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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 4096 by 4096 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 500 MHz.

- Unique interleaved access mode for "flashless" displays.
- ACRTC provides dynamic RAM refresh.

- Asynchronous bus interface, optimised for the 68000 MPU family
and the 68450 DMAC (1l6bit 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-1

The AGC-1 is a highly integrated graphic-system on two double-
euroboards, based on the 63484 ACRTC. With the optional
SYS68K/AGC-1X 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
l6Mbyte 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 1024 X 800 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 "flashing"
display. The complex attribute logic offers a great variety of
display modes, e.g. blinking, inverse video, conditional blinking.

The AGC-1X board adds powerful character overlay with a separate
character and attribute RAM, a software loadable character
generator, the 68450 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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Fiqure 2-1: Block Diagram of the SYS68K/AGC-1
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Features of the SYS68K/AGC-1:

- 63484 ACRTC with a clock frequency of 8MHz.

- 3 x AM8151 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/Pl1014 interface (16 bit).

- Software selectable interrupt request level and programmable
interrupt vector.
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The following table shows the general memory lay-out of the
SYS68K/AGC-1:

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

Table 2-1: The Address Map

Start Address End Address | Memory Area
BBA BBA + S$33FFF | Occupied for the
| SYS68K/AGC-1X boards
BBA + $34000 BBA + S$35FFF | BIM 68153
|
BBA + $36000 BBA + S$37FFF | GCP 1 red
|
BBA + $38000 BBA + S$39FFF : GCP 2 green
BBA + $3A000 BBA + $3BFFF | GCP 3 blue
|
BBA + $3C000 BBA + S$3FFFF [ ACRTC 63484
(S3DFFF) |
BBA + S$3E000 BBA + S$3FFFF | Interrupt-Register
I VMX-Option
BBA + $40000 BBA + $23FFFF | Video-RAM

—— —— ———————— ——— —— —————————————— —— — —— o~ ———— o — ———————————— —— ————— = —— —

The Board Base Address is set by default during manufacturing to
SCP00P00 (Start Address) / SE3FFFF (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 OQVERVIEW

This manual only describes the function of the SYS68K/AGC-1lA and
SYS68K/AGC-1B boards. For all other functions of the SYS68K/AGC-1X
board, please refer to the SYS68K/AGC-1X User's Manual.

Easy installation of the AGC-1 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-1lA board contains the VMEbus interface.



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-1.

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. In llati i Rack

The main (AGC-1A) and the slave (AGC-1B) 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. Power 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-1 is accessible from an VMEbus-MASTER under the
selected board base address ($CO0000 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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l. 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 built-in direct Video-RAM access via the VMEbus during

display supports very fast updating or 1loading of the FRAME
BUFFER.

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 1local 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-1 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-1 shows the main board in detail, and
Figure 1-1 outlines the block diagram of AGC-1.

This manual provides a general operating description of the

SYS68K/AGC-1 hardware. Follow manufacturer's installation
instructions for use and troubleshooting.
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Photo of the SYS68K/AGC-1A Board
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2. GENERAL OPERATION

The SYS68K/AGC-1 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-1 boards are fully VMEbus Rev. C (IEEE Pl1014)
compatible.

See Figure 2-1 for the general block diagram of the SYS68K/AGC-1
board set.



Figure 2-1: Block Diagram of the SYS68K/AGC-1
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Features of the SYS68K/AGC-1

- 63484 ACRTC with 8 MHz Clock Frequency.

- 2 Mbyte dynamic Video-RAM with 120ns 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 vertical
direction (up to 16).

— Smooth scroll 1logic (pixel-wise) for vertical and horizontal
direction.

- Video interface bus for upgrading with character overlay.

- 3 Graphic Colour Palette AM8151 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 (Al6 mode) or
standard memory (A24 mode).

- RUN/LOCAL switch for complete isolation from the VMEbus.

- Fully VMEbus Rev.C and IEEE P1014 compatible
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3. HE 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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4. Access to the SYS68K/AGC-1

The SYS68K/AGC-1 can be accessed when it is inserted in the
VMEbus motherboard and the toggle switches on the front panel are
switched to RUN (green LED lights) and VME (yellow VME LED
lights).

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-1 board is delivered with the default Board Base
Address of $COPPPP and is accessible with any Address Modifier
Code.

The SYS68K/AGC-1 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-1 board is jumper selectable
mainly in two different ways described in Chapter 4.1.1 and 4.1.2.

The Base Address of the SYS68K/AGC-1 is jumper selectable in
256kbyte steps within the 16 Mbyte address space. To select the
board, the address on the address lines A18-A23 must match the
base address jumper settings at jumperfield B3.

B3 is the jumper field defining the address bits Al8 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.



Jumper Location Diagram A

Figure 4-1:
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Jumper Description:

Bl and B2 : BOARD SIZE SELECTION
B3 : BOARD BASE ADDRESS SELECTION
B4 : ADDRESS MODIFIER CODE SELECTION
B6 : SHORT I/0 ADDRESS SELECTION
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Table

4-1:

Jumper

Settings for Board Base Address (BBA)

a) BBA=$000000 b)

e)

i)

m)

q)

1 --12
2 -- 11
3 -- 190
4 -- 9
5-- 8
6 —— 7

BBA=$100000

12
11
10
- 9
- 8
- 7

AU B WN

BBA=$200000

12
11
10

9
-- 8
- 7

AU WN =
|
I

"BBA=$300000

1 -—-12
2 -- 11
3 10
4 9
5-- 8
6 —— 7

BBA=$400000

1 --12
2 -- 11
3 -- 190
4 -- 9
5 8
6 —— 7

£)

3)

n)

r)

BBA=$040000

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

BBA=$140000

12
11
10
-~ 9
-~ 8
-~ 7

AU WN =

BBA=$240000
12

AU WN -
|
I

BBA=$340000

1 12
2 -- 11
3 10
4 9
5 —— 8
6 —— 7

BBA=$440000

12
11
10
- 9
8
- 7

AU W
|
|

c) BBA=S080000 d)

g)

k)

o)

s)

4-4

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

BBA=$180000

12
11
10
-— 9
- 8
- 7

AU WN

BBA=$280000

12
11
10

9
- 8
-— 7

AU WD
|
|

BBA=$380000

1 --12
2 11
3 10
4 9
5 -- 8
6 —- 7

BBA=$480000

12
11
10
9
8
- 7

AU WNDH
I
|

h)

1)

p)

t)

BBA=$0C0000

1 12
2 11
3 -- 10
4 - 9
5 -- 8
6 —— 7

BBA=$1C0000

1 12
2 11
3 10
4 -- 9
5 -- 8
6 ——- 7

BBA=$2C0000

BBA=$3C0000

12
11
10

O\ Ul W N

BBA=$4C0000

1 12
2 11
3 --10
4 —— 9
5 8
6 —— 7



Table 4-1:

Jumper

u) BBA=S$500000 v)

y)

C)

&)

K)

1 --12
11
10
9
8

- 7

SN i WIN
|
I

BBA=5600000

-~ 12
-~ 11
-~ 18
9
8
- 7

AU WN -

BBA=$700000

-~ 12
-- 11
10
9
8
— 7

AU W

BBA=5800000

1 --12
11
10

9
-- 8
7

AW N
|
|

BBA=$900000

-- 12
11
10
- 9
- 8

7

AU WN -

z)

D)

H)

L)

Settings fo

r Board Base Address

(BBA)

BBA=$540000

1 12
2 ——- 11
3 10
4 -- 9
5 8
6 -- 7

BBA=$640000

12
-- 11
-- 10
9
8
- 17

AU WNH

BBA=$740000

12
-- 11
10

9

8

- 7

AU WD -

BBA=$840000

12
11
10
-~ 9
- 8

7

SN WN -
|
|

BBA=$940000

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

w)

A)

E)

I)

M)

BBA=$580000

1 --12
2 11
3 10
4 - 9
5 8
6 —- 7

BBA=5680000

1 --12
2 11
3 ——- 10
4 9
5 8
6 - 7

BBA=$780000

1 --12
2 11
3 10
4 9
5 8
6 —- 7

BBA=5880000

12
11
10
- 9
-~ 8

7

AU WDNDH
|
|

BBA=$980009

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

X)

B)

F)

J)

N)

BBA=$5C0000

1 12
2 11
3 1¢
4 - 9
5 8
6 —— 7

BBA=$6C0000

1 12
2 11
3 —- 10
4 9
5 8
6 —— 7

BBA=$7C0000

12
11

10

9

8

- 7

AW

BBA=$8C0A000

1 12
2 11
3 --190
4 -- 9
5 -- 8
6 7

BBA=59C0000

1 12
2 11
3 10
4 —- 9
5 -- 8
6 7




Table 4-1: Jumper

Settings for Board Base Address (BBA,Jumper B3)

O) BBA=SA00000 P)

1 --12
2 -- 11
3 -- 190
4 9
5-- 8
6 7
S) BBA=$BO0GGO T)
1 --12
2 -- 11
3 10
4 9
5-- 8
6 7
W) BBA=$C00000 X)
1 --12
2 -- 11
3 --10
4 —- 9
5 8
6 7
default set-up
1) BBA=$DOOOAOO 2)
1 -- 12
2 -- 11
3 10
4 —- 9
5 8
6 7
5) BBA=SEQ0000 6)
1 --12
2 -- 11
3 -- 10
4 9
5 8
6 7

BBA=$A40000

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

BBA=$B40000

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

BBA=$C40000

12
- 11
- 10
- 9
8
7

SN WIN -

BBA=$D40000

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

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

Q) BBA=SA80000 R)

u)

Y)

3)

7)

4-6

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

BBA=SB80000

1 -—- 12
2 11
3 10
4 9
5 -- 8
6 7

BBA=$SC80000

-— 12
11
- 18
— 9
8
7

YU WM

BBA=$D80000

1 - 12
2 11
3 10
4 —— 9
5 8
6 7

1 -—- 12
2 11
3 --190
4 9
5 8
6 7

V)

z)

4)

8)

BBA=SACO000

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

BBA=$BCO000

12
11

10

9

— 8
7

AU WN -

BBA=$CCO000

1 12
2 11
3 --10
4 —- 9
5 8
6 7

BBA=SDCO000

12
11

10

- 9
8

7

AU W N

BBA=SEC@000

12
11
-- 10
9
8
7

AU WN -



Table 4-1: Jumper Settings for Board Base Address (BBA)

9) BBA=$F00000 a) BBA=SF40000 b) BBA=$SF80000 c) BBA=SFCO000

1l --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-1 for
Standard Memory Access:

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

T ——————— —— — ———— —— —{—— —t—— {———— —— ——— t———— ——————————_——————— "~ ——————————

BBA BBA + $35FFF | BIM 68153

| 13.824 times

—— — ——————— ————— —~ ———— ———— — . ——————_———————— ———— ——————— — - — ———_——_———— o —

BBA + $36000 BBA + $37FFF I GCP 1 red
| 16 times

BBA + $38000  BBA + $39FFF |  GCP 2 green
} 16 times

BBA + $3A000  BBA + $3BFFF |  GcP 3 blue
I 16 times

BBA + $3C080  BBA + S3FFFF |  ACRTC 63484
{ 4096 times

BEA + $40000  BBA + $23FFFF |  video-RAM
| 1 time

—————————————— ————— — —————— ——— t———————— o — — T ———_——— ———— — - > T ———— ——— ————
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4.1.2 Board Base Address Selection for SHORT 1/0 MEMORY

The second way of accessing the SYS68K/AGC-1 is by using the SHORT
I/0 address range.

All devices except the Video RAM area can be accessed via SHORT
I1/0 addressing.

In this case the Board Size has to be defined to $000000 (see
Table 4-5)

The SYS68K/AGC-1 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-Al5 must match the
Board Base Address for SHORT I/0 (B6) and the Address Modifier
Code must match the Address Modifier decoding jumper settings
for SHORT I/0 (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 B
: BOARD BASE ADDRESS SELECTION FOR SHORT I/0O MEMORY
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Table 4-3: Board Base Address Selection for SHORT I/0 Memory

a) STANDARD MEMORY b) BBA=SFF0000

e)

i)

m)

d)

l1--10
2 -- 9
3 -- 8
4 -- 7
5 6

Default Condition

BBA=SFF3000

1 -- 10
2 - 9
3 8
4 7
5 -- 6

BBA=SFF7000

1 --10
2 9
3 8
4 7
5-- 6

BBA=$FFBOGO

1 10
2 -- 9
3 8
4 7
5-- 6

BBA=$FFF 000

10

UL WN -
AN OO

1 -- 10
2 —— 9
3 —- 8
4 —- 7
5 -~ 6

f) BBA=SFF4000

1 -- 19

2 9

3 -- 8

4 —- 7

5 -- 6
j) BBA=SFF8000

1 10

2 -—— 9

3 -—- 8

4 -- 7

5 -—- 6
n) BBA=SFFCO000

1 10

2 9

3 -- 8

4 -- 7

5 -— 6

4-12

g) BBA=

k) BBA=

o) BBA=

-- 10

U WD
|
1
AN 0 O

-- 10
9

O WN -

10

e W -
|
I
o]

10

G WM =
|
I

A\ J oo

SFF9000

c) BBA=$FF1000 d) BBA=SFF2000

-1

(S TS O
ANOO O

SFF5000 h) BBA=SFF6000

1 -—- 10
2 9
3 8
4 —- 7
5 -—- 6

1) BBA=SFFA@00

1 10
2 —- 9
3 8
4 -—- 7
5 -—— 6

SFFD@PO p) BBA=SFFEO0G0

1 10
2 9
3 8
4 —- 7
5 -— 6



The following table shows the memory 1lay-out of AGC-1 for
Short I/0O Memory Access:

The Board Base Address (BBA) is jumper selectable in 4K steps
using the short I/0 decoding.

Table 4-4: Memory Map for Short I/0 Access

Start Address End Address | Memory Area

BBA BBA + $5FF |  BIM 68153
} 96 times

BEA + $608 BEA + S7FF |  GcP 1 red
: 1l time

BEA + $800 BBA + S9FF |  GCP 2  greem
I 1 time

BBA + $A00 BBA + $BEF |  GCP 3 blue
: 1l time

BBA + SCOO BBA + SDFF |  ACRTC 63484
: 128 times

____——_——-__——-—-__--—___-_---—--—-I ______________________________

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-1 board. This could be

done by setting the jumpers Bl and B2. 1In 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)
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Table 4-5 Board Size Selection Jumper Settings

a) BS=$240000 b) BS=$230000 c) BS=$220000 d) BS=$210000

Bl 1 --38 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=$200000 f) BS=$1F0000 g) BS=S1E@000 h) BS=$1D0000

Bl

U d o

B2

W N - W N -
l
I
Uy J oo Ul d
W N B WN =
W N & W -
(G40« BN B¢ o) Uad ™
B W IN = B WN -
U\ ~d © U

|
|
(S BN W]

~

i) BS=$1C0000 j) BS=$1B00OOG k) BS=$1A0000 1) BS=$190000

Bl l1--28 1 8 l1 -8 1 8
2 -- 17 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
m) BS=$180000 n) BS=$170000 o) BS=$160000 p) BS=$150000
Bl 1 --28 1 8 1 --38 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 -- 17 2 - 17 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

q) BS=$140000 r) BsS=$130000 s) BS=$120000 t) BS=$110000

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

u) BS=$100000 v) BS=SOF0G00P w) BS=SOEOPOO x) BS=$ODOOOD
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

y) BS=$0C0008 z) BS=$0BOGOG A) BS=$PAG00F B) BS=$090000
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

C) BS=$080000 D) BS=$070000 E) BS=5060000 F) BS=$050000

Bl l1 --238 1 8 l1 —-28 1 8
2 --1 2 7 2 7 2 —-- 17
3 --6 3 6 3 6 3 6
4 5 4 -- 5 4 -- 5 4 -5
B2 1l --28 1 --28 1 --28 1 --28
2 --7 2 -- 7 2 —- 7 2 ——- 7
3 --6 3 -—-6 3 -6 3 -6
4 -- 5 4 —- 5 4 - 5 4 - 5




Table 4-5 Board Size Selection Jumper Settings

G) BS=$040000 H) BS=$030000 I) BS=$020000 J) BS=$010000

Bl 1 --28 1 8 l1 --28 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 --28 1 --38 1 --28 l1 --38
2 --7 2 --17 2 -7 2 -7
3 --6 3 --6 3 --6 3 --6
4 -- 5 4 -- 5 4 -5 4 -- 5

K) BS=$000000

Bl 1 -- 8
2 -—- 7
3 —- 6
4 —- 5
B2 1 --8
2 - 7
3 -—- 6
4 —- 5
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—— ———————————————————{———————————— ———————————————————————————_———————

Short Supervisory Access

Short Non-Privileged Access

Supervisory Block Transfer
Supervisory Program Access
Supervisory Data Access

Non-Privileged Block Transfer |
Non-Privileged Program Access|
Non-Privileged Data Access [

Table 4-6: Address Modifier Codes
| HEX | Address Modifier |
{ Code | 5 4 3 2 1 0 |
| I
| 3F | H H H H H H Standard
| 3B | H H H H H L Standard
| 3D |l H H H H L H Standard
| 3¢ | H H H H L L Reserved
| 3B |l H H H L H H Standard
| 3% | H H H L H L Standard
| 39 | H H H L L H Standard
|] 33 |H H H L L L Reserved
| I
|------ |-
[ |
| 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
| 3 | H H L L H H Reserved
| 32 |H H L L H L Reserved
| 31 | H H L L L H Reserved
: 30 { H H L L L L Reserved
| —=—=—- | ———-
| I
| 2F | H L H H H H | Reserved
| 262 | H L H H H L Reserved
| 2D | H L, H H L H
] 2 |H L H H L L Reserved
| 2B | H L H L H H Reserved
| 22 | H L H L H L Reserved
| 29 |] H L H L L H
| 28 | H L H L L L Reserved
| |
|--—--- e
I I
| 27 | H L L H H H Reserved
| 26 |H L L H H L Reserved
| 25 | H L L H L H Reserved
| 24 |H L L H L L Reserved
| 23 | H L L L H H Reserved
| 22 |H L L L H L Reserved
| 21 | H L L L L H Reserved
| 20 | H L L L L L Reserved
I |

L = low signal level
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—— —— — — ———— G T—— T - ——— T —— — T —— —— " - ————— —————— T —————— —— —_ T — t— S G —— —— ————

| Address Modifier |
Code | 5 4 3 2 1 0 |

——— o ————— —————t— — T — —————— ot~ ————— -~ — ————————— ———_— G ——— . ——_— —————

—————— ] ——— ———————— —— > T ——— —

User
User
User
User
User
User
User
User

User
User
User
User
User
User
User
User

Defined
Defined
Defined
Defined
Defined
Defined
Defined
Defined

Defined
Defined
Defined
Defined
Defined
Defined
Defined
Defined

Extended
Extended
Extended
Reserved
Extended
Extended
Extended
Reserved

Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved

Supervisory Block Transfer
Supervisory Program Access
Supervisory Data Access

Non-Privileged Block Transfer |
Non-Privileged Program Access|
Non-Privileged Data Access |

—————————— e |

—— ——— ———— ———————— —— — —_——{—— S —_ T o - - ——————— " —— ] —— {——_ . —— -~ G o—_ — . —_{——_——

[
1

low signal level
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4.3 Address Modifier Code Selection

The SYS68K/AGC-1 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 1is
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/0O AM Codes, the Base Address jumper
selection on B3 is ignored. The Base Address for SHORT I/0 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/0 access.
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Jumper Location Diagram of Address Modifier 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

l -- 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= 1F d) AM Code= 1lE
1l -- 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= 1D b) AM Code= 1C c) AM Code= 1A 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 SELECTION

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 10 7 10 7 -- 10 7 -- 18
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 1l -- 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



4.4 Functional Groups on the SYS68K/AGC-1

The SYS68K/AGC-1 board is considered to consist of the
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 to the Devices on the SYS68K/AGC-1 Board

There are six addressable devices installed :

ACRTC 63484
BIM 68153
GCP-red 8151
GCP—green 8151
GCP-blue 8151
Video-RAM

All user accessible registers and RAM areas are directly
addressable on the SYS68K/AGC-1.

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

The BIM and the three GCP's are accessible only on the lower byte

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 1look-up table for the RED colour 1is 1located at
address $BFAQ00

4 bit/pixel mode

Pixel value Look-up table address
$P4 $BFADO8
$OA SBFAG14
SOF SBFAO1E

8 bit/pixel mode

Pixel value Look-up table address
$10 SBFAQ20
$55 $BFAGAA
SFF SBFAI1FE

To avoid a ‘flickering' display the colour look-up tables should
be 1loaded 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

INFUTS § T C
=F | I w N H e Y
4817
MIN RES
SERRCH
CLOCK
FRESENT
1@ NS
NEXT
HOME
MARKER ADOR  DORTA DISTANCE TIME ADOR
START MAG 5 -00@37 {401 1444 §-T +000,37 US §'Cufulaay
CURSOR C +00027 0001 1000 C-T +0008,27 US C'CRafusly
TRIGGER T +00000 4104 1140 C-5 +000.64 US

-2299 _ gl +1781
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AS low to DTACK low | 250ns | 310ns
I |
| |

DS low to DTACK low : 230ns | 290ns
|
|

AS low to GCPEN1l low | 110ns | 150ns
| |
| |

DS low to GCPEN1l low | 110ns | 150ns
I |

Access Cycle Time

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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Jumper Location Diagram of Jumperfield B1l8
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Table 4-8: Jumper Settings of B1l8 (SCM)

a) SCM = 0 b) SCM=1
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 a) 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. 1In 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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Table 4-9:

a)

c)

BCM = 0

BLINK1 disabled
BLINK2 disabled

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

19 -- 11 12
13 -- 14 15
BCM = 2

BLINK]1 disabled
BLINK2 enabled

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

‘Jumper Settings of B8 (BCM)

b) BCM=1l

BLINK1 enabled
BLINK2 disabled

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

19 -- 11 12
13 -- 14 15
d) BCM=1

BLINK1 enabled
BLINK2 enabled

1 2 - 3
4 5 -6
7 8 9

19 -- 11 12
13 -- 14 15

Default Condition
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4.7 Addressing the BIM 6815

4.7.1 Interrupt Structure of the SYS68K/AGC-1

The VMEbus supports interrupting with seven interrupt request

lines IRQl1-IRQ7. The seven 1lines represent seven interrupt

request levels. IRQl1 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 Al-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-1 board can drive an interrupt request on each of
the 7 1IRQ lines of the VMEbus. Several lines may be asserted
simultaneously.

fnterrupt 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 1look-
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-1X board.

The interrupt 1level and the interrupt vector is software
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 5 MEMORY
i if

“FI Rl

SHOWN
. IE CHN
IT
4817
MIN RES

SEARCH

CLOCK
PRESENT
10 NS

NEXT

|||||||||||||||||

MARKER RODR  DRTA DISTANCE TIME ROOR
START MAG 5 -0@034 1144 {144 5-T +000,34 US 5' Qi
CURSOR C +00026 0oe! 1000 C-T +000,26 US C'Ceieieialy
TRIGGER T 00000 @011 1110 C-5 +000.60 Us

-2299 il +1794
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Table 4-10: Access Times for a Rea

—— ——— —— — ——— —————— — — ", ——————— ——— — T T_———— T S = T—————— T~ ————— ——

| |

{ Characteristics | min. | max. |

| [ |

| == |

| | | |

| AS low to DTACK low | 260ns | 300ns |

| | | |

____________________________________________________ |

| | |

DS low to DTACK low | 230ns | 270ns |

| | |

| == |

| | | |

AS low to BIMEN low | 90ns | 110ns |

| | |

____________________________________________________ |

| | |

| DS low to BIMEN low | 70ns | 90ns |

| |

____________________________________________________ |

| | |

READ Cycle Time | | |

_ | 580ns | 640ns |

| AS low to DTACK high | I |

| | | |

|- e e |
WRITE Cycle Time

AS low to DTACK high

— — ——— — — ————— — ——— ——— ———— ————— . - —— — — " " {——— ———_ - —————— - ——
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Figure 4-9:

VSYNC REQUESTS FOR INTERRUPT

T¢

Interrupt Cycle Timing of the BIM 68153
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CURSOR C +00015
TRIGGER T +Q0000
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L1 1 e

-2299
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MEMORY
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NEXT
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Table 4-11: Access Times of a Interrupt Acknowledge Cycle

- —— ————————— ———— —— ———— ————— —— ———— ———_————_——— ———————

|
} Characteristics | min. | max.
' I |
I ____________________________________________________
| |
{ VSYNC low to IRQ low | 150ns | 180ns
| |
| = e e
| | [
‘ IACK low to DTACK low | 370ns | 430ns
|
| == e e e
| | |
l IACKIN low to DTACK low | 250ns | 270ns
] |
l ____________________________________________________
| | |
| IACK low to IRQ high | 650ns | 710ns
| |
I ____________________________________________________
| | |
| IACKOUT high to AS high | 10ns | 20ns

————— —— — —————— ——— ——— — ——————— ———— ————————————————— — o —

|

I

: IACK Cycle Time

} IACK low to DTACK high

———————————————— ———— ——— ——————————— —— —— ———— ——————————
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4.7.2 Programming the BIM (68153) on the SYS68K/AGC-1

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 accessed 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 1locations of the respective
registers.

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

Table 4-12: Address Location of the BIM 68153

- — —— ————— ———————— — ———————. —————_—————— ——— — ——————_————————————t_—{——

} BBA + $0000 : CONTROL REGISTER 1 { reserved }
: BBA + $06002 : CONTROL REGISTER 2 : ACRTC Interrupt i
: BBA + $0004 ; CONTROL REGISTER 3 : VSYNC Interrupt |
} BBA + $0006 ! CONTROL REGISTER 4 : reserved i
: BBA + $0008 : VECTOR REGISTER 1 : reserved I
; BBA + $O@0A = VECTOR REGISTER 2 ; ACRTC :
I BBA + $600C : VECTOR REGISTER 3 } VSYNC 5
i BBA + SOOOE E VECTOR REGISTER 4 i reserved :

———————————————————— ——— — T ———— —— ——— — T, too T — — S —— {— ——_—_— ——————————
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4.8 Adressing the Video Memory

The Video Memory consists of 2M Byte contigous dynamic Memory. The
correct RAS-, CAS- and WRITE- Timing is selected through the
jumper settings of B1l4, B1l5, Bl6, Bl7. 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 manual
ACRTC 63484) together with the ‘dual port' mechanism of the video
RAM avoids a flickering®  display when there are accesses during
the display period.

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

Fig. 4-10A and B shows the timing for the VMEbus access and Table
4-13A and B lists the time values.

The timing for the ACRTC access is shown in Fig.4-11 and the
corresponding time values are outlined in Table 4-14.

Fig. 4-12 shows the jumper locations of Bl4, B15, Bl6 and Bl7.

Table 4-15 lists the correct jumper settings.



Figure 4-10:

VMEbus Access to the Video RAM READ CYCLE

Iruss T

( MEHORY

[ S R SERRCH

................................................ CLUCK
10 NS

NEXT
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 10z
e ———— e HOME
HHRKER RODR  DATA DISTANCE TIME RODR
START MAG 5 -Q00@5 4400 1044 1841 4144 $=T +000.05 US 5' guushy
CURSOR C +00072 1400 {041 0000 1000 C-T +000,72 US C'usal

TRIGGER T 00000 0400 1044 1044 1410 C-5 +000.77 US

-2299 o7| +1781
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——————— —————— — — ————— — — ——_————— ———————— ————————————————

Characteristics | min. | max.

| |
|

AS low to DTACK low | 750ns | 1900ns
| |
| |

DS low to DTACK low | 738ns | 980ns
| |
| |

AS low to RAS low | 480ns | 700ns
| |
|

DS low to RAS low | 460ns | 680ns

——— — — ——— ————— —————————————— —————————————— t—— ———— —— ————

READ Cycle Time

AS low to DTACK high

—— —————————————— ———_— —————————————— —— ————— —————— — ————
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Figure 4-19: VMEbus Access to the Video RAM WRITE CYCLE

INPUTS 3 T ( HEHORY

SERRCH

- CLOCK

rerermerert o HOME
HHRKER AOOR  DATA DISTANCE TIME AOOR
START MAG § -00047 1401 1100 Q044 114 S-T +000.47 US ' Cuuils
CURSOR C +00059 1100 1041 0000 0000 C-T +000.69 US C'Chuiusfs
TRIGSER T +0000@ @401 1011 1041 0440 C-5 +000.86 US

-2299 iB 2
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4-13B: Time Values of a Video RAM Write Cycle

Characteristics | min. | max.

| |
|

AS low to DTACK low | 700ns | 1180ns
[ |
| [

DS low to DTACK low | 680ns | 1160ns
| |
| |

AS low to RAS low | 700ns | 1140ns
| |
|

DS low to RAS low | 680ns | 1120ns

——— —————————_—— ——— —— ——————— — - T—— T ——— ——— ———————————————

WRITE Cycle Time

AS low to DTACK high

—— —— ————————— —— — ————— ——————— ——————_— — ————— ———————————
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Figure 4-11: ACRTC Drawing Access

to the Video RAM

READ-MODIFY-WRITE CYCLE

INPUTS ¢ 1 C
& A

P ——_—_——_——

..... I

vvvvvvvv

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

------

||||||||||||||||||||||||||||||

5
B [

AURS

MARKER ABOR  DATA

START MRe S5 -0@@65 0410 @444
CURSOR C +00047 0044 1114
TREESSR T +00000 Q0if 1100

DISTANCE TIME
5-7 +000.65 U5 &'
C-T +000.47 US C'
C-5 +001.42 US
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Table 4-14: Time Values of A ACRCT Drawing Cycle to the Video RAM

|

| Characteristics | min. | max. |
| | |
____________________________________________________ l

| | |

VAS low to RAS low { 30ns | 60ns |

| |
=== |
| | | |
VAS low to CAS low | 50ns | 100ns |

| | |
____________________________________________________ '

| | |

} RAS low to CAS low | 20ns | 40ns |
| I |

| === e |
| | | |
} CAS low to WRITE low { 90ns ] 110ns |
| |
== |
| | | |
{ WRITE Pulse Duration | 30ns | 60ns |
| | |
____________________________________________________ |
| | |

| RAS Recovery Time | 70ns | 120ns I
| | | |
____________________________________________________ I

| | |

RMW Cycle Time | 710ns | 7306ns |

| | |

———————— —— —— — G T —— —————— ———————" T—— —— ———f———t— —— ————————t——
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Jumper Locations Diagram of Bl4, B15, B1l6 AND Bl7
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Table 4-15: Jumper Settings of Bl4, B1l5, B16 AND Bl7

JUMPER Bl4 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 B1l7
DEFAULT CONDITION DEFAULT CONDITION

1 --38 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 incorporates more than 2008 byte of internal control
registers and control RAM which is accessible by the host
processor.

There 1is 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 SEA 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 ‘Pr@2°.

When register diagrams are shown, unused bits will be marked with
X. Unless stated otherwise, unused bits may be freely written with
any value, and that value will be returned on subsequent reads of
the register.



Table 4-16:

Control
Register

7 0
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Figure 4-13: Access to the 63484 ACRTC
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Table 4-17: Time values of a VMEbus access to the 63484 ACRCT

| |
} Characteristics | min. | max. |

| ] |
| === |
| |
| AS low to DTACK low | 310ns | 370ns |
| | | |
| == |
[ | | |
| DS low to DTACK low | 280ns ; 360ns {
|- |
| | ]
| AS low to CRTEN low | 90ns | 110ns |
] | [ |
j-———————————————————————— e |
| [ | |
| DS low to CRTEN low | 70ns | 90ns |

READ Cycle Time

AS low to DTACK high

I

|

} WRITE Cycle Time

| As low to DTACK high
I

——— ———————— ——————— T T— — — — — - S S S G —— — S — ————————— ————t———
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4.9.1 ADDRESS Register (AR) Write Only

High-order | Low-order

- ———————— ——— —————— ——————_——— — t——————— T {—————————— ——— —_—_—_ . —————— ——— _————— - —

——————————— ——_——— — —————_——— —— - ———————————t— {—— — ————— —{———_——— ———— ————————————— -

The AR is a write only register used to specify the address ($0-
$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 r86-r9F and rCO-rEF respectively.

To support block move type initialisation/access of these
registers, reads and writes to the register address space r80-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 r@0 to r7F.
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4.9.2 Status Register (SR) Read Only

High-order | Low-order

———————————————— —— —— ——— ————— ———— —— ————————————— —— ——— —————— T ———_ ——— —— ——

I I I Pl
X |'X |'X | X | X | X | X [CER|ARD|CED |LPD |RFF |RFR |WFR |[WFE |
l l I I

—————————————— —— —————————————— —————— ————— ———_— — T——— S ——— T — ———— - —————————— —

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 @ (SFF23). 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 1is 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 1is 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 1light pen strobe has
occured and the Light Pen Address Register contains the
latched address.

LPD 1is 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 0)

WFE set to 1 indicates that the write FIFO is emgty. WFE is
also set to 1 when the ABT bit in CCR is set to 1.

WFE 1is <cleared when a 16 bit word data is written to the
write FIFO.
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4.9.3 FIFO Entry (FE: r@90-r01)

High-order | Low-order

——— — — ——— ———————————— —— ——— ————— — —— ———— — — O ———————————— — ——————————_——— ——— -

———————————————— ————— —————————————— —— ——————————————————— > " ——————— —————

!
(e}

T ——— ————— ————————— —— ——— ———————— —— ————— ————— ——————————— ———————————————

When the AR contains the FIFO Entry addres (r@0), 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

|ABT |PSE |DDM | @ |DRC | G B M |CRE|ARE|CEE|LPE |RFE |RRE |WRE |[WEE |

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 0.

* 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
/] 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
0
1

FUNCTION

Data DMA transfer mode is disabled.

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

are issued.

* DMA Request Control (DRC: bit 11)

DRC
0

Burst Mode:

/DREQ is designated as a
words data is transferred

Cycle Steal Mode:

/DREQ is designated as a

for each word.
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FUNCTION

commands

level signal. A maximum of 8

per DMA request.

pulse signal. /DREQ is

* Graphic Bit Mode (GBM: bit 10 - bit 8)

GBM Mode # of colours Pixel/word
000 1 bit/pixel 1 16
001 2 bit/pixel 4 8
010 4 bit/pixel 16 4
211 8 bit/pixel 256 2
100 16 bit/pixel 65536 1
101

I

I INVALTID
111

output

not supported
not supported
supported
supported

not supported



Interrupt Enable Bit (IE: bit 7 - bit @)

interrupt is generated when an event flag in the Status

An

register

set to 1.

Bit

7 Command Error

6 Area Detect

5 Command End

4 Light Pen Detect
3 Read FIFO Full

2 Read FIFO Ready

1 Write FIFO Ready
(] Write FIFO Empty

Name
CRE
ARE
CEE
LPE
RFE
RRE
WRE

WEE
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and the corresponding interrupt enable bit are both

Set to 1 enables interrupt for ...
Command Error

Clipping and Hitting detection
Command Termination

Light Pen Strobe asserted

Read FIFO Full

Read FIFO Ready

Write FIFO Ready

Write FIFO Empty



4.9.5 Operation Mode Register (OMR: r@4-r@5)

High-order | Low-order

———— —— — —————— —— — —— — ——————— ————— ——————————————————_——— ————_— T~ —— — ——— ————

——— ———————————— —— ———— ————— — — — T ————————— — — ——— — —— . ——— —— ————————— O —————

OMR determines major operating parameters and modes of the ACRTC.
The two most significant bits (M/S and STR) are reset to @ 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

@ 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 1is 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

@ 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 @ 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

) 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 10)

CSK defines the delay time for /CUD1 and /CUD2 in units of

memory cycles independent of the video memory access mode.

The /CUD1 and /CUD2 skew allows compensating for delays due

to the video memory, character generator or other external

logic access time.

CSK FUNCTION

00 No skew. /CUD2 output is always high.

g1 /CUD1l, /CUD2 are skewed by one memory cycle.

10 /CUD1l, /CUD2 are skewed by two memory cycles.

11 /CUD1, /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.

DSK

11

FUNCTION
No skew.
/DISP1l, /DISP2 are skewed by one memory cycle.
/DISPl, /DISP2 are skewed by two memory cycles.

/DISP1l, /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-1.

ACM

10

11

FUNCTION

Interleaved Access Mode (Double Access Mode @) :
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.

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-1X-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 0)

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 FUNCTION

00 Non-Interlace Mode

g1

19 Interlace Sync Mode

11 Interlace Sync & Video Mode
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4.9.6 Display Control Register (DCR: r96-r@7)

High-order | Low-order

————— ——— ———— — —— T~ — T —— — —_— . {———— — ———— —— —————— — ——————— ———— — ———_— {—— ————— ——
——— — ————————_— t—— ———— ————— ———— ———_— — ———_—————— T —— — o ———— T ——————————_—————— -

———— —— —————— —— —————— — —— — ——— ————— — — — ——— - ———————_T— T~ ———— " T T— S —— —— ——— ——————

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)

@ DSP defines the output mode of the /DISP1 and /DISP2
display timing signals.

DSP ' FUNCTION

) DSP1 is driven active low during the display period
of the Background screen (combined horizontal and
vertical display). /DISP2 is controlled similary for
the window screen.

This mode is supported with the AGC-1X board
(optional available).

1 /DISPl1 is driven active low during the horizontal
display of both the Background and the Window
screens.

/DISP2 is driven active low during the vertical
display period of both the Background and the Window
screen.



Split Enable 1 (SEl: bit 14)

SEl1 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.

SEl FUNCTION

@ 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 @ (SE@: bit 13 - bit 12)

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

SED FUNCTION

PX 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 10)

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

SE2 FUNCTION

)4 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

#X 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-1X 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 9)

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-1 these bits are used to control the
following functions

ATT@ - ATT3 : Colour Look-up Table Control (CTC: bit 7 - bit
5)

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

CTC FUNCTION

0000 Colour look-up table @ is used for display

0001 Colour look-up table 1 is used for display

00l0 Colour look-up table 2 is used for display

0011 Colour look-up table 3 is used for display

0100 Colour look-up table 4 is used for display

0101 Colour look-up table 5 is used for display

91109 Colour look-up table 6 is used for display

#1111 Colour look-up table 7 is used for display

1000 Colour look-up table 8 is used for display

1001 Colour look-up table 9 is used for display

1010 Colour look-up table 10 is used for display
1011 Colour look-up table 11 is used for display
1100 Colour look-up table 12 is used for display
1101 Colour look-up table 13 is used for display
1110 Colour look-up table 14 is used for display
1111 Colour look-up table 15 is used for display
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ATT4 - ATT6: Display Mode Control (DMC: bit 4 - bit 6)

DMC

000

o1

019

11

100

111

ATT7:

maximum screen resolution is 800 x 600 pixel with

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

FUNCTION

8 bit/pixel mode :

In this mode 256 colours are displayable simultaneouslgi The
) Hz

noninterlaced.

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.

4 bit/pixel mode 2 :

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 data can blanked out bit by

bit and replaced through ATT@ - ATT3 or BLINK (i.e. 6 bit
video data + ATTA# + ATT1 for <colour 1look-up table

switching) .

Reserved for expansion with the SYS68K/AGC-1X

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: r80-r8l)

High-order : Low-order
I | | | | | | | | | I I I [ | |
| 15 | 14 | 13 | 12 | 11 | 18 | 9 |1 8 |1 7|1 6 | 5| 41311211129
: | | | | | I | I I | | | | | I
| | | I |
{XIX|x=x| RASTER COUNT

- ———— ——— —— ————— — ————— ——— T ———— - t——_—— — —— —— ———— ———————_—— — —— ————— ———————————

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 wundefined. 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 @ and increments by 1 sequentially.
Interlace Sync:

RCR starts counting at @ 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 # 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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4.9.8 Horizontal Sync Register (RCR: r82-r83)

High-order | Low-order

—— — ————— ———————————————— ————_——— ——_ {——t— —— ——————————— ————— o T —_ " _— T t—————

- ——————————— " ————— — — ———————— ——————— - ——————— — — ——— —— T T —— ——_—_—— ———————————

——— — —————————— —— — — ———— T~ — — T ———— —————————— —— T— —— ——_— ———— — — — — — —— ——————— ———

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 1is set depending on the specifications of the CRT
display device. If H memory cycles are to be specified, HC
should be set to H-1l. When using interlaced scan modes, H
should be an even number.

HC Memory Cycle No. Time
P0e000000 1 ' #.25 usec
00000001 2 3.50 usec

I |

| |

| |
11111110 255 63.75 usec
11111111 256 64.00 usec
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Horizontal Sync Width (HSW: bit 4 - bit #)

HSW specifies teh /HSYNC active low time in units of memory
cycles. HSW 1is set depending on the specifications of the
CRT display device. Valid values for HSW are 2 - 31l. When
using the RCR register, HSW must be 3 or greater.

HSW Memory Cycle No. Time

00010 2 #.50 usec
90011 3 .75 usec

[ |

| |

I I
11110 30 7.508 usec
11111 31 7.75 usec
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4.9.9 Horizontal Display Register (HDR: r84-r85)

Horizontal Window Display Register (HWR: r92 - r93)

High-order { Low-order
l I | | l l | | I I I | | | I |
| 15 | 14 | 13 | 12 | 11 | 16 | 9 | 8 | 7 |1 6 | 5} 4|3 ]2]1]P#®
: I I I I I I | l | | I I I I I
I |
| HD S l HD W
I |
High-order | Low-order
| | I | I | | | | I | | | | | |
| 15 |1 14 | 13 | 12 | 11| 16 | 9 | 8 | 71 6 | 5] 4 ]3| 21116890
: I | I I I | | I I | | | | I |
| |
{ HWS | HWW

HDR = specifies the horizontal display start position and

ggaizontal display width in wunits of memory cycles (1 MC =
ns).

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-1.
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Horizontal Window Start (HWS: r92)

HWS defines the interval between the rising 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 Memory Cycle No. Time
Po000000 1 #.25 usec
00000001 2 #.50 usec

| | |

| I I

| | I
11111110 255 63.75 usec
11111111 256 64.00 usec

Horizontal Display Width (HDW: r85)

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-1.

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 Memory Cycle No. Time
00000000 1 .25 usec
00000001 2 .50 usec

| | I

| I |

l I I
11111110 255 63.75 usec
11111111 256 64.00 usec
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4.9.10 Vertical Sync Register (VSR: r86-r87)

High-order |  Low-order
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VSR defines the period of the vertical scan cycle in units of
rasters.

* Vertical Cycle (VC: bit 11 - bit 9)

vC defines the vertical scan c¢ycle period (including
vertical retrace) in units of rasters. VC is set depending
on the specifications of the CRT display device. The way VC
is programmed depends on the ACRTC raster scan mode. VC
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

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 Number of rasters
000000000001 1
000000000010 2
I |
I |
| I
111111111119 4094
111111111111 4095

4-80



4.9.11 Vertical Display Register (VDR: r88-r89)

High-order | Low-order

—————— —————— ———— —— ——— ————————————————— {—————————— ———]— — —_ {—_— —— o~ — ——— ———— ———

- ————— ———— ——— ——— — —— —— —— ——— — ———— — ——— —— ———— —— —_——————————— — -~ ————————— —— -~

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

* Vertical Display Start (VDS: r88)

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 (r86 - r87).

VDS Number of rasters
00000000 1
00000001 2
| I
[ |
I y
11111119 255
11111111 256
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Vertical Sync Width (VSW: r89 bit 4 - bit 0)

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

VSW Number of rasters
00001 1
00010 2
| ' |
| |
I |
11110 39
11111 31
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4.9.12 Vertical Window Display Register (VDR: r94-r97)

High-order | Low-order

—— —— — o— —

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

* 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 _ Number of rasters
000000000000 1
000000000001 2
| _ I
| |
I |
111111111119 - 4095
111111111111 4096
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Vertical Window Wwidth (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.

VvC Number of rasters
000000000001 1l
200000000010 2

| |
| |
| |
1111111111190 4094
111111111111 4095
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4.9.13 Split Screen Width Register (VDR: r8A-r8F)

High-order | Low-order

|

| | | | S P 1 (Upper Screen) |

I | I I I

High-order | Low-order
|

| | I | l | l | | | | | | | I | |
| 15 ] 14 | 13 |12 | 11 |16 | 9 | 8 | 7161|5413 ]2]|1]28,]|
| | | | l I | I I I | | | I I | l
I | l | | |
} | | | | S P 2 (Lower Screen) =

SSW defines the vertical display width of the Upper (split
screen @), Base (split screen 1) and Lower (split screen 2)
screens.
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* Split Screen Width (SP@: r8A - r8B bit 11 - bit 9)
(SP1: r8C - r8D bit 11 - bit 0)
(SP2: r8E - r8F bit 11 - bit #)

SP@, SP1 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,
SP@/SP1/SP2 are set to SW.

SP1/SP2 Number of rasters
000000000001 1
000000000010 2

| |
| |
| |
111111111119 4094
111111111111 4095

For the Base screen SP# = 0 also can be used.
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4.9.14 Blink Control Register (VDR: r96-r91)

High-order | Low-order

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

* Blink On (BON 1l: r94 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 = 0 is programmed.

* Blink Off (BOFF 1l: r98 bit 11 - bit 8)
(BOFP 2: r91 bit 3 - bit 9)
BOFF 1/2 defines the BLINK 1/2 attribute active 1low (OFF)

period. The wunit is 4 field periods. BLINK 1/2 is always
high (on) when BON 1/2 = 0 are programmed.

BON 1/2 Blink high/low Level

BOFF 1/2 No. of Fields
0000 BLINK 1/2 always high
P 001 8
01890 12
g 911 16
| |
I I
I |
11189 60
1111 64
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4.9.15 Memory Width Register (MWRO: rC2 - rC3) Upper Screen

(MWR1l: rCA - rCB) Base Screen

(MWR2: rD2 - rD3) Lower Screen

(MWR3: rDA - rDB) Window Screen
High-order | Low-order

————— —— — — —— T —— — — — G S G — — - S G S —— —— " —— — —— ——— - S ——— - — Gh- S — S ——— — —— G~ G— G~ ——— ——— —

— — ——— —— ———- —— W T T — G > "_e G Gy G Gme G S S G G G . S S — S — - — S — — S —— — — T — G G- - = —— G—— —- T - S — ———— =

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 10624 logical pixel range in
the X direction (X may vary from @ to 1023), and 4 bits per pixel
are assumed, that screens MWR value should be 256.

MWR should be greater than or equal to the Horizontal Disply

Width (HDW - r85). MWR must be greater than HDW to perform
horizontal smooth scroll. MWR maximum value is 4095.

*  Memory Width (MW: bit 11 - bit 0)

MW No. of Words
00000000000 /]
00000000001 1

| |

| |

| |
11111111110 4094
11111111111 4095
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4.9.16 Start Address Register (SAR#: rC4 - rC7) Upper Screen
(SAR1: rCC - rCF) Base Screen
(SAR2: rD4 - rD7) Lower Screen
(SAR3: rDC - rDF) Window Screen

High-order } Low-order
I | I I | [ I | | | | l | | | |
| 15 1 14 | 13 | 12 | 11 | 186 | 9 | 8 | 7 1 6 | 5] 4|3 2111280
} | I I I I | l I l I I I | I |
I | | I | | I | | |
X |IX |X | x | SDA | X | X | X | X ]| SAH
l I I | I I I I l l
High-order } Low-order
| I I | | I | | I | | I | | | I
| 15 | 14 | 13 | 12 | 11 |16 | 9 | 8 | 7|1 6 |51 4|3 21]111]P8
I I I I | l | | | I | | l I l I
I _____________________________________________________________________
|
l S A L
I

—— ————————————— —— ——— o —— — — — — ———— ————— T —— — ———— ———————_— {—— {—————{— ——— ————— ——{—

.SAR defines the first frame buffer address for each screen.
SAR@-3 apply to screens @ - 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 @ 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-1. 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 r@6 -
r@7).

Number of pixels offset

SDA
8 bit/pixel 4 bit/pixel

0000 0 g
9001 1 2
0010 2 4
0011 3 6
0100 4 8
9101 5 10
9110 6 12
9111 7 14
1000 8 16
1001 9 18
1010 19 20
1911 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

———— ———— ——— ——— — ————— — — —— —— ————— —————— — t— — ———— ————_— . T~ ————— ———— — — T ———— t———

—————— ————————— — —— — —_——— — — - G T T~ - - - — S S S e G G- S G G G Gme - e G - S G S — - G G - S G —

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 @ for no-zoom and S$SF 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 bit/pixel mode)
4 * (HZF + 1)

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
0000 1
g 061 2
I |
| |
111090 15
1111 16
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4.9.18 Light Pen Address Register (LPAR: rEC - rEF)

High-order % Low-order
| | I | | | | | | | | | | | | |
| 15 | 14 | 13 | 12 | 11 |16 | 9 | 8 1 71 6 | 5] 413]21]111]P8
: | | | | I | I | | | | | | | |
| I | | | | | | | I | I I
X |IX |X |X |1X |X |X|1X1@6|xX!X]X] L PAH
| [ | I | I I I [ | | | I

High-order | Low-order

|

| | | | | | I | | | | | | | | |
| 15 | 14 | 13 } 12 | 11 )16 | 9 | 81 716 |5 4]3]12111]@98
: | | | | | I I I I | | | | | |
|
: LPAL

———— — — —— ———— —————————— ————————————————_————_————— - S~ G S ———— ——————————— — —

LPAR is a read only register. When the ACRTC LPSTB input 1is
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 valid if bit 7 = @ and contains the most

significant 4 bits of the 20 bit graphic screen display
address.

* 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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4.19 Drawing Control Registers

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

a) Pattern RAM
b) Drawing Parameter Registers

Colour @ Register (CL@)

Colour 1 Register (CL1)

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)

The Pattern RAM is accessed using the Read and Write Pattern
(RPTN, WPTN) commands (see Appendix I). The Drawing Parameter
Registers are accessed using the Read and Write Parameter
Register (RPR, WPR) commands.

Table 4-13 shows the Drawing Parameter Register locations.
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=z|nc kil Reg. . DATA (H) DATA (L)
OFF¥Ng |  Regster Name | A T iz [m w0 98| 76543210
1-[-] - = T L T T T LTI
0]0{0| AR |Address Register AR | el Address
0]011| SR |Status Register S CER[ARD]|CED[LPD]RFF[RFR WFR]WFE
15{ r00 (FIFO Entry FE E
15[ v02 [Command Control CCR_[ABT|PSE[DDM[COMDRC] _ GBM CREJARE [CEE [LPERFE|RRE |WRE[WEE
16| 704 [Operation Mode OMR_ |M/S[STR[ACP[WSS| CSK | DSK |RAM| GAl ACM_ | RSM
10| 706 | Display Control DCR_|DSP[SE1| SEO SE2 | SE3 ATR
r
- 38 (undefined) e
r/7E
1| r80 |Raster Count RCR |  --eeeee--- T RC
15| r82 |Horizontal Sync. HSR HC [ e ] HSW
r84 |Horizontal Display HDR HD S | HD W
Lo r86 | Vertical Sync. VSR | [ VC
Lp| r88 | Vertical Display VDR VDS [ [ VS W
Lo| r8A SP1
1,0/ r8C | Split Screen Width SSW SPO
Vo] r8E | SP2
15[ r90 |Blink Control BCR BOFF1 I BON2 T BOFF2
Lo| r92 [Horizontal Window Display HWR HWS [ HWW
0 (52 Vertical Window Display | VWR e —
1! r98 CXE I CXS
15 r9A | Graphic Cursor GCR | eeeeeee- ] A
Loyr9Cy e ! CYE
- | r9E
- A0 (undefined) — e
! BE
0/1 kol rCO Raster Addr.0 |[RARO |  ------- B LRAO [ [ FRAO
! [Lo rC2|Upper |Memory Width 0 [MWRO [CHR|  ------- [ MWO
5 &;225”“"smtmmo SARO b I SDAOSALL """""" 1 SAOH 'SRAO
| {1y rC8 Raster Addr.1 | RARI .  ------- I LRAI [ T FRAI
| | 1o rCA|Base [Memory Width I [MWRI [CHR]  ------- ; MWl S
L :z :gg Screen siart Addr. 1 | SARl — 1 DL % g L l SA1H/SRAL
[ [ Do Raster Addr2 |RAR2 |  ------- I LRA2 [ - T FRAZ
| | Lo rD2 Lower [Memory Width 2 |MWR2 [CHR] _ ------- I MW2
ffj :gg [SCreen giart Addr2 | SAR2 T [ SbAz < ATZ T | SA2H/SRA2
1o rD8. Raster Addr.3 |RAR3 |  ----... [ LRA3 [ [ FRA3
i o] rDA " Window [Memory Width 3 | MWR3 [CHR] _ ------- I MW 3
| :zggs“““Sthma SAR3 [ 1T 1 SDA3SALL """ [ SA3H'SRA3
| 8] T 7T 3 T
! :g:EgBlockCursorl BCURliBCW1 L BCSRI BCLI' ] BCERI
11(; :Eg Block Cursor 2 BCUR2i~Br Cw2 [~ BCSR2 —B_C--/Ji--zl”:- """ I BCER2Z
U o| rE8 [Cursor Definition — |CDR | CM_ | CONI__ | COFF1__ | ------ T coN2 | COFF2
1o fEA Zoom Factor ZFR HZF [ VZF I
T
i igg Light Pen Address | LPAR | ———— == B iHLRi L LPARH |
i ' rFO )
[ é (undefined) R
| LrFE !
Neta § 1o “High" level
Note [OREREES “ng" 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. 1In
this case, a two entry colour ‘palette' corresponding to @ and 1

data values is defined using the Colour @ (CL@#) and Colour 1
(CL1) 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. 1In 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 drawing commands use a common pattern, pattern
continuity can be achieved by adjusting the pattern scanning
pointer.
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4.10.2 Colour 0@ Register (CL@: Pr9@)

—— ———————————— ———_ ——_————————— —— ———— ———— —_—— ———{——{———_ ——— ————— — —— ——————— - ———

When logical drawing data = 0, 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. 1If all pixel should be
painted in the same <colour, it is necessary to store the
respective colour 4 times in the Colour @ register.

4.10.3 Colour 1 Registe (CL1: Pr@l)

I~

—————— ———— —————————_———— —— —— ——————— T ————— ———_———————— ———— ————————{———————

——— —— — — ————_———————— — —— {————— — ———— — —————————— ———— T ————————— ————————————

When logical drawing data = 1, the contents of CLl are stored in
the video memory. The value of CL1 corresponds with the
bits/pixel mode used. For example in 4 bits/pixel mode CL1
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 (CMP: Pr@2)

—————— ————————————— ———— ———— ——————_— —— . S~ ———————{———_— - —{——————_— ———— — ———
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CMP defines a comparison colour for use with conditional drawing
operations. Conditional drawing applies various logica
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 Dbe
programmed as the Colour registers respectively.

4.10.5 Edge Colour Register (EDG: Pr@3)

———————— ———————_—————_— ——— —_——————_ ]_—————_————————— — . ———_——_——_——_—_——_——————— -

—_—————— - {——— ———]——{— ] - — ———— " — - - ——{—__ ———"_—_—_———_— - ——————————— T —— . {— ————_{—_{— - o

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: Pr@4)

- — ——— ——— — —— — —————— t— ——— T ————_— — —————— ———————— — ———— —————_— —— —— ——t—" S S— —————

When performing data transfer and drawing of the video memory, MSK
is used to mask bits upon which drawing and other 1logical

operations should not be performed. If MSK bit is @, 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: Pr@5 - Pr@7)

—— . ——— —— ———_————————————————— —_— ———————_— — ———_——————————————————{— ———— — -

—
wv
)
-3
o
w
-
N
=
=
=
[\~
(Y]
o]
~
[=))
w
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w
N
o
=

—— ———————————————————————————— — - ————————————— ——————————_——————{—. T {————— t—

v}
e}
=
e
N
(@]
a4
v
v}
el
o)
v/
=

—

|

| PSY |8 | 9 | 08| 0| P S X | 0| 86| 0| @
| | | | | | | | | |

| [ | | | | | | | | | | | | | |

| 15 | 14 | 13 | 12 | 11 | 186 | 9 | 81 71 6| 5| 4|3 1]121]11]FP®
| | | | | | | | | | | | | | | I

l _____________________________________________________________________
| | | |

| PEY | PZY | P E X | P ZX

|

"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: Prf6 bit 7 - bit 4)
Pattern Start Y (PSY: Pr@6 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 (PEX: Pr@7 bit 7 - bit 4)
Pattern End Y (PEY: Pr07 bit 15 - bit 8)

PEX and PEY specify the pattern scan ending point horizontal
and vertical addresses respectively. These should be set
between @-15 for Colour register indirect drawing and
between 0-3 for Pattern RAM direct drawing.

Pattern Zoom X (PZX: Pr#@7 bit 3 - bit @)
Pattern Zoom Y (P2ZY: Pr#@7 bit 11 - bit 8)

PZX and PZY specify the magnification coefficient applied to
the contents of the Pattern RAM. PZX, PZY = 0 specifies no
magnification, while P2ZX, PZY = $F specifies by 16
magnification.

Pattern Zoom Count X (PZCX: Pr@5 bit 3 -~ bit 0)
Pattern Zoom Count Y (PZCY: Pr#5 bit 11 - bit 8)
PZCX and PICY specify the initial magnification counter

values in the horizontal and vertical dimensions
respectively. Normally, PZCX and PXCY should be set to 0.

Pattern Pointer X (PPX: Pr@5 bit 7 - bit 4)

Pattern Pointer Y (PPY: Pr@5 bit 15 - bit 12)

The current reference point within the Pattern RAM is
specified by PPX and PPY. When using PSX, PSY to define a
pattern scan starting point, the following relationships
must be maintained:

PSX = PPX = PEX

and PSY = PPY = PEY
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4.10.8 Area Definition Register (ADR: Pr@8 - Pr@B)
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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.
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4.10.9 Read Write Pointer (RWP: Pr@C - Pr@D)
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RWP specifies a 20 bit physical video memory address for use with
the data transfer commands.

* Display Number (DN: Pr8C bit 15 - bit 14)

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

DN Functions
00 Upper Screen
g1 Base Screen
10 Lower Screen
11 Window Screen

* Read Write Pointer High (RWPH: Pr@C bit 7 - bit 9)
Read Write Pointer Low (RWPL: Pr@D bit 15 - bit 4)

RWPH and RWPL define the initial 20 bit video memory address
used with the data transfer commands.
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4.10.19 Drawing Pointer (RWP: Pr@C - Pr@D)
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The ACRTC uses DP for containing the physical drawing address
calculated during drawing commands. When executing a drawing
command, DP 1is updated as the Current Pointer (CP), specifying
the current logical X-Y drawing address, is moved.

* Display Number (DN: Prl@ 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 (DPAH: Prl@# bit 7 - bit #)
Drawing Pointer Address Low (DPAL: Prll bit 15 - bit 4)

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

* Drawing Pointer Dot (DPD: Prll bit 3 - bit 9)

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). 1In the 4 bits/pixel mode,
DPD specifies 1 of 4 1logical 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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4.10.11 Current Pointer (CP: Prl2 - Prl3)
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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-complement format is wused to
indicate positive and negative values.
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5. 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 1 ore 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.
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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 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 parameter register

WPTN Write into pattern RAM

RPTN Read the pattern RAM

For command codes and optionally parameters please refer to
Appendix J-1.



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.

The DMA Data Transfer Commands (DRD, DWT and DMOD) are used to
send large amounts of data between system and video RAM. The
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-1X 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 #. 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 Function

DRD DMA read of the video memory

DWT DMA write into the video memory

DMOD DMA modify of the video memory data (bit maskable)
RD One word read from the video memory

WT One word write into the video memory

MOD One word modify of the video memory (bit maskable)
CLR Clear of video memory area

SCLR CLear of video memory area (bit maskable)

CPY Copy of video memory area into another area

SCPY 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 @ are not.

MM Modify Mode
00 Replace video memory data with command parameter'data
g1 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.



5.4 Graphic Drawing Commands

The ACRTC has 23 separate graphic drawing commands. Graphic
drawing 1is 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 wusing 1logical X-Y addressing. The complex task of

translating a logical pixel address to a linear video.memor¥ word
address, and further selecting the appropriate sub-field o 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. 1In 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 1logical
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 Mode allows versatile clipping and hitting detection. A
drawing area can be defined, and should drawing operations
attempt to enter or leave that area, a number of programmable
actions 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
performed 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.



Table 5-1: Graphic Drawing Commands

Command Function
AMOVE
Movement of current points
RMOVE
ALINE
Drawing of straight lines
RLINE
ARCT
Drawing of rectangles
RRCT
APLL
Drawing of polylines
RPLL
APLG
Drawing of polygones
RPLG
CRCL Drawing of circles
ELPS Drawing of ellipses
AARC
Drawing of arcs
RARC
AEARC
Drawing of ellipse arcs
REARC
AFRCT
Painting of rectagle areas (Tiling)
RFRCT
PAINT Painting of arbitrary areas (Tiling)
DOT Making of dots
PTN Drawing of basic patterns (rotation angle: 45
AGCPY
Graphic copy between video memories
RGCPY (rotation angle: 90 /mirror turnover)



5.5 Operation Mode

The OPM bits of the Graphic Drawing Command specify the 1logical
drawing condition.

OPM Operation Mode

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

g 01 OR:

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

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

g 11 EOR:
EORs the video memory data with the colour data.
The result is rewritten to the video memory.

1060 CONDITIONAL REPLACE (P = CMP):
When the video memory data at the drawing position
(P) 1is equal to the comparison colour (CMP), the
video memory 1is replaced with the colour data.

101 CONDITIONAL REPLACE (P <> CMP):
When the video memory data at the drawing position
(P) 1is not equal to the comparison colour (CMP),
the video memory data is replaced with the colour
data.

110 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.

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

ghe video memory data is replaced with the colour
ata.

Refer to Appendix J-3 to show examples of each of the eight
operation modes. In these examples, 4 bits/logical pixel is
assumed.



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.

COoL Colour Mode

00 When Pattern RAM data

@, Colour Register @ is used.
When Pattern RAM data

1, Colour Register 1 is used.

g1 When Pattern RAM data
When Pattern RAM data

@, drawing is suppressed.
Colour Register @ is used.

nn
[
-

10 When Pattern RAM data
When Pattern RAM data

@, drawing is suppressed.
1, Colour Register 1 is used.

11 Pattern Ram contents are directly used as colour data.

The Colour Mode chooses the source for colour information based
on the contents (@ 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 01 0 0 0100010001

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 Definition
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 and hitting.

AREA

)
)

~ Refer
command

]
)

)
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 = 0 0 0.

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.

to Appendix J-5 for an example of the execution of a CRCL
using various Area Modes. It is assumed, that the Area

Definition Register has been loaded to define the Area bounded by
Xmin, Y¥min and Xmax, ¥Ymax.






6. 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, B1l4, Bl5, Bl6
and Bl7. B5 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 Bl2 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 Bl2 (Scroll Mode 2). 1In the
scroll mode 2 scrolling is only possible with no magnification.

Fig. 6-1 shows the jumper locations of B5 and Bl2 - Bl7 on the
SYS68K/AGC-1.

Table 6-1 lists the default jumper settings.
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Jumper Bl2 Jumper Bl2

Scroll Mode 1 Scroll Mode 2
1---2 3 1 2---3

Default Set-up

Jumper B5 Jumper B13 Jumper Bl4
10---1 1 14 16 1
9 2 2 13 15 2
8 3 3 12 14----3
7 4 4 11 13 4
6 5 5---10 12 5
6 9 11 6
7 8 10 7
9----8
Jumper B15 Jumper Bl7 Jumper Bl6
1 2 3 1 2 3 8——--1
4 5 6 4 5 6 7 2
7 8 9 7 8 9 6 3
10 11---12 19---11 12 5 4
13---14 15 13 14 15
16 17 18 16 17 18
19 20 21 19 2¢0---21

22 23 24

Table 6-1: Jumper Settings of B5, B1l2, B13, B1l4, B1l5, Bl6, Bl7
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6.2 Light Pen Interface

The Light pen interface is also realized on the SYS68K/AGC-1l. It
can be connected via the 15 pin DSUB connector (P4) on the front
panel. The 1light 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 1 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 1latched
address to differ slightly from the actual light pen position.
The 1light 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-1.



Pin Assignment of Connector

DISP1
/HSYNC
CLK31
2CLK

/EXSYNC

+5V

Light Pen

> W Ny

10
11
12
13
14
15

P4

GND
64M
/64M
NC
NC
NC

NC



6.3 External Synchronisation

The SYS68K/AGC-1 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 Bl# 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 B1l# Jumper B10
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 Bl@# and Bll on the board.

Table 6-2 lists the pin assigments of connector P4.
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6.4 Display Monitor Interface

The display monitor is connected with the SYS68K/AGC-1 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 compatibl