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1.1

1. THEORY OF OPERATIOHN

INTRODUCTION

The information contained in this manual provides a
detailed description of the Cromemco SDI graphics
interface hardware. Please refer to the Cromemco
SDI software manual if you will be using Cromemcoe
SDI software exclusively. Most .of the §5DI
operation described below is handled automatically
by SDI software.

THE VERSATILE SDI

The Cromemco SDI is the most versatile video
interface 1in the microcomputer industry today.
With its high point  resolution, Color Map
selection, dual page windowing function, automatic
area f£ill mode, and NTSC broadcast compatibility,
the most demanding requirements £f£or a video
interface can be met. The SDI is designed to meet
the challenges of professional and industrial
environments where uncompromising performance,
reliability, and c¢ontinued compatibility are
essential.

The SDI consists of two circuit boards which plug
directly into the 8~100 bus of any Cromemco
microcomputer system. It acts as an interface
between the computer and an RGB color monitor. The
SDI performs its function by turning digital
information which is stored in the computer’s
memory into a high resclution c¢olor image
possessing strikingly pure and undistorted
features. When used in conjunction with the
Cromemco model RGB-19 high resolution color monitor
and Cromemco Two Port memory the resulting picture
is of a gquality unparalleled in the industry.

In addition, the SDI offers a wide selection of
operational modes which allow the selection of the
size, location, resclution, and type of DMA suited
to a particular application. All of this is

completely controlled by software. Thus, one
program can employ one operational mode and a later
program can use an alternate mode. This manual

contains information on utilizing the many options
offered by the SDI. However, for more automatic
handling of the SDI's features in FORTRAN, RATFOR,
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or STRUCTURED BASIC, the Cromemco S8DI software
package is available.

As an indication o¢f the power and flexibility of
the 8DI, consider the following applications:

* Where extremely high point resolution (482V x
756H) is required and 2 c¢olors are sufficient,
the bit-mapped mode may be selected. This is
useful for:

1. Multi-dimensional mathematical functions
and graphs

2. Engineering design

3. Aircraft simulation

4, Text generation, editing, and storage

5. Curve plotting

* Where normal resolution {241V x 378H) |is
sufficient and wide color choice is important
{any 16 from a 4096 c¢olor menu}, the
nybble-mapped mode is available. Just a few
applications of this mode are:

1. Picture information for inventory data

2. Industrial control systems

3. Medical monitoring

4. Image processing

5. Pull <c¢olor financial reports containing
curves, bar charts, graphs, and digitized
video pictures of products

6. LSI circuit design

7. Television studio special effects

* Where bhoth of the above modes apply in a
single application, portions of the same
screen can be run in separate modes. Some
applications would be:

1, Bigh resolution text in an inventory
description of an item with a full color
digitized picture included on a portion of
the screen

2., Video art

3. Fine line smooth curve drawings adjacent to
full color images

* Because o©of the special SDI Color Map
technique, the 16 colors can be instantly
changed creating simulated motion. This is
ugseful in video animation.



* The SDI allows 2 pages of picture information
to be stored gimultaneously and windows to be
opened from one onto the other. This
technique is useful in:

1. Process control

. Educational programs which open and close
windows onto clues and answers

Product advertising displays

Computer aided design

Animation
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* With the SDI auto~fill mode a solid colored
image can be c¢reated in the time it takes to
draw the outline of the shape.

* Finally, by adding extra SDI interfaces to
your system, the aforementioned color and
resolution choices can be expanded. This is
possible because of the flexibility afforded
by separate red, dgreen, and blue ocutputs.

BASIC SYSTEM LAYQOUT

Any Cromemco microcomputer can be made to drive a
full color RGB monitor through use of the 2 circuit
boards which make up the 8DI. By plugging the 2
SDI boards into the S-100 motherbcard and
connecting board #2 to an RGB color monitor you can
attain the minimum system necessary to achieve high
resolution color graphics. This system
configuration is shown in the following figure.

As described in section 1.4 the SDI uses direct
memory access (DMA) to take the picture information
directly from the computer memory. The computer
can be simultaneocusly engaged in the execution of a
user program, In the basic system the SDI and the
main CPU must share the data bus. This will cause
an increase in the execution time of a user program
by decreasing the CPU efficiency from 100% down to
65% at best, and only 8% in the most severe case.
The actual CPU slowdown experienced due to bus
sharing will be determined by the amount of memory
used to store the TV image and the type of
instructions sent to the SDI. These controels are
discussed in section 2.4, This restrictive
slowdown can be overcome through use of the
Cromemco Two Port RAM boards described in the next
section.



INPUT/OUTPUT d————
PERIPHERALS

MEMORY [——W

cPU  l——

$-100 BUS

COLOR MOCWITOR

The Basic SDI System

INCORPORATING THE 48KTP

If the CPU is to perform at 100% efficiency during
SDI operation or if additional RAM is needed for
use as a dedicated Frame Buffer, one or more 48KTP
memory boards may be added to the system. These
are Two Port memory RAMs which were specifically
developed by Cromemco for use with the S8DI to
eliminate CPU slowdown during SDI operation, A
typical system configuration employing two 48KTP
boards is shown in the following figure.

This system will allow two 48K pictures to be
buffered in dedicated memory simultaneously without
taxing the main computer memory or impairing CPU
efficiency. The Two Port boards also make it
possible to write into one Frame Buffer while
displaying another or to display parts of each
buffer on different portions of the screen
simultaneously. Other features such as
independently controlled scrolling, animation, and
stylized fade-outs can alsc be achieved with this
system,

The Two Port RAMs are installed by first inserting
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them into the S-100 bus. Then use the 50 conductor
ribbon cable provided to connect connector J~2 of
the SDI DMA board to the Two Port Memory. If more
than one Two Port Memory board is used, they are
daisy~-chained together by means of additional
connectors on this same 50 conductor ribbon cable.
When using the 48KTP Two Port Memory, an-additional
25 conductor cable is used to daisy-chain these
memory boards to connector J-4 of the SDI DMA
board. No connection is required to connector J-4
when using a 16KTP Two Port Memory.

PAGE O 48K

MEMORY |{d4—Pp [P  4BKTP

BANK 5

BANK 0O

crU | o l¢——p| ss¢Tp [FAGE 1 48K

5-100 B8US

COLOR MONITOR.

INPUT/QUTPLIT ¢ > ¢ » sSDI
PERIPHERALS

F Y

2 q

Qg

An SDI System with Two 48KTP Boards

1.4 THE SDI FRAME BUFFER
Regardless of the system configuration the SDI
continuously polls a region of memory called the
Frame Buffer and converts this digital information
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into a standard RGB video signal, The location,
size, and format of the Frame Buffer depend on how
the wvarious SDI switches are set. {Most - of the
switches are under software control.) The basic
arrangement of the PFrame Buffer is, however, the
same in all cases.

TMAGE AREA

The major portion of the Frame Buffer consists of
an Image Area. Each bit or nybble of the Image
Area corresponds to one pixel on the CRT screen,
The value of the bit or nybble determines the color
and intensity of the pixel. The location of the
value (bit or nybble within the Image Area) which
will determine the color of a given pixel is not
fixed. The determination of this value-color
correspondence is called setting the Color Map and
is discussgsed in detail in Chapter 2.

COHMTROL, AREA

The Control Area is a smaller portion of the Frame
Buffer which allows windows to be formed and more
than one resolution to be displayed. The bits in
the Control Area do not correspond in a one-to-one
fashion with pixels on the screen, nor do they
determine color/intensity in the picture. Rather
than being seen, these bits can be used to cut
windows in selected parts of a foreground picture,
giving the viewer a glance at a background picture
(see section 2.7 on Page Interleaving). These
control bits also serve a second function by
allowing different resolutions to be displayed on
different parts of the screen simultaneously ({see
section 2.6 on Dual Resolution).
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1.5 THE SDI BOARDS

There are 2 circuit boards which make up the SDI.
Board 1, the DMA board, is responsible for memory
access, mode control, and sync pulse generation.
Board 2, the video board, interprets the digital
information which the DMA board supplies and
converts it to an analog signal for video output.

The 4 computer output ports that control the SDI
can be divided into color data ports (80H and 81H)
and control information ports (82H and 83H). The
single input port (82H) supplies the CPU with
complete timing information necessary for
software/video synchronization. A complete
understanding of the operation of these I/0 ports

is important for anyone designing custom software
for the SDI. :
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1.6 THE COLOR MAPPING RAM

The color flexibility of the SDI is attributable to
three 16X4 RAM chips which are located on the video
board and collectively called the Mapping RAM. The
Mapping RAM is uged as sixteen 1l2-bit locations.
The locations represent the color codes 0 to 15
(FH) . The contents of each location is the color
associated with that code.

Color mapping works as follows. The DMA calls up
an address in the Image Area of the Frame Buffer.
A nybble (or bit) is then fetched from that
address. The value of that nybble (bit) is used to
address one of the 16 locations in the Mapping RAM.
Finally, the contents of this (Mapping RAM)
location are read and converted to three analog
signals which in turn drive the Red, Green, and
Blue guns of a color monitor display.

Since a 12 bit word can drive the RGB guns in 4096
different ways, it is up to the programmer to load
the Mapping RAM with the 16 colors that may be
displayed in any given frame of the SDI output.
This process is called setting the Color Hap.

MAPPING
RAM

-

=]
-
0O

(]

e L iﬁ_ |

RED 7"3
BIXEL
GREEN

gt

LT

! DMA
GONTROL

I

IMAGE AREA 1

3} -

NYBBLE 1

_ MIDEO BOARD

L _ DMA BOARD

Operation of the Mapping RAM
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2. PROGRAMMER'S GUIDE

INTRODUCTION

There are 4 basic modes of operétion for the SDI.
These are determined by the size of the Frame
Buffer (12K vs, 48K) and the Mapping mode (bit

vs. nybble). The 4 combinations determined by
these choices lead to differences in picture
resolution and Frame Buffer layout.  These

differences are seen in Figures 6 and 7. Note that
a 12K image may not he stored in a 48KTP RAM and
that a 48K image may not be stored in a 64KZ RAM.

12 K 48 K

121 (V) | 241 (v)
NYBBLE~-MAPPED X x
189 (H) | 378 (H}

241 (V) | 482 (V)
BIT-MAPPED X X
378 (H) | 754 (H)

Resolution in the 4 Basic Modes
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NYBBLE MAPPED MODE 43K FRAME BUFFER

2000 | 4100 | 4200 ] 2300 | 4400 | [_FEoo_]
4091 4101 4204 4301 | adoq1 | .
+ - - " L
IMAGE AREA
40F0 41FQ 4270 33F0 | FFFD
4071
30FF [ FFFF|

Ha5E ADDRESS = 4000H MANDATORY

MYBELE MAPFED MODE 12X FRAME BUFFER

40040 4080 4100 4180 | 4zo0 | |_GFoa

4901 4083 | 4101 4181 | agoi | R
IMAGE AREA

3078 40FD | 4178 41Fa | [(8F7s

4079 “

40TF GFTF

BASE ADDRESS ASSUMED = 4000H, CAN BE OH, 4000H, BUOOH OR COOCH

Prame Buffer in the Basic Modes, Nybble Mapped
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81T MAPPED MODE 48K FRAME BUFFER

4001 2101 4201 —H——Jaa01

- .

a »

» -

-——— 1 3 3

4000 | 4109 [ 4200 T Tez00 Froo

IMAGE AREA
40F0 41F0 4azFo0 P TJaarn - [ o o
4GF1? R
L} -
40FF {EFFF
BASE ADDRESS = 4000H MANOATORY
BIT MAPPED MODE 12K FRAME BUFFER
4000 4080 4100 ———4180D LY

4001 4081 4161 —1—+4981

o ———— .
- a3
- o *

IMAQE AREA

f— =

4078 | 40F8 4178 =1 41F8 srre——T13

4079 B

Ll - L]

Ll -

- i
| 4o7F i f BFTE

BASE ADCRESS ASSUMED ~ 4000H, GAN RE OH, 4CG00M, 8000H OR GAOGH
Frame Buffer in the Basic Modes, Bit Mapped
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THE 1/0 PORTS IN BRIEF

The S8DI creates a TV image by continually polling
the Frame Buffer and interpreting each bit or
nybble in the Image Area as the state of a pixel on
the screen. The SDI requires two pieces of
information to convert the Image Area into a CRT
image: ’

1. Image Format - size and location cof the Frame
Buffer and resolution of the picture

2. Color Map - the code for interpreting each bit
or nybble in the Image Area as a
color/intensity setting for its corresponding
pixel on the screen

As the example at the end of this section
illustrates, Image Format information is sent to
output control ports 82H and 83H. Color Map
information is sent to output ports 80R and 8lH.

CONTROL PORTS

m o
42 ]
= 3
OQUTPUT PORT 82H: E s D R c F B A
- T T T
QUTPUT PORT B83H: FUTURE USE AF IN P1 | TP
| | !
E 1 = DMA enable
0 = DMA disable
E is effectively the on/off switch for the
monitor.
5 1l = 48K mode
0 = 12K mode

Note that a 12K picture cannot be read from a
48KTP board and that a 48K picture may not be
stored in a 64KZ RAM board.

18



IN

1
Q

vertical resolution reduction
normal resolution

When set, the vertical resolution is reduced
and CPU efficiency is improved. Used in 48K
mode only, especially with the basic bus

~sharing system configuration.

i
0

reduce vertical range
noermal vertical range

Cuts vertical picture size by 25%. Set for
increased CPU efficiency, especially with the
basic bus sharing system configuration.

key code enable
normal

o

1
0

Used in bit-mapped mode only. If reset, a 0
in the Image Area will correspond to color O
in the Mapping RAM. If set, a 0 in the Image
Area will correspond to color code 1.

1
0

bit-mapped option enabled
nybble-mapped mode

When set, the bits in the Control Area of the
Frame Buffer are used to determine whether
segments of the sc¢reen are displayed in bit or
nybble mode (see Section 2.6).

= A5 of the address bhus
Locates a 12K base address (ignored in the 48K
mode) .

= Al4 of the address bus

1
0

interleave
no interleave

Allows the pictures in two 48K buffers to
share the screen. When set, the bits in the
Control Area of the Frame Buffer are used.

1%



Pl 1

select page 1 of Two Port memory
0

select page 0 of Two Port

This bit is ignored if the TP bit 1s reset
(thus choosing 5-100 rather than second port
DMA) .

TP 1
0

select the Two Port RAMs via second port
select main memory via S5-100

Selects location of Frame Buffer.

enable auto-fill mode
disable auto-fill mode

o
il

COLOR PCRTS

a o o o
i 0 w «
= - = -t
i [ | | i |
OUTPUT PORT 80H: RED CODE
] | | L ] f
| | | I | |
QUTPUT PORT 81hH: BLJUE ! | GR?EN |
}

Ports 80H and 8lH are used to associate a color on
the screen with a code in the Image Area. In
nybble-mapped mode there are 16 codes which can be
used (0H, 1H,...,FH). 1In bit-mapped mode there are
two codes (0H and FH, or, if the key code bit C is
set, 1H and FH). These ports are described in
detail in section 2.3.
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INPOT PORT

Input port 82H signals the state of the video
scanner by reporting the status of the separate
sync pulses.

INPUT PORT 82H: VG | V8 | HG |ODD FUTURE USE

VG

Vs

HG

MSB
LSB

! I l

Vertical Scan Gate

True during vertical image extent (59.94 HZ).

Vertical Blank Indicator

True pulse near start of blank time between
fields.

Horizontal Scan Gate

True during horizontal image extent(15.734
KHZ)

ODD True for first field of each frame.

21



EXAMPLE 1 - TURNING ON THE SDI

To illustrate the use of control ports 82H and 83H
let us assume we wish to display a 48K picture
using nybble-mapped mode. The image 1s stored in
the host memory so that it must be read using S-100
DMA. '

The 85-100 DMA is selected by resetting bit DO of
output port B83H:

= gCcan main memory
0 via 5-100 bus DMA
= gcan TP's via
Do second port DMA

The picture size is communicated to the SDI through
bit D6 of port 82H:

1 0

D&

12K picture
48K picture

o

Mapping mode is determined by bit D2 of port B82H:

0 = nybble-mapped mode

0 1 = bit-mapped mode
(Control Area must

b2 be properly set)

Finally, the DMA is enabled (i.e., the screen is
turned on) using bit D7 of output port 82H:

1 0 no DMB {off)

DMA {on}

fmt
LI

D7

Putting this all together, we can display the 48K,
nybble-mapped picture with the outputs:

0000 0000 w==—w—mmww— > port 83H
1100 0000 —~—m—w—= > port 82H

22



2.3

BYTE No. 1:

BYTE No. 2:

In ZB0 assembly code this can be
the instructions:

accomplished with

1d a,0h

out 83h,a
1d a,0Csh
out 82h,a

or, in FORTRAN:
'CALL QUT(Z2'83',2'00"')
CALL QUT(Z'82',Z'CO0")

or, in DEBUG or RDOS:
-0 00 83
-0 CO0 82

When these instructions are executed the SDI will
display the high 48K of user RAM on the <color
monitor. Note that if the Color Map has not been
set the screen may interpret all colors as black
and appear blank.

SETTING THE COLOR MAP
NYBBLE MAPPED MODE

There is a choice of 4096 color/intensity settings.
Any 16 of these settings can be displayed on the
screen simultaneously. A code from OH (0000) to FH
(1111} is assigned to each chosen color/intensity
setting. This information must be output to ports
80H and 81H upon (or prior to) initiation of the
image., It need not be updated unless a color which
was not among the original 16 is to be displayed.

The format of the Color Map word is:

| i [ T | ]
BED INTENSITY
| l ] ] ] ]

| ! 1 | | |
BLUE INTENSITY GREEN INTENSITY
| ! l ] ] |

For example, the following output will cause a 3 in
the Image Area to stand for bright vyellow (i.e.,

23
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saturated red + saturated green):

1 1 3 1 o o i 1 ———eei PORT 80H
FULL RED CODE=3

0 o 0 0 1 1 1 1 — PORT 81H
NO BLUE FULL GREEN

This could be accomplished through assembly code:

1d a,0F3h
out 80h,a
1d a,0Fh
out Blh,a

or by using a high level language such as FORTRAN:

CALL OUT(Z'80',2'F3")
CALL OUT(Z'81',Z°'GF")

The SDI Mapping RAM will now interpret a 0011
nybble in the Image Area as bright yellow.

Two rules should be observed when outputting Color
Maps to ports 80H and 81H:

1. Only change the Color Map when the wvideo
scanner is not in the picture, that is, during
the blank time. This avoids irregularities in
the TV image. The VSYNC bit of the SDI input
port can be used to time such outputs.

2. Always output to port 80H first, then to 81H,
This assures that byte #2(blue/green) gets
associated with byte #l(red/code}.

EXAMPLE 2 ~ OUTPOTTING A COLOR MAP

Assume a 48K, nyvbble-mapped image is stored in the
Two Port memory {page 0} and that it has the format
of a grey scale image. This means that 0H is the
code for black and as the codes increase from OH to
FH they represent increasingly light shades of grey
until FH represents pure white.

The software is to 1) turn on the screen, and 2)
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output the Color Map. The following program
accomplishes this and returns control to CDOS.

:****************************************

:Example 2Za : GREYSCALE *

;****************************************

:Acces bank 5 (page 0}

START: 14 Ta,20h
out 40h,a ; select bank 5
;Turn on the screen,48k nybble map mode,TP RAM selected
148 a,fcth
out 82h,a
14 a,01
out 83h,a
iNow for the greys...
14 a,0 3 start with black
ioop: out 80h,a
out 81h,a
add 1lh ; and get next shade of grey
it nc,loop : if overflow,we are done -

;Now back to bank 0§ where the host memory (and the operating
:system) reside...
14

a,l
out 40h,a ;select main bank
’ jp 0 :reboot
END START

Program for Example 2a
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START

Access bank 5
(i.e. page Q)

!

Turn on the screen,
48K nybble map mode:
82H < 0COh

TP RAM selected:

83H <« 01lh

Output shade of grey
to port 80h, 8lh

Y

Get next shade
{add 11h)

16 shades
output?

Return to
main_bank

Flow Chart for Example 2a
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A subroutine which outputs a variety of colors
codegs can be written as follows:

CLROUT :

ENTRY

14
out
la
out

14
out
14
out

id
out
14
out

1d
out
1d
out

id
out
14
out

1d
out
ld
out

14
out
id
out

14
out
14
out

1d
out
14
out

14
out
14
out

1la
out
14

:******1*********************************

:Example 2b: Subroutine CLROUT *
:****************************************

CLROUT :

a,00h
80h,a
a,00h
81h,a

a,4lh
80h,a
a,10h
81h,a

a,lzh
80h,a
a,3lh
8lh,a

a,93h
80h,a
a,5ah
8lh,a

a,44h
80h,a
a,03h
81lh,a

a,0£5h
80h,a
a,00h
81lh,a

a,66h
80h,a
a,52h
8lh,a

a,37h
B0h,a
a,0d43h
81h,a

&,58h
BGh,a
a,85h
8lh,a

a,69h
80h,a
a,7ah
81lh,a

a,0hah

Bﬁhra
a.6%h

27
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sut 81lh,a

1d a,09bh
out 80h;a

14 a,%ch

out 8lh,a

id a,5ch

out g80h,a

1d a,0£5h
out 8lh,a

14 a,9dh

out 80h,a

14 a,9th

out 8lh,a

13 a,0feh
out 80h,a

14 a,2fh

aukt 8lhk,a

ld a2,0Efh
cut 80h, =z

14 a,0ffh
out 8lh,a

ret

end clrout

BIT MAPPED MODE

In the bit-mapped mode only 2 c¢olors may be
selected for display simultaneously. A 0 in the
Image Area causes its associated pixel to have the
color assigned by the code 0000. A 1 in that bit
gives the pixel the color having code 1111,
However, if the key code bit C is set, a 0 in the
Image Area will color the pixel the c¢olor 0001
{instead of 0000). This is useful if, for example,
one wishes to change the background color while in
the bit-mapped mode without altering the color map.
(Refer to section 2.6.)
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2.4

QUTPUT PORT 82H: D A

CONTROL BITS D AND R

The D (bit 5) and R (bit 4) bits of output byte 82H
have the effect of increasing CPU efficiency at the
expense of the size and resolution of the CRT
image. Since CPU efficiency is not affected in the
Two Port system configuration, these bits should
not be used in this case (i.e., they should remain

reset). Notice that bit D is ignored in 12K mode.
12 K 48 K

D (NG EFFECT) D=qa

TP READ RECOMMENDED
R=0 RECOMMENDED |R=0
D (NO EFFECT) D=0 or 1

S~100 DMA
R=0 or 1 R=0 or 1

EFFICACY OF D AND R DURING 8~-100 DMA (not 2~port):

SWITCH SETTINGS CPU EFFICIENCY®

D R 12K MODE 48 K MODE
0 0 43.2 8.2

0 1 65.6 32.2

1 0 43.2 43.2

1 1 65.6 65.6

R If set,

* PERGENT OF TIME CPU HAS ACCESS TO MEMORY

b

Use of Control Bits D and R

this bit causes the reduction of the
vertical range of the screen by 25% (12.5% off
top and 12.5% off bottom). The portion of
Image Area mapped onto that part of the screen
is ignored by the DMA controller. In 48K mode
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this eliminates 40H horizontals, total height
177 pixels; in 12K it eliminates 20H
horizontals, total height 82 pixels. The
utility of this switch is felt if the Frame
Buffer resides in main CPU memory. In that
situation, if R is set, the reduction in image
size buys additional CPU efficiency (see
figure).

(48K mode only) Another mechanism for reducing
DMA erosion of CPU time ig the reduction of
vertical resolution. D=1 cuts DMA in half by
producing two identical horizontal sweeps of
the video scanner, per single horizontal of
Frame Buffer. Alternate horizontals in the
Image Area are not scanned. This switch eases
CPU overhead from 95% to 55%. If both D and R
are set simultaneously during DMA of main
memory the reduction of CPU efficiency is only
35%.

VERTICAL HEIGHT {IN PIXELS)

SWITCH

R=0 121 (V) 241 (W)

R=1 89 (V) 178 (V)

Vertical Height and the R Switch
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OUTPUT PORT 82H: s B A

2.5 CONTROIL BITS S, B, AND A

s When set, 8 selects the 48R (as opposed to the
12K) mode. 1In the 48K mode the Image Area can
be located either in the CPU memcory or in a
48K Two Port memory. In either case the image
is addressed from 4000H to FFFFH. For 12K
operation the image may be stored in any of 4
areas of CPU memory or one of the 16KTP boards
(but not in the 48KTP board).

Iin the 12K mode, the location of the Frame
Buffer is determined by control bits A and B.

B,A (12K mode only) These bits act as offsets for
DMA addressing. They are equivalent to bits
215 and Al4 of the address bus.

B A DMA select Two Port select
(TP=0) {(TP=1)

0 0 0 - 2F7FH board 1

0 1 400CH -~ B6F7FH board 2

1 0 B800CH - AF7FB board 3

1 1 CO000H - EF/FH =~ ———————

An important consideration when lecating a Frame
Buffer is the location of the disk operating
system. For example, a 48K image stored in main
CPU memory would overwrite a 64K CDOS. This may be
undesirable for programs making use of the CDOS
system c¢alls, If special Two Port memory RAMs are
used to hold the Frame Buffer, thigs difficulty is
overcome and all 64K of user RAM may be used by
CDh0S and SDI programs.
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OUTPUT PORT 82H: c F

2.6 CONTROL BITS C AND F:
BIT MAPPED MODE & THE CONTROL AREA

In super high resolution (bit-mapped) mode, each
pixel is divided into four independently controlled
sub-pixels. Each bit of the nybble controlling the
original pixel then controls its own, smaller,
pixel giving four times the point resolution of the
nybble~-mapped mode. In bit-mapped mode, since
there is only one bit in the Image Area per pixel
on the screen, only two colors may be displayed
simultaneously. A 1 in the Image Area will
correspond to the color in Mapping Ram location FH,
and a 0 in the Image Area will correspond to the
color in Mapping Ram location O0H. Usually, the
code OH will correspond to the color black, so 0's
should be used in a bit-mapped Image Area as the
background. However, if a c¢olored background 1is
desired, this can be accomplished through use of
control bit C, described later in this section.

[o7[e[os[o4]os vz ot |00} LLRIGEVY, 4 [o7[06[0s [oa]os]oz|v1jo0] LA TR, 4,

AN N
™

Do D1 D4 Ds

CORRESPONDING CORRESPONDING
AREA ON SCREEN AREA ON SCREEN
(2-PIXELS) {B—SMALLER PIXELS)

D2 D3 De D7

Byte/Pixel Correspondence in the 2 HModes

F The bit-mapped option is selected by setting
bit F of output control word 82H, to 1. When
reset, normal resolution prevaills and
nybble-mapped mode 1is selected. The term
option rather than mode is used because bit F
does not, in itself, cause a high resoclution
format picture to be displayed. Instead, it
allows the specification of an area in which a
high resolution (bit-mapped) image is to be
displayed. This allows part of the screen to
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be displayed in the nybble-mapped mode at the
same time.

The final determination of high resolution
vs. normal resolution is exercised through the bits
in the Control Area (that portion of the Frame
Buffer to the left of the Image Area). Each bit in
the Control Area controls a small part of the Image
Area called a segment. If F is set, then a 1 in
the Control Area causes its corresponding segment
to be displayed in high resolution mode. A 0 in
this position yields a normal resolution
{(nybble-mapped) interpretation of the segment.

The association of bits in the Control Area with
segments in the Image Area is set by hardware. As
an example, we consider the top horizontal of the
Image Area (assume a 48K Frame Buffer). This
horizontal is divided into 24 segments as shown in
Figure 10. The 3 bytes in the Control Area to the
'left*® of this horizontal contain the 24 control
bits associated with the 24 segments of this
horizontal.

CONTROL AREA IMAGE AREA

o SEGMENT 24
a e —— ——
1

| = v & |

13'. a -lggg]’a - a}'fy Iano{ tﬁooi g

T

SEGMENT 1 SEGMENT 2

IN 48 ¥ MODE EACH BAT IN THE CONTROL AREA CONTROLS A SEGMENT 8 BYTES LONG {except 1st)

The 24 Seqments of the Image Area

C Since it is useful to reserve color code 0000
for black (blue off, red off, and green off)
it follows that bit-mapped images should be
constructed with a background of -0's. This
will give a color on black image. To enable
the user to display an image on a colored
background (color on color image) without
making any changes in the Color Map (such as
loading a non black color in position 0000 of
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the Color Mapping RAM), control bit C is
provided. When set, a 0 in the Image Area
will correspond to the <¢olor stored in
location 0001 of the the Mapping RAM, that is,
the color having the color code 1, A 1 in the
Image Area will remain associated with the
color code 1111 ({(FH).

EXAMPLE 3 - HIGH RESOLUTION

Assume that there is a single 48KTP RAM in bank 5
and the program is stored in the low 16K of memory
which is shared by all banks., Furthermore, assume
this picture is stored in high resolution format,
In order to turn on the screen and display this
picture appropriately the following bytes must be
output.

Select TP memory:
0000 0001 ----> PORT 83H

Turn on screen (set E), signal 48K DMA (set S}
and enable bit-mapped mode {(set F):

1100 0100 ----> PORT 82H

Finally, to be sure we are displaying the entire
image in high resolution mode, all of the control
bits in the Control Area of the Frame Buffer should
be set.

A Z80 flowchart and subroutine follow.

34



Access
bank 5
{page 0)

!

Turn on screen,
48K bit map mode:
(82H <« 0C4H)

TP RAM selected:
{830 « 0lH)

Set all the
control bits

(4000) < FFh

!

Move FFh down
cdolumn (LDIR}

3 columns
done?

Top of <— FFh
next column

— |
y

Select bank 0

Flow Chart for Example 3
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;***i************************Jc**********‘k

:Examplel ¢ HIGH RESOLUTION *
sREHRIAKEARAARR I IR RA R AT IR AR IR R AR R AT ARk

ENTRY SUPHRG

SUPHRO: 1d a,20h ;select bank % (page 0}
cut 40h,a rto write into it
;Issue control outputs to SOI...
14 a,0cdh sturn on screen,48k bit mapped mode
out 82h,a
14 a,l ;selet TP RAM
out 83h,a
!
14 a,0
out 80h,a
14 a,0
out g8lh,a ;color code 0O=black
14 a,0ffh
out 80h,a
14 a,0Efh
out 8lh,a ;color code l5=white
sNow set all the control bits... ’
14 k1,4000h ypoint to control area
14 de, 4001h
nxtcol: 14 a,0ffh. ;set 1st byte of column of contrel area
14 {(hl}.,a
1léd be,0£0h ;define length of column
ldir
inc h ydo next column
inc d
14 1,0
14 e,l
14 a,h scheck whether 3 columns of control area
op 43h ;have been filled ?
jr nz,nxtcel ;go if not being filled
;Back to main bank...
13 a,01
aut 40h,a
ret
end suphro

Program for Example 3
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SUBRROUTINE SETS ALL BITS
/IN CONTROL AREA TO i

3 3 FF
£F FF FF

IMAGE ARAEA
(high resolutlan pictura)
{Sat bit F of output port G2H)

FE FF FF

Frame Buffer after Routine Suphr

EXAMPLE 4 - DUAL RESOLUTION

Assume there is a 12K Frame Buffer in main memory
starting at base address 8000H. The image is
stored in this buffer in such a way that the upper
left hand corner is to be normal full color
resolution and the remainder of the Image Area is
stored in high resolution format {see figure, a
dual resolution image).

The control bits in such a situation could be set
as in Pigure 12b.

The outputs to be made are:
Select main memory:
00006 0000 —-———- >PORT 83H

Turn on screen (set E), signal 12K DMA (reset
S), enable bit map {set F), and locate Frame
Buffer in 8000H (bits B,A = 1,0):

0100 0110 =—-===— >PORT 82H
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Access
(page

bank 6
1)

Y

Select ma
{83 <~ )
turn on s

in memory:

creen,

12K bit map mode,
bleock 2 selected:

{B2H <- 8

6H}

Y

Define color map
{call CLROUT}

Y

A <« 0

A

/

Load lst half

of column
area with
of A

of control
contents

Y

Load 2
of col
contro

nd half
umn of
1 area

with FF

YES

3 co
do

& «— FO

lumns
nev

NO

A <«

FF

Flow Chart for Example 4
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ENTRY
EXT

Exampled

- g wa

PICTXT
CLROUT

:Access bank 6 (page 1)

PICTXT: 1d
out

a,40h
40h,a

:
;Issue control ocutputs...

14
out

14
out

-
¥
.
r

call

a,o0
83bh,a

a,86h
82h,a

Subroutine CLROUT (example 2b)

clrout

H
+Point to the control area

14
14

14
nxtcol: 14

14

1dir

.

14
id
14
1dir

e

id
Cp
it

H
:Point to next column

14
add
ex
add
ex

v

14
cp
jr
18
ir
caell: 14
it
out: 14
out

-

RET
END

h1,8000h
de,8001h

a,f
(hl) ,a
be,3ch

a,0ffh
{hl) ,a
be,3¢h

a,h
81h
z.out

be,8h
hi,be
de,hl
hl,bc
de,hl

do we do column 2 or 3 next?

a,l
1}
z,c0l3

a,0f0h
nxtcol

a,0£th
nxtcol

a,l
40h,a

PICTXT

dhkrhkhkkhk kR AkEAth b hrhkbkthhrbibbihddbdhhhhhkiid

: DUAL RESOLUTION *
T T P T s a2 2R S TR S IR L L L L s

;8000 page of main memory

gets color map

:+£411 1st half of column
1length of half a celumn

;£i11 2nd half of c¢olumn

+3 columns done?

of control area

;now point to next column...

scolumn 2

icolumn 3

tback to main bank

Program for Example 4
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FULL COLOR
(pigture)}
HIGH RESOLUTION
(taxt)
SCREEN

CONTROL AREA IMAGE AREA
00 Fo FE
a9 Fa FF

u - -

MYEZBLE MAFFED

0ga FQ FF

QqQ 0 FF

FF FE FF

FF FF FE

- »* - .

v M - BIT MAFFPED

* - * (Set bit F of cutput pori 82H)

FRAME BUFFER

A Dual Resolution Image
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OUTPUT PORT 83H: IN P TP

OUTPUT PORT 83H: TP, P1, AND IN;
THE CONTROL AREA REVISITED

The bits in output port 83H are of interest only if
the user has one or more Two Port memory boards.
Otherwise they should remain reset at all times.

In the Two Port system configuration (Figure. 2)
there is a choice of where the Frame Buffer can be
stored, For a 48K picture, the buffer may be in
the high 48K of main memory or either of the 48K TP
memories (page 0 or 1), For a 12K picture there
are 4 choices of Prame Buffer location within each
64K of memory.

Port 83H is used to communicate the bank location
of the Frame Buffer to the SDI. 1In addition, if a
12X picture is being displayed, port 82H (bits B
and A) is needed to determine the exact location
within the bank (see section 2.5).

Finally, it is possible to display more than one
Frame Buffer on the screen sinultaneously. In a
fashion which parallels the use of control bits in
dual resolution (section 2.6}, the programmer can
assign distinct portions of the screen to different
Frame Buffers. Examples are supplied at the end of
this section,

TP When set, the dedicated Two Port RAM is
selected for DMA scanning. When reset, bank
0, main memory, is selected for DMA,

48K MODE:

The switch settings recommended for these
boards will locate the Frame Buffer in the
4000H to FFFFH range of either bank 5 (page 0}
or bank 6 (page 1)}. If there are two 4BKTP
buffer areas and TP is set, the SDI needs to
know which 48K page to scan. Control bit Pl
determines this choice (see below).

12K MODE:

In addition to the bank select considerations
just mentioned, a 12K Frame Buffer must he
located within the selected bank. Bits B and
A of control byte 82H communicate this
information to the SDI (see section 2.5).
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Pl

IN

BIT P1 BIT TP

TP (BANK 8}

PAGE 1

° 1
TP |{(BANK 5)
PAGE 0
sDI
0
MAIN
MEMORY|(BANK O
Selection of Bank for DMA
Pl = 0 selects page 0 (bank 5) for DMA
Pl = 1 selects page 1 (bank 6)

If TP is reset to 0 the state of bit Pl is
ignored by the SDI., This bit is only used if
1) two or more TP RAMs are employed and 2) the
TP RAMs are addressed as separate pages from
the second port, This is the situation in
Figure 2. If these conditions are not met,
any TP RAMs should be addressed as page 0 and
Pl should remain reset at all times.

Control bit Pl only becomes relevant if bit TP
is set, indicating that the SDI is reading
from the second port of the Two Port RAM.

(Page Windowing): This bit controls the
capability of the SDI to view both pages of
image memory simultaneously.

When reset, the displayed page is either page
0 (bank 5), page 1 (bank 6) or main memory
{(bank 0) depending on the settings of control
bits P1 and TP.

When set, portions of page 0 and page 1 may
appear on different parts of the screen
simultaneously. That 1is, page 0 will have
certain areas of the screen reserved for its
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display, while the complement of the screen
will be reserved for page 1. The areas
reserved for each page are determined by the
Control Area in the Frame Buffer of page 0.

As in the case of dual resolution mode, each
bit in the page 0 Control Area dominates a
certain horizontal segment in the Image Area.
In the present case, however, a control bit
set to 1 means that the segment dominated by
that bit will “"window through to" ({i.e., be
reserved for) page 1. If reset to 0, its
corresponding segment will display page O.
Please see the figure in section 2.6, the 24
segments of the Image Area.

Note that only the control bits on page 0 are
used for page windowing. The control bits on
page 1 have absolutely no effect when bit IN
is set to 1. (See programming examples 5 and
65.)

THE SIMULTANEOUS USE OF CONTROL BITS IN AND F

When IN and F are both 0, the Control Areas of each
Frame Buffer are inactive and the values in these
areas are irrelevant. It was shown in section 2.6
that if bit F is set, the Control Area of the page
heing displayed controls the layout of high
resolution areas on the screen. In section 2.7 it
was shown that when bit IN is set, the Control Area
of page 0 is used for reserving certain areas of
the screen for page 1 (and the page 1 Control Area
is ignored).

Since the Control Areas of pages 0 and 1 cannot
perform both o0f these wunrelated functions
simultaneously, the following rule is observed when
bits IN and F are both set:

1. The Control Areas of pages 0 and 1 function as
they do in normal window mode. Thus parts of
the screen will display page ©¢ and the
complement will display page 1. This
determination will be made by page 0's Control
Area. Page 1's Control Area will be ignored.

2. Those areas which display page 0 will show
that page in nybble-mapped, full color mode.

3. Those areas which display page 1 will show
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IN

-4

that page in bit-mapped, high resolution mode.

0

1

Control area

of neither page
used.

Displayed page is
either 0 or 1.
Resolution is
nybble mapped.

Control area of page
being displayed used to
specify hi-res {bit
mapped) areas.

Control area of
page 0 used

to specify
windows

through to

page 1.

both pages in
nybble mapped
resolution.

Control area of

page 0 used to specify
windows through to
page 1.

Page 0 entirely

nybble mapped res.
Page 1 entirely

bit mapped res.

Effect of Simultaneocus Settings
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EXAMPLE 5 — WINDOW MODE

Draw vertical color
bars into page 0;
display 5 seconds

Y

Draw high resolution
horizontal lines
into page 1; display
5 seconds

'

Enter window mode and
cut window in center

of screen through to

page 1;

wait 5 seconds

¥

Disable window
5 seconds
.{display page 0)

!

Enazble window

General Flow Chart for Example 5
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output color

map

Display
page 0

Draw vertical

Y I

Bank select
page 0
for writing

!

First
color code
inte (HL)

NO

Fill in 21
columns with
color code

{(one verticle bar)

!

Next coler
code

Delay
5 seconds

bars onto page 0

Y

Display
page 1

Draw horizontal
bars into page 1

Bank select
page 1
for writing

First color
code
into (HL)

Fill in 25
successive
vertical locations
w/color code

Next
color
code

reach
screen
bottom

Get next
column

Delay
5 seconds

Detailed Flow Chart 1 for Example 5
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Bank

select

page 0

for writing

!

Clear control area
of page 0 to

all 0's for

Lores mode

Enter window

mode by

setting bit IN 8 TP
of port B83H

Y

Delay
5 seconds

Cut window

{413C) <« FF

'

Move F¥ down
for the entire

length of window -

Delay
5 seconds

Y

Display

page 0

by resetting
bit IN

Y

Delay

5 seconds

!

Enter window
mode by
setting bit IN
and TP of port
83H

Detailed Flow Chart 2 for Example 5
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:******************************

;Exampleb :WIKDOW MODE *
;******************************

EXT DELAY, CLROOT
DS 30

STK: DS 0

BEGIN: 14 sp, stk

;hefine color map
call clrout

;display page 0

14 a,0c0h ;turn on the screen

out 82h,a ;select 48k nybble map mode

143 a,l iselect page 0 via 2nd port DMA
out 83h,a

:draw 9 vertical c¢olor bars of 21 columns each on page 0

14 a,20h ;select page 0

out 40h,a ;: & write into it wia S$100 bus

id hl,4300h +hl points to lst location of image area

14 de,4301h

14 a,llh :color code #1 ,doubled in a-register
nxtcol: 1d {hl},a

14 be,5375 :length of 21 columns (256 *21 ~1)

1dir ;fill in 21 columns with color code

add a,llh son to the next color code

cp Qazh scheck whether 8 bars have been drawn

ip z,next

ine hl ;next 21 columns

inc de

ip nxtcel

;wait 5 seconds
NEXT: call delay

;display page 1
14

a,03h
out 83h,a
sdraw 10 horizontal color bars of 25 rows each on page 1
14 a,40h sselect bank 6 and write to it
out 40h,a
14 hl,4300h
14 de,4301h
14 a,0
ncolor: add ay,11lh ;color code in a-register
1id (hl) ,a
1d bg,24 she is counter for 25 rows
1dirx ;£111 in 25 succescive locations
;of the column with color code
14d b,a :save color code in b-register
14 a,l
cp a,0E0h rhave we reach screen bottom?

Program for Example 5
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jip ne,ncolum ;if so, do next column

14 a,b ;1f not,restore color code

inc 1 :next horizontal bar

inc e

JP neolor ;continue painting downwards-next color
ncelum: inc h ;hl points to next column

ip Z,nextl sgo if did reach last column

inc

id 1,0

1d e,l

14 a,0

ip neolor ;do next column

;wait 5 seconds
NEXT1: c¢all delay

;clear control area of page 0 to all 0's

a,20h

out 40h;a ;select bank 5

1d hl,4000h :hl points to 1lst location in control area

14 de,4001h '
ncell: 14 a,d

14 (hl) ,a

la be,ECHh ;length of column

ldix +£i11 in the entire column with 0

inec h

inc d

14 1,0

14 e,l

14 a,h

cp 43h ;check whether last column

;of control area being filled

jr nz,ncoll 1do next column of control area
senter window made

14 a,05h ;set bit IN and TP of port 83h

out 83h,a

;wait 5 seconds
call delay

jeut a window thru to page 1 in the center of screen

14 hi,413ch

14 de,413dh

14 a,0ffh

1d {hl) ,a

14 be,78h 1length of window
idir

iwait 5 seconds
call delay

:display page 0
14 a,l
out 83h,a

iwait 5 seconds
call delay

renter window mode

14 a,5
out 83h,a
sBack to main bank
1 a,01lh
out 40h,a
ip 0 ;50 long for ROW...
end begin

Program for Example 5
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EXAMPLE 6 -~ WINDOW MODE & HIGH RESOLUTION

Draw vertical
color bars into
page 0; display
for 5 seconds

!

Draw horizontal
color bars into

page 1; display
for 5 seconds

Y

Enter window mode;
no window for
5 seconds

!

Cut window in center
of screen through

to page 1l delay 5
seconds

Disable window
5 seconds
(display page 0)

'

Enable window
5 seconds

General Flow Chaft for Example 6
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Output color

map

Display
page 0

Draw vertical
bars into page 0

Bank select
page 0

Y

First
color code
into (HL)

Fill in 21
columns with
color code

(one wvertical bar)

!

Nezxt
color code

Delay
5 seconds

Detailed Flow Chart 1 for Example 6
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Display
Page 1

'

Bank select
page 1

Y

Clear page 1

r

Fill in the control
area of page 1

with FF's for HI-RES
mode

Y

Select 48K

bit map mode by
setting bhits E,S,F
of output port 82H

Draw horizontal
lines into page 1

(HL) <«33H

!

Increment H

NO

YES

Position to
next line

Reach
screen bottom?

Delay
5 seconds

(o

Detailed Flow Chart 2 for Example 6
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Enter window mode
by setting bit IN &
bit TP of port 83H

Cut window

{413C) < FF

v

Move FF down
for the entire
window length

Delay
5 seconds

!

Display
page 0

!

Delay
5 seconds

!

Enter
window
mnode

!

Enter bit map
mode by setting
bit E,S,F of
output port 82H

Detailed Flow Chart 3 for Example 6
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KERERA kR kbR hhkhkdhk bk dhhk i bk bR kT AR SRR AR kS kATt thhhw

Example6 :

4w e

EXT DELAY , CLROUT
Ds 30

STE x DS 9

BEGIN: 14 sprstk

;Define color map
call clrout

;display page 0

wline: 14 a,lcCh
out B2h,a
1d a,l
out 83h,a

WINDOW MODE + HIGH RESQLUTION *
AR EERERRI TR KRNI NI AR R AR ARk ko kR A AR AR R AR AR AR AT Rk kek ok k&

jturn on the screen
;select 48k nybble map mode
;select page 0 via 2nd port DMA

sdraw % vertical color bars of 21 columns each on page 0

14 a,20h

out 40h,a

14 hl,4300h0

14 de,4301h

14 a,1lh
nxktcel: 1d {hl) ,a

14 bc,5375

ldir

add a,11h

cp Oaah

ip Z, next

inc hl

inc de

ip nxtcol

;walt 5 seconds
KEXT: call delay

;display page 1
1d

a,03h
ot 83h,a
sclear page 1
14 a,40h
out 40h,a
14 hl,4C00h
1d de,4001h
14 a,0
14 {hl),a
1d be¢ . 0BPFPh

ldir

;select page 0

s & write into it via S$100 bus

shl points to lst location of image area
srcolor code #1 ,doubled in a-register
;length of 21 columns (256 *21 -1)
+£ill in 21 columns with color code

;on to the next color code

;check whether 9 bars have been drawn

;next 21 columns

;select bank 6 & write to it

;hl points to 1t locaticn of control area

;c000h is the total number of locations
;of entire frame buffer (c000h=256*192)

Program for Example 6
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;set control area of page 1 to all ff's

14 hl,4000h ;hl points to lst loecation in control area
14 de,4001h
ncoll: 14 a,0ffh
14 {hl},a
14 be,0FOH $length of column in control area
ldir :;£ill in the entire column with O0ffh
inc h
inc i
id 1,0
14 epl
id a,h
cp 43h shave we set the entire control area?
jr nz,ncoll 1do next column of control area
:send out hi-res bit map mode
14 a,0c4h :dma enable,48k bit map mode select
out 82h,a
;draw hi~-res horizontal lines on page 1
14 hl,4300h :hl points to 1lst loecation of image area
14 de,10h
again: 14 a,33h :33h is a mask to select the &4 top

tpixels corresponding to 4 bits of
1a byte that are set

14 {hl),a

inec h

ir nz,again 190 1f not finish drawing the line
add hl,de

14 h,i3h smove down 10h rows for next line
14 ar

cp 0 shave we reach screen bottom?

jr nz,again 7if no,loop back & draw next line

iwait 5 seconds
call delay

;enter window mode (bit map mode already set)

14 a,05h :set bit IN and TP of port 83h
out 83h,a
;cut a window thru to page 1 in the center of screen
14 hl,413ch
;| de,413dh
14 a,0ffh
14 {hl) ;2
14 be,78h :length of window
ldir

swailt 5 seconds
call delay

idisplay page C
ia

a,0cth ;select 48k nybble map mode
out 82h,a
14 a,l
out 83h.,a

;wait 5 seconds
call delay

;enter window mode & bit mapped mode

a,s
out 83h,a
14 a,0cdh
out 82h,a
;Back to main bank
14 a,01h
out 40h,a
ip o ;80 long for now...
END BEGIN ’

Program for Example 6
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CGUTPUT PORT 83H: ) AF

OUTPOT PORT 83H: AF;
AUTOMATIC AREA FILL

In normal nybble-mapped mode, in order to create a
solid colored area (i.e., an area which is filled
in with color), the desired color code must be
written into memory a great number of times,
especially for large areas, Indeed, virtually all
color interfaces which work on the raster scan
principle require a time consuming massive write
operation in order to fill large areas with color.

The SDI offers an Automatic Area Fill mode whereby
solid areas can be created in the same time it
takes to draw the borders of the areas.

This is accomplished by changing the way in which
the SDI interprets data in the Frame Buffer. For
example, when Automatic Fill mode is enabled, a 0
in the Image Area is no longer interpreted as an
instruction to color the given pixel with the color
associated with code 0. Rather, it takes on a new
meaning. It is now interpreted as an instruction
to color the given pixel the same color as the
pixel to the 1left. All non-~zero codes (1-15)
retain their 0ld meaning as color codes. With this
simple change automatic area fills are made
possible,

It should be observed that since Auto-Fill treats
data in the Frame Buffer differently £rom the
normal nybble-mapped mode, the user should fix the
mode (AF or normal) at the onset of image creation
and keep the mode unchanged whenever that image 1is
being displayed. Undesired results will be
obtained if a picture is drawn in normal mode and
later the AF bit is set, or visa versa. Images
compatible with both modes can be generated if the
programmer takes into account the effect of each
mode.

AF When reset, all other modes of 5DI erratiQn
are possible as described earlier in this
manual. BAuto-Fill is disabled.

When set, Auto-fill is enabled. Data in the
Frame Buffer is interpreted as follows:

1. Color codes 1-15 represent colors in
their Color Mapping RAM locations as in
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normal nybble-mapped mode.

2. Code 0 has no color meaning; its presence
signifies that the given pixel should
take on the color of the pixel to its
left.

DRAWING PICTURES IN AUTOMATIC-FILL MODE

The two rules for interpreting Auto-Fill data Jjust
given can lead to different systems for drawing
pictures in this mode. Here we will describe a
simple system for this purpose.

1. Define codes 0 and 1 to be black in Mapping
RAM:

output 60—--->80h
output 00—~~>81h
output Q01--~>80h
cutput 00~-~->81h

Give codes 2-15 any desired color meaning.

2. Clear screen by £filling Image Area with zeros
and drawing a vertical line of 1's along left
margin of Image Area.

Note that the 1's on the left indicate that
the given pixels are to be black and that the
zeros indicate that the given pixels are to
copy the color of the pixel to the left. The
net result is a cleared screen.

3. To create a so0lid filled geometric object,
draw the border on the left with the desired
color code.

4, Complete the object by drawing 1's just to the
right of the desired right hand border.

A HOTE ON BANK SELECT

When selecting bank 5 or 6 in preparation for
writing into the Frame Buffer, only the low 16K
(0-3FFFH) of host memory will remain visible to the
CpruU. For that reason, all write and read
operations to the Two Port Frame Buffer should be
stored in the low 16K of host memory.
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If additional banks of host memory are to be used
to store programs which will access the Frame
Buffer, this memory should also appear in banks 5
and 6. The low 16K of these banks should be
reserved for write and read operations.
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3. EXTERNAL CONNECTIONS TO/FROM THE SDI

TQ BOARD No.1 TO BOARD No.t
(DMA) (DMA)
A et el P PPt iny,
| CABLE STRIPE J1 ARROAS dacr. P | CABLE STRIPE J2 'clBI.E STRIFE 43 [C.QBiE STRIPE J4
SDI"T!/
Tt
Cromeme 0

TO &-100 BUS

SDI Video Board External Connections

The videc board contains provisions for 4 separate
cable connections on the card edge. These pin
groups, labelled J-1, J-2, J-3, and J~4 are shown
in the illustration above.

The two pin groups J-1 and J-3 are for internal SDI
communication and connect directly to the SDI board
1 (DMA board).

Connector J-2 is the main output to an RGB monitor.
Connector J~4 contains both input and output
signals for the SDI. If the 8SDI is t0 run on
external composite wvideo sync, for example, that
signal should be input to the SDI via connector
J-4.

The following pages contain detailed pinout
descriptions of connectors J-2 and J-4. Notice
that the SDI pin numbers differ from the standard
DB-25 cable pin numbers which plug into these
connectors. The correspondence between the 8DI
numbers and DB-25 numbers is shown in these pages.

59



<
~~~~~~~~~~~~~ N
T §Y
5 &
§ 9
& ]
g 9
5 O
% &
GONNJE2070 C s\i & &
*\k % 5
NN 5 3
5 &
————————————— o
RESERVED FOR N E{%
USE WITH OTHER } ["3 3
casusee N i
y 2

@ NS koW R o=

- el et
Moas ¢

i3

YIDEQ CARD EDGE
PIN NUMBERS

s

- VIDEQ BOARD

BB 25 CONNECTOR
PIN NUMBERS

CABLE STRIFE

25 CONDUCTOR
RIBBON CABLE

\

Video Connector J-2

DB-25 CONNEGCTOR
NUMBERS

801 VIDEQ CARD

I EDGE NUMBER

GND

FOR USE WITH OTHER
CROMEMGC PRODUCTS

31
33

14
15
16
17
i8
19
20
21
22
23
24
25

-

@ @ BN

1
12
14
16
18
20
22
24
26
28
30
32
34

o

RED VIDEQ OUT {75 (1)

GND

GREEN VIDEQ OUT (75§}
GND

BLUE VIDEO ouT {75
GND

COMPOSIT SYNG QUT (750
GND

KEY PULSE OUT* (751)

FOR USE WITH OTHER
CROMEMCO PRODUGCTS

# KEY PULSE OUT IS HIGH {2V INTO 75} IF COLOR GODE BEING
DISPFLAYED 18 NON-ZERQ. OTHERWISE IT IS LOW {GROUND),

Video Connector J-2 Pin Description
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VIDEQ GARD EDGE DB 25 CONNECTOR
PIN NUMBERS PIN NUMBERS GABLE STRIPE

S
i
§ 3
§ 2
" 5
CONNECTOR Q 8
] 8
by
MNOT USED E @
g g
Tl J| P
: \ ' 25 GONDUCTOR

RIBEBON CABLE

- VIDEO BOARD

Video Connector J-4

DA~25 CONNECTOR

1——' S0) VIDEOQ CARD EDGE — —1

1 1 14 2 COMPOSIT VIDEO/SYNG IN (75 (})
2 3 15 4 N.C,

3 5 _ 16 & COMPOSIT SYNGC out (75{))

4 7 17 8 N.C.

5 9 12 10 COLOR SUBCARRIER OUT (7510))
8 11 | o 19 12 G PHASE OUT

7T 13 20 14 COLOR SUBCARRIER 1N (75 ())
8 15 2t 16 C BHASE IN

a 17 22 18 BLINKING QUT {75 Q)

10 19 23 20 H SYNC IN

11 21 24 22 V SYNC IN

12 23 2% 24 ODD GLR IN

13 25 ODD OUT 26 N.C.

Video Connector J-4 Pin Descriptiocn
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VIDEQO CONNECTOR J-4 PIN FUONCTIONS

Pin Function

1,3,5,+..,23 gnd (ground)

25

10

12

14

16

odd out

This is a digital output square wave which is
high during the odd (first) frame of each
video field.

composite video/sync in

This analog input is for external sync lock of
the SDI. It accepts a 75 ohm composite sync
(-2V to -8V) or a composite wvideo ({(+1V)
signal. (Color subcarrier (pin 14) and color
phase/color frequency adjustment is also
necessary, }

N.C.
There is no connection to SDI circulitry.

composite sync out

This is the analog sync output. -2V to -8V
into 75 ohm for external sync lock, for
monitor drive use the output on connector J-2.

N.C.

Color subcarrier oot
Analog 3.58 MHZ sine wave. 1-4V peak-to-peak
into 75 ohm,

Cphase out

This is the digital color phase output, £for
sync locking two or more SDI systems. The SDI
generating the sync must have a connection
from this pin to the Cphase in (pin 16) of
other SDI boards. (See figure.)

color subcarrier in

This is the analog input from a 75 ohm source
which is used for sync locking SDI with an
external source, 1-4V peak to peak.
(Composite wvideo/sync (pin 2) and color
phase/color frequency adjustment 1is also
necessary.)

Cphase in

This is the digital color phase input which is
used for sync¢ locking two or more SDI systems.
{(See comment on pin 12 and figure.)
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18

20

22

24

blanking out

Analog blanking output into 75 ohm load.

HSYNC in

Separate digital horizontal sync input.

VSYNC in

Separate digital vertical sync input.

ODDCLR in
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SYNC LOGCKING TWO SDI SYSTEMS*

DMA No. 1 | DMA No. 2 |
VIDEO No. 1 VIDEO No, 2
34, PIN & COMPOSITE SYNG p| s, pin 2

COLOR SUBCARRIER

J4, FIN 10 | 4, PIN 14
C PHASE
J4, PIN 12 P J4, PIN 16
$DI SYSTEM No. 1 SDI SYSTEM No. 2

(a)

SYNC LOCKING SD! FROM EXTERNAL SOQURGE™

COMPOSITE SYNC QR >

J4, PIN 2
COMPOSITE VIDEO
EXTERNAL SQURGE
LOR SUBCARRIER
COLOR SUBC Pi J4, PIN 14

VIDEOQ BCOARD OF 8D}
(b)

% ADJUST COLCR PHASE FOR PROPER OUTPUT PHASE AND ADJUST
COLOR FREQUENCY FOR 3.579545 MHz OF COLOR SUBCARRIER
OUT AFTER SYSTEM RESET

Using the SDI on External Sync
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TO BOARD No.2 TO BOARD No.2

{VIDEQ) {VIDED)
iy
AL FAGHTS RESERVED CAPYRan Y @) 1878 BY SROEMCO | ING, (= T W PATENT MD.A121242 ANO GTHER PATENTS PENDRIG
P ¥ _ CAHLE STRIPE T CABLE STRIPE SDI D M

-

T CABLE STRIPE T CABLE STRIPE
i iimannd © (oo™

Cromemaodn,

TO 8-100 BUS

SDI DMA Board External Connections

The SDI DMA board has provisions for 4 separate
cable connections on the card edge. Pin groups
labelled J-1 and J-3 are for internal SDI
communication and connect directly to the SDI board
2 (video board}. Connector J-4 1is used ¢to
communicate with other (optional) SDI boards.

Connector J-2 is used to connect the SDI and the
second port of the special Two Port RAMs made by
Cromemco for use with the SDI. When the SDI is
reading from the second port of these RAMs the
address and data signals are transported via a 50
conductor ribbon cable which is connected to this
port. With 16KTP RAMs no other connection to the
SPI is necessary. With 48KTP RAM an additional
connection wvia a 25 conductor ribbon cable is
necessary. This cable runs from connector J4 of
the SDI DMA board to connector J2 of the 48KTP,
See illustration and installation directions.
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CARD CAGE

48KTP

TO MONITOR

(25 CONDUGCTOR
RIBBON CABLE)

34 GONDUGTOR
RIBBON CABLE

25 CONDUCTOR
RIBBON CABLE

50 CONDUCTOR
RIBBON CABLE

Connections Between the SDI and 48KTP
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GND

1. 2.

3. 4. NO

5. NO 6. CONNECTION
7. CONNECTION 8.

9. 10. GND
11. EDIO 12, EDPI1
13. EDI2 14, EDI3
15. EDTI4 16. EDIS

17. EDI®6 18. EDI7
19. GND 20. EAO

21. EAl 22. EA2
23. EA3 24. EA4
25, EAD 26. EA6

27. EAT 28. EAS8

29. EAS 30, EALD

31. EAll 32. EAl2

33. EAl13 34. GND

35. SREQO 36. SREQ1

37. SREQ2 38. ] NO

39. NO CONNECTION 40, COMNECTION
41, ERO 42. ER]1

43. ER2 44, ORRQ

45, PGl 46. ORACK

47, NO CONNECTION 48. NO CONNECTIOMN
49, 50. GND

DMA Connector J-2 Pin Description

HA CONNECTOR J-2 PIN FOMCTIONS

Bi
11-18

20-33

35-37

41—43

Functions

EDIO~7
Second port data bug

EA0-13
Second port address bus. These lines are
the same as address lines AO-Al3. The
memory page {(i.e., the 16KTP being
accessed) is determined through pins
35""37 ®

SREQGQ~2

These low active lines select the 16KTP
being accessed. They are decoded in that
only one 1is active at any given time.
(See figure.)

ER(Q-2

These low active lines enable second port
read f£rom the selected Two Port RAM.
{8ee figure.)
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44,46 ORRQ, ORACK

10 jt5 i e —re—e 54 1§ —————— ]

HG

sREQ 0

sREQ 1

sREQ 2

ER ©

ER 1

ER 2

These lines work in conjunction with SW-1
on the DMA board., If the override enable
switch of SW-1 is on, then an override
request on pin ORRQ will cause the SDI to
temporarily stop driving the Two Port
RAM.

HORIZONTAL HORIZONTAL
RETRACE EXTENT

———-1 [t &

T

v ] HORIZONTAL 64 s —-— 1 HORIZONTAL 64 g ——»

Second Port Read Reguest Timing
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4. INSTALLATION and SWITCH SETTINGS

In the majority of cases the switch positions for
the SDI should be left unchanged from the factory
settings. If they are inadvertantly moved, the
correct settings can be found in the illustration
below.

—_— T
s

SW~-1 Sw-2 Sw-1

O
(- IS
1 |«
s o SR
O
1 e
A~
1 e

DMA BOARD ' VIDEO BOARD

SDI Switch Settings

VIREC BOARD SWITCH DESCRIPTION

SiW-1 Bit 1 (setup)
cff: no boarder for active screen area.
on: boarder for active screen area.

Bit 2 (composite sync)
off: composite video sync appears on the
composite sync output only.
on: comnposite video sync appears on all
4 video outputs to the monitor.

DMA BOARD SWITCH DESCRIPTICH
SW-1 Bit 1 (override enable}

off: SDI ignores override requests to pln
44 of DMA connector J-2.

on: override requests to pin 44 of DMA
connector J-2 cause SDI to cease
Two-Port drive.
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Bits

Bits

Bit 8

SW-2

2 and 3 (vertical timing): these bits
can be used to synchronize the SDI to
external broadcast eguipment when long
cables are used for connections. The
lead/lag times for the various settings
listed below are given in vertical units
of 1l-line/field.

BIT
3 2
LAG 1 0 0
ON TIME 0 1
LEAD 1 1 0
LEAD 2 1 1

4,5,6,7 (horizontal timing): these bits
are similar to the vertical timing bits
above, but control lead/lag time in units

of 270 nanoseconds each = 1l/color
frequency.
BIT

7 6 5 4
LAG 3 ¢ 0 0 0
LAG 2 0 0 0 1
LAG 1 0 0 1l 0
ON TIME 0 0 1 1
LEAD 1 0 1 0 0
LEAD 12 1 1 1 1

No connection.

Bit 1 (Memory):

off: for 64K72 host memory

on: for 16K2 host memory. Matching this
switch to host memory is important only
if S8-100 DMA is used for picture scan.
If second port read (DMA) is used, this
bit should remain off at all times.
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Bits 2-7 (Port Address): these bits
determine the port location of the SbDI.
For normal operation they should remain
at the factory settings.

Bit 8 Mo connection.

INSTALLATION

l.

Main Memory

Set bank select switches on main memory so
that these cards appear in all banks. There
is no memory conflict with the Two Port Memory
boards as long as the phantom enable switch on
the Two Port board is in the ON position.

SDI
Copy switch settings as shown in illustration.

Install the 2 SDI cards in adjacent slots and
so that the video card, SDI-V, is within reach
of the video cable leading to the monitor {or
system back panel}.

Connect the 2 8DI c¢ards with the 2
34~conductor ribbon cables supplied. These
attach to the cards at connectors J-1 and J-3.

Connect the video cable (from monitor or back
panel) to connector J-2 of video card SDI-V.
This should be a 25 conductor ribbon cable
attached to a 34 pin edge connector.

Note that the Cromemco RGB Monitor is provided
with a video input cable terminated by a
DB-25P connector to mate with the ribbon cable
supplied with the SDI.

48KTP (if present)

Copy switch settings from illustration. (I£
only 1 48KTP is present, address it as page 0,
bank 5.)

Insert one (or both) 48KTP cards directly
adjacent to the DMA board SDI-D.

Connect both 48KTP cards to the SDI-D with 50

conductor ribbon cable to the J-2 edge
connector of the SDI.
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Connect both 48KTP boards to the SDI-D with 26
conductor ribbon c¢able to the J-4 edge
conhector of the SDI.

16KTP (if present)

Copy switch settings from illustration (you
will need 3 16KTP cards for each 48K page of
memory) .

Insert cards adjacent to each other and the
DMA card, SDI-D. '

Connect all 16KRTP cards to the SDI-D with the
50 conductor ribbon cable to the J-2 edge
connector of the SDI.

SWITGH SETTINGS

B4KZ OR 16KZ sor 4BKTP 16K TP
{(ALL BANKS DMA PAGE 0 {BANK &) (SEE NEXT
OW) =0 —30 _—f?w —-fo“ PAGE)

e LY e CEw X 0w
el . | OO COw CRw
[ B o BB [0 v B0 [ ERES
I L O e I o oo LY
v S C1 e 4« e
s R I~ I w1 LI 3~
O e e - | CXe ET J=
SW-1 sW-2 sw-1 SW-2
VIDEQ PAGE 1 {BANK 8)
_———°| ff" —+zc=_.
CIgw Cow
= el | Be
. - -l
CIw= [ e
e T e
C~ X3~
Ti= e
SW—1 SW-2

Switch Settings 1
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10

—

e N
ZP) o = 3000 JUMP ADDRESS
i = P

e F.
-

4FDC %: =RDOS DISABLE AFTER BOOT
= i

IF 64KZ PRESENT:

SW1 Sw2 SwW3
cIs- - -
~ CQe ]y
CR)e CC Cidw
L= COo- D=
e CHw v
O e - Cigde
= i = I
e D= M
A=0+4000 A=ALL BANKS B=ALL BANKS
B8=8+C000

IF 16KZ'S ARE PRESENT:

B
B
B
O Y

Swiitch Settings 2
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