scanning direction is specified as S = 1 and the destination area scan­
ning direction is specified as DSD = 000. 

RWP 

15 0 

10 010 0 0 0 0010 0 0010000 I ($ 0000) 

15 0 

10 0 0 0 11 0 1 1 10 0 0 0 10 0 0 0 I ($ 0 BOO) 

MASK 

15 0 

11 1 1 11000011 1 1 1100001 ($ F 0 F 0) 

Figure C15-3 RWP and MASK Setting 

Read Data Modifier Data Read Data Modifier Data 

o 

" MM 

I 

• 
Write Data 

V' 

/' /' 
MM 

A 

Write Data 

Figure C15-4 Operation of SCPY 

V' 

(Unit: pixel) 
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ISCPY 

SCPY (Selective Copy) PAGE SCPY-7 

COMMAND CODE 

15 a 
10 1 1 111! 0 0 0 10 0 0 0 0 0 1M Mj ($ 78 OX) 

COMMAND PARAMETERS 

15 0 

100001000010000100061 ($ 0000) 

15 0 

10000110001010'100001 ($ 0850) 

15 0 

10 0 0 0 ~ 0 0 010 0 0 010 0 0 11 ($0001) 

'5 0 

10 0 0 0 ~ 0 0 010 0 0 010 1 1 01 ($ 0006) 
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SCpy 

SCPY (Selective Copy) PAGE SCPY-8 

o 
1 

2 

3 

4 

5 

6 

7 

8 

9 
A 

B 

C 

o 
1 

2 

3 

4 

5 

6 

7 

8 

9 

o 2 3 4 5 6 

VVVVVVVV 

VVVVVVVVVVVV 

VVVVVVVV 

A ~~~~oooo~~~~oooo~~~~oooo~~~~ 

B 

C 
oooo~~~~oooo~~~~oooo~~~~oooo 

(A) Before Execution of SCPY 

7 

1 pixel 

I 0001 I 
II 

V (modifier Data) 

o 2 3 4 5 6 7 1 st Parameter 

($1111) 
$26) II 

(Modifier Data) 

RWPe (Address $90) 

~ Pss (Address 

RWP (Address $BO) 

(B) After Execution of SCPY 

Figure C1S-S Example of SCPY Execution 
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/AMOVE 

[16] AMOVE (Absolute Move) PAGE AMOVE-1 

<FUNCTION> 
Move the Current Pointer (CP) to an absolute logical pixel X-Y address. 

Graphic 
Command <MNEMONIC> 

AMOVE X, Y 

<FORMAT> 

COMMAND CODE 

15 0 

11 0 0 0 10 0 0 0 10 0 0 010 0 0 9 
COMMAND PARAMETERS 

15 0 

I X (16 bits) I 
15 0 

I Y (16 bits) I 

< DESCRIPTION> 

hexadecimal notation 

($ 8 000) 

TYPE 

WORD NUMBER 
Wn=3 

EXECUTION CYCLES 
Cn=56 

The parameters (X, y) of the AMOVE command specify the new value for the CPo The ad­
dress is specified using logical pixel X-Y addresses relative to the origin defined by the ORG com­
mand. 

y 

Pe (X, Y) 

/.fi~ CP(A,It~///// 
;y .... 

1\ Y 

ORG( 0 , 0) lJB ) 
---1E:/A:..o..=-'''''' -~-x 

------ X ------

Figure C16-1 Function of AMOVE Command 
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IAMOVE 

AMOVE (Absolute Move) PAGE AMOVE-2 

<EXAMPLE> 
If CP = (-13, -10) and AMOVE command is executed with parameters IX, Y) = (10, 

2), then the CP is set to Pe as shown below. 

COMMAND CODE 

15 0 

11 0 0 0 10 0 0 0 10 0 0 0 10 0 0 01 ($ 8 000) 

COMMAND PARAMETERS 

15 0 

11 0 0 0 10 0 0 0 10 0 0 0 11 0 1 01 ($ 00 OA) 

15 0 

10 0 0 010 0 0 0100 0 010 0 1 01 ($ 0002) 

y 

Pe(lO.2) 

ORG(O.O) ...... ~2 x 

Figure C16-2 Example of AMOVE Execution 
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[17] RMOVE (Relative Move) 

<FUNCTION> 
Move the Current Pointer (CP) to a relative logical pixel X-V address. 

<MNEMONIC> 
RMOVE dX, dY 

<FORMAT> 

COMMAND CODE 

15 0 

11 0 0 010 1 0 010 0 0 010 0 0 01 

COMMAND PARAMETERS 

15 0 

I dX (16 bits) I 
15 0 

I dY (16 bitsl I 

< DESCRIPTION> 

hexadecimal notation 

($ 8 400) 

IRMOVE 

PAGE RMOVE-1 

TYPE 
Graphic 
Command 

WORD NUMBER 
Wn=3 

EXECUTION CYCLES 
Cn=56 

The parameters (dX, dY) of the RMOVE command are used to calcuiate the new value for 
the CP .. The address is specified using logical pixel X-Y displacements relative to CPo 
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y 

\------- dX ~ 
B 

ORG(O,O) ".-A-.,) 

Pe(A+dX, B+dY) 

x 

Figure C17-1 Function of RMOVE 



IRMOVE 

RMOVE (Relative Move) PAGE RMOVE-2 

<EXAMPLE> 
If CP = (- 13, - 10) and RMOVE command is executed with parameters (X, Y) = (10, 2). 

then the CP is set to Pe as shown below. 

COMMAND CODE 

15 0 

11 0 0 0 10 1 0 0 10 0 0 0 10 0 0 01 ($ 8400) 

COMMAND PARAMETERS 

15 0 

I 0 0 0 0 10 0 0 0 10 0 0 0 11 0 1 01 dX ($ 0 0 0 A) 

15 0 

10 0 0 010 0 0 010 0 0 010 0 1 01 dY ($ 0 0 0 2) 

y 

___________ O_R_G_(_O_,O_)~~--------------X 

Pe(-3,-8) 
CP(-13,-lO) _~ 

,,- ---.,..""'" lJ2 
0<::::0= 1 0 ............... 

Figure C17-2 Example of RMOVE Execution 
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[18] ALINE (Absolute Line) 

<FUNCTION> 
Draw a straight line from CP to a command specified end point. 

<MNEMONIC> 
ALINE (AREA. COL. OPM) X. Y 

<FORMAT> 

COMMAND CODE hexadecimal notation 

15 87 54 32 0 

11 0 0 0 11 0 0 OIAREA I COL I OPM I ($88XX) 

COMM:~ND PARAMETERS 

15 0 

I X (16 bits) I 
15 0 

I Y (16 bits) I 

< DESCRIPTION> 

IALINE 

PAGE ALlNE-1 

TYPE 
Graphic 
Command 

WORD NUMBER 
Wn=3 

EXECUTION CYCLES 
Cn=P·L+ 18 

The parameters (X. Y) define the line end point as absolute logical pixel X-Y addresses re­
lative to the origin defined with the ORG command. 

As the line is drawn. CP is moved to Pe. However. the logical pixel at position Pe is not 
drawn. 

y Pe(X. Y) 

Figure C18-1 Function of ALINE 
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ALINE 

ALINE (Absolute Line) PAGE ALINE-2 

<EXAMPLE> 
If CP = (- 13, - 10) and ALINE command is executed with parameters (X, Y) = (10, 2), then 

a line is drawn and CP is set to Pe as shown below. 

COMMAND CODE 

15 87 54 32 0 

11 0 0 011 0 0 01 AREA I COL I OPM 1 ($ 8 8 XX) 

COMMAND PARAMETERS 

15 0 

10 0 0 010 0 0 01 0 0 0 011 0 1 01 X ($ 0 0 0 Al 

15 0 

1 0 0 0 01 0 0 0 01 0 0 0 01 0 0 1 01 Y ($ 0 0 0 2) 

-13 

I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 

ep(-lB,-lO) , 

y 

2 

ORG(O,O) 

- -10 

Figure C18-2 Example of ALINE Execution 

Pe(l0,2) 

x 
10 
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[19] RLiNE (Relative Line) 

<FUNCTION> 
Draw a straight line from CP to a command specified end point. 

<MNEMONIC> 
RUNE (AREA, COL, OPM) dX, dY 

<FORMAT> 

COMMAND CODE hexadecimal notation 

15 87 54 32 0 

11 0 0 011 1 0 OIAREA ICOl IOPMI ($8CXX) 

COMMAND PARAMETERS 

15.r-____________________ ~O 

I dX (16 bits) I 

15 0 
rl--------dY--(1-6-b--its-)------~1 

< DESCRIPTION> 

IRLINE 

PAGE RLlNE-1 

TYPE Graphic 
Command 

WORD NUMBER 
Wn=3 

EXECUTION CYCLES 
Cn=P·l+ 18 

The parameters (dX, dY) define the line end point as relative logical pixel X-Y displace­
ments from the CPo 

As the line is drawn, CP is moved to Pe. However, the logical pixel at position Pe is not 
drawn. 

y 
Pe(A+dX. B+dY) 

~~Y 
CP(A.~ II 

~ ---- dX -------B 

ORG( o. 0) II 
--~~~~_-A~~~-----------------------x 

Figure C19-1 Function of RLiNE 
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IRLINE 

RLiNE (Relative Line) PAGE RLlNE-2 

< EXAMPLE> 
If CP = (- 13, - 10) and RUNE command is executed with parameters (dX, dY) = (10, 2), 

then a line is drawn and CP is set to Pe as shown below. 

COMMAND CODE 

15 87 54 32 0 

11000[110 O[AREAICOLI OPMI ($ 8 C XX) 

COMMAND PARAMETERS 

15 0 

1000010000100001101 01 ($ 00 OAI 

15 0 

1000010000100001001 01 ($ 0002) 

y 

-13 -3 x 
: ORG(O,O) 

I 

I 
I 
I 
I 
I 
I .---.0- ____ -8 .... -~ ,~" Pe(-3,-S) 

..:...-~--... _________________ -10 

CP(-13.-10) 

Figure C19-2 Example of RUNE Execution 
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/ARCT 

[20] ARCT (Absolute Rectangle) PAGE ARCT-1 

< FUNCTION> 
Draw a rectangle defined by CP and the command specified diagonal 
point. 

TYPE Graphic 
Command 

<MNEMONIC> 
ARCT \AREA, COL, OPM) X, Y 

<FORMAT> 

COMMAND CODE 

15 8 7 5 4 3 2 0 

11 0 0 110 0 0 olAREA IcOL IOPM I 
COMMAND PARAMETERS 

15 0 

I X (16 bits) I 
15 0 

I Y (16 bits) I 

< DESCRIPTION> 

hexadecimal notation 

($ 9 0 X X) 

WORD NUMBER 
Wn=3 

EXECUTION CYCLES 
Cn= 2p(A+ BH 54 

The parameters (X, Y) define the diagonal point of the rectangle as absolute logical pixel X-Y 
addresses relative to the origin defined by the ORG command. 

As the rectangle is drawn, CP is moved to Pe (which is the same as CP). However, the logical 
pixel at position Pe is not drawn. 

Drawing starts in the X direction first, and is drawn in the direction shown below. The initial X 
direction is determined by the relationship betwflen CP and (X, Y). 

ORG(O,O) 
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Pc ex; Y/ 

~P(U) 1\ 
Pe /i<[ \'--------------1

I

)y 
(A,B) [\ 

B 

A 1/ 

Figure C20-1 Function of ARCT 



ARCT (Absolute Polyline) PAGE ARCT-2 

<EXAMPLE> 
If CP = (6, - 6) and ACT command is executed with parameters (X, Y) = (- 16, 101. then a 

rectangle is drawn and CP is set to Pe as shown below. 

<NOTE> 
Drawing starts from the X-axis direction. 

COMMAND CODE 

15 87 54 32 0 

11 0 0 11 0 0 0 01 AREA I COL I OPM I ($ 9 a XXI 

COMMAND PARAMETERS 

15r-____ r-____ .-____ ~--~0 
11 1 1 111 1 1 111 1 1 11 0 0 0 01 ($ F F Fa) 

15 0 

la a a al a a 0 al a a 0 all a 1 a\ ($ 00 OA) 

y 

Pc(-16.10) 

~'f\ 
10 

ORG(O,O) VPC (6.-6) 

ooee<~~:leE~**~~~~~P (6. -6) 

Figure C20-2 Example of ARCT Execution 

x 
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IRRCT 

[21] RRCT (Relative Rectangle) PAGE RRCT-1 

<FUNCTION> 
Draw a rectangle defined by CP and the command specified diagonal 
point. TYPE Graphic 

<MNEMONIC> 
RRCT (AREA. COL, OPM) dX, dY 

<FORMAT> 

COMMAND CODE 

15 87 54 32 0 

11 0 0 11 0 1 0 01 AREA 1 COL 1 OPM 1 

COMMAND PARAMETERS 

15 0 
1r--------d-X--(1-S-b-it-S-)-------.1 

15 0 
rl--------d-Y-(-1-S-b-its-)------~1 

< DESCRIPTION> 

hexadecimal notation 

($ 9 4 X X) 

Command 

WORD NUMBER 
Wn=3 

EXECUTION CYCLES 
Cn=2P(A+B)+54 

The parameters (dX, dY) define the diagonal point of the rectangle as relative logical pixel X-Y 
displacements from the CPo 

As the rectangle is drawn, CP is moved to Pe. However, the logical pixel at position Pe is not 
drawn. 

Drawing starts in the X direction first, and is drawn in the direction show below. The initial X 
direction is detennined by the relationship between CP and (dX, dYI. 

r-___ - __ Pc_(-,;A~ dX. B + dY) 

1\ 
CP(A,B) 

dY 

V II 

(r~Bf'''''\ dX 

B 

ORGCO,O) l.-- A ') 

Figure C21-1 Function of RRCT 
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IRRCT 

RRCT (Relative Rectangular) PAGE RRCT-2 

<EXAMPLE> 
If CP = (6, - 6) and RRCT command is executed with parameters (dX, dY) = (- 16, 10). 

then a rectangle is drawn and CP is set to Pe as shown below. 

COMMAND CODE 

15 8754320 

11 00 110 1 0 olAREA ICOl 1 OPMI ($94XX) 

COMMAND PARAMETERS 

15 0 

11 1 1 1 11 1 1 1 11 1 1 1 10 0 0 01 dX ($ F F F 0) 

15 0 

10 0 0 0 I 0 0 0 0 I 0 0 0 011 0 1 01 dY ($ 0 0 0 A) 

y 

PC(-iO,4.) 
'-/<~aeee4~~ 

_______________ -e/: ___ O_R_G~(O_.~O)4_----~-------------------- x 
10 

\; k~e(6.-6) 

~'16 ~~P(6.-6) 

Figure C21-2 Example of RRCT 
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lAPLL 

[22] APLL (Absolute Polyline) PAGE APLL-1 

<FUNCTION> 
Draw a polyline (multiple contiguous segments) from the CP through 
command specified points. 

TYPE 
Graphic 
Command 

<MNEMONIC> 
APLL (AREA. COL, OPM) n, X 1, Y 1 '" Xn, Yn 

<FORMAT> WORD NUMBER 
Wn=2n+2 

COMMAND CODE hexadecimal notation 

15 8 7 5 4 3 2 0 

1100111000iAREAlcOLIopg ($ 9 8 X Xl EXECUTION CYCLES 
Cn=1 {P'L+ 16}+8 

COMMAND PARAMETERS 

15 0 

1 
n (16 bits) I 

15 0 

1 X1 (16 bits) 
I 

15 0 P1 

I Y1 (16 bits) I 
15 0 

1 
X2 (16 bits) I 

15 0 P2 

I Y2 (16 bits) 
I 

15 0 

1 
Xn- 1 (16 bits) I 

15 0 Pn-1 

1 
Yn- 1 (16 bits) 

1 

15 0 

I Xn (16 bits) I 
15 0 Pe 

I Yn (16 bits) 
1 

P2n+ 1 

n is specified by the absolute value of a 1 6-bits binary number. 

236 HITACHI 



APLL 

APLL (Absolute Polyline) PAGE APLL-2 

< DESCRIPTION> 
The first parameter (n) specifies the number of line segments, that is, n = 1 specifies one line 

segment. The following parameters (Xn, Yn) are absolute logical pixel X-V addresses, which speci­
fy each segments end point relative to the origin defined by the ORG command. 

As the polyline is drawn, CP is moved to Pe. However, the logical pixel at position Pe is not 
drawn. 

y 

P2(X2 , Y2 ) 

ORG(O,O) x 

Xn 

Figure C22-1 Function of APLL 
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APLL 

APLL (Absolute Polyline) PAGE APLL-3 

< EXECUTION EXAMPLE> 
If the CP is at (- 8, - 6) on the split screen, n is set to 3, Xl to - 4, Yl to 4, X2 to 8, Y2 to 6, 

X3 to 1 6 and Y3 to - 8, then the APLL command draws a poly line as shown below. 

COMMAND CODE 

15 87 54 32 0 

I 1 0 0 1 I 1 0 0 01 AREAl COL I OPM I 
COMMAND PARAMETERS 

15 0 

1000010000100001001 1 I ($ 0003) 

15 0 

111111111111111111001 ($ F F F C) 

15 0 

10000100001000010 1 001 ($ 0004) 

15 0 

I 0 0 0 0 10 0 0 01 0 0 0 01 1 0 0 0 I ($ 0008) 

15 0 

10000100001000010 1 1 01 ($ 00 06) 

15 0 

10 0 0 010 0 0 01 0 0 0 11 0 0 0 01 ($ 00 1 0) 

15 0 

1111111,11,,1,1,0001 ($ F F F 8) 

y 

P2(8.6) 

x 

Pe(16,-8) 

Figure C22-2 Example of APLL Execution 
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I RPLL 

[23] RPLL (Relative Polyline) PAGE RPLL-1 

<FUNCTION> 
RPLL command draws a polyline which connects the Start point, cur-
rent pointer, and each relative coordinate point. 

TYPE 
Graphic 
Command 

<MNEMONIC> 
RPLL (AREA, COL, OPM) n, dX 1, dY 1, ... dXn, dYn 

<FORMAT> WORD NUMBER 
Wn=2n+2 

COMMAND CODE hexadecimal notation 

15 87 54 32 0 

C 110011110olAREAjcOLloPMI ($ 98 X X) EXECUTION CYCLES 
Cn=l(P·L+16l+8 

COMMAND PARAMETERS 

15 0 

I n (16 bits) I 
15 0 

I dX 1 (16 bits) I 
15 0 

P1· 

j dY 1 (16 bits) 
1 

15 0 

I dX2 (16 bits) I 
15 0 P2 

I dY 2 (16 bits) I 
15 0 

L dXn- 1 (16 bits) I 
15 0 

Pn-1 

I dY n- 1 (16 bits) 
I 

15 0 

I dXn (16 bits) I 
15 0 

Pe 

L dYn (16 bits) I 
P2n+ 1 

Set "n" in binary absolute values of 16 bits. 
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IRPLL 

RPLL (Relative Polyline) PAGE RPLL-2 

< DESCRIPTION> 
As shown in figure below, the relative poly line command (RPLL) draws a poly line which con­

nects the Start point CP, and each relative coordinate (P" P2, P3, ..... , Pn-l, Pel. 
The total number of points is set in the 1 st command parameter (n ,). X and Y components of 
each point are set in the command parameters in the order the lines are drawn. CP moves to 
the End point Pe as the lines are drawn. However, a dot is not drawn at Pe. 

Y 

p. (x •• y.) 

(X" Y, ):(A+dX" B+dY, ) 

(X.,Y.):(X, +dX.,Y, +dY.) 

(X.,Y.):(X.+dX.,Y.+dY.) 

(Xn-" Yn-,):(Xn-.+dXn-"Yn-.+dYn-,) 

(Xn,Yn):(Xn-, +dXn,Yn- , +dYn) 

dX. dXn 

PI ex •• YI ) dY. ~--- Pn-1 (Xn-.. Yn-I)~ 
• p. (x •• Y.) Pe(Xn. Yn) 

i~~----, IddYY. ..,.--~ IdYn 

CP(A.B;........---I d;'<&' 
~ <IX. 

B 
OID(O.O) II x 

.... A .... 

Figure C23-1 Function of RPLL 

240 HITACHI 



IRPLL 

RPLL (Relative Polyline) PAGE RPLL-3 

< EXECUTION EXAMPLE> 
If the CP is at (- 8, - 6) on the split screen, dX 1 is set to - 4, dY 1 to 4, dX2 to 8, dY 2 to 6, 

dX3 to 16 and dY 3 to - 8, then the RPLL command draws a poly line as shown below. 

COMMAND CODE 

15 8 7 54 32 0 

11 0 0 1 11 1 0 0 IAREA I COL I OPM I ($ 9 C X X) 

COMMAND PARAMETERS 

15 0 

I 0 0 0 0 10 0 0 0 10 0 0 0 10 0 1 1 I ($ 0003) 

15 0 

11 1 1 1 11 1 1 1 11 1 1 1 11 1 001 ($ F F F C) 

15 0 

I 0 0 0 010 0 0 010 0 0 010 1 0 01 ($ 0004) 

15 0 

1 0 0 0 010 0 0 010 0 0 011 0 0 01 ($ 0008) 

15 0 

I 0 0 0 010 0 0 010 0 0 010 1 1 01 ($ 0006) 

15 0 

1 0 0 0 01 0 0 0 010 0 0 1 10 0 0 01 ($ 0 0 1 0) 

15 0 

I' 1 1 1 11 1 1 1 11 1 1 111 0001 ($ F F F 8) 

y 

P,(-4,4) 

~ 16 
~- ~ 

~ 
-....-.. 

/ 
/~ 1\ Ii ~ -----

~~(-"-') 
X 

ORc} ~lJ ( 0, u) 

P e (12, -4 ) 

4 /CP(-H ,-5) 

Figure C23-2 Example of RPLL Execution 
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IAPLG 

[24] APLG (Absolute Polygon) PAGE APLG-1 

<FUNCTION> 
APLG draws a polygon which connects the initial point, CP, and each 

Graphic absolute coordinate. TYPE 
Command 

<MNEMONIC> 
APLG (AREA, COL, OPM) n, Xl, Y 1 ••••• Xn, Yn 

<FORMAT> WORD NUMBER 
Wn=2n+2 

COMMAND CODE hexadecimal notation 

15 8 7 5 4 3 2 0 

11 0 1 010 0 0 olAREAI COLI OPMI ($A 0 XX) EXECUTION CYCLES 
Cn=~ {P'L + 161+p'LO+ 20 

COMMAND PARAMETERS 

15 0 

I 
n (16 bits) I 

15 0 

I 
Xl (16 bits) I 

15 0 
Pl 

I Yl (16 bits) I 
15 0 

I X2 (16 bits) I 
15 0 

P2 

I Y2 (16 bits) I 
15 0 

I Xn-l (16 bits) I 
15 0 

Pn-l 

[ Yn-l (16 bits) I 
15 0 

I Xn (i6 bits) I 
15 0 Pn 

I Yn (16 bits) I 
P20+1 

Set "n·' in binary absolute values of 16 bits. 
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APLG 

APLG (Absolute Polygon) PAGE APLG-2 

< DESCRIPTION> 

y 

P2 (X2 ,Y2) Pn-, (Xn-, ' Y n-, ) 

ORG(O,O) x 

Figure C24-1 Function of APLG 

As shown in above figure, the APLG command draws a polygon line which connects the start 
point, CP, and each absolute coordinate (P1, P2 ..... , Pn-l, Pnl, then back to CPo 
The total number of points are set in the first command parameter. X and Y components of each 
point are set in the command parameters in the order the lines are drawn. CP moves to the end 
point CPe to draw a poly line. However a dot is not drawn at Pe. CP is the same point as Pe. 
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APLG 

APLG (Absolute Polygon) PAGE APLG-3 

<EXAMPLE> 
If the CP is at (- 8, - 6) on the split screen, n is set to 3, X 1 to - 4, Y 1 to 4, X2 to 8, Y 2 to 6, 

X3 to 16 and Y 3 to - 8 in the command parameter. The APLG command draws a polygon line as 
shown below. 
COMMAND CODE 

15 0 

11 0 1 0100 0 olAREAI COL 1 OPMI ($A 0 XX) 

COMMAND PARAMETERS 

15 0 

I 0 0 0 010 0 0 010 0 0 010 0 1 11 ($ 0003) 

15 0 

11 1 1 111 1 1 111 1 1 1 11 0 01 ($ F F F C) 

15 0 

I 0 0 0 01 0 0 0 010 0 0 010 1 0 01 ($ 0004) 

15 0 

I 0 0 0 01 0 0 0 010 0 0 011 0 0 01 ($ 0008) 

15 0 

I 0 0 0 010 0 0 010 0 0 010 1 1 01 ($ 0006) 

15 0 

1 0 0 0 01 0 0 0 01 0 0 0 11 0 0 0 01 ($ 0 0 1 0) 

15 0 

11 1 1 111 1 1 111 1 1 111 0 0 01 ($ F F F 8) 

y 

P2 ( 8 ,6) 

P 3 (l6,-8) 

Figure C24-2 Example of APLG Execution 
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IRPLG 

[25] RPLG (Relative Polygon) PAGE RPLG-1 

<FUNCTION> 
APLG draws a polygon which connects the initial point, CP, and each 
relative coordinate. 

TYPE 
Graphic 
Command 

<MNEMONIC> 
RPLG (AREA, COL, OPM) n, dX 1, dY 1, ... dXn, dYn 

<FORMAT> WORD NUMBER 
Wn=2n+2 

COMMAND CODE hexadecimal notation 

15 87 54 32 0 

11 0 1 010 1 0 01 AREAl COLI OPMI ($ A 4 X X) 
EXECUTION CYCLES 

COMMAND PARAMETERS Cn=L{P'L + 16]+P'LO+ 20 

15 0 

I 
n (16 bits) 

I 

15 0 

I 
dX 1 (16 bits) I 

15 0 
P1 

I 
dY 1 (16 bits) I 

15 0 

I 
dX2 (16 bits) I 

15 0 P2 

I dY 2 (16 bits) I 
15 0 

I dXn- 1 (16 bits) I 
15 0 

Pn-l 

I 
dYn- 1 (16 bits) 

I 

15 0 

I dXn (16 bits) 
I 

Pn 
15 0 

I dYn (16 bits) 
I 

P2n+ 1 

Set "n" in binary absolute values of 1 6 bits. 
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RPLG (Relative Polygon) PAGE RPLG-2 

< DESCRIPTION> 

ORG(O,O) 

Y 
(Xl, Yl): (A+dXI,B+dYI) 

(X2, Y2): (XI+dX2, YI+dY2) 

(X3, Y3): (X2+dX3, Y2+dY3) 

(Xn-l, Yn-l): (Xn-2+dXn-I, Yn-2+dYn-l) 

(Xn, Yn): (Xn-l+dXn, Yn-J+dYn) 

Pn-' (Xn -, ,Yn-') 
d~ dXs dXn 

d~ ", 
PoCXn, Yn) k:~Y:s ..-"", ~.dYn 

dX, P, ( x. , Y,) Ps (Xs . Y s ) 
dY, ~ 

CP 1'\ I \ Pe (A, B) 
(A,B B 

l! 

Figure C25-1 Function of RPLG 

X 

As shown in above figure, the RPlG command draws a polygon line which connects the start 
point CP, and each related coordinate (P 1, P2, P3, ... , Pn-l, Pn), then back to CPo 
The total number of points are set in the first command parameter. X and Y components of each 
point are set in the command parameters in the order the lines are drawn. CP moves to the end 
point Pe as the lines are drawn. However a dot is not drawn at Pe. CP is the same point as Pe. 
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I RPLG 

RPLG (Relative Polygon) PAGE RPLG-3 

<EXAMPLE> 
If the CP is at (- 8, - 6) on the split screen, n is set to 3, dX 1 to - 4, dY 1 to 4, dX2 to 8, dY 2 

to 6, dX3 to 1 6 and dY 3 to - 8 in the command parameter, then the RPLG command draws a 
polygon line as shown below. 
COMMAND CODE 

15 a 
11 a 1 ala 1 a al AREA I COL I OPMI ($A 4 XX) 

COMMAND PARAMETERS 

15 a 
la a a al a a a al a a a al a a a 11 ($ a a a 3) 

15 a 
11 1 1 111 1 1 111 1 1 111 1 a al ($ F F F C) 

15 a 
la a a al a a a al a a a al a 1 a al ($ a a a 4) 

15 a 
la a a ala a a ala a a al 1 a a al ($ a a a 8) 

15 a 
la a a ala a a alo a a ala 1 1 al 1$ a a a 6) 

15 a 
la a 0 010 0 0 ola a alia 0 a al ($ a a 1 a) 

15 0 

lii 1 111 1 1 111 1 1 1 [ 1 a 0 al ($ F F F 8) 

y 

P2 (-4,4) 

~8~~ 1--- 16 ~ 

: /~ ~ \ 
8 

X 
PI (-12,-2) 'I ;/ 

ORG ~l! f "'~e(-8'-5) (0,0) 

\ Pa (12,-4) 

~4-::rc CP (-8,-6) 

Figure C25-2 Example of RPLG Execution 
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JCRCl 

[26] CRCl (Circle Command) PAGE CRCl-1 

<FUNCTION> 
CRCl Command draws a circle of the rqdius R placing the CP at the 
center. TYPE 

Graphic 
Command 

<MNEMONIC> 
CRCl (C, AREA, COL, OPM) r 

<FORMAT> 

COMMAND CODE 

15 987 54 32 0 

11 0 1 011 00 lclAREA ICOl I OPMI 

COMMAND PARAMETERS 

15 0 
Ie------r -(1-6-b-it-s-) ------=;1 

< DESCRIPTION> 

hexadecimal notation 

C = 1 : ($ A 9 X X) 
C = 0 : ($ A 8 X X) 

WORD NUMBER 
Wn=2 

EXECUTION CYCLES 
Cn=8d+ 66 

The Circle Command (CRCL) draws a circle placing the Current Pointer (CP) at the center. The 
command parameter r specifies a radius in units of pixels. 

First the CP moves in the X-direction from the center for the length of the radius r. Now this 
point is named Ps. The circle drawing starts at Ps and finishes at P 1 (= Ps). But a dot is not drawn 
at P 1. After the circle has been drawn, the CP moves back to the center and the command is 
finished. The position of the CP and Pe are the same. 

Bit 8 (C) of the command code specifies whether a circle is drawn clockwise or counterclock­
wise. When C= 1, it is drawn clockwise, when C = 0, counterclockwise as shown next page. 

The parameter radius r is allocated 1 6 bits, but only the low order 1 3 bits are effective. 
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CRCL (Circle Command) 

y 

ORG(O,O) 

A 

<EXAMPLE> 

P\(A+r,B) 
~--~Ps(A+r,B) 

x 

(A) 

y 

000(0,0) 

A 

Figure C26-1 Function of CRCL 

CRCL 

PAGE CRCL-2 

Ps(A+r,B) 
._------'t PI (A+r ,B) 

x 

(B) 

If the CP is (0, 0) on the split screen, and r is set 7 in the command parameter, then the CRCl 
Command draws a circle as shown in figure below. 

COMMAND CODE 

15 0 

li 0 1 01 1 0 0 iolAREA ICOl IOPMI ($A 8 XX) 

COMMAND PARAMETERS 

o 
($ 0007) 

Ps(7,O) 
CP(o,o) X 

--~~P-e(-O~,-O)-'~~~~------~ 

PI (7,0) 

Figure C26-2 Example of CRCL Execution 
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[27] ELPS (Ellipse Command) 

<FUNCTION> 
ElPS Command draws an ellipse placing the CP at the center. 

<MNEMONIC> 
ELPS (C, AREA. COL, OPM) a, b, OX 

COMMAND CODE hexadecimal notation 
15 987 54 32 0 

C = 1 : ($ A 0 X X) 

IELPS 

PAGE ELPS-1 

TYPE 
Graphic 
Command 

WORD NUMBER 
Wn=4 

11 0 1 011 1 0 :CIAREA ICOl 10PMI 
C = 0 : ($ A C X X) EXECUTION CYCLES 

Cn= 10d+90 

COMMAND PARAMETERS 

15 0 

1 
a (16 bits) I 

15 0 

I b (16 bits) I 
15 0 

I dX (16 bits) I 
< DESCRIPTION> 

The Ellipse Command (ELPS) draws an ellipse placing the current pointer (CP) at the cen-

ter. 
On the X-Y coordinates, if the center of an ellipse is CP (A, B). the major axis is dX, and 

the minor axis is dY. An ellipse is drawn according to Equation (1) as shown next page. 

~_~2 ~-ru2_ ) 
~ + (jY2 - 1 ............... (1 

In Equation (1). letting the ratio of squared dX and 
dY be a, b; 

a : b = dX2 : dY2 ..................... , (2) 

Then substituting (2) for Equation (1); 

(X- A)2 (Y- B)2 = dX2 (3) 
a + b a ............ . 
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ELPS 

ELPS (Ellipse Command) PAGE ELPS-2 

The ELPS Command draws an ellipse according to Equation (3). The a, b, dX are specified in 
units of pixels. 

y 

ORG( 0,0) 

x 

Figure C27-1 Function of ELPS 

As shown in figure below, the CP moves in the X-direction from the center for the length 
of dX. This point is named Ps. The ellipse drawing starts at Ps and finishes at P 1 (= PsI. But, 
the dot is not drawn at P 1. After the ellipse has been drawn, the CP moves back to the center, 
and the command is finished. The first position of the CP and Pe are the same. 

y 

ORG 
(0,0) 

A 

(A) 

y 

~:-.::.~~ PI (A+dX, B) 
P s (A+dX, B) 

x 

ORG 
(0,0) 

A 
(6) 

Figure C27-2 Drawing Direction of ELPS 

x 
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IELPS 

ELPS (Ellipse Command) PAGE ELPS-3 

< EXAMPLE> 
Bit 8 (e) of the command code specifies whether an ellipse is drawn clockwise or counter­

clockwise. When C = 1, it is drawn clockwise, when C = 0, counterclockwise as shown in pre­
vious page. 

If the bit length of a, b, dX are 1.a, 1.b, 1.dX, then the bit length of these parameters must be as 
follows; 

1.a + 1.dX ~ 1 3 
1.b + 1.dX ~ 13 

< EXECUTION EXAMPLE> 
If the absolute coordinate of CP is (16, 10) on the split screen, a is set to 9, b to 4, dX to 9 in 

the command parameter, then the ELPS Command (C = 0) draws an ellipse as shown below. 

COMMAND CODE 

15 0 

G 0 1 0 11 1 0 [0 IAREA I COL I OPM I ($A C XX) 

COMMAND PARAMETERS 

15 0 

10 0 0 010 0 0 010 0 0 011 0 0 11 a ($ 0 0 09) 

15 0 

10 0 0 010 0 0 010 0 0 010 1 0 0 I b ($ 0 0 04) 

15 0 

10000100001000 011 ~ dX ($ 0009) 
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y 

OIW 
CO, 0) 

9 ; 4 = 9 2 ; 6 2 

I~ . 
. ~ 

(16,10) - 9 .~ I's(25,10) 

I' (16,10)1\ jP]C25,10) 

10/ 

I; 

Figure C27-3 Example of ELPS Execution 
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IAARC 

[28] AARC (Absolute Arc) PAGE AARC-1 

<FUNCTION> 
AARC draws an arc by current pointer (start point). end point, and cen­
ter point of the absolute coordinate. TYPE 

Graphic 
Command 

<MNEMONIC> 
AARC (C, AREA, COL, OPM) Xc, Yc, Xe, Ye 

<FORMAT> 

COMMAND CODE 

COMMAND PARAMETERS 

15 a 

I Xc (16 bits) I 
15 a 

I Yc (16 bits) I 
15 a 

I Xe (16 bits) I 
15 a 

I Ye (16 bits) I 

< DESCRIPTION> 

hexadecimal notation 

, 

WORD NUMBER 
Wn=5 

EXECUTION CYCLES 
Cn=8d+ 18 

As shown in Fig. C28-1, the AARC command draws an arc from the current pointer, CP, 
to Pe of the absolute coordinate, the absolute coordinates CC (Xc, yc) being the center point. 
The X and Y components of the absolute coordinates CC and Pe are set in the first and sec­
ond paraneters in units of pixels. After the arc drawing, current pOinter moves to Pe. However a 
dot is not drawn at Pe. The command code bit 8 (C) selects whether an arc is drawn clockwise 
or counterclockwise. When C is "1 ", the arc is drawn clockwise, and when C is "a",the arc is 
drawn counterclockwise as shown in Fig. C28-1. 
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AARC 

AARC (Absolute Arc) PAGE AARC-2 

The command parameters are allocated 1 6 bits, but only the low order 1 3 bits are effective. 

y 

<EXAMPLE> 

y 

ORG(O,O) 

(A) 

I 
I 

I 
I 
I 
I 

----- .......... 
/,/' " 

/ , 
/ 

Xe 

Figure C28-1 Function of AARC Command 

x 

(B) 

If the coordinate of CP is at (12,4) on the split screen, Xc is set to 12, Yc to 10, Xe to 6, and 
Ye to lOin the command parameter, then the AARC Command (C = 0) draws an arc as shown in 
figure next page. 

COMMAND CODE 

15 0 

Eo 1 1100 o!oIAREA ICOLIOPMI ($ 80 XX) 

COMMAND PARAMETERS 

15 0 
~lo-o-o-o~lo--o-o-o~lo-o-o-o~l-l--o~ol ($ 000 C) 

15 0 

10000100001000011 o 1 01 ($ 000 A) 

15 0 

10 0 0 010 0 0 010 0 0 0 10 1 1 01 ($ 0006) 

15 0 

~ 00 010 0 0 010 0 0 011 o 1 01 ($ 00 OA) 
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IAARC 

AARC (Absolute Arc) PAGE AARC-3 

y 
I C = 0 I 

Pe(6,10) CC(l2,10) 

1\ ,~ 
10 

000(0,0) ~ CP (12,4) 
x 

~12.----/ 

Figure C28-2 Example of AARC Execution 

, 
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IRARC 

[29] RARe (Relative Arc) PAGE RARC-1 

<FUNCTION> 
RARC draws an arc by current pointer (start point). end point. and cen­
ter point of the relative coordinate. TYPE 

Graphic 
Command 

<MNEMONIC> 
RARC (C, AREA, COL, OPM) dXc, dYc, dXe, dYe 

<FORMAT> 

COMMAND CODE hexadecimal notation 

15 987 54 32 0 

11 0 1 1 10 1 0 ic IAREA I COL I OPM I ~:: ~ : :: : ! ~ ~: 

COMMAND PARAMETERS 

15 0 

I dXc (1 6 bits) I 
15 0 

I dYc (16 bits) I 
15 0 

I dXe (16 bits) I 
15 0 

I dYe (16 bits) 
1 

< DESCRIPTION> 

WORD NUMBER 
Wn=5 

EXECUTION CYCLES 
Cn=8d+ 18 

As shown in Fig. C29-1, the RARC command draws an arc from the current pointer, CP, to Pe 
(A + dXe, B+ dYe) of the relative coordinates, the relative coordinates CC (A + dXc, B+ dYc) being 
the center points. The X and Y components of the relative coordinates· CC and Pe are set in 
the first and second parameters in units of pixels. CP moves to the end point Pe when an arc is 
drawn. However a dot is not drawn at Pe. The command code bit 8(C) selects whether an arc 
is drawn clockwise or counterclockwise. When C is "1 ", the arc is drawn clockwise, and when 
C j~ "0", the arc is drawn counterclockwise as shown in Fig. C29-2. 
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RARC 

RARC (Relative Arc) PAGE RARC-2 

The command parameters are allocated 1 6 bits, but only the low order 1 3 bits are effective. 

Y 

ORG B 
( 0,0) \ 

A 

(A) 

Pe(A+dXe, B+dYe) 

\ 

\ 
I 
I 

x 

Y 

ORG 
(0,0) 

A 

I 

.­
/ 

------ Pe(A+dXe ,B+dYe) 

....... " 

/ CC( A+dXc, U+dY c) 
I 
I 

\CP(A,B) 
\ dXc Yc 

X 

(B) 

Figure C29-1 Function of RARC 

< EXAMPLE> 
If the coordinate of CP is at (6, 10) on the split screen, dXc is set to 6, dYc to 0, dXe to 6, and 

dYe to 6 in the command parameter, then the RARC command (C = 0) draws an arc as shown 
next page. 

COMMAND CODE 

15 0 

I, 0 1 110 1 0;0 IAREA ICOL IODMI ($ B 4 XX) 

COMMAND PARAMETERS 

15 0 

100001000010000101 01 ($ 0006) 

15 0 

100001000010000100001 ($ 0000) 

15 0 

1 0 0 0 o@ijo 10 0 0 010 1 1 0 I ($ 0006) 

15 0 

10000100001000010 1 1 01 ($ 0006) 
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IRARC 

RARC (Relative Arc) PAGE RARC-3 

y I c=o I 
Pe(l2,16) 

\ 

CP(6,10) ~ 
~6 /' 

CC(12,10) 

ORG( 0,0) x 

Figure C29-2 Example of RARC Execution 
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IAEARC 

[30] AEARC (Absolute Ellipse ARC) PAGE AEARC-l 

<FUNCTION> 
AEARC draws an ellipse ARC. Graphic 

TYPE Command 
<MNEMONIC> 

AEARC (C, AREA, COL, OPM) a, b, Xc, Yc, Xe, Ye 

<FORMAT> 

WORD NUMBER 
COMMAND CODE hexadecimal notation Wn=7 

15 987 54 32 0 

11011110oiciAREAICOLIOPMI 
C = 1 : ($ B 9 X X) EXECUTION CYCLES 
C = 0 : ($ B 8 X X) Cn= 10d+96 

COMMAND PARAMETERS 

15 0 

I 
a (16 bits) I 

15 0 

I b (16 bits) I 
15 0 

I Xc (16 bits) ~ 
15 0 

[ Yc (16 bits) I 
15 0 

[ Xe (16 bits) I 
15 0 

I Ye (16 bits) I 

< DESCRIPTION> 
The AEARC command draws an arc from the current pointer, CP, to Pe of the absolute coor-

dinate, the absolute coordinates CC (Xc, Yel being the center point. the X and Y components of the 
absolute coordinates CC and Pe are set in the command parameters in units of pixels. 

CP moves to the end point Pe when an arc is drawn. However a dot is not drawn at Pe. 
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AEARC 

AEARC (Absolute Ellipse ARC) PAGE AEARC-2 

The command code bit 8(C) selects whether an arc is drawn clockwise or counterclockwise. 
When C is "1 ", the arc is drawn clockwise, and when Cis "0", the arc is drawn counterclockwise 
as shown in Fig. C30-1 . 

Y 

< RELATED EQUATIONS> 

Y 
Pe(Xe,Ye) 

x DRGCO,O) 

(A) 

/';" 
I 

( 
I 
\ 

---­.... ~ 

\ CP(A,B) 

Figure C30-1 Function of AEARC 

Pe(Xe,Ye) 

x 

(B) 

In the X-V coordinate, let the center point of the ellipse be CC(Xc, YC), let the length of 
the X-axis be dX, and let the length of the Y-axis be dY. Depending on (1), an ellipse ARC is 
drawn as shown in Fig. C30-2. 

(X- Xc)2 (Y- yc)2 
dX2 + dY2 = 1 ............. (1) 

When letting dX2 and dY2 be a and b, 
then a : b = dX2: dY2 .................. (2) 
by substituting (2) for (1), the result is 

(X-aXC)2 + (Y-bYC) 2 = d~2 .......... (3) 

The AEARC draws an ellipse ARC according to 
Equation (3). 
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AEARC (Absolute Ellipse ARC) 

y 

ORG(O,O) x 

Figure C30-2 Notation of an Ellipse (1) 

y 

--- ---

... 
\ 
\ 

I 
I 

/ 
.--,--/ 

x 

Figure C30-3 Notation of an Ellipse (2) 

AEARC 

PAGE AEARC-3 

When setting CP (A, 8) and CPe (Xe, Vel as shown in Fig. C30-3 for an ellipse arc drawing, the 
following equations are applicable. 
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IAEARC 

AEARC (Absolute Ellipse ARC) PAGE AEARC-4 

A = dXdY cos I} + x ( ) .J dX2 sin2 I} + dY2 cos2 I} c. . . . . . . . .. 4 

B = dXdYsinl} + Y (5) .J dX2 sin2 I} + dY2 cos2 I} c ......... . 

Xe = dXdY cos a + Xc (6) .J dX2 sin2 a + dY2 cos2 a ......... . 

dXdY sin a 
Ye = .J dX2 sin2 a + dY2 cos2 a + Yc .......... (7) 

a, b, Xc, Yc, Xe and Ye are given as a parameter to the AEARC command in units of pixels. 
When setting the command parameters, CC (Xc, Yc) of an ellipse, and CP (A, B) and Pe (Xe, 
Ye) and ellipse ARC must meet the above (4). (5). (6) and (7) equations. 
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JREARC 

[31] REARC (Relative Ellipse ARC) PAGE REARC-1 

< FUNCTION> 
REARC draws an ellipse ARC. 

Graphic 
TYPE 

<MNEMONIC> 
Command 

REARC (C,AREA, COL, OPM) a, b, dXc,dYc, dXe, dYe 

<FORMAT> WORD NUMBER 
Wn=7 

COMMAND CODE hexadecimal notation 

15 987 54 32 0 EXECUTION CYCLES 

11 0 1 111 1 0 jCIAREA 1 COL IOPMI 
C = 1 : ($ B D X X) Cn= 10d+96 
C = 0 : ($ B C X X) 

COMMAND PARAMETERS 

15 0 

1 
a (16 bits) I 

I 

15 0 

I b (16 bits) 
1 

15 0 

L ______ dXc (16 bits) ~ 
15 0 

I dYc (16 bits) I 
15 0 

I dXe (1 6 bits) 
1 

15 0 

C dYe (16 bits) I 

< DESCRIPTION> 
As shown in Fig. C31-1, the REARC command draws an arc from the current pointer, CP, 

to Pe (dXe, dYe) of the relative coordinate, the relative coordinates CC (dXc, dYc) being the 
center point. 

The X and Y components of the relative coordinates CC and Pe are set in the command 
parameters in units of pixels. 
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REARC 

REARC (Relative Ellipse ARC) PAGE REARC-2 

The command code bit 8 (C) selects whether an arc is drawn clockwise or counterclockwise. 
When C is "1", the arc is drawn clockwise, and when C is "0", the arc is drawn counterclockwise 
as shown in Fig. C31-1. 

Y 

ORG(O,O) 
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Pe(A+dXe,B+dYe; 

... , 

" \ 
I 
I 

I 

:l'i;;=-:;v,=-,~-~,,,,// 

w 
x 

Y 

/~ 

Pe(A+dXe ,B+dYe) 

--------- .... 
~~ 

" CC(A+dXc,B+dYc 
I 

\ cP(A, B) 
\ 

",""~-:-:;-:::=,,,f-:;:;-:~ 

ORG(O,O) X 

A 

(B) 

Figure C31-1 Function of REARC 



JAFRCT 

[32] AFRCT (Absolute Filled Rectangle) PAGE AFRCT-1 

<FUNCTION> 
AFRCT command paints the rectangular area specified with CP (Current 
Pointer) and the command parameter (the absolute coordinates) accord­
ing to a figure pattem stored in the Pattem RAM. 

TYPE 
Graphic 
Command 

<MNEMONIC> 
AFRC (AREA, COL, OPM) X, Y 

<FORMAT> 

COMMAND CODE 

15 87 54 32 0 

11 1 001000 O/AREAICOL IOPMI 

COMMAND PARAMETERS 

15 0 

I X (16 bits) I 
15 0 

I Y (16 bits) I 

< DESCRIPTION> 

hexadecimal notation 

($ CO XX) 

WORD NUMBER 
Wn=3 

EXECUTION CYCLES 
Cn= (P'A+ 8)8+ 18 

The Absolute Filled Rectangle Command (AFRCT) paints the rectangle area according to the 
color information in the pattern RAM. The sizes of the rectangle are parallel to the coordinate axis. 
Two comer points on the diagonal are CP and Pc (X, YI at the absolute coordinate point from 
the origin. 

Pc (X, YI expressed in the absolute X - Y coordinates from the origin are given by the com­
mand parameter in units of pixels. 

y 

OIW(O,O) 

Figure C32-1 Function of AFRCT 
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IAFRCT 

AFRCT (Absolute Filled Recangle) PAGE AFRCT-2 

Painting in a rectangular area depends on the position of CP and Pc, as shown in Fig. 
C32-2. In Fig. C32-2, painting between CP and Pc is performed. CP is moved to Pe at the ter­
mination of the command. The drawing at the end point Pe is not performed. 

CP CP 

(:p ! .... / .. ~ 

Z2?/?Z ---0-- Pc 
Pc 

i 

Figure C32-2 Painting Direction of AFRCT 

<EXAMPLE> 
If the absolute coordinate of CP is (A, B) on the split screen, X is set to X 1 and Y to Y 1 in the 

command parameter, and the drawing parameter register for the pattern RAM is set to the follow­
ing, the pattern start point (PSX, PSY), the pattern end point (PEX, PEY), the graphic pattern pointer 
(PPX, PPY), then, the rectangular area is painted with the AFRCT command as shown next page. 

COMMAND CODE 

15 0 

11 1001000 O/AREA/COL /OPM/ ($ COX X) 

COMMAND PARAMETERS 

15 0 1r----X- 1 -----., ($X XXX) 

15 0 

'==--=--=-~-_--_-Y=1 ==--=--=--~--i ($ X X XX) 
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IAFRCT 

AFRCT (Absolute Filled Rectangle) PAGE AFRCT-3 

y 

Pattp.rn RAM 

PTN 15 (PEX. PEY) 
r----.. ..,./ ( (~J 

PTN 0 (PSX. PSY) 

bitO~ bit 15 

ORG(O.O) 

f-LLLLLLLL 

~~~~~~l~l 
=-~~~~l~~~ 
=-~~~~~~l~ 
=-~~~~~~~~ 

Pc (A. Y I -- 1) 

--

x 

Figure C32-3 Example of AFRCT Execution 
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/RFRCT 

[33] RFRCT (Relative Filled Rectangle) PAGE RFRCT-1 

<FUNCTION> 
RFRCT command paints in the rectangular area specified with CP (Cur­
rent Pointer) and the command parameter (the relative coordinates) ac­
cording to a figure pattern stored in the Pattern RAM. 

TYPE 
Graphic 
Command 

<MNEMONIC> 
RFRCT (AREA. COL.OPM) dX.dY 

<FORMAT> 

COMMAND CODE 

15 87 54 32 0 

11 1 0 01 0 1 0 01 AREA 1 COL 1 OPM I 
COMMAND PARAMETERS 

15 0 

I dX (16 bits) I 
15 0 

I dY (16 bits) I 

< DESCRIPTION> 

hexadecimal notation 

($ C 4 XX) 

WORD NUMBER 
Wn=3 

EXECUTION CYCLES 
Cn= (P·A+ 8)B+ 18 

The Relative Filled Rectangle Command (RFRCT) paints the rectangular area according to the 
color information in the pattem RAM. The sizes of the rectangle are parallel to the coordinates axis. 
Two corner points on the diagonal are CP and Pe (A+ dX. B+ dY) at the relative coordinate point 
from CPo 

Pe (dX. dY) expressed in the relative coordinate from CP is given by the command parameter 
in units of pixels. 

y 

Pe (A, B-klY, 1 ) 

O-JI)----Pc (A+dX,BtdY) 

dY 

./ 
CP(A, dX ORG(O,O) 

---1-----------------------X 

Figure C33-' Function of RFRCT 
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IRFRCT 

RFRCT (Relative Filled Rectangle) PAGE RFRCT-2 

Painting in a rectangular area depends on the position of CP and Pe, as shown in Fig. C33-2. In 
Fig. C33-2, painting between CP and Pe is performed. CP is moved to Pe at the termination of 
the command. The drawing at the end point Pe is not performed. 

Pe Pe pc_ 
CP 

CP CP 

~ 
Pc -------0 -0----- Pc 

Pe Pe 

Figure C33-2 Painting Direction of RFRCT 

<EXAMPLE> 
If the absolute coordinate of CP is (A, B) on the split screen, dX is set to dX 1 and dY to dY 1 in 

the command parameter, and the drawing parameter register for the pattern RAM is set to the fol­
lowing, the pattem start point (PSX, PSY), the pattern end point (PEX, PEYl. the graphic pattern 
pointer (PPX, PPYl. then, the rectangular area is painted with the RFRCT command, as shown in 
Fig. C33-3. 

COMMAND CODE 

15 0 

11 1 0 010 1 0 olAREA ICOl IOPMI ($ C 4 XX) 

COMMAND PARAMETERS 

15 0 

I dXl 
I 

($X X XX) 

15 0 

I 
! 

($X X XX) dYl i 
I 
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RFRCT (Relative Filled Rectangle) 

Pa t tern RAM 

PTN 15 (PEX, PEY) 
r---- .. ----

(ppx~1 ! 
PPY): : 

I I 
I I ____ .I 

PTN 
o (PSX, PsY) 

bila ~ bit 15 

y 

RFRCT 

PAGE RFRCT-3 

CP(A,B) 

~ 

~~l~~t=.lt=. 
~~~lt=.~~~ \ 
~ t=.l ~ ~ t=. t=. ~ dYt+1 

~t=.l~~ll~ 
Pe (A,B-dYl-I) -dXt+1 

Pc 
(A+dXI,B-dYI) 

x 

Figure C33-3 Example of RFRC Execution 
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JPAINT 

[34] PAINT (Paint) PAGE PAINT-1 

<FUNCTION> 
PAINT command paints the closed area surrounded by edge color using 
the figure pattern stored in the pattern RAM. TYPE 

Graphic 
Command 

<MNEMONIC> 
PAINT (AREA, COL, OPM) 

<FORMAT> 

COMMAND CODE 

15 987 54 32 0 

11 1 0 all 0 OiEIAREAlcOl IOPMI 

COMMAND PARAMETERS 

- NON-

< DESCRIPTION> 

hexadecimal notation 

($ C X XX) 

WORD NUMBER 
Wn=l 

Command execution cycle 
number 

Cn=(lS'A+ 102)B-58 

(When painting rectangle) 

The "Paint" command (PAINT) paints the closed area surrounded by edge color defined in the 
parameter register (EDG: edge color). using the figure pattern stored in the pattern RAM. If the CP is 
inside the closed area, the paint operation is performed only inside the closed area. If the CP is 
outside, the paint operation is performed outside the closed area. Color code stored in color 
registers (ClO or Cll) are also considered to be an edge during PAINT execution. (See < Com­
plex Figure Painting>.) When an unpaintable area is detected during this command, the coordi­
nates are put in the Read FIFO and painting is continued. Therefore, a complex figure can be 
completely painted by re-issuing PAINT commands using the coordinate data put in the Read 
FIFO. 

< Definition of Edge Color> 
E = 0: The edge color is defined by the data in the EDG register. (See figure next page) 
E = 1 : The edge color is defined to be all colors except for the color in the EDG register. (See 

figure next page) 
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PAINT 

PAINT (Paint) PAGE PAINT-2 

E = 0: "red" is set to the EDG register. 
PAINT is executed at E=O. 

CP Background: Black 

Figure C34-1 Paint Function (E=O) 

Red 

E = 1: "black" is set to the EDG register. 
PAINT is executed at E=1. 

CP Background: Black 

Figure C34-2 Paint Function (E= 11 

< Paint Using a Pattern > 
The PAINT command paints using a pattern stored in the pattern RAM. As the scan point in 

the pattern RAM moves corresponding to the movement of the drawing point, the figure is re­
peatedly drawn. 

Pattern RAM 

PTN 15 PE (pEX, PEYI 

( ~-- --4PP(PPX 
! i PPYI , , 
I ' 
I 

)-----
PTN 0 \...P_S_(P_S_X_, P_S_Y_I-, 

bitO~bit15 

CP 

Figure C34-3 Paint Function Using Figure Pattern 
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IPAINT 

PAINT (Paint) PAGE PAINT-3 

< Paint Procedure> 

Figure C34-4 Paint Procedure 

Painting is continuously performed parallel to the X axis (left to right), and in the Y direction, 
dot by dot. Fig. C34-2 shows an example of painting the encircled area. First, painting begins from 
points S on a line which is parallel to the X axis from CPo Next, painting is executed on the adjacent 
line which is above or below the first line. This drawing is repeated and painting proceeds. In this 
way, the whole encircled area is painted. The current pointer, CP, moves to the end point Pe at the 
finish. 

< Complex Figure Painting> 
The PAINT command checks the outlined area for any un-painted areas during painting. If 

there are any during painting, the coordinates of the areas are pushed into the intemal stack. Figure 
below shows a case of four coordinates being pushed into the stack. 

Figure C34-5 Paint Stack Function 
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I PAINT 

PAINT (Paint) PAGE PAINT-4 

The ACRTC can store four such coordinates. If the points are within four, one PAINT com-
mand can completely paint a complex figure. ~ 

If the points are five or more all coordinates cannot be pushed into the stack. The un-stacked 
coordinates are put in the Read FIFO to be read out by the MPU. the MPU reads out the coordinates 
and issues another PAINT command to paint the un-painted areas using these coordinates after the 
initial PAINT command is finished. The coordinate for one point put in the Read FIFO consists of the 
following 3 words. 

15 0 

I CPx I · Coo"', ..... Xl 
15 

o Absolute coordinates 

I CPy I ; Coordinates y 

15 0 

I PPxy I ; Value of the pattern pOinter 

If the Read FIFO is full, the command execution remains halted until the MPU reads out the 
coordinates. When the Read FIFO has data before "PAINT" is instructed, only two or less coordi­
nates can be pushed into the stack. Therefore, it is recommended that the read FIFO be empty be­
fore instructing A "PAINT" command. 

The following two cases are the state of termination of the command. 

CD Data is not written in the Read FIFO 
(The outlined area is completely painted.) 

~ Data is written in the read FIFO 
(An un-paintable area exists.) 

In the case o@ any un-painted area should be painted by issuing the PAINT command again. 
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PAINT (Paint) 

WPR PS 
WPR PE 

(Specify the pattern area) 

WPR PP 

(Specify the pattern point) 

AMOVE X, Y 

(Specify the start point) 

PAINT 

NO 

YES 

YES 

PAINT 

PAGE PAINT-5 

Read FIFO 

(Read out the coordinate X) 

Read FIFO 

(Read out the coordinate Y) 

Read FIFO 

(Read out the pattern point) 

END 

Figure C34-6 Paint Flow of Complex Figures Using PAINT Command 
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I PAINT 

PAINT (Paint) PAGE PAINT-6 

< PAINT Area Detection Mode> 
PAINT Area Detection modes have each of the following functions. 

AREA PAINT Command Execution 

000 Not check the specified area. 

001 AREA flag is set and the command execution is truncated, if CP moves out-
side the specified area during painting. 

010 Paint only inside the specified area. 
AREA flag is not set. 

all Paint only inside the specified arera. 
If CP meets the edge of the specified area, AREA flag is set. 

100 Not check the specified area. 

101 AREA flag is set and the command execution is truncated, if CP moves inside 
the specified area. 

110 Paint only outside the specified area. 
AREA flag is not set. 

111 Paint only outside the specified area. 
If CP meets the edge of the specified area, AREA flag is set. 
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PAINT (Paint) 

(i) AREA = a a a 
AREA = 100 

(ii) AREA = a a 1 
(AREA flag is set.) 

(iii) AREA = a 1 a 
(AREA flag is not changed.) 
AREA = a 1 1 
(AREA flag is set.) 

(iv) AREA = 1 a 1 
(AREA flag is set.) 

(v) AREA = 1 1 a 
(AREA flag is not changed.) 
AREA = 1 1 1 
(AREA flag is set.) 

PAINT 

PAGE PAINT-7 

(XMAX, YMAX) ,----------. 
I I 
I I Cp 

I 
I 
I 
I 
I 
.... -----

(XMIN, YMIM) 

(XMAX, YMAX) r----------., 
I I 
I CP 
I 
I 
I 
I 
I .... -----

(XMlN,YMlN) 

(XMAX, YMAX) 
,----------~ 

I I 
I 
I 
I 
I 
I 
I .... -----

(X~[I'J, nil") 

(X~AX, niAX) 
r-----------., 
I I 

CP 

: CP 
I 
I 

( X~[ l~~Y~~I~~-~~~~~~~ 
Figure C34-6A Paint Command Example with AREA Modes 
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I PAINT 

PAINT (Paint) PAGE PAINT-8 

< EXAM PLE > (In the case of E = "0") 
If a circle of the same color as specified in the edge color register (EDG) is drawn on the 

split screen, the pattern shown in Fig. C34-7 fetched from the pattern RAM is used and the 
pattern pointer (PP) is in the position shown in Fig. C34-7. Then the PAINT command with bit-
8 = "0", CP in the position shown in Fig. C34-8 is executed as shown in Fig. C34-8. 

COMMAND CODE 

15 0 

11 10 0110 O!OiAREAiCOLioPMi ($ C 8 x X) 

Pattern RAM 

"--'''--''---'--r-~-'--+- P E (P E X, PE Y) 

H>--+-ttcj::~t---t- PP (pPX, PPY) 

/ 
I 

PS (PSX, PSY) 

Figure C34-7 Setting of Pattern RAM 
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jPAINT 

PAINT (Paint) PAGE PAINT-9 

< EXECUTION EXAMPLE> (In the case of E - "0") 

0 0 o 0 0 0 0 
o 0 0 [:, [:, 0 o 0 

o 6 [:, [:, [:, [:, [:, Do [:, 0 
0 [:, [:, [:, [:, 0 

0 [:, [:, [:, [:, [:, 0 
0 

0 /EDG 0 

o [:, [:, [:, [:, [:, [:, [:, [:, [:, [:, [:, [:, 0 
0 [:, [:, [:, 6 [:, [:, 0 0 [:, [:, [:, [:, [:, [:, 0 o [:, [:, [:, [:, [:, [:, [:, 6 [:, [:, [:, [:, [:, [:, [:, 0 0 [:, [:, [:, 6 [:, [:, [:, 0 0 [:, [:, [:, [:, [:, [:, [:, 0 0 

0 0 

0 o [:, [:, [:, [:, [:, [:, [:, [:, [:, [:, [:, [:, [:, [:, [:, 0 0 [:, [:, [:, [:, [:, [:, [:, 0 
0 [:, [:, [:, 6 [:, [:, 0 0 [:, [:, [:, [:, 6 6 [:, [:, [:, [:, [:, [:, [:, [:, 0 o [:, [:, [:, [:, [:, [:, 0 

0 [:, , . [:, [:, 0 
0 

0 
0 

0 
0 [:, [:, 6 [:, ~[:, [:, [:, [:, 0 

CP 0 [:, [:, [:, 6 0 
0 o 0 6 [:, 0 0 0 

o 0 o 0 0 o 0 

Figure C34-8 Example of PAINT Execution (E = "0") 
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I PAINT 

PAINT (Paint) PAGE PAINT-10 

< EXAMPLE> On the case of E = "1") 
If a circle of the same color as specified in the edge color parameter register (EDG) is drawn on 

the split screen and the inside of the circle is also painted in the same color and the surround of the 
circle is not the same color as the edge, Fig. C34-1 0 (A), and the pattern shown in Fig. C34-9 is in 
the pattern RAM, the pattern pointer (PP) is in the position shown in Fig. C34-9. Then the PAINT 
command with bit 8 = "1", CP in the position shown in Fig. C34-1 0 (A) is executed as shown in 
Fig. C34-10 (8). 
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Pattern RAM 

r-r--1--r-..,..-r __ -+- PE (PE X, PE Y) 

H.......t--+"4=t==t--t- PP (PPX, PPY) 

/ 
/ 

PS(PSX,PSY) 

Figure C34-9 Setting of Pattern RAM 



I PAINT 

PAINT (Paint) PAGE PAINT-11 

exceptional edge color ., . • • • ~EDG •• 000 00 0 

• 0 0 0 000 0 o 00. • • 0 0 0 0 00 0 0 0 0 0 0 0 • 
CP .0 0 0 0 0 00 00 0 0 o 0 0 0 • 

0 00 0 000 00 0 0 o 0 0 0 • 
.0 00 0 000 o 0 0 0000 0 o • 

• 0 0 00 0 0000 0 0 000 0 O. 

• 0 0 00 0 0000 00 000 00. 

• 000 00 0 0 0000000 00. 

• 000 00 0 000 000000 00. 

• 0 00 o 0 00 0 0 000 0000 O. 

• 0 00 o 0 0000000 0 0000 • 
• 0 000 0000000 o 0 00 • 
• 0 000 0000 0 00 0000 • • 0 00 0 0000 00 000. 

• o 0 00000 00 00. 

•• 000 0 00 o • • 
• • • •• • • 

• • •• • • • • • (; (; • • (A) . (; (; (; {:, . 
• • • • · (; (; 

{:, (; {:, (; (; (; (; • • {:, (; (; {:, • 
• (; (; (; (; • · {:, 

(; (; (; (; {:, (; (; (; (; {:, • • (; {:, (; (; (; . 
• (; @ (; (; • • • • • · (; (; 

(; (; (; e:. (; (; (; • • (; e:. (; (; • • {:, e:. e:. e:. • • e:. e:. e:. e:. e:. • 

• • (; (; • • 
• • • • • • • 

(8) 

Figure C34-1 0 Example of PAINT Execution IE = "1") 
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[35] DOT (Dot Command) 

<FUNCTION> 
DOT Command marks a dot on the coordinates where the CP points. 

<MNEMONIC> 
DOT (AREA, COL, OPM) 

<FORMAT> 

COMMAND CODE 

15 87 54 32 0 

111001110olAREAICOLIOPMI 

COMMAND PARAMETERS 

- NON-

< DESCRIPTION> 

hexadecimal notation 

($C C XX) 

lOOT 

PAGE OOT-1 

TYPE 
Graphic 
Command 

WORD NUMBER 
Wn=1 

EXECUTION CYCLES 
Cn=8 

The Dot Command (DOT) marks a dot on the coordinate where the Current Pointer (CP) indi­
cates. After dot drawing, the CP doesn't move. So, Pe, the dotting-finishing point, is the same point 
as the CPo 

y 

CP (A,B) 

• 
Pe (A,B) 

ORG (0,0) x 

Figure C35-1 Function of DOT 
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lOOT 

DOT (Dot Command) PAGE OOT-2 

<EXAMPLE> 
In the case of the absolute coordinate of the CP is (10, 8) on the split screen, the DOT Com­

mand marks a dot as shown in Fig. C35-2. 

COMMAND CODE 

15 0 

/1 1 0 0/' 1 0 0IAREA ICOl I OPM I ($C C XX) 

COMMAND PARAMETERS 

- NON-

y 

Pe(lO,R) 

• 
CP(IO,8) 

__ ~O~R~G~(O~,~O~) __________ X 

figure C35-2 Example of DOT Execution 

The LINE Commands and ARC Commands do not draw a dot at the finishing points, Pe. The 
DOT Command can be used to draw a dot at the Pe to draw a complete line or arc. 

COMMAND CODE 

15 87 54 32 0 

/ 1 1 0 01 1 10 alAREA I COL I OPM I 

EXAMPLE 
End point Pe (X, YI 

/ 
CP Start point 

ALINE X, Y 

End point Pe (X, YI 

/ 
CP Start point 

ALINE X, Y 
DOT 

Figure C35-3 DOT Command for the End Point 
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IPTN 

[36] PTN (Pattern) PAGE PTN-1 

<FUNCTION> 
The graphic pattern defined in the pattern RAM is drawn onto the rec­
tangular area specified by the current pointer and by the pattern size. TYPE 

Graphic 
Command 

<MNEMONIC> 
PTN (SL, SO, AREA, COL, OPM) S 

<FORMAT> 

COMMAND CODE hexadecimal notation 

15 12111087 54 32 0 

11 1 0 1 I SL I SO I AREA I COL I OPM I ($0 X XX) 

COMMAND PARAMETERS 

1 5 8 7 0 SZx, SZy szl r-~~-S-Z-y---Ir----S-Z-x---'I Setting: 0-255 
1..... - _____ ..L. ______ .....J Meaning: 1-256 

in units of pixels 

< DESCRIPTION> 

WORD NUMBER 
Wn=2 

EXECUTION CYCLES 
Cn= (P'A + 1 O)'B+ 20 

As shown in Fig. C36-1, the Pattern command (PTN) is used to draw the graphic pattem 
defined in the pattern RAM onto the rectangular area specified by the current pointer (CP) and 
by the parameter (SZ: SZy, SZxl. The pattern to be taken out of the pattern RAM is set by the 
pattern start point (PS) and pattern end point (PEl. 

The point at which to start pattern RAM scan to obtain color information is set by the pat­
tern pointer (PP). The color information is set on color registers "0" and "1" for execution of 
pattern drawing. 

Parameter SZ is divided into X component (SZx) and Y component (SZy), each component 
being set in units of pixels. 

The PTN command has the CP scan direction set up in units of 45° in the operation code, 
together with the choice of 45° slanted pattem drawing. After pattem drawing, the CP is moved to 
the Pe (see Table C36-11. 
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PTN (Pattern) 

Frame Buffer 
Pattern RAM y 

CP ~ 
\' SZy + 1 

SZX+l~ 

where, 
SL; 0 
SD; 7 

IPTN 

PAGE PTN-2 

ORG (0,0) 
--~----------------------------x 

Figure C36-1 Function of PTN 

Table C36-1 Directions of CP Scan 

00 0 o 0 1 o 1 n o 1 1 

"I Q <)oD (7 
1 0 0 1 0 1 1 10 1 1 1 

IO"'~--,,~-+---_-=-O "---"-----f-.--. 0 u 1 0 10 
II 1 1 

~ o~ 

• : CP 0: PI" 
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IPTN 

PTN (Pattern) PAGE PTN-3 

< Example of Command Execution> 
From the pattern RAM, take out a pattern using the PS (PSX, PSY) and PE (PEX, PEY)' 

and execute the PTN command. 

(1) Where PP=PS, PZ=O, SZ=PE-PS, SL=O, SD=O 

COMMAND CODE 

15 0 

11 1 0 11 0 i 0 0 01 AREA I COL I OPM 1 

COMMAND PARAMETERS 

15 8 7 0 

1000001 1 11000001 011 

Pattern RAM 
PTN15r-------------~--~ 

PE (PEX, PEY) . . ... ) 
0000· • 
o . · · 0 • 
<!) •• -0-
0000· • 
® • 0 • • • 
o · · 0 • • cp •• • 0 • 

PTN 0 PS (PSX, PSY) = PP 

bit 0 bit 15 

($DOXX) 

($ 07 05) 

Frame Buffer 

. . . . . . . . . . . 
0000· • 
o · · · 0 • 
0· • • 0 • 
0000· • 
o . 0 • • • 
0· -0-· 
~ • • • 0 • 

CP 

Figure C36-2 Example of PTN Execution (1) 
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PTN (Pattern) 

(2) Where PP~S, PZ=O, SZ=PE-PS, Sl=O, SD=O 

COMMAND CODE 

15 0 

11 1 0 1 loio 0 olAREA Icol IOPMI ($ DO XX) 

COMMAND PARAMETERS 

15 8 7 0 

10 0 0 0 0 1 1 110 0 0 0 0 1 0 1 I ($ 0 7 05) 

Pattern EAM 
PTN 15 

PE (PEX, PEY) . . .. ~ 
88 @ 8· . PP (PPX PPY) 
8·· .~. / ' 
0~ 
8888· • 
G)e(!) ••• 
o .. ® •• 
rr .. · 8 . 

PTNO PS (PSX, PSY) 

bit Obit 15 

Frame Buffer 

Pe 
\ . ~ . . . 
• 0· . 
• • 0 • 
• .• 0 · . . . . . 
888· ·0 
• •• G ·0 

I . ·0 ·0 
CP 

Figure 36-3 Example of PTN Execution (2) 

IPTN 

PAGE PTN-4 
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PTN (Pattern) 

(3) Where PP=PS, PZ=O, SZ<PE-PS, SL=O, SD=O 

COMMAND CODE 

15 0 

1110110:0001AREAICOLIOPMI ($DOXX) 

COMMAND PARAMETERS 

15 8 7 0 

10 0 0 0 0 1 0 010 0 0 0 0 0 1 1 1 ($ 0 4 0 3) 

PTN 15 
Pattern RAM 

PE (PEX, PEY) . . . . . . 
0000· • 
® ••• G). 
o ... @ • 
0000· • 
o . 0 • • • 
0· -0-· 
o · .. 0 • 

PTN 0 PS (PSX, PSY) = PP 

bit 0 bit 15 
Frame Buffer 

Pe . . . . 
C!). • • 
0000 
0· 0 • 
o · · 0 
o · · · 

CP 

Figure 36-4 Example of PTN Execution (3) 
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IPTN 

PTN (Pattern) PAGE PTN-6 

(4) Where PP=PS, PZ=O, SZ>PE-PS, SL=O, SD=O 

COMMAND CODE 

15 0 

1110110iooolAREAICOLIOPMI ($DOXX) 

COMMAND PARAMETERS 

15 8 7 0 

10000 1 1 1 110000 1 0 1 1 I ($0 F OS) 

Pattern RAM 
PTN 15 r----------, 

PE (PEX, PEY) ..... ~ 
0000· • 
® •• e(!)e 
(!) •• -@-
0000· • 
@.® ••• 
0· ·0· • 
ffJ· • • (!) • 

PTN 0 PS (PSX, PSY) = PP 

bit 0 bit 15 

Frame Buffer 

ye 
• • • • • • • • • • • • · . . . . . . . . . . . 
0000· • 00c!)0 •• 
0·· ·0·0·· ·0· 
0·· -@·0-· .(!J. 
0000· • C!)CVCV0· • 
0·0·· ·0·0··· 
0· ·0· ·0· ·0·· 
ev·· .(!).(!) ••• (!). · . . . . . . . . . . . 
00c!)0· ·0000· • 
0·. -0-0 .. e(!)e 
® •• e0·@e. -@-

0000· • 0CVCV0· • 
C!)-@··-0-0-· • 
(!). e(!)e -0- -@-. 
~ •• ·0·0·· ·CV· 
CP 

Figure 36-5 Example of PTN Execution (4) 
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IPTN 

PTN (Pattern) PAGE PTN-7 

(5) Where PP=PS, PZX=1, PZY=1, SZ>PE-PS, SL=O, SD=O 

COMMAND CODE 

15 0 

111011 0 1000lAREAICOLIOPMI 

COMMAND PARAMETERS 

15 8 7 0 

1000011111000010111 

Pattern RAM 
PTN15~--------------~ 

PE (PEX, PEY) . . 
0000· • 
® •• • G). 
® •• ·0 • 
0000· • 
(!) • <!). • • 
o .. 0· • 
0-· .C!). 

PTN 0 ,-PS_(_PS_X_, _PS_Y_) _= __ P_P ____ -' 

bit 0 bit 15 

($ DO XX) 

($ 0 FOB) 

Frame Buffer 

Pe , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
00000000··· • 
00000000· • • • 
®0-···· -00- . 
0<V-···· ·0(!)-· 
® (!) • • • • • • (!) (!) • • 

® (!) • • • • • • C!) (!) • • 
00000000·· .. 
00000000·· •• 
00- -00-····· 
®®. e@(!) •••••• 

0@··· ·@0-··· 
®® ••• ·®0···· 
(!) (!). • • • • .. ® (!) • • 

~0 ••• • . • 00· • 
CP 

Figure 36-6 Example of PTN Execution (5) 
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PTN (Pattern) 

(6) Where PP=PS, PZ=O, SZ=PE-PS, SL= 1, SD=O 

COMMAND CODE 

15 0 

11 1 0 111 10 0 0 IAREA 1 COL 1 OPM 1 

COMMAND PARAMETERS 

15 8 7 0 

10 0 0 0 0 1 1 110 0 0 0 0 1 0 11 

Pattern RAM 
PTN15r------------------, 

PE (pEX, PEY) 

0000 • • 
® ••• 0 • 
® ••• @ • 

0000· • 
0-0 e •• 

<.!) •• ® •• p ... @ • 

--

($ D 8 XX) 

($ 0 7 05) 

PTN 0 PS (PSX, PSY) = PP 

bit 0 bit 15 
Frame Buffer 

Pe 

i .. . . . . 
0000· • 

(!) • • • <!) • 

0· • • ® • 
0000· • 

o . 0· •• 
0 e • @- • 

<r ... 0 • 

CP 

Figure 36- 7 Example of PTN Execution (6) 

IPTN 

PAGE PTN-8 

HITACHI 291 



IPTN 

PTN (Pattern) PAGE PTN-9 

(7) Where PP=PS, PZ=O, SZ=PE-PS, SL=O, SD=1 

COMMAND CODE 

15 0 

11 1 0 11 0 10 0 11 AREA I COL I OPM I ($ 0 1 XX) 

COMMAND PARAMETERS 

15 8 7 0 

10 0 0 0 0 1 1 11000001011 ($ 0 7 05) 

Pattern RAM 
PTN 15 

PE (PEX, PEY) 

• • · .~ 0000' · 0' · • 0 • 
0' · • 0 . 
0000· · G)·0· . · 0' · 0 . · o . · • @ • 

PTN 0 PS (PSX, PSY) = PP 

bit 0 bit 15 

Frame Buffer 

· • · · · · · • · · · · · · · · · • · · · · · · · · · · 
Pe · · · · • 0 . 0 . · · · · · -----. · · • G) • · ·0· · · · · · · • 0 • · · · · · · · · · · • @ • · · · ·0· · · · · · · ·0· · ·0 . · · · · · · · · ·(!)-0·0·0·CV· 

· · · · • 0 • · · · · · · · · · · · · • 0 . · · · · · · · · · · · · · 0 • · · · · · · · · · · · · • ~CP' · · · 
Figure 36-8 Example of PTN Execution (7) 
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!AGCPY 

[37] AGCPY (Absolute Graphic Copy) PAGE AGCPY-1 

<FUNCTION> 
AGCPY command copies a rectangular area specified by the absolute 
coordinates to the address specified by CP (Current Pointer) 

TYPE 
Graphic 
Command 

<MNEMONIC> 
AGCPY (S, DSD, AREA, COL, OPM) Xs, Ys, DX, DY 

<FORMAT> 

COMMAND CODE hexadecimal notation 

15 121110 87 54 32 0 

11110lsIDSDIAREAlooIOPMI ($ E X XX) 

COMMAND PARAMETERS 

15 0 

I Xs I 
15 0 

I 
Ys 

I 

15 0 

I DX I 
15 0 

I DY I 

< DESCRIPTION> 

WORD NUMBER 
Wn=5 

EXECUTION CYCLES 
Cn= {(P+ 2)A+ 1 OJB+ 70 

The Absolute Graphic Copy Command (AGCPY) copies data from an rectangular area in the 
frame buffer (the source area) to another location in the frame buffer (the destination area) with the 
initial starting point CPo The size of the source rectangular area is parallel to the coordinate axis. 
Two diagonal comer points are Pss (XS, Ys) at the absolute coordinate point from the origin and 
Pse (Xs+ DX, Ys+ DY) at the relative coordinate point from Pss. 

Pss (XS, Ys) expressed by absolute X- Y coordinates from the origin are set in the command 
parameter in units of pixels. 

Pse (DX, DY) expressed by relative X- Y coordinates from Pss are set in the command 
parameter in units of pixels. 
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AGCPY (Absolute Graphic Command) 

y Pe (A, B + OX + 1) 

Destination area 
o 

Source area 

• 

IAGCPY 

PAGE AGCPY-2 

Pse (Xs+DX, Ys+DY) 

<=::J • [J 
• ~DX ______ ~Y 

:. ( Pss (Xs, Ys) 

CP (A, B) • Ys 

ORG (0,0) 

Direction of scan 
S=1 
DSD = 000 ~ \ 

----~--~~--------------_7------------------------~x 

I~xs~ 
Figure C37-1 Function of AGCPY 

< DIRECTION OF POINTER SCAN> 
The direction of pointer scan is determined by S bit and DSD bit in the command code 

through the AGCPY command. 

(a) S (Source Scan Direction) 

COMMAND CODE 

15 11 o 
I lSi I 
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IAGCPY 

AGCPY (Absolute Graphic Command) PAGE AGCPY-3 

Table C37-1 Direction of Source Data Scan 

s =0 

s - 1 

BBBlGJ 
• : Pss o : Ps e 

The direction of scan on the frame buffer in the source area is determined with bit 11 in the 
command code and the position of Pss and Pse, as shown in Table C3 7 -1 . 

(b) DSD (Destination Scan Direction) 

COMMAND CODE 

15 1098 0 Ir-----,.I-D S-----'D Ir-----I 
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IAGCPY 

AGCPY (Absolute Graphic Copy) PAGE AGCPY-4 

Table C37-2 Direction of Destination Data Scan 

DSD=ooo DSD=oOl DSD=OlO DSD=o 11 

DSD=lOO DSD=lOl DSD=110 DSD=lll 

lEI [EJ oBl °Bl 
.:CP o:Pe 

As shown Table C37-2, the direction of scan on the frame buffer in the destination area is 
determined with bits 10 through 8 in the command code and position of CP and Pe. 

After termination of the command, Pe, the end point of CP, is moved to the point shown in 
Table C37-2. 

<EXAMPLE> 
If the absolute coordinates of CP is (4, 2) on the split screen, Xs is set to 18, Ys is set to 2, OX 

is set to 1 3 and OY is set to 7 in the command parameter. Then, the drawing is copied by the 
AGCPY command (S = 1, OSO = 000), as shown in Fig. C37-2 (B). 

296 HITACHI 



AGCPY 

AGCPY (Absolute Graphic Copy) PAGE AGCPY-5 

COMMAND CODE 

15 0 

11 1 1 01 0 100 OIAREAI 00 IOPMI ($EOXX) 

COMMAND PARAMETERS 

15 0 

10000100001000 11 00 1 01 ($ 00 1 2) 

15 0 

/0 0 0 0/0 0 0 0/0 0 0 0/0 0 1 0/ ($0002) 

15 0 

/000 % 0 0 010 0 0 011 1 0 1 I ($ 000 D) 

15 0 

1000 % 0 0 % 0 0 010 1 1 I ($ 0007) 

Y 
(34,12) 

~ 

Y 

(28,6) 

ORG (0,0) 
(A) Before Execution of AGCPY 

oPe (4,16) r---'0 (11,15) 

I (8,12) : 
I I 
I I 
I I 
I I 
I I 
I I 

: I • ______ .J 

CP (4, 2) 

18 

r-------- -
I 
I 
I 

I I 7 
I 13 _____ I / 

Pss (18, 2) ---------~ 

ORG (0,0) (B) After Execution of AGCPY 

Figure C37-2 Example of AGCPY Execution 

x 

x 
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[RGCPY 

[38] RGCPY (Relative Graphic Copy) PAGE RGCPY-1 

<FUNCTION> 
RGCPY command copy a rectangular area specified by the reative 
coordinates based on CP (Current Pointer) to an address specified by 
CPo 

TYPE 
Graphic 
Command 

<MNEMONIC> 
RGCPY (S, DSD, AREA, COL, OPM) dXs, dYs, OX, DY 

<FORMAT> WORD NUMBER 
Wn=5 

COMMAND CODE hexadecimal notation 

15 121110 87 54 32 0 

11111lSlDSDIAREAI 00 IOPMI ($FXXX) 

EXECUTION CYCLES 
Cn= /(P+2)A+ 10}B+70 

COMMAND PARAMETERS 

15 0 

I 
dXs 

I 

15 0 

I dYs I 
15 0 

I 
OX 

I 

15 0 

I 
DY I 

< DESCRIPTION> 
The Relative Graphic Copy Command (RGCPY) copies data from an rectangular area in the 

frame buffer (the source area) to another location in the frame buffer (the destination area) with the 
initial starting point CPo The size of the source rectangular area is parallel to the coordinate axis. 
Two diagonal comer pOints are Pss (A+dXs, B+dYs) at the absolute coordinate point from CP 
and Pse (A+dXs+DX, B+dYs+DY) at the relative coordinate point from Pss. 

Pss (dXs, dYs) expressed by the relative X- Y coordinates from CP are set in the command 
parameter in units of pixels. 

Pse (OX, DY) expressed by the relative X - Y coordinates from Pss are set in the command 
parameter in units of pixels. 
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RGCPY (Relative Graphic Copy) 

y Pe (A, B + DX+1) 
0.-_--, • • 

IRGCPY 

PAGE RGCPY-2 

Pse (A+dXs+DX, B+dYs+DY) 

/'---,. f\D Y 
~ •• ~ DX _____ V 

• • .I Pss (A+dXs, B+dYs) 
• dYs 

CP (A, B) • \ 

~ dXs -------
ORG (0,0) V 

"----A...-/ 

Figure C38-1 Function of RGCPY 

< DIRECTION OF POINTER SCAN> 

Direction of Scan 
S = 1 

DSD = 000 
x 

S-bit and OSD bit in the RGCPY command have the same function as those in the 
AGCPY command. Refer to the description about the AGCPY command for details. 

< EXECUTION EXAMPLE> 
If the absolute coordinate of CP is (4, 2) on the split screen, dXs is set to 18, dYs to 2, OX to 

1 2 and DY to 6 in the command parameter. Then, the drawing is executed by the RGCPY com­
mand (S = 1, DSO = 000), as shown in Fig. C38-2 (8). 
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RGCPY 

RGCPY (Relative Graphic Copy) PAGE RGCPY-3 

COMMAND CODE 

15 a 
11 1 1 11010 a olAREAI a a I OPM I ($FOXX) 

COMMAND PARAMETERS 

15 a 
10 a a 010 a a 010 a a 110 a 1 01 ($ a a 1 2) 

15 a 
10 a a 010 a a 010 a a 010 a 1 01 ($ a a 02) 

15 a 
10 a a 0[0 a a 010 a a all 1 001 ($ a a a C) 

15 a 
10 a a 010 a a 010 0'0 010 1 1 01 ($ a a 06) 

Y (40,13) 

• 
Y 
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ORG (0,0) 

Pe(4,15) 
o 

r-~""' >OJ 

i (6,8) I 

(28,6) 

(A) Before execution of RGCPY 

r----
I 
I 
I 
I 

I I 18 

~ 
Pss (22, 4)r-=-------
~2 12 

CP (4, 2) 
ORG(O,O) 

(B) After execution of RGCPY 

Figure C38-2 Example of RGCPY Execution 

x 

x 



o Use of Arcs and Ellipse Arcs Commands 

How to Calculate Parameters of Arc Commands 
AARC Xc, Y c, Xe, Ye; 
RARC dXc, dY c, dXe, dYe; 

(Command Issuing Procedure) 

l:P is moved to the start point 
(CPx, CPy) by MOVE, then 
ARC is issued. 

[Example 11 Given center coordinates 
(Xc, Y c), radius r, drawing 
start angle () 1 and drawing 
end angle () 2, calculate as 
follows (counterclockwise 
rotation): 

(Xe, Ve) 

I 
I 

I 

/ 

I 
I 
I 
\ 
\ 
\ 
\ , , 

(Parameter calculation: CD absolute addressing) 

Calculate the start point (CPx, CPy): 

CPx = Xc + [r cos ()1 1] 
CPy = Y c + [r sin () 1 11 

Calculate the end point (Xe, Ye): 

Xe = Xc + [R cos () 2 11 

" "-
(Xc, Vc) 

....... _----

(CPx, CPy) 

Ye = Yc + [R sin ()2 11 twhere, R = J(CPx- XC)2+ (CPy- YC)2 .. r) 

(Parameter calculation: (1) relative addressing) 

Calculate the start point (CPx, CPy): 

CPx = Xc + [r cos () 1 11 
CPy = Yc + [r sin () 1 X] Same as in absolute addressing 

Calculate the cemer coordinates (dXc, dYc): 
dXc = - [r cos () 1 11 
dYc = - [r sin ()1 11 

Calculate the end point (dXe, dYe): 

dXe = dXc + [R cos ()2 1] 
dYe = dYc + [R sin ()2 11 where, (R = J(CPx- XC)2+ (CPy- YC)2 .. 
r) 
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[Example 2] Given center coordinates 
(Xc, Y c), start point 
(CPx, CPy) and drawing 
angle 0, calculate as 
follows (counterclock­
wise rotation): 

(Parameter calculation: CD absolute addressing) 

Calculate the end point (Xe, Ye): 

(Xe, Ye) 
/ 

/ 
I (CPx, CPy) 

I \ • 
I \ 
I \ 
\ I 
\ (Xc, Yc) I 
\ I 
\ I 

\ / , / , / 

" / 
............ -..----,,;/ 

Xe = Xc + [R cos (0+ (1) !l 
Ye = Yc + [R sin (0+01) 11 

(
where, R ~ J (C,PX:p~: ~ :lC=P:;:-y~~-;;-y-:-c"") 2) 

01 = tan (bfx-"=xe) 

(Parameter calculation: @ relative addressing) 

Calculate the center coordinates (dXc, dY c): 

dXc = Xc - CPx 
dYc = Yc - CPy 

Calculate the end point (dXe, dYe): 

dXe = dXc + [R cos (0+01) 11 
dYe = dYc + [R sin (0+01) !l 

(
where, R = .j(CPx- XC)2+ (CPy- YC)2) 

01 = tan- i (CPY- Yc \ 
CPx- Xe) 

[Example 3] Calculate parameters 
for an Arc that 
passes 3 points, (CPx, 
CPy) , (X, Y) and (Xe, Ye). (Xel""" Y ...... e_) --1-__ 

(Parameter calculation: Relative addressing) 

{ dX = X - CPx 
dY = Y - CPy 

{ dXe = Xe - CPx 
dYe = Ye - CPy 
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" Calculate the center coordinates (dXc, dY c): 

1 
~X2 + ~ y2 = r2 
(~X + dX)2 + (~Y + dY)2 = r2 
(~X + dXe)2 + (~Y + dYe)2 = r2 

where, 

dXc = [-~Xn 
1 (dX2+dY2)"dYe- (dXe2+dYe2)"dY' 

[2" dX"dYe-dXe"dY 11 

dYc = [- ~Yn 
1 (dXe2+dYe2)"dX- (dX2+dY2)"dXe 

= [2" dX"dYe-dXe"dY n 
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o Calculating Parameters of Ellipse Arc Commands 

AEARC a, b, Xc, Y c, Xe, Ye; 
REARC a, b, dXc, dY c, dXe, dYe; 

(Command Issuing Procedure) 

[Example 1] Given center coordinates 
(Xc, Y c), X direction 
axial length A, Y direc­
tion axial length B, 
drawing start angle (h 

and drawing end angle 
\ (Xc, Vcl I 
, B /1 

(}2, calculate as follows 
(counterclockwise rotation): 

, / 

" ." 

' ..... _- --"' .;;.::0...--+_-::;"-_ 

(Parameter calculation: CD absolute addressing) 

• Calculate the axial length square ratio (alb): 

The ratio should be an integral ratio satisfying alb = A 2/B2, 

• Calculate the start point (CPx, CPy): 

{ CPx = Xc + [A cos () 1 11 
CPy = Y c + [B sin () 1 11 

· Calculate the end point (Xe, Ye): 

{ Xe = Xc + [.jaR' cos (}2 U 
Ye = Yc + [.Jb R' sin (}2 U 

h R' - J(·:;-O:C=P:--x---=X::-C~)2:--+---:(=C=Py---Y=-=C""')-::-2 ~ A JL 
were - a b -.- .Ja or .J6 

(Parameter calculation: CV relative addressing) 

• Calculate the start point (CPx, CPy): 

{ CPx = Xc + [A cos () 1 1]} ¢:JSame as in absolute addressing 

CPy = Y c + [B sin (J 1 II 
Calculate the center coordinates (dXc, dY c): 

{ dXc = - [A cos (J 1 II 
dY c = - [B sin (J 1 II 

• Calculate the end point (dXe, dYe): 

{ dXe = dXc + [.Ja R' cos (J2 11 
dYe = dYc + [.J6 R' sin (J2 U 
where R' = J(Cpx~ Xc) 2 + (Cpy; YC)2 •. $a or ~ 
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[Example 2] Given center coordinates 
(Xc, Yc), axial length 
square ratio alb, drawing 
start point (CPx, CPy) 
and drawing angle 0, 
calculate as follows 
(counterclockwise roration): 

(Xe, Ye!~) ~F:::r---

/ 
I 

I 

,-
,. 

,­

t----'co.£'----(Cpx, CPy) 

\ (Xc, Yc) I 
\ / , / 

(parameter calculation: CD absolute addressing) ',........ ",/ 

Calculate the end point (Xe, Ye): 

{ Xe = Xc + [-Fa R' cos (0+01)1] 
Ye = Yc + [.Jb R' sin (0+01)1] 

where R' = J(CPx- Xc) 2 + (CPy- YC)2 
a b 

01 = tan-I (A. CPy-Yc) 
b CPx-Xc 

(Parameter calculation: (6) relative addressing) 

• Calculate the center coordinates (dXc, dY c): 

{ dXc = Xc - CPx 
dYc = Yc - CPy 

Calculate the end point (dXe, dYe): 

{ dXe = dXc + [-Fa R' cos (0+01)1] 
dYe = dYc + [.Jb R' sin (O+Ol)U 

where R' = J<CPX-XC)2 + (CPY-YC)2 
a b 

01 =tan-' (A. CPy-Yc) 
b CPx-Xc 

[Example 3] Calculate parameters for 
an ellipse arc that 
passes 3 points, (CPx, 
CPy), (X, y) and 
(Xe, Ye) (axial length 
square ratio: alb). 

(Parameter calculation: Relative addressing) 

{dX = X - CPx 
dY = Y - CPy 

{ dXe = Xe - CPx 
dYe = Ye - CPy 

---- ----~ 

-~---+-t'--------=---.( CPx, PCy) 
b.Y 

(Xc, Yc) 
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Calculate the center coordinates (dXc, dY c): 
~X2 

a 

(~X+dX)2 + (~Y+dY)2 
a b 

(~X+dXe)2 + (~Y+dYe)2 = r2 
a b 

we get 

dXc = [- ~Xt1 
1 (b"dX2+a"dY2)"dYe- (b"dXe2+a"dYe2)"dY ] 

- [2b" dX"dYe-dXe"dY 1 
dYc= [-~YT1 

1 (b"dXe2+a"dYe2)"dX- (b"dX2+a"dY2)"dXe ] 
[2;" dX"dYe-dXe"dY T 

Note: 
[ t ]: With sign unchanged, rounding the absolute value to the integer. 
[ 1 ]: With sign unchanged, round up the absolute value to the inte~er. 
[ 1 ]: With sign unchanged, truncate the absolute value to the integer. 
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14-11 A DATA SHEET 

HD 63484 
Advanced CRT Controller (ACRTC) 

, @HITACHI 

The Advanced CRT Controller (ACRTC) is a CMOS VLSI 
microcomputer peripheral device capable of controlling raster 
scan type CR Ts to display both graphics and characters. The 
ACRTC is also a new generation CRT controller that is based on 
a bit-mapped technology and has more display control functions 
than those of an HD6845S (CRTC). 

The ACRTC prepares the mechanisms to use at one of three 
modes; character only, graphic only and multiplexed character/ 
graphic modes. Therefore, the ACRTC can be applied to many 
applications, from character only display devices to large full-
graphic systems, as the key devices. . 

The ACRTC can reduce a CPU software overhead and en­
hance system throughput. 

• FEATURES 
• High speed graphic drawings 

· Drawing rate : Maximum 500 ns/pixel (Color drawing) 
· Drawn graphics : Dot, line, Rectangle, Poly-line, Poly-gon, 

Circle, Ellipse, Paint, Copy, etc. 
· Drawn colors : 1 6-bit/word 

1-, 2-, 4-, 8-, 16-bit/pixel (5 types) 
monochrome to max. 64k colors_ 

• Large frame memory space 
· Maximum 2M bytes graphic memory 

. 1 28k bytes character memory 
separated from the MPU memory 

· Available to maximum 4096 x 4096 high-resolution CRT (1 
bit/pixel mode) 

• Various CRT display controls 
· Split screens (3 displays and 1 window) 
· Zooming up (1 to 16 times) 
· Scroll (Vertical and horizontal) 

• Extemal synchronization 
· Synchronization between ACRTCs or between the ACRTC 
and external device (ex. TV system or other controller) 

• DMA interface 
• Two programmable cursors 
• Three scan modes 

· Non-interlace, Interlace Sync. and Interlace Sync. & Video 
modes 

• Interrupt request to MPU 
• 256 characters/line, 32 rasters/line, 4096 rasters/screen 
• Maximum clock frequency 8 MHz 
• CMOS, + 5V single power supply 

• TYPE OF PRODUCTS 

ACRTC 

HD63484-4 

HD63484-6 
HD63484-8 

Clock Frequency (2CLK) 

4 MHz 

6 MHz 

8 MHz 

HD63484-4, HD63484-6, 
HD63484-8 

HD63484P-4, HD63484P-6, 
HD63484P-8 

(DC-64) 

(DP-64) 

HD63484CP-4, HD63484CP-6, 
HD63484CP-8 

(CP-68) 
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H 063484-4,H 063484-6, H 063484-8 ------------------------------

• PIN ARRANGEMENT 
• HD63484. HD63484P PIN ARRANGEMENT 

(Top View) 

euo; 
CIJO; 

RIW 
CS 
RS 

RES 
OONE 
DREQ = DTACK 

- iRO 
HSYNC 
VSYNC 

V" 
=vNC 

V" 
D, 
D, 
D, 
0. 
D. 
D. 
D, 
D, 
D. 
D. 
D" 
D" 
D" 
Dn 
D" 
0" 

• ABSOLUTE MAXIMUM RATINGS 

Item 

Supply Voltage 

Input Voltage 

Allowable Output Current 

Total Allowable Output Current 

Operating Temperature 

Storage Temperature 

This value is in reference to Vss = av. 

LPSTB 
j)jSI'; 
~ 
MADo 
MAD, 
MAD2 
MAD3 
MAD. 
CHR 
MRD 
DRAW 
AS 
MCYC 
v" 
2CLK 
V" 
MADs 
MAD6 
MAD, 
MADs 
MAD9 
MAD\O 
MAD" 
MAD'2 
MAD,) 
MAD'4 
MAD" 
MA,s/RAo 
MA,]/RA, 
MA'sIRA;. 
MA,!JAA3 

RA. 

Symbol 

Vee' 

Vin ' 

110 I" 
1410 I'" 
Topr 

Tst9 

(Top View) 

• HD63484CP PIN ARRANGEMENT 

= = IRQ 
RSYNC 
VSYNC 

V" 
EXSYNC 

V" 
V" 
0, 
0, 
D, 
0, 
D. 
D. 
D. 
0, 

Rating 

-0.3-+ 7.0 

-0.3-Vee +0.3 

5 

120 

0-+70 

-55-+150 

Unit 

V 

V 

mA 

mA 

°C 

°C 

CHR 
MRD 
DRAW 
AS 
MCYC 
V .. 
V" 
2ClK 
V" 
MAD, 
MADs 
MAD, 
MADe 
MAD9 
MAD,o 
MAD,. 
MAD'2 

The allowable output current is the maximum current that may be drawn from. or flow out to, one output terminal or one input/output 
common terminal. 
The total allowable output current is the total sum of currents that may be drawn from, or flow out to, output terminals or input/output 
common terminals. 

(Note) Using an LSI beyond its maximum ratings may result in its permanent destruction. LSI's should usually be used under recommended operating 
conditions. Exceeding any of these conditions may adversely affect its reliability. 

• RECOMMENDED OPERATING CONDITIONS 

Item Symbol min typ max Unit 

Supply Voltage Vee 
. 4.75 5.0 5.25 V 

Input "Low" Level Voltage VIL ' 0 - 0.7 V 

Input "High" Level Voltage VIH 
. 2.2 - Vee V 

Operating Temperature Topr 0 25 70 °C 

• This value is in reference to Vss = av. 

• Timing Measurement 
The timing measurement point for the output "low" level is 

defined at O.8V throughout this specification. 

The output "low" level at stable condition (DC charac­
teristics) is defined at O.5V. 

2 

The output "high" level is defined at V cc- 2.0V. 

L VOL at the timing measurement (O.BV) 

-- - ------------ ------rVOL at the DC level (O.5V) 
--1----- - ------------

I 
I 
I 

o measuring point 
VOL Reference at Timing Measurement 
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------------------------------H063484-4,H063484-6,H063484-8 

• ELECTRICAL CHARACTERISTICS 
• DC CHARACTERISTICS (Vee = 6.0V ± 5%, Vss = OV. Ta = 0 to + 70°C unless otherwise noted I 

4 MHz Version 6 MHz Version 8 MHz Version 

Item Symbol 
Measuring HD63484-4 HD63484-6 HD63484-8 Unit 
Condition 

min max min max min max 

Input "High" Level -All Inputs V1H 2.2 Vee 2.2 Vee 2.2 Vee V 
Voltage 

Input "Low" Level All Inputs V1L -0.3 0.7 -0.3 0.7 -0.3 0.7 V 
Voltage 

Input Leak Current R/W, C"S, RS, lin Vin=O-Vee -2.5 2.5 -2.5 2.5 -2.5 2.5 ,.,.A 
RES, DACK, 
2CLK, LPSTB 

Three State (Off Dg-D1~ ITSI Vin=0.4-Vee -10 10 -10 10 -10 10 ,.,.A 
Statel Input Current EXSYN , 

MADo-MAD 15 

Output "High" Level DO-D l 5- VOH IOH=-400,.,.A Vee - Vee - Vee - V 
Voltage MADo-MAD15, -1.0 -1.0 -1.0 

cmr1' CUD 2, 

OREQ, 
DTACK, 
HSYNC, 
VSYNC, 
EXSYNC, -

Output "Low" Level 15iSP1, DISP 2' VOL IOL=2.2mA - 0.5 - 0.5 - 0.5 V 
Voltage CHR, MRD, 

DRAW, AS, 
MCYC, RA4 , 

MA 16/RA o-
MA19/RA 3 

Output Leak Current TFf(l, DONE ILOD VOH=Vee - 10 - 10 - 10 ,.,.A 
(Off Statel 

Input Capacity Dg-Dlli! Cin Vin=OV, - 17 - 17 - 17 pF 
EXSYNC, Ta=25°C, 
MADo-MAD1 f=1.0MHz 

R/W, CS, RS, Vin=OV, - 17 - 17 - 17 
FfE$", DACK, Ta=25°C, 
2CLK, LPSTB f=1.0MHz 

Output Capacity IRQ, DONE C~ut Vin=OV, - 15 - 15 - 15 pF 
Ta=25°C, 
f=1.0MHz 

Current Icc · Chip not - 60 - 80 - 100 rnA 
Consumption selected 

· Display in 
progress 

· Data bus in - 60 - 80 - 100 
read/write 
operation 

· Display in 
progress 

• Command 
execution in 
progress 

_HITACHI 3 



HD63484-4,HD63484-6,HD63484-8------------------------------

• AC CHARACTERISTICS IVee = 5.0V ± 5%. Vss = OV. TIf = 0 to + 70·C Unless otherwise noted) 

I 4 MHz Version 6 MHz Version 8 MHz Version 
I Measuring 

No., Item Symbol 
Condition 

HD63484-4 HD63484-6 HD63484-8 Unit 

I min max min max min max 

I Operation Frequency of 2CL~ f 1 4 1 6 1 8 MHz 

1 I Clock Cycle Time tcyc 250 1000 167 1000 125 1000 ns 

2 : Clock "High" Level Pulse Width .tpWCH 115 500 75 500 55 500 ns 

3 I Clock "Low" Level Pulse Width tpWCL Fig. 1 115 500 75' 500 55 500 ns 

4 I Clock Rise Time tCr - 10 - 10 - 10 ns 

5 I Clock Fall Time tCI - 10 - 10 - 10 ns 

61 RiW Setup Time tRWS 70 - 60 - 50 - ns 

7 : RIW Hold Time tRWH 0 - 0 - 0 - ns 

81 RS Setup Time tRSS Fig. 2, 70 - 60 - 50 - ns 

9 i RS HO,ld Time tRSH Fig. 3 0 - 0 - 0 - ns 

10 I CS Setup Time tcss 50 - 40 - 40 - ns 

11 , CS "High" Level Width twcsH 80 - 70 - 60 - ns 

12 1 

13 , Read Wait Time tRWAI 0 - 0 - O· - ns 

14 I Read Data Access Time tROAC - 120 - 100 - 80 ns 

15~ Read Data Hold Time tROH 
Fig. 2 

10 10 10 - - - ns 

16
1 

Read Data Turn Off Time tROZ - 60 - 60 - 60 ns 

17 1 DT ACK Delay Time (Z to Ll tOTKZL 
Fig. 2, 

- 90 - 80 - 70 ns 
Fig. 3 

18 I -
DT ACK Delay Time (D to Ll tOTKOL Fig. 2 0 - 0 - 0 - ns 

19 I DT ACK Release Time (L to H) tOTKLH Fig. 2, - 100 - 90 - 80 ns 

20 I DTACK Turn Off Time (H to Z) tOTKZ Fig. 3 - 100 - 100 - 100 ns 

21 I Data Bus 3 State Recovery Time 1 tOBRT1 Fig. 2 0 - 0 - 0 - ns 

22 I Write Wait Time tWWAI 0 - 0 - 0 - ns 

23 I Write Data Setup Time twos Fig. 3 80 - 60 - 40 - ns 

24 I Write Data Hold Time tWOH 10 - 10 - 10 - ns 

25 I DREQ Delay Time 1 tORQOl - 150 - 130 - 110 ns 

26 I DREQ Delay Time2 t ORQ02 - 90 - 80 - 70 ns 

27 , DMA R/W Setup Time tOMRWS 70 - 60 - 50 - ns 
Fig. 4, 

28 I DMA R/W Hold Time 
Fig. 5 

0 0 0 I tOMRWH - - - ns 

29 I DACK Setup Time tOAKS 50 - 40 - 40 - ns 

30 I DACK "High" Level W.idth tWOAKH 80 - 70 - 60 - ns 

31 1 

32 I DMA Read Wait Time tORw 0 - 0 - 0 - ns 

33 I DMA Read Data Access Time tORoAC - 120 - 100 - 80 ns 

34 1 
DMA Read Data Hold Time 

Fig. 4 
10 10 10 t OROH - - - ns 

35 I DMA Read Data Turn Off Time tOROZ - 60 - 60 - 60 ns 

36 , DMA DT ACK Delay Time IZ to Ll tOOTZL 
Fig. 4, - 90 - 80 - 70 ns 

I Fig. 5 

37 I DMA DTACK Delay Time (0 to Ll tOOTDL Fig. 4 0 - 0 - 0 - ns 

38 I DMA DT ACK Release Time (L to H) tOOTLH - 100 - 90 - 80 ns 

39 I DMA DTACK Turn Off Time (H to Z) tOOTHZ Fig. 4, - 100 - 100 - 100 ns 

40 I DONE Output Delay Time tONO Fig. 5 - 90 - 80 - 70 ns 

41 I DONE Output Turn Off Time (L to Z) tONLZ - 100 - 90 - 80 ns 

Ito be continued) 
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1 4 MHz Version 6 MHz Version 8 MHz Version 

No.1 Item Symbol 
Measuring 

HD63484-4 HD63484-6 HD63484-8 Unit 
I Condition 

min max min max min max 
42 1 Data Bus 3 State Recovery Time 2 tOBRT2 Fig. 4 0 - 0 - 0 - ns 
1- Fig. 4, Clk. 43 1 DONE Input Pulse \l\(idth t ONPW Fig. 5 

2 - 2 - 2 - Cyc. 

44 I DMA Write Wait Time toww 0 - 0 - 0 - ns 

45 I DMA Write Data Setup Time towos Fig. 5 80 - 60 - 40 - ns 

46 I DMA Write Data Hold Time t OWOH 10 - 10 - 10 - ns 

47 I 
I Fig. 6-

48 I AS "Low" Level Pulse Width tpWASL Fig. 9 80 - 40 - 25 - ns 

1 
Fig. 7, 

491 Memory Address Hold Time 2 tMAH2 Fig. 8 10 - 10 - 10 - ns 

50 : AS Delay Time 1 tAS01 - 90 - 75 - 65 ns 

51 i AS Delay Time 2 tAso2 Fig. 6- - 90 - 75 - 65 ns 

52 1 Memory Address Delay Time tMAO Fig. 9 - 95 - 80 - 70 ns 

53 I Memory Address Hold Time 1 tMAH1 10 - 10 - 10 - ns 
r Memory Address Turn Off Time Fig 6,7 50· 54 1 (A to Z) tMAAZ Fig. 9 

- 50 - - 50 ns 

55 I Memory Address Data Setup Time tMRoS 60 - 50 - 40 - ns 

56 I Memory Read Data Hold Time 
Fig. 7 

10 10 10 tMROH - - - ns 
1 Fig.6-

57 I MA/RA Delay Time tMARAO Fig. 9 - 100 - 90 - 80 ns 

I Fig. 6-
58 1 

MA/RA Hold Time tMARAH Fig. 8 
10 - 10 - 10 - ns 

59 1 MCYC Delay Time tMCYCO 
Fig. 6- - 60 - 50 - 50 ns I Fig. 10 

60 I MRD Delay Time tMRoO - 90 - 80 - 70 ns 

61 1 MRD Hold Time tMRH Fig. 6- 10 - 10 - 10 - ns 

62 I DRAW Delay Time tORwO Fig. 9 - 90 - 80 - 70 ns 

63 i511AW Hold Time tORWH 10 - 10 - 10 - ns 

64 I Memory Write Data Delay Time tMWOI?_ - 90 - 80 - 70 ns 
Fig. 8 

65 I Memory Write Data Hold Time tMWOH 10 - 10 - 10 - ns 

66 1 
1_-

tHSO 
Fig. 9 

90 80 70 67 I HSYNC Delay Time Fig. 11 - - - ns 

68 1 VSYNC Delay Time tvso - 90 - 80 - 70 ns 

69 1 DISP 1, DISP2 Delay Time tospo - 90 - 80 - 70 ns 

70 I CUD 1, CUD 2 Delay Time tcuoo Fig. 10 - 90 - 80 - 70 ns 

711 EXSYNC Output Delay Time tEXO 20 90 20 80 20 70 ns 

72 I CHR Delay Time tCHO - 90 - 80 - 70 ns 

73 I 
741 

75 1 Clk. 
EXSYNC: Input Pulse Width tEXSW 3 - 3 - 3 -

Cyc. 1 
76 I EXSYNC Input Setup Time tExs Fig. 11 60 - 60 - 50 - ns 

771 EXSYNC: Input Hold Time t EXH 30 - 30 - 30 - ns 

78 1 LPSTB Uncertain Time 1 t LP01 70 - 70 - 70 - ns 

79 : LPSTB Uncertain Time 2 tLPo2 10 - 10 - 10 - ns 
Fig. 12 

80 1 LPSTB Input Hold Time t LPH 10 - 10 - 10 - ns 

81 i Clk. 
LPSTB Input Inhibit time t LPI 4 - 4 - 4 - Cyc. 

_HITACHI 
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I 
No.1 

I 
Item 

82 I DACK Setup Time for RES 

83 1 DACK Hold Time for RES 
I 

84 1 RES Input Pulse Width 
1 

85 I IRQ Delay Time 1 

86 I IRQ Delay Time 2 

87 I A TR Delay Time 1 

88 , A TR Hold Time 1 

89 I 
I 

9°1 A TR Delay Time 2 

91 I A TR Hold Time 2 
I 

1001 CS Cycle Time 
1 , 

1011 CS "Low"' Level Width 

I 
102 1 -

CS "High" Level Width 
I 

--, 
1041 

I 
DACK Cyele Time 

1 
1051 DACK "Low" Level Width 

I 
I 

bACK "High" Level Width 106, 
I 

2ClK 

6 

4 MHz Version 

Symbol 
Measuring 

HD63484-4 Condition 
min max 

tDAKSR 100 -
tDAKHR Fig. 13 a -

tRES 10 -

t lR01 - 250 
Fig. 14 

500 t lR02 -
tATRDl - 100 

Fig. 9 
10 tATRHl -

tATRD2 - 100 
Fig. 9 

10 tATRH2 -

tcsc 4 -
Fig. 2, 

tWCSL Fig. 3 
2 -

tWCSH 2 -

tDACKC 4 -
Fig.4A, 

tWDACKL Fig.5A 
2 -

tWDACKH 2 -

__ .~_G)",,1 ___ --I 

2.2V 2.2V 2.2V 

O.7V 

Figure 1 2CLK Waveform 

~HITACHI 

6 MHz Version 8 MHz Version 

HD63484-6 HD63484-8 Unit 

min max min max 
100 - 100 - ns 

a - a - ns 

10 - 10 - Clk. 
Cye. 

- 200 - 150 ns 

- 500 - 500 ns 

- 90 - 80 ns 

10 - 10 - ns 

- 90 - 80 ns 

10 - 10 - ns 

Clk. 
4 - 4 - Cye 

Clk. 
2 - 2 - Cye 

Clk. 
2 2 - - Cye. 

Clk. 
4 - 4 - Cye. 

Clk. 
2 - 2 - Cye. 

Clk. 
2 - 2 - Cye. 
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To TI T1 T3 T4 Tn-2 Tn-1 Tn To TI T2 T1 T.l Tn·2 Tn-l Tn Tn . TI T2 T) T..\ Ts T6 T7 To 

vV::cl\"'~ I', ~~QLDD\J\ (\ rJ::0 tu'V'22V~ ~Jd,2.2V ® 07V~ oJ '-!:; 6) O.7V ..J '- 7 ~ 07VF--I . '0 
it- "H ~H ~ 1 ~ 

2.2vl 
®- I--
22V~ 

O.7Vt 

- l.9_ 
2.2V 

O.7V 

~-~ 
II, 
\\\W 

I-

11t~' '9 
~L 

~ 

2.2v 
o.iv 

" [;!4_GJft ;l.Q'1---
~ 2.2V 
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16 '2i -~ 
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Vec2.0V Vee 2.OV '/////////I11/t. 
O.BV 

" 
O.BV \\\\\\\\\\\\\W 

~ I-- @ 
~6) 

~ 1B Vec2.0V O.BV 

Asynchronous bus timing (1) 

I 

" !1\2.2V J2.2V ,\2.2V j 22V
1 

rg ~~ '9 
JL 

~ ~ ~ -
~,2.2V \; 2.2V (~2V ) 2.2V 

1/ 
O.7V f O.7V O.7V O.7V 

--1.9 f-- ~ 1~ I--- - l.Q,1--- -

2.2V 22~~ 2.2V 2.2V It 
1/ O.7V @ O.7V O.7V G6) O.7VL 

1--, 
16 RU._H I-

1/ 15 ~ ---\15l:c=1 
Vec 2.0V Vee 2.OV-\ l1li/ Ii Vee· 2.OV Vee·2.01i\ 
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1i3l Jl!!tl ~ @ .1..'121..J. .1 
-OB} Vee2o~t \J ~B) 

O.BV tee. 2.0V O.BV r---l 
-I 

Asynchronous bus timing (2) (Note 1) Synchronous bus timing (Note 2) 

( T~e MPU read cycle timing) 
is fixed. 

(Note 1 i CS "high", width must sat~he specification @. 
Unless satisfying the spec~, DTACK and read data responses to the succeeding cycle 
are delayed. 

INote 2) Whe~ ACRT~ is used with the synchronous bus timing, the speCifications@® 
and~ust be satisfied. 

Figure 2 MPU Read Cycle Timing (MPU - ACRTC) 



00 

'2CLK 

AS 

• CS 

:t - Do - DI5 

~ 
() 
:t 

DTACK 

Tn-2 Tn- 1 Tn 

2.2V 

0.7V F----+-------fll--~ 

0.8V 

I- Asynchronous bus timing (1) Asynchronous bus timing (2) (Note 1) 

..... --t-101+----+_-+l 02 '1---001 

Synchronous bus timing (Note 2) 

( The MPU write cycle timing) 
1-S fixed. 

(Note 1) CS "high" width must sati~e specification @ . 
Unless satisfying the spec.~, DTACK response to the succeeding cycle is delayed. 

(Note 21 Whe~ ... !tl!!,ACRTC is used with the synchronous bus timing, the specifications@,@ 
and~ust be satisfied. 

Figure 3 MPU Write Cycle Timing (MPU - ACRTC) 
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When the MPU read cycle immediately follows the MPU write cycle execution, DTACK and 
the read data responses are delayed (by 3 cycles of 2CLK) even though the spec, ~iS 
satisfied. 

Figure 3A MPU Read/Write Cycle Timing (MPU - ACRTC) 
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'"DONE (INPUT) 

Figure 4 DMA Read Cycle Timing (Memory - ACRTC) 
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*15'5NE.needs to be asserted "Low" while'i5AC'K 
remains "low:' DONE "Low" width must satisfy 
the spec. @. 
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DT ACK and the read data responses to the succeeding cycle are delayed. 
Whe~ AeRTe is used W.lth the synchronous bus timing, the speCification@,@ 
an~must be satisfied 

Figure 4A DMA Read Cycle Timing (Memory ~ ACRTC): Burst Mode 
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Figure 5 DMA Write Cycle Timing (Memory ~ ACRTC) 
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°DONE needs to be asserted "Low" while DACK remains "low". 
DON E "low" width must satisfy the spec @ . 
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(Note) DACK "high" width must satisfy the spec, @. unless satisfying the spec. ctQ§). 
OTA!=K response to the succeedmg cycle is delayed. 
WheJ!-1b.!!. AeRTe is used with the synchronous bus timing, the specification~ 
and( .. ~must be satisfied. • 

Figure 5A DMA Write Cycle Timing (Memory - ACRTC): Burst Mode 



HD63484-4,HD63484-6,HD63484-8-----------------------------

2CLK 

. MAD 

MA/RA 

MCYC 

MRD 

DRAW 

2CLK 

MAD. - MAD" 

MA,. IRA. 
MA ,2 /RA, 
MA,./RA2 

MA,./RA J 

RA. . 

MCYC 

MRD 

Figure 6 Screen Display Cycle Timing 

O.BV 

Figure 7 Frame Memory Read Cycle Timing 
(ACRTC +- Frame Memory) 
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----_________________________ HD63484-4,HD63484-6,HD63484-8 

2CLK 

MADo - MADIS _____ ~~--< "cc-2.OV 
O.BV Data 

0.7V 

MA,./RAo 
MAI7 IRA, -------f----,. ir.-v,.,...cc-.=2.-=0.,...V,..----+---------l-:--.I 

MA .. /RA, .BV 
MA,. IRA, _____ -I_-..J 

RA. 

MCYC 

MRD 

2CLK 

AS 

Figure B 

O.BV 

Frame Memory Write Cycle Timing 
(ACRTC - Frame Memory) 

Refresh Cycle Attribute Control Information Output Cycle 

MAD----+-~ 
IF~-:.:.::.:;;.:..::.:~I 

MA/RA 

MCYC 

MRD 

DRAW ____ _+_.!~ 

*When AS is "High", 
a "0" :>utput is given. 

Figure 9 Frame Memory Refresh/Attribute Control Information Output Cycle 
Timing 
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HD63484~4,HD63484-6,HD63484-8 -----------------------------

16 

2CLK 

MCYC 

EXSYNC 
(OUTPUT) 

CHR 

2CLK 

HSYNC 
(SLAVE) 

2CLK 

EXSYNC 

MCYC 

MCYC 

Figure 10 Display Control Signal Output Timing 

(Sync Cycle) 
T1 T2 T3 T4 T5 T6 

(When the leading edge of EXSYNC enters this period, ACRTC shifts the internal phase according to 
the above sequence.) 

Figure 11 EXSYNC Input Timing 

~HITACHI 



-----------------------------HD63484-4,HD63484-6,HD63484-8 

2CLK 

M 

LPSTB 

2CLK 

M 

LPSTB 

LPSTB 

Single Access Mode 

(Light Pen 
Rise Cycle) 

~L..L..I"'"'t-=-"'---------___ ~ 0.7V 

When LPSTB rises in this period, memory address "M + 2" is set in the Light 
Pen Address register. 

Figure 1 2 LPSTB Input Timing 

Interleave Mode/Superimpose Mode 

(Dual Access Mode 0/1) 

t-----One Displaying Period--------<~ 

(2) Note 2 

Note 1: When LPSTB rises in the period (1), memory address "M + 1" is set in the Light Pen Address 
register. 

Note 2: When LPSTB rises in the period (2), memory address "M + 2" is set in the "Ligyt Pen 
Address register. 

Note 3: I n the Interleave Mode, memory address "M"; "M + 1 ", "M + 2" denote the display 
address. 
In the Superimpose Mode, memory address "M", "M + 1 ", M + 2" denote the display address 
of the background screen. 

Figure 1 2A LPSTB Input Timing 
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2ClK 

5.0V 

18 

@ ,® 

.\ I 
O.7V O.7V 

® 

\ O.7V 
2.2V 

O.7V 

Figure 13 RES Input and ~ Input Timing 
(System Reset and 16-bit/8-bit Selectiol)l 

Figure 14 iAn Output Timing 

Signal Load Condition 

00-015 
DTACK 
DREQ 

, MADo-MAD I5 RL = 1.8kfl 
MA1S/RAo-MAI9/RA3 C = 40pF 
RA4 R = 10kfl 

'VSYNC.HSYNC 
EXSYNC All diodes are 
MCYC, AS. MRD 1 S2074@'s or the 
DRAW, CHR equivalent. 
DISP l' DISP 2 

CUD 1• CUD 2 

Figure 15 Test Load Circuit A 
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5.0V 

IRQ. DONE O~--------~ 

r { RL = 1.8kO 
C = 40pF 

Figure 16 Test Load Circuit B 

NOTE FOR USE 

(1) Power-on Sequence 
Following condition needs to be satisfied when the power 
turns-on. 

1f1 EH 

lOOms 

Figure 1 7 Power-on Sequence' 

(2) Output Waveform 

In case that ringing noise occurs beyond tolerance on CRT 
data buses (MADo - MAD I5, MA16/RAo - MAI9/RAa, 

RA4), damping resistors may be required for data buses as 
shown in the figures below. 

Vout 

Ringing Noise 

I 

Figure 1 8 Ringing Noise 

Note: The ringing level depends on the load 
capacity. and it can be VOH + 0.1 V. 

MAD 0 1---'I1\fu-__ 

ACRTC 

MAD 15 ...--"",,--

Damping Resistors 
(500 .....: 1000) 

Figure 19 Damping Resistors 

(3) Power Supply Circuit 
When designing Vee and V ss pattern of the circuit board, 
the capacitors need to be located nearest to pin 14 (Vee) 
and pin 16 (V ss) or pin 51 (V ss) and pin 49 (Vee) as 
shown in the figure 20. 

lpF/35V Tantalum Capacitor (2 pairs) 

Figure 20 Note for Designing Power Supply Circuit 

• ACRTC INTRODUCTION 
• HD63484 (ACRTC) FEATURES 

Powerful visual interfaces are a key component of advanced 
system architectures. A proven technique uses raster scanned 
CRT techI'lOlogy for the display of graphics and text information. 

Systems which use first generation CRT Controllers (CRTCs) 
are constrained by hardware/software design time, manufacturing 
cost, and limited MPU bandwidth. 

To meet the functional requirements for powerful visual inter­
faces, and to support their use in high volume, cost sensitive ap­
plications, advanced circuit design and VLSI CMOS manufactur­
ing technologies have been used to create a next generation 
CRTC, the HD63484 ACRTC (Advanced CRT Controller). 

The ACRTC concept is to incorporate major functionality, for­
merly requiring external hardware and software, on-chip. In this 
way, both higher performance and reduced system cost benefits 
are achieved. 
• High Level Command Language Increases Performance and 

Reduces Software Development Cost. 
- ACRTC Converts Logical X-Y Coordinates to Physical 

Frame Buffer Addresses. 
38 Commands including 23 Graphic Drawing Commands -
LINE, RECTANGLE, POLYLINE, POLYGON, CIRCLE, 
ELLIPSE, ARC, ELLIPSE ARC, FILLED RECTANGLE, 
PAINT, PATTERN and COPY. 

- On-chip 32 Byte Pattern RAM. 
- Conditional Drawing function (8 conditions) for Drawing 

Patterns, Color Mixing and Software Windowing. 
- Drawing Area Control with Hardware Clipping and Hitting. 
- Maximum Drawing Speed of 2 Million Logical Pixels per 
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Second is the same for Monochrome and Color applications. -
• High Resolution Display with Advanced Screen Control 

- Up to 4096 by 4096 Bit Map GRAPHIC Display and!or 256 
Line by 256 Character by 32 Raster CHARACTER Display. 

- Separate Bit Map GRAPHIC (2M byte) and CHARACTER 
(128k byte) Address Spaces with Combined GRAPHIC! 
CHARACTER Display. 

- Three Horizontal Split Screens -and One Window Screen. 
Size and Postition Fully Programmable. 

- Independent Horizontal and Vertical Smooth Scroll for each 
Screen. 

- 1 to 16 Zoom Magnitude - Independent X and Y Zoom 
Factors. 

- Logical Pixel Specification as I, 2, 4, 8 or 16 Bits for Mono­
chrome, Gray Scale and Color Displays. 
Programmable Address Increment Supports Frame Buffer 
Memory Widths to 256 Bits for Video Bit Rates > 500 
MHz. (ACRTC R MASK is limit to 128 Bits.) 
Unique Interleaved Access Mode for Screen Superimposition 
or 'Flashless' Displays. 

- ACRTC provides Dynamic RAM Refresh Address. 
• High Performance MPU Interface 

- Optimized Interface with the HD68000 MPU and HD68450 
DMAC. 
8 or 16 Bit Bus - Compatible With Other MPUs. 
Separate on-chip 16 Byte READ and WRITE FlFOs. 
Maskable Interrupts Including FIFO status. 

* Versatile CRT Interface 
- Full Programmability of CRT Timing Signals. 
- Three Raster Scanning Modes. 
- Master or Slave Synchronization to Multiple ACRTCs or 

Other Video Generating Devices. 
- Two Hardware Cursors. Three Cursor Modes. 

Programmable Cursor and Display Timing Skew. 
- Eight User Defineable Video Attributes. 
- Light Pen Detection. 

* VLSI CMOS Process 

• APPLICATIONS 

Drawing Procedures 

Co-ordinates 

conversion 

Drawing Pre-process 

Drawing Process 

(Algorithms) 

Drawing Execution . 

Display Control 

Synchronizing 

Signals Generation 

Others 

MPU 

Soft-

ware 

CRTC 

Figure 21 ACRTC vs. CRTC 

MPU 

Soft-

ware 

ACRTC 

The overall function of a visual interface is logically parti­
tioned into layers. At the lowest layer are CRT timing and con­
trol signal generation. At the top layer are general purpose draw­
ing procedures which provide a high-level interface to the users 

OS or applcation software. At this layer, a number of popular 
standards have emerged including GKS, CORE, NAPLP, GSX 
and others. 

Figure 21 shows how the ACRTC performs the key functions 
or logical drawing algorithm and physical drawing execution. For­
merly, these function were performed by external hardware and! 
or MPU software. 

As shown, the ACRTC reduces the 'gap' between device 
functionality and high level graphics procedures. Since the 
ACRTC device itself provides capabilities closely related to those 
of high level graphics packages, the effort (hardware and software 
design time and cost) required to develop a visual interface is sig­
nificantly reduced. 

Noting the traditional and emerging applications for visual in­
terfaces, Figure 22 shows that a single ACRTC is suitable for a 
broad range of products in both alphanumeric ~nd graphics areas. 

Multiple ACRTCs can achieve performance beyond that of 
any first generation CRTC configuration. 

Flight Simulator 
Work Station 
CAD/CAM Terminal 

Game Machine 
Business Computer 
High-end Personal Computer 
Word Processor 

Videotex 
Character 

Dumb Terminal 

Applications • 
CRTC 

ACRTC Coverage 

Figure 22 Application Spectrum 

• SYSTEM CONFIGURATION 
Existing CR TCs provide a single bus interface to the frame 

buffer which must be shared with the host MPU. However, the 
refresh of large frame buffers and the requirement to access the 
frame buffer for drawing operations can quickly saturate this 
shared bus bandwidth. 

As shown, the ACRTC uses separate host MPU and frame 
buffer bus interfaces. This allows the ACRTC full access to the 
frame buffer for display refresh, DRAM refresh and drawing op­
erations while minimizing the ACRTCs usage of the MPU sys­
tem bus. Thus, overall system performance is maximized. A re­
lated benefit is that a large frame buffer (2M byte for each 
ACR TC) is useable even if the host MPU has a smaller address 
space or segment size restriction. 

The ACRTC can utilize an external DMA Controller. This in­
creases system throughput when large amounts of command, 
parameter and data information must be transferred to the 
ACRTC. Also, advanced DMAC features, such as the HD68450 
DMACs 'chaining' modes, can be used to develop powerful 
graphics system architectures. 

However, more cost sensitive or less performance sensitive 
applications do not require a DMAC. The interface to the 
ACRTC can be handled completely under MPU software control. 

While both ACRTC bus interfaces (Host MPU and Frame 
Buffer) exploit 16 bit data paths for maximum performance, the 
ACRTC also offers an 8 bit MPU mode for easy connection to 
popular 8 bit bus structures. 
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CPU 
(S/16b) 

System 
Memory 

DMAC 

MA,o-MA,. 

ACRTC 

Figure 23 System Configuration 
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• INTERNAL FUNCTIONS 
• BLOCK DIAGRAM 

The ACRTC consists of five major functional blocks. These 
functional blocks operate in parallel to achieve maximum perfor­
mance. Two of the blocks perform the external bus interface for 
the host MPU and CRT respectively. 
a MPU Interface 

Manages the asynchronous host MPU interface including the 
programmable interrupt control unit and DMA handshaking 

Drawing 
Address 

20 
Drawing 

Processor Data 

16 

Draw Enable 
Write 

Display 
Address 

20 

Raster 
Display Address 

Processor 5 

CHR 

CCUD 

m 
, 

GCUD 

2 
HSYNC 

VSYNC 

EXSYNC 

Timing 
DISP Processor 

2 

MCLK 

AS 

2CLK 

f- '--
I- ,..-

~ ~ 
~ :=::::> 
f--

CRT 
Interface 

I--
I- I---
f-~ 

f- f--

f- I--

f-~ 

f-~ 

f- I--

f- f--

f- I---

DRAW 
MRD 

MADo-MAD,. 

MA'6/RAo­
MA,glRA3 

RA. 

CHR 

LPSTB 
CUD" cmr; 

VSYNC 

EXSYNC 

MCYC 

2CLK 

Figure 24 Block Diagram 
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control unit. 
o CRT Interface 

Manages the frame buffer bus and CRT timing input and out­
put control signals. Also, the selection of either display refresh 
address or drawing address outputs is performed. 
The other three blocks are separately microprogrammed pro­
cessors which operate in parallel to perform the major func­
tions of drawing, display control and timing. 

o Drawing Processor 
Interprets commands and command parameters issued by the 
host bus (MPU and/or DMAC) and performs the drawing op­
erations on the frame buffer memory. This processor is re­
sponsible for the execution of ACRTC drawing algorithms 
and conversion of logical pixel X-V addresses to physical 
frame buffer addresses. 
Communication with the host bus is via separate 16 byte read 
and write FIFOs. 

o Display Processor 
Manages frame buffer refresh addressing based on the user 
programmed specification of display screen organization. Com­
bines and displays as many as 4 independent screen segments 
(3 horizontal splits and 1 window) using an internal high 
speed address calculation unit. Controls display refresh address 
outputs based on GRAPHIC (physical frame buffer address) 
or CHARACTER (physical frame buffer address + row ad­
dress) display modes. 

o Timing Processor 
Generates the CRT synchronization signals and other timing 
signals used internally by the ACRTC. 
The ACRTCs software visible registers are similarly parti­
tioned and reside in the appropriate internal processor depend­
ing on function. The registers in the Display and Timing pro­
cessors are loaded with basic display parameters during system 
initialization. During operation, the host primarily communi­
cates with the ACRTCs Drawing processor via the on-chip 
FIFOs. 

• SIGNAL DESCRIPTION 
Following is a brief description of the ACRTC pin functions 

organized as MPU Interface, DMAC Interface, CRT Interface 
and Power Supply. 

MPU INTERFACE 

RES - Input 
Hardware reset input to the ACRTC. 

Do - DI5 - Input/Output 
The bidirectional data bus for communication with the host 

MPU or DMAC. In 8 bit data bus mode, Do - D7 are used. 
R/W - Input 

Controls the direction of host - ACRTC transfers. 
CS - Input 

Enables data transfers between the host and the ACRTC. 
RS - Input 

Selects the ACRTC register to be accessed and is normally 
connected to the least significant bit of the host address bus. 
DT ACK - Output 

Provides asynchronous bus cycle timing and is compatible 
with the HD68000 MPU DT ACK input. 
mQ - Output 

Generates interrupt service requests to the host MPU. 

DMAC INTERFACE 
1'5REQ - Output 

Generates DMA service requests to the host DMAC. 
DACK - Input 

Receives DMA acknowledge timing from the host DMAC. 
DONE - Input/Output 

Terminates DMA transfer and is compatible with the 
HD68450 DMAC DONE signal. 

CRT INTERFACE 
2CLK - Input 

Basic ACRTC operating clock derived from the dot clock. 
MADo - MADI5 - Input/Output 

Multiplexed frame buffer address/data bus. 
AS - Output 

Address strobe for demultiplexing the frame buffer address/ 
data bus (MADo - MADI5). 
MAls/RAo - MAI9/RAa - Output 

The high order address bits for graphic screens and the raster 
address outputs for character screens. 
RA4 - Output 

Provides the high order rasier address bit (up to 32 rasters) 
for character screens. 
CHR - Output 

Indicates whether a graphic or character screen is being ac­
cessed. 
MCYC - Output 

Frame buffer memory access timing - one half the frequency 
of 2CLK. 
MRD - Output 

Frame Buffer data bus direction control. 
DRAW - Output 

Differentiates between drawing cycles and CRT display refresh 
cycles. 
UlS'P'I, ~ - Output 

Programmable display enable timing used to selectively ena­
ble, disable and blank logical screens. 
CUDI, CUD2 - Output 

Provides cursor timing determined by ACRTC programmed 
parameters such as cursor definition, cursor mode, cursor ad­
dress, etc. . 
VSYNC - Output 

CRT device vertical synchronization pulse. 
HSYNC - Output 

CRT device horizontal synchronization pulse. 
EXSYNC - Input/Output 

For synchronization between multiple ACRTCs and other 
video signal generating devices. 
LPSTB - Input 

Connection to an external light pen. 

VIDEO ATTRIBUTES 
The ACRTC outputs 20 bits of video attributes on MADo 

MADI5 and MAI6/RAo - MAI9/RAa. These attributes are out-

MA'9 
MA'8 
MAn 

MA'6 
MAD,s 

MAD'2 
MAD" 

BLlNK2 
BLlNKl 
SPL2 
SPL1 
HZ3 

HZO 
HSD3 

HSDO 
ATC7 

ATCO 

} Blink 

} Split Screen Number 

} H.ri •• """ Z.~ 

} H.ri",.", "'~II D~ 

Attribute Code 

Figure 25 Video Attributes 
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put at the last cycle prior to the rising edge of HSYNC and 
should be latched externally. Thus, video attributes can be set on 
a raster by raster basis. 

Attribute Code (ATCO-ATC7:MADo - MAD7) . 

These are user defined attributes. The programmed contents 
of the Attribute Control bits (ATR) of the Display Control Reg­
ister (DCR) are output on these lines. 

Note) The data written into ATR can be externally used after 
the completion of.current raster scanning. 

Attribute Code (ATC7-ATCO) Application 
ATC is one of the function to provide the with application to 

the user and appropriate data need to be employed depending on 
the system requirement. 

Followings show some of application example. 
(1) Amount of horizontal dot shift for window smooth scroll. 
(2) Horizontal width of crosshair cursor and the amount of 

horizontal dot shift (including Block cursor). 
(3) Frame buffer specification in blocks (used for the base regis-

ter). . 
(4) Back screen color or character color code. 
(5) Display screen selection during screen blink (used with 

SPL). 
(6) Interrupt vector address storage. 
(7) Polarity selection of horizontal/vertical synchronization signal 

etc. 
(8) Blinking signal like lamps used in the system. 
(9) Code storage (max. 8 bit) or selection signal etc. 

Horizontal Scroll Dot (HSDO-HSD3:MAD8 - MADIl ) 

These are used in conjunction with external circuitry to imple­
ment smooth horizontal scroll. These lines contain the encoded 
start dot address which is used to control the external shift regis­
ter load timing and data. HSD usually corresponds to the start 
dot address of the background screens. However, if the window 
smooth scroll (SWS) bit of OMR (Operation Mode Register) is 
set to 1, HSD outputs the start dot address of the window screen 
segment. 
Note) HSD outputs the valid value only within the specified 

raster area. Changing the register contents during the 
scanning does not cause any external effects, because the 
value loaded at the beginning of the area is reserved. 

Horizontal Zoom Factor (HZO-HZ3:MAD12 ~ MAD15) 

These lines output the encoded 0-16) horizontal zoom factor 
as stored in the Zoom Factor Register (ZFR). Horizontal zoom is 

accomplished by the ACRTC repeating a single display address 
and using the HZ outputs to control the external shift register 
clock. Horizontal zoom can only be applied to the Base screen. 

Split Position (SPLl-SPL2:MA16 - MA17 ) 

These lines present the encoded information showing the 
enabled background screen currently being displayed by the 
ACRTC. 

SPL2 
o 
o 
1 
I 

SPLl 
o 
1 
o 
1 

Background Screen not enabled or displayed 
Base Screen 
Upper Screen 
Lower Screen 

Even if the split screen display is- prohibited, SPL is output if 
the area is specified. 
Blink (BLINKI-BLINK2:MA18 - MA19 ) 

The lines alternate from high to low periodically as defined in 
the Blink Control Register (BCR). the blink frequency is speci­
fied in units of 4 field times. A field is defined as the period be­
tween successive YSYNC pulses. These lines are used to imple­
ment character and screen blink. 

• ADDRESS SPACE 
The ACRTC allows the host to issue commands using logical 

X-Y coordinate addressing. The ACRTC converts these to physi­
cal linear word addresses with bit field offsets in the frame buffer. 

Figure 26 shows the relationship between a logical X-Y screen 
address and the frame buffer memory, organized as sequential 16 
bit words. The host may specify that a logical pixel consists of 1, 
2. 4, 8 or 16 physical bits in the frame buffer. In the example, 4 
bits per logical pixel is used allowing 16 colors or tones to be 
selected. . 

Up to four logical screens (Upper, Base, Lower and Window) 
are mapped into the ACRTC physical address space. The host 
specifies a logical screen physical start address, logical screen 
physical memory width (number of memory words per raster), 
logical pixel physical memory width (number of bits per pixel) 
and the logical origin physical address. Then, logical pixel X-Y 
addresses issued by the host or by the ACRTC Drawing pro­
cessor are converted to physical frame buffer addresses. The 
ACRTC also performs bit extraction and masking to map logical 
pixel operations (in the example, 4 bits) to 16 bit word frame 
buffer accesses. 
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• REGISTERS 
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Timing Control RAIiil 
Raster Counter 
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Horizontal Display 

Vertical Sync. 

Vertical Display. 

Split Screen Width 

Blink Control 
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Graphic Cursor 

Display Control RAM 
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Control 

(Upper Screen) 

Spl it Screen 1 
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(Base Screen) 
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Figure 27 Programming Model 

_HITACHI 

FIFO Access 

25 



HD63484-4.HD63484-6.HD63484-8-----------------------------

26 

Table 1 Programming Model (Hardware Access. Direct Access Registers) 

cs RS~W Reg. 
No. Register Name Abbre. h-;"...-;-;-~..--rD';';AT"'AT-7(H"')'r-;,;;-r-;;-.,.,,-+~...-,,-,--.--rDA..:,.T:c.AT__';;(L"')T__;;_r_.,__...,_,,...., 

IS I 14 I 13 I 12 I 11 I 10 I 9 I 8 7 I 6 I 5 I 4 I 3 I 2 I I I ° 
I - -° ° ° AR Address Register AR Address ° ° I SR Status Register SR CERIARDICEDILPDIRFFIRFRIWFRIWFE 

'/0 rOO FIFO ERtry FE FE 
v r02 Command Control CCR ABT/pSEjDDMjCDMIDRCI GBM CREIARE CEE LPE RFE RRE WREIWEE 
1./0 r04 Operation Mode OMR M/SI STRIACPIWSSI CSK I DSK RAMI GAl I ACM I RSM 
l~·O r06 Display Control OCR DSPI SE II SE~ I SE2 I SE3 AT R 

r08 
- L (undefined) 

r1E 
I rSO Raster Count RCR .. -------- I RC 

1~ i> r82 Horizontal Sync. HSR H C .... -- .. _-- I HSW 
r84 Horizontal Di splay HDR H 0 S I H 0 W 

V C 
I .---_ .. _--- I 

1/0 r86 Vertical Sync. VSR ---------- I 
r.-!."'-"'U!-· r::-;;88~-Ve.:..cr-'-ti.:..cca~1 ~D~iS~PI~ay======~"iV~D"'R~'---_t_---------~---------~-=V~-.!D~-;-=S".:..---------------------------------:------:.--------~~~~-------------:------------------------... V'---;-=S~"'W.;.-~------..::__I-/ 
I/O rSA ---------- I S P I 

~~ Split Screen Width SSW -'-::-:-::-::-:-::--f-~ --.----------;~~::-i~~---.-------I 
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~ Graphic Cursor GCR .0-.0.0--- ICY S 
l~O' r9C ---------- ICY E 

~ I I 
I -I :;~ (undefined) - I -- ..... ------.----------- ----=o-:-~c-----I 
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~ Upper Memory Width ° MWRO ~-:-- -- -. -~ . __ :..::Mc.:W'-O=--,-_---=c 
i' ~'-';&- Screen Start Addr.O SARO I==----.o ---.J SO A o-==r -.0-.0.0.0.0 I SAOHiSRAO---
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ABT : Abort 

ACM : Access Mode 

ACP : Access Priority 

Address: Register No. of the control register 

ARD : Area Detect 

ARE : Area Detect Interrupt Enable 

A TR : Attribute Control 

CDM : 'Command DMA Mode 

CED : Command End 

CEE : Commad End Interrupt Enable 

CER : Command Error 

CRE : Command Error Interrupt Enable 

CSK : Cur sor Display Skew 

DDM : Data DMA Mode 

DRC : DMA Request Control 

DSK : DISP Skew 

DSP : DISP Signal Control 

FE : FIFO Entry 

GAl : Graphic Address Increment Mode 

GBM : Graphic Bit Mode 

HC : Horizontal Cycle 

HDS : Horizontal Display Start 

HDW : Horizontal Display Width 

HSW : Horizontal Sync. Width 

LPD : Light Pen Strobe Detect 

LPE : Light Pen Strobe Interrupt Enable 

MIS : Master ISlave 

PSE : Pause 

RAM : RAM Mode 

RC : Raster Count 

RFE : Read FIFO Full Interrupt Enable 

RFF : Read FIFO Full 

RFR : Read FIFO Ready 

RRE : Read FlFO Ready Interrupt Enable 

RSM : Raster Scan Mode 

SEa : Split Enable a 
SE I : Split Enable I 

SE2 : Split Enable 2 

SE3 : Split Enable 3 

STR : Start 

VC : Vertical Cycle 

VDS : Vertical Display Start 

VSW : Vertical Sync. Width 

WEE : Write FIFO Empty Interrupt' Enable 

WFE : Write FIFO Empty 

WFR : Write FIFO Ready 

WRE : Write FIFO Ready Interrupt Enable 

WSS : Window Smooth Scroll 

spa, SP1, SP2 

BON 1, BON2 

BOFF!, BOFF2 

HWS 

HWW 

VWS 
VWW 

CXS, CVS 

CXE, CVE 

FRA 

LRA 

CHR 

MW 

SDA 

SAH(SRA 

SAL 

BCWI. BCW2 

BCSR 1, BCSR2 

BCERI. BCER2 

BCAI. BCA2 

CM 

CONI. CON2 

COFF!, COFF2 

HZF, VZF 

LPAH 

LPAL 
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: Split Screen a Widttl, Split Screen I Width, 

Split Screen 2 Width 

: Blink ON 1. B link ON 2 
: Blink OFF 1, Blink OFF 2 
: Horizontal Window Start 

: Horizontal Window Width 

: Vertical Window Start 

: Vertical Window Width 

: Cursor X Start. Cursor V Start 

: Cursor X End, Cursor Y End 

: First Raster Address 

: Last Raster Address 

: Character 

: Memory Width 

: Start Dot Address 

: Start Address "High" IStart Raster Address 

: Start Address "Low" 

: Block Cursor Width 1. Block Cursor Width 2 
: Block Cursor Start Raster 1. Block Cursor Start 

Raster 2 
: Block Cursor End Raster 1, Block Cursor End 

Raster 2 
: Block Cursor Address 1. Block Cursor Address 2 
: Cursor Mode 

: Cursor ON 1. Cursor ON 2 

: Cursor OFF 1. Cursor OFF 2 

: Horizontal Zoom Factor, Vertical Zoom Factor 

: Light Pen Address "High" 

: Light Pen Address "Low" 
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Register 
No. 

Pr07 

Pr08 

PrOB 

PrOC 

PrOD 

PrOE 

PrOF 

Prl0 

Prl1 

Pr12 

Pr13 

Pr14 

Pr15 

Readl 
Write 

R/W 

R/W 

R 

R 

Table 1 (cont.) Programming Model (Drawing Parameter Registers) 

Name of Register Abbr. 
Data (H) 

Pattern RAM Control 

ADR 

Area Definition .. 

Read Write Pointer 
RWP 

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

Drawing Pointer 
DP 

Current Pointer •• 
CP 

B· ... Always set to "0" 
. Set binary complements for negative values of X and Y axis. 

DRAWING PARAMETER REGISTER 

R 

W 

CLO 

CLl 

CCMP 

EDG 

MASK 

PSX. PSY 

PEX, PEY 

PPX. PPY 

PZX. PZY 

PZcx, PZCY 

XMIN. YMIN 

XMAX. YMAX 

DN 

RWPH 

RWPL 

DPAH 

DPAL 

DPD 

X. Y 

28 

: Register which can be read by Read Parameter Register Command (RPR) 

: Register which can be written into by Write Parameter Register Command (WPR) 
: Access IS not allowed 

: Defines the color data used for the drawing when logical drawing data =0 

: Defines the color data used for the drawing when logical drawing data = 1 

: Defines the comparative color of the drawing operation 
: Defines the edge color 

: Defines \he bit pattern used to mask bits upon which data transfer should not be performed 

: Pattern Start Point 

: Pattern End Point 

: Pattern Scan Start Point 

: Pattern Zoom 

: Pattern Zoom Count 

: Start point of Area definition 

: End point of Area definition 

: Screen Number 

: High·order 8 bit of Read Write Pointer Address 

: Low-order 12 bit of Read Write Pointer Address 

: High·order 8 bit of Drawing Pointer Address 

: Low·order 12 bit of Drawing Pointer Address 

: Drawing Pointer Dot Address 

: Position indicated by Current Pointer on X·Y coordinate 
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The ACRTC has over two hundred bytes of accessible regis­
ters .. These are organized as Hardware, Directly and FIFO ac­
cessible. 
o Hardware Accessible 

The ACRTC is connected to the host MPU as a standard pe­
ripheral which occupies two word locations of the host address 
space. The RS (Register Select) pin selects one of these two 
locatio~s. When RS is low, reads access the Status Register 
and writes access the Address Register. 
The Status Register summarizes the ACRTC state and is used 
by the MPU to monitor the overall operation of the ACRTC. 
The Address Register is used to program the ACRTC with 
the address of the specific directly accessible register which the 
MPU wishes to access. 

o Directly Accessible 
These registers are accessed by prior loading of the Address 
Register with the chosen register address. Then, when the 
MPU accesses the ACRTC with RS= 1, the chosen register is 
accessed. 
T~e FIFO entry enables access to FIFO accessible registers 
usmg the ACRTC read and write FIFOs. 
The Command Control Register is used to control overall 
A~RTC operation such as aborting or pausing commands, de­
finmg DMA protocols, enabling/disabling interrupt sources, 
etc. 
The Operation Mode Register defines basic parameters of 
ACRTC operation such as frame buffer. access mode, display 
or drawing priority, cursor arid display timing skew factors, 
raster scan mode, etc. 
The D.ispla~ Control Register allows the independent enabling 
and disabling of each of the four ACRTC logical display 
scree~s (Base, l!pper, Lower and Window). Also, this register 
con tams the 8 bits of user defineable video attributes. 
The Timing. Control RAM contains registers which define 
ACR TC . timing. This includes timing specification for CRT 
control signals (e.g. HSYNC, VSYNC), logical display screen 
size and display period, blink timing, etc. 
The Display Control RAM contains registers which define 
logical screen display parameters such as start addresses, raster 
addresses and memory width. Also included are the cursor(s) 
definition, zoom factor and light pen registers. 

o FIFO Accessible 
For high performance drawing, key Drawing Processor regis­
ters are coupled to the host via the ACRTCs separate 16 byte 
read and write FIFOs. . 

ACRTC commands are sent from the MPU via the write 
FIFO to the Command register. As the ACRTC completes 
command execution, the next command is automatically 
fetched from the FIFO into the Command register. 
The Pattern RAM is used to define drawing and painting 'pat­
terns'. The Pattern RAM is accessed using the ACRTCs Read 
Pattern RAM (RPTN) and Write Pattern RAM (WPTN) reg­
ister access commands. 
The Drawing Parameter Registers define detailed parameters 
of the drawing process, such as color control, area control 
(hitting/clipping) and Pattern RAM pointers. The Drawing 
Parameter Registers are accessed using the ACRTCs Read 
Parameter Register (RPR) and Write Parameter Register 
(WPR) register access commands. 

• COMMANDS 
The ACRTC has 38 commands classified into three groups -

REGISTER ACCESS, DATA TRANSFER and GRAPHIC 
DRAWING. 

Five REGISTER ACCESS commands allow access to Drawing 
processor Drawing Parameter Registers and the Pattern RAM. 

Ten DATA TRANSFER commands are used to move data 
between the host system memory and the frame buffer, or within 
the frame buffer. 

Twenty three GRAPHIC DRAWING commands cause the 
ACRTC to perform drawing operations. Parameters for these 
commands are specified using logical X-Y addressing. 

All the above commands, parameters and data are transferred 
via the ACRTC read and write FIFOs. 

Assuming the ACRTC has been properly initialized, the MPU 
must perform two steps to cause graphic drawing. 

First, the MPU must specify certain drawing parameters which 
define a number of details associated with the drawing process. 
For example, to draw a figure or paint an area, the MPU must 
specify the drawing or painting 'pattern' by initializing the 
ACRTC Pattern RAM and related pointers. Also, if clipping and 
hitting control are desired, the MPU specifies the 'area' to be 
monitored during drawing by initializing area definition registers. 
Other drawing parameters include color, edge definition, etc. 

After the drawing parameters have been specified, the MPU 
issues a graphic drawing command and any required command 
parameters, such as the CRCL (Circle) command with a radius 
parameter. The ACR TC then performs the specified drawing op­
eration by reading, modifying and rewriting the contents of the 
frame buffer. 
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Table 2 . ACRTC Command Table 

TYPE MNEMONIC COMMAND NAME OPERATION CODE 
ORG Origin 0 o 0 0 o 1 ,0 0,0 o 0 0 '0 0 0 o OPH 

Register WPR Write Parameter Register 0 0 0 0'1 0,0 0,0 0 0, RN 
Access RPR Read Parameter Register 0 0 0 0'1 1 ,0 0'0 0 0" RN 

Command 
~-. Write Pattern RAM 0 0 0 1,1 0,0 0'0 0 0 0, PRA 
RPTN Read Pattern RAM 0 0 0 1.1 1 '0 0'0 0 0 0, PRA 
ORO OMA Read " 0 0 1 o .0 1 i 0 0:0 0 0 o ,0 000 
OWT OMAWrite 0 0 1 0:'· 0'0 0'0 0 0 0"0 000 
~OO OMAModify 0 0 1 o tl 1 :0 0:0 0 0 o ,0 O:MM 

Data 
RO Read 0 1 0 o '0 1 '0 0:0 0 0 o ,0 000 

Transfer ~T Write 0 1 0 0'1 0'0 0:0 0 0 o ,0 000 

Command MOD Modify 0 1 0 011 1 :0 0,0 0 0 o ,0 O'MM 
CLR Clear 0 1 0 1 '1 0:0 0:0 0 0 o to 000 
SCLR Selective Clear 0 1 0 1 '1 1 '0 0·0 0 0 o ,0 O:MM 
CPY COpy 0 1 1 o 'S: OSO .0 0 0 o ,0 000 
SCPY Se lect ive Copy 0 1 1 1 ,S' 050 ,0 0 0 o ,0 O:MM 
AMOVE Absolute Move 1 0 0 o ,0 0,00,00 o 0 ,0 000 
RMOVE Relative Move 1 0 0 o to 1 '0 0,0 0 0 0,0 0 0 0 
ALINE Absolute Line 1 0 0 0,1 o '0 O· AREA;COL OPM 
RLiNE Relative Line 1 0 0 0 1 1 ,0 0' AREA:COL OPM 
ARCT Absolute Rectangle 1 0 0 1 :0 0,0 0' AREA:COL OPM 
RRCT Relative Rectangle 1 0 0 1 :0 1 ,0 O' AREA;COL OPM 
APLL Absolute Polyline 1 0 0 1 '1 o ,0 O· AREA:COL,OPM 
RPLL Relative Polyline 1 0 0 1,1 1 '0 0' AREA:COL:OPM 
APLG Absolute Polygon 1 0 1 o ,0 o ,0 0' AREA:CoLioPM 
RPLC Relative Polygon 1 0 1 o ,0 1 '0 0: AREA'COLioPM 

Graphic CRCL Circle 1 0 1 0'1 o 'O'C' AREA:COL:OPM 
Command ELPS Ellipse 1 0 1 0 1 1 'O'C: AREA;COL:OPM 

AARC Absolute Arc 1 0 1 10 o 'O'C' AREA:COL:OPM 
RARC Relative Arc 1 0 1 1 '0 1 ,O,C' AREA: COL; OPM 
AEARC Absolute Ellipse Arc 1 0 1 1'1 o 'O,C' AREA:COL:OPM 

~~~ Relative Ellipse Arc 1 0 1 1,1 1 'o'c' AREA: COL: OPM 
AFRCT Absolute Filled Rectangle 1 1 0 o ,0 0'0 0' AREA;COL:OPM 
RFRCT Relative Filled Rectangle 1 1 0 o 0 1 ,0 0' AR EA: COL! OPM 
PAINT Paint 1 1 0 0;1 O~AREA:O 0:0 0 0 
DOT Dot 1 1 0 0'1 1 '0 0: AREA: COL: OPM 
PTN Pattern 1 1 0 1 ISL: SO ~ AREA: COL: OPM 
AGCPY Absolute Graphic Copy 1 1 1 o ,5 : 050 

, "AREA: 0'0: OPM 
RGCPY Relative Graphic Copy 1 1 1 1 'S : OSO , AREA: 0 O,OPM 

'1) In case of rectangular filling 
15 87 0 

'2) sZ:1 Sly I SZx I SZy. SZx: Pattern Size 

n: number of repetition X/Y: drawing words of X-direction/Y -direction 
LlLo/d: sum of drawing dots AlB: drawing dots of mainlsub direction 

0 

n 
n 

AX 
AX 
AX 

0 
0 
0 
0 

SAH 
SAH 

X 
dX 
X 

dX 
X 

dX 
n 
n 
n 
n 
r 
a 

Xc 
dXc 

a 
a 
X. 

dX 

SZ 
x. 

dXs 

PARAMETER 
OPL 

01 ..... On 

AY 
AY 
AY 

AX AY 
AX AY 
SAL AX AY 
SAL AX AY 

Y 
dY 
Y 

dY 
Y 

dY 
Xl. Yl •.. Xn. Yn 

dX1. dYl •. dXn. dYn 
Xl, Y1, .. Xn. Yn 

dXl. dYl .... dXn. dYn 

b dX 
Yc Xe Ye 

dYe dXe dYe 
b Xc Yc Xe 
b dXc dYe dXe 
Y 

dY 

Ys OX OY 
dYs OX OY 

E: (E=O (Stop at Edge color), E=l (Stp at excepting Edge.color)] C: (C=l (clockwise). C=O (reverse)] 
( I ]: rounding up 
P = 4: OPM-OOO-Oll 

6: OPM-l00-111 
'3) cycles: 2clock cycle time 
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# (words) - (cycles) '3) 

3 8 
2 6 
1 6 

n+2 4n+8 
2 4n+l0 
3 (4x+8)y+12[x'y/8tl +(62-68) 
3 (4x+8)y+16[x'y/8tl +34 
3 (4x+8)y+16[x'y/8t] +34 
1 12 
2 8 
2 8 
4 (2x+8)y+12 
4 (4x+6)v+12 
5 (6x+l0)y+12 
5 (6x+l0)y+12 
3 56 
3 56 
3 P'L+18 
3 P'L+18 
3 2P(A+8)+54 
3 2P(A+8)+54 

2n+2 :E[P'L+16]+8 
2n+2 :E[P'L+16]+8 
2n+2 :E[P' L+16] +P'Lo+20 
2n+2 :E[P'L+16]+P'Lo+20 

2 8d+66 
4 10d+90 . 5 8d+18 
5 8d+18 

Ye 7 10d+96 
dYe 7 lOd+96 

3 (P'A+8)8+18 
3 (P'A+B)B+18 
1 (18A+102)B-58 '1 ) 
1 8 

'2) 2 (P'A+10)B+20 
5 ((P+2)A+10)B+70 
5 ((P+2)A+10)B+70 
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REGISTER ACCESS COMMAND 

RN : Register number of the drawing parameter register($0-$13) 
PRA : Pattern RAM address at which Read Write operation starts($O·$F) 
DPH : Drawing pointer register High word 
DPL : Drav.;ng pointer register Low word 

DPH 

DPL 

15 14 13 12 11 10 9 8 7 6 t---"--'.'--_."--.' ..... . 
~~L?j.OE?lCl..L?_L_ 

DPAL 
-------- ---- ---"-- -- -

5 4 3 2 0 

DPAH 
-----T--- ----

, DPD 

DPAH : Higher 8 bits of Drawing POinter address 
DPAL Lower 12 bits of Drawing POinter address 

DPD : Dot position In the memory address 

Dn : Write data 

: Number of Read ·'Wrlte data 

DATA TRANSFER COMMAND 

MM : Modify Mode 

i- MM 

'00 
Functior 

Replace Replace drav.;ng point data with modifier Information 

DN 

00 
01 
10 

11 

Screen No. 

Upper Screen 
Base Screen 

i Lower Screen 
I Window Screen 

! 01 
10 

OR : OR dr aWing point data" with modifier data and rewrite the result data to the tr arne buffer 

AND AND drawing point data With modlfler data and rewrite the result data to the frame buffer 

~O~ __ ~~2.~ ~r_~~~~~ p?ln_t_ data With modIfier data and rewrite the result data to the frame buffer 

S : Source Scan Direction 

I ffi [ IB I ml til I fIT [ ·lE~~::::: ::" 
DSD . Destination Scan Direction 

DSD 000 

0 

CId 
DSD 001 DSD DIO DSD all DSD 100 

0 m ~ E5J IEJo 
0 0 

AX : Number of word In X·axis direction ~ 1 
AY : Number of word In Y-axis direction - 1 
D : Write data 

SAH : Source Start Address High word 
SAL : Source Start Address Low word 

DSD ]01 

mo 

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

SAH 

SA.L 

I-OEIOJOJoIo FfOT----(SAH) .... -I 
[ (SAL) I 0 I 0 10 I 0 

(SAH) : Memory address Higher 8 bits 
(SAL) : Memory address Lower 12 bits 

x : Number of word In X-axis direction 
: Number of word In Y -axis direction 
: Rounding. up 

DSD lID 

oBl 

$ HITACHI 

DSD III 

°BJ •. Redd Write pOInter 
start pOint 
Read Write pOinter 
end pOint 
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GRAPHIC DRAWING COMMAND 
AREA : Area Mode 
COL Color Mode 
OPM : Operation Mode 

Direction 
E : Definition of Edge color _____ ~___c__c_-------

E Definition 

32 

Counterclockwise 
Clockwise 

Edge color is defined by the data in the edge color register. 
'-'-:'---1--.:cE:c:dC'"gc:ce_color IS defined by the data excluding the above. 

SL : Slant SD: Scan Direction 

~ 000 001 OlD Oil 100 

0 8 '<2) '=Jl oL </ m 
1 ff p) o~ ~ ~ 

S : Source Scan Direction 

DSD . Destination Scan DirectIOn 
DSD 000 DSD 001 DSD OlD 

101 IlO III 

~> EJ 0 
~ ~o ~ 

)SC Oil DSD 100 

• : current potnter start point 
: current pointer end pOint 

lSI 1 DSD I DSD II 

0 0 

ill ill bid ITJ lEI IET oS I] 
X, XI, 
Y, Yl, 

dX 
dY 

0 0 

Xn : Absolute X· address from the origin point 
Yn : Absolute y. address from the origin point 

: Relative X· address fr am the current pointer 
: Relative y. address from the current pointer 

: Number of nodes 
dXI, dXn: Relative X·address from each node 
dYI, dYn: Relative Y·address from each node 

a, b 

DX 
DY 

Xc 
Yc 
dXc 
dYe 

Xe 
Ye 
dXe 
dYe 
Xs 
Ys 
dXs 

dYs 

P 
L, LO 
d 

A 
B 

: Dot number on radius 
: (DX)': (DY)'=a : b 

: X·direction dot number 
: Y ·direction dot number 
: Absolute X· address of the center point of arc /ellipse 
: Absolute Y'address of the center point of arc/ellipse 
: Relative X·address from the current pointer to the center point of arc/ellipse 

: Relative Y'address from the current pointer to the center point of arc/ellipse 
: Absolute X'address of the end point of arc/ellipse 
: Absolute Y·address of the end point of arc/ellipse 
: Relative X-address from the current pointer to the end point of arc/ellipse 

: Relative ,Y'address from the current pointer to the end point of arc/ellipse 
: Absolute X·address of the start dot position in source area 

: Absolute Y -address of the start dot position in source area 
: Relative X-address from the current pointer to the start dot position in source area 

: Relative V-address from the current pointer to the start dot pOsition in source area 

: 4(OPM=OOO-01l)/6(OPM= 100-111) 
: Dot number on straight line 
: total dot number 

: Scan main direction dot number 
: Scan sub direction dot number 

_HITACHI 

•. current pointer start point 
: :urrent pointer end point 
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• COMMAND FORMAT 
ACRTC commands consist of a 16 bit op-code, optionally fol­

lowed by 1 or more 16 bit parameters. When 8 bit MPU mode is 
used, commands, parameters and data are sent to and from the 
ACRTC in the order of high byte, low byte. 
(a) 16 bit interface 

In the case of 16 bit interface, first move the 16 bit opera­
tion code and then mo\1e necessary 16 bit parameters one by 
one. 

bit 
15 

bit 
o 

p1~1 ____________ ~ 

. . 
Pn~I ______________ ~ 

(b) 8 bit interface 

Operation 
Code 

Parameter 

In the case of 8-bit interface, first move the operation code's 
high byte followed by low byte and then move those of para­
meters in the same order. 

bit 
o 

1 } Operation 

==============1 Code 

Parameter 

PROGRAM TRANSFER 
Program Transfer occurs when the MPU specifies the FIFO 

entry address and then writes commands/parameters to the write 
FIFO under program control (RS = high, R/W, CS = low). The 
MPU writes are normally synchronized with ACRTC FIFO status 
by software polling or interrupts. 
a Software Polling (WFR, WFE interrupts disabled) 

a) MPU program checks the SR (Status Register) for 
Write FIFO Ready (WFR) flag = 1, and the writes I-word 
op-code/parameters. 

b) MPU program checks the SR (Status Register) for 
Write FIFO Empty (WFE) flag = 1, and then writes I to 
8-word op-code/parameters. 

a Interrupt Driven (WFR, WFE interrupts enabled) 
a) MPU WFR interrupt service routine writes I-word op-

code/parameters. 
b) MPU WFE interrupt service routine writes I to 8-word 

op-code/parameters. 
In the specific case of Register A·ccess Commands and an 
initially empty write FIFO, MPU writes need not be syn­
chronized to the write FIFO status. The ACRTC can fetch 
and execute these commands faster than the MPU can issue 
them. 

COMMAND DMA TRANSFER 
Commands and parameters can be transferred from MPU sys­

tem memory using in external DMAC. The MPU initiates and 
terminates Command DMA Transfer mode under software con­
trol (CDM bit of CCR). Command DMA can also be terminated 
by assertion of the ACRTC DONE signal. DONE is treated as an 
input in Command DMA Transfer Mode. 

Using Command DMA Transfer, the ACRTC will issue cycle 
stealing DMA requests to the DMAC when the write FIFO is 
empty. The DMA data is automatically sent from system memo­
ry to the ACRTC write FIFO regardless of the contents of the 
Address Register. 
Note) • Make sure that the write FIFO is empty and all the 

commands are terminated before starting the Com­
mand DMA Transfer. 

• The Data DMA Command cannot be executed in the 
Command DMA Transfer Mode. 

• In the R mask and S mask version, the Command 
DMA Transfer is not in use. 

• REGISTER ACCESS COMMANDS 
Registers associated with the Drawing processor (Pattern 

RAM and Drawing Parameter Registers) are accessed through 
the read and write FIFOs using the Register Access Commands . 

• DATA TRANSFER COMMANDS 
Data Transfer Commands are used to move blocks of data be­

tween the MPU system me'llory and the ACRTC frame buffer 
or within the frame buffer itself. Before issuing these commands, 
a physical 20 bit frame buffer address must be specified in the 
RWP (Read Write Pointer) Drawing Parameter Register. 

Table 3 Register Access Commands 

Command Function 

ORG Initialize the relation between the origin point in the X-Y coordinates and the physical address. 

WPR Write into the parameter register 

RPR Read the parameter register 

WPTN Write into the pattern RAM 

RPTN Read the pattern RAM 
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Table 4 . Data Transfer Commands 

Command Function 

ORO Transfer data, by DMA transfer, from the frame buffer to the MPU system memory. 

DWT Transfer data, by DMA transfer, from the MPU system memory to the frame buffer. 

DMOD Transfer data, by DMA transfer, from the MPU system to the frame buffer subject to logical modification. (bit 
maskable) -

RD Read one word of data from the frame buffer specified by the read/write pointer (RWPI. and load the word 
into Read FIFO. 

WT Write one word of data to the frame buffer specified by the read/write pointer (RWPI. 

MOD Perform logical operation on one word in the frame buffer specified by the read/write pointer (RWPI. (bit 
maskable) 

CLR Clear a rectangular area of the frame buffer with a data in the command parameter. 

SCLR Initialize a rectangular area of the frame buffer with 1-word data subject to logical operation. (bit maskable) 

CPY Copy frame buffer data from one area (source area) to another area (destination area) specified by the read/ 
write pointer (RWPI. 

SCpy Copy frame buffer data from one area (source area) to another area (destination area) subject to logical 
modification by word. The source and destination areas must reside on the same screen. (bit maskable) 

Operation Code Parameter 

15 8 2 0 15 0 

I Command Code 10 o 0 0 0 olM M I Parameter I 
15 0 

I Parameter 

Figure 28 Data Transfer Command Format 

MODIFY MODE 
The DMOD, MOD, SCLR and SCPY commands allow 4 

types of bit level logical operations to be applied to frame butTer 
data. The modify mode is encoded in the lower two bits (MM) of 

MM 

these op-codes. The bit positions within each frame butTer word 
to be modified are selectable using the mask register (MASK). 
Bits set to 1 are modifiable, ones to 0 are masked and not 
modifiable. 

Modify Mode 

0 0 REPLACE frame buffer data with ~ommand parameter data. 

0 1 OR frame buffer data with command parameter data and rewirte to the frame buffer. 

1 0 AND frame buffer data with command parameter data and rewrite to the frame buffer. 

1 1 EOR frame buffer data with command parameter data and rewrite to the frame buffer. 

• GRAPHIC DRAWING COMMANDS 
The ACRTC has 23 separate graphic drawing commands. 

Graphic drawing is performed by modifying the contents of the 
frame butTer based upon microcoded drawing algorithms in the 
ACRTC drawing processor. 

Most coordinate parameters for graphic drawing commands 
are specified using logical pixel X-V addressing. The complex 
task of translating a logical pixel address to a linear frame butTer 
word address, and further selecting the appropriate sub-field of 
the word (for example, a given logical pixel in 4 bits per logical 
pixel mode might reside in bits 8-11 of a frame butTer word) is 
performed at high speed by ACRTC hardware. 

Many instructions allow specification of X -Y coordinates with 
either absolute or relative X-V coordinates (e.g. ALINE and 
RLINE). In both cases, twos complement numbers are used to 
represent positive and negative values. 

(a) Absolute Coordinate Specification 
The screen address (X, Y) is specified in units of logical pix­
els relative to an origin point defmed with the ORG com­
mand. 

(b) Relative Coordinate Specification 
The screen address (dX,dY) is specified in units of logical 
pixels relative to the current drawing pointer (CP) position. 
A graphic drawing command consists of a 16 bit op-code and 
optionally 0 to 64k 16 bit parameters. 
The 16 bit op-code consists of an 8 bit command code, an 
AREA· Mode specifier (3 bits), a Color Mode specifier (2 
bits) and an Operation Mode specifier (3 bits). 
The Area Mode allows versatile clipping and hitting detec­
tion. A drawing area can be· defined, and should drawing op­
erations attempt to enter or leave that area, a number of 
programmable actions can be taken by the ACRTC. 
The Color Mode determines whether the Pattern RAM is 
used indirectly to select Color Registers or is directly used as 
the color information. 
The Operation Mode defines one of eight logical operations 
to be performed between the frame butTer read data and the 
color data in the Pattern RAM to determine the drawing 
data to be rewritten into the frame butTer. 
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(i) Absolute Coordinate Specification (ij) 
Specifies the addresses (x, y) based on the origin point set 
by the ORG command. 

Relative Coordinate Specification 
Specifies the relative addresses (L::.x, 
rent drawing point. 

L::.y) related to the cur-

y y 
(x+6x, y+6y) 

(x, y) 
y -- -------, 

, 
: 
I 

y/} 
------!~----~X---------x 

Origin 

CP (x, y) 

------~----~----------x I x 
Origin 

Figure 29 Absolute Coordinate Specification Figure 30 Relative Coordinate Specification 

Tal;lle 5 Graphic Drawing Commands 

Command Function 

AMOVE Move the Current Pointer (CP) to an absolute logical pixel x-v address. 

RMOVE Move the Current Pointer (CP) to a relative logical pixel X-Y address. 

ALINE Draw a straight line from the Current Pointer (CP) to a command specified end point of the absolute 
coordinates. 

RLiNE Draw a straight line from the Current Pointer (CP) to a command specified end point of the relative 
coordinates. 

ARCT Draw a rectangle defined by the Current Pointer (CP) and a command specified diagonal point of the absolute 
coordinates. 

RRCT Draw a rectangle defined by the Current Pointer (CP) and a command specified diagonal point of the relative 
coordinates. 

APll Draw a polyline (multiple contiguous segments) from the Current Pointer (CP) through command specified 
points of the absolute coordinates. 

RPll Draw a polyline (multiple contiguous segments) from the Current Pointer (CP) through command specified 
points of the relative coordinates. 

APlG Draw a polygon which connects the start pointer (CP) and command specified points of the absolute 
coordinates. 

RPlG Draw a polygon which connects the start pointer (CP) and command specified points of the relative 
coordinates. 

CRCl Draw a circle of the radius R placing the Current Pointer (CP) at the center. 

ElPS Draw a ellipse whose shape is specified by command parameters, placing the Current Pointer (CP) at the 
center. 

AARC Draw an arc by using the Current Pointer (CP) as a start point with an end point and a center point of the 
absolute coordinates. 

RARC Draw an arc by using the Current Pointer (CP) as a start point with an end point and a center point of the 
relative coordinates. 

AEARC Draw an ellipse arc by using the Current Pointer (CP) as a start point with an end point and a center point of 
the absolute coordinates. 

REARC Draw an ellipse arc by using the Current Pointer (CP) as a start pOint with an end point and a center point of 
the relative coordinates. 

AFRCT Paint a rectangular area specified by the Current Pointer (CP) and command parameters (absolute 
coordinates) according to a figure pattern stored in the Pattern RAM. (Tiling) 

RFRCT Paint a rectangular area specified by the Current Point (CP) and command parameters (relative coordinates) 
according to a figure pattern stored in the Pattern RAM. (Tiling) 

PAINT Paint a closed area surrounded by edge color using a figure pattern stored in the Pattern RAM. (Tiling) 

DOT Mark a dot on the coordinates where the Current Point (CP) indicates. 

PTN Draw a graphic pattern defined in the Pattern RAM onto a rectangular area specif.ied by the Current Pointer 
(CP) and by the pattern size. (rotation angle: 45°) 

AGCPY Copy a rectangular area specified by the absolute coordinates to the address specified by the Current Pointer 
(CP). (rotation angle: 90° /mirror turnover) 

RGCPY Copy a rectangular area specified by the relative coordinates to the address specified by the Current Pointer 
(CP). (rotation angle: 90° /mirror turnover) 
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Operation Code Parameter 

15 8 7 5 4 3 2 0 15 o 
Command Code IAREAI COL IOPM I r------P-a-ra-m-e-t-e-r-----' 

15 o 
Parameter 

Figure 31 Graphic Drawing Command Format 

OPERATION MODE 
The Operation Mode (OPM bits) of the Graphic Drawing 

Command specify the logical drawing condition. 

Figure 32 shows examples of'a drawing pattern applied with 
various OPM mOdes. 

OPM Operation Mode 

0 0 0 REPLACE: 

· Replaces the frame buffer data with the color data. 

0 0 1 OR: 

· ORs the frame buffer data with the color data. The result is' rewritten to the frame buffer. 

0 1 0 AND: · ANDs the frame buffer data with the color data. The result is rewritten to the frame buffer. 

0 1 1 EOR: 

· EORs the frame buffer data with the color data. The result is rewritten to the frame buffer. 

1 0 0 CONDITIONAL REPLACE (Read Data=CCMP): 

· When the frame buffer data at the drawing position is equal to the comparison color (CCMP). the frame 
buffer data is replaced with the color data. 

1 0 1 CONDITIONAL REPLACE (Read Data*CCMP): 
· When the frame buffer data at the drawing position is not equal to the comparison color (CCMP). the frame 

buffer data is replaced with the color data. 

1 1 0 CONDITIONAL REPLACE (Read Data < CLl: 

· When the frame buffer data at the drawing position is less than the color register data (Cl). the frame buffer .. data is replaced with the color data . 

1 1 1 CONDITIONAL REPLACE (Read Data> CLl: 

· When the frame buffer data at the drawing position is greater than the color register data (CLl. the frame .. buffer data is replaced with the color data . 

• Normally. the color register (ClO or Cll) selected by the pattern pointer (PPX. PPY) is used for the color data. but the source area data is used in 
the graphic copy commands (AGCPY and RGCPY). 
Normally. the color register (ClO or Cll) selected by the pattern pointer (PPX. PPY) is used for the color register data· (CLl. but the source area 
data is used in the graphic copy command (AGCPY and RGCPY). 

Figure 32 shows examples of a drawing pattern applied with 
various OPM modes. 
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Figure 32 Operation Mode Example 
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COLOR MODE 
The Color Mode (COL bits) specify the source of the drawing 

color data as directly or indirectly (using the Color Registers) de­
termined by the contents of the Pattern RAM. 

COL Color Mode 

0 0 When Pattern RAM data = 0, Color Register 0 is used. 
When Pattern RAM data = 1, Color Register 1 is used. 

0 1 When Pattern RAM data = 0, drawing is suppressed. 
When Pattern RAM data = 1, Color Register 1 is used. 

1 0 When Pattern RAM data = 0, Color Register 0 is used. 
When Pattern RAM data'= 1, drawing is suppressed. 

1 1 Pattern RAM contents are directly used as color data. 

The Color Mode chooses the source for color information 
based on the contents (0 or J) of a particular bit in the 16 bit by 
16 bit (32 byte) Pattern RAM. A SUb-pattern is specified by pro­
gramming the Pattern RAM Control Register (PRC) with the 

start (PSX, PSY) and end (PEX, PEY) points which define the 
diagonal of the sub-pattern. Furthermore, a specific starting point 
for Pattern RAM scanning is specified by PPX and PPY. 

Normally, the color registers (CL) should be loaded with one 
color data based on the number of bits per pixel. For example, if 
4 bits/pixel are used, the 4 bit color pattern (e.g. 0001) should be 
replicated four times in the color register, i.e. 

AREA 

0 0 

0 0 

0 1 

0 1 

1 0 

1 0 

1 1 

1 1 

38 

Pattern RAM 

r-___ .:..(P..;;;E~X, PEY) 

o 
(PPX, PPY) 

Color Register = 1 00011000 1 10 001 100011 

In this way, color changes due to changing dot address are 
avoided. 

AREA MODE 

(PSX, PSY) 

Prior to drawing, a drawing 'area' may be defined (Area De­
finition Register). Then, during Graphics Drawing operation the 
ACRTC will check if the drawing point is attempting to enter or 
exit the defined drawing area. Based on eight Area Modes, the 
ACRTC will take appropriate action for clipping or hitting. 

Drawing Area Mode 

0 Drawing is executed without Area checking. 

1 When attempting to exit the Area. drawing is stopped after setting ABT (Abort Bit). 

0 Drawing suppressed outside the Area - drawing operation continues and the ARD flag is not set. 

1 Drawing suppressed outside the Area - drawing operation continues and the ARD flag is set at every 
drawing operation. 

0 Same as AREA = 0 0 O. 

1 When attempting to enter the Area, drawing is stopped after setting ABT (Abort Bit). 

0 Drawing suppressed inside the Area - drawing operation continues and the ARD flag is not set. 

1 Drawing suppressed inside the Area - drawing operation continues and the ARD flag is set at every drawing 
operation. 
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• SYSTEM INTERFACE 
• BASIC CLOCK 

The ACRTC basic clock is 2CLK. 2CLK controls all primary 
ACRTC display and logic timing parameters. 

2CLK, along with the specification of number of bits pe~ logi­
cal pixel, the Graphic Address Increment mode and the Display 
Access mode, also determines the video data rate. 

The basic clock must be -input, noting its cycle, max. and min. 
of "High" and "Low" level width. 

In any case,. be careful not to stop the basic clock fixing it at 
"High" or "Low" or not to use 2CLK line in open state, which 
can destroy the LSI. 

• CRT INTERFACE 
FRAME BUFFER ACCESS 
(I) Access Modes 

The three ACRTC display memory access modes are Single, 
Interleaved and Superimposed. 

(a) Single Access Mode 
A display (or drawing) cycle is defined as two cycles of 
2CLK. During the first 2CLK cycle, the frame buffer display 
or drawing address is output. During the second 2CLK cy­
cle, the frame buffer data is read (display cycles and/or 
drawing cycles) or written (drawing cycles). 
In this mode, display and drawing cycles contend for access 
to the frame buffer. The ACRTC allows the priority to be 
defined as display priority or drawing priority. If display 
priority, drawing cycles are only allowed to occur during 
horizontal/vertical flyback period. So, a 'flash less' display is 

obtained at the expense of slower drawing. If drawing 
priority, drawing may occur during display so high speed 
drawing is obtained, however the display may flash. 

(b) Interleaved Access Mode (Dual Access Mode 0) 
In this mode, display cycles and drawing cycles are inter­
leaved. A display/drawing cycle is defined as four cycles of 
2CLK. During the first 2CLK cycle, the frame buffer display 
address is output. During the second 2CLK cycle, the dis­
play data is read from the frame buffer. During the third 
2CLK cycle, the frame buffer drawing address is output. 
During the fourth 2CLK cycle, the drawing data is read or 
written. 
Since there is no contention between display and drawing cy­
cles, a 'flashless' display is obtained while maintaining full 
drawing speed. However, for a given configuration, frame 
buffer memory access time must be twice as fast as an 
equivalent Single Access Mode configuration. 

(c) Superimposed Access Mode (Dual Access Mode 1) 
In this mode, two separate logical screens are accessed dur­
ing each display cycle. The display cycle is defined as four 
2CLK cycles. During the first 2CLK cycle, the Background 
(Upper, Base or Lower) screen frame buffer address is out­
put. During the second 2CLK cycle, the Background screen 
display data is read. During the third 2CLK cycle, the win­
dow screen frame buffer address or the drawing frame buffer 
address is output. During the 'fourth 2CLK cycle, the win­
dow screen display or drawing data is read (display or draw­
ing) or written (drawing). Note that the third and fourth cy­
cles can be used for drawing (similar to Interleaved mode) 
when these cycles are not used for Window display. 
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(2) Graphic Address Increment Mode (GAl) . 
During display operation, the ACRTC can be programmed to 

control the graphic display address in seven ways including incre­
ment by 1, 2, 4, 8 and 16* words, 1 word every two display cy­
cles and no increment. 

Setting GAl to increment by 2, 4, 8 or 16* words per display 
cycle achieves linear increases in the video data rate i.e. for a 
given configuration setting GAl to 2, 4, 8 or 16* words will 
achieve 2, 4, 8 or 16* times the video data rate corresponding to 
GAI= 1. This allows increasing the number of bits/logical pixel 
and logical pixel resolution while meeting the 2CLK maximum 
frequency constraint. 

Table 6 shows the summary relationship between 2CLK, Dis­
play Access Mode, Graphic Address Increment, # bits/logical 
pixel, memory access time and video data rate. The frame buffer 
cycle frequency (Fc) is shown by the following equation where: 

Fv = Dot Clock 
N # bits/logical pixel 
D Display Access Mode 

1 for Single Access Mode 
2 for interleaved and Superimposed Access Modes 

A = Graphic Address Increment (112, 1, 2, 4, 8, 16*) 
Fc = (Fv x N x D)/(A x 16) 

Table 6 Graphic Address Increment Modes 

Dot Rate 16MHz 

Access Mode 
Color No. 

S 0 (bit/pixel) Memory Cycle 

250ns - + 1/2 
1 

500ns + 1/2 +1 

250ns + 1/2 +1 
2 

500ns +1 +2 

250ns +1 +2 
4 

500ns +2 +4 

250ns +2 +4 
8 

500ns +4 +8 

250ns +4 +8 
16 

500ns +8 + 16· 

DYNAMIC RAM REFRESH 
When dynamic RAMs (DRAMs) are used for the frame 

buffer memory, the ACRTC can automatically provide DRAM 
refresh addressing. 

The ACRTC maintains an 8 bit DRAM refresh counter which 
is decremented on each frame buffer access. During. HSYNC 
low, the ACRTC will output the sequential refresh addresses on 
MAD. The refresh address assignment depends on Graphic Ad­
dress Increment (GAl) mode as shown in Table 7. 

The ACRTC provides "0" output on the remaining address 
line of MAD and MA/RA. 

DRAM refresh cycle timing must be factored into the deter­
mination of HSYNC low pulse width (HSW - specified in units 
of frame buffer memory cycles). 

If the horizontal scan rate is Fh (kHz), number of DRAM re­
fresh cycles is N and the DRAM refresh cycle time is Tr (msec) 
then horizontal sync width (HSW) is specified by the following 
equation: 

32MHz 64MHz 128MHz 

S 0 S 0 S 0 

+ 1/2 +1 +1 +2 +2 +4 

+1 +2 +2 +4 +4 +8 

+1 +2 +2 +4 +4 +8 

+2 +4 +4 +8 +8 + 16· 

+2 +4 +4 +8 +8 + 16· 

+4 +8 +8 + 16· + 16· -
+4 +8 +8 + 16· + 16· -
+8 + 1.6· + 16· - - -
+8 + 16· + 16· - - -

+ 16· - - - - -

Table 7 GAl and DRAM Refresh Addressing 

Address Increment Refresh Address Output 
Mode Terminal 

+0 (GAI=101) MAOo-MA07 

+ 1 (GAI= 000) MADo-MA0 7 

+2 (GAI=OOl) MAO,-MAO a 

+4 (GAI-Ol0) MA0 2 -MAO g 

+ 8 (GAI=Oll) MA03 -MAO,o 

+ 16 (GAI= 100)· MA0 4 -MAO" 

+ 1/2 (GAI= 111) 
110 MAOo-MA0 7 

HSW ~ N I (Tr x Fh) 
For example, if the scan rate is 15.75 kHz and the DRAMS 

have 128 refresh cycles of 2 msec, HSW must be greater than or 
equal to 5. 

HSW ~ 128 I (2 x 15.75) = 4.06 
(Note) •... HD63484 (R-type) does not support 1 6 words increment mode. 
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Figure 34 DRAM Refresh Timing 

EXTERNAL SYNCHRONIZATION 
The ACRTC EXSYNC pin allows synchronization of multiple 

ACRTCs or other video signal generators. The ACRTC may be 
programmed as a single Master device, or as one of a number of 
Slave devices. 

To synchronize multiple ACRTCs, simply connect all the 
EXSYNC pins together. 

For synchronizing to other video signals, the connection 
scheme depends on the raster scan mode. In Non-Interlace 
mode, EXSYNC corresponds to VSYNC. In Interlace modes, 
EXSYNC corresponds to VSYNC of the odd field. 

Clock 
Signal 

L. 2CLK 

ACRTC 
(Master) 

EXSYNC 

Note) 1. The ACRTC performs the synchronization every time it 
accepts the pulse input from EXSYNC in the slave 
mode. 
It is recommended that 'the synchronous pulse should 
be input from EXSYNC only when the synchronization 
gap between the synchronous signal of the master de­
vice and that of ACRTC in the slave mode (HSYNC 
and VSYNC are output also in the slave mode,). 

2. The ACRTC needs to be controlled not to execute the 
drawing operation during EXSYNC input. 

p.-. 2CLK 

ACRTC 
(slave) 

EXSYNC 

...... 2CLK 

ACRTC 
(slave) 

EXSYNC 

Figure 35 External Synchronization 

• MPU INTERFACE 
MPU BUS CYCLE 

The ACRTC interfaces to the MPU as a peripheral occupying 
two addresses in the MPU address space. The ACRTC can oper­
ate as an 8 or 16 bit peripheral as configured during ~. 

An MPU bus cycle is initiated when CS is asserted (following 
the assertion of RS and R/W). The ACRTC responds to CS low 
by asserting DTACK low to complete the data transfer. DTACK 
will be returned to the MPU in between 1 and 1.5 2CLK cycles. 

MPU WAIT states will be added in the following two cases. 

(a) If the ACRTC 2CLK input is much slower than the MPU 
clock, continuous ACRTC accesses may be delayed due to 
internal processing of the previous bus cycle. 
Note) Be careful for CS "High" width. 

(b) If an ACRTC read cycle immediately follows an ACRTC 
write cycle, a WAIT state may occur due to ACRTC pre­
paration for bus 'turn-around'. However, (68000 System: 
eg) MPUs normally have no instructions which immediately 
follow a write cycle with a read cycle. 

For connection to synchronous bus interface MPUs, DT ACK 
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can simply be left open assuming the system design guarantees 
that WAIT states cannot occur as described above. If WAIT 
states may occur, DT ACK can be used with external logic to 
synthesize a READY signal. 

DMA TRANSFER 
The ACRTC can interface with an external DMA controller 

using three handshake signals, DMA Request (DREQ), DMA 
Acknowledge (DACK) and DMA Done (DONE). -

The ACRTC uses the external DMAC for two types of trans­
fers, Command/Parameter DMA and Data DMA. For both 
types, DMA transfers use the ACRTC read and write FIFOs. 

(I) Command/Parameter DMA 
The MPU initiates this mode by setting bit 12 (CDM) in the 

ACRTC Command Control Register to I. Then, the ACRTC will 
automatically request DMA transfer for commands and their as­
sociated parameters as long the write FIFO has space. Only cycle 
steal request mode (DREQ pulses low for each data transfer) can 
be used. Command/Parameter DMA is terminated when the 
MPU resets bit 12 in CCR to 0 or the external DONE input is 
asserted. 
Note) The R mask version and the S mask version can't per­

form Command/Parameter DMA transfer. So CDM (bit 
12) should be set to O. 

(2) Data DMA 
Data DMA is used to move data between the MPU system 

memory and the ACRTC frame buffer. 
The MPU sets-up the transfer by specifying the frame buffer 

transfer address (and other parameters of the transfer, such as 
'on-the fly' logical operations) to the ACRTC. Next, when the 
M PU issues a Data Transfer Command to the ACRTC, the 
ACRTC will request DMA transfer to and from system memory. 
The ACRTC will request DMA, automatically monitoring FIFO 
status, until the DMA Transfer Command is completed. 

Data DMA request mode can be cycle steal (as in Command/ 
Parameter DMA) or burst mode in which DREQ is a low level 
control output to the DM AC which allows multiple data transiers 
during each acquisition of the MPU bus. 

INTERRUPTS 
The ACRTC recognizes eight separate conditions which can 

generate an interrupt including command error detection, com­
mand end, drawing edge detection, light pen strobe and four 
FIFO status conditions. Each condition has an associated mask 
bit for enabling/disabling the associated interrupt. The ACRTC 
removes the interrupt request when the MPU performs appropri­
ate interrupt service by reading or writing to the ACRTC. 

• DISPLAY FUNCTION 
• LOGICAL DISPLAY SCREENS 

The ACRTC allows division of the frame buffer into four 
separate logical screens. 

Screen Number Screen Name Screen Group Name 

o Upper screen} 
I Base Screen Background Screens 
2 Lower Screen 
3 Window Screen 

In the simplest case, only the Base screen parameters must be 
defined. Other screens may be selectively enabled, disabled and 
blanked under software control. 

The Background (Upper, Base and Lower) screens partition 
the display into three horizontal splits whose position is fully pro­
grammable. A typical application might use the Base screen for 
the bulk of user interaction, using the Lower screen for a 'status 
line(s)' and the Upper screen for 'pull-down menu(s)'. 

The Window screen is unique, since the ACRTC gives the 
Window screen higher priority than Background screens. thus, 
when the Window, whose size and position is fully programma­
ble, overlaps a Background screen, the Window screen is dis­
played. One exception is the ACRTC Superimposed Access 
Mode, in which the Window has the same display priority as 
Background screens. In this case, the Window and Background 
screen are 'superimposed' on the display. 

The ACRTC logical screen organization can be programmed 
to best suit a number of display applications. 

f--------.----- Memory Width-----~------~ 

Start Address 

Display Screen 
Area 

~ 

----------
~ 

: 

Horizontal 
Display Width 

-I 

Figure 36 Display Screen/Frame Buffer Relationship 
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Frame Buffer Defined Frame Buffer 
MWO-------~ for Character ~r-~------- ·1 

0000 -- - ---- ------:.-------------------.; 

-4--r- ---- --- ---- ----- -- --, 
SARO File Name: MOS 

f----j.~_-_- -- -~ - ____ -'---__________________ -1 

---

--+--- -- -- - - -- ----- --------
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F F F F L-_---l 
: Left : Layout 
: Right : Symbol 
1. _______________________ _ 

Frame Buffer 
for Graphic 

00000 

SAR1 

r----- MW1---'--j 

-~-------------, 

I 
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I 
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, I 
L ___________ ~ __ J File Name: MOS 

f------1-~- ____________ .... ____ ..........11.-1'--',-- ''----v ------------------r----------
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FFFFFL.-__ -'-" 

, , , , 
''-,- 1--- MW3~--"---l 

-f----'-- -- - - -- --
SAR3 : 
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01 Upper " 

2 
3 

Base '~_.l..--___ -.J 

Lower 
Window 

, 
I 
I . _______________ L ________ _ 

Left Layout 
Right : Symbol 

V L-_________ ~ 

Figure 37 Display Screen Combination 
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Figure 38 Display Screen Specification 

_HITACHI 

u 
> 



• % -~ 
() 
% -

." 
cO· 
I: 

Cil 
W 
CD 

2CLK 

MCYC 

Memory Cycle 

Horizontal Display Width 
~IHDW+1)·M-----I 

r---------------------~--

Horizontal Sync 
Width HSW.M 

Horizontal Display start 
1-----�HDS+1). M ----I 

Horizontal Window 
Horizontal Window Start Width 

1------1 HWS+1)· M -----< ..... O----IHWW+11· M 

~------------------------IHC+11·M 
Horizontal 
Cycle __ -------------------------

Vertical Split Screen 
Display 0 Vertical 
Start I Display Width 

VDS·H --t..j .... 4t--~SPO·H ---~------

I-----VWS· H .. 14 VWW· H ----------t .. ~1 

Vertical 
Sync Width 

VSW'H 

Vertical Window Width 
Vertical Window Start 

I-~~~~~~~---------------VC·H----------------------~ 

Vertical 
Cycle 

::r: 
o 
0) 
w 
.j>. 
CD 
.j>. 

.J". 
::r: 
o 
0) 

w 
.j>. 
CD 
.j>. 

fr> 
::r: 
o 
0) 
w 
.j>. 
CD 
T-
CD 



HD63484-4.HD63484-6.HD63484-8-----------------------------

SPO-Upper 

EX. 1 SP1-Base SP3-
Window 

SP3-
EX 2 SP1-Base W' d . In ow 

SP2-Lower 

SPO-Upper SPO-Upper 

EX. 3 
SP1-Base SP1-Base ISP3- I 

EX. 4 Window 

SP2-Lower 
SP3-Window SP2-Lower 

Figure 40 Example Screen Combinations 

GRAPHIC/CHARACTER ADDRESS SPACES 
The ACRTC controls two separate logical address spaces. The 

CHR pin allows external decoding if physically separate frame 
buffers are desired. 

Each of the four logical screens (Upper, Base, Lower and 
Window) is programmed as residing in the Graphics address 
space or the Character address space. 

ACRTC accesses to Graphics screens are treated as bit map­
ped using a 20 bit frame buffer address, with an address space of 
one megaword OM by 16 bit). 

ACRTC accesses to Character screens are treated as character 
generator mapped. In this case, a 64k word address space is used 
and 5 bits of raster address are output to an external character 
generator. 

Multiple logical screens defined as Character can be externally 

1 F --- First Raster Address 
---jO'-+------jO'-+--- 00 (FRA) 

--f-0+----10'-+--- 01 
-+04----+04---02 
----i0~0~04f0~0~0+-- 03 
-+04----+04---04 
-+04----+04---05 
-~0+----10~--06 
--------~_-07 

-----------08 - Last Raster Address L (LRA) 

Raster Address 

Figure 41 Character Screen Raster Addressing 

decoded to use separate character generators or different ad­
dresses within a combined character generator. Also, each Char­
acter screen may be defined with separate line spacing, separate 
cursors, etc. 

• CURSOR CONTROL 
The ACRTC has two Block Cursor Registers and a Graphics 

Cursor Register. 
A Block cursor is used with Character screens. The cursor 

start and ending raster addresses are fully programmable. Also, 
the cursor width can be defined as one to eight memory cycles. 

A Graphics cursor is defined by specifying the start/end 
memory in cycle the X dimension and the start/end raster in the 
Y dimension. 

The Graphic cursor can output on character screens. 

HITACHI 

~ Cursor1 

ACRT~ 

~ Cursor2 

Figure 42 Two Separate Block Cursors 
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000000 

BCSR=07 
BCER=07 

000000 
000000 
000000 
000000 
000000 
000000 

BCSR=02 
BCER=07 

------1F 

000000 00 
000000 01 
000000 02 

------03 
------04 
------05 
------06 

------07 
------08 

BCSR=OO 
BCER=02 

Figure 43 Block Cursor Examples 

U.---------------)7 CUD, 

o 

Figure 44 Graphic Cursor 
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The ACRTC provides two separate cursor outputs, CUD I and 
CUD2 • These are combined with two character cursor registers 
and a graphics cursor register to provide three cursor modes. 

Block Mode 
Two Block cursors are output on CUDland CUD2 respective­

ly. 

Graphic Mode 

Horizontal Cursor Signal 

The Graphic cursor is output on CUDI' Using an external 
cursor pattern memory allows a graphic cursor of various shapes. 
Two Block cursors are multiplexed on CUD2 • 

Crosshair Mode 
The horizontal and vertical components of the Graphic cursor 

are output on CUDI and CUD2 respectively. This allows simple 
generation of a crosshair cursor control signal. 

______ ~n n~ ____ __ 
< 
CD a: 
n 

J~I !!!. 
n 
c: 
iil 
Q 
en 

ciS' 
::l 
!!!. 

Figure 45 Crosshair Cursor 

• SCROLLING 
VERTICAL SCROLL 

Each logical screen performs independent vertical scroll. On 
Character Screens, vertical smooth scroll is accomplished using 
the programmable Start Raster Address (SRA). Line by line 
scroll is accomplished by increasing or decreasing the screen start 
address by one unit of horizontal memory width. 

On Graphics screens, vertical smooth scroll is accomplished by 
increasing or decreasing the screen start address by one unit of 
horizontal memory width. 

HORIZONTAL SCROLL 

Horizontal scroll can be performed in units of characters for 
Character screens and units of words (multi logical pixels) for 
Graphic screens by increasing or decreasing the screen start ad­
dress by l. 

For smooth horizontal scroll, the ACRTC has dot shift video 
attributes which can be used with an external circuit which condi­
tions shift register load/clocking. 

Since this dot shift information is output each raster, horizon­
tal smooth scroll is limited to either the Background screens or 
the Window screen at any given time. However, horizontal 
smooth scroll is independent for each of the Background screens 
(Upper, Base, Lower). 
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Defined Frame Buffer 

Start Address (SAR) 

j 
SAR 

SAR' - --r----------- --, 
I 
I 

Start Address (SAR') on I 
I 

DISP 

Memory 
Address 

I 
I 
I 
I 

MOS 
I 
I 
I 
I 
I 

"" 
____ .,. _________ ...J 

Scrolling 

I 

r-:----L --------, 

dD . on 
MOG 

MOS 
______________ .J 

Figure 46 Scrolling By SAR (Start Address Register) Rewrite 

~L ________________ ~r--

Figure 47 Horizontal Smooth Scroll - Base Screen 
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• RASTER SCAN MODES 

Background 

DISP,~~ ______________________________ ~r_ 

DISP. --------------~ 

MAD 

1 Displav Cvcle 

§:)21· f m la,.fNlIBH,!W2f-- - -- -:IIt.!Wm~+d· E- --18,,; ·1 

B Background Address 
Emptv Cvcle or Drawing Cvcle 

W Window Address 

WSS=1 

Figure 48 Horizontal Smooth Scroll - Window Screen 

The ACRTC has three software selectable raster scan modes 
- Non-Interlace, Interlace Sync and Interlace Sync & Video. In 
Non-Interlace mode a frame consists of one field. In the Interlace 
modes, a frame consists of two fields, the even and odd fields. 

quality of a displayed figure when using an interlaced CRT device 
such as a Television Set with RF modulator. 

Interlace Sync & Video mode displays alternate even and odd 
rasters on alternate even and odd fields. For a given number of 
rasters/character, this mode allows twice as many characters to be 
displayed in the vertical direction as Non-Interlace mode. The Interlace modes allow increasing screen resolution while 

avoiding limits imposed by the CRT display device, such as 
maximum horizontal scan frequency or maximum video dot rate. 

Interlace Sync mode simply repeats each raster address for 
both the even and odd fields. This is useful for increasing the 

Note that for Interlace modes, the refresh frequency for a 
given dot on the screen is one-half that of the Non-Interlace 
mode. Interlace modes normally require the use of a CRT with a 
more persistent phosphor to avoid a flickering display. 

1F 

00 0 0 
01 0 0 
02 0 0 
03 cx:xxx:x:x:xxJ 
04 0 0 
05 0 0 
06 0 0 
07 

08 

Non-Interlace 

54 

1F _______________ _ 

00 

01 

02 

03~~~~~~ 

04 

05 

06 

07 

~---------------
Interlace Sync. 

Figure 49 Raster Scan Modes 
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[NON-INTERLACE] 

HSYNC~ ,... H---; 
RCR~ 

VSYNC .J 
EXSYNC .J~------------------------------'~--------~~------------------------------~ '----------.... 

(OUTPUT) fool .. o----------- FRAME ---------~.I 

[INTERLACE SYNC] 

RCR~ VC2 VCl 
Dummy 

~ 

~~;~~C j =t=t= Ir------------------------------~ ~ 

(OUTPUT) t=-~----- EVEN FIELD ---l-~~~-=-=--~-=-F-:E __ --_-__ --=-~~_=~_~O~D~-FIELD -------- -------4:"'j 
[INTERLACE-SYNC & VIDEO] VC=OOD H/2 

Dummy 
RCR ~ -v----~TV~C~5-v~V~C~3~~V~C~1~~~~~--v-~5~~~~v--~ 
VSYNC .J L-__ --I.-
(!:~:~~) ,r~------------E-V-E-N-F-IE-L-D-------n--~_--1-----~-~-~-__ ----_-_-..... --_-_-_--_~-_-_-_-_-------~-O-D:-_-FI-EL-D-_-_-----_--.-__ - __ ~~ 

~ FRAME - ---- -- -----j 
H/2 

Figure 50 Raster Scan Timing 

• ZOOMING 
The Base screen (Screen 1) is supported by the ACR TC 

zooming function. Note that ACRTC zooming is performed by 
controlling the CRT timing signals. The contents of the frame 
buffer area being zoomed are not changed. 

For horizontal zoom, the programmed zoom factor is output 
as video attributes. An external circuit uses this factor to condi­
tion the external shift register clock to accomplish horizontal 
zooming. 

The ACRTC allows specification of a zoom factor (1 to 16) 
independently in the X and Y directions. 

lx2 

t 

For vertical zoom, no external circuit is required. The 
ACRTC will scan a single raster multiple times to accomplish 
vertical zooming. 

3xl 

<f8&: 

3x2 

~ 

-

Figure 51 Zooming 
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• LIGHT PEN 
The ACRTC provides a 20 bit Light Pen Address Register 

and a Light Pen Strobe (LPSTB) input pin for connection with a 
light pen. 

A light pen strobe pulse will occur when the CRT electron. 
beam passes under the light pen during display refresh. When 
this pulse occurs, the contents of the ACRTC display refresh ad­
dress counter will be latched into the Light Pen Address Register 
along with a logical screen (Character or Graphic screen) desig­
nator. Also, an ACRTC status flag indicating light pen activity is 
set, generating an optional (maskable) MPU interrupt. Note that 
for Superimposed access mode, when the light pen strobe occurs 

• PACKAGE DIMENSIONS 

• DC-64 • DP-64 

•. .rlF==I===;..... I 

~I: 

in an area in which the Window overlaps a Background (Upper, 
Base or Lower) screen, the Background screen address will be 
latched. And even for all access mode, the Drawing address will 
be latch. 

Various system and ACRTC delays will cause the latched ad­
dress to differ slightly from the actual light pen position. The 
light pen address can be corrected using software, based upon 
system specific delays. Or, if the application does not require the 
highest light pen pointing resolution, software can 'bound' the 
light pen address by specifying a range of values associated with a 
given area of the screen. 

~oos;.::." 
l !Im,,, ~ IOma. 

rO 'u .. ""'OlOO .... 

• CP·68 

25.15' O. 12 
_'JL~~; ~8005;611 

r.;,0ji:~~~~~=~60 
Irh1t'1< 

24.20 ;:;; 0 
:0.953) 1.9~_1+ __ ~~~~ 

_. ~~~~~~(0~.0~76~)~~~~.:~~N~~~~ :sb -F I ~ 
~.01O ~W (0004) 

23.37 t O.S (0.050 ~ 0.004) ~~~ 
(0.920' 0.020) _ 
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Advance Information 

BUS INTERRUPTER MODULE 
The bipolar LSI MCSS1S3 Bus Interrupter interfaces a micro­

computer system bus to multiple slave devices requiring interrupt 
capabilities. It handles up to 4 independent sources of interrupt 
requests and is fully programmable. 

• VERSAbusNMEbus Compatible 

• MCsaOOO Compatible 

• Handles 4 Independent Interrupt Sources 

• 8 Programmable ReadIWrite Registers 

• Programmable Interrupt Request Levels 

• Programmable Interrupt Vectors 

• Supports Interrupt Acknowledge Daisy Chain 

• Control Registers Contain Flag Bits 

• Single + 5.0 Volt Supply 

• Total Power Dissipation" 1.5 W Typical 

• Temperature Range of O"C to 70DC 

• Chip Access Time - 200 ns Typical with 16 MHz Clock 

• 4O-Pin Dual-In-Line Package 

FIGURE 1 - MCSS153 SYSTEM BLOCK DIAGRAM 
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ABSOLUTe MAXIMUM RATINGS (Beyond which useful life may be imoaired.) 

P~ram • ., I Symao6' I Value Unit 

Supply Voltage I Vce ! -0.5 to .;. 7.0 V 

Inout Voltage I Vin I -0.5 to -7.0 V 

Input CUlT8nt I lin I -30 to -5.0 I mA I 
Outout Voltage I Vout l -0.5 to .;.5.5 I V I 
Outout Cl.Il'1'8nt I 10l I Twice Rated 10l I mA I 
Storage Temoerature I Tsta 

I -65 to .... 150 I 'c I I 

Junction Ooerating T emoerature I TJ I -55 to .;.175 I 'c I 
CC aECTRICAL SPEi:IF1CATlONS (Vee" 5 a V -50/0 TA ,. O·c to 700c1 -

~nlm .... I Symao6 I Min Max ! Unit I Test Conditions 

High Levet Input Voltage VIM 2.0 - I V I 
Low Levet Inout Voltage I V".: I - I 0.8 V i 
Inout Clamp Voltage VIK l - -1.5 V I Vee" MIN. liN" -18 mA 

High Lavel Outout Voltage( 1 ) VOM 2.7 - V I Vce ,. MIN. 10M .. -400.u.A 

Low Lavel Outout Voltage I Val - I 0.4 I V ! Vee ,. MIN. IOl .. 8.0 mA 

Outout Short Cil'Ct.lit CUlT8n-c{2) lOS I -15 -130 mA I Vce ,. MAX. Your ,. a V 

High Levet Inout Cu/Tent 11M - 20 .u.A 1 Vee .. MAX. VIN .. 2.7 V 

Low Lavet Input Cu/Tent III - -0.4 mA I Vce .. MAX. VIN .. 0.4 V 

Supply CUlT8nt ICC 22S 385 I mA I Vce ,. MAX 

Output Off CUlT8nt (High) 10ZH - 20 .u.A I Vce .. MAX. Your .. 2.4 V 

Output Off CulTt'lnt (Low) Ion - -20 .u.A I Vce .. MAX. VOUT .. 0.4 V 

AC TEST ClRCUIT - AC Testing at All Ou~uts 

~~-------------1 

1 

~ 
~ 

11 

.l2. 

I 
vee" 5.0 V I 

i 

..., 
~ 
~ u 
:i 

.L 

31 
30 

21 

I 
I 
I 
I 
I 
I 
I 

I Pin Under Test 

~---------------~ 
NO'T!S: 
1. Not 100licaoie to open~lIec:tor outputs. 

6,5 V 

1000 n 

500 n 

2. Not more than one output should be shorted at a time for longer than one second. 
3. CS Low to cue High (SetUP rime I ot 15 ns Min must be Observed. 
4. iACX Low to cue High Ind iACXiN Low to cue High (Setup rimesl ot 15 ns Min must be obs~rved. 
S. See Table 1 for additional performance guideline.. . 
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AC ELECTRICAL SPECIFICATIONS (Vee· 5.0 V :5°/ •• TA • o-c to 7O-Cl 

Parameter 

CLK High to Date Out Valid (Delayl131 
fhK High to DT ACK L.ow IDeiayl131 
CS High to DTACK High (Delayl 
CLK High to Data Out Valid IDelay)(4) 
~ High to i'N"fAE L.ow IDelay)(4) 
~ High to Data Out High Impedance (Delay I 
~CK High to DT ACK High (Delayl 
CS High to Data Out High (Delay) 
~igh to IR9...!:!!2..h (Delay I 
lACK High to INT AE High (Delayl 

GENERAL DESCRIPTlON 

The MCSS153 Bus Interrupter Module (BIM) is d&­
signed to serve as an interrupt requester for peripheral 
devices in a microcomputer system. Up to 4 indepen­
dent devices can be interfaced to the system bus by the 
MC68153. Intended for asynchronous masterfslave bus 
operation, the 81M is compatible with VERSAbus. VME­
bus, MC68000 device bus. and other system buses. Fig­
ure , shows a block diagram of a typical configuration. 
In this example. three peripheral devices (bus slaves) 
are connected to the system data bus. Each of these 
devices could be parallel 110, serial 110, or some other 
function. An interrupt reQuest from any device is routed 
to the MCSS'53, and the BIM handles all interface to 
the system bus. It generates a bus interrupt request as 
a result of me device interrupt request. When the system 
interrupt handler or processor responds with an inter­
rupt acknowledge cycle, the MC68153 can answer sup­
plying an interrupt vector and handling all timing. 

The functional block diagram of the MCS8'53 is 
shown in Figure 2. The device contains circuitry to ac­
cept four se'parate interrupt sources (INTO - INT3I. In­
terface to the system bus includes generation of bus 
interrupt requests (IRQ, - IRQ7L response to a bus in­
terrupt acknowledge cycle (either supplying a vector or 
passing on a daisy chain signall, and releasing the bus 
interrupt request Signal at the proper time. The BIM has 
flexibility· provided by eight programmable readlwrite 
registers. Four S-bit vector registers (VRO - VR3) contain 
status/adaress information and supply a byte vector in 
response to an interrupt acknowledge cycle for the cor­
resoonding interrupt source. Four other 8-bit control 
registers (CRO - CR3) contain information that oversees 
operation of the interrupt circuitry. The control infor­
mation is programmable and includes interrupt request 
level and interrupt enable and disable. Also contained 
in the control registers are flag-bits. These flags are 
useful for ta~k coordination. resource management. and 
interprocessor communication. 

Test Max 
Numberf51 (ns' 

1 55 
2 40 
3 35 
4 55 
5 40 
6 60 
7 45 
8 45 
9 60 
10 35 

SIGNAL DESCRIPTION 

Throughout the data sheet. signals are presented us­
ing the terms asserted and negated independent of 
whether the signal is asserted in the high voltage or 
low voltage state. Active low signals are denoted by a 
superscript bar. 

BIDIRECTlONAl DATA BUS - DO - 07 
Pins DO - 07 form an 8-bit bidirectional data bus tol 

from the system bus. These are active high, 3-state pins. 

ADDRESS INPUTS - A 1 - A3 
These active high inputs serve two functions. One 

function is to select one of the eight possible registers 
during a read or write cycle. Secondly. during an inter­
rupt acknowledge A' - A3 show the level of interrupt 
being acknowledged, and the 81M uses these to deter­
mine if a match exists with an intemal level. 

CHIP SELECT - CS 
CS is an active low input used to select the 81M's 

registers for the current bus cycle. Address strobe. data 
strobe, and appropriate address bits must be included 
in the chip select equation. 

READlWRrTE - R!W 
The RIW input is a signal from the System bus used 

to determine if the current bus cycle is a read (high) or 
write (low). 

DATA TRANSFER ACKNOWLEDGE - i5TiCK 
DT ACK is an open-coilector. active low output that 

signals the completion of a read, write. or interrupt ac­
knowledae cycle. During read or interrupt acknowledge 
cycles. DT ACK is asserted by the MCSS'53 after data 
has been provided on the data bus; during write cycles 
it is asserted after data has been acceoted from the data 
bus. A pullup resistor is required to maintain 5TAC'K 
high between bus cycles. 

® MOTOROL.A Semiconductor Products Inc. 
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FIGURE 3 - LOGICAL PIN ASSIGNMENT 

00-07 

A3 
A2 
A1 

iiCK 
iAcKiN 

IACKOUT 

CL.K 
-5.0 (4) 
GND (4) 

Data Bus 

<'" ~ ~ ,... 

-

INTERRUPT ACKNOW~GE SIGNALS - iACK. 
iACKiN, IACKOUT 

These three pins support the interrupt aclcnowledge 
cycle. A low level on the iACK input indicates an inter­
rupt acknowledge cycle has been initiated. This signal 
is conditioned externally with Address Strobe and the 
lower data strobe of an MCSBOOO type bus. After iACK 
is asserted the 81M compares the interrupt level pre­
sented on address lines A 1, A2.. and A3 with the current 
levels generated intemally and determines if a match 
exists. Then; if input IACKIN is asserted (driven low), 
the 81M will either complete the interrupt acknowledge 
cycle if a match exists or assert output IACKOUT if no 
match exists. 

IACK)N and ""IA""C"'K""O~U""T= form part of a prioritized inter­
rupt acknowledge daisy chain. The daisy chain priori­
tizes interrupters and guarantees that two or more de­
vices requesting an interrupt on the same level will not 
respond to the same cycle. The reauesting device (or 
interrupter) must wait until iAcKiN is asserted and not 
pass the signal on (assert IACKOUT) if it is to complete 
the interrupt acknowledge cycle. 

BUS INTERRUPT REQUEST SIGNALS - iiiQi - i'iffi7 
These open-collector outputs are low when asserted. 

indicating a bus interrupt is requested at the corre­
sponding level. An open-collector buffer is normally re­
Quired for sufficient drive when interfacing to a system 
bus. A pullup resistor is required to maintain iRQi -
IRQ? high between interrupt requests. 

BIM 

- iRQ7 
IR06 
iRoS 
iRo4 
iR63 
'iR"C2 
iRcli 

INTO 

INT1 
iNn 
INT3 

iNm 
INTALO 
INTAL1 

DEVICE INTERRUPT REQUEST SIGNALS -
iNTO- iNf.i 

iNTO - 1NT:3 are active low inputs used to indicate to 
the 81M that a device wants a bus interrupt. 

INTERRUPT ACKNOWLEDGE ENABLE - INTAE 
During an interrupt aclcnowledge cycle, this output 

pin is asserted low to indicate that outputs INTALO and 
INT AL 1 are valid. These two outputs contain an encoded 
number (x) corresponding to the interrupt (lNTx) beir,'lg 
acicnowledgec1. This feature can be used to signal in­
terrupting devices, which supply their own vector, when 
to respond to the interrupt acknowledge cycle with the 
vector and a DT ACK signal. 

INTERRUPT ACKNOW~GE LEVEL - INTALO, 
INTAL1 

These active high outputs contain an encoded num­
ber co,responding to the interrupt level being acknowl­
edged. They are valid only w~en INTAE is asserted low. 

CLOCK- CL.K 
The ClK input is used to supply the clOCK for intemal 

operations of the MCSS'53. 

RESET - as, iAcK 
Although a reset input is not supplied. an on-board 

reset is performed if CS and iAEi< are asserted 
simultaneously. . 
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FIGURE" - MCaa153 REGISTER MOCEl. 
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7 6 5 " 3 2 
REGISTER BIT 

REGISTER OESCRIPT10N 
The MCsa'53 cantains a programmab,le read/write 

registers. There are four control registers (CRa - CR3) 
that govem operation of the device. The other four 
(VRa - VR3) are vector registers that cantain the vector 
data used during an interrupt adcnowtedge cycle. Figure 
4 illustrates the device register model. 

CONTROL REGISTERS 

, 
a I rlEGISTER 

NAME 

dearing IRE disaeles the interrupt request. To re­
enable the interrupt associated with this register. iRE 
must be set ag~in by writing to the control register. 

4. Extemal/lntemal (X/iN) - Bit 5 of the control register 
determines the response of the MCSa'53 during an 
interrupt acknowledge cycle. If the XliN bit is clear 
(low level) the SIM will respond with vector data..!."d 
a 5TACi( signal. i .••• an internal response. If X/IN is 
set. the vector is not supplied and no DTACl< is given 
by the BIM. i.e .. an extemal device should respond. 

i 

i 

i 

I 
i 

I 

There is a control r~ister for each interrupt source. 
i .... CRO cantrols iNTO. CR1 control. iNTi. etc. The con­
tral registers are divided into several fields: 

1. Interrupt leve4 (L2. L1. LO) - The le.st significant 
3-oit field of the register determine. the level at 

. which an interrupt will be generated: 

S. Flag ·(F) - Bit 7 is a flag that can be used in con­
junction with the test and set instruction of the 
Mcsaoaa. It can be changed without affecting chip 
operation. It is useful fo,. processor-tO-jJrocessor ' 
communication and resource allocation. 

L2 L1 LO IRQ LSVEL. 
0 0 0 DISABLED 
0 0 1 IRQ1 
0 , 0 IRQ2 
0 1 1 IRQ3 
1 0 0 IRQ4 
1 a , IRQ5 , , 0 IRQe , , 1 IRQ7 

A value' of zero in the field, disables the interrupt. 

2. Interrupt Enable (IRE) - This field (Bit 4) must be set 
(high level) to enable the bus interrupt reques.t!!: 
sociated with the control register. Thus. if the INTX 
line is asserted and IRE is cleared. no interrupt re­
quest (lROX) will be asserted. 

3. Interrupt Auto-Clear (lRAC) - If the IRAC is set (Bit 
3). IRE (Bit 4) is deared during an interrupt acknowl­
edge cycle responding to this request. This action of 

s;, Flag Auto-Clear (FAC) -If FAC (Bit 6) is set. the Fiag 
bit is automatically cleared during an interrupt ac· 
knowledge cycle. 

VECTOR REGISTERS 
Each interrupt input has its own associated vector 

register. Each register is a bits wide and supplies a data 
byte during its interrupt acknowledge evcle if the as­
sociated Extemallinternal (X/iN) control register bit is 
dear. This data can be status. identification. or address 
information depending on system usage. The intor­
mation is programmed by the system user. 

OEVIC! RESET 
When the MCSa'S3 is reset. the registers are set to a 

known condition. The control registers are set to all 
zeros (Iowl. The vector registers are set to SOF. This 
value is the MCSaOOO vectorfor an uninitiafized interrupt 
vector. 
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FUNCTIONAL DESCRIPTlON 

SYSTEM OVERVIEW 
The MC6S'53 is compatible with many system buses, 

however, it is primarily intended for VMEbus, VERSA­
bus and MC6S000 applications. Figure 5 shows a system 
configuration similar to VMEbus. In the figure only one 
system Data Transfer Bus (oTB) master is used. The 
Priority Interrupt structure provides a means for pe­
ripheral slave devices to ask for an interrupt of other 
processor (oTB master) activity and receive service 
from the processor. The MCSS'53 BIM acts as an inter­
face device requesting and responding to interrupt ac­
knowledge cycles for up to 4 independent slaves; 
. In Figure 5, functional modules are identified as In­

terrupters and an Interrupt Handler. An Interrupter (such 
as the MCSS'53) receives slave requests for an interrupt 
and handles all interface to the system bus required to 
ask for and respond to interrupt requests. The Interrupt 
Handler receives the bus interrupt requests, determines 
when an interrupt acknowledge will occur and at which 
level, and finally either performs the interrupt acknowl­
edge (lACK) cycle or tells the DTB master to execute the 
lACK cycle. 

The signal lines in the Priority Interrupt structure in­
clude (* - indicates active low): 

,. IRa1 ~-IRa7- - seven prioritized interrupt re­
quest lines. 

2. lACK- - signal line that indicates an interrupt ac­
knowledge cycle is occurring. 

3. IACKIN·/IACKOUT- - two signals that form part 
of a daisy chain that prior­
itizes interrupters. 

In addition Data Transfer Bus control signals are in­
volved in the lACK bus cycle: 

1. AS· - the Address Strobe asserted low indicates 
a valid address is on the bus. 

'2. 050· - the lower Data Strobe asserted low in­
dicates a data transfer will occur on bus 
bits 000-007. 

3. WRITE- - the ReadlWrite is negated indicating 
the data is to be read from the Inter­
rupter. 

4. AO'-A03 - Address lines A01-A03 contain the 
encoded priority level of the lACK 
cycle. 

5. 00D-007 - Data bus lines 000-007 are used to 
pass the interrupt vector from the re­
sponding Interrupter to the Interrupt 
Handler. 

6. DTACK- - Data Transfer Acknowledge asserted 
low signals that the Interrupter has 
put the vector on the data bus. 

FIGURE 5 - SIMPLE VMEbus CONFIGURA nON 
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Figure 6 shows a flow diagram of a typical interrupt 
request and acknowledge olleration. Briefly. the se­
quence of events is first. an Interrullter makes a request. 
nexi the Handler re~onds with an lACK cycle. then the 
Interrullter passes a vector to the Handler completing 
the lACK cycle. and finally the Handler uses the vector 
to determine additional action. Typically, an interrupt 
service routine is stored in software and the vector 
points to its starting address. 

Note the daisy chain operation. If the lACK level (on 
A01-A03) does not match the Interrullter's request level 
or if no request is pending, the Interrupter passes the 
IACl<IN- signal on and asserts IACKOUT-. This sequen­
tial action automatically prioritizes Requesters on the 
same level (first one in line with a request pending gets 
serviced) and preventS two or more Interrupters from 
responding simultaneously. . 

AGUAE 8 -INT!ARUPT REQUEST AND ACXNOWUDGE 
OPERA nON Fl.OW DIAGRAM 

INTERRUPTER 
<:I 

(Slave B 
Requests InterruptI 
. Orive 11'04- Low 

I 

INTERRUPTER 
0) 

(Daisy Chainl 

INTERRUPT 
HANDW 

Oetect IRQ- Low. 
Initiate lACK Cvcle: 
Place 3-bit 
level 4 code on AQ1-A03. 
Orive lACK- Low 
(causing lACK-
Oaisy Chain to go t..ow.) 
Orive AS- to l.ow. 
Drive Write- High. 
Drive DSO- to Low. 

~------------~( ~(--------~( ~~------------~ 
+ 

Detect lACK- Low • 
. Detect AS- Low. 
Checlc 3-bit Interrupt 
Ac:lcnowledge C4de 
(Detect Matctll. 
Detect eso- Low. 
Detect IACI<IN- t..ow 
from Oaisy Chain. 
Place Vector Byte 
on Data Bul. 
Orive OT ACI<· to Low-. 

I 

Detect OTACK· t..ow. 
Read Vector. 
Release lACK Cvcle. 
Initiate Interrupt 
S.rvice Sequence 
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This discussion is a very cursory look at the bus op­
eration. For more cletails including situations with mul­
tiple bus masters, the user is directed to the VMEbus 
Specification MVMEBS or VERSAbus Specification 
M68KVaS. Also, the MC68153 can be used with other 
buses having similar interrupt structures. 

81M BUS INTERFACE 
Figure 7 shows a simplified block diagram of the 

MC68153 interlace to VERSAbus or VMEbus. Address 
Decode and Control Decode are dependent on the ap­
plication and must be designed to guarantee BIM ac 
specifications. It is possible in most cases that the de­
code logic can be shared with the slave devic.es. Buffers 
are provided where shown to comply with bus loading 
and drive specifications. It is also possible that buffers 
can be shared with the slave bus interface. 

REAOIWRITE OPERATION 
All eight BIM registers can be accessed from the sys-

tem bus in both read and write modes. The 81M has an 
asynchronous bus interlace. primarily designed for 
MC68000-like buses. The following signals generate 
read and write cycles: Chip Select (CS). ReadtWrite (RI 
WI. Address Inputs (A 1-A3I, Data Bus (Do-D7l. and Data 
Transfer Acknowledge (DTACK). D",ring read and write 
cycles the internal registers are selected by A1, A2.. and 
A3 in compliance with the Figure 4 Truth Table. 

Figure 8 shows the device timing for a read cycle. RI 
Vii and A 1-A3 are latched on the falling edge of CS and 
must meet specified setup and hold times. Chip access 
time for valid data and DTACK are dependent on the 
clock frequency as shown in the figure. 

Figure 9 shows the device timing for a write cycle. RI 
W. A1-A3. and 00-07 are latched on the falling edge 
of CS and must meet specified setup and hold times. 
Chip access time for DTACK is dependent on the clocle 
frequency as shown in the figure. 

FIGURE 7 - VMEbusNERSAbul INTERFACE BLOCK 
DIAGRAM 
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FfGURE a - READ CYCU 

.FfGURE 9 - WRrrE CYCU 

A3-A1 Address Valid 

07-00 
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INTERRUPT REQUESTS . 
The MCSS153 accepts device interrupt requests on 

inputs INTO, iNTi, INT2, and iN"T3. Each input is regu­
lated by Bit 4 (IRE) of the associated control register 
(CRO controls INTO, CR1 controls INT1, etcl. If IRE (In­
terrupt Enable) is set and a device input is asserted, an 
Interrupt Request open-collector output (lRQ1-IRQ7) is 
asserted. The asserted i'RQX output is selected by the 
value programmed in Bits 0, 1, and 2 of the control 
register (LO, L 1, and L21. This 3-bit field determines the 
interrupt request level as set by software. ' 

Two or more interrupt sources can be programmed 
to the same request level. That IROX output will remain 
asserted until multiple interrupt acknowledge cycles re­
spond to all requests. 

If the interrupt request level is set to zero, the interrupt 
is disabled because there is no corresponding IRQ out­
put. 

INTERRUPT ACKNOWLEDGE 
The response of an Interrupt Handler to a bus inter­

rupt request is an interrupt acknowledge cycle. The 
lACK cycle is initiated in the MCSS153 by receiving lACK 
low. RfW, A1. A2. A3 are latched, and the intElrrupt level 
on line A '-A3 is compared with any interrupt requests 
pending in the chip. Further activity can be one of four 
cases: 

1. No further action required - This occurs if IACKIN 
is not asserted. Asserting iACR only starts the BIM 
activity. If the daisy chain signal never reaches the 
MCSS153 (lACKIN is not asserted), another Inter­
rupter has responded to the lACK Cycle. The cycle 
will end, the chip iACK is negated, and no addi­
tional action is required. 

2. F»ass on the interrupt acknowledge daisy chain -
For this case, IACKIN input is asserted by the pre­
ceding daisy chain Interrupter, and IACKDUT out­
put is in tum asserted. The daisy chain signal is 
passed on when no interrupts are pending on a 
matching level or when any possible interrupts are 
disabled. The Interrupt Enable (IRE) bit of a control 
register can disable any interrupt requests, and in 
turn, any possible matcHes. 

3. Respond internally - For this case. IACKIN is as­
serted and a match is found. The MCSS'53 com­
pletes the lACK cycle by supplying an interrupt 
vector from the proper vector register followed by 
a Di'ACK signal asserted. IACKOUT is not asserted 
because the interrupt acknowledge cycle is com­
pleted by this oevice. 

For the MCSS153 to respond in this mode of op­
eration. the EXTERNAL/INTERNAL control register 
bit (XiIN) must be zero. For each source of interrupt 
reQuest, the associated control register determines 
the 81M response to an lACK cycle, and the x/IN 

bit sets this response either internally (X/IN - 0) 
or externally (X/iN - 1). 

4. Respond externally - For the final case, IACKIN is 
also asserted, a match is found and the associated 
control register has x/iN bit set to one. The 
MCSS153 does not assert IACKDUT and does as­
sert iN'fAE low. INT AE signals th.at the requesting 
device must complete the lACK cycle (supplying a 
vector and DTACK) and that the 2-bit code con­
tained on outputs INTALO and INTAL 1 shows 
which interrupt source is being acknowledged. 

These cases are discussed in more detail in the fol­
lowing paragraphs. 

Intemal Interrupt Acknowledge 
For an internal interrupt acknowledge to occur, the 

following conditions must be met: 

1. One or more device interrupt inputs (lNTo-iN"T3) 
has been asserted and corresponding control bit 
IRE value is one. 

2. lACK asserted. 

3. A match exists between [A3, A2. A 1) and the [L2, 
L 1, LO) field of an enabled, requesting control reg­
ister. If two or more devices are requesting at the 
same interrUpt level. preference is given to the 
highest number requester, that is, iN"F.3 has highest 
priority and INTO has lowest. 

4. Control register bit x/IN of matching interrupt 
source must be zero. 

5. IACKIN asserted. 

The internal interrupt acknowledge cycle timing is 
shown in Figure 10. The 8-bit interrupt acknowledge 
vector is presented to the data bus and DT ACK i's a.s­
serted. Note also that INTALO and INTAL 1 are valid and 
INTAE is asserted during this cycle although they would 
normally not be used. The cycle is terminated (data and 
DTACK released) after lACK is negated. 

During the lACK cycle, the INTE~RUPT AUTO-CLEAR 
control bit (IRAC) comes into play. If the IRAC - one 
for the responding interrupt source. the INTERRUPT EN­
ABLE (IRE) bit is ,automatically cleared during the lACK 
cycle. thus disabling the associated interrupt input and 
any i'RQX output asserted due to this interrupt input. 
Before another interrupt can be recuested from this 
source. IRE must be set to one by writing to the control 
register. 

Note that IACKDUT is not asserted because this Oe­
vice is responding to the lACK and does not pass the 
daisy chain signal on. Also, neW" device interrupt re­
quests occurring on INTo-iNT3 after lACK is asserted 
are locked. out to prevent any race conditions on the 
daisy chain. 
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FtGURI10 -INTERRUPT ACKNOWLEDGE CYCU -INT!RNAL veCTOR 

A3-A1 

07-00 

INTALO.INTALl 

External Interrupt Acknowledge 
For an external interrupt aclcnowledge. the same con­

ditions as listed above are met with one exception. Con­
tral register bit XliN of m~tching interrupt source must 
besetto one. The timing is shown in Figure ". For this 
cycle. the interruptveclor and OTACK must be supplied 
by an external device. iN'rAE is asserted indicating that 
INTALO and INTAL1 are valid. The external device can 
use these signals to enable the vector and l5i"ACK. The 
cycle is terminated after iACK is negated. 

The IRAC control bit acts in the external interrupt ac· 
knowledge the same as described for the internal re­
sponse (see above). Also. IACKOUT is not asserted and 
new device interrupts are disabled for reasons dis­
cussed above. 

Pas On lAC( Daisy Chain 
If the MCsa153 has no interrupt request pending at 

the same level as the interrupt acxnowledge. the lACK 
daisy chain signal is passed on to the next device if 
!ACKIN is asserted. The following conditions are thus 
met: • 

1. lACK asserted. 
2. No match exists between (A3. A2. A 1 J and the [L2. 

L 1, LOI field of an enabled. requesting control reg· 
ister • 

. 3. iACi<iiii is asserted. 
IACKOUT is asserted if these conditions are valid. This 

output drives IACKIN of the next Interrupter on the daisy 
chain. passing the signal along. Figure 12 shows the 
timing for this case. IACKOUT is negated after iACK is 
negated. 
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FIGURE 11 - INTERRUPT ACKNOWLEDGE cYCLE - EXTERNAL VECTOR 
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FIGURE 12 - INTERRUPT ACKNOWLEDGE CYCLE - IACKOUT 
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CONTROL RlGJST!R FlAGS 
Each control r89ister contains a Rag bit (F) and a Flag 

Auto-Clear bit (FAC). Both bits can be read or altered 
via a register write without affecting the interrupt op­
eration of the device. The Flag is useful as a status 
indicator for resource management and as a semaphor 
in multitasking or multiprocessor systems. Flag (F) is 
located in bit position 7 and can be used with the 
MCSSOOO Test and Set (TAS) instruction. 

The Flag Auto-Clear (FAC) is used to manipulate the 
Flag bit. If the Flag is set to one and the FAC is also one. 
an interrupt acknowledge cycle to the associated' inter­
rupt source clears the Flag bit. This feature is useful in 
determining the interrupt status and passing messages. 

RESET 
There is no reset input. however. a chip reset is ac­

tivated by asserting both CS and lACK simultaneously 
(Figure 13). These inputs should be held low for a min­
imum of two cloele cycles for a full reset function; The 
control registers are reset to all zeroes and the Vector 
R89isters are set to a value of SOF. This 'veator value is 
the uninitialized vector for the MCSSOOO. See the 
MCSSOOO Users Manual for more details on this vector. 

CLOCK 
The chip clock is required for internal operation to 

oc:ur. Typical frequency is 1S MHz in VMEbus and 
VERSA bus applications derived from the system clock. 
Any frequency can be used. howe",er. up to 25 MHz 
(Figura 141. 

FIGURE 13 - RESET 

FIGURE 14 - CLOCK WAVEfORM 

ClJ( 
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Number 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 

l' 18 
19 
20 

22 
23 
24 
25 
26 

27 
28 
29 
30 
31 

32 
33 
34 
35 
36 

37 
38 
39 
40 
41 

42 
43 

NOTES: 

TABLE 1 
AC ~ERFORMANc! SPEClFlCAnONS 
(VCC - 5.0 V = 5%. T A - O"C to 7O"C) 

Characteristic 

RlW. A1-A3 Valid to CS low (Setup Timel 
CS low to RiW. A 1-A3 Invalid (Hold Timel 
CS low to CLK High (Setup Timel 
ClK High to Data Out Valid (Delavl 
ClK High to i5i'ACK low (Delayl 

DTACK Low to CS High 
CS High to DTACK High (Delavl 
CS High to Data Out Invalid (Hold Timel 
CS High to Data O..!:!!.!:!igh-Impedance (Hold Timel . 
CS High to CS or lACK low . 
Olte In Valid to CS Low (Setup Timel 
CS low to Data In Invalid (Hold Timel 
i5i'ACK High to Dlta Out High-Impedance 
JACK Low to CLK High (Setup Timel 
A 1-A3 Valid to lACK Low (Setup Timel 

JACK l:ow to A 1-A3 Invalfd (Hold Timel 
iACKiN Low to CLKHigh (Setup Timel 
CLK High to ~ut Valid (Delavl 
ClK High to .OTACK Low (Delavl 
CLK High to iNi'AE Low (Delavl . 
Of ACK Low to iACKiN High 
DTACK Low to JACK High 
lACK High to Olte Out Invalid (Hold Timel 
~ High to E!!!..Qut High Impedance (Delavl 
lACK High to OT ACK High (Dellyl 

JACK High to iNi'AE High (Dellyl 
INTAlO. INTAl1 Valid to INTAE low (Setup Timel 
INTAE High tC!...!!i!ALO. INTAl1 Invalid (Hold Timel 
~. High to IRQx Hig.!!..(Delavl 
lACK High to lACK or CS Low 

CLK High to IACKOUT low (Delavl 
IACKIN low to IACKOUT Low (Delavl 
~OUT low to IACKIN, JACK High 
~ High..!!:! IACKOUT High (Dellvl 
lACK and CS beth low to CLK High (Setup Timel 

£!:!S... Hig'2!0 iAcK or CS High !ti.0ld Timel 
lACK or CS High to lACK and CS High (Skewl 
Clock Rise Time 
Clock Fall Time 
Clock High Time . 
Clock low Time 
Clock Period 

Min 

10 
5.0 
15 
--
0 -
0 -

20 

10 
5.0 -
15 
10 

5.0 
15 ---
0 
0 
0 --
-
1.0 
1.0 -
20 

--
0 -
15 

0 ---
20 

20 
40 

Max Units Notes 

- n. - na - n. , 
55 n. 2 
40 n. 2 

n. 
35 n. 10 - n. 
SO n. - . n. 

- n. - n. 
2S n. 10 - n. 1 - n. 

- ns - n. 1.8 
55 n. 3 
40 nil 3 
40 na 3 

- nil 8 - na - na 
60 n. 
45 n. 10 

3S n. 
2.0 CLK Per 
2.0 CLK Per 
SO ns 7.10 - n. 

40 n. 5 
30 na 4.8 - nl 8 
35 ns - ns 9 

- ns 
1.0 CLK Per 6 
10 na 
10 nl 

- nl 

I - ns 

- ns 

1. 'Thq aoecification only aoolies if th. VBIM h.d COmolllted .. II oo-rations initiated by th. orwious bus cycI. when CS or iACK Wli .... ned. Followin; 
• normal bUI cycI •• aU oo-rations Ire comolet.d within 2 clocic cycles aft.r CS or iACR have been negated. If iACK or CS is .... rteci prior to 
comoletion of tit ... oo-rations. tit. _ cycl ••• nd hence. OTACK is pcmooned. 

If the lACK. iACi<iN or CS setuo tim. is violated. 0i'ACK may be _ned .s shown. or m.y be .... rteci·one clock cycI. liter (i .•. lACK will not be 
naco;niZed until the next riling .ag. of the clockl. 

2. Assumes tltat 3 his been met 

3. Assum •• tltat 14 and " have both been met. 

4. Assum.s tltlt 14 hi. been m.t. (iACK6O'i' ClnnOt go low prior to IACKIN going lowl. 

5. "Dum •• th.t 14 h.s been met Ind iiCKiN h.s been low for It 1.lst the amount of time lpecified by 33. 

6. 38 is the minimum st_ between th. list moment wltan both iACK Ind CS Ire .... rted to when bOth Ire negated. to inlure tltat In access cycle 
is nOt unintentionally ItIn.d. 

,. Allumes no other iN'i'ii inout is Cluling iRQX to be driwn low. 

8. In nOn-OalIV chlin avet.ms. iiCKiN'mlY be tiec:l low. 
9. Failure to'meet this _ ClUI •• RESET to be ignored for 1 clock o.riod. It is tIt.n -rv to keep tIt •• e .ign.11 low for 3 clocic o-riod. instlld 

of 2. 

'0. DeilY time is soecifi.d from Input signal to Ooen-ColI.ctor Outeut pulled High tltru l,Ok!) resistor to +6.5 V. 

® MOTOROt.A Semiconductor Products Inc. 
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Am8151 
Graphics Color Palette (GCP) 

DISTINCTIVE CHARACTERISTICS 

• A 256 x 8 color map and a video DAC on a single chip 
• Pixel rates up to 200 MHz 
• DAC inputs for Overlay, Blank, Vsync, and Hsync 

• Connects directly to 50 nand 75 n RS-343 monitor 
• Three Am8151s in parallel allow 256 simultaneous 

colors out of a palette of over 16 million colors 

GENERAL DESCRIPTION 

The Am8151 Graphics Color Palette (GCP) provides a color 
lookup table and a video DAC on a single chip for use in 
high performance graphics systems. The video DAC incor­
porates overlay, blank, and sync levels as well as a 256 
level gray scale. Three Am8151s connected in parallel 
provide three outputs (Red, Green, and Blue) and allow 
simultaneous display of 256 colors from a palette of over 16 
million colors. 

The Am8151 has three levels of pipeline to allow a high 
pixel rate and to ease system timing requirements. The first 
level is prior to a 256 x 8 color lookup table in high-speed 
RAM. Eight bits of color address, Ao - A7 (ECl or TTL) are 
latched and used to select one of 256 intensities to be fed 
to the DAC. At the second level, the intensity selected is 
latched at the output of the RAM prior to being decoded to 
select which of the 32 current sources will be turned on. An 
additional high-speed register between the DAC Decoder 
-and the DAC ensures that all DAC inputs switch simulta­
neously, thereby reducing the maximum duration of the 

glitch at the output of the DAC. This additional register adds 
a third level of pipeline to the pixel data path. 

The color lookup table is stored in RAM and may therefore 
be read and writtten by a graphics processor. In addition to 
the 8 address lines, and 8 control lines, an 8-bit data path 
Do - D7 (TTl), and two control Signals EN (TTl) and 
W lA" (TTl), are provided for this purpose. 

The text capabilty of the AMD Alphanumeric Display 
Products or a generic overlay may be added with the 
OVERLAY (ECl or TTL) and W/B (ECl or TTL) inputs. A 
HIGH on the OVERLAY input overrides the color pixel data 
and drives the DAC output to peak white or reference black 
depending on the state of the W 18 input. When three 
Am8151s are used in a system these pins can be connect­
ed to provide text or overlay capability in eight colors. 

The Am8151 GCP is a part of the AMD Display Products 
Family which also includes the Am8150 Display Refresh 
Controller, the Am8157 Video Shift Register, the Am8177 
Video Data Serializer and the Am8158 Video TIming 
Controller. 
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ORDERING INFORMATION 
AMO products are available In several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package typa, operating range and screening option (if desired). 

Device Type~ 
Graphics Color Palette 

:]

51 

Package 
o - 4O-Pin Ceramic DIP (CD 040) 
X - Dice 

"lOptional Screening Blank - Standard Processing 
B-Bum-in 

Temperature Range 
C - Commercial (0 to + 70·C) 

2 

DC, DCB. XC 

Valid Combinations 
Consult the local AMO sales office to confirm 
availability of specific valid combinations, to 
check on newly released valid combinations, 
and to obtain additional data on AMO's standard 
military grade products. 



lC 

W/R 

ClK,eLK 

OVERLAY 

PIN DESCRIPTION 

LEVEL CONTROL (Input) 
Level Control determines the logic com­
patability of the twelve TTL/ECL input 
pins. If LC is tied to Vee, the logic levels 
are TTL. If LC is tied to ground, the logic 
levels are ECL. 

ADDRESS (Inputs, TTL/ECl) 
These eight pins are used to address 
data stored in the color lookup table. The 
address on these pins is latched on the 
first rising CLK edge and decoded to 
select one of 256 intensities stored in the 
color lookup table. During a video refresh 
these pins should be connected to the 
color pixel data. During a color lookup 
table update these pins should be con­
nected to the graphics processor's ad­
dress bus. The logic compatability of 
these pins is determined by the LC pin. 

DATA (Inputs/Outputs, TTL) 
These eight pins are used to write data in 
to the color lookup table or to read data 
out of the color lookup table. The MSB is 
07. 
WRITE/FIEAD (Input, TTL) 
The W IJt controls the direction of color 
lookup table access by the system pr0-

cessor. When w/R is HIGH and EN is 
LOW, data is written in to the color lookup 
table. When W/R is LOW and m is LOW, 
data is read from the color lookup table. 

ENABLE (Input, TTL) 
The EN pin is used to enable color lookup 
table data onto the data bus Do-07 
during a read operation and to enable a 
write into the color lookup table during a 
write operation. When EN is HIGH, the 
eight data lines 00-07 are three-stated. 

CLOCK, ~ (Inputs, TTLlECl) 
CLK and rn:K are. the pixel clock inputs. 
In ECL mode these pins operate differen­
tially. In TTL mode, CO< must be tied to 
ground. The clock is ,used internally to 
latch the address pins, data at the output 
of the color lookup table, and the de­
coded DAC inputs. The logic compatabili­
ty of these pins is controlled by the LC 
pin. 

OVER LA Y (Input, TTL/ECl) 
The OVERLAY pin, when active, over­
rides the color pixel data to force the DAC 
output to a peak white or reference black 
level. The level the DAC output is forced 
to is set by the W/S pin. The overlay 
signal is kept synchronized with the color 
pixel data inside the Am8151 by delaying 
the overlay signal the same number of 
clock cycles as the color pixel data. The 
logic compatibility of this pin is deter­
mined by the LC pin. 

3 

WI. 

BLANK 

VSYNC 
HSYNC 

VIDEO 

IREF 

WHITE/~ (Input, TTL/ECl) 
The W IB pin determines the level the 
OVERLAY pin will force the DAC output 
to. When w/B is HIGH, a HIGH on the 
OVERLAY pin will force the DAC output 
to a peak white level. When W/S is LOW, 
a HIGH on the OVERLAY pin will force 
the DAC output to a reference black level. 
The logic compatibility of this pin is deter­
mined by the LC pin. 

BLANKING (Input, TTL) 
The BLANK pin, when active, overrides 
the color pixel and overlay data to force 
the DAC output to a "blacker than black" 
blank level. A "blacker than black" level 
is required during the monitor's horizontal 
and vertical retrace. The blank signal is 
kept synchronized with the pixel data 
inside the Am8151 by delaying the blank 
signal the same number of clock cycles 
as the pixel data. 

VERTICAL SYNC (Input, TTL) 
HORIZONTAL SYNC (Input, TTL) 
The HSYNC and VSYNC signals are 
internally x-ored to generate a composite 
sync signal. The composite sync Signal, 
when HIGH, overrides the pixel, overlay, 
and blank signals to force the DAC output 
to a sync level. If both HSYNC and 
VSYNC are HIGH (composite sync is 
LOW) the DAC output is forced to a blank 
level. The composite Signal is kept syn­
chronized with the pixel data inside the 
Am8151 by delaying the sync signal the 
same number of clock cycles as the pixel 
data. 

VIDEO (Output, Analog) 
The VIDEO pin is the output of the DAC 
and is intended to directly drive most 
monitor inputs which are terminated into 
50 or 75,n. 

VOLTAGE REFERENCE (OUtput, Ana­
log) 
The VREF pin provides a precision refer­
ence voltage for use in setting the full 
scale current of the DAC. The reference 
input current (IREF) for the DAC, which 
determines the full scale current, may be 
generated from VREF by connecting an 
external resistor from VREF to IREF. The 
reference resistor value may be calculat­
ed by the relation RREF - 28.56I1FS. 

REFERENCE CURRENT(lnput, Analog) 
A scaling current to the DAC should be 
provided at the IREF pin. The full scale 
current of the DAC can be determined 
from the relation IFS -13.27 IREF. 

COMP" COMP2 COMPENSATION PINS 
COMP, and COMP2 are used to connect 
external compensation capacitors to the 
reference amp and DAC. It is recom­
mended that a 0.1 jl.F and a 1 OOpF capac­
itor be connected from each pin to 
ANAVEE· 
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Positive supply voltage for the TTL por- Negative supply voltage for the analog 
tions of the chip. portions of the chip. 

ANAYCC ANALOG POSITIYE SUPPLY TTLGND TTL GROUND 
Positive supply voltage for the analog Ground for the TTL portions of the chip. 

portions of the chip. ECLGND ECL GROUND 

ECLVEE 
(2 pins) 

ECL NEGATIYE SUPPLY (2 pins) Ground for the ECl portions of the chip. 
Negative supply voltage for the ECl por- ANAGND ANALOG GROUND 
tions of the chip. 

FUNCTIONAL DESCRIPTION 
The Am8151 is a Graphics Color Palette (GCP) providing a 
color lookup table and a video DAC for use in high perfor­
mance graphics systems. The Am8151 is pipelined with digital 
color pixel data, overlay, blank, and sync inputs entering the 
pipeline, and an analog signal exiting 3 ClK cycles later. The 
three levels of pipeline are prior to the 256 x 8 RAM color 
lookup table, the OAC decoder, and the 36 current sources to 
generate an analog signal. 

Color Lookup Table 
Eight lines of color pixel data are read through the pins Ao - A7 
and latched into the Address Registers on the first rising edge 
of the ClK. Ao - A7 may be at either ECl or TTL logic levels. 
The lC pin is used to select the logic compatibility of these 
pins. These eight lines (Ao - A7) are used as an address for 
the color lookup table and are decoded to select one of the 
256 intensities stored in the color lookup table. Each intensity 
stored is 8 bits wide, with 255 corresponding to reference 
white and 0 corresponding to reference black. On the next 
rising ClK edge the intensity is latched into the color data 
registers to be decoded for the DAC. On a third .rising ClK 
edge the decoded DAC inputs are latched and used to turn on 
or off the current sources making up the DAC. 

Color Lookup Table Update 
The color lookup table may be loaded and read back by· the 
graphics processor. For this purpose 8 bidirectional data lines 
(Do - 07) have been provided. D7 is the Most Significant Bit 
(MSB) and Do is the least Significant Bit (lSB) of data. In 
addit;on to the 8 data lines, 2 control lines are provided (EN 
and W IA). EN is an active lOW input that selects the chip for 
both write and read operations. When EN is HIGH, the 8 
bidirectional data lines are three-stated. W/R controls the 
direction of the operation. If this pin is lOW, color lookup table 
data is read from the table and placed on the data lines 
Do - 07. If W/R is HIGH, data is read from the 8 data lines and 
written in to the color lookup table. For both the read and write 
operations the address of the data stored in the color lookup 
table is taken from the eight address lines (Ao - A7). Because 
both the address inputs and the outputs of the color lookup 
table are latched, the clock must be left running during an 
update. Time must be allowed for the address to be latched 
before beginning a write cycle and for the address and then 
data to be latched before ending a read cycle. To insure the 
update cycle does not interfere with the screen refresh, 
modifications to the color lookup table should occur while 
blank is active. The ten additional lines (Do - D7, EN, and WI 
R) used for a color lookup table update are all TTL-compatible. 

Overlay 
Some graphics systems require a separate bit plane in 
addition to the color bit planes. An example of this might be 
separate hardware and a separate bit plane to handle text 
processing. The Am8151 provides two pins (OVERLAY and 

4 

Ground for the analog portions of the 
chip. 

W/B) which override the color pixel data to provide an 
additional video source. If OVERLAY is HIGH, the pixel data 
on Ao - A7 is overridden. W IB selects the intensity of the 
overlay. If W/B is HIGH, the DAC output will be at the Peak 
White level (10% brighter than Reference White). If W/B is 
lOW, the DAC output will be at the Reference Black level. 
OVERLAY and W/B may be at either TTL or ECl logic levels. 
The lC pin is used to select the logic compatibility of these 
pins. The OVERLAY and W/B signals are delayed the same 
number 01 clock cycles as the color pixel data before being fed 
into the DAC Decoder to keep overlay and color pixel data 
synchronized. 

Blank 
During horizontal and vertical retrace, pixel data should be 
ignored and the intensity output of the DAC should be driven 
to a "blacker than black" blank state. This is done by means 
of the BLANK input. BLANK is TTL-compatible and latched on 
the same clock as the pixel data. The BLANK Signal is delayed 
the same number of clock cycles as the pixel data before 
being fed into the DAC Decoder to keep the BLANK signal and 
the pixel data synchronized. BLANK, when active, overrides 
the data and overlay inputs to drive the DAC output to the 
blank level. 

Composite Sync 
In some systems, the monitor control signals HSYNC and 
VSYNC are mixed with the Red, Green, and Blue signals. 
These control signals synchronize the monitor sweep oscilla­
tors to the R, G and B signal information. The Am8151 
provides the necessary circuitry to mix these signals with the 
pixel information. Two inputs are provided, HSYNC and 
VSYNC, which are combined to generate the composite sync. 
These inputs are TTL-compatible and are latched with the 
same clock as the pixel data. Internally to the chip, HSYNC 
and VSYNC are x-ored to generate a composite sync Signal. 
The composite sync signal is generated in this manner to 
provide inverted HSYNC pulses during the much longer 
VSYNC pulse. This prevents the horizontal oscillator from 
losing synchronization during a vertical retrace and causes the 
horizontal oscillator to change phase by the width of HSYNC. 
The composite sync signal is delayed the same number of 
cycles as the pixel data and then, if active, overrides the data, 
OVERLAY. and BLANK signals to drive the output to the 
composite sync level. 

Voltage Reference 

To aid in the generation of the scaling current, the Am8151 
provides an on-chip precision voltage supply. The VREF pin 
provides a temperature, supply voltage, and load invariant 
output voltage of typically 2.152 volts. The reference voltage 
has an initial accuracy of 1 % and contains less than 0.1 % 
noise. A scaling current is generated at IREF by connecting an 
external resistor from VREF to IREF. The reference resistor 
value can be calculated by the relation RREF = 28.56/IFS. 



,- IFS is th;F~li-Sca;;-O~ip~c~"ant which is produced at a 
sync output level. When three AmBt 51 s are used, full scale 
outputs may be matched by using a single voltage reference 
and connecting three identical reference resistors from this pin 
to the three I.REF inputs. 

Reference Amp 
. The AmB151 provides an input to scale the VIDEO output. The 

input pin IREF provides a current scaling input. The relation­
ship between IREF and IFS is IFS = 13.27 IREF. The current 
reference amp and the DAC both require external compensa­
tion capacitors. Two pins are provided for this purpose -
COMPI and COMP2. COMPI and COMP2 should be connect­
ed to two O.I-/lF and two l00-pF capacitors as shown in the 
typical connection diagram. 

DAC And DAC Decoder 
A major problem in high resolution graphics are glitches at the 
output of the DAC which occur when the digital input changes. 

These glitches are caused by switch timing mismatches as 
one current source turns on and another turns off. The 
AmB151 avoids this problem by using 15 equal current 
sources for the four MSBs in the DAC. By using 15 current 
sources and decoding the four MSBs to select these, glitches 
caused by changes in these four bits are eliminated. The four 
LSBs are similarly decoded to avoid glitches. This limits 
glitches to only 16 transitions where both the four MSBs and 
the four LSBs change. The magnitude of the glitch is also 
limited by this to one-sixteenth of full scale. The length of the 
glitch is limited because every current switch input is individu­
ally registered after the DAC Decoder. In addition to these 30 
current sources, six current sources are required to generate 
the Sync and Blank Signal levels. The DAC Decoder, there­
fore, decodes the B bits of color pixel data, the ol/erlay pixel 
data, the Blank, and the Sync Signals to control which of the 
36 current sources are on. The following truth table lists the 
nominal DAC output for all combinations of DAC Decoder 
inputs assuming a reference current of 1.076 mAo 

TRUTH TABLE 

Voltage 
W/B OVERLAY BLANK HSYNC VSYNC Data Current Into 75 n Level 

I 1 0 0 0 x o mA o mV Peak While 
X 0 0 0 0 255 .946 mA -71 mV Reference White 

· · 255 Equal Steps 

· X 0 0 0 0 0 9.520 mA -714 mV Reference Black 
0 1 0 0 0 X 9.520 mA -714 mV Reference Black 
X X 1 0 0 X 10.466 mA -785 mV Blanking 
X X X 1 1 X 10.466 mA -785 mV Blanking 
X X X 0 1 X 14.280 mA -1071 mV Composite Sync 
X X X 1 0 X 14.280 mA -1071 mV Composite Sync 

Am8151 DAC OUTPUT LEVELS 

OVERLAY, W/B - o V Peak White 

~j 
- -0.071 V Reference White 

From .-:1 8-bit t Color DAC 
Map ';1 GRAY SCALE 

! 
- -0.714 V Reference Black 

BLANK -0.785 V Blanking 

: HSYNC, VSYNC L 
, 

: -
- -1.071 V Composite Sync 

AF003661 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ............................ - 65 to + 150·C 

TIL Supply Voltage (TIlVcc) ...................... +5 V ±5% 
ECl Negative Supply Voltage (EClVEE) ....... -5.2 V ±5% 

Ambient Temperature Under Bias ............ -55 to + 125·C Analog Positive Supply Voltage (ANAVccl ....... +5 V ±5% 
Supply Voltage to' Ground Potential Analog Negative Supply Voltage (ANAVEE) ... -5.2 V ±5% 

Continuous (TIl Vcc and ANAVcc) ..... -0.5 to + 7.0 V Temperature (Note 6) ................................ 0 to + 70·C 
Supply Voltage to Ground Potential 

Continuous (ECl VEE and ANAVEE) ..... + 0.5 to - 7.0 V 
Operating ranges define those limits over which the function-DC Input Voltage (TIl) ......................... -0.5 to + 7.0 V 

DC Input Current (TIl) ........................ -30 to + 5.0 mA ality of the device is guaranteed. 

DC Input Voltage (ECl) ............................ + 0.5 to VEE 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA T1NGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range (TIl) 

Parameter Parameter Typ. 
Symbol Description Test Conditions (Note 1) Min. (Note 2) Max. Units 

VIH Input HIGH Level Guaranteed Input Logical HIGH 2.0 Volts Voltage for All Inputs (Note 5) 

VIL Input LOW Level Guaranteed Input Logical LOW 0.8 . Volts Voltage for All Inputs (Note 5) 

IlL Input LOW Current Vee - Max., VIN = 0.4 V -0.4 mA 

IIH Input HIGH Current Vee = Max., VIN = 2.7 V 40 vA 
II Input HIGH Current VIN = Vee = 5.25 V 0.1 mA 

VOH Output HIGH Voltage Vee = Min., VIN = VIH = VIL 2.4 Volts 10H = - 400 vA 

VOL Output LOW Voltage Vee - Min., VIN = VIH = VIL 0.5 Volts IOL-8 mA 

lOS Output Short Circuit Vee = Max. 20 70 mA Current (Note 3) 

TTUee Power Supply Current TTLVee = Max. 40 60 mA 
ANAlee Power Supply Current ANAVee = Max. (Note 4) 5 10 mA 
ECLlEE Power Supply Current ECLVEE = Max. 310 425 mA 
ANAIEE Power Supply Current ANAVEE = Max. 25 40 mA 

DC CHARACTERISTICS over operating range (Eel) (Note 6) 

Parameter 
Symbol Test Conditions O·C 25·C 70·C Unit 

ECL Inputs VIH (Max.) (Note 5) -840 -780 -720 mV 
VIHA (Min.) -1145 -1105 -1045 mV 

VILA (Max.) (Note 5) -1490 -1475 -1450 mV 
VIL (Min.) -1870 -1850 -1830 mV 

IIH VEE = Max. 200 200 200 vA VIN - VIH (Max.) 
IlL VEE= Max. 150 150 150 vA VIN = VIL (Min.) 

Notes: 1. For conditions shown as Min. or Max. use the appropriate value specified under recommended operating range. 
2. Typical limits are at VCC = 5.0 V, VEE = -5.2 V, TA = 25·C 
3. Not more than one output should be shorted at a time. Duration of short not to exceed one second. 
4. ANAICC increases if additional devices are driven by VREF. 
5. VIH, VIL are tested for each input at least once. Thereafter hard HIGH and lOW levels are used for all other 

tests. 
6. A combination of skewing the limits and adjusting the pulse test ambient temperature is used to insure that the 

data sheet steady state limits are met at the ambient temperatures specified. 
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Figure 1. 

* An 80·nH inductor in series with the output results in a typical tA and tF of 2.5 ns with a 5% overshoot. 

DAC SPECIFICATIONS over operating range unless otherwise specified 

Parameter Parameter 
Symbol Description Test Conditions Min. Typ. Max. Unite 

Aesolution Gray Scale (Note 7) 8 8 8 Ms 
Linearity Gray Scale (Note 9) ±.5 lSB 
Differential Linearity Gray Scale (Note 9) ±.5 lSB 

Voc Output Compliance Voltage ±1.4 Volts 

Izs Zero Scale Currant 1 !'A 
IMax. Output Maximum Current 22 mA 

Full Scale Temp. CUrrent 50 ppml'C 
Coefficient 

PSS IFS± Power Supply Sensitivity, Full VCC~5 V ±5% 0.25 % Gray Scale 
Scale Positive VEE = -5.2 V ±5% 
Glitch Energy (Notes 11 & 13) 50 pV-sec 
Output CapaCitance (Note 11) 10 pF 

IREF Reference Current 1.66 rnA 

Clock lC - GND, ECl Mode D.C. 200 
ClK Frequency lC - Vee, TTL Mode D.C. 83 MHz 

tR Aisetime: 10 to 90% (Notes 8 & 14) 3.5 ns 

tF Falltime: 90 to 10% (Notes 8 & 14) 3.5 ns 

ts Settling TIme % Gray Scale Bits 
(256 level of Gray) (Notes 8, 10 & 11) Accuracy 
(Note 12) ±0.2 8 45 

±0.4 7 30 
±0.8 6 8 ns 
±1.6 5 6 
±3.2 4 4.5 

Notes: 7. Over full current range. 
8. DAC settling, tA, tF measurements are taken using Figure 1. Output loading and frequency may require 

capacitor addition or inductor value changes to compensate for loading effects (see Figures 2 and 3). 
9. Gray scale is defined as output levels between reference white and reference black. DAC Linearity and 

Differential Linearity are measured at';;; 10 MHz in production over operating temperature range at nominal 
supply voltages. Accuracy degrades with increasing frequency. DAC output terminated into 75-ohm load. 
IFS = 14.28 mA. 

10. These numbers are measured using Tektronix sampling unit TYPE 3S2 and sampling sweep TYPE 3T77. 
11. This typical value is provided for design reference and will not be tested in production. 
12. Settling time is highly sensitive to PC board layout, decoupling and termination. 
13. Am8151 produces a clock-related glitch on the video output pin occuring approximately 4 ns after both the 

rising and falling edges of the clock. The glitch is bipolar in shape and has a duration of approximately 5 ns. 
Typical amplitude is ±20 mV around the DAC output level. 
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EXPLANATION OF DAC SPECIFICATIONS 
Resolution: 

Resolution refers to the number of discrete steps or levels 
which the DAC can provide, and is expressed as a number 
of bits. A DAC with n bits of resolution provides 2n discrete 
analog levels. Note that having n bits of resolution does not 
guarantee n bits of accuracy. 

Linearity: 
Linearity is the maximum deviation of an actual output from 
an ideal output defined by a straight line drawn through the 
end points of the transfer. function. A converter must be 
linear to within 1/2 a step to be accurate to its full resolution. 
In the Am8151, linearity is expressed as a fraction of the 
change in output caused by a change in the LSB. 

Differential Linearity: 
Differential Linearity is the measure of the uniformity of step 
size. If the differential linearity is specified as 1/2 an LSB, 
the step size from one step to the next may be from 1/2 to 
3/2 of an ideal step. In the Am8151, linearity is expressed 
as a fraction of the change in output caused by a change in 
the LSB. 

Output Compliance Voltage: 
The Output Compliance Voltage is that voltage swing which 
may be impressed on the output current pin. 

Settling Time: 
Settling Time is the time from when the output first changes 
until the output arrives at, and remains within, a certain error 
band around the final value. In the Am8151 this is specified 
to be the time from a 10% change in the output value, to 
within a certain percent of the gray scale. 

Zero Scale Current: 
Zero Scale Current is the current produced at a Peak White 
output level. 

Output Maximum Current: 
Full Scale Current is the current produced at a Sync output 
level. The Full Scale Current is determined by the relation 
IFS = 13.27 IREF. 

Full Scale Current Temperature Coefficient: 
The Full Scale Current Temperature Coefficient is the effect 
of temperature change, within the operating range, on the 
Full Scale Current. For the Am8151 this is given as the 
change in current per degree Centigrade. 

Power Supply Sensitivity: 
The effect of the power supply voltage change on 'a full 
scale DAC output. In the Am8151, PSS IFS ± is expressed 
as a percentage of the Gray Scale Range as reference 
black output varies while the voltage varies in the recom­
mended operating range. This specification assumes the 
reference voltage is used. 

Glitch Energy: 
Glitch Energy is an indication of the magnitude and duration 
of glitches. For the Am8151 this is specified in picovolt­
seconds. 

Output Capacitance: 
Output Capacitance is the internal capacitance of the 
VIDEO pin. 

Reference Current: 
Reference Current is the range of acceptable reference 
currents at the IREF pin. 

REFERENCE VOLTAGE OVER OPERATING RANGE 

Parameter Parameter 
Symbol DeSCription Test Conditions Min. Typ. Max. Units 

VREF Reference Voltage IREF = 1 to 5 rnA 2.127 2.152 2.174 Volts 

Line Regulation VCC=5 ±5% .23 .4 % VREF 
VEE =-5.2 ±5% 

Load Regulation IREF = 1 to 5 rnA .1 .4 % VREF 

Voltage Temp. Coefficient (Note 11) 25 ppml"C 

EXPLANATION OF REFERENCE VOLTAGE SPECIFICATIONS 

Reference Voltage: 
Reference Voltage is the output voltage provided by the 
reference voltage source. 

Line Regulation: 
Line Regulation is the effect of a change in the supply 
voltage on the reference voltage output. For the Am8151 
this is specified as the percentage change in the reference 
voltage for changes in supply voltage within the Operating 
Range. 
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Load Regulation: 
Load Regulation is the effect of a change in the current 
sourced by the reference voltage on the reference voltage 
output. For the Am8151 this is specified as the percentage 
change in the reference voltage for changes in current as 
specified. 

Reference Voltage Temperature Coefficient: 
Reference Voltage Temperature Coefficient is the effect of 
temperature change on the reference voltage. For the 
Am8151 this is given as the change in voltage per degree 
Centigrade. 
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AC SWITCHING CHARACTERISTICS over operating range 

Parameter Parameter 
No. Symbol Description Test Conditions Min. Typ. Max. Units 

1 !eLK Clock Period (Note 14) lC - GND. ECl Mode 5 ns 
lC - Vee. TIL Mode 12 ns 

2 ts Address. OVERLAY. WIB Setup before Clock r lC-GND 1.5 ns 
HSYNC. VSYNC. BLANK Setup before Clock r lC-GND 3.0 ns 
Address. OVERLAY. W/Ii. HSYNC. VSYNC. BLANK lC-Vcc 2.0 ns 
Setup before Clock r (Note 14) 

3 tH Address. OVERLAY. W/Ii Hold alter Clock r lC-GND 2.0 ns 
HSYNC. VSYNC. BLANK Hold alter Clock r lC-GND 2.0 ns 
Address. OVERLAY. W/Ii. HSYNC. VSYNC. BLANK LC-Vcc 2.0 ns 
alter Clock r (Note 14) 

4 tpo Clock r to 10% VIDEO change (Notes 14 & 15) lC-GND 3.0 7.1l ns 
LC-VCC 4.0 11.0 ns 

5 tpo Clock r to Data Valid (Read) 40 ns 

6 ts W/R Setup before ~ I (Note 14) 20 ns 

7 tH W IR Hold alter EN r (Nota 14) 20 ns 
8 tpo ~ I to Data Active (Read) 40 ns 
9 tpo EN r to Data Three-State (Read) 60 ns 
10 ts Address latched (Clock r) to ~ I Setup (Write) 10 ns 

(Note 14) 

11 ts Data (and Address) Setup before EN r. Write Cycle 40 ns 
Time (Write) 
(Note 14) 

12 tH Data Hold alter EN r (Note 14) 10 ns 

Note: 14. Not all tests are being performed in manufacturing. Tests are guaranteed by Engineering characterization with 
periodic manufacturing sampling. 

15. Clock t to 10% VIDEO change for any two Am8151s at the same temperature. voltage and load conditions 
typically does not differ by more than 0.5 ns for the Eel mode and 0.6 ns for the TTL mode. 

SWITCHING WAVEFORMS 

VIDEO REFRESH TIMING 

HSYNC, VSYNC~I ______ 
BLANK, OVERLAY)()Q N .XXXXXX N + 1 

W/B 

VIDEO X X XX X XX X X X XX XXXXX XX X X X XXX X XXXXXXX X N 
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SWITCHING WAVEFORMS (Cont.) 

READ TIMING 
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WRITE TIMING 
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TYPICAL CONNECTION DIAGRAM 

·+5 V +5 V 
DIGITAL o------4 ..... --...... ---fTTLVcc ANAVcc I---e---+----o ANALOG 

TTLGND ANAGND 
ECLGND 

I 0.1 p.F 

ECLGND ANAVE£ I---e---.------() -5.2 V 
ANALOG 

I 0.1 p.F 
MONITOR 

VIDEO 1----------11-..... -
COMP:! I---e----, 

-&,2 V ,...----iECLVEE 
DlGITALo---.----.---~ECLV~ 

75 D 

COMP1I-....... _---, 

IREF VREF 

1 kD '* DIGITAL GROUND 

l. I O.1 p.F I 100 pF 

":" ANALOG GROUND 

CDOO5692 

TYPICAL APPLICATION 

,. ---, I 
COLOR @}~ 
PLANES. ... 

~xac~K------~-----~ 

nMING 
GENERATOR 1-_____ .... 

AF003410 
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TYPICAL PROCESSOR CONNECTION 

ECl 
''WIRE OR" 

» I VIDEO TIMING 
CONTROllER 

VIDEO SHIFT 
REGISTERS 

~~r:\~ __ ~8~-'~~ADDR~ 
\.: :.; VIDEO i-- R 

I .... EN----, 

PROC~R -"-- TTL TO ECl 
ADDR~ BUS ------a- TRANSLATORS I--

8 

..----I---l~~ 
.---+--t"W/R r-- DATA 

~ ADDR~ PROC~R 
DATABUS--~-----------------+--~· 

VIDEO -G 

r-+-+-+---I~ ~ ...,1-+---1" W/R 
.... t-... DATA 

ENABlE _____________________ ~ 
LINES 

'---- ADDR~ 
VIDEO i--B 

'-t-+-..... ~ 
PROC~R _________ --1 '<)-----------<....,f--~ WI" 
R1WUNE" " 

~DATA 
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GENERATING 8 COLOR TEXT OVERLAY WITH W/S AND OVERLAY INPUTS 

Am8052 

CHAR. 
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SHIFT • 

. REG. 

R G 

Am8151 Am8151 

W/I OVERLAY W 18 OVERLAY 

\ J 

'\. "ATTRIBUTES" 

SINGLE Am8151 TRUTH TABLE 

Overlay W/B Output 

0 X Graphics 

1 Peak White 

0 Ref. Black 
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TRUTH TABLE FOR THREE Am8151s 

Wit 

Overlay (R) (0) (8) Output 

0 X X X Graphics 

1 0 0 0 Black 

1 0 0 1 Blue 

1 0 1 0 Green 

1 0 1 1 Cyan 

1 1 0 0 Red 

1 1 0 1 Magenta 

1 1 1 0 Yellciw 

1 1 1 1 White 

KEY TO SWITCHING WAVEFORMS 

WAVEFORM INPUTS OUTPUTS 

MUST BE WILL BE 
STEADY STEADY 

~ MAY CHANGE WILL BE 
CHANGING FROMH TOL FROM M TOL .- MAY CHANGE WILL BE 

FROM L TOH CHANGING 
FROML TOH 

-- DON'T CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

H 
CENTER 

DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

"OFF" STATE 

KSOOOO10 
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TYPICAL PERFORMANCE CURVES 

2 n$/dht 

Figure 2. Video Output Falling Edge 

Figure 3. Video Output Rising Edge 
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PHYSICAL DIMENSIONS 

CD 040 
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The Initialization Program MONI: 

The SYS68K/AGC-l manual includes a floppy disk which can be read 
under PDOS, the Real Time Multi-tasking Operating System. 

After mounting of the floppy by typing in "SY0", the program can 
be executed by typing in: 

MONI <CR> 

The program displays the list of screen parameters and the default 
setting onto the terminal. 

In this menu the user can input the parameters which specify the 
horizontal and vertical resolution of the display screen 

Example: 

To display 1024 x 800 Pixel with 50Hz non-interlaced and 4 
bit/Pixel, the following sequence has to be typed in: 

FR <Cr> 

50 <Cr> 

RE <Cr> 

1 <Cr> 

GM <Cr> 

4 <Cr> 

XR <Cr> 

1024 <Cr> 

YR <Cr> 

800 <Cr> 

Specifies the FIELD RATE 

Stands for 50Hz 

Specifies the RASTER SCAN MODE 

Stands for non-interlaced 

Specifies the GRAPHICS BIT MODE 

Stands for 4 bit/Pixel 

Specifies the horizontal resolution 

Stands for 1024 Pixel 

Specifies the vertical resolution 

Stands for 800 lines 

The menu for the horizontal display parameters can be entered if 
HO <CR> is typed in. 

This menu allows to change the Horizontal SYNC width (HS), the 
Horizontal Back Porch (HB) and the Horizontal Front Porch (HF) in 
the same way as described above. 

The values of these parameters depends on the timing specification 
of the used monitor. 

To adapt the monitor to the AGC-l board set the correct timing 
values (normally included in the User's Manual of the monitor) has 
to be entered. 
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The menu also shows the required Horizontal SCAN FREQUENCY, the 
Horizontal LINE PERIOD, the BLANK TIME and the active DISPLAY 
PERIOD. 

The number of lines displayed in this menu include the lines 
required for the Vertical RETRACE PERIOD. 

The command VT <Cr> selects the third menu which displays the 
calculated vertical display parameters. 

In this menu the Vertical SYNC WIDTH and the Vertical BACK PORCH 
can be changed because the values of these parameters also depend 
on the electrical specifications of the used monitor. The 
procedure is the same as described for the first menu. 

All SCREEN PARAMETER REGISTERS of the 63484 ACRCT are shown on the 
terminal after typing CR <Cr>. These values are the values needed 
for the basic initialization of the SYS68K/AGC-I. Only the BASE 
SCREEN is initialized but the initialization of more screens does 
not change any of the SCREEN DISPLAY PARAMETERS which are 
important for the correct VIDEO timing needed by the used monitor. 

To see if the monitor produces a stable picture, just type GI <Cr> 
and the SYS68K/AGC-l will be initialized by MONI with the 
parameters entered before. If everything performs well, a stable 
frame on the monitor is shown but if the frame is not stable on 
the monitor, the monitor has to be adapted (modification of the 
horizontal oscillator) and finely tuned to the trigger frame. If 
this procedure is not successful or the frame does not appear in 
the middle of the monitor the screen parameters programmed before 
have to be modified. 

This can be done by typing in the respective mnemonic (i.e. HS for 
the Horizontal SYNC WIDTH), entering the changed value and 
verifying the new adjustment by typing GI <Cr>. This procedure 
can be performed as long as the frame does not appear in the right 
way. 

The MONI program can be left by typing in ESC <Cr> and normal PDOS 
commands can be typed in. 
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SCREER PARAMETERS 

<FR> FIELD RATE (HZ) : 60 
<RS> RASTER SCAN MODE 

INTERLACED = 0 / NONINTERLACED = 1 
<GM> GRAPHIC BIT MODE (BIT / PER PIXEL) : 
<XR> X - RESOLUTION (PIXEL) : 
<YR> Y - RESOLUTION (LINES) : 

* HORIZONTAL MONITOR PARAMETERS 

ACTIVE DISPLAY PERIOD (NSEC) 
<HS> HORIZONTAL SYNCRON WIDTH (NSEC) 
<HB> HORIZONTAL BACK PORCH (NSEC) 
<HF> HORIZONTAL FRONT PORCH (NSEC) 

HORIZONTAL LINE PERIOD (NSEC) 
HORIZONTAL BLANK TIME (NSEC) 
HORIZONTAL SCAN FREQUENCY (HERTZ) 
MAXIMAL LINES (INCL. VERT. RETRACE) 

* VERTICAL MONITOR PARAMETERS 

1 
4 
1024 
800 

16000 
750 
2500 
1250 
20500 
4500 
48780 
812 

MAXIMAL LINES (INCL. VERT. RETRACE) 812 
<VS> VERTICAL SYNCRON WIDTH (LINES) 1 
<VB> VERTICAL BACK PORCH (LINES) 10 

VERTICAL FRONT PORCH (LINES) 1 
VERTICAL BLANK LINES (LINES) 12 
ACTIVE DISPLAY LINES (LINES) 800 

A CRT C INITIALISATION PARAMETERS 

HORIZONT SYNCRON HSR 
HORIZONT DISPLAY HDR 
VERTICAL SYNCRON VSR 
VERTICAL DISPLAY VDR 
SPLIT SCREEN WIDTH SP1 
COMMAND CONTROL CCR 
DISPLAY CONTROL DCR 
OPERATION MODE OMR 

R82 
R84 
R86 
R88 
R8A 
R02 
R06 
R04 

HEX 
HEX 
HEX 
HEX 
HEX 
HEX 
HEX 
HEX 

$00005103 
$0000093F 
$0000032C 
$00000901 
$00000320 
$00000200 
$0000C010 
$0000C038 

* 

* 

* These values correspond to the monitor : BARCO CDCT 6551 
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<FR> FIELD RATE (H Z) : 50 
<RS> RASTER SCAN MODE 

INTERLACED = 0 / NONINTERLACED = 1 
<GM> GRAPHIC BIT MODE (BIT / PER PIXEL) : 
<XR> X - RESOLUTION (PIXEL) : 
<YR> Y - RESOLUTION (LINES) : 

* HORIZONTAL MONITOR PARAMETERS 

ACTIVE DISPLAY PERIOD (NSEC) 
<HS> HORIZONTAL SYNCRON WIDTH (NSEC) 
<HB> HORIZONTAL BACK PORCH (NSEC) 
<HF> HORIZONTAL FRONT PORCH (NSEC) 

* 

HORIZONTAL LINE PERIOD (NSEC) 
HORIZONTAL BLANK TIME (NSEC) 
HORIZONTAL SCAN FREQUENCY (HERTZ) 
MAXIMAL LINES (INCL. VERT. RETRACE) 

VERTICAL MONITOR PARAMETERS 

1 
4 
1140 
860 

17812 
750 
1250 
1190 
21000 
3190 
47614 
952 

MAXIMAL LINES (INCL. VERT. RETRACE) 952 
<VS> VERTICAL SYNCRON WIDTH (LINES) 2 
<VB> VERTICAL BACK PORCH (LINES) 54 

VERTICAL FRONT PORCH (LINES) 36 
VERTICAL BLANK LINES (LINES) 92 
ACTIVE DISPLAY LINES (LINES) 860 

* A CRT C INITIALISATION PARAMETERS 

HORIZONT SYNCRON HSR 
HORIZONT DISPLAY HDR 
VERTICAL SYNCRON VSR 
VERTICAL DISPLAY VDR 
SPLIT SCREEN WIDTH SPl 
COMMAND CONTROL CCR 
DISPLAY CONTROL DCR 
OPERATION MODE OMR 

R82 
R84 
R86 
R88 
R8A 
R02 
R06 
R04 

HEX 
HEX 
HEX 
HEX 
HEX 
HEX 
HEX 
HEX 

$00005303 
$00000446 
$000003B8 
$00003502 
$0000035C 
$00000200 
$0000C010 
$0000C038 

* 

* 

* These values correspond to the monitor BARCO CDCT 6551 
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<FR> FIELD RATE (HZ): 6B 
<RS> RASTER SCAN MODE 

INTERLACED = B / NONINTERLACED = 1 B 
<GM> GRAPHIC BIT MODE (BIT / PER PIXEL): 4 
<XR> X - RESOLUTION (PIXEL): 128B 
<YR> Y - RESOLUTION (LINES): 1B24 

* HORIZONTAL MONITOR PARAMETERS 

ACTIVE DISPLAY PERIOD (NSEC) 
<HS> HORIZONTAL SYNCRON WIDTH (NSEC) 
<HB> HORIZONTAL BACK PORCH (NSEC) 
<HF> HORIZONTAL FRONT PORCH (NSEC) 

HORIZONTAL LINE PERIOD (NSEC) 
HORIZONTAL BLANK TIME (NSEC) 
HORIZONTAL SCAN FREQUENCY (HERTZ) 
MAXIMAL LINES (INCL. VERT. RETRACE) 

* VERTICAL MONITOR PARAMETERS 

2BBBB 
5BB 
2BBB 
15BB 
24BBB 
4BBB 
41666 
1388 

MAXIMAL LINES (INCL. VERT. RETRACE) 1388 
<VS> VERTICAL SYNCRON WIDTH (LINES) 1 
<VB> VERTICAL BACK PORCH (LINES) 3 

VERTICAL FRONT PORCH (LINES) 178 
VERTICAL BLANK LINES (LINES) 182 
ACTIVE DISPLAY LINES (LINES) 1B24 

* A CRT C INITIALISATION PARAMETERS 

* 

* ----------------------------------------------------
HORIZONT SYNCRON HSR R82 HEX $BBBB5FB2 
HORIZONT DISPLAY HDR R84 · HEX $BBBBB74F · VERTICAL SYNCRON VSR R86 HEX $BBBBB56C 
VERTICAL DISPLAY VDR R88 HEX $BBBBB2B1 
SPLIT SCREEN WIDTH SP1 R8A HEX $BBBBB4BB 
COMMAND CONTROL CCR RB2 HEX $BBBBB2BB 
DISPLAY CONTROL OCR RB6 · HEX $BBBBCB1B · . OPERATION MODE OMR RB4 HEX $BBBBCB3B 

* These values correspond to the monitor . BARCO CDCT . 
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<FR> FIELD RATE (HZ) : 50 
<RS> RASTER SCAN MODE 

INTERLACED = 0 / NONINTERLACED = 1 0 
<GM> GRAPHIC BIT MODE (BIT / PER PIXEL) : 4 
<XR> X - RESOLUTION (PIXEL) : 1600 
<YR> Y - RESOLUTION (LINES): 1200 

* HORIZONTAL MONITOR PARAMETERS 

ACTIVE DISPLAY PERIOD (NSEC) 
<HS> HORIZONTAL SYNCRON WIDTH (NSEC) 

25000 
2250 
2000 
750 
30000 
5000 
33333 
1332 

<HB> HORIZONTAL BACK PORCH (NSEC) 
<HF> HORIZONTAL FRONT PORCH (NSEC) 

* 

HORIZONTAL LINE PERIOD (NSEC) 
HORIZONTAL BLANK TIME (NSEC) 
HORIZONTAL SCAN FREQUENCY (HERTZ) 
MAXIMAL LINES (INCL. VERT. RETRACE) 

VERTICAL MONITOR PARAMETERS 

MAXIMAL LINES (INCL. VERT. RETRACE) 1332 
<VS> VERTICAL SYNCRON WIDTH (LINES) 4 
<VB> VERTICAL BACK PORCH (LINES) 60 

VERTICAL FRONT PORCH (LINES) 12 
VERTICAL BLANK LINES (LINES) 66 
ACTIVE DISPLAY LINES (LINES) 1200 

* A CRT C INITIALISATION PARAMETERS 

* 

* 
----------------------------------------------------
HORIZONT SYNCRON HSR R82 HEX $00007709 
HORIZONT DISPLAY HDR R84 HEX $00000763 
VERTICAL SYNCRON VSR R86 HEX $00000534 
VERTICAL DISPLAY VDR R88 HEX $00003C04 
SPLIT SCREEN WIDTH SP1 R8A HEX $000004B0 
COMMAND CONTROL CCR R02 HEX $00000200 
DISPLAY CONTROL DCR R06 HEX $0000C010 
OPERATION MODE OMR R04 HEX $0000C03B 

* These values correspond to the monitor CONRAC 7211 
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<FR> FIELD RATE (HZ) : 60 
<RS> RASTER SCAN MODE 

INTERLACED = 0 / NONINTERLACED = 1 1 
<GM> GRAPHIC BIT MODE (BIT / PER PIXEL) : 8 
<XR> X - RESOLUTION (PIXEL) : 720 
<YR> Y - RESOLUTION (LINES) : 560 

----------------------------------------------------
* HORIZONTAL MONITOR PARAMETERS * ----------------------------------------------------

ACTIVE DISPLAY PERIOD (NSEC) 
<HS> HORIZONTAL SYNCRON WIDTH (NSEC) 
<HB> HORIZONTAL BACK PORCH (NSEC) 
<HF> HORIZONTAL FRONT PORCH (NSEC) 

HORIZONTAL LINE PERIOD (NSEC) 
HORIZONTAL BLANK TIME (NSEC) 
HORIZONTAL SCAN FREQUENCY (HERTZ) 
MAXIMAL LINES (INCL. VERT. RETRACE) 

* VERTICAL MONITOR PARAMETERS 

22500 
2500 
2000 
1250 
28250 
5750 
35398 
589 

MAXIMAL LINES (INCL. VERT. RETRACE) 589 
<VS> VERTICAL SYNCRON WIDTH (LINES) 2 
<VB> VERTICAL BACK PORCH (LINES) 21 

VERTICAL FRONT PORCH (LINES) 6 
VERTICAL BLANK LINES (LINES) 29 
ACTIVE DISPLAY LINES (LINES) 560 

* A CRT C INITIALISATION PARAMETERS * ----------------------------------------------------
HORIZONT SYNCRON HSR 
HORIZONT DISPLAY HDR 
VERTICAL SYNCRON VSR 
VERTICAL DISPLAY VDR 
SPLIT SCREEN WIDTH SP1 
COMMAND CONTROL CCR 
DISPLAY CONTROL DCR 
OPERATION MODE OMR 

R82 
R84 
R86 
R88 
R8A 
R02 
R06 
R04 

HEX 
HEX 
HEX 
HEX 
HEX 
HEX 
HEX 
HEX 

$0000700A 
$00000759 
$0000024D 
$00001402 
$00000230 
$00000300 
$0000C000 
$0000C038 

* These values correspond to the monitor : CONRAC 7211 
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<FR> FIELD RATE (HZ) : 50 
<RS> RASTER SCAN MODE 

INTERLACED = 0 / NONINTERLACED = 1 . 1 . 
<GM> GRAPHIC BIT MODE (BIT / PER PIXEL) : 8 
<XR> X - RESOLUTION (PIXEL) : 800 
<YR> Y - RESOLUTION (LINES) : 600 

----------------------------------------------------
* HORIZONTAL MONITOR PARAMETERS 

ACTIVE DISPLAY PERIOD (NSEC) 
<HS> HORIZONTAL SYNCRON WIDTH (NSEC) 

25000 
2750 
2500 
1750 
32000 
7000 
31250 
625 

<HB> HORIZONTAL BACK PORCH (NSEC) 
<HF> HORIZONTAL FRONT PORCH (NSEC) 

* 

HORIZONTAL LINE PERIOD (NSEC) 
HORIZONTAL BLANK TIME (NSEC) 
HORIZONTAL SCAN FREQUENCY (HERTZ) 
MAXIMAL LINES (INCL. VERT. RETRACE) 

VERTICAL MONITOR PARAMETERS 

MAXIMAL LINES (INCL. VERT. RETRACE) 625 
<VS> VERTICAL SYNCRON WIDTH (LINES) 2 
<VB> VERTICAL BACK PORCH (LINES) 17 

VERTICAL FRONT PORCH (LINES) 6 
VERTICAL BLANK LINES (LINES) 25 
ACTIVE DISPLAY LINES (LINES) 600 

* A CRT C INITIALISATION PARAMETERS 

* 

* 
----------------------------------------------------
HORIZONT SYNCRON HSR R82 HEX $00007F0B 
HORIZONT DISPLAY HDR R84 HEX $00000963 
VERTICAL SYNCRON VSR R86 HEX $00000271 
VERTICAL DISPLAY VDR R88 HEX $00001002 
SPLIT SCREEN WIDTH SPI R8A HEX $00000258 
COMMAND CONTROL CCR R02 HEX $00000300 
DISPLAY CONTROL DCR R06 HEX $0000C000 
OPERATION MODE OMR R04 HEX $0000C038 

* These values correspond to the monitor CONRAC 7211 
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<FR> FIELD RATE (HZ): 60 
<RS> RASTER SCAN MODE 

INTERLACED = 8 / NONINTERLACED = 1 0 
<GM> GRAPHIC BIT MODE (BIT / PER PIXEL): 8 
<XR> X - RESOLUTION (PIXEL): 1024 
<YR> Y - RESOLUTION (LINES): 800 

* HORIZONTAL MONITOR PARAMETERS 

ACTIVE DISPLAY PERIOD (NSEC) 
<HS> HORIZONTAL SYNCRON WIDTH (NSEC) 
<HB> HORIZONTAL BACK PORCH (NSEC) 
<HF> HORIZONTAL FRONT PORCH (NSEC) 

* 

HORIZONTAL LINE PERIOD (NSEC) 
HORIZONTAL BLANK TIME (NSEC) 
HORIZONTAL SCAN FREQUENCY (HERTZ) 
MAXIMAL LINES (INCL. VERT. RETRACE) 

VERTICAL MONITOR PARAMETERS 

32000 
2000 
2800 
1000 
37008 
5000 
27027 
900 

MAXIMAL LINES (INCL. VERT. RETRACE) 900 
<VS> VERTICAL SYNCRON WIDTH (LINES) 2 
<VB> VERTICAL BACK PORCH (LINES) 33 

VERTICAL FRONT PORCH (LINES) 15 
VERTICAL BLANK LINES (LINES) 58 
ACTIVE DISPLAY LINES (LINES) 880 

* A CRT C INITIALISATION PARAMETERS 

HORIZONT SYNCRON HSR 
HORIZONT DISPLAY HDR 
VERTIGAL SYNCRON VSR 
VERTICAL DISPLAY VDR 
SPLIT SCREEN WIDTH SP1 
COMMAND CONTROL CCR 
DISPLAY CONTROL DCR 
OPERATION MODE OMR 

R82 
R84 
R86 
R88 
R8A 
R02 
R06 
R04 

HEX 
HEX 
HEX 
HEX 
HEX 
HEX 
HEX 
HEX 

$00009308 
$0000077F 
$00000384 
$00082082 
$00000320 
$00000300 
$0000C000 
$0008C03B 

* 

* 

* These values correspond to the monitor : CONRAC 7211 
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<FR> FIELD RATE (HZ): 5~ 
<RS> RASTER SCAN MODE 

INTERLACED = ~ / NONINTERLACED = 1 ~ 
<GM> GRAPHIC BIT MODE (BIT / PER PIXEL): 8 
<XR> X - RESOLUTION (PIXEL): 116~ 
<YR> Y - RESOLUTION (LINES): 87~ 

* HORIZONTAL MONITOR PARAMETERS 

ACTIVE DISPLAY PERIOD (NSEC) 
<HS> HORIZONTAL SYNCRON WIDTH (NSEC) 
<HB> HORIZONTAL BACK PORCH (NSEC) 
<HF> HORIZONTAL FRONT PORCH (NSEC) 

HORIZONTAL LINE PERIOD (NSEC) 
HORIZONTAL BLANK TIME (NSEC) 
HORIZONTAL SCAN FREQUENCY (HERTZ) 
MAXIMAL LINES (INCL. VERT. RETRACE) 

* VERTICAL MONITOR PARAMETERS 

3625~ 

2~~~ 
2~~~ 

125~ 
415~~ 
525~ 
24~96 
962 

MAXIMAL LINES (INCL. VERT. RETRACE) 962 
<VS> VERTICAL SYNCRON WIDTH (LINES) 2 
<VB> VERTICAL BACK PORCH (LINES) 43 

VERTICAL FRONT PORCH (LINES) 1 
VERTICAL BLANK LINES (LINES) 46 
ACTIVE DISPLAY LINES (LINES) 87~ 

* A CRT C INITIALISATION PARAMETERS 

* 

* 
----------------------------------------------------
HORIZONT SYNCRON HfSR R82 HEX $~~~~A5~8 
HORIZONT DISPLAY HDR R84 HEX $~~~~~79~ 
VERTICAL SYNCRON VSR R86 HEX $~~~~~3C2 
VERTICAL DISPLAY VDR R88 HEX $~~~~2A~2 
SPLIT SCREEN WIDTH SPI R8A HEX $~~~~~366 
COMMAND CONTROL CCR R~2 HEX $~~~~~3~~ 
DISPLAY CONTROL DCR R~6 HEX $~~~~C~~~ 
OPERATION MODE OMR R~4 HEX $~~~~C~38 

* These values correspond to the monitor CONRAC 7211 
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* 

* 
* 

* 

* 

SYS68K/AGC-·1 PROGRAMMING EXAMPLES 
==================================== 

THIS PROGRAM INCLUDES A COMPLETE SERIES OF SUBROUTINES 
TO GIVE A BASIS FOR USER APPLICATIONS. 

THE ROUTINES AT THE BEGINNING DEMONSTRATE HOW TO USE 
THESE SUBROUTINES. 

THE DEFAULT BOARD BASE ADDRESS IS SUGGESTED TO BE $BOOOOO 
IN THE STANDARD MEMORY AREA OF THE VMEBUS. 

THE FOLLOW SUBROUTINES 
CAN BE STARTED 

BSR BINIT 
BSR INIT 
BSR COLTAB 

MUST BE CALLED BEFORE DRAWING OPERATIONS 

;CALCULATE REGISTER ACCESS ADDRESSES 
;INIT AGC-1 
;LOAD COLOR TABLES 

FOR LOGICAL DRAWING OPERATIONS THE ORIGIN MUST BE SET FIRST 
THIS ROUTINE LOCATES THE ORIGIN IN THE LOWER LEFT EDGE OF 
THE VISIBLE SCREEN 

MOVE.W #l.DO 
MOVE.W #O,Dl 
MOVE. W 10 2 1J I D;:. 
bS], OPOINT 
}<::k SA \jOh~G 

MOVE. v.! 
BSF, 
MOVE.W 

COLOR 

#3 I I)1 
SCOLO 
#1.D1 
SCOLI 

REGlSTEf<S 

;PUT SCREEN NUMBER 
;PUT X - COORDINATE 
;PUT Y - COORDINATE 
;SET ORIGlN POINT 
;SAVE ORIGIN ADDRESS 

;CHOOSE COLOR BLUE 
;SET COLOR REGISTER 0 
;CHOOSE COLOR RED 
;SET COLOR REGISTER 1 

THIS SUBROUTINE MOVES THE CURRENT POINTER ABSOLUT TO LOGICAL 
SCREEN ADDRESS AS DEFINED IN CPA 



LEA CPA(PC),A2 
BSR ABMOVE 

* THIS SUBROUTINE MOVES THE CURRENT POINTER RELATIV TO LOGICAL 
* SCREEN ADDRESS AS DEFINED IN CPR. 
* AFTER THIS THE CURRENT POINTER IS IN THE MIDDLE OF THE SCREEN 

LEA CPR(PC),A2 
BSR REMOVE 

* THIS SUBROUTINE DRAWS A CIRCLE OF THE RADIUS AS DEFINED IN RADl 
* PLACING THE CURRENT POINTER AT THE CENTER 

LEA 
MOVE.W 
BSR 

RADl(PC),A2 
#1,Dl 
CIRCLE 

;DRAWING DIRECTION CLOCKWISE 

* PAINTS THE CIRCLE BY THE COLOR IN THE COLOR REGISTER USING 
* THE FIGURE PATTERN STORED IN THE PATTER RAM 

MOVE.W 
BSR 
BSR 
MOVE.W 
BSR 

#1,DO 
SCOLa 
SCOLI 
#1,DI 
PAINT 

;COLOR TO DO (RED) 
;LOAD COLOR REG 0 WITH RED 
;LOAD COLOR REG I WITH RED 
;SET EDGE MODE 

* DRAWS 20 RECTANGLES WITH INCREASING SIZE 

LEA REMR(PC),A2 
BSR ABMOVE 
MOVE.W #19,D6 ;NUMBER OF RECTANGLE 
LEA RECI(PC),A2 ;START POSITION 
BSR REMOVE ;MOVE RELATIVE 

RECS LEA REXY(PC),A2 ;LOAD SIZE OF RECTANGLE 
MOVEA.L A2,A3 ;SAVE A2 
BSR RERECT ;DRAW RELATIVE RECTANGLE 
ADDI.W #20,(A3) 
ADDI.W #20,2(A3) 
LEA RECN(PC),A2 ;NEXT START POSITION (RELATIVE) 
BSR REMOVE ;MOVE 
DBRA D6,RECS ;ALL RECTANGLES ? 

* DRAWS AN ABSOLUTE POLYLINE WITH THREE POINTS AS DEFINED 
* IN POLP BEGINNING FROM THE CURRENT POINTER 

CPA 
CPR 
RADI 
REMR 

LEA 
BSR 
LEA 
BSR 
XEXT 

DC.W 
DC.W 
DC.W 
DC.W 

POIN(PC),A2 
ABMOVE 
POLP(PC),A2 
ABPOLL 

590,462 
50,50 
200 
220,512 



RECl DC.W -30,-15 
REXY DC.W 60,30 
RECN DC.W -10,-10 

POIN DC.W 800,512 

POLP DC.W 3 ;NUMBER OF POINTS 
DC.W 800,200 
DC.W 1000,200 
DC.W 1000,512 

***************************************************************************** 
****************************.************************************************ 

* 
* EXAMPLE FOR INITIALISATION OF THE SYS68K/AGC-l 
* 
INIT LEA 
INIl CMPLW 

BEQ.S 
MOVE.W 
MOVE.W 
BSR 
BRA.S 

INITEND RTS 

INITTAB(PC),A2 
#$FFFF,(A2) 
INITEND 
(A2)+,DO 
(A2)+,Dl 
WRCONR 
INIl 

* INITIALISATION TABLE 

;REGISTER NUMBER 
;REGISTER PARAMETER 
;WRITE CONTROL REGISTER 

* THE LEAST REGISTER WHICH SHOULD BE WRITTEN IS REGISTER 
* NUMBER $0004 THE OMR-REGISTER. THE START BIT (BIT 14) 
* SHOULD BE SET. 
* 
* SCREEN RESOLUTION: 
* 1280 X 1024 X 4 BIT/PIXEL WITH 60 HZ INTERLACE 
* (SEE CHAPTER 7 IN THE HARDWARE USERS MANUAL) 

* 
* 
INITTAB 

* 

* 
* 
* 

* 
* 

* 
* 

* 

DC.W 
DC.W 
DC.W 
DC.W 
DC.W 
DC.W 
DC.W 

DC.W 
DC.W 
DC.W 

DC.W 

DC.W 
DC.W 
DC.W 
DC.W 

+ ) 

R.NO IPARAMETER 

$0082,$6308 
$0084,$074F 
$0086,$0535 
$0088,$632F 
$008C,$ .... 
$008A,$0400 
$008E,$ .... 

$OOCA,$0280 
$00CC,$0003 
$OOCE,$0020 

$OOEA,$OOOO 

$0002,$0200 
$0006,$COIO 
$0004,$C03B 
$FFFF 

THESE REGISTER 
SYS68K/AGC-1 

COMMENT 

;(HSR) HORIZONTAL SYNCRON REGISTER + 
;(HDR) HORIZONTAL DISPLAY REGISTER + 
;(VSR) VERTIKAL SYNCRON REGISTER + 
;(VDR) VERTIKAL DISPLAY REGISTER + 
; (SSWl> UPPER SCREEN WIDTH REGISTER 
;(SSWO) BASE SCREEN WIDTH REGISTER + 

;(SSW2) LOWER SCREEN WIDTH REGISTER 

;(MWR1) BASE SCREEN MEMORY WIDTH + 

;(SAIH) BASE SCREEN START ADDRESS + 

;(SAIL) BASE SCREEN START ADDRESS + 

;(ZFR) ZOOM FAKTOR REGISTER + 

;(CCR) COMMAND CONTROL REGISTER + 

; (DCR) DISPLAY CONTROL REGISTER + 

; (OMR) OPERATION MODE REGISTER + 

MUST BE SET FOR BASIC INITIALISATION OF THE 



************************************************************************** 
* AGC-I:SR 

************************************************************************** 
************************************************************************** 

* 
* 
* 
* 
* 
* 
* 

SYS68K/AGC-I 
DRIVER MODULE 
MAl 1986 

************************************************************************** 
************************************************************************** 

* 
* 

BBADR 

* 
* 
* 

INDEXT 

* 
* 

BINIT 

BINIl 

SYS68K/AGC-1 BOARD BASE ADDRESS 
=============================== 

DC.L $BOOOOO 

OFFSET TABLE FOR 
FOR BASE ADDRESS CALCULATION 
=============================== 

DC.L $3COOO 
DC.L $3C002 
De.L $36000 
DC.L $38000 
DC.L $3AOOO 
DC.L $00000 

MAIN ROUTINE 
============ 

LEA 
LEA 
MOVE.W 
MOVE.L 
BSR.S 
ADDQ.L 
DBRA 
RTS 

BBADR(PC),AO 
INDEXT(PC),A2 
#5,D1 
(A2) ,DO 
BASINIT 
#4,A2 
DI,BINII 

;BOARD BASE ADDRESS 

;ACRTC 
;ACRTC 
;COLOR 
;COLOR 
;COLOR 
iBIM 

ADDRESSREGISTER 
DATENREGISTER 
TABLE RED 
TABLE GRUEN 
TABLE BLUE 
START ADDRESS 

;GET BOARD BASE ADDRESS 
iGET OFFSET TABLE ADDRESS 
iNUMBER OF OFFSETS 
;PUT OFFSET IN DO 
iCALCULATE 
;POINT TO NEXT OFFSET 
iALL ? 

* 
* 
* 

INITIALISATION TO THE BASE ADDRESS 
AND REPLACE THEM TO THE OFFSET TABLE 
==================================== 

BASINIT MOVEA.L 
ADDA.L 
MOVE.L 
RTS 

(AO),Al 
DO,AI 
AI, (A2) 

;ADD OFFSET TO THE BOARD BASE ADDRES 
;REPLACE TO OFFSET TABLE 

************************************************************************** 

* DEFINITION CONTROLLER REGISTER 
************************************************************************** 

FIFO 
CCH 
OMR 
DCR 

EOU 
EOU 
EOU 
EOU 

$0000 
$0002 
$0004 
$0006 

iFIFO 
;COMMAND CONTROL REGISTER 
;OPERATION MODE REGISTER 
;DISPLAY CONTROL REGISTER 



RCR EQU $0080 ;RASTER COUNT REGISTER 
HSR EQU $0082 ;HORZONTAL SYNC. 
HDR EQU $0084 ;HORIZONTAL DISPLAY 
VSR EQU $0086 ;VERTICAL SYNC. 
VDR EQU $0088 ;VERTICAL DISPLAY REGISTER 
SSW1 EQU $008A ;SPLIT SCREEN WIDTH SPI 
SSW2 EQU $008C ;SPLIT SCREEN WIDTH SP2 
SSW3 EQU $008E ;SPLIT SCREEN WIDTH SP3 
BCR EQU $0090 ;BLINK CONTROL REGISTER 
HWR EQU $0092 ;HORIZONTAL WINDOW DISPLAY 
VWRS EQU $0094 ;VERTICAL WINDOW DISPLAY START 
VWRW EQU $0096 WIDTH 

* UPPER SCREEN 
RARO EQU $OOCO :RASTER ADDRESS UPPER SCREEN 
MWRO EQU $00C2 :MEMORY WIDTH If 

SARHO EQU $00C4 ;START ADDRESS HIGH WORD 
SARLO EQU $00C6 ;START ADDRESS LOW WORD 

* BASE SCREEN 
RAR1 EQU $00C8 :RASTER ADDRESS BASE SCREEN 
MWRI EQU $OOCA ;MEMORY WIDTH If 

SARHI EQU $OOCC :START ADDRESS HIGH WORD 
SARLI EQU $OOCE :START ADDRESS LOW WORD 

* LOWER SCREEN 
RAR2 EQU $OODO ;RASTER ADDRESS LOWER SCREEN 
MWR2 EQU $00D2 :MEMORY WIDTH " 
SARH2 EQU $00D4 ;START ADDRESS HIGH WORD 
SARL2 EQU $00D6 ;START ADDRESS LOW WORD 

* WINDOW SCREEN 
RAR3 EQU $00D8 ;RASTER ADDRESS WINDOW SCREEN 
MWR3 EQU $OODA ;MEMORY WIDTH or 

SARH3 EQU $OODC :START ADDRESS HIGH WORD 
SARL3 EQU $OODE :START ADDRESS LOW WORD 

* ZOOM FACTOR 
ZFR EQU $OOEA ;ZOOM FACTOR 

PAGE 

****~*********************************************************************** 

* CONTROLLER FUNKTIONS CODES * 
**************************************************************************** 
*NAME CODE ;COMMENT * 
*--------------------------------------------------------------------------* 

* 
* 
* 

ORIG 
WPR 
RPR 
WPTN 
RPTN 

REGISTER ACCESS COMMANDS 

EQU 
EQU 
EQU 
EQU 
EQU 

$0400 
$0800 
$OCOO 
$1800 
$lCOO 

;ORIGN 
:WRITE 
:READ 
:WRJTE 
;READ 

POINT AND CHOOSE SCREEN 
PARAMETER REGISTER 
PARAMETER REGISTER 
PATTERN RAM 
PATTERN RAM 

* 
* 
* 

****************************************************************************** 
* * 
* DATA TRANSFER COMMANDS * 

DRD EQU $2400 :DMA READ 
DWT EQU $2800 ;DMA WRITE 
DMOD EQU $2COO :DMA MODIFY 
RD EQU J;:4400 ;READ (ONE WORD FROM THE FRAME BUFFER) 
WT EQU $4800 :WRITE(ONE WORD TO THE FRAME BUFFER) 
MOD EQU $4COO ;MODIFY 



CLR 
SCLR 
CPY 
SCPY 

EQU 
EQU 
EQU 
EQU 

$5800 
$5COO 
$6000 
$7000 

;CLEAR (INITIALIZE FRAME BUFFER AERA) 
;SELECTIVE CLEAR 
;COPY 
;SELECTIVE COPY 

***************************************************************************** 
* 

AMOVE 
RMOVE 
ALINE 
RLINE 
ARCT 
RRCT 
APLL 
RPLL 
APLG 
RPLG 
CRCL1 
CRCLO 
ELPS1 
ELPSO 
AARC1 
AARCO 
RARC1 
RARCO 
AEARC1 
AEARCO 
REARC1 
REARCO 
AFRCT 
RFRCT 
PAINTO 
PAINT1 
DOT 
PTN 
AGCPY 
RGCPY 

GRAPHIC DRAWING COMMANDS 

EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
PAGE 

$8000 
$8400 
$8800 
$8COO 
$9000 
$9400 
$9800 
$9COO 
$AOOO 
$A400 
$A900 
$A800 
$ADOO 
$ACOO 
$B100 
$BOOO 
$B500 
$B400 
$B900 
$B800 
$BDOO 
$BCOO 
$COOO 
$C400 
$C800 
$C900 
$CCOO 
$DOOO 
$EOOO 
$FOOO 

;ABSOLUTE MOVE 
;RELATIVE MOVE 
;ABSOLUTE LINE 
;RELATIVE LINE 
;ABSOLUTE RECTANGLE 
iRELATIVE RECTANGLE 
iABSOLUTE POLYLINE 
iRELATIVE POLYLINE 
iABSOLUTE POLYGON 
;RELATIVE POLYGON 
iCIRCLE CLOCKWISE 
iCIRCLE COUNTER CLOCKWISE 
iELLIPSE CLOCKWISE 
iELLIPSE COUNTER CLOCKWISE 
;ABSOLUTE ARC CLOCKWISE 
;ABSOLUTE ARC COUNTER CLOCKWISE 
iRELATIVE ARC CLOCKWISE 
iRELATIVE ARC COUNTER CLOCKWISE 
iABSOLUTE ELLIPSE ARC CLOCKWISE 
iABSOLUTE ELLIPSE ARC COUN CLOCKWISE 
iRELATIVE ELLIPSE ARC CLOCKWISE 
iRELATIVE ELLIPSE ARC COUN CLOCKWISE 
;ABSOLUTE FILLED RECTANGLE 
;RELATIVE FILLED RECTANGLE 
iPAINTO ---> E = 0 
iPAINT1 ---> E = 1 
;DRAW DOT 
iPATTERN 
;ABSOLUTE GRAPHIC COPY 
iRELATIVE GRAPHIC COPY 

* 
* 

****************************************************************************** 
* DEFINITION DRAWING PARAMETER REGISTER * 
****************************************************************************** 
COREGO 
COREG1 
CCOREG 
ECOREG 
RMASK 

* 
PRCOS 
PRC06 
PRC07 

* 
DRXMIN 
DRYMIN 
DRXMAX 
DRYMAX 

* 
DRWPH 
DRWPL 

EQU 
EQU 
EQU 
EQU 
EQU 

PATTERN 
EQU 
EQU 
EQU 

AERA 
EQU 
EQU 
EQU 
EQU 

$0800 
$0801 
$0802 
$0803 
$0804 

RAM CONTROL REGISTER 
$0805 
$0806 
$0807 

DEFINITION REGISTER 
$0808 
$0809 
$080A 
$080B 

READ WRITE POINTER REGISTER 
EQU $080C 
EQU $080D 

* DRAWING POINTER REGISTER 

iCOLOR REGISTER 0 
iCOLOR REGISTER 1 
;COLOR COMPARSION REGISTER 
;EDGE COLOR REGISTER 
;MASK REGHISTER 

;PATTERN POINT REGISTER 
iPATTERN START POINT REGISTER 
;PATTERN END POINT REGISTER 

iXMIN 
;YMIN 
;XMAX 
iYMAX 

;READ WRITE POINTER HIGH WORD 
;" LOW WORD 



PDPH EOU $0810 ;DRAWING POINTER HIGH WORD 
PDPL EOU $0811 . " LOW WORD , 

* CURRENT POINTER REGISTER 
PCPH EOU $0812 ;CURRENT POINTER HIGH WORD 
PCPL EOU $0813 • n LOW WORD , 
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************************************************************************** 
* DEFINITION DER CONTROLLER COLOR TABELLEN 

COLTR 
COLTG 
COLTB 

EOU 
EOU 
EOU 

INDEXT+8 
INDEXT+12 
INDEXT+16 

;TABELLE ROT 
;TABELLE GRUEN 
;TABELLE BLAU 

*************************************************************************** 
* 
* 
* 

GRAPHIC FUNKTIONS ACRTC 
FOR ALL FUNKTIONS THE PARAMETER ADRESS MUST BE GIVEN IN A2 

** 
MODI DC.W $0000 
COMFILL DC.W $0000 ;X - COORDINATE 

DC.W $0000 ;Y - COORDINATE 
DC.W $0000 ;PP - PATTERN POINTER (PROS) 

SLSD DC.W $0000 ;SLANT AND SOURCE DIRECTION 
SDSD DC.W $0000 ;SOURCE- AND DESTINATION SCAN 
* ;DIRECTION 
MM DC.W $0000 ;MODIFY MODE 
PRA DC.W $0000 ;PATTERN RAM ADDRESS 

* 
* 
************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* COMMAND­
* EXTENSION: 
* 
* INPUT: 
* 
* OUTPUT: 
* 
* INTERNAL: 

* 
* 
WRCOM: MOVEM 

LEA 
LEA 
MOVE.W 
BTST 
BEO 
MOVE.W 
MOVE.W 
MOVEM 
RTS 

WRC1 

* 

WRCOM 
WRITE COMMANDCODE TO AGC 

DO :COMMANDCODE 

COMMANDCODE TO ACRTC 

D1 :STATUS 

DO-D1/AO/A1,-(A7) 
INDEXT(PC),AO 
INDEXT+4(PC),A1 
(AO),D1 
#S,D1 
WRC1 
#FIFO,(AO) 
DO,CA1) 
CA7)+,DO-D1/AO/A1 

;STORE DO 

;READ STATUSREGISTER 
;FIFO READY 

;FIFO IS DESTINATION 
;WRITE COMMAND 
;RESTORE DO 
;RETURN 

"" 
************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* COMMAND­
* EXTENSION: 
* 

WRPARA 
WRITE COMMANDPARAMETER TO ACRTC 

* 
* 
* 



* 
* 
* 
* 
* 
* 
* 

INPUT: 

OUTPUT: 

INTERNAL: 

WRPARA: MOVEM 
LEA 
LEA 
BRA.S 

WRPA1 MOVE.W 
BTST 
BEQ 
MOVE.W 

WRPA2 DBRA 
MOVEM 
RTS 
PAGE 

D1 :NUMBER OF PARAMETERS 
A2 :PARAMETERADRESS 
PARMETER TO ACRTC 

D2 

D1-D2/AO-A2,-(A7) 
INDEXT(PC),AO 
INDEXT+4(PC),A1 
WRPA2 
(AO),D2 
#1,D2 
WRPA1 
(A2)+, (Al> 
D1,WRPA1 
(A7)+,D1-D2/AO-A2 

;STORE D1 AND A2 

;READ STATUSREGISTER 
iFIFO READY 

iWRITE PARAMETER 
iDEKREMT NUMBER PARAMTERS 

iRESTORE DATA 
iRETURN 

******************************************************************************* 
* SCOLO: 
* IN: 

SCOLO: MOVEM 
MOVE.W 
AND 
MOVE.W 
LSL.W 
ADD 
LSL.W 
ADD 
LSL 
ADD 
BSR 
MOVEM 
RTS 

SET COLORREGISTER 0 
D1 COLOR NUMBER 

DO-D2,-(A7) 
#COREGO,DO 
#.$OOOF,D1 
D1,D2 
#4,D1 
D2,D1 
#4,D1 
D2,D1 
#4,01 
D2,D1 
WRDPAR 
(A7)+,DO-D2 

iSET COLOR REGISTER 0 

******~***************************************************************** •••• **. 
* SCOL1: 
* IN: 

SCOL1: MOVEM 
MOVE.W 
AND 
MOVE.W 
LSL.W 
ADD 
LSL.W 
ADD 
LSL 
ADD 
BSR 
MOVEM 
RTS 

SET COLORREGISTER 1 
D1 COLOR NUMBER 

DO-D2,-(A7) 
#COREG1,DO 
#.$OOOF,D1 
D1,D2 
#4,D1 
D2,D1 
#4,D1 
D2,D1 
#4,D1 
D2,D1 
WRDPAR 
(A7)+,DO-D2 

;SET COLOR REGISTER 1 

******************************************************************************* 
* SECOL: 
* IN: 

SECOL: MOVEM 

SET EDGE COLORREGISTER 
01 COLOR NUMBER 

OO-D2,-(A7) 



MOVE.W 
AND 
MOVE.W 
LSL.W 
ADD 
LSL.W 
ADD 
LSL 
ADD 
BSR 
MOVEM 
RTS 

#ECOREG,DO 
#$OOOF,D1 
D1.D2 
#4,D1 
D2,D1 
#4,D1 
D2,D1 
#4,D1 
D2,D1 
WRDPAR 
(A7)+ ,DO-D2 

iSET EDGE COLOR REGISTER 

* 
************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* COMMAND­
* EXTENSION: 
* 
* INPUT: 
* 
* OUTPUT: 
* 
* INTERNAL: 
* 
* 
* 
SSLANT: MOVEM 

CLR 
LSL 
LSL 
MOVE.W 
LEA 
AND.W 
OR.W 
MOVEM 
RTS 

* 
* 

SSLANT 
SET SLANT IN SLSD WORT (PATTERN) 

DO 

DO IN SLSD(BIT 

D1 A2 

DO/DlIA2,- (A7) 
D1 
#8,DO 
#3,DO 
#$07FF,D1 
SLSD(PC),A2 
D1. (A2) 
DO,(A2) 
(A7)+,DO/D1/A2 

11> 

:SLANT 

iSTORE DO AND D1 

iSHIFT LEFT 8 BIT 

iSET MASK 
;LOAD SLSD ADRESS 

;SET SLANT MODE IN SLSD 
;RESTORE 
; RETURN 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* COMMAND­
* EXTENSION: 
* 
* INPUT: 
* 
* OUTPUT: 

* 
* INTERNAL: 
* 

'" 
* 
SESCDI: MOVEM 

CLR 
AND.W 
LSL 
MOVE.W 
LEA 
AND.W 
OR.W 
MOVEM 
RTS 

SESCDI 
SET SCAN DIRECTION IN SLSD (PATTERN) 

DO :SCAN DIRECTION 

DO IN SLSD IN SLSD (BIT 8 -10) 

D1 A2 

DO/D1/A2,-(A7) 
D1 
#$0007,DO 
#8,DO 
#$0800,01 
SLSD(PC),A2 
D1,(A2) 
DO,(A2) 
(A7>+,DO/DI/A2 

;STORE DO AND D1 

;SHIFT LEFT 8 BIT 
iSET MASK 
iLOAD MODI ADRESS 

;SET SCAN DIRECTION IN SLSD 
;RESTORE 
;RETURN 



PAGE 
* 
************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* COMMAND­
* EXTENSION: 
* 
* 
* 
* 
* 
* 
* 
* 
* 

INPUT: 

OUTPUT: 

INTERNAL: 

SETSSD: MOVEM 
CLR 
AND.W 
LSL 
LSL 
MOVE.W 
LEA 
AND.W 
OR.W 
MOVEM 
RTS 

* 

SETSSO 
SET SOURCE SCAN DIRECTION IN SDSD 

DO 

DO IN SDSD (BIT 11) 

01 A2 

DO/D1/A2,-CA7) 
D1 
#$0001,00 
#8,DO 
#3,DO 
#$0700,01 
SDSDCPC),A2 
D1,(A2) 
DO,CA2) 
(A7)+,00/DI/A2 

:SOURCE SCAN DIRECTION 

;STORE DO ANO 01 

iBLANKED BIT 15 - 1 
iSHIFT LEFT 11 BIT 

;SET MASK 
iLOAD SDSD ADRESS 

iSET SSD MODE IN SOSD 
iRESTORE 
;RETURN 

* 
************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* COMMAND­
* EXTENSION: 
* 
* 
* 
* 
* 
* 
* 
* 
* 

INPUT: 

OUTPUT: 

INTERNAL: 

SETDSD: MOVEM 
CLR 
AND.W 
LSL 
MOVE.W 
LEA 
AND.W 
OR.W 
MOVEM 
RTS 
PAGE 

* 

SETDSD 
SET DESTINATION SCAN DIRECTION IN SDSD 

DO :OESTINATION SCAN DIRECTION 

DO IN SDSD (BIT 8 -10) 

01 A2 

DO/DlIA2, - (A7) iSTORE DO AND Dl 
01 
#$0007,DO iBLANKED BIT 15 - 3 
#8,DO iSHIFT LEFT 8 BIT 
#$0800,Dl iSET MASK 
SDSD(PC),A2 iLOAO SDSD ADRESS 
Dl,(A2) 
00,(A2) iSET DSD MODE IN SOSD 
CA7)+,DO/DI/A2 iRESTORE 

iRETURN 

************************************************************************** 
* SUBROUTINE: SETMFY 
* FUNKTION: SET MODIFY MODE IN MM 

* COMMAND-
* EXTENSION: 
* 
* INPUT: DO :MODIFY MODE 
* 
* OUTPUT: DO IN MM (BIT 1-0) 
* 
* INTERNAL: Dl . A2 



SETMFY: MOVEM 
CLR 
AND.W 
M,OVE.W 
LEA 
AND.W 
OR.W 
MOVEM 
RTS 

* 
* 

DO/D1/A2,-(A7) 
01 
#$0003,00 
#$FFFC,D1 
MMCPC),A2 
D1.(A2) 
DO,(A2) 
(A7)+,DO/DlIA2 

;STORE DO AND D1 

;BLANK OUT 
;SET MASK 
;LOAD MM ADRESS 

;SET MODIFY MODE IN MM 
; RESTORE 
;RETURN 

"'***"'*****"'**********"'******"'******************************* •••• ** •••••• *. 
'" SUBROUTINE: 
* FUNKTION: 
'" COMMAND­
* EXTENSION: 
* 
* 
* 
* 
* 

* 
* 

INPUT: 

OUTPUT: 

INTERNAL: 

SETPRA: MOVEM 
CLR 
AND.W 
MOVE.W 
LEA 
AND.W 
OR.W 
MOVEM 
RTS 
PAGE 

* 

SETPRA 
SET PATTERN RAM ADDRESS IN PRA 

DO 

DO IN PRA (BIT 3 - 0) 

D1 A2 

DO/DI/A2,-(A7) 
D1 
#$OOOF,DO 
#$FFFO,Dl 
PRA(PC),A2 
Dl,(A2) 
DO,(A2) 
(A7)+,DO/D1/A2 

:PATTERN RAM ADDRESS 

;STORE DO AND D1 

;SET MASK 
;LOAD PRA ADRESS 

;SET PATTERN RAM ADDRESS IN PRA 
;RESTORE 
;RETURN 

"'*******"'**"'''''''**'''*'''***''''''**'''''''''**'''.*****.***********************.********* •• 
* SUBROUTINE: 
'" F.uNKTION: 
'" COMMAND­
'" EXTENSION: 

* 
* 
'" 
'" 
* 
* 
* 

INPUT: 

OUTPUT: 

INTERNAL: 

SETAER: MOVEM 
CLR 
LSL 
MOVE.W 
LEA 
AND.W 
OR.W 
MOVEM 
RTS 

* 

SETAER 
SET AERAMODE IN MODI-BYTE 

DO 

DO IN MODI (BIT 7-5) 

D1 A2 

DO/DI/A2,-(A7) 
D1 
#5,DO 
#$001F,Dl 
MODI(PC),A2 
D1. (A2) 
DO,CA2) 
(A7)+,DO/D1/A2 

:AERA MODE 

;STORE DO AND D1 

;SHIFT LEFT 5 BIT 
;SET MASK 
;LOAD MODI ADRESS 

;SET AERA MODE IN MODI 
;RESTORE 
;RETURN 

* 
************************************************************************** 



* SUBROUTINE: 
* FUNKTION: 
* COMMAND­
* EXTENSION: 
* 
* INPUT: 
* 
* OUTPUT: 
* 
* INTERNAL: 
* 
* 
* 
SETCOL: MOVEM 

CLR 
LSL 
MOVE.W 
LEA 
AND.W 
OR.W 
MOVEM 
RTS 
PAGE 

'" 

SETCOL 
SET COLORMODE IN MODI-BYTE 

DO 

DO IN MODI (BIT 4-3) 

Dl 

DO/DI/A2,-(A7} 
Dl 
#3,DO 
#$00E7,Dl 
MODI(PC},A2 
Dl,(A2) 
DO,(A2} 
(A7)+,DO/DI/A2 

:COLORMODE 

;STORE DO AND Dl 

;SHIFT LEFT 3 BIT 
iSET MASK 
iLOAD MODI 

iSET COLORMODE IN MODI 
iRESTORE 
iRETURN 

************************************************************************ •• 
* SUBROUTINE: 
* FUNKTION: 
* COMMAND­
* EXTENSION: 
* 
* INPUT: 
* 
* OUTPUT: 
* 
* INTERNAL: 
* 
* 
* 
SETOPM: MOVEM 

CLR 
MOVE.W 
LEA 
AND.W 
OR.W 
MOVEM 
RTS 

'" 

SETOPM 
SET OPERATIONMODE IN MODI-BYTE 

DO 

DO IN MODI (BIT 

Dl 

DO/DI/A2,-(A7} 
D1 
#$00F8,Dl 
MODI(PC),A2 
Dl,(A2) 
DO,(A2) 
(A7)+,DO/DI/A2 

0-2) 

:OPERATIONMODE 

iSTORE DO AND Dl 

;SET MASK 
iLOAD MODI 

iSET OPERATIONMODE IN MODI 
iRESTORE 
iRETURN 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* 
* COMMAND-
* EXTENSION: 
* 
* INPUT: 
* 
* OUTPUT: 
* 
* INTERNAL: 
* 
* 
SETMOD: MOVEM 

LEA 
OR.W 
MOVEM 

SETMOD 
INSERTS AERA-, COLOR- AND OPERATIONMODE IN THE 
COMMANDCODE 

DO 

DO 

A2,-(A7) 
MODI(PC),A2 
(A2) ,DO 
(A7)+,A2 

:COMMANDCODE 

:MODIFIERED COMMANDCODE 

iSTORE A2 
;LOAD MODI 
;INSERT MODI IN COMMANDCODE 
;RESTORE A2 



RTS 
PAGE 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* COMMAND-
* EXTENSION: 
... 
... INPUT: 
... 
* OUTPUT: 
* 
* INTERNAL: 
... 
* 
WRCONR: MOVEM 

LEA 
LEA 
MOVE.W 
MOVE.W 
MOVEM 
RTS 

WRCONR 
WRITE PARAMETER IN THE SELECTED CONTROL REGISTER 

DO 
Dl 
REGISTER TO 
PARAMETER 

ACRTC 
ACRTC 

DO-DI/AO/A1,-(A7) 
INDEXT(PC),AO 
INDEXT+4(PC),Al 
DO,(AO) 
Dl,(Al> 
(A7)+,DO-DI/AO/A1 

:REGISTER 
:PARAMTER 

ADRESSREGISTER 
DATAREGISTER 

NUMBER 

;REGISTER IS DESTINATION 
;WRITE PARAMETER 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* COMMAND­
* EXTENSION: 
* 
* 
* 
* 
* 
* 
* 
* 

INPUT: 

OUTPUT: 

INTERNAL: 

RECONR: MOVEM 
LEA 
LEA 
MOVE.W 
MOVE.W 
MOVEM 
RTS 
PAGE 

RECONR 
READ THE PARAMETER FROM THE SELECTED CONTROL REGISTER 

DO 

Dl 

D1 

DO/AO-A1,-(A7) 
INDEXT(PC),AO 
INDEXT+4(PC),A1 
DO,(AO) 
(A1),D1 
(A7)+,DO/AO-Al 

:REGISTER NUMBER 

: PARAMETER 

;DESTINATION REGISTER 
;READ PARAMETER 

************************************************************************** 
... SUBROUTINE: 
* FUNKTION: 
* 
* COMMAND-

* EXTENSION: 
* 
* INPUT: 
... 
* OUTPUT: 
... 
* INTERNAL: 
* 
* 
WRDPAR: MOVEM 

LEA 
LEA 

WRDPAR 
WRITE DRAWING PARAMETER INTO SELECTED DRAWING PARAMETER 
REGISTER 

DO 
D1 

DO-D2/AO-Al,-(A7) 
INDEXT(PC),AO 
INDEXT+4(PC),Al 

:REGISTER NUMBER 
:PARAMETER 

WRDP1 MOVE. W (AO) , D2 ;READ STATUSREGISTER 
;WRITE FIFO READY BTST #1,D2 



BEQ 
MOVE.W 
MOVE.W 
MOVE.W 
MOVEM 
RTS 

WRDP1 
#FIFO, (AO) 
DO, CAl) 
D1, CAl) 
CA7)+,DO-D2/AO-A1 

;WRITE COMMAND 
;WRITE PARAMETER 

.... 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* 
* COMMAND-
* EXTENSION: 
* 
* INPUT: 
* 
* OUTPUT: 
* 

'" INTERNAL: 
* 
* 
REDPAR: MOVEM 

LEA 
LEA 
BSR.S 
MOVE.W 
MOVE.W 
MOVE.W 
MOVEM 
RTS 
PAGE 

REDPAR 
LOAD PARAMETER FROM SELECTED DRAWING PARAMETER REGISTER 
INTO THE READ FIFO 

DO 

D1 

D2 

DO/D2/AO-A1,-CA7) 
INDEXT(PC),AO 
INDEXT+4CPC),A1 
CLFIFO 
#FIFO,(AO) 
DO,CAl> 
(Al> ,D1 
CA7)+,DO/D2/AO-A1 

:REGISTER NUMBER 

: PARAMETER 

;CLEAR READ FIFO 
;FIFO IS DESTINATION 
;WRITE REGISTER READ COMMAND 
;READ PARAMETER FROM FIFO 

**************"'*********************************************************** 
.... SUBROUTINE: 
* FUNKTION: 
.... 

* COMMAND-
* EXTENSION: 
* 
* INPUT: 
* 
* OUTPUT: 
* 
* INTERNAL: 

'" 
* 
RFIPAR: MOVEM 

LEA 
LEA 

RFST MOVE.W 
BTST 
BEQ.S 
MOVE.W 
BRA 

RFEND MOVEM 
RTS 

RFIPAR 
READ PARAMETERS FROM READ FIFO 
CBE SURE ) 

A2 :PARAMETER LIST 

WRITE THE CONTENTS OF READ FIFO INTO THE PARAMETERLIST 

D1 

D1/AO-A2,-CA7) 
INDEXT(PC),AO 
INDEXT+4CPC),Al 
(AO) ,D1 
#2,D1 
RFEND 
(Al>,(A2)+ 
RFST 
(A7)+,D1/AO-A2 

;READ STATUS REGISTER 
;READ FIFO EMPTY 

.... 

"'************************************************************************* 
* SUBROUTINE: 
'" FUNKTION: 
* 
* 
'" COMMAND­
* EXTENSION: 

CLFIFO 
SET AND RESET THE ABORT-BIT IN THE COMMAND CONTROL REGISTER 
AFTER EXECUTION THE READ FIFO AND THE WRITE FIFO WILL BE 
CLEARED 



* INPUT: 
* 
* OUTPUT: 
* 
* INTERNAL: 
* 
* 
CLFIFO: MOVEM 

MOVE.W 
BSR 
MOVE.W 
OR.W 
BSR 
MOVE.W 
AND.W 
BSR 
MOVEM 
RTS 
PAGE 

'" 

DO D1 D2 

DO-D2,-(A7) 
#CCR,DO 
RECONR 
#$8000,D2 
D2,Dl 
WRCONR 
#$7FFF,D2 
D2,D1 
WRCONR 
(A7)+,DO-D2 

,LOAD REGISTER NUMBER 
;READ CONTROL REGISTER 
,LOAD MASK 
,SET ABORT BIT 
,WRITE CONTROLREGISTER 
;LOAD MASK 
;RESET THE ABORT BIT 
;WRITE CONTROL REGISTER 

************************************************************************** 
.. SUBROUTINE: 
.. FUNKTION: 
* COMMAND­
.. EXTENSION: .. .. INPUT: 

* 
* .. OUTPUT: .. .. INTERNAL: .. .. 

WPARAM 
WRITE DATA TO THE PATTERN RAM 

PRA 

DO 
Dl 
A2 

:PATTERN RAM ADDRESS 

:COMMAND CODE 
:NUMBER OF WORDS 
:PARAMETER ADDRESS 

WRPLIS DS.W 16 

WPARAM: 

WPRI 

WPLP1 
WPLP2 

* 
'" 
'" 

MOVEM 
LEA 
MOVE.W 
OR.W 
MOVE.W 
LEA 
MOVEA.L 
MOVE.W 
MOVE.W 
BRA.S 
MOVE.W 
DBRA 
MOVEA.L 
BSR 
ADD.W 
BSR 
MOVEM 
RTS 

DO-D3/A2/A3/A4,-(A7) 
PRA(PC),A3 
(A3),D2 
D2,DO 
D1,D3 
WRPLIS(PC),A3 
A3,A4 
D3,(A3)+ 
Dl,D3 
WPLP2 
(A2)+, (A3)+ 
D3,WPLP1 
A4,A2 
WRCOM 
#l,Dl 
WRPARA 
(A7)+,DO-D3/A2/A3/A4 

;INSERT COMMAND EXTENSION 
;SAVE NUMBER OF WORDS 
;LOAD PATTERN LIST ADDRESS 

,WRITE ORIGN NUMBER OF WORDS 
;LOOP COUNTER TO D3 

,DEKREMENT AND JUMP 
;7777777777 
;WRITE COMMAND 

;WRITE PARAMETER 

************************************************************************** 
'" SUBROUTINE: 
* FUNKTION: 
* COMMAND-­
* EXTENSION: .. .. INPUT: 

RPARAM 
READ DATA FROM THE PATTERN RAM 

PRA 

DO 
D1 

:COMMAND CODE 
:NUMBER OF WORDS TO BE READ 



* OUTPUT: 

* INTERNAL: 

* 
* 

LERAM DC.W 
PRLIST DS.W 

RPARAM: MOVEM 
BSR 
LEA 
MOVE.W 
OR.W 
LEA 
MOVE.W 
BSR 
MOVE.W 
BSR 
LEA 
BSR 
MOVEM 
RTS 
PAGE 

* 

A2 

$0000 
16 

DO-D2/A2/A3,-(A7) 
CLFIFO 
PRA(PC),A3 
(A3),D2 
D2,DO 
LERAM(PC),A2 
D1,(A2) 
WRCOM 
~n ,D1 
WRPARA 
PRLIST(PC),A2 
RFIPAR 
(A7)+,DO-D2/A2/A3 

iPARAMETER ADDRESS 
iRESERVE 16 WORD 

iCLEAR FIFO 
iLOAD COMMAND EXTENSION ADDRESS 

iINSERT COMMAND EXTENSION 
iLOAD PARAMETER ADDRESS 

iWRITE COMMAND 
iONE PARAMETER TO BE WRITTEN 
iWRITE PARAMETER 
iLOAD PARAMETERLIST ADDRESS 
iREAD OUT READ FIFO 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* COMMAND­
* EXTENSION: 

* 
* INPUT: 

* 
* OUTPUT: 

* 
* INTERNAL: 

* 
* 

CLPATT: MOVEM 
LEA 
MOVE.W 
MOVE. W 
BSR 
MOVEM 
RTS 
PAGE 

CLPATT 
CLEARED THE PATTERN 

A2 DO D1 

DO/D1/A2,-(A7) 
PRAMO(PC),A2 
#WPTN,DO 
#16,D1 
WPARAM 
(A7)+,DO/D1/A2 

* 
************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* COMMAND­
* EXTENSION: 
* 
* INPUT: 
* 
* OUTPUT: 

* 
* INTERNAL: 
* 
* 
CPMOVE: MOVEM 

BSR 
MOVE.W 
BSR 
MOVEM 

CPMOVE 
MOVED CURRENTPOINTER ABSOLUT OR RELATIVE 

DO 
A2 
COMMANDCODE --> 
PARAMETER --> 
D1 

DO-D.1/A2,-(A7) 
WRCOM 
#2,D1 
WRPARA 
(A7)+,DO-D1/A2 

ACRTC 
ACRTC 

:COMMANDCODE 
:PARAMETERADRESS 

;WRITE COMMAND 
;NUMBER OF PARAMETERS 
iWRITE PARAMETERS 



RTS 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* COMMAND­
* EXTENSION: 
* 
* 
* 
* 
* 
* 
* 
* 

INPUT: 

OUTPUT: 

INTERNAL: 

LINREC MOVEM 
BSR 
BSR 
MOVE.W 
BSR 
MOVEM 
RTS 
PAGE 

LINREC 
DRAW AN ABSOLUTE OR RELATIVE LINE OR RECTANGLE 

AERA - COL - OPM 

DO 
A2 
COMMANDCODE 
PARAMETER 
D1 

:COMMANDCODE 
:PARAMETERADRESS 

--> ACRTC FIFO 
--> ACRTC FIFO 

DO-D1/A2.-(A7) 
SETMOD 
WRCOM 
#2.D1 
WRPARA 
(A7>+.DO-D1/A2 

;INSERT COMMANDEXTENSION 
;WRITE COMMAND 
;NUMBER OF PARAMETERS 
;WRITE PARAMETER 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* COMMAND­
* EXTENSION: 
* 
* 
* 
* 
* 
* 
* 
* 

INPUT: 

OUTPUT: 

INTERNAL: 

POLYLG: MOVEM 
BSR 
BSR 
MOVE.W 
MULU 
ADD.W 
BSR 
MOVEM 
RTS 

POLYLG 
DRAW AN ABSOLUTE OR RELATIVE POLYLINE OR POLYGON 

AERA - COL - OPM 

DO 
A2 
COMMANDCODE 
PARAMETER 
D1 

:COMMANDCODE 
:PARAMETERADRESS 

--> ACRTC FIFO 
--> ACRTC FIFO 

DO-D1/A2.-(A7) 
SETMOD 
WRCOM 
(A2).D1 
#2.D1 
#1.D1 
WRPARA 
(A7H.DO-D1/A2 

;INSERT COMMANDEXTENSION 
;WRITE COMMAND 
;NUMBER OF POINTS --> D1 
;*2 --> NUMBER OF PARAMETERS 

;WRITE PARAMETERS 

.... 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* COMMAND­
* EXTENSION: 
* 
* 
* 
* 
* 
* 
* 
* 

INPUT: 

OUTPUT: 

INTERNAL: 

DCIRCL: MOVEM 
BSR 
BSR 
MOVE.W 

DCIRCL 
DRAW CIRCLE CLOCKWISE OR COUNTERCLOCKWISE 

AERA - COL - OPM 

DO 
A2 
COMMANDCODE 
PARAMETER 
D1 

;COMMANDCODE 
;PARAMETERADRESS 

--> ACRTC FIFO 
--> ACRTC FIFO 

DO-D1/A2.-(A7) 
SETMOD ; INSERT COMMANDEXTENSION 

;WRITE COMMAND WRCOM 
#1.D1 ;NUMBER OF PARAMETER 



BSR 
MOVEM 
RTS 
PAGE 

WRPARA 
(A7)+,DO-DlIA2 

;WRITE PARAMETER 
; RESTORE 

'" 
"'***"'''''''*'''********''''''*''''''*'''*'''**'''********************************************* 
'" SUBROUTINE: 
* FUNKTION: 
* COMMAND­
* EXTENSION: 

'" 
'" 
* 
* 
* 

* 

INPUT: 

OUTPUT: 

INTERNAL: 

DELLIP: MOVEM 
BSR 
BSR 
MOVE.W 
BSR 
MOVEM 
RTS 

DELLIP 
DRAW A ELLIPSE CLOCKWISE OR COUNTERCLOCKWISE 

AERA - COL - OPM 

DO 
A2 
COMMANDCODE 
PARAMETER 
D1 

:COMMANDCODE 
:PARAMETERADRESS 

--> ACRTC FIFO 
--> ACRTC FIFO 

DO-D1/A2,-CA7) 
SETMOD 
WRCOM 
#3,D1 
WRPARA 
(A7)+,DO-D1/A2 

;INSERT COMMANDEXTENSION 
;WRITE COMMAND 
;NUMBER OF PARAMETERS 
;WRITE PARAMETER 
; RESTORE 

'" 
"'******"''''*'''*'''*****'''*************************************"'*"'************"'** 

'" SUBROUTINE: 

'" FUNKTION: 

'" 
* COMMAND-

'" EXTENSION: 

* 
* INPUT: 

'" 
* OUTPUT: 

* 
* INTERNAL: 
* 
* 
RLARC: MOVEM 

BSR 
BSR 
MOVE.W 
BSR 
MOVEM 
RTS 
PAGE 

'" 

RLARC 
DRAW CLOCKWISE OR COUNTERCLOCKWISE AN ABSOLUTE OR RELATIVE 
ARC 

AERA - COL - OPM 

DO 
A2 
COMMAND --> ACRTC FIFO 
PARAMETER--> ACRTC FIFO 
D1 

DO-D1/A2,-(A7) 
SETMOD 
WRCOM 
#4,D1 
WRPARA 
(A7)+,DO-D1/A2 

:COMMANDCODE 
:PARAMETERADRESS 

;INSERT COMMANDEXTENSION 
;WRITE COMMAND 
;NUMBER OF PARAMETERS 
;WRITE PARAMETER 

***"''''*******'''********'''***********'''*'''************************"'********"'**"'''' 
* SUBROUTINE: 

* FUNKTION: 
* 
* COMMAND-
* EXTENSION: 

* 
* INPUT: 
* 
* OUTPUT: 

* 
* INTERNAL: 
* 
* 
ELLARC: MOVEM 

BSR 

ELLARC 
DRAW CLOCKWISE OR COUNTERCLOCKWISE AN ABSOLUTE OR RELATIVE 
ELLIPSE ARC 

AERA - COL - OPM 

DO 
A2 
COMMAND --> ACRTC FIFO 
PARAMETER--> ACRTC FIFO 
D1 

DO-D1/A2,-(A7) 
SETMOD 

:COMMANDCODE 
:PARAMETERADRESS 

;INSERT COMMANDEXTENSION 



BSR WRCOM ;WRITE COMMAND 
MOVE.W #6,D1 ;NUMBER OF PARAMETERS 

;WRITE PARAMETER BSR WRPARA 
MOVEM (A7)+,DO-D1/A2 
RTS 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* 
* 
* COMMAND-
* EXTENSION: 
* 
* INPUT: 
* 
* OUTPUT: 
* 
* INTERNAL: 

* 
FILREC: MOVEM 

BSR 
BSR 
MOVE.W 
BSR 
MOVEM 
RTS 

FILREC 
FILLS AN ABSOLUTE OR RELATIVE RECTANGULAR AREA SPECIFIED 
WITH CP AND COMMAND PARAMETER WITH THE FIGURE PATTERN STORED 
IN THE PATTERN RAM 

AERA - COL - OPM 

DO 
A2 
COMMAND 
PARAMETER 
D1 

:COMMANDCODE 
:PARAMETERADRESS 

--> ACRTC FIFO 
--> ACRTC FIFO 

DO-D1/A2,-(A7) 
SETMOD 
WRCOM 
#2,D1 
WRPARA 
(A7)+,DO-D1/A2 

;INSERT COMMANDEXTENSION 
;WRITE COMMAND 
;NUMBER OF PARAMETER 
;WRITE PARAMETER 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* 
* 
* COMMAND-
* EXTENSION: 
* 
* 
* INPUT: 
* 
* OUTPUT: 
* 
* INTERNAL: 
* 
FILL: MOVEM 

* 

LEA 
LEA 

BSR 
MOVE.W 
AND.W 
BSR 

FILSTA BSR 
CLR.L 

RAGAIN MOVE.W 
BTST 
BNE.S 
BTST 
BEQ 
BRA.S 

REFIFO BSR 
MOVE.W 
MOVE.W 
BSR 
MOVE.W 

FILL 
FILLS A CLOSED AEREA SURROUNDED BY EDGE COLOR DEFINED IN 
THE PARAMETERREGISTER (EDG) USING THE FIGURE PATTERN 
SPECIFIED IN THE PATTERN RAM 

AERA (COL-MODE MUST SPECIFIED 00) 
(OPM-MODE MUST SPECIFIED 000) 

E EGDECOLOR INCLUDED IN THE COMMANDCODE 
DO COMMANDPARATER 
A2 PARAMETERADDRESS 
COMMAND --> ACRTC FIFO 
PARAMETER --> ACRTC FIFO 

DO-D2/AO/A2,-CA7) 
INDEXT(PC),AO 
COMFILLCPC),A2 

SETMOD 
#$FFEO,D1 
D1,00 
CLFIFO 
WRCOM 
D2 
(AO),D2 
#2,02 
REFIFO 
#5,D2 
RAGAIN 
FILEND 
RFIPAR 
4(A2),D1 
#PRC05,DO 
WRDPAR 
#AMOVE,DO 

;GET ADRESSREGISTER ADDRESS 
;LOAD PARAMETERLIST FOR COMPLEX 
;FIGURE PAINTING 
; INSERT COMMANDEXTENSION 
;LOAD MASK 
;MASK COMMANDCODE 
;CLEAR FIFO 
;WRITE COMMAND 
;CLEAR D3 
;READ STATUSREGISTER 
;READ FIFO READY 
;YES --> READ FIFO 
;COMMANO END 
;NO --> READ AGAIN 
;COMMAND END 
;READ FIFO 
;LOAD PP --> D1 
;LOAD PATTERN RAM CONTR.REG (PROS) 
;SPECIFY THE PATTERN POINT 
;LOAO ABSOLUTE MOVE 



BSR 
BRA 

FILEND MOVEM 
RTS 
PAGE 

CPMOVE 
FILSTA 
(A7)+,DO-D2/AO/A2 

;SPECIFY THE START POINT 
;FILL THE AERA 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* COMMAND­
* EXTENSION: 
.... 

* INPUT: 
.... 

* OUTPUT: 
.... 

* INTERNAL: 
.... 

* 
SETDOT: MOVEM 

BSR 
BSR 
MOVEM 
RTS 

'" 
* 

SETDOT 
MARKS A DOT ON THE COORDINATE WHERE THE CP POINTS 

AERA - COL - OPM 

DO 

DO,-(A7) 
SETMOD 
WRCOM 
(A7)+,DO 

:COMMAND CODE 

;INSERT COMMAND EXTENSION 
;WRITE COMMAND 

************************************************.***.**.********.********* 
* SUBROUTINE: 
.... FUNKTION: 

* 
* COMMAND­
* EXTENSION: 

* 
* 
* 
* 
* 

INPUT: 

* OUTPUT: 
* 
* INTERNAL: 

* 
* 
PATDRA: MOVEM 

MOVEA.L 
BSR 
LEA 
MOVE.W 
OR.W 

* 
BSR 
MOVE.W 
BSR 
MOVEM 
RTS 
PAGE 

'" 

PATDRA 
DRAW PATTERN ONTO THE RECTANGULAR AERA SPECIFIED BY THE 
CURRENT POINTER AND BY THE PATTERN SIZE 

AERA - COL - OPM 
SL 
SD 

DO 
A2 

DO-DI/A2/A3,-(A7) 
A2,A3 
SETMOD 
SLSD(PC),A3 
(A3),Dl 
Dl,DO 

WRCOM 
#I,Dl 
WRPARA 
(A7)+,DO-DI/AZ/A3 

:SLANT (BIT 11 ) 
:SOURCE DIRECTION (BIT 10 - 8) 

:COMMAND CODE 
:PARAMETERADDRESS 

;STORE PARAMETERADDRESS 
; INSERT COMMAND EXTENSION 
;LOAD SL AND SD EXTENSION ADDRESS 

;INSERT COMMAND EXTENSION EXCEPT 
;AERA - COL - OPM MODE 
;WRITE COMMAND 
;NUMBER OF PARAMETER 
;WRITE PARAMETER 

************************************************************************.* 
* SUBROUTINE: 
* FUNKTION: 
* 
* 
• 
• 
• 
* 
* 

COMMAND-
EXTENSION: 

INPUT: 

GRACPY 
COPIES A RECTANGULAR AREA SPECIFIED BY THE ABSOLUTE OR 
RELATIVE COORDINATES TO THE ADDRESS SPECIFIED BY THE 
CURRENT POINTER (CP) 

AERA -
S 
DSD 
DO 

COL - OPM 
:SOURCE SCAN DIRECTION (BIT 11) 
:DESTINATION SCAN DIRECTION (BIT 10-8 
:COMMAND CODE 



* A ~, 
"- :PARAMETERADDRESS 

* OUTPUT: 
* 
* INTERNAL: 
* 
* 
GRACPY: MOVEM DO-D1/A2/A3,-(A7) 

MOVEA.L A2,A3 ;STORE PARAMETERADDRESS 
BSR SETMOD ; INSERT COMMANDEXTENSION 
MOVE.W #$FFC7,Dl ;LOAD MASK 
AND.W D1,DO ;MASK COMMAND CODE 
LEA SDSD(PC),A3 ;LOAD EXTENSION ADDRESS 
MOVE.W (A3),D1 ; 
OR.W D1,DO ;INSERT EXTENSION SAND DSD 
BSR WRCOM ;WRITE COMMAND 
MOVE.W #4,D1 ;NUMBER OF PARAMETER 
BSR WRPARA ;WRITE PARAMETER 
MOVEM (A7)+,DO-D1/A2/A3 
RTS 
PAGE 

'" 

***************************************************************************** 
* 
* 
* 

ASSEMBLER INTERFACE DRIVER ACRTC 
* 
* 
* 

***************************************************************************** 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 

* 
* INPUT: 

* 
* 
* OUTPUT: 
* 
* INTERNAL: 
* 

OPOINT 
ASSOCIATES A LOGICAL 
BUFFER ADDRESS 
DO 
D1 
D2 

X - Y SCREEN WITH PHYSICAL FRAME 

:SCREEN NUMBER 
:X - COORDINATE 
:Y - COORDINATE 

************************************************************************** 

OPOINT: MOVEM 
LEA 
MOVE.L 
DIVU 
MOVE.L 
MOVE.L 
MUI.U 
DIVU 
AND.I. 
ADD.L 
MOVE.L 
DIVU 
I.SR.L 

DO-D7/A2/A3,-(A7) 
BILDPACPC),A2 
(A2)+,D3 
#4,D3 
(A2)+,D4 
(A2),D5 
D2,D3 
#4,D1 
#$0000FFFF,D1 
D1,D3 
D3,D6 
#4,D6 
#8,D6 

;LOAD DISPLAY PARAMETER 
;PIXEL PER LINE (FRAME) 
;IN WORD PER LINE 
;NUMBER OF RASTERS (FRAME) 
;DISPLAY START ADDRESS 

;X COORDINATE IN WORDS 
;REST AUSBLENDEN 
;PHYSICAL ADDRESS 



LSR.L 
AND.L 
ADD.L 
LSL.L 
OR.L 
AND.L 
MOVE.L 
LSL.L 
OR.L 
LEA 
LEA 
MOVE.W 
MOVE.W 
SWAP 
MOVE.W 
MOVE.W 
MOVE.W 
BSR 
MOVEM.L 
RTS 

ORGPAR DC.W 
DC.W 

ORGRWD DC.W 
DC.W 

BILDPA DC.L 
DC.L 
DC.L 

#8,D6 
#$C,D6 
D5,D3 
#4,D3 
D6,D3 
#$00FFFFFF,D3 
#30,D7 
D7,DO 
DO,D3 
ORGRWD(PC),A3 
ORGPAR(PC),A2 
D3,2(A3) 
D3,2(A2) 
D3 
D3,(A3) 
D3,(A2) 
#ORIG,DO 
CPMOVE 
(A7)+,DO-D7/A2/A3 

$0000 
$0000 

$0000 
$0000 

1536 
1200 
$12ACO 

;PIXEL IN WORD (DPD) 
;MASKED 
;PLUS DISPLAY START OFFSET 

;INSERT DPD 

;INSERT SCREEN NUMBER 

;NULL POINT 

;STORE DPL 
; 

;STORE DPH 

;SET ORIGN 

;DPH 
;DPL 

iDGH 
,DPL 

;PIXEL PER LINE 
iNUMBER OF RASTER 
;DISPLAY START ADDRESS 

************************************************************************* 
* SAVE ORIGN 

EVEN 
ORIGSAV DC.W 

DC.W 

SAVORG: MOVEM.L 
LEA 
LEA 
MOVE.W 
MOVE.W 
MOVEM.L 
RTS 

$0000 
$0000 

A4/A3,-(A7) 
ORGPAR(PC),A4 
ORIGSAV(PC),A3 
(A4)+, (A3)+ 
(A4), (A3) 
(A7)+,A4/A3 

************************************************************************** 
* CLEAR SCREEN 
DSCLPA DC.W $0,$FF,$320 

DSCLEAR MOVEM.L DO-D2/A2,-(A7) 
MOVE.L #l,DO 
MOVE.L #0,D1 
MOVE.L #800,D2 
BSR OPOINT 
LEA ORGRWD(PC),A2 
MOVE.W #DRWPH,DO 
MOVE.W (A2)+,Dl 
BSR WRDPAR 
MOVE.W #DRWPL,DO 
MOVE.W (A2),Dl 
BSR WRDPAR 
MOVE.W #CLR,DO 
BSR WRCOM 



MOVE.W 
LEA 
BSR 

LEA 
MOVE.W 
BSR 
MOVEM.L 
RTS 

#3,D1 
DSCLPA(PC),A2 
WRPARA 

ORIGSAV(PC),A2 
#ORIG,DO 
CPMOVE 
(A7)+,DO-D2/A2 

************************************************************************** 
* SUBROUTINE: ABMOVE 
* FUNKTION: ABSOLUT MOVE 
* 
* INPUT: A2 :PARAMETER ADDRESS 
* 
* OUTPUT: 
* 
* INTERNAL: 
* 
************************************************************************** 

ABMOVE: MOVE.W 
BSR 
RTS 

:JI:AMOVE,DO 
CPMOVE 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: .. 
* 
* 

INPUT: 

* OUTPUT: .. 
.. INTERNAL: 

REMOVE 
RELATIVE MOVE 

A2 :PARAMETER ADDRESS 

.. 
************************************************************************** 

REMOVE: MOVE.W 
BSR 
RTS 

#RMOVE,DO 
CPMOVE 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* 
* 
* 

INPUT: 

* OUTPUT: 

* 
* INTERNAL: 

ABLINE 
DRAW AN ABSOLUT LINE 

A2 :PARAMETER ADDRESS 

.. 
************************************************************************** 

ABLINE: MOVE.W 
B5R 

#ALINE,DO 
LINREC 



RTS 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* 
* 
* 

INPUT: 

* OUTPUT: 

* 
* INTERNAL: 

RELINE 
DRAW A RELATIVE LINE 

A2 :PARAMETER ADDRESS 

* 
************************************************************************** 

RELINE: MOVE.W 
BSR 
RTS 

#RLINE,DO 
LINREC 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* 
* 
* 

INPUT: 

* OUTPUT: 
* 
* INTERNAL: 

ABRECT 
DRAW AN ABSOLUT RECTANGLE 

A2 :PARAMETER ADDRESS 

* 
************************************************************************** 

ABRECT: MOVE.W 
BSR 
RTS 

#ARCT,DO 
LINREC 

************************************************************************** 
* SUBROUTINE: 
" FUNKTION: 
* 
* 
* 

INPUT: 

* OUTPUT: 
* 
* INTERNAL: 

RERECT 
DRAW A RELATIVE RECTANGLE 

A2 :PARAMETER ADDRESS 

* 
************************************************************************** 

RERECT: MOVE.W 
BSR 

#RRCT,DO 
LINREC 



RTS 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* 
* INPUT: 

* 
* OUTPUT: 
* 
* INTERNAL: 
* 

ABPOLL 
ABSOLUT POLYLINE 

A2 :PARAMETER ADDRESS 

************************************************************************** 

ABPOLL: MOVE.W 
BSR 
RTS 

IAPLL,DO 
POLYLG 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* 
* 
* 

INPUT: 

* OUTPUT: 
* 
* INTERNAL: 

REPOLL 
RELATIVE POLYLINE 

A2 :PARAMETER ADDRESS 

* 
************************************************************************** 

REPOLL: MOVE. W 
BSR 
RTS 

IRPLL,DO 
POLYLG 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* 
* INPUT: 

* OUTPUT: 
* 
* INTERNAL: 

ABPOLG 
ABSOLUT POLYGON 

A2 :PARAMETER ADDRESS 

* 
************************************************************************** 

ABPOLG: MOVE.W 
BSR 

IAPLG,DO 
POLYLG 



RTS 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* 
* 
* 

INPUT: 

* OUTPUT: 
* 
* INTERNAL: 

REPOLG 
RELATIVE POLYGON 

A2 :PARAMETER ADDRESS 

* 
************************************************************************** 

REPOLG: MOVE.W 
BSR 
RTS 

#RPLG,DO 
POLYLG 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 

* 
* 
* 
* 
* 

INPUT: 

* OUTPUT: 
* 
* INTERNAL: 
* 

CIRCLE 
DRAW A CIRCLE 

A2 
D1 

:PARAMETER ADDRESS 
:DRAWING DIRECTION 
:D1 = 1 CLOCKWISE 
:D1 = 0 COUNTERCLOCKWISE 

************************************************************************** 

CIRCLE: CMP #1,D1 ;COMPARE DRAWING DIRECTION 
BNE.S CIR1 
MOVE.W #CRCL1,DO ;CLOCKWISE 
BRA.S CIR2 

CIR1 MOVE.W #CRCLO,DO ; COUNTERCLOCKWISE 
CIR2 BSR DCIRCL ;DRAW 

RTS 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* 
* INPUT: 
* 
* 
* 
* OUTPUT: 
* 
* INTERNAL: 
* 

ELLIPS 
DRAW AN ELLIPSE CLOCKWISE OR COUNTERCLOCKWISE 

A2 :PARAMETER ADDRESS 
D1 :DRAWING DIRECTION 

:D1 = 1 CLOCKWISE 
:D1 = 0 COUNTERCLOCKWISE 

************************************************************************** 



ELLIPS: 

ELL1 
ELL2 

CMP 
BNE.S 
MOVE.W 
BRA.S 
MOVE.W 
BSR 
RTS 

#1.D1 
ELL1 
#ELPS1,DO 
ELL2 
#ELPSO,DO 
DELLIP 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* 
* INPUT: 
* 
* 
* 
* OUTPUT: 
* 
* INTERNAL: 
* 

ABC ARC 
DRAW AN ABSOLUTE CIRCLE ARC CLOCKWISE OR COUNTERCLOCKWISE 

A2 :PARAMETER ADDRESS 
D1 :DRAWING DIRECTION 

:D1 = 1 CLOCKWISE 
:D1 = 0 COUNTERCLOCKWISE 

************************************************************************** 

ABCARC: CMP #1,D1 
BNE.S ACARC1 
MOVE.W #AARC1,DO 
BRA.S ACARC2 

ACARC1 MOVE.W #AARCO,DO 
ACARC2 BSR RLARC 

RTS 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 

* INPUT: 
* 
* 
* 
* OUTPUT: 

* 
* INTERNAL: 

* 

RECARC 
DRAW A RELATIVE CIRCLE ARC CLOCKWISE OR COUNTERCLOCKWISE 

A2 :PARAMETER ADDRESS 
D1 :DRAWING DIRECTION 

:D1 = 1 CLOCKWISE 
:D1 = 0 COUNTERCLOCKWISE 

************************************************************************** 

RECARC: CMP #1.D1 
BNE.S RCARC1 
MOVE.W #RARC1,DO 
BRA.S RCARC2 

RCARC1 MOVE.W #RARCO,DO 
RCARC2 BSR RLARC 

RTS 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 

* 
* INPUT: 

ABEARC 
DRAW AN ABSOLUTE ELLIPS ARC CLOCKWISE OR COUNTERCLOCKWISE 

A2 :PARAMETER ADDRESS 



* 
* 
* 
* OUTPUT: 

* 
* INTERNAL: 

D1 :DRAWING DIRECTION 
:D1 = 1 CLOCKWISE 
:D1 = 0 COUNTERCLOCKWISE 

* 
************************************************************************** 

ABEARC: 

AECR1 
AECR2 

CMP 
BNE.S 
MOVE.W 
BRA.S 
MOVE.W 
BSR 
RTS 

#1,D1 
AECR1 
#AEARC1,DO 
AECR2 
#AEARCO,DO 
ELLARC 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* 
* INPUT: 

* 
* 
* 
* OUTPUT: 
* 
* INTERNAL: 

* 

REEARC 
DRAW A RELATIVE ELLIPS ARC CLOCKWISE OR COUNTERCLOCKWISE 

A2 :PARAMETER ADDRESS 
D1 :DRAWING DIRECTION 

:D1 = 1 CLOCKWISE 
:D1 = 0 COUNTERCLOCKWISE 

************************************************************************** 

REEARC: 

RECR1 
RECR2 

CMP 
BNE.S 
MOVE.W 
BRA.S 
MOVE.W 
BSR 
RTS 

#1,D1 
RECR1 
#REARC1,DO 
RECR2 
#REARCO,DO 
RLARC 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* 
* INPUT: 
* 
* OUTPUT: 

* 
* INTERNAL: 

ABFRCT 
ABSOLUT FILLED RECTANGLE 

A2 :PARAMETER ADDRESS 

* 
************************************************************************** 

ABFRCT: MOVE.W 
BSR 
RTS 

#AFRCT,DO 
FILREC 



*"******************************************"*"**************************** 
* SUBROUTINE: 
" FUNKTION: 
* 
* 
* 

INPUT: 

* OUTPUT: 
* 
* INTERNAL: 

* 

REFRCT 
RELATIVE FILLED RECTANGLE 

A2 :PARAMETER ADDRESS 

************************************************************************** 

REFRCT: MOVE.W 
BSR 
RTS 

#RFRCT,DO 
FILREC 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* 
* INPUT: 
* 
* OUTPUT: 

* * INTERNAL: 
'* 

PAINT 
FILLED A CLOSED AERA 

Dl :Dl = 0 
:Dl = 1 

EDGECOLOR MODE 

************************************************************************** 

PAINT: CMP #l,Dl 
BNE.S PAINl 
MOVE.W #PAINTO,DO 
BRA.S PAIN2 

PAINl MOVE.W #PAINT1,DO 
PAIN4 BSR FILL 

RTS 

**"*"***"*'*******"**"**************""****""******************************* 
* SUBROUTINE: 
* FUNKTION: 
'* 
* 
" 

INPUT: 

* OUTPUT: 
" 
" INTERNAL: 

DRADOT 
DRAW A DOT 

" 
"""*********************************************************************** 

DRADOT: MOVE.W 
BSR 
RTS 

iDOT·, DO 
SETDOT 



************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* 
* INPUT: 

* 
* OUTPUT: 
* 
* INTERNAL: 

PTTERN 
DRAW GRAPHIC PATTERN WHICH STORED IN PATTERN RAM 

A2 :PARAMETER ADDRESS 
: (SZ: SZY, SZX) 

* 
************************************************************************** 

PTTERN: MOVE.W 
BSR 
RTS 

#PTN,DO 
PATDRA 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 

* 
* INPUT: 
* 
* OUTPUT: 
* 
* INTERNAL: 
* 

ABGCPY 
ABSOLUT GRAPHIC COPY 

A2 :PARAMETER ADDRESS 

************************************************************************** 

ABGCPY: MOVE.W 
BSR 
RTS 

#AGCPY,DO 
GRACPY 

************************************************************************** 
* SUBROUTINE: 
* FUNKTION: 
* 
* INPUT: 
* 
* OUTPUT: 
* 
* INTERNAL: 
* 

REGCPY 
RELATIVE GRAPHIC COPY 

A2 :PARAMETER ADDRESS 

************************************************************************** 

REGCPY: MOVE.W 
BSR 

#RGCPY,DO 
GRACPY 



RTS 

**************************************************************************** 
**************************************************************************** 
* VERTIKAL-BLANK ABWARTEN 

BLNKTST 
BLNKI 

MOVE 
BSR 
CMP 
BLS 
RTS 

#RCR,DO 
RECONR 
#860,Dl 
BLNK1 

RASTER-COUNT-REGISTER LESEN 

**************************************************************************** 
* SUBROUTINE 
* FUNKTION 
* IN 
* OUT 
* INTERNAL 

COLTAB MOVEM 
MOVEA.L 
LEA 
MOVE.L 

BUI MOVE.W 
DBRA 

* 
MOVEA.L 
LEA 
MOVE.L 

BU2 MOVE.W 
DBRA 

'" 
* 

MOVEA.L 
LEA 
MOVE.L 

BU3 MOVE.W 
DBRA 
MOVEM 
RTS 

BLAU DC.W 
EVEN 

ROT DC.W 
EVEN 

GRUEN DC.W 
EVEN 

COLTAB 
LOAD THE COLORTABLES RED GREEN BLUE 

A2 A3 DO 

A2/A3/DO,-CA7) 
#COLTR,A2 
ROT(PC),A3 
#15,DO 
(A3)+,(A2)+ 
DO,BUI 

#COLTG,A2 
GRUEN(PC),A3 
#15,DO 
(A3) + , (A2) + 
DO,BU2 

#COLTB,A2 
BLAU(PC),A3 
#15,DO 
(A 3) + , (A2) + 

DO,BU3 
(A7)+,A2/A3/DO 

0,0,0,255,0,255,255,255,0,0,127,0,127,127,127,0 

0,255,0,0,255,255,0,255,127,0,0,127,127,0,127,255 

0,0,255,0,255,0,255,255,0,127,0,127,0,127,127,136 

*************************************************************************** 
*************************************************************************** 
*************************************************************************** 

* 
* 
* 
* 
PRAMO 

PATTER RAM 

DC.W 
EVEN 

0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 

'" 
***************************************************************************** 
* VERSCHIEDENE PATTERN 

* SCHRAFFUR 

PATTER1 DC.W $8080,$4040,$2020,$1010,$0808,$0404,$0202,$0101 



DC.W $8080,$4040,$2020,$1010,$0808,$0404,$0202,$0101 

* SCHRAFFUR1 

PATTER2 

* 

PATTER3 

* 

PATTER4 

* 

PATTER5 

* 

PATTER6 

* 

PATTER7 

DC.W 
DC.W 

MOSAIK 

DC.W 
DC.W 

KLEEBLAT 

DC.W 
DC.W 

SYMBOL1 

DC.W 
DC.W 

SYMBOL2 

DC.W 
DC.W 

COURSOR 

DC.W 
DC.W 
EVEN 
END 

$8888,$8888,$8888,$BBBB,$BBBB,$8888,$8888,$8888 
$8888,$8888,$8888,$B88B,$8888,$8888,$8888,$8888 

$0000,$7FFE,$4002,$4002,$4FF2,$4812,$4812,$4992 
$4992,$4812,$4812,$4FF2,$4002,$4002,$7FFE,$0000 

$COOO,$7E78,$2188,$6186,$4182,$4182,$4182,$3FFC 
$3FFC,$4182,$4182,$4182,$6186,$1188,$lE78,$0000 

$B005,$500B,$2424,$13C8,$0810,$0420,$0240,$0420 
$0810,$1188,$1248,$1188,$0810,$6426,$1242,$0180 

$0000,$OOOO,$OOOO,$0780,$1840,$1720,$2110,$472C 
$4952,$C126,$7EEE,$30C4,$38E7,$38E3,$0000,$OOOO 

$0000,$lFEE,$OFFE,$07FE,$03FE,$01FE,$01FE,$03FE 
$07FE,$OFOE,$lFOE,$3E06,$7C02,$7800,$3000,$0000 
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* * 
* * 

* 
* 
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without notice and 
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this document is subject to change * 
should not be construed as a commitment * 

* * 
* * 
* Neither FORCE Computers nor the authors assume any responsi- ~ 
* bility for the use or reliability of this document or the * 
* described software. * 
* * 
* Copyright eC) 1986. FORCE Computers * 
* * 
* * 
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* hereby granted. provided that the above copyright notice is * 
* included and reference made" to the fact that reproduction * 
* privileges were granted by FORCE Computers. * 
* * 
****************************************************************** 

1----------------------------------------------------------------

1 

1 

1 

This library is used as driver for the AGe. 
The implemented commands can be linked to a user program 
as follows: 

File name: 
Programmed by: 
Date: 

F77 EXAMPLE 
F77L EXAMPLE,AGCLIB/L,XLIB/L 

AGCLIB:DOC 
K. Nguyen-Thanh 
09/18/86 

1----------------------------------------------------------------

1-----------------------------------------1 
1 1 

AGe Address register: $C3COOO 1 
AGC Data register: eC3C002 I 

1 1 
1-----------------------------------------1 



******************************************************************* 
* 
* 
* 

INITIALISATION COMMANDS 
* 
* 
* 

******************************************************************* 

1---------------------------------------1 
I Subroutine: RESET 1 1 

Function: reset AGC I 
1---------------------------------------1 

call RESET 1 

1---------------------------------------1 
1 Subroutine: CLEARI 1 
1 

Function: clear image memory 

Ram Address COOOOO - C40000 
1 and C40000 - E3FFFE 1 
1---------------------------------------1 

call CLEARI 



1-----------------·--------------------------------------------------
Subroutine: INIT1 

Function: Initialize the screen 

Note: The Information to be used for the Initialistion 
of the AGe is written in the file 'SCREEN:DAT' 
It can be modified, when mode=1. 
If mode=O, the screen will be initialized auto­
maticly. 
Mode=1: 
After the Modification the Information is saved 
and a ind~x > 60 must be entered to start the 

1 initialisation. 
1-------------------------------------------------------------------

integer mode 

CALL INIT1(mode) 

Example: 

The frame for non-interlced screen and 4 bit mode(GBM) 
is initialized as follows: 

horizon~al sync(r82) 
horizontal dispCr84) 
vertical sync (r86) 
vertcal display(r88) 

# of lines displayed 
# of pixel per line 
# memory start address 
# no zoom 
4 bit/pixel CCR 

#$5809 -> hc=58, hws=09 
#$03BF -> us=B , hdw=3F 
#$0383 -> 899 lines 
1$3aOl -> back porch 59 lines 

(r02) 

-> vsync lline 
800 
1024 
1$12ACO 

base screen enabled DCR (r06) 
ACRTC is master,GAI=8 (r04) 

#$200 
I$COIO 
I$C038, non-interlaced 

1-------------------------------------------------------------------

call INITI(O) 

1-------------------------------------------------------------------1 
1 Subroutine: GCP16 1 
1 1 

Function: load color chips 16 times 
Address for color rot chip = eC36000 
Address for color green chip $C38000 
Address for color blue chip = eC3AOOO 

1 Predefined values (in file AGDDEF:SR) 
1-------------------------------------------------------------------1 

call GCPl6 

At first the AGC must be reset, initialized. The memory 
must be cleared and the color chips must be loaded in 
the sequence below: 

call RESET1 
call CLEAR 1 
call INITl(O) or call INITl(l) 
call GCP16 



*********************************************************************** 
* The following 6 routines can be used to set the graphic * 
* parameters: * 
* - source scan direction call SETSSD(ssd) .. 
* - destination scan direction call SETDSD(dsd) * 
* - pat.tern RAM address call SETPRA(pra) * 
* - graphic area call SETAER(aer) .. 
* - modify mode call SETMFY(mm) * 
* - operation mode call SETOPM(op) .. 
* .. 
* The defauld values of ssd,dsd,pra,aer,mm,op are O. * 
* * 
*********************************************************************** 

I-----------------------------~---------------------------------------1 
I Subroutine: SETSSD 1 
I I 
I Function: set source SCAN direction in SDSD. 1 
I 1 
I Note: This function set the defauld for the bit 11 for all 1 

the commands codes using the source scan direction. 1 
1 ssd = 0 or 1 1 
1---------------------------------------------------------------------1 

integer ssd 

call SETSSD(ssd) 

Example: 

call SETSSD(O) 

1---------------------------------------------------------------------1 
1 Subroutine: SETPRA 1 
1 1 

Function: set pattern RAM address. 

This function sets the defauld for Bit (0-3) for all 
the commands codes using the pattern RAM. 
A pattern contains 16 words (16x16 bytes). 

1 The pattern RAM address (pra) ranges from 0 to 15. 1 
1---------------------------------------------------------------------1 

integer pra 

call SETPRA (pra) 

Example: 

call SETPRA(l) 



[--------------------------------------------------------------------1 
1 Subroutine: SETAER 

Function: Set area-mode. 

Note: This function sets the defauld for Bits (5-7) for alll 
1 the commands codes using the aera. 1 
1 The aeras (aer) range from 0-7. 1 
1--------------------------------------------------------------------1 

integer aer 

call SETAER(aer) 

Example: 

call SETAER(l) 

I------------~-------------------------------------------------------1 
1 Subroutine: SETOPM 1 
1 1 
1 Function: Set operation mode. 

Note: Bit (0-2) in the command code, which depended to the 
operation mode, will be set to opm. 

1 The operation mode ranges from 0 - 7 1 
1--------------------------------------------------------------------1 

integer opm 

call SETOPM(opm) 

Example: 

call SETOPM(l) 

1----------------------------------------------------------------------------1 
1 Subroutine: SETMFY 1 

1 

Function: 

Note: 

Set modify mode. 

This function sets the defauld for Bits (0-1) for all 
the commands codes using the mofify mode. 
mm ranges from 0 to 3. 

datal 
1 

1 

mm 0: replace frame buffer data with command parameter 
mm 1: OR frame buffer data with command parameter data. 
mm 2: AND frame buffer data with command parameter data. 
mm - 3: EOR frame buffer data with command parameter data. 

and rewrite to frame buffer. 
I ---------------------------------------------------------------------------

integer mm 

call SETMFY(mm) 

Example: 

call SETMFY(l) 



********************************************************************** 
* 
* 
* 

THE FOLLOWING ARE GRAPHIC COMMANDS 
* 
* 
* 

********************************************************************** 

1--------------------------------------------------------------------1 
1 Subrout~ne: ABMOVE 1 
1 1 
1 Function: Absolute move"to the position (ay,ax) 
1 
1 Note: 1 
1--------------------------------------------------------------------1 

integer ax,ay 

call ABMOVE(ay,ax) 

Example: 

call ABMOVE(lOO,200) 

1--------------------------------------------------------------------1 
1 Subrout~ne REMOVE 1 

1 
Function: Relative move to the position (ry,rx). 1 

1 
1 Note: 1 
1--------------------------------------------------------------------1 

integer ry,rx 

call REMOVE(ry,rx) 

Example: 

call REMOVE(lOO,200) 



t--------------------------------------------------------------------1 
1 Subroutine SCOLO 
1 

Function The color register 0 (CLO) is set to 'col'. 

Note: This register defines the drawing color in addition t.o 
t.he color register (CLl) . 
If t.he Bcaned pattern RAM is equal t.o ' 0 ' the color is 
in CLO. 
If the scaned pattern RAM is equal to ' I ' the color is 
in CL1.(See also SCOLI) . 

1 

I-------------------------~------------------------------------------
integer col 

call SCOLO(col) 

Example: set color white 

call SCOLl< 7) 

1--------------------------------------------------------------------
1 Subroutine SCOL1 

1 
1 

1 

Funct.ion: 

Note: 

The color register I (CLI) is set to 'col'. 

This register defines the drawing color in addition to 
the color register 0 (CLO). 
If the scaned pattern RAM is equal to '1' the color is 
in CLI. 
If the scaned pattern RAM 
in CLO.(see also SCOLO). 

is equal to , 0 ' the color is 

1--------------------------------------------------------------------
integer col 

call SCOLl(col) 

Example: set color white 

call SCOLl(7) 

1--------------------------------------------------------------------1 
Subroutine: SECOL 1 

Function: Set edge color register. 

Note: The paint command oan change the edg 00101'. 

1--------------------------------------------------------------------1 
int.egE,r edool 

call SECOL(edcol) 

Example: 

oal1 SECOL(S) 



J--------------------------------------------------------------------1 
1 Subroutine: ABRECT 1 
I 1 

Function: Draw an absolute rectangle. 1 

The rectangle is defined by the current 
point (CP) and the absolute cordinate x,y. 

1 
I Note: 1 

1--------------------------------------------------------------------1 
I integer x,y 

call ABRECT(y,x) 

Example: draw a rectangle defined by absolute cordinate (100,200) 
and (150,300). 

call ABMOVE(100,200) 
call ABRECT(150,300) 

I--------------------------------------~-----------------------------1 
Subroutine: RERECT 1 

1 
Function: Draw a relative rectangle. 1 

The rectangle is defined by CP and the 1 
relative coordinate dx,dy. I 

I Note: I 
1--------------------------------------------------------------------1 

inteqer dx,xy 

call RERECT(dy,dx) 

Example: If the current point(CP) is at (100,200), this 
example will draw the rectangle between (100,200) 
and (150,300). 

call RERECT(SO.lOO) 

1--------------------------------------------------------------------1 
I Subroutine: ABPOLL 

Function: Draw an absolute polyline. 
Each line from polyline connects the absolute 
coordinate with the previous coordinate. 

Note: abuf is an array of coordinates (xl,yl ... xn,yn) 
I n is the number of the coordinates +1. 1 

1--------------------------------------------------------------------1 
integer abuf(512),n 

call ABPOLL(abuf,n) 

Example: draw a polyline consists of 2 lines. 

abuf(l)=lOO 
abuf' (2'):= 100 
abuf(;3)=200 
abuf(4)=-200 
call ABMOVE(O.O) 
call ABPOLL(abuf,S) 



1--------------------------------------------------------------------1 
1 Subroutine: REPOLL 1 

1 
Function: Draw a relative polyline. 

Each line from polyline connects the relative 
coordinate with the previous coordinate. 

Note: abuf is an array of coordinates (x1,yl ... xn,yn). 
n is number of the coordinates +1. 

1--------------------------------------------------------------------1 
integer abuf(S12),n 

call REPOLL(abuf,n) 

Example: draw a polyline consists of 2 lines. 

abufCl)=100 
abuf(2)=100 
abuf(3)=lOO 
abuf(4)=-300 
call ABMOVE<O,O) 
call REPOLL(abuf.S) 

1---------------------------------------------------------~----------I 
I Subroutine: ABPOLG 1 
1 1 
1 Function: Draw a absolute polygon. 

The same as ABPOLL but an additioned line connects 
the last coordinate with the first one. 
And a line connects the last - with the 
first coordinate 

Note: abuf is an array of coordinate (x1,y1 .. ~xn,yn) 
n is number of the coordinates +1 1 

1---------------------------------------------------------------------1 
integer abuf(512),n 

call ABPOLG(abuf,n) 

Example: draw a rectangle with polygon. 

abuf(l)=lO() 
abuf(2)=O 
abuf(3)=100 
abuf(4)=100 
abuf(S)=O 
abuf(6)=100 
call ABMOVE(O,O) 
call ABPOLL(abuf,7) 



1--------------------------------------------------------------------1 
Subroutine: REPOLG 

Function: Draw a relative polygon. 
The same as REPOLL but an additioned line connects 
the last coordinate with the first one. 1 

1 
Note: abuf is an array of coordinates (x1.y1 ... xn.yn). 1 

n is number of the coordinates +1. 1 
1---------------------------------------------------------------------1 

integer abuf(S12).n 

call REPOLG(abuf.n) 

Example: Draw a rectangle with polygon. The same rectangle 
as with ABPOLG. 

abuf(l)=lOO 
abuf(2)=O 
abuf(3)=O 
abuf(4)=lOO 
abufCS)=-100 
abuf(6)=O 
call ABMOVE(O.O) 
call REPOLG(abuf,7) 

1--------------------------------------------------------------------1 
Subroutine: ABCARC 1 

Funct.ion: 

Note: 

Draw a circle arc from current point to an 
absolute end point. 

xe.ye: endpoint. 
1 xc.yc: center. 

1 

1 dir: drawing direction. 1 

1--------------------------------------------------------------------1 
integer xe,ye,xc,yc,dir 

call ABCARC(ye,xe.yc,xc,dir) 

Example: draw a circle arc as half circle. 

call ABMOVE(lSO,lSO) 
call ABCARC(200,lSO,lOO,150,1) 



1-----------------------------------------------------,---------------1 
1 Subroutine: RECARC 
1 

Function: Draw a relative circle arc from current point to an 
absolute end point. 

Nate: xe,ye relative endpoint to CPo 
xc,yc relative cent~r to CPo 
dir: drawing direction. 1 

1---------------------------------------------------------------------
integer ye,xe,yc,xc,dir 

call RECARC(ye,xe,yc,xc,dir) 

Example: draw a relative circle arc as half circle 

call RECARC(lOO,O,50,O,l) 

1--------------------------------------------------------------------1 
1 Subroutine: ABEARC 1 
I 1 

Function: Draw an absolute ellips arc from current point 1 

Note: 

to an absolute end point. 1 

xe,ye absolute endpoint. 
absolute center. 
calculated from a / b = dX*dX / dY*dy 
whereby dX = ellips axis in x 

dY = ell ips axis in y 
dir drawing direction. 1 

1--------------------------------------------------------------------1 
integer a,b,xend,yend,xcenter,ycenter,dir 

call ABEARC(yend,xend,ycenter,xcenter,b,B,dir) 

Example: 

call ABMOVE(lOO,100) 
call ABEARC(200,200,250,320,140,160,1) 

1--------------------------------------------------------------------1 
I Subroutine: REEARC 1 

1 

Function: Draw a relative ellips arc with direction. 1 

Note: xe,ye 
xc,yc 
a,b 

relative endpoint 
relative center 
calculated from a / b = dX*dX / dY*dy 
whereby dX = ellips axis in x 

1 dY = ellips axis in y 1 

I--------~------------------------------------------------------------1 
integer a,b,xend,yend,xcenter,ycenter,dir 

call REEARC(yend,xend,ycenter,xcenter,b,a,dir) 

Example: 

call REEARC(lOO,lOO,150,220,40,60,1) 



1--------------------------------------------------------------------1 
1 Subroutine: ABGCPY 1 
1 
I 
1 

Function: copy a absolute rectangle with mirror to the 
destination defined by CPo 
The graphic copy is dependant to the source­
destination scan direction (ssd,dsd). 
dx,dy: define the angles of the rectangle to 
copied. 

and 

be 

Note: The sad and dsd are preceded if the routines SETSSD 
1 and SETDSD were called. 
1 If dsd=O and ssd=O then no mirror. 
1---------------------------------------------------------------------1 

integer dy,dx,ay,ax 

call ABGCPY(dy,dx,ay,ax) 

Example: copy the rectangle beginning at (200,200) 
with dx=40 and dy=40 to position (0,0). 

call ABMOVE(O.O) 
call ABGCPY(200,200,40,40) 

1--------------------------------------------------------------------1 
I Subroutine: REGCPY 1 

1 
Function: Copy a relative rectangle with mirror to the 

destination defined by CPo 
The graphic copy is dependant to the source­
destination scan direction (ssd,dsd). 
dx,dy: define the angles of the rectangle to 
be copied. 

and 

1 Note: -- The ssd and dsd are preceded if the routines SETSSD 
1 and SETDSD were called. 

1 
I 

1 If dsd=O and ssd=O then no mirror. 1 
1--------------------------------------------------------------------1 

integer dx,dy,rx,ry 

call REGCPY(dy,dx,ry,rx) 

Example,: copy a relative rectangle at (CPx+l00,CPy+100) 
to the position (0.0) with dx=40, dy=40 

call ABMOVE(O,O) 
call REGCPY(100,100,40,40) 

1--------------------------------------------------------------------1 
I Subroutine: CIRCLE 
I 
1 Function: Draw a circle with radius and direction. 
I 
1 Note: The radius is spezified in units of pixels. I 

1--------------------------------------------------------------------1 
integer radius,dir 

call CIRCLE(radius,dir) 

Example: 
call CIRCLE(SO.l) 



1----------------------------------------------------------------------1 
1 Subroutine: ELLIPS 1 
1 1 
1 Function: Draw a ellips with a,b ,dx and direction. 1 

1 
\ Note: The paramter a,b,dx are spezified in units of pi~els 1 

\----------------------------------------------------------------------\ 
integer a,b,dx,dir 

call ELLIPS(a,b,dx,l) 

Example: 
call ABMOVE(300,300) 
call ELLIPS(30,IO,lOO,1) 

1-------------------------------------------------------------------------\ 
1 Subroutine: PAINT 
1 
1 Function: Paint the enclosed aera with the edg color 

define by bit (E=O and E=l). 

Note: The edgcolor must be set different to the 
background color and the CLO, CLl (drawing color). 

1 Edge Color Definition: 1 
\-------------------------------------------------------------------------1 
I 
I E = 1 E = 0 

1----------------------------------------------------------------------1 
1 Dot is regarded as 1 COL = EDG 1 COL <> EDG I 

already painted and 1 or COL = CLO or COL = CLO 
as edge color or COL = CLl or COL = CLl I 

(satisfied if one of (satisfied if one of I 
1 I the condition is met) I the condition is met) I 
1----------------------------------------------------------------------1 
1 Dot is redarded as COL <> EDG COL = EDG 1 

unpainted and COL <> CLO and COL <> CLO 
and COL <> CLl and COL <> CLI 
(satisfied if ALL the (satisfied ALL the 

I conditions are met) conditions are met) 
I ------------------------------------------------------------------------
I 
1--------------------------------------------------------------------------

integer edg 

call PAINT(edg) 

Example: fill a circle 

call COLNEU(7) 
call EDGCOL(l) 
call ABMOVE(lOO,lOO) 
call CIRCLE(SO,l) 
call PAINT(l) 



1----------------------------------------------------------------------1 Subroutine: WPARAM 
I 
1 Function: 
1 

Write pattern RAM 

1 Note: A pattern contains 16 words (16x16 bytes). The pattern 
RAM address is created by calling the routine SETPRA. 
Default address is O. 
Bevor write pattern, the pattern RAM control register 
(set, start- and endpointer in register $B05,$806,$B07 
must be written). 
nr = Number of words (0 .. 15) 
pattrn = pattern , B x long word = 16 

1----------------------------------------------------------------------
integer nr,i 
integer pattrn(B) 
character*9 buffer(B) 

call WPARAM(pattrn,nr) 

Example: write pattern 'R' to pattern RAM 

DATA buffer /'$F01C7B1C','$3CICIE1C','$OFIC079C', 
1 '$03DC3FFC','$7FFCFFFC','$E01CEOIC'.'$E01CFFFC', 
1 '$7FFC1FFC'/ 

do 6 i=1,B 
CALL XCDB(buffer(i),pattrn(1» 

6 continue 

1----------------------------------------------------------------------1 
1 Subroutine: RPARAM 1 
1 1 
1 Function: Read pattern RAM in to buffer 1 
1 1 

Note: A pattern contains 16 words (16x16 bytes). The pattern 1 
RAM address is created by calling the routine SETPRA. 1 

Default address is O. 1 
nr = Number of word (0 .. 15) 1 
pattrn = pattern , B x long word = 16 1 

1-----------------------------------------------------------------------1 
int.eger nr, i 
integer pattrn(B) 
character*9 buffer(S) 

call RPARAM(pattrn,nr) 

Example: read 16 words from pattern RAM 

CALL RPARAM(pattrn.16) 

I--------~------------------------------------------------------------1 
I Subrout_ine PTTERN 1 
I 1 
1 Function: Draw a graphic pattern which stored in pattern RAM 1 
1 1 
1 Note: The pattern is created by calling the routine WPARAM. 
1 No parameter is needed. 1 
1---------------------------------------------------------------------1 
1 

call PTTERN 



1---------------------------------------------------------------------1 
Subroutine DRADOT 1 
Function: Draw a dot 1 

1 
Note: 1 

1-----------------------------------------------------------------~---I 

call DRADOT 

1---------------------------------------------------------------------1 
Subroutine ABFRCT 1 

1 
Function: Fill the rectangle with the predifined color. 1 

1 
1 Note: 1 

1---------------------------------------------------------------------1 
integer ay,ax 

call ABFRCT(ay,ax) 

Example: fill the rectangle defined by CP(100,100) 
and <150,150) 

call ABMOVE(100,100) 
call REFRCT(150,150) 

1---------------------------------------------------------------------1 
1 Subroutine REFRCT 1 

1 

Function: Fill rectangle with the predefined color. 1 

1 Note: 
1--------------------------------------------------------------------1 

integer ry,rx 

call REFRCT(ry,rx) 

Example: fill the rectangle defined by CP(100,100) 
and (150,150) 

call ABMOVE(100,100) 
call REFRCT(SO,SO) 



1-------------------------------------------------------------------1 
1 Sotfware-cursor as crosshair 
I 

Function: Blends a crosshair at CPo 

Note: The cursor step, size and color can be changed. 
The cursor size must be multiple of 2. 
stepx,stepy are the step, which the cursor 

I has to move. If stepx=O and stepy=O the cursor 
1 d'ont move. 1 
1-------------------------------------------------------------------1 

integer dx,dy,step,size,coi 

call CURSORCstepx,stepy,size,col) 

Example: 

call CURSOR(O,O,8,4) 

1-------------------------------------------------------------------1 
1 Subroutine: CPXY 
1 Function: Read current point 
1 1 
1 Note: 1 
1--·-----------------------------------------------------------------1 

integer apx,apy 

call CPXY(apy,apx) 

Example: 

call CPXYCapy,apx) 
write(9,*) 'absolute coordinate apy, apx ~',apy,apx 

1-------------------------------------------------------------------1 
1 Subroutine WRITPA 1 

Function: Write paramter register with value 

Note: 
I--------------------------~----------------------------------------1 

integer val, reg 

call WRITPA(val,reg) 

Example: write pattern pointer register PrOS,Pr06,Pr07 before 
write pattern RAM. 

call WRITPA(O,2053) 
call WRITPAC2,2054) 
call WRITPA(2,20SS) 



1-------------------------------------------------------------------1 
Subroutine READPA 1 

1 

Function: Read paramter register. 

Note: before the subroutine is called I 
1 the parameter must be written 1 
1--------------------------------------------------------------------1 

integer val 

call READPA (val) 

Example: 

call READPA(val) 
write(9,*) 'Parameter = ',val 

END 
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