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A CRT Monitor or TV Interface for AIM 65
PURPOSE ExpaNSoN
CONNECTOR e ‘__TVﬂERﬂE T, =
The twenty-column printer and display on the AIM 65 is _—|—|C_[:——'"‘°“““”5“15“‘0Fj|
sufficient for most AIM 65 applications, but there are - oaTaBUsD, 0
occasions when a longer line length, more lines per | U Um’“ - ml
display or a separate video display is desired. The I j} N
hardware and software described in this note offer a L ADDRESS 8us |
method of directing the display to a standard TV set, I CATC okl o
a modified TV set or a CRT monitor requiring a composite I Me U l
video input. 2 : > REFRESH |
? MEMORY
| it 10 I
REQUIRED EQUIPMENT [ |
I ROWADDRESY CHARACTER I
The following equipment is required to build and trouble & GENERATOR
hoot the hardware, and to assemble the software into l e R |
shoo ’ S LOAD | — — — — 4
GATED > suier
BRGA, comalm BUS [ mesiten I
1. Dual trace oscilloscope = DC to 10 MH . ViDEo l
2. High impedance input multimeter | HSYNC I
VIDED VIDEOD SIGNAL =
A~ 3. PROM programmer | B VSYNC COMBINER [ syne siGNAL|
4. Assembler L¢z_ ________ _’ e
5. Schematic for TV Figure 1. DISPLAY CONTROLLER INTERFACE
6. See Parts List LLECL BT e,
HARDWARE DESCRIPTION
Figure 1 is the block diagram for the interface circuit.
All necessary timing and control signals are provided
by the 6845 CRTC chip, IC1. The CRT controller chip
provides the refresh addresses (MAO-MA13) to retrieve
display characters from the refresh RAM and the row PROGRAMMED VALUE
address so the character generator (IC2) can define the REG. = HEG FILE CALCULATION DECIMAL HEX
dot pattern for each row of each character to be dis- ; i
played. The CRTC also provides the video timing (Hsyn, o h DISPLAYED 2 X 1-40 USeG ik 2
Vsyn) and display enable. These timings are programma- 0 HSYAC SIION e o a
ble by writing into various registers of the chip. As i V. TOTAL 23 X 7041618 MS | 231-22 s16
designed, the registers are accessed by first writing the B e e o ke =
register number into memory location $8000 and then the o il b o 5
desired value for that register into $8001 (see Figure 2). A9 MAX SCAN LINE ADDR 11-10 SA
R10 CURSOR START RASTER S4A
R11 CURSOR END RASTER 1 S8
Under control of the CRTC, the character generator (IC2) i ST AIDRES 8
converts the ASCII code and row address into a seven-bit R14 CURSOR (H) 500
pattern which is transferred to an internal shift register. ﬁ}: S:JGR:??E(N”(H, 0
This bit pattern is then clocked out serially to produce Rz LIGHT BEN (L)
the dot pattern shown in Figure 3, Timing and load for . O U -
the shift register are provided by the gated oscillator VERTICAL PERIOD = (23 X 704) + (8 X 64) = 16.69 MS
(IC8 Qnd relcfed Circu“‘ry). This gcfed Osci“Gfor iS TYPICAL 40 X 16 SCREEN FORMAT INITIALIZATION OF CRTC

Figure 2. CRTC REGISTER SUMMARY TABLE )
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Figure 3. DOT MATRIX CHARACTERS
ON A RASTER SCAN

The AIM 65 R6502 processor communicates with the CRTC
over the data bus via the AIM 65 expansion connector by
reading or writing into the 18-register file of the CRTC.
The AIM 65 accesses the refresh memory using IC3, IC4,
and IC5 to multiplex the address bus and IC9 and IC10 to
enable the data buffers of the display RAM. Since the
AIM 65 has fixed clock cycles, a transparent refresh
memory configuration is used, The CRTC accesses the
memory during @2 while the processor_accesses the memory
during 02. The refresh memory acts ds any other memory
in the AIM 65 memory map,  This method imposes no_ .
hardware burden on the AIM 65, and the refresh memory
can be _used for any other purpose when the display is not

in use.

The remainder of the circuit generates the composite video
input to a monitor, RF modulator or modified TV set. Note
the optional reverse video circuitry enclosed in dotted
lines on the schematic diagram. If this option is not
selected, connect IC2-2 to IC11-12, conneci IC11-11 to
ground and connect IC11-13 to IC13=2.

SOFTWARE DESCRIPTION

Figure 4 is the flowchart for the software. The program
may be assembled anywhere in memory; however, it is
preferable to use a starting location above $AFFF if the
CRT monitor or TV display is to be used as the principal
display. With this program located above $ AFFF the
AIM 65 can single-step through some other user program
in lower memory without also single=stepping through the
video interface program. The listing given at the end of
this application note starts at location $D800. This area
of memory is assigned to the optional assembler. If the
assembler is in place, a starting address below $CE34
should be assigned, Consult the memory map in the

AIM 65 User's Guide (p. 7-45) when selecting a starting
location. Note that locations $A000-$ AFFF should not
be used, except as noted below,

The program first initializes all the registers in the CRTC
and changes two bytes of AIM 65 RAM ($A406 and $A407)
to direct the display output to the CRT controller sub=-
routine rather than to the display-driver. This initializa-
tion routine need only be called at power-on, if power to
the AIM 65 is interrupted, or the contents of locatidns
$A406 and $A407 are changed.

SUBROUTINE
ENTRY

CURSO

0OuT OF
RANGE?

NO

CARRIAGE

RESTORE
CURSOR

\

<CR>? RETURN
LINE FEED
NO
CLEAR YES HOME CLEAR
SCREEN? CURSOR SCREEN
NO
ERASE
0 ves | SAVE o
END OF CURSOR [ screen ||
SCREEN?
NO
HOME YES
CURSOR?
NO
SCROLL YES SCROLL CLEAR
ue? y wp LAST LINE
NO
RIGHT YES
CURSOR? CURSOR
NO
e vis INCREMENT|
CORSGRT CURSOR BY
ONE LINE
NO
i
N s | [T
7 P
class [ONE LINE
NO
LEFT
YES l
CURSOR? > lcunrsor
NO
VIDEO VES swircy
Hiones VIDEO
g MODE
NO
iz DELETE?
no
A 4
KEEP TRACK OF WRAP AIM 65
DISPLAY POINTER DISPLAY POINTER
UPDATE PRINTER AROUND 20 TO BE
BUFFER ABLE TO SEE DELETES
MAINTAIN
:Eg’s‘;':‘m DISPLAY BUFFER
FOR EDITOR
ENTER CHARACTER
AND INCREMENT
POINTER

0UT OF
RANGE?

\ 4

HOME

CURSOR

LOAD NEW
CURSOR INTO
MC 6845
REGISTER

RETURN

Figure 4. SOFTWARE FLOWCHART
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The program decodes the control commands listed in
Figure 5. If the character is none of these commands, it
is written info the display refresh RAM. If the optional
reverse video circuitry has been incorporated in the hard-
ware, the command "switch video" (ASCII $07) will cause
all following characters to be displayed in reverse video,
until another "switch video" command is given.

COMMAND DESCRIPTION ASCIl CODE KEY
CARRIAGE RTN & LINE FEED 0D, 8D RETURN
CLEAR SCREEN 18 CONTROL X
ERASE TO END OF SCREEN 03 CONTROL C
HOME CURSOR 01 CONTROL A
SCROLL UP 1 CONTROL @
CURSOR RIGHT OF CONTROL O
CURSOR LEFT 09 CONTROL |
CURSOR UP 0B CONTROL K
CURSOR DOWN oc CONTROL L
SWITCH VIDEO 07 CONTROL G

Figure 5. COMMAND SUMMARY

The program is designed to allow various line lengths with
a minimum of software change. The listing sets the maxi=
mum _line length at 40 characters. This may be changed
mred line length and
changing SCRMAX o 15 fimes the desired line length.
Thesecsnd byfe or [ABL must be changed to the desired

line length. The software handles scrolling and wrap-
around.

NOTE

Line lengths over 32 characters require
modification of a standard TV set. See
"TV Modifications".

Should the user want to design his own software, it will be
necessary to recover the delete character control signal
(ASCII $7F). The software in the AIM 65 monitor will
decrement the character pointer for the AIM 65 display
and printer, but it will not echo the delete control
character to the CRTC. The STORE routine (program

lines 0195 and following) illustrates one method of
recovering the control character.

CHECK-OUT

Do not attempt to connect the CRT controller to a TV set
or CRT monitor until the following tests have been
performed.

Inspect all power supply and ground connections within
the CRT controller board and between the board and the
AIM 65. Measure the DC current drawn by the AIM 65
without the CRT controller board connected, then

measure the current drawn by the AIM 65 with the
controller board connected. The difference should be no
more than 0.6 Amps.

Using the "M" and "/" commands at several locations
between $9000 and $93FF check that the AIM 65 is reading
and writing info the display RAM.

For purpose of check out it is desirable to assemble the
CRT controller software in the low RAM. Set the program
counter on the AIM 65 to the beginning of the initiali=
zation routine. Using the "G" command run the controller
program. If unexpected results occur in the following
procedures, the problem may be in the software or the
hardware of the CRT controller.

Check Vsync, IC1, pin 40, for a pulse every 16, 66 milli-
seconds and Hsync, IC1, pin 39, for a pulse every 64
microseconds. Next check the output from the gated
oscillator, IC2, pin 21, and the load pulses, IC2, pin 23.
These two signals are illustrated in Figure 6. The clock
should have narrow positive pulses between the load pulses.

25 NSEC_"! |<___ w
#

ic2
Pl
WCLK . IN 21
| ] Tr, B
IN 2
LD
R .0

/ AIM 65 1c2
CRTC PIN 19

$2,AS _|
|<————iiﬂﬂﬂ NSEC——>’

Figure 6. CHARACTER GENERATOR INPUT
SIGNAL WAVEFORMS

Check the output of the internal shift register in the
character generator, 1C2, pin 2, for pulses indicating a dot
pattern output. Adjust variable registers P1 and P2 to
obtain the wave pattern illustrated in Figure 7 at the
video out jack.

When the above tests and adjustments are successfully
completed connect the video output from the CRT controller
board fo the video input jack on the CRT monitor, modified
TV set (see discussion below) or RF modulator connected to
the TV antenna terminals.

Re-initialize the interface software. Enter the AIM 65
Editor using the "E" command and assign sufficient buffer
space for the maximum number of characters per display.
Fill the edit buffer and therefore the monitor screen with
characters,
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Figure 7. HSYNC, VSYNC AND VIDEO COMBINED

It may be necessary to center the picture. This will
require some experimentation. The picture may be moved
upward by decrementing the Vsync position register on the
CRTC. It may be moved to the right by decrementing the
Hsync position register. With the monitor software in
RAM decrement or increment the third and eighth byte in
TABL of the software. Re-initialize the software after
each change and note the position of the display. When
the display is centered the revised values for these bytes
should be included in the final code.

A FEW REFINEMENTS

Two 4K blocks of addresses are decoded on the AIM 65
board: CS8 and CS59, If the interface is built according
to the diagram, CS9 may be used to access only 1K ($9000-
$93FF) of the 4K block. Likewise, CS8 may be used to
access only two locations ($8000 and $8001) of the second
4K block. Figure 8 illustrates a way of decoding the
addresses to make more efficient use of memory space.

Pin 9 of the 74LS155 should be connected to pin 3 of IC11
on the controller board and pin 12 of 1C12 should be con-

nected to pin 25 of IC1 on the controller board, If this
+5V
4.7K
AIMGS
EXPANSION
CONNECTOR _ 1 |6
- $8F
M o]CS8  SELECT $8000 - SBFFF . E———
§55  SELECT $9000 - SOFFF
48 b2l SBELECT S3000 -39 $9800 - $98FF
1 ik
$9400 - $97FF
s $9000 - $93FF —»- 11N 3
7418155 |9 icn
-~ $8C00 - $8FFF
$8800 - $813FF
A1t 5 .
$8400 - $87FF
A10 3 é
M = $3000 - $83FF

Figure 8. ADDRESSES DECODER
Note the Use of the Two Spare Gates in IC12.

option is selected, the software must be changed to reflect
the reassignment of the CRTC registers. The first three
equates should be changed to

RS = $AC00

CURLOW = $ACO1

CURHIG = $ACO!1
NOTE

CURLOW and CURHIG are the same
address because of the way in which
the registers in the 6845 are addressed.

OPERATING NOTES

Once the initialization routine has been run the display
output will be directed to the video monitor or TV set.

The prompt (A) characters and other meaningless outputs
which will appear on the AIM 65 display are normal and
should be disregarded. The special characters and the
lower case characters shown in Figure 9 may be displayed
by writing into the appropriate location in the display RAM
($2000 and above).

If it is desirable fo change back to the AIM 65 display from
the CRT display, change memory location $A402 to 00 and
press the RESET button,

TV MODIFICATIONS

TV sets retain high voltages even after
being disconnected. Take proper
precautions!

Important Note: Do not attempt to modify a TV set with a
"hot=chassis" (one side of the power line tied to ground)
or an AC-DC set. SUCH SETS GREATLY INCREASE THE
DANGER OF SEVERE SHOCK. If it is necessary to use
such a TV set, it must be isolated from the power source
with a transformer or the video signal from the CRT
controller board must be isolated from the TV set with an
optical isolator. Most transistor and IC TV sets have
power transformers which eliminate this problem. BE SURE!

AR




Figure 9. ASCII CHARACTER SET (7-BIT CODE)

Bit 8 is reverse video.

In order to achieve line lengths up to 50 characters per
line the composite video signal from the CRT controller
board must be fed directly to the input of the video
amplifier on the TV set. This is due fo the narrow band
width of the RF and IF amplifiers in both black and white
and color TV sets. Also smaller TV sets tend to frame the
picture more tightly than larger ones. This may prevent
line lengths of over 40 characters even in TV sets which
have been modified.

It is impossible to give the exact circuit which will allow
direct video input for every TV. The user must consult
the schematic for the TV set being modified. The user
may also be helped in the modification by consulting the
TV Typewriter Cookbook by Don Lancaster or the
Television Engineering Handbook by Donald Fink.

Figure 10 illustrates the generalized circuit for the
necessary modification fo the TV set. When the TV circuit
is broken at the input to the video amplifier a DC bias will,
in most cases, have to be provided to this amplifier. P1
and P2, when properly adjusted, should in many cases,
provide the necessary voltage levels. In other cases a

1=5 pf tantalum capacitor, with the positive side connected
to the video output of the CRT controller board, along

with a properly designed resistive bias circuit may be
required.

The usual video source impedance is either 70 or 1Q0 ohms.
Coaxial cable of one of these impedances should be used
for the composite video signal from the CRT controller
board to the video amplifier of the TV set. All lengths
of coax should be kept as short as possible. Note that the
shield should be grounded as near the video amplifier of
the TV as possible and at the video output of the CRT
controller board. The shield should not be grounded at
any other point., If a phone jack is used as illustrated in
Figure 10, it should not be grounded. Ground loops will
prevent the proper operation of the interface.

FROM
VIDEO
DETECTOR

DISCDNNE([::T 6T IBEQ
" AMPLIFIER

GROUND ONLY
AT VIDEO
AMP END

PHONE JACK
(TO INPUT NEW SIGNAL
FROM T.V. INTERFACE)

\'ADD RG-174 COAX

Figure 10. DIRECT VIDEO MODS USING A PHONE JACK




PARTS LIST

Item Part Qty Description
1 IC1 1 MC6845 CRTC (controller)
2 IC2 1 CG5004L-1 Character Generator (STD Microsystem)
and Shift Register
3 IC3, IC4, I1C5 3 SN74LS157  Address Multiplexer
4 1Cé, 1C7 2 2114 Display RAM (1K x 8)
5 IC8, IC12 2 7404 Hex Inverters
6 1C9, 1C10 2 8728 Data Transceivers
7 ICT 1 7402 Quadruple 2-Input NOR Gates
8 IC13 1 7433 NOR Gates with open collectors
9 IC14, IC16 2 7474 Dual D Flip-Flops
10 IC15 1 7486 Exclusive=OR Gates
11 D1, D2, D3 3 TN4148 Or equivalent computer diode
12 R1, R2, R3, 6 3.3K 1/4 Watt Carbon Film Resistor
R4, R5, R6
13 R7, R8, R9 3 1K 1/4 Watt Carbon Film Resistor
14 R10 1 680Q 1/4 Watt Carbon Film Resistor
15 R11 1 220Q 1/4 Watt Carbon Film Resistor
16 R12 1 100Q 1/4 Watt Carbon Film Resistor
17 P1 1 2K Potentiometer (Adjust sync level)
18 P2 1 100Q Potentiometer (Adjust signal amplitude)
19 Ql 1 2N2222 Transistor
20 cl 1 220 pf Polystyrene
21 C2 1 47 pf Polystyrene
22 c3 1 270 pf Polystyrene
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