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FEDERAL COVMUNI CATI ONS COWM SSI ON
RADI O FREQUENCY | NTERFERENCE STATEMENT

Warning: This equipnment has been certified to conply wth the
limts for a class B conputing device, pursuant to Subpart J of
Part 15 of the FCC Rul es.

Ramibr ks D.P. RCB option FCC ID. EYWQGAERGBOPT | NSTRUCTI ONS TO THE USER

This equipnent generates and uses radio frequency energy and if

not installed and used properly, i.e., in strict accordance wth
the operating instructions, nmay cause interference to radio or
television reception. It has been tested and found to conply
with the Ilimts for a class B conputing device pursuant to
Subpart J of Part 15 of the FCC Rules, which are designed to
provi de reasonable protecton agai nst such interference when

operated in a residential installation.

If this equipnment does cause interference to radio or television
reception, which can be determined by turning the equipnent on
and off, the user is encouraged to try to correct t he
interference by one or nore of the foll owi ng neasures:

* Reorient the receiving antenna.
*  Rel ocate the equipment with respect to the recerver.
*  Move the equi pment away fromthe receiver.

* Plug the equipnent into a different outlet, so that the
equi pment and receiver are on a different branch circuit.

If necessary, consult vyour service representative for additiona
suggesti ons.

The  manufacturer is not responsible for any radio or TV
i nterference caused by unaut hori zed nodi fi cati ons to this
equipnent. It is the responsibility of the wuser to correct such

i nterference.
| MPORTANT | NFORMATI ON ABOUT CABLES AND CONNECTORS

This product was FCC certified wunder test conditions that
included use of shielded cables and connectors between system
conponents. A shielded cable is one that wuses a netallic wap
around the wires to reduce the ©potential effects of radio
frequency interference. It is inportant that you wuse shielded
cabl es/ connectors to reduce t he possibility of causi ng
interference to radio, television, or other electronic devices.



TABLE OF CONTENTS

CHOOSI NG AN RGB MONI TOR
| NSTALLATI ON OF THE RGB EXTENDER
USI NG THE RGB EXTENDER
Text Color Switches and Col or Mapping Switch
Text Modes
The Applied Engi neeri ng RGB Software
Sanpl e Prograns
AN RGB TUTORI AL
What is RGB ?
Doubl e Hi —Res On the Apple lle
APPENDI X A: RGB Routine Locations
APPENDI X B: Using the RGB Extender from Assenbly Language
APPENDI X C: RGB Connector Pin CQuts
TROUBLE SHOOTI NG GUI DE

0 0 N N o b

12
12
13
15
15
16
17



Wel come to a new world of exciting RGB col or!

Appl i ed Engi neeri ng RGB Extender Card Features

* 100 % conpatible with Apple Ile hardware for graphics and

t ext nodes

*  Four color switch selectable color text (blue, white,
or green) in either 40 or 80 colum node

*  True RGB reproduction of Apple Ile double density nodes

amber,

* Wrks with BOTH Apple conpatible AND IBM conpatible RGB

moni t ors.

NOTI CE:

THE ROB CARD DESIGN AND PCB LAYOUT WERE BOTH COPYRI GHTED
BY APPLIED ENG NEERI NG THIS MANUAL |S ALSO COPYRI GHTED,

APPLI ED ENG NEERING AUTHORIZES OMERS O THE RG CARD TO
LI M TED NUMBER OF COPI ES FOR THEI R OAN USE.

IN 1984
HOAEVER
MAKE A



CHOOSI NG AN RGB MONI TOR

One of the features of the Applied Engineering RG Digital Prisim
(tm is its ability to be used with both Apple conpatible RGB

monitors and |IBM conpatible RG nonitors. To facilitate use wth
bot h types of noni tors, t he Digital Prism includes two

connectors along the back edge.

One connector is the 16 pin connector found along the |ower part
of the back edge and is the exact sanme connector as the one on
the original Applied Engineering RGB Option for the Rammorks (tm
card. This connector is wused for Apple conpatible RGB nonitors,
and is connected via a ribbon cable to a 15 pin D-type connector
which plugs directly into the cable of an Apple conpatible RGB
nmoni t or .

The second connector, which is new on the Digital Prisim and was
not included on the original Rammrks RGB option, is found along
the upper part of the back edge of the card and has |0 pins. This
connector is neant to be used with IBM conpatible nonitors and is
connected via a ribbon cable to a 9 pin D—type connector which
w | plug directly into the cable of an |[IBM conpatible RGB
nmoni t or .



| NSTALLI NG THE RGB EXTENDER ON THE RAMAORKS CARD

R R S S I S R R I S S S R B I R

*
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*
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*

1)
2)
3)

4)

5)

6)

7)

*
NOTE: Never attenpt to renove or insert cards *
in any slot of the Apple Ile while the *

power is turned on. Doing so could cause *
damage to both the Apple notherboard and *

t he card. *

*

*

R R b S R R S S S R S b S S O R I O

Turn the power to the Apple Ile OFF.
Remove the Ramworks card fromthe auxillary slot.

The Applied Engineering RG Digital Prisim is provided

with cables that wll allow you to use it wth both |BM
conpatible RGB nmonitors and Apple conpatible RGB nonitors.

Renmove the cable which will NOT be used with your nonitor and
save it along wth its nmounting hardware in a safe
| ocati on.

Plug the RGB extender into its connectors on the Ramworks
card. Notice that on the Ramwrks card there are two sets
of connectors, one set on the chip side of the card and
one set on the solder side of the <card. The set of
connectors on the solder side is the one designed for the
RGB extender. (The connectors on the chip side are for

the Ramworks 512K or 2 Meg piggyback cards and are NOT
conpatible with the RG card.) Line the R extender and

the Rammorks up so that the the chip sides of each card
face in the sane direction. Line the connectors up so

that all pins on the RGB card wll slide into a slot on
the Rammwrks card and gently push the two together until
they are mated and will not go any further.

While the power to the Apple Ile is still OFF, gently push

the Ramworks card back into the auxilary slot on the Apple
Il e not herboard.

Route the video cable out of one of the holes in the back

panel of the Apple Ille’'s case. Use the nounting hardware,
which consists of a flange and two screws, to nmount the
connector to the Apple s back panel. Connect the cable to

the cable comng from the RG nonitor. See diagram on page
five for nore information.

Insert the ProDOS disk supplied by Applied Engineering
into the boot drive. Now turn on the power and enjoy a
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USI NG THE APPLI ED ENGI NEERI NG RGB EXTENDER

When you have conpleted the installation of the RG extender and
turned on the power to the RG nonitor and the Apple, wth the
Applied Engineering boot disk (which is a ProDOS disk nanmed /RGB)
in the boot drive, you will first see the ProDOS startup nessage,
then you wll see the Applied Engineering startup nessage. |If
this is not what you see, then turn off the power and check to
see that the card is properly installed and all of the cables are
properly connect ed.

If you are wusing a nonitor that requires the ribbon cable wth
the 9 pin D-+type connector, and if the picture is rolling and not
getting proper sync, then you wll want to try changing the SYNC
SELECTION SWTCH, which is one of the dip switches located on the
end of the Digital Prisim card which is closest to the keyboard

of the Apple Ilie when the Digital Prisim and Ramwrks are
correctly installed in the conputer. There are four dip switches
mounted in a red rectangul ar plastic encl osure. The  Sync

Selection Switch is switch 3 of the dip switches. Wwen the Sync
Selection Switch is pushed so that it is down toward the side
mar ked  OPEN, NEGATIVE SYNC is selected. Wen the switch is
flipped the other direction, PCSITIVE SYNC is selected. Sone
monitors that use the 9 pin D-type connector use negative sync
and some use positive sync. If vyour nonitor wll not properly
sync up, try pushing the Sync Selection Switch in the opposite
direction. A table for the Sync Selection Switch is shown bel ow.

Switch 3 Sync Si gnal
OFF NEGATI VE
ON POSI Tl VE
Note: to turn the switch off, push down on the side narked
13 @ENH.

Text Col or Switches and Col or Mapping Switches

Wen you get the proper nmessages, the first thing you will notice
is that the RGB nonitor displays the sanme thing as the regular
video nonitor, except that the RGB nonitor displays it in a blue
color. Except for the color, the screen format is the same as
the regular Apple screen format: 24 lines of 40 charaters each.
If you do not like the screen text display color, you can change
it to one of three other colors by using the Text Color Switches
which are switches 1 and 2 of the dip switches. Only switches 1
and 2 of four dip switches will affect the text color. A table



for the Text Color Switches is shown on the next page.

Switch 1 Switch 2 Text Col or
OFF OFF VWHI TE
OFF ON BLUE
ON OFF AMBER
ON ON GREEN

Note: to turn the switches off, push down on the side marked
Ai@ENH.

The settings on the Text Color Switches have no effect on the
other operations of the RG extender; the H —Res RGB graphics
will work the same no matter what the switch settings of the Text
Color Switches. The switches are easy to access while the card is
installed in the Apple and may be changed while the card is in
operation. |f you do not like the text displayed in blue, you can
change the col ors now.

Dip switch 4 is the COLOR MAPPING SWTCH Sone nonitors which use

the 9 pin Dtype cable have different color maps than others. In
order to get the proper colors on the screen, the switch night
need to be switched in one direction or another. If the colors

you see on your screen do not agree with what they should be, try
flipping the COLOR MAPPING SWTCH the other way. Renenber also
that color names are a very subjective thing, and that different
monitor manufacturers wuse different phosphors in their picture
tubes. If the color names do not agree exactly wth what you
think they should be, even after trying the COLOR MAPPI NG SW TCH
in both directions, the problem mght be in the type of phosphor
used in the picture tube of your nonitor.

Text Modes

Once you have the text colors set the way you like them you can
continue on wth the Applied Engineering denonstration prograns.
To return to the nmenu from one of the progranms, sinply press
escape.

“I'f the Applied Engineering RG extender works in the 40 colum

node, what happens when | switch to the 80 colum node?”, you
m ght wonder. A sinmple experinment wll show you that the RGB
extender will function in 80 colum npde as well as in 40 colum
node. The text color selected via the Text Color Switches wll
still be in effect in the 80 colum node.

The Applied Engineering RGB Software

To all ow you to use the card from Appl esoft Basic, Applied
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Engi neering has supplied with the RGB extender software that will
extend the conmand set of Appl esof t Basi c. Thi s command
extension wuses the well docunmented anpersand hook. Each of the
commands used from Applesoft nust be preceded by an anpersand (&)
character. Thi s anper sand charact er tells t he Appl esof t
interpreter to use the Applied Engineering software to execute
t he command whi ch foll ows.

On the disk is a binary executible file <called B.RG@. H RES

Wen this program is BRUN it wll l|oad the Applied Engineering
RG routines into nmenory and set the anpersand hook so that any
command preceded by an anpersand character wll be executed by

the RG software. This file (B.R&B.HRES) can be nobved to any
other ProDOS disk and BRUN to provide the Applesoft extension for
R&B. On the disk we supplied to you, the program called STARTUP
will automatically run B.RG.HRES when the disk is booted. This
is a good idea for any disk which will be used primarily for RGB
graphi cs.

The following is a list of the commands, their wusage syntax and
the required parameters for each.

& DG This command is used to turn on the R& card
If this command is not wused the RGE routines
will still draw on the double H —Res screen
but because the RG card is turned off, nothing
will appear on the RG screen. This command

requires no paraneters.

& CLEAR This command is used to clear the screen.
Wen the R@& card is turned on with the & DG
command, the screen is not cleared; this wll
sonetines result in garbage on the screen and

wll sonmetines display the last picture that
was on the screen. Use the & CLEAR to clear the
screen to black. This comand requires no

par aneters.

& TEXT This command is used to shift back and forth
between the text and graphics screens on the
RGB card. The RGB card wll display both nodes
of text (40 colum and 80 columm) in addition

to the RG graphics. If you were in 40 colums
before you went to RGB graphics, & TEXT wll
return you to 40 colums; if you were in 80
colums, then you wll return to 80 colunns.
This command requires no paramaters.

& HUE= X This command is used to set the color which
will be plotted on the screen by the next plot
command (& DOT AT or & LINE TO. Once the
color is set wusing & HUE= it wll renmain that
color until you change it. The parameter X nay

be a numeric literal (a number) ,an Appl esoft
9



vari abl e, or a wvalid arithnmetic expression.
The allowed range is <0. .15> which corresponds
to the colors as shown bel ow

0 = BLACK 8 = BROWN
1 = RED 9 = ORANGE
2 = DARK BLUE 10 = LI GHT GREY
3 = LAVENDER 11 = PINK
4 = DARK GREEN 12 = GREEN
5 = GREY 13 = TAN
6 = BLUE 14 = AQUAMARI NE
7 = LI GHT BLUE 15 = WHITE

& BKGND This comand is used to change the color of the
background. The screen will be cleared to the
last color chosen wusing the & HUE conmand.
Pl ease note that anything on the screen wll be
be <cleared...this comand works like clear

except that it clears the screen to the |ast
chosen color instead of black. There are no
requi red paraneters.

& DOT AT X, Y This comand is used to plot a dot of the
chosen col or (chosen using & HUER) . The
paraneters X and Y can be nuneric literals,
Appl esof t vari abl es, or valid arithnetic

expressions. The allowed range of x is <0..139>
and the allowed range of Y is <0. .189>.

& LINE TO X, VY This command draws a line in the present color
from the last point plotted to the Ilocation
specified by X Y. The range and type of the
paraneters is the sanme as that for the & DOT AT
command.

& LOAD <f nanme> This command is used to load a picture from the
disk to the RG screen. (fnane> is the nane of
the file to be loaded and it nay be either a
string literal or a string vari abl e.

& SAVE <f name> This command is used to save a picture from the
RGB screen to a disk file. (fname> is the nane
which will be given to the disk file which is
created and it may also be a string literal or
a string variable.

All of the commands I|isted above nay be used either from the
i medi ate execution node or in an Applesoft Basic program To
use the commands from imediate node (i.e. when you have the
Appl esoft pronpt ] ) sinply type an anpersand character ( & ) and
the command plus any required paraneters. To use the conmands
from BASIC, sinply put an anpersand as the first character in the
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coomand |ine and then use the command, with any necessary
paranmeters of course.

NOTE: The Applied Engineering &LOCAD and &SAVE conmmands use a
file format which is conpatible wth the format specified by
Appl e Conmputer Inc.; however, a program sold by Beagle Bros.
Software called Beagle Gaphics uses a different file format. |If
you wish to load a picture in the Beagle Gaphics format use the
foll owi ng commands from Appl esoft Basic:

100 POKE —16299, 0

110 PRINT CHR$(4)”BLOAD PI CTURE. AUX"
120 POKE —16300, 0

130 PRI NT CHR$(4)”BLOAD PI CTURE"

If you wish to save a picture in the Beagle Graphics format:

100 POKE —16299, 0

110 PRI NT CHR$(4)” BSAVE PI CTLJRE. Al JX, A$2000, L$2000"
120 POKE —16300, 0

130 PRINT CHR$(4)”BSAVE PI CTURE, A~2000, L$2000”"

O course, the file nane can be anything you want it to be, but
you must renenber to include the .AUX extension after the
filnanme which follows the POKE —416299,0. This convention nust be
used if the file is to be readable by the Beagle G aphics
program

Sanpl e Prograns

Here is a short program which will draw random colored dots on
the RGB screen:

100 & DG

110 & CLEAR

120 & HUE=RND(II1)*15
130 & DOT AT RND(111)*139, RND(222)*189
140 GOTO 120

In line 100 we use the & DG command to turn on the RGB card. In
l[ine 110 we wuse the & CLEAR comand to clear the RGB screen.
Line 120 sets the color to a random nunber between O and 15.
Renenber that the Applesoft random nunber generator returns a
random nunber between O and 1... then nultiplying this by 15 wll
yield a nunmber between O and 15 (after truncation to nmake it an
integer quantity) .Line 130 plots a dot in the chosen color at a
random |l ocation. Note that the first coordinate (X coordinate) is
between 0 and 139 and that the second coordinate (Y coordinate)
is between 0 and 189. Line 120 sinply puts us in an infinite
loop. The only way to terminate this program is to hit reset or
use a Control —€.
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Now we wll change the program a little so that it draws random

colored lines instead of random colored dots. The program | ooks
i ke this:

100 & DG

110 & CLEAR

115 & DOT AT 69, 94
120 & HUE=RND(111) * 15

130 & LINE TO RND(!11)*139, RND(222) * 189
140 GOTO 120

You will note that this program looks a lot |ike the previous one
except for the addition of line 115 and the change of the conmand
in line 130 from & DOT AT to & LINE TO The addition of Iline 115
is for the purpose of giving the & LINE TO command a place to
start when drawing the first |ine. Subsequent |ines are drawn
from the last plotted point, which in this case is the position
the last & LINE TO command was given as its paraneter. The net
result is that the program creates a sequence of random Ilines
that are connected “head to tail” to give a random “path” around
t he screen.

The third exanple program will give a random set of lines that
are not connected as the last ones were, because the third
program will give each line its own starting and ending points.

This program | ooks |ike this:

100 & DG
110 & CLEAR

120 & HUE~RND(11l)*15

130 & DOT AT RND(I11)*139, RND(222)*189
135 & LI NE TO RND(333)*139, RND( 444) *189
140 GOTO 120

This program differs from the first one only in the addition of
the line nunbered 135. It draws a line from the point plotted in
line 130 with the & DOT AT command to the position specified by

the paraneters. It is different from the second program in that
it insures that each line has its own starting point, it does not
use the ending point of the last |Iine drawn. Studying these
sampl e progr ans wil | hel p you to better under st and t he

relationship of the two commands & DOT AT and & LINE TO.

AN RGB TUTORI AL

VWhat is RGB ?

RGB is a type of graphics system that provides a nmuch sharper
image than the regular Apple Il graphics display. The letters
RGB stand for Red—&Geen-Blue and refers to the way in which the
el ectron guns in the picture tube of the nmonitor are controll ed.
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Recall that in the picture tube are three electron guns, one for
each of the additive primary colors red, green, and blue. In the
regular Apple |1 graphics system the signal to a color graphics
monitor is an NTISC conposite video signal, which neans that the
information for control of all three electron guns has been
conbined into one signal. In the R@& system the information for
the three guns is sent on separate wires (one for each electron
gun) to the RGB nonitor. Thus, because of inconpatible signaling
standards, to use the RGB card you must have an RGB nonit or.

Doubl e Hi —Res on the Apple Ile

In order to understand how the RGB card produces inages on the
RGB nonitor, we mnust first understand how the Apple H —Res and
doubl e Hi —Res nodes wor k.

H —Res graphics on the Apple Il and Il+ has a resolution of 280H
X 192V when viewed on a nonochrone (black and white) nonitor.
Each horizontal row on the Apple Il and Il+ shows 280 dot

positions. Each of the dot positions on the screen represents one
bit of information in the conputer’s nenory. Each horizontal row
of 280 dots is created from the information in 40 bytes of the
conmputer’s nenory. You night wonder how 40 bytes of eight bits
each nmakes 280 dots per row instead of 320 dots per row The

answer lies in the fact that only seven bits per byte are
actually displayed on the screen. The eighth bit in each byte is
used for special purposes which will be discussed |ater.

The Apple Ile has nmany inprovenents over the Apple Il and 11+,

one of which is the double H —Res graphics node, which allows us
to have a nonochrone resolution of 560H x 190V. In order to get
560 dot positions per horizontal row, we need extra bytes of

menory for the extra information on the screen. The Apple Ille
was designed so that extra nenory in an auxilary bank plugged
into the auxilary connector could be interleaved wth the

regular H —Res display nenory. For the Applied Engineering RGB
extender, the menory already exists on the Ramworks card. For the
Apple 1Ile in double H —Res every other byte wused for screen
display (every other seven dots) cones from either the min or
auxiliary menory.

When the regular Apple H —Res graphics signal is applied to an
NTSC color nonitor (or a color TV set through a video nodul ator)
an interesting thing occurs: the wuseful resolution is decreased
to 140H x 190V. This occurs because of the way in which the NTSC
nmoni t or (or TV set) wor ks. In effect, the color nmoni t or
"interprets” the signal such that every two dots represent one
color dot. Since there are four possible conbinations of two
bi nary quantities (i.e. 00, 01, 10, 11) there are four possible
colors that can be produced. But wait, doesn't Apple advertise
the Apple Il and |1+ as having six H —Res colors? Yes, they do,
but what they didn't tell you is that there are certain
restrictions to the wuse of the six colors. The Apple engineers
figured out a way to use that eighth bit of every display byte to
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give the Apple Il and Il+ a nore versatile (and nore confusing)
color display. Wen the eighth bit of a byte is turned off, the
four possible colors are black, white, violet, and green. Wen
the eighth bit is turned on, the color choices are black, white,
blue, and orange. You can see that you cannot nix green and blue
or green and red in the sane byte, nor can you nmix violet and
blue or violet and red in the sane byte. (Renmenber, | said it was
nor e confusing.)

Wth double H —Res graphics on the Apple Ile you can now have a
hori zont al resolution of 560 dot positions on a nonochrone
monitor. Wien this signal is applied to an NISC nonitor, a

doubl ey curious thing happens: while you mght expect to get a
hori zont al resolution of 280 dots and get four colors, the
horizontal resolution for color stays at 140 dots, but because
the NTSC nonitor now “interprets” four dots as one color dot, you
now have the possibility of 16 colors (there are 16 possible
conbi nati ons of four binary quantities)

The video generation circuitry on the Apple Ile nother board
changes the information in the Apple’'s H —Res display nenory into
an NTSC conpatible video signal. It is the job of the circuitry

on the RGB extender to convert this sanme information in the
Apple’s nmenmory into the R@&B signhal (which is actually three
signals for red—green—blue) and send this signal to the RGB
nmonitor. Even though the RGB extender uses the sane area in the
Apple’s nenory for its display data, not all programs that use
this area of nenory for their display area will work with the RGB
extender. Recall that in explaining the conmand “& DG in the
section on the Applied Engineering software, we nentioned that if
you did not use the & DG command the software would still draw on
the H —Res screen, but no inmage would appear on the RGB nonitor.
This is because the RG card nust first be turned on before it

will convert the information in nenory into an imge. The sane
is true of commercially available software packages. | f a
program wites to the H —Res screen but does not turn on the RGB
card, the RG@ nonitor wll not display an image. In order for an

imge to appear, two conditions nust be nmet: 1) there nust be
information in the H —Res display area of the Apple s nenory, and
2) the RG card nust be turned on. See Appendix B for
information on turning the card on from assenbly | anguage.
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APPENDI X A: RGB HI RES ROUTI NE LOCATI ON

When the file B.RGB.HRES on the disk naned /RG is run, it |oads
at $2042 The $ character in front of a nunber neans that it is
a hexidecimal nunber. This setup routine nakes space between the
ProDOS file buffers and the Basic Interpreter and then copies the
H —Res software into that space. This space runs from $9200 to
$99FF. The setup routine also installs the anpersand vector.

APPENDI X B: USI NG THE RGB EXTENDER FROM ASSEMBLY LANGUAGE

In order to turn on the RG@ extender from assenbly |anguage, the
followi ng instructions must be included in your program

STA $C2D
LDA $COBE
LDA $CBF
LDA $CZBE
LDA $COhF
LDA $CABE

These instructions nust be wused in this unbroken sequence. Wen
this sequence of instructions has finished executing, the RGB
card is turned on and wll be wusing the H —Res display area to
forman image on the RGB nonitor.
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Appendix C: RGB Pinout Diagrams
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TROUBLE SHOOTI NG

PROBLEM

No i mage on the screen

| get a syntax error
when | use the RGB commands
from BASI C

The screen flickers or rolls

SOLUTI ON

Check and make sure that al
cabl es are hooked up properly.
Pay special attention to where
the ribbon cable plugs into

t he header on the RGB card;
make sure the cable points in
the direction of the chips on
the RGB card.

Make sure that you have BRUN
the file B. RGB. Hl RES before you
try to use any of the anpersand
commands. Also make sure you

are using the conmands with the
correct paraneters.

Make sure that the cables are
snugly connected and that the
hori zontal and vertical hold
on the RGB nonitor are set to
the proper positions.
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